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A new compact radiocarbon dating system has been developed at the Ion Beam
Physics Laboratory of PSI/ETH in collaboration with an industrial partner (NEC,
Middleton, USA). The device exploits a novel method to destroy molecular
interference. Beam energies of less than 1 MeV are now sufficient to identify
single 14C ions. The cover photo shows the achromatic mass spectrometer that
combines magnetic and electrostatic filter elements following the 500 kV
Pelletron accelerator. Major components of the spectrometer, the electrostatic
deflector, the beam analyzing system and the beam line components have been
designed and partly manufactured at PSI.
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EDITORIAL

The new department Particles and Matter, crea-
ted 1 October 1998 aims to strengthen the two
pillars of PSI, research at large facilities and re-
search with interdisciplinary teams. For instance,
Particle Physics and Astrophysics at PSI have an
established tradition in the field of particle and X-
ray detectors and both co-operate with the Labo-
ratory for Micro and Nano Technology (LMN).
Environmental topics are pursued in the Labo-
ratories of Ion Beam Physics (LIP) and Radio-
chemistry (LCH). As a further example of the
interdisciplinary nature of the department, the
techniques used for the new low energy muon
beam are spin-offs from particle physics. How-
ever, further collaborations, outside the new
department are encouraged, for example X-ray
optics produced in LMN, can be used at the fu-
ture Swiss Light Source (SLS) and the develop-
ment of biosensors in LMN benefit from the
knowledge of the Department of Life Science
and from electrochemistry.

The Laboratory for Astrophysics, together with
the Institute for Astronomy at ETHZ were jointly
evaluated in summer 1998 and received
excellent ratings, the particular strength of PSI
being instrument-building. The audit team
emphasized the fact that the cryogenic detectors
have revolutionary perspectives in almost all
wavelength domains of astrophysics. An equally
high ranking was given by NASA to the
laboratory for the professional handling of the
HESSI satellite project (solar mission satellite).

Particle physics activities at PSI are approxi-
mately equally divided between collaboration
with teams at the high intensity pion and muon
beams at PSI, and external projects at CERN,
DESY and BNL (Brookhaven). In 1998, the two
projects CPLEAR at CERN and E865 at Brook-
haven were completed, with final data being
evaluated. At PSI, we see a trend towards a
smaller number of larger experiments which
search for rare processes involving several
months of data-taking. A proto-collaboration for a
new search for the decay \i -» e y, with a sensi-
tivity of 1014 has been formed. An increasing
interest is seen in fundamental experiments with
neutrons at SINQ and the planning of an ultra
cold neutron source has begun. One beamline at
PSI is devoted to the testing of detectors for the
Large Hadron Collider (LHC) experiments at
CERN, namely CMS, ATLAS and LHCb.

The creation of a Laboratory for Muon Spin Rota-
tion (MuSR) should provide the deserved visibil-
ity. One highlight of MuSR has been the
successful operation of the low energy muon
facility, which allows the probing of surface ef-
fects at the 10nm depth-scale with the MuSR
technique. A decision will be taken in 1999 as to
whether or not this will be run as a user facility,
like other MuSR beam lines.

The Laboratory for Ion Beam Physics, together
with an industrial partner, have developed a
compact 500kV Pelletron accelerator for radio-
carbon dating. The device is fully functional and
will increase the radiocarbon dating capacity of
the laboratory. The accomplished novel techno-
logy will enable the industrial partner to commer-
cialize the system and the company hopes to sell
several to universities in the near future.

The Laboratory for Micro and Nano Technology
undertakes a large range of projects with part-
ners in industry and universities, to whom it pro-
vides its modern infrastructure. The laboratory
focuses its own research on two projects: re-
search on Si/SiGe and Si/SiC nanostructures,
with the aim of both understanding their elec-
tronic properties and eventually producing light
from silicon, and the interdisciplinary project,
molecular nanotechnology, with emphasis on
immunosensors.

The Laboratory for Radio and Environmental
Chemistry concentrates on the chemical analysis
of super heavy elements and their homologues
produced with ion beams at Injector I, and at
SINQ, and the investigation of agglomerates
formed from nanoparticles (aerosols) in the at-
mosphere for environmental and climate re-
search.

Finally, I would like to express our thanks to Prof.
H.K. Walter, former head of the F1 Division, for
keeping particle physics a strong part of PSI
during the restructuring and to Prof. K. Ensslin,
former head of F3B, for building up the compe-
tent research laboratory in micro and nanotech-
nology.

PAQE{S)
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THEORY

A. Borici, F. Cuypers*, A. Denner, D. Graudenz, Th. Jensen, K. Junker, M. P. Locher, V. E. Markushin,
F. Niedermayei4, St. Pozzorini, R. Rosenfelder, M. Roth, St. v. Rotz§, D. Wackeroth

* now: Zurich Insurance Company, Reinsurance, General Guisan-Quai 26, CH-8022 Zurich
I now: Institute Theoretische Physik, Universitat Bern, Sidlerstr. 5, CH-3012 Bern
i now: Solartechnik, Technikum Rapperswil, Oberseestr. 10, CH-8640 Rapperswil

At present the Theory group is mainly working in the
following fields: muon physics (exotic atoms), strong in-
teraction physics (pions and antiprotons), lattice gauge
theory, the Standard Model of particle physics (and its
limits and extensions). Below a few examples are pre-
sented in more detail; for further topics see the detailed
list of publications which also includes the work done in
collaboration with visitors.

• The investigation of the electroweak interaction
requires accurate experiments as well as precise
(one-loop) calculations. The calculation of the
corrections to 4-fermion production in electron-
positron collisions, which are important for the
present experiments at LEP2, has been contin-
ued (PSI-PR-98-07). The electromagnetic cor-
rections to polarized Compton scattering at low
energies (widely used to measure the polarisa-
tion of electrons and positrons at high-energy col-
liders) have been investigated (PSI-PR-98-10) as
well as the corrections to Moller scattering (PSI-
PR-98-16) and to the production of fermion pairs
in 77- collisions (PSI-PR-98-28). The two latter
reactions are well suited for the luminosity mea-
surements at electron-electron colliders and phot-
on-photon colliders, respectively. In view of a pre-
cise measurement of the W-boson mass at hadron
colliders a study of the impact of electroweak cor-
rections on W-boson production at proton-anti-
proton (Tevatron) and proton-proton (LHC) col-
liders has been finished (PSI-PR-98-15).

• Lattice simulations are the only direct way to in-
vestigate chiral symmetry in strong interactions.
Yet, due to well-known no-go theorems, there is
a genuine difficulty to construct chirally symmet-
ric lattice actions for QCD. The usual way of ap-
proaching the chiral limit is therefore based on
an extrapolation to zero quark mass but it suffers
from large systematic errors. Recently, a new for-
mulation of QCD with chirally propagating states
based on the so-called Ginsparg-Wilson relation
has been developed (hep-lat/9810026). The price
to be paid for exact chiral symmetry, however, is
a large increase of computation time for the chi-
ral lattice Dirac operator. A new efficient numeri-
cal method based on the Lanczos algorithm (PSI-
PR-98-21) is therefore of great practical interest.

• The Bose-Einstein (BE) correlations in pion pro-
duction in low-energy pp annihilation were stud-
ied using the CPLEAR data for the exclusive re-
action pp -4 27r+27T"7r°. Differential distributions
show a strong enhancement for small invariant
masses of like-pion pairs. The traditional inter-

pretation of this effect in terms of the stochastic
Hanbury-Brown-Twiss mechanism was found to
be in a conflict with the data. It was shown that
the pion (BE) correlations can be explained by
dynamical models, i.e. by the annihilation mech-
anisms with pZn and pair final states (PSI-PR-98-
17).
Detailed studies of the hadronic final states are
presently the main topic at the electron-proton
collider HERA. The Figure shows the measured
one-particle-inclusive cross section for the pro-
duction of charged particles (circles, triangles and
squares) integrated over bins of the scaling vari-
able xp for various values of Q2. The dashed
curve is the theoretical prediction (PSI-PR-98-29)
in next-to-leading order of QCD perturbation the-
ory which matches the data for large values of
Q2 and xp but fails at low values. The discrep-
ancies can be accounted for by phenomenolog-
ical power correction terms of the form 1/(1 +
4^2/(xpQ)2) (Y. Dokshitser and B. Webber, Dur-
ham workshop) which are included in the full curve
for a mass scale /J. of the order of a few hundred
MeV. The data from e+e~-annihilation (stars) are
also shown but should not be compared directly
with the theoretical prediction.
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FACILITY FOR NEUTRON DECAY STUDIES WITH POLARIZED COLD NEUTRONS

ETH ZURICH - LNS - PSI - PNPI - CRACOW - MADISON

K. Bodek§, P. Boni*, N. Danneberg*, W. Fetscher*, W. Haeberli**, C. Hilbes*, K. Kirch*, St. Kistryn^, J. Lang*,
M. Luthy*, M. Markiewicz*, O. Naviliat*, A. Pusenkov§ A. Schebetov§, A. Serebrov§, J. Sromicki*5

* Institute of Particle Physics, ETH Honggerberg, 8093 Zurich, Switzerland
t Laboratory for Neutron Scattering, ETH and PSI, 5232 Villigen, Switzerland
| Paul Scherrer Institute, 5232 Villigen, Switzerland
§ St. Petersburg Nuclear Physics Institute, 188350 Gatchina, Russia
f Jagellonian University, 30059 Cracow, Poland
** University of Wisconsin, 53706 Madison, Wl, USA

Semileptonic weak decays are still mysterious en-
ough to hide important secrets of particle physics. Am-
ong them the neutron decay plays a particular role,
serving as a model for all semileptonic weak processes.
However, the more complicated observables involving
the spin of the neutron are not yet known to the desired
precision; some have not even been measured at all.
For instance, the question of time reversal violation, ad-
dressed to static properties of the neutron as well as to
the decay process, attracts considerable attention [1].

With the full scale operation of the SINQ source,
excellent conditions have been created for the devel-
opment of a new activity in the field of particle physics
using very slow neutrons. These experiments are lim-
ited by counting statistics, therefore a high intensity
beam of very slow neutrons is of the utmost impor-
tance. At present, the SINQ source complex is being
equipped with a large aperture and large momentum
acceptance beam guide, which is covered right from
the exit of the D2O moderator by supermirrors, consist-
ing of 450 layers of Ni/Ti, with a high index of reflec-
tion (m « 3). The modification of the non-instrumented
earlier neutron channel (so-called Sector 50, contained
in the shielding structure of SINQ), was completed in
summer 1998. The "real" neutron flux density mea-
sured at the exit of the SINQ shielding is around 109

n/(cm2s-mA); the corresponding "capture" flux is — 3 •
109 n/(cm2smA). With a full current operation of SINQ
during the second half of 1998, no signs of fatigue of
the supermirror layers have been detected even though
the most upstream part of the guide is located in an
unusually high radiation field. The installation of a fast
neutron beam stop, which will be integrated into the
SINQ block, is planned during the shutdown in early
1999. This includes taking into operation an area ac-
cess control system, which must conform to the safety
standards maintained at the SINQ facility, and prepara-
tory work for building the experimental area.

The next stage of the project is the installation of the
external beam tract [2] to guide and extract the neu-
trons to the experimental station. The whole system
was designed and approved in 1998, in a close collab-
oration between PSI-Villigen, ETH-Zurich and PNPI-
Gatchina. The assembly is far advanced, with commis-
sioning planned for the calendar year 1999. The com-
plex equipment consists of a multislit, supermirror po-
larizer and bender, cold neutron beam stop, a focusing
beam guide (tapered from 8 • 15 cm2 down to 4-15 cm2),

radiofrequency spin flippers, a chopper device for time-
of-flight measurements, and two additional cold neu-
tron beam stops placed downstream. The whole beam
tract is immersed in a guiding field for the neutron spin,
provided by permanent magnets with appropriate yoke
structure. The front of this beam channel, with pre-
cisely adjusted polarizer and bender, will be integrated
into the bunker of SINQ to contain the radiation asso-
ciated with the neutron capture reactions. This sys-
tem has its own, independent vacuum system. A sand-
wich radiation shielding (brass/polyethylene/iron /lead)
slows down and absorbs fast neutrons penetrating the
walls of the guide as well as secondary gamma rays.
The residual radiation will be contained in a massive,
biological shield mounted around the neutron guide.
With the proposed solution we expect to eliminate a
separate, safety controlled area. The main functions
of this relatively compact (total length ~ 7 m) neutron
optics system are: increase of the neutron flux density,
reduction of transport losses, and provision of enough
room for a series of experiments. The main objec-
tives will be achieved at less expense than the fore-
seen installation of equivalent equipment in the main
neutron hall, and with approximately an order of mag-
nitude higher number of polarized cold neutrons avail-
able for the experiments.

Obviously, the construction of such a complex facil-
ity is a formidable task and invovles substantial invest-
ment. We are grateful to the PSI management for pro-
viding financial support for this project. We very much
appreciate the engagement of PSI technical staff, in
particular D. Graf and J. Lederman (construction of-
fice), G. Brunner (workshop), and help in coordination
of this project by G. Holtkotten, J. Duppich, K. Geiss-
mann and W. Wagner.
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COMMISSIONING OF THE PIBETA DETECTOR
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The PIBETA experiment at PSI proposes to mea-
sure the pion beta decay (ir+^n°e+iy) branching ratio
with an accuracy of about 0.5% in the current phase
of the project. Owing to low theoretical uncertainties
stemming mainly from axial vector loop corrections, this
is one of the most precisely calculated observables in
the Standard Model. The best experimental value at
present has error limits of 4%, far exceeding the theo-
retical uncertainty of < 0.15%.
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Figure 1: Timing spectra for ir -> p, ->• e events (top
panel) and n ->• ev events (bottom panel). Fitting func-
tions using the Particle Data Group values for the p, and
IT lifetimes are superimposed on the data histograms.

The PIBETA detector system was assembled dur-
ing the first half of 1998. The heart of the detector is
a 3TT spherical calorimeter consisting of 240 pure Csl
crystals. The central part of the apparatus contains ac-
tive beam degrader and pion stopping target counters,
surrounded by a charged particle (CP) tracking system
consisting of a 20-bar scintillator hodoscope and a pair
of concentric cylindrical wire chambers. All detector

components, including trigger electronics and front-end
DAQ computers, are mounted on a compact platform.
Details of the detector design and construction can be
seen at the experiment URL site:
http://psw340.psi.ch/"pibeta/.

PIBETA Detector: n/J Events (preliminary)
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Figure 2: 7r/?-spectra from the 1998 data: Csl calorime-
ter energy spectrum (top), timing histogram for events
that pass 7r/?-cuts (middle), and active target energy
spectrum (bottom panel).

First calibration and commissioning data with the
whole detector were taken during a six-week long sum-
mer 1998 run. After a lengthy initial setup and calibra-
tion, the response of all detector components to five dif-
ferent 7r+ stopping rates between 0.3x105 and 8x105

7T+/s was studied. The total number of pions stopped in
the active target was 5.6x 1010. The CP detection inef-
ficiency was less than 3x10~5. The DAQ live time was
85% and higher, enabling us to collect ~80k n ->• ev
events (Fig. 1) and ~120 ^-events (Fig. 2). Further
analysis of the commissioning run data, as well as in-
strumental improvements and fixes are under way.
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Launched in 1990, the experiment has witnessed
several stages of improvements [1] until it reached its
ultimate sensitivity in 1996. Final results and implica-
tions are available now [2].

The conversion process muonium (M = v+e~) to
antimuonium (M = n~e+) provides a sensitive test
of lepton family number conservation laws and probes
physics beyond the standard model. The search was
motivated by the wide spectrum of speculative models
predicting detectable rates and the opportunity to in-
crease the experimental sensitivity by 3 to 4 orders of
magnitude. The latter became feasible by improving
the LAMPF detection principle [3] with a large solid an-
gle electron spectrometer and making use of PSI's high
quality muon beams.

In total NM = 5.6(l]_x 1010 muonium atoms in vacuo
were investigated for M~ decays. They emerged from
a SiO2 powder target where they were formed by elec-
tron capture after stopping a //+ beam. Candidate events
for the conversion process were filtered out using three
standard deviation cuts applied to the relevant distrib-
utions which were determined from ordinary muonium
decay prior to processing the antimuonium search data.
Only a single event survived all cuts, in agreement with
the expected 1.7(2) events from accidental background.
An upper limit on the conversion probability in an exter-
nal magnetic field of 0.1 T was derived:

PMM(0.1T) < 8.3 x 10-11 (90 % C.L),
representing an improvement of the LAMPF result by
a factor of 2740 (both results normalised to zero field).
The new bound has been turned into an upper limit for
the coupling constant GMJJ of a hypothetical M -M~
interaction assuming Lorentz transformation properties
of the (V - A) type to account for the strongest possi-
ble rate suppression induced by the external magnetic
field [4]:

GMM < 3 0 X 1 0 " 3 GF ( 9 0 % C - L )
(Gp being the Fermi coupling constant).

Although no evidence for an exotic interaction has
been found, the new upper limit increases the domains
of validity of the standard model by postponing the scale
of new physics to higher energies:

A Z8 symmetric model for leptons with radiatively
generated lepton masses is ruled out at least in its
simpliest version [5]. In the class of models with neu-

tral scalars mediating the MM interaction the one ex-
changing a supersymmetric r sneutrino is of particular
interest here. In comparison to earlier experiments the
upper bound on the coupling parameters |A3i2A521| <
3 x 1CT4 has improved by a factor of 15 [6],

In grand unified theory models (GUT) postulating
the existence of bileptons (gauge bosons carrying a
lepton number of two units) the new MM result causes
a lower limit on the mass of flavour diagonal gauge
bosons mx±± > (2.6 TeV/c2)#3( well beyond the val-
ues extracted from direct searches [7]. A chiral bilepton
model with the standard model embedded in a larger
gauge group (331 model) is disfavoured in its minimal
version as the upper bound mx±± > 850 GeV/c2 im-
plied by our result exceeds the limit predicted by the
model (800 GeV/c2) which has been derived from pre-
cision electroweak data [8].

In minimal left-right symmetric models the MM limit
influences the upper bound on the "forbidden" muon
decay fi+ -> e+^Fj. Thus, this decay cannot be re-
sponsible for the observed excess of neutrino counts
in the LSND experiment [9].

In the future, significant improvements in sensitivity
are conceivable, if enhanced muonium production (in
vacuo) becomes feasible and/or high intensity pulsed
muon beams are available.
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This experiment aims at improving the present sen-
sitivity [1, 2] on the transverse positron polarization by
one order of magnitude in orderto achieve a better sen-
sitivity on non-standard couplings and time reversal in-
variance in weak interactions. In 1998, data were taken
with an almost complete experimental setup (a few of
the BGO crystals were still missing) and a specially
designed cluster recognition unit (CRU). This CRU se-
lects events consisting of at least two clusters on the
BGO wall corresponding to the expected signature of
annihilation events.

The BGOs were calibrated online using cosmic rays.
Fig. 1 shows the resulting Michel spectrum of the de-
cay e+ from JX+ decay. For comparison the e~ spec-
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Figure 1: Normalized energy spectra of electrons from
stopped ju~ and //+. The energy spectrum of the e+

from fi+ decay is shifted to the right due to the annihi-
lation of the stopped e+ in the BGOs.

trum from fi~ decay is also shown. Note that the e+
spectrum is shifted to the right due to the additional en-
ergy from the subsequent annihilation at rest.

The measurements with stopped pr are a valuable
tool in testing the annihilation trigger, since they can
only produce background events. By subtracting the
spectrum obtained from n~ from the spectrum obtained
from n+ one gets the annihilation energy spectrum (cros-
ses) of Fig. 2. The other distribution (shaded area) is
obtained by demanding the opening angle between the
two 7S, as calculated by the impact points on the BGO
walls, agree to within 7°, with the angle as calculated
from the two cluster energies (see Fig. 3). This results
in a strong suppression of the background and will be
implemented as a hardware trigger in future measure-
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Figure 2: "Golden" annihilation events. The solid distri-
D U t i o n is obtained by requiring the opening angle be-
tween the two photons tf34, as calculated from their
energies, to be consistent to within 7° with the open-
ing angle as calculated by their impact points (for the
cut see Fig. 3). Also shown is a spectrum obtained by
subtracting the normalized annihilation spectrum mea-
sured with fi~ from the normalized annihilation spec-
trum measured with n+ (crosses).

Figure 3: Distribution of the spatial polar opening angle
tf34 as determined from the impact points of the two
photons on the BGO wall versus ^34 as determined
from the two photon energies. A cut requiring these
two angles to be equal to within 7° serves to prepare
the "golden" (2-cluster) annihilation events.

ments.
This project is supported in part by the Polish Commit-
tee for Scientific Research under Grant No. 2P03B05111.
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In 1995, the KARMEN collaboration [1] reported an
anomaly in the time distribution of neutrinos from a
pulsed beam-stop source, with a speculative explana-
tion that these events could originate from a rare pion
decay process,

w+-^fi++X, (1)

where X is a heavy neutral particle with a rest mass of
mx = (33.9049 ± 0.0009) MeV. Also in 1995, we un-
dertook a measurement of the muon momentum spec-
trum from 7T+-decay in flight using the beamline itself
as a spectrometer and placed an upper limit on the
branching fraction r] for this decay at 2.6-10~8 with a
confidence level of 95% [2].

In 1997, we conducted beam studies on a new ex-
perimental setup, similar in principle to the 1995 setup,
but with an extended beam line, an improved vacuum
system and the addition of active and passive collima-
tors [3]. The beamline consisted of the pion transport
channel, the pion decay region and the muon spec-
trometer. The coincidence of three beam counters in
the muon spectrometer, in addition to appropriate tim-
ing and veto counter cuts defined our events. After a
detailed analysis of the 1997 data and further simula-
tion studies, we concluded that a significant fraction of
our background could be attributed to scattered muons
originating from pions decaying through the normal de-
cay mode within the pion decay region and also in the
first dipole magnet of the spectrometer (ASL52) which
serves to separate out the beam pions from the decay
muons.

In 1998, a fullscale experimental run was conducted.
We used the same basic 1997 setup with a widened
ASL52 pole-gap and the addition of several strategi-
cally positioned active veto counters to reduce the pos-
sibility of accepting scattered muons. After optimizing
our setup, we were able to reduce the background by
more then a factor of seven. Our data can be divided
into three sets, each of which were fitted by a back-
ground distribution plus the expected distribution for
muons from the decay (1). The fitted momentum spec-
trum of muons from the second data set is displayed in
Fig. 1 with a peak indicating the signal we would expect
for the branching fraction of the previously published
upper limit [2]. Combining the preliminary fit results for
each data set (see Fig. 2), we find a new upper limit of
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Figure 1: The solid line indicates the background fit to
data set B. The dashed curve shows the peak expected
from the decay (1) for the previously published upper
limit on the branching fraction of 2.6-10~s[2].

B
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Figure 2: Preliminary fit results for each data set. The
shaded area indicates the region excluded by the new
upper limit on the branching fraction of 2.5-10~9.
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PSI experiment R-97-06, "A precision measurement
of the Michel parameter £" in polarized muon decay" [1,
2] is progressing. A Silicon Telescope Array (SITAR)
to determine the energy of positrons in a uniform mag-
netic field has been developed and tested and the analy-
sis is in progress. Problems concerning forces on the
coils of the PSC magnet and stray fields in the region
of the BGO photomultipliers have been solved and suc-
cessfully tested.

TEST OF SILICON TELESCOPE ARRAY

After an initial crude energy selection, positrons from
muon decay are guided inside a uniform magnetic field,
where they spiral. A Monte Carlo study showed that the
measurement of the positron position in three planes
with a resolution of 1 mm enables the determination of
its energy with a FWHM resolution of 1 MeV. SITAR,
the device built for the three position measurements,
consisted of three planes of four double-sided multi-
strip silicon detectors read by VA-Rich chips (IDE-AS,
Norway). These chips were encapsulated in a PGA
box, in France, and can be easily plugged into or out
of a specially designed board. Each board makes the
connection between the strips of one face of a silicon
detector and the VA chip via de-coupling capacitors,
drives the biases of the silicon detector and finally, sets
the working parameters of the VA via computer control-
lable digital potentiometers. The VA chip can be tuned
via six parameters, the stability of which proved to be
crucial for low noise and so an improved version of the
original board has been designed. It provides for better
grounding and noise suppression.

In a first application at PSI, parameters giving an
optimal signal to noise ratio were found for one sili-
con element (2 VA chips) and those parameters were
used for the remaining 22 chips. The resulting signal
to noise ratios for the p-side data ranged from 8:1 up to
17:1. The n-side readout fared worse, with the best ra-
tio at 13:1, and four units operating below 6:1, the limit
for efficient usage in the energy reconstruction. A first
analysis tends to suggest that this behaviour is due to
the chip, and not to the attached Si detector. Individual
optimization or replacement of those four chips was not
possible due to the loss of test beam but work is under-
way.

MAGNETIC FIELD AND SHIELDING

Computations with POISSON made in parallel at

PSI and at LLN, as well as investigations with GEANT
at LLN, selected a setup where the forces on the coils
of the PSC magnet were reduced to a level well un-
der the maximum allowed. This setup consists of the
Cyclotron TRAP, extended by 16 cm and with an im-
proved shielding, the PSC Magnet and finally STAR.
The distances between these magnets are such that
the forces on the PSC coils due to TRAP and STAR
just compensate each other. The additional shielding
and the extension of TRAP, as well as a new support
for the PSC magnet, needed because of the small dis-
tances (about 30 cm) between the magnets, has been
realized at PSI.

The other concern was the 20 G stray-field that re-
mains in the region of the polarimeter. This stray-field
would destroy the gain of the 127 BGO photomultipli-
ers, which cannot be individually shielded. The solution
found consists of a (3 x 3) m2 cross section and 1.8 m
length Big Iron Box (BIB) which was built at LLN. The
dimensions of the box were optimized using a simpli-
fied cylindrical geometry of the box in the POISSON
code and led to a remaining field of about 3 G.

This whole setup was mounted during our last run
at PSI. The results were rather a success: the magnets
were powered without any break and the magnetic field
in the region of the BGO photomultipliers was such that
for a given light input, the output ranged from 3.6 V to
3.3 V. For comparison, for the same light input but in
the earth's magnetic field where the BGO are usually
used, the output variation ranged between 4.4 V and
3.9 V depending on the orientation.

We are most grateful to Leopold Simons and Bruno
Leoni for their pleasant and efficient help and discus-
sions, and to Manfred Werner for computations of mag-
netic fields and forces. We also wish to thank all the
people in the workshop who enabled the realization of
all the mechanical parts.
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The 4TT solid angle Large Acceptance Detector Sys-
tem (LADS) was built at PSI to study multi-nucleon pion
absorption at energies around the A-resonance [1]. In
addition to the light targets 3He and 4He (see e.g.[2,3]),
measurements with heavier targets, N, Ar and Xe, were
also performed. Earlier [4, 5], we reported first heavy
target results which showed the existence of the initial
state interaction in pion absorption. More recently, the
heavy target data have been fully analyzed in order to
determine the breakup of the absorption cross section
into individual channels. Pion absorption events lead-
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Figure 1: 2N, 3N, 4N and 5N partial absorption cross
sections for the 7r++Ar pion absorption as a function of
pion kinetic energy.

ing to final states with energetic protons, neutrons and
deuterons were selected from the N, Ar and Xe target
data. Absorption events were identified by requiring no
pion in the final state and were sorted according to the
number of protons, neutrons and deuterons in the final
state. Particles with kinetic energy below 30 MeV were
ignored. About 26 channels were identified, including
high particle multiplicity states (e.g. 6p).

All channels were simultaneously analyzed with the
help of Monte Carlo simulations. This procedure re-
sulted in acceptance corrected cross sections. In order
to present results of a large number of channels we
group them according to the total number of particles
in the final state. For example the label 3N means final
states with three particles (3p, 2p1 n or 1 p1 d1 n).

In Figure 1, the ratio of the measured cross sections
divided by the total absorption cross section is plotted

versus pion beam energy for Argon. One sees a grad-
ual increase of the particle multiplicty with pion energy.
The 2N fraction of the absorption cross sections, which
dominates at the lowest energy, decreases in impor-
tance and becomes negligible at the highest energy
while the 3N fraction peaks around 160 MeV. Other
multiplicties gain strength with increasing pion energy.
In Figure 2, these ratios are plotted as a function of tar-
get mass at one pion energy. An important feature is
that fractions of the pion absorption cross section go-
ing to final states with 2N, 3N, 4N and 5N reach "satu-
ration" values already for Nitrogen. The fractions stay
relatively constant for heavier nuclei.

10
Target A

Figure 2: 2N, 3N, 4N and 5N partial absorption cross
sections for the TT+ pion absorption at Tw = 239 MeV as
a function of the target mass.
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In the range of the A(1232) resonance the most
important reactions of a pion with a nucleus are elas-
tic and inelastic scattering, absorption and charge ex-
change. While charged pion scattering and absorption
on various nuclei were studied in detail during the last
decades and a large body of data exists, the data base
of the charge exchange reactions (7r+,7r°) and (7r~,7r°)
(SCX) is considerably smaller. Even for the intensively
investigated xNN system only few experimental data
of the SCX reaction 2H(7r+,7r<>)pp are available, most
of them being measurements of differential cross sec-
tions. For the basic observable of the total cross sec-
tion the situation is even worse: to date only four data
points were measured for SCX on 2H, none for 3He
and 4He. This is mainly due to the required detection
of the two photons of the decaying TT° which is difficult
to achieve with good efficiency.
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tion of neutral particles (e.g. ~ 30% for photons) this
detector also allows an investigation of SCX reactions.
The good neutron-gamma discrimination, the low de-
tection threshold for charged particles, and the large
solid angle coverage makes it an excellent detector for
a total cross section measurement of (71-+, TT0) reac-
tions.

The SCX total cross sections on the nuclei 2H, 3He
and 4He were determined for incident pion energies of
70, 118, 162, 239, and 330 MeV (see Fig. 1). As an-
ticipated the charge exchange cross section per neu-
tron on a nucleus is usually lower than that on the free
neutron. Further, it was found that on 2H the SCX
cross sections exhaust about one quarter of the full
pion inelastic cross section, which is significantly larger
than one would expect for an unbound p - n pair (~
17%). On the helium isotopes a strong damping of
the SCX cross sections in the A(1232) energy region
is observed. These observations and also the relative
strengths of SCX on 2H, 3He and 4He suggest that in
pion scattering nuclear medium effects are already sig-
nificant on the helium isotopes. However, double scat-
tering contributions to the SCX total cross sections on
3He and 4He are substantial (~ 30%) only above the
A-peak energy. This indicates that at and below the
A(1232) resonance multiple pion scattering is not the
only reason for the damping of the SCX cross section,
but that other nuclear medium effects like, e.g. absorp-
tion, are also important [2].
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Figure 1: Energy dependence of the SCX total cross
sections of the reactions 7r++2H —> K°PP, 7r++3He
•—> n°ppp, and 7r++4He —»• •w°pp{pn/d), as deter-
mined by this work. The data of 3He for 70, 239, and
330 MeV are shifted slightly to make them distinguish-
able from the data of 2H and 4He. Note that the cross
section is displayed per neutron of the target nucleus.

The 4TT solid angle Large Acceptance Detector Sys-
tem (LADS) [1], at PSI, was built to study the pion ab-
sorption reaction in detail. However, due to its good
performance parameters including an efficient detec-
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Measurements of pionic and muonic X-ray transi-
tions in nitrogen, oxygen, and neon at atmospheric pres-
sure have been performed in the TTE5 area at the Paul
Scherrer Institut (PSI) using the Jülich crystal spec-
trometer [1] together with the new cyclotron trap [2, 3].

The pionic neon transitions reflect the experimental
response function of the crystal spectrometer, since no
molecular effects are present (Fig. 1). In case of pio-
nic nitrogen and muonic oxygen the line widths of the
X-ray transitions are significantely broadened (Fig. 2).
This broadening is interpreted as a Doppler broaden-
ing, originating from a Coulomb explosion in diatomic
molecules.

The observed additional width of the irN (5g-4f)
transition is (540±60) meV, where the main uncertainty
originates from details based on the assumption of the
line shape. This broadening corresponds to a kinetic
energy of the TTN atom of about (90-150) eV, originat-
ing from the Coulomb potential energy at the time of
separation. Assuming that the (7rNN)* molecule disso-
ciates at distances comparable to the molecular bond
length of 1.1 • 10~8 cm, one obtains for the product of
charges q, of the decomposing atoms q r q 2 « 15-22,
i.e. the range of charge states at the time of explosion
is 3.8 to 4.7. For N2, this corresponds to the removal of
about 7 electrons before dissociation.
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Figure 2: Position spectrum of the 7rN(5g-4f) transition
at Ex = 4.055 keV, pressure = 105 Pa
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We report on the results of a muon capture exper-
iment on n B which aims to determine the ratio gp/gA
of the pseudoscalar and axial couplings, relevant to the
question of the possible renormalization of the coupling
of the nucleon in the hadronic medium. This experi-
ment uses the hyperfine effect and the hyperfine con-
version in the muonic atom fiuB. One measures the
ratio A+/A~ of partial capture rates, from each of the
two hyperfine states to the first excited state of n B e
at 320 keV, which then immediately emits a 320 keV
gamma ray. A+/A~ is related to gp/gA through nu-
clear models. The principle of this experiment and the
method of analysis are explained in detail in the previ-
ous report [1]. Let us recall that we have to extract two
different signals from our data: the time evolution of
the emission rate of the 320 keV gamma rays, and the
time evolution of the emission rate of the decay elec-
trons from the / / n B atom. The experimental informa-
tion is contained in two different histograms. Their the-
oretical shapes are fitted simultaneously. The gamma
ray signal is extracted from an energy-time histogram.
The time and energy evolution of the background is
constrained below and above the 320 keV peak, and
interpolated under the gamma ray signal. The elec-
tron signal is extracted from a time histogram. It in-
cludes in addition the decay electrons from muons cap-
tured by impurities in the target. We have since im-
proved the evaluation of the different contributions to
the electron spectrum. The theory is fitted by the least
square method simultaneously to the gamma ray and
the electron spectra. We use the CERN minimisation
software, MINUIT. Throughout the analysis, some pa-
rameters are set to fixed values. They have both sta-
tistical and systematical errors. The error propagation
is made by setting the value of each parameter to the
limit of its error interval, keeping the other parameters
at their central value. The statistical errors obtained in
this procedure are added quadratically to the dominant
one given by MINUIT, to provide the statistical error on
the final results. In a similar way, the systematical error
of the final result is the sum of the individual contribu-
tions.

The value of the conversion rate resulting from this
experiment gives a much better precision than the ex-
isting data:

Up to now, only approximate values of the disappear-
ance rate from the lower hyperfine level were available.
Our result is

\p = 478.70 ± 0.72(stat) ± 0.25(syst) • 10V (2)

This experiment is also sensitive to the amplitude of
the hyperfine effect on the total capture rates in n B ,
previously unmeasured.

AA = -13.2 ± 1.7(stat) ± 0.7{syst) • 10V (3)

This result is in reasonable agreement with existing
theoretical predictions [2].

The main result is the value of the ratio of partial
capture rates,

A+
- = 0.028 ± 0.021{stat) ± 0.003{syst) . (4)

A

According to the dependence computed by T. Suzu-
ki [3] and by V. Kuz'min et al., [4], this value of A+/A~
corresponds to the following ratio of the pseudoscalar
and axial weak couplings :

± 0A{syst) . (5)

R = 181 ± I6{stat) ± l(syst) 10V1
(1)

The latter value is in agreement with the prediction from
PCAC and the pion pole dominance hypothesis,
{gp/9A)pcAC = 6.8. However, as with other measure-
ments in complex nuclei, this result is lower, by approx-
imately two standard deviations, than the value from
a recent RMC measurement in hydrogen, {gp/gA) =
9.8 ±0.7±0.3 [5]. The disagreement between the latter
result and the PCAC prediction should be understood
before any conclusion concerning an eventual renor-
malization is made.
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KINETIC ENERGY DISTRIBUTION OF THE ^p(1S)-ATOMS AS A FUNCTION OF DENSITY

T w < 0.5 eV
T w < 1.0 eV
T w < 2.0 eV
/(expected)
/(lower limit)

1/16 hPa
0.48 ±0.08
0.70 ±0.06
0.79 ±0.04
0.70 ±0.10

0.30

16hPa
0.17 ±0.02
0.30 ±0.03
0.47 ±0.03
0.25 ±0.05

0.09

Table 1: Fraction of ^p-atoms with kinetic energies
T»p < T and the metastable 2S-fraction / .

formed when the /ip(2S) are slowed down to below
0.31 eV. Table 1 gives the expected metastable 2S-
fraction / , based on a theoretical calculation of the A«P(2S)
slowing down and quenching [4]. The last line gives a
lower limit corresponding to Tw(2s) < 0.31 eV.
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An experiment making use of the low energy p-
beam, produced at PSI, provided for the first time, de-
tailed information on the kinetic energy distribution of
//p-atoms. This information is relevant for two funda-
mental experiments in preparation at PSI, the 1S-width
of the 7rp-atom [1] and the Lamb shift of the /^p-atom
[2].

In an ~20 cm long cylindrical target of low density
hydrogen, axial injection of the low energy fi~ beam
results in a pencil-like stopping volume. The formed
pp-atoms travel to the wall of the gold-coated inner
cylinder. Their time-of-flight distribution is measured by
detecting the X-rays emitted after the transfer reaction
of /ip-atoms with Au. In the cylindrical geometry a large
fraction of the yup-atoms reach the wall by a path which
is only slightly longer than the path perpendicular to the
axis. This results in a good velocity resolution allowing
the energy distribution of the /ip-atoms to be deduced.
Using variable inner wall diameters consistency checks
can be performed. Information on the elastic cross sec-
tion of the /up(1S)-state in H2 can be deduced from the
higher density targets.

Measurements previously done with inner wall di-
ameters of 20 and 58 mm have been recently extended
to smaller diameters (7 and 12 mm) providing a higher
sensitivity to energies TMP < 0.5 eV. Detailed data analy-
sis has been performed to determine the contribution
of the background from muon decay electrons in a self
consistent and reliable way. Fig. 1 shows the kinetic en-
ergy distribution obtained at the lowest pressure (1/16
hPa at room temperature) and at 16 hPa where targets
with small inner diameter have been used.

Information on the atomic formation of exotic hydro-
gen atoms, which takes place at high excitation lev-
els n, has been obtained here for the first time. Pres-
sures below 0.1 hPa are required to ensure that at
least part of the formed /ip-atoms de-excite without col-
lisions. The observed energy distribution and its pres-
sure dependence allow the range of n levels initially
populated to be deduced. At 16 hPa the kinetic en-
ergy distribution extends to quite high values (15% with
r w > 10 eV). This indicates a strong acceleration of
the /ip-atom that can only be reached by Coulomb de-
excitation involving relatively low n levels. The deduced
strength of the interaction is much larger than that pre-
dicted by calculations [3] using H-atoms as collision
partners.

The results (see Table 1) are sufficiently precise to
provide essential conclusions on the fraction of meta-
stable ^p(2S)-states as a function of density. The initial
MP(2S) kinetic energy distribution is practically identi-
cal to that of the j«p(1S) one. Metastable ^p(2S) are
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Figure 1: Density distribution p(TMP) of kinetic energies
of the /ip-atom at 1/16 hPa and 16 hPa H2 gas pres-
sure.
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Between 1994-96, we performed, at the //E4 chan-
nel, experimental runs to study muon catalyzed dd-
fusion in pure deuterium, HD gas and in H2(+HD)+D2

mixtures [1]- Most data are now analyzed, and the re-
sults were presented at the workshop on Exotic Atoms,
Molecules and Muon Catalyzed Fusion in Ascona, July
19-24,1998 [2-5]. Here we summarize some important
results:

(1) The most precise data set (to ±1%) of absolute
rates of dp.d muonic molecule formation in D2 is now
available, see Fig. 1, allowing the parameters of reso-
nant and non resonant dd-fusion to be exactly determ-
ined [2]. The final analysis is still on-going.

(2) A temperature dependence of the spin flip pro-
cess /JC/(F = 3 /2) + d -> fj,dSF~xl2^ + d' in D2 was clearly
observed for the first time and the contributions from in-
elastic scattering {\scat) and from resonant dpd-forma-
tion followed by back decay (\back) quantitatively de-
termined, see Fig. 2, resolving longstanding discrep-
ancies between experiments and theory [3].

(3) In pure HD gas, ^- format ion at thermal ener-
gies proceeds only via the (non resonant) Auger mech-
anism. However, we observed a large formation peak
during the first 60 ns after the //-stop, when ^cf-atoms
are still in epithermal states. The peak is well repro-
duced by Monte Carlo assuming epithermal resonances
predicted by theory [4].

(4) The high statistics of accumulated dfid-fus\on
events were also used to determine the energy depen-
dence of /^.-stripping after sticking in dpd -¥ ^3He+n.
The result (10% stripping probability) allows the re-eva-
luation of our former /za-sticking data in cft-fusion and
yields a slightly modified, improved value for^a-sticking
us = (0.58 ±0.04)% [5].
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Our recent measurement of the Doppler broaden-
ing in the neutron time-of-flight (TOF) for the reaction
n~p ->• 7T° + n confirmed the existence of 'high energy'
components (Tnp > 1 eV) in both liquid and gaseous
hydrogen, as well as, producing evidence for Coulomb
de-exciation transitions [1] with An = 2 in liquid.

The measured TOF-spectra were fitted by distrib-
utions generated by a detailed GEANT Monte Carlo
simulation which accounted for the stopping distribu-
tion in the target, geometric effects and neutron scat-
tering. The results of the fits are presented in Table 1.
Here Tn>6 is the upper energy bound for all Coulomb

Transition
n —> n'

n > 6
6-^5
5-+4
4->3
3-J-2

6-*4
5->3

X=7DOF
C.I. [%]

Ti
Tn>6

LH2

27 ±2
9± 1
7± 1
7± 1
3±1
8± 1
3±1
0.96
111

1.0±0.1
7.6±0.3

H2 Gas
19±5
9±3
7±4
5±3
5±1
9±4
0t2

0
0.96
72.2

1.6±0.2
6.7±2.2

'[%]
LH2

26 ± 2
7± 1
12± 1
14± 1
4±1

/
/

1.06
13.1

1.0±0.1
7.9±0.4

H2 Gas
21 ± 5
6 ± 3
14±3
10±2
4± 1

/
/

0.96
72.3

1.5±0.3
6.8±2.3

Table 1: Fitted yields Ann> of Coulomb de-excitation
peaks in the kinetic energy distribution f{Twp) for the
transitions n ->• n' in liquid and gaseous hydrogen. Fit
results including An = 2 (left) and An = 1 only (right).

de-excitation transitions with n > 6 in liquid hydrogen.
In the case of gaseous hydrogen Tn>6 is the mean en-
ergy of these transitions.

The discrepancy between the predicted and the ob-
served transition energies Tnn> reported in Ref. [2] can
be accounted for and made to vanish in our present
analysis if we include the An = 2 Coulomb de-exci-
tation transitions. Coulomb de-excitation is at present
the only cascade process known that would lead to a
substantial kinetic energy increase of the pionic hydro-
gen atom in a collision with a proton of the surrounding
hydrogen. In addition, a method which makes no as-
sumptions about the transition energies was used to
obtain the kinetic energy distribution f(%p). Here, the
data measured in liquid and gaseous hydrogen were
fitted using a kinetic energy distribution consisting of 16
energy bins from T^x to T, with T{ = i2 (i = 1 , . . . , 16).
The resulting kinetic energy distributions are shown in
Fig. 1.

64 81 100121144169196225256

Figure 1: Model independent kinetic energy distri-
bution f(Twp) for liquid and gaseous hydrogen ob-
tained by fitting 16 kinetic energy bins to the measured
TOF-spectra. The number n -» n' indicate the posi-
tions of the theoretical values of the kinetic energy for
the Tr-p -atoms derived for the Coulomb de-excitation
process. The errors of the yields are indicated by verti-
cal bars.
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Some scenarios of leptoquark exchange beyond the
Standard Model imply the presence of a genuine scalar
coupling Cs which would contribute to observables in
muon capture summed with the induced scalar cou-
pling gs (expected to be small): Cs + gs- Experimental
limits on the scalar coupling deduced from muon cap-
ture rates on hydrogen and 3He depend on the value
assumed for the induced pseudoscalar form factor gP.
Therefore, experiments insensitive to this assumption
are called for.

Instead of absolute capture rates, our experiment
observes the angular correlation in the first forbidden
transition of ordinary muon capture (OMC) on oxygen
nuclei and is independent of gp\

ß-+16O{0+) °^% 16N*{l-,mkeV) +isß (1)
| 7— transition

16N (0-, 120keV) +-,'{277keV)

The successful test [1] allowed us to carry out the
main experiment with an improved setup and method
of measurement:

• the measurement was done in O2 gas at nor-
mal pressure with a new low mass gas container and
an entrance window of 3mg/cm2 of aluminized mylar.
This reduced both eventual background in the 277 keV
region and bremsstrahlung background produced by
muon decay electrons in the surrounding materials;

• a new construction of scintillator counters mounted
directly in the target resulted in the decrease of mate-
rials crossed by the muons before their stop in O2. It
allowed us to stop 96% of the incoming muons in the
gas. Besides, at this pressure, the recoil slowing down
effect is negligible;

• 3 co-axial 100 ccm HP Ge detectors similar to the
one which provided the best result in the previous run,
were used in the experiment;

• the energy signal from each detector was regis-
tered by two independent amplifiers and ADCs with dif-
ferent energy ranges and shaping times. This allowed
both, to monitor a wider part of the energy spectrum for
the identification of background lines, and to improve
the reliability of the electronics. The response func-
tions of all 3x2=6 channels were tuned to be as close
as possible to a Gaussian. The energy resolution was
considered as the second priority;

• the data were stored in a simplified format (sev-
eral spectra instead of "event-by-event" structure). It

CalibralionSourea 1 6 9 Y b

Delayed 7 -spectrum

following the OMC:

Gamma-Energy, keV
290 300 310

Uncorrelated-1 (beam ON)

Uncorrelated-2 (beam OFF)

Prompt
l_

Figure 1: A portion of the measured 7-spectra includ-
ing the line-of-interest, as well as, some background
spectra.

allowed us to decrease the dead-time and to increase
the beam intensity;

• the "uncorrelated" background spectra were mea-
sured simultaneously with the "correlated" spectra and
are used for the background monitoring and subtrac-
tion;

• in order to optimize the off-line data analysis, the
"delayed" events were grouped into three parts ("fast",
"middle" and "slow" spectra). During 3 weeks of mea-
surement we collected 4.5-105 events in the 277 keV
7-line.

The run performed under these improved conditions,
allows us to suppress possible sources of systematic
errors and to control the remaining ones through the
data analysis which is in progress now.
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In view of a new experiment proposed at PSI to
measure the r.m.s. proton charge radius, by determin-
ing, the Lamb Shift in muonic hydrogen ^p, it is of vital
importance to have a good knowledge of both the pop-
ulation and lifetime of the metastable ^p(2s)-state. In
order to obtain this information we performed an exper-
iment where we investigated the muon transfer to neon
in a mbar gas mixture of hydrogen with several percent
of neon.

Our setup is shown in Fig. 1. The JTE5 muon beam
is compressed in the inhomogenous stray field of the
5 Tesla superconducting PSC solenoid. The muons
are slowed down to kinetic energies below 100 keV, de-
tected in the parallel plate avalanche chamber (PPAC)
and pass the stack of 6 ultra-thin carbon foils. In the
stack the muons are, on the one hand, cooled by 'frac-
tional cooling1 [1] and on the other hand eject electrons
which are detected in the micros-sphere plate (MSP).
Thus, the stack also serves as a second entrance de-
tector. Finally, the muons are stopped in a 15 cm long
cylindrical target with diameters of 7, 12 and 16 mm.
The target is filled with 4, 8, or 16 mbar of hydrogen
and a 3, 6,12, 25, or 50% admixture of neon.

PMT

Figure 1: Setup of the experiment. PPAC: parallel plate
avalanche chamber, MSP: micros-sphere plate, PMT:
photomultiplier tube.

We measured the muonic neon K-series X-rays fol-
lowing the transfer reaction

/Ltp(ls or 2s) + Ne —> p + juNe* (1)

exploiting the fact that the transfer signal of /j.p(2s) to
neon is enhanced by two effects: the transfer rate of
^p(2s) to neon is about an order of magnitude larger
than that for /ip(1s) [2, 3], and the /up(1s) vanish into
the walls of the target chamber quickly due to the small
elastic cross section for scattering of jup(1s) on H2.

We also recorded the signal of the /ip(1s) arriving
at the target chamber walls which were coated with a
thin layer of gold:

This way we obtained valuable information on the time
evolution of the //p(1s).

The time spectra of both the neon and the gold
transfer reaction were compared with detailed Monte
Carlo simulations including knowledge of the initial ki-
netic energy distributions of muonic hydrogen [4], scat-
tering of /*p(1s) on H2 and the measured transfer rate
of /up(1s) to neon at near-thermal energies. We find
a number of excess events at late times which can
neither be attributed to 1s-transfer nor to background
(which we measured carefully in pure H2, He, and Ne
gas). The use of the various pressures, concentra-
tions and target diameters allows multiple cross-checks
of the hypothesis, that these excess events have to
be attributed to the presence of long-lived metastable
y«p(2s), to be made. A lower limit (95% C.L.) of 0.4%
for the fraction of long-lived metastable //p(2s) (per ^p
formed) results. A more detailed analysis of the data is
presently being performed.
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Nuclear muon capture, JJ. + p —> n + vß, is a fun-
damental electroweak charged-current reaction which
can be studied at PSI's low energy muon beams under
ideal conditions. The capture rate is sensitive to the
weak form factors of the nucleon, in particular to the
induced pseudoscalar coupling constant gP. A precise
measurement of gP would rigorously test modern ef-
fective field theories of low energy QCD, which predict
QP with ~ 2 % precision [1]. This goal can be reached
by a pr lifetime measurement in H2 gas to a precision
of 10"5 or better.
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Figure 1: First setup of the prototype TPC in area

Based on the development of three small test cham-
bers in 1997 [2], a full size prototype time projection
chamber (TPC) was constructed at Gatchina and shipped
to PSI for first tests in the muon beam (Fig. 1). The TPC
has a sensitive volume x-y-z = (15 • 8 • 30) cm3 with a
vertical electrical drift field of 2.2 kV/cm. At the beam
entrance two x-y MWPCs (nr. 1,2) are placed to localize
arriving muons and below the TPC, two (15x15) cm2 x-
z MWPCs (nr.3,4) act as external electron detectors.
All chambers sit inside a pressure vessel filled with 10
bar of pure hydrogen gas.

In the TPC, the ionization electrons from tracks of
muons and muon decay electrons drift towards a MWPC

plane of 75 anode wires, where electronic signals are
generated with a gas gain of ~ 104. The idea of using a
TPC is to unambiguously identify the tracks of stopping
muons and their decay electrons without using global
pileup rejection, thus allowing eventually to reach beam
rates up to 50 kHz required for high statistical accuracy.
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Figure 2: Sample of a tracked ^-e event in the TPC

Figure 2 shows an event from our first test run in
December 98. The muon can be seen passing the en-
trance wire chambers (bottom cross-hair) and stopping
with high energy loss on anode 6 (time scale in /J,S).
The signals on anodes A1-A6 are saturated and scaled
down eightfold with respect to A7-A12. The decay elec-
tron is seen on anodes 7-12 going to the upper left,
where it then exits the TPC and hits MWPCs 3+4 as
shown by the top cross-hairs. The negative (clipped)
pulses on the wires at the muon signal are cross talk
from the muon signal.
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Nuclear fusion from /id3He may occur via two dif-
ferent channels: emission of a proton with an effective
rate \f or emission of a hard 7

/Kd + 3He - ^ fi + a(3.66MeV)+p(14.64MeV) (1)

//Li + 7 + 16.39 MeV. (2)

The predictions for the reaction rate of Eq.(1) differ by
an order of magnitude and the existing experimental
data are insufficient to resolve the dispute [1, 2, 3, 4].
The reaction of Eq.(2) is expected to proceed with a
branching ratio on the order of ~ ICH4*5) [5], i.e., four
orders of magnitude smaller than A/.

We performed a first test run in October 1997 in
order to evaluate the background and the sensitivity of
our experiment. The results obtained were good (cf.[6J)
and subsequent improvements were made. We tested
the new equipment at the/iE4 channel during Fall 1998
using both pure D2 and the gas mixture D2+3He (c3He ~
5%, target temperature ~ 32 K at <j> = 7.8% of LHD).

The target and the detectors are schematically sh-
own in Fig. 1. Of note are the gas volume T (~66 mm
inner diameter) and the three pairs of silicon detectors
(0.36 and 3.65 mm thick respectively) installed around
it, just behind Kapton windows (55-135 fxrr\ thick to al-
low the radiation of interest to reach the detectors; not
shown in the Figure). Details of the target and the gas
supply system are found in Ref. [7].

Muons of interest passed a lead collimator, fired an
entrance scintillator and stopped in the gas volume.
Four plastic scintillators, EUP, EDO, ERI, and ELE de-
tected the decay electrons and were also used as a
charged particle veto in conjunction with the neutron
and 7 detectors.

The thin silicon detectors give the energy loss, dEj
dx, for the particles reaching the thick detectors. The
energy loss and total energy allow us to determine the
particle type and hence select the protons of interest.
The y«d3He fusion proton at 14.7 MeV will be finally
stopped and detected by the thick silicon detectors.
The data will be cleaned by requiring that the decay
of the muon causing the event of interest be seen in a
given time interval after the event, which proves that the
muon was not destroyed by the event of interest. This
dele condition is a very powerful tool in the suppression
of background coming from muon nuclear capture in
the target walls.

The energy and time distribution of the 6.85 keV
X-rays emitted by the de-excitation of the ßd3He mole-
cule has been measured by the Ges germanium detec-

Figure 1: The arrangement of the equipment used in
the fxEA area shown from the perspective of an arriving
muon.
tor. This permits us to measure the fxd3 molecular for-
mation rate in the Do+3He mixture and to monitor the
other muonic X-rays providing essential information on
the purity of the target. The GeB (122 cm3) was used
to detect hard 7 (cf. Eq.( 2)) and the Ge^ (75 cm3) to
monitor impurities. The neutron detector NE213, has
been used to monitor the drf-fusion cycle.

In two weeks of beam time we collected a total of
~ 1O10 good muons, i.e., muons with a good entrance
definition and no pileup. The analysis will focus on the
silicon detector performance and results as well as the
6.85 keV time distribution. We will be studying also
hard 7-rays, neutrons and possible impurities in the
gases. Preliminary results of the analysis are foreseen
in late Spring 1999.
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The year 1998, has seen the continuation of the
studies of biokinetics and metabolism of Mo, Zr and
Ru, elements of interest in the field of nutrition and
radiation protection. As explained in previous annual
reports, these studies are performed using stable iso-
topes as tracers and activation analysis with charged
particles (protons) as the analytical technique for the
detection of the tracers in biological samples.

A new series of tests on the biokinetics of molyb-
denum have been started, which aim to further investi-
gate some peculiarities found in the first preliminary in-
vestigations. In these studies a larger group of healthy
volunteers have been recruited. The results have given
crucial information about molybdenum biokinetics in hu-
mans. It was shown that the current model for ingestion
of molybdenum radionuclides recommended by ICRP
contains several inaccuracies and requires some mod-
ifications [1] An improved description of the excretion
processes and a better evaluation of the transfer coef-
ficients enable a successful reproduction of the exper-
imental measurements, while maintaining the general
features of the general ICRP biokinetic model. The use
of separate sets of parameters for solids and liquids
is recommended. The improved realism of the model
means a more reliable application in the field of radia-
tion protection for the evaluation of the consequences
of accidental incorporations of molybdenum radionu-
clides [2] and a more reliable application in the field of
nutrition. The biological samples are also measured
at GSF, using mass spectrometric techniques (ICPMS
and TIMS), but up to now only activation analysis can
achieve the required accuracy and precision for tracer
measurements in blood plasma samples.

After completion of the animal experiments[3], the
analysis of the samples from preliminary studies on the
biokinetics of zirconium and ruthenium in humans has
been started.

The activation analysis technique has also been tes-
ted for the detection of two stable Gd isotopes in plasma
samples. The interest in Gd relies on the fact that it can
be used as an analogue of selected actinides in bioki-
netic studies. Both (p,n) and (p,2n) reactions on the
isotopes Gd-154, Gd-155, Gd-156 and Gd-157 fulfill
our analytical requirements, i.e. no reciprocal interfer-
ence of gamma lines from the radionuclides produced
and also no interference with the matrix background,
reasonable irradiation and measuring times required
for a satisfactory sensitivity etc.

During the year we have also carried out some mi-
nor repairs and made improvements to the activation
chamber which is coupled to the cyclotron beam chan-
nel. Firstly, the portion of the rotating disc where the
cooling liquid flows, which is necessary to spread the
heat released in the samples by the incoming beam,

has been replaced. Secondly, new, more reliable tem-
perature sensors are now employed to monitor the in-
coming and outcoming cooling fluid, and lastly, NTC
sensors are embedded in standard blood plasma sam-
ples to have an estimation of the temperature variation
in the samples during the irradiation. Some improve-
ments are still needed for the signal transmission of
the sample temperature to the control room during the
experiments.

Finally, in 1998 the official results of the IAEA in-
tercomparison study on the determination of toxic and
other main and trace elements in algae have been pre-
sented [4]. Three sets of algae, with different enrich-
ment in toxic elements (IAEA-391 low level, IAEA-392
environmental level and IAEA-393 elevated level) were
distributed for analysis. The (p,n) reaction was utilized
for the determination of As, Ca, Cr, Fe, Hg, Zn; (p,2n)
reaction for Cd, Cu and (p,3n) for Pb. Our results are
well in line with those of the other laboratories involved.
We would like to kindly acknowledge the support given
to us by Dr. J.Gobrecht and his co-workers of the Nano
Lab for the use of their clean rooms during sample
preparation.
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The effect of the isoscalar tensor force, a funda-
mental component of the nucleon-nucleon force and
relevant for nuclear structure studies, is the mixing of
the 3Si and 3Di-state. In a phase shift analysis, it is de-
scribed by the mixing parameter s\. Its precise knowl-
edge is crucial for the understanding of the structure of
nuclear systems. The observable most sensitive to ex

is the spin correlation parameter Azz at forward angles
[1]. At these angles the correlation of ex with the b i -
phase - which is also poorly known - is minimal (see
fig. 2).

Here we report on the first measurement of Azz us-
ing a new technique. In contrast to our previous exper-
iments [3] we used a newly developed scintillating po-
larized target which enabled us to measure the energy
of the recoil proton. The detection of the scattered neu-
tron in coincidence with the recoil proton strongly re-
duces the background contribution in the neutron time-
of-flight spectra and allows the determination of Azz

with much higher accuracy (compared to the previous
experiments [3]), only limited by the decreasing recoil
energy with decreasing angle. Due to the progress
made over the last year the scintillating target material
(TEMPO doped polystyrene based scintillator) is now
available in blocks of up to (5 x 18 x 18) mm3 with pro-
ton polarizations up to 80 % [2].

The first measurement using such an active target
was performed in August 1998 at the PSI injector cy-
clotron. The scattered neutrons were detected with
an array of plastic counters placed 2 m from the tar-
get, allowing the measurement over a wide range of
scattering angles simultaneously. Figure 1 shows the
energy of the recoil protons for different scattering an-
gles t?cm = 34 to 57°. Each of the spectra contains
approx. 3 -105 events, about one third of the events of
the final data.

From the number of events N + and N~ for the two

Figure 2: Neutron-proton spin correlation parameter
Azz as a function of the scattering angle tfcm.
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Figure 1: Energy of the recoil protons for different neu-
tron scattering angles ticm.

Pn pT N+ + N- - 2iVB

can be calculated, where yVB is the background con-
tribution and pn and pT denote the neutron and target
polarization, respectively. The neutron beam polariza-
tion was flipped every 3 s in order to minimize system-
atical errors. It is known to ±1.1 % [4], and the target
polarization was measured to ±4 % using nuclear mag-
netic resonance. Preliminary results are shown in fig.
2 together with the previously measured values [3, 5].
The dotted and dashed lines show the variation of Azz

caused by a 1° variation of lP\ and t\. The error bars
show the statistical errors estimated for the full data set.
The systematic effects are being studied in detail in the
ongoing analysis. So far the new results lie well within
the error bars of our previous values [3], but systemat-
ically above them.

The preliminary evaluation of the data taken so far
gives very promising results and already shows that ex-
periments on spin observables like Azz gain from us-
ing an active polarized target. We plan to continue our
measurements at smaller angles yielding new insights
on Azz and ei at the most forward angles (see fig. 2).
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The CPLEAR experiment was designed to study
CP- and CPT-symmetries in the neutral kaon system.
The neutral kaons were produced in the pp annihilation
at rest:

K - T T + K 0

each with a branching fraction of ~ 2 x 1O~3. The initial
flavour and momentum of the neutral kaon are mea-
sured by the accompanying charged particles.

The main data taking of the CPEAR experiment took
place from 1991 to 1995. In 1996, a special run was
made to investigate the effect of regeneration.

A detailed description of the detector can be found
elsewhere [1]. During the 1994 data taking, a small up-
grade was made to the detector. The spherical target
filled with 15 bar H2 gas (radius 7 cm) was replaced
by a cylindrical one with a radius of 1.1 cm and filled
with 27 barH2 gas. A cylindrical multi-wire proportional
chamber with a radius of 1.5 cm was added around
the new target. This was used in the trigger to reject
background, resulting in a smaller dead time which in-
creased the rate of recorded signal events by a factor
of two.

As described above, the initial flavour of the neu-
tral kaon is identified by the charge of the accompa-
nied kaon at the production point. When the neutral
kaon decays semileptonically, its flavour at the decay
can also be identified by the charge of the lepton from
the decay point. Since a K° (K°) contains s (s) quark,
the decay produces a positively (negatively) charged
lepton.

By identifying the both initial and final flavours, the
following probabilities can be measured:

• initial K° oscillates to K° at time t: P_ (i),

• initial K° remains as K° at time t: P+{t),

• initial K° oscillates to K° at time t: P+(<),

• initial K° remains as K° at time t: P_ (t).

In the CPLEAR experiment, semileptonic decays with
e+ and e~ are used.

P_ (t) can be obtained by applying a time reversal
(T) or CP-transformation to P+(t). Similarly, P+(t) can
be obtained by applying a CPT- or CP-transformation to
P_ (t). Therefore, any deviation of the time dependent
asymmetry AT(<)» defined as

P+(t)-P_(t)

Figure 1 shows the measured AT(t) by the CPLEAR
experiment [2] which clearly indicates that Ar{t) ^ 0.
This is the first time that violation of the time reversal
symmetry has been directly observed. T-violation has
so far been shown only indirectly in the neutral kaon
system by applying the Bell-Steinberger relation, which
is derived from unitarity.
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Figure 1: Measured asymmetry between the probabili-
ties that an initial K° oscillates to a K° and that an initial
K° oscillates to a K°, as a function of the decay time.

as
In a similar way, any deviation of of Acpr(t), defined

C P T U P ( t ) + P ( t )
from 0, is a signal of CP- and CPT-violation. Figure 2
shows the measured ACPT(<) by the CPLEAR experi-
ment [3]. It shows no sign of CPT violation.

0.1

0.08

0.06

0.04

-0.02
-0.04

-0.06

-0.08
n 1

I ,

D.I 2 4 6 8 10 12 14
Neutral—kaon decaytime

iJ

\

16

f

18

[ T j

from 0, indicates that CP and T are violating in the K°-
K° oscillation.

Figure 2: Measured asymmetry between the probabili-
ties that an initial K° remains as a K° and that an initial
K° remains as a K°, as a function of the decay time.
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The broad band charged particle spectrometer and
particle identification system of the E865 experiment is
well suited for the study of rare K+ decays into mul-
tilepton final states [1]. The final long data taking run
for this experiment, at the Brookhaven AGS ended on
new years eve 1998. A sufficiently large number of
events were recorded to reach a sensitivity at the 10~n

branching ratio level for the lepton number violating de-
cay K+ ->• n+n+e~, which was the primary goal of this
experiment. The 1998 run nearly tripled the statistics,
which can be attributed to, an upgrading of the data
acquisition system, and an increase in primary proton
beam intensity and spill length. The analysis of the
data has only recently started.

During our shorter 1997 run a scintillator pixel de-
tector was installed in the primary beam, which permit-
ted decays with missing neutrinos or photons to also be
looked at. With dedicated trigger settings we recorded
large event samples (see [1]) for Ke3 decays (K+ -»
n°e+pe, to improve the accuracy on Vus, comparing
Ke3 to Kw2 (K+ -> TT+TT0)), for the radiative decays
K+ -» /j,+i/ße+e~ and K+ -> e+i/ee

+e~ (probing the
A'+ electromagnetic structure), for K+ ->• 7r+e+e~ and
K+ -> ir+fi+fi~ decays (flavor changing neutral current
decays dominated by long distance effects and calcula-
ble in chiral perturbation theory) and lastly Ke4 decays
(K+ -> n+ir~e+ve). As an example of the quality of
the 1997 data, we show in Figure 1 a mass spectrum
indicating a clear peak from about 400 K+ -»7r+^+fi~
events.

The Ke4 (K
+ ->• ir+TT-e+i;e) decay is the only avail-

able source of clean information on mr S-wave scat-
tering near threshold and has for this and other rea-
sons some special significance in the theory of chiral
symmetry. Figure 2 shows preliminary results from an
analysis of these data (300000 events).
REFERENCES

[1] G.S. Atoyan et al., PSI Annual Report/Annex 1
(1995) 89; ibid (1997) 99.

[2] L. Rosselet et al., Phys. Rev. D15 (1977) 574.

[3] J. Gasser, and H. Leutwyler, Phys. Lett. B125
(1983)325.

E865, K: ••••> i ' i i V , 1S97 DATA

Figure 1: irfifi invariant mass spectrum after appropri-
ate likelihood cuts. The exponentially decreasing back-
ground arises from K+ ->• 7r+7r~7r+ decays with a sub-
sequent TT* ->• Ju
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Figure 2: TTTT s-wave scattering phase shift SQ as a func-
tion of the 7T7T invariant mass. The triangles and the
upper line refer to the data of Rosselet et al., [2], the
circles and the middle line represents the best fit to the
preliminary analysis of this experiment. The solid lower
line corresponds to the chiral perturbation theory pre-
diction [3].
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The Compact Muon Solenoid (CMS) is one of the
two large multi-purpose detectors to be built at CERN/
LHC. PSI contributes to the tracking (pixel detector)
and electromagnetic calorimeter (avalanche photo-dio-
des and crystals) sub-detectors.

Pixel Detector:

PSI has overall responsibility for the innermost part
of CMS, a silicon detector with 150 micron square pix-
els, and is designing and will build the cylindrical lay-
ers of this detector (in collaboration with ETHZ and the
Universities of Aachen, Basel, Vienna and Zürich). In
spring 1998, the CMS tracker community submitted its
Technical Design Report[1], with chapter 2 describing
the Pixel Detector System. The complete CMS Tracker
project was approved by CERN in autumn 1998.

For the readout of the pixel detector a column drain
architecture has been chosen after extensive computer
simulations. Many crucial functional blocks of the read-
out have been implemented on small radiation hard
chips which proved to be mostly within the specifica-
tions. A 20x30 pixel frontend chip with a simpler read-
out architecture, but already equipped with many fea-
tures needed in the final chip (e.g. addressing in oc-
tal analogue code, calibration circuitry, individual pixel
threshold trimming with programming capabilities, time
stamp counter and trigger mechanism), shows good
performance characteristics.

A bump-bonding technique needed to connect pixel
sensor and readout chip has been developed at PSI.
All necessary steps in this complicated procedure were
performed in various laboratories at PSI. Fig.1 shows
a section of the 20x30 pixel chip with 20//m diameter
Indium bumps. The chip has been bump-bonded to a
Si-sensor using a device developed and built at PSI.
Fig.2 shows the response of the sensor to 14 keV X-
rays when covered with a brass mask.

Electromagnetic Calorimeter (ECAL):

For the ECAL, PSI has overall responsibility for the
avalanche photo-diodes (APDs) and takes part in the
crystal and electronics R&D. In 1998, the choice was
made of the type of APD to be used in the final detector.
Two companies had carried out R&D based on differ-
ent underlying structures and prepared samples whose
performance and reliability were evaluated before the
decision was made. Nevertheless, since these APDs
are new developments, intensive R&D work is still con-
tinuing. A related difficulty is the optical coupling of the
APD to the high refractive index (n=2.2) lead tungstate
crystal: The ideal coupling should also have a high re-
fractive index, must be radiation hard, should be trans-
parent into the UV, must stick reliably onto the smooth
crystal surface and finally should be simple to use since
it will be used for over 120,000 APDs. Various mate-
rials were examined and a promising candidate with a

refractive index of over 1.6 identified. This is a commer-
cial product used as a mounting material in microscopy.
Further testing is still needed before a final choice is
made. For the ECAL subdetector as a whole, approval
of the Technical Design Report[2] was a major land-
mark of 1998, while the crystal R&D made impressive
progress in crystal quality and reproducibility, and in
the preparations for the mass production, in both Rus-
sia and China.

REFERENCES

[1] CMS Tracker Technical
CERN/LHCC 98-6.

Design Report,

[2] CMS ECAL Technical Design Report,
CERN/LHCC 97-33.

Figure 1: Section of radiation-hard chip with Indium
bumps.

Figure 2: Response of a masked 20x30 pixel array.
The area of the elements is proportional to the regis-
tered hits.
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H1 -EVENTS WITH AN ISOLATED LEPTON, LARGE HADRONIC JETS AND MISSING
ENERGY

H1 COLLABORATION

R. Eichler*, K. Gabathuler, J. Gassner*, R. Horisberger*,

* Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland

In 1997, H1 reported on an excess of events at
Q2 > lO'OOO GeV2 which could have been a statistical
fluctuation, however, this type of event was also seen
in the ZEUS detector. In the combined data-taking sta-
tistics of 1994-1997, we also observed an excess of
events with an isolated muon, missing transverse en-
ergy and a hard hadronic jet, which again could be at-
tributed to a statistical fluctuation [1].

Figure 1 shows the distribution of events with a miss-
ing transverse energy greater than 25 GeV and a high
momentum charged particle with transverse momen-
tum larger than 10 GeV. Plotted is Djet:

(</>track ~

the distance of the high momentum track to the clos-
est jet and Dtrack, the distance to the nearest track.
Six events appear to be isolated from the rest of the
events and it turned out that all are leptons, one is an
electron and five are muons (isolated positrons were
deliberately excluded from the analysis).

Figure 2 shows the distribution of the 6 exotic lep-
ton events in the plane of transverse hadronic energy
versus transverse lepton-neutrino mass, together with
the event distribution, as expected, from SM-processes
(T^-production, 77 events). The total number of five
muon events is larger than the 0.8 ± 0.2 expected from
SM-processes, the latter dominated by W-production.
It will be very interesting to see whether with larger sta-
tistics this is a statistical fluctuation or a sign of new
physics, such as lepton flavour violation e.g. ep ->• rX,
suggested in models of R-parity violating processes.
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Figure 1: Correlation between the distances Djet and
to the closest hadronic jet and track, for all
tracks in the inclusive event sample.
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Figure 2: Distribution of events in Pjf (transverse mo-
mentum of the hadron system) and My" (transverse
mass of the high pT lepton-neutrino where the mea-
sured missing transverse momentum is attributed to a
hypothetical neutrino): a) electron channel; b) muon
channel. The crosses indicate the 1-sigma uncer-
tainty on the measured kinematic parameters of the
six observed events (for event MUON-5 the 2a lower
limit for Mf" is shown). The dominant SM contribu-
tions (open-circles for W production, triangles for pho-
ton-photon processes in the muon channel) are shown
for an accumulated luminosity which is a factor of 500
higher than in the data. In the muon channel no signifi-
cant contribution is expected at p^ < 25 GeV because
of the data selection in the trigger.
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HESSI SUCCESSFULLY QUALIFIED

M. Guedel, R. Henneck, A. Mchedlishvili, P. Ming, K. Thomsen, A. Zehnder (PSI), in collaboration with the
Space Science Laboratory Berkeley, the GSFC, Greenbelt, and the University of Delft

A Qualification Model (QM) of the High Energy Solar Spectroscopic Imager (HESSI) has been built at PSI
and tested with success.

HESSI is a NASA mission with a single instrument on
a small spin-stabilized spacecraft in low earth orbit.
The primary scientific aim of the mission is to explore
the basic physics of particle acceleration and explosive
energy release in Solar Flares. HESSI will produce
hard X-ray images with an angular resolution as fine
as 2 arcseconds and a temporal resolution in the order
of 10 ms; a detailed image can be obtained in 2 sec-
onds. At the same time HESSI will provide energy
resolution below 1 keV over the range from 3keV to
400 keV. For the first time HESSI will perform hard X-
ray and Gam ma-Ray imaging above 100 keV with an
energy resolution of a few keV up to energies as high
as 20 MeV.

The imaging capability of HESSI is based on a
Fourier-transform technique using a set of 9 pairs of
grids each spaced 1.55 m. Transmission through a
grid pair is modulated as the spacecraft rotates around
its axis. The different grid pairs have different slit
widths, corresponding to 9 partly redundant Fourier
coefficients. For the finest grids an alignment and its
stability to better than 20 arcsec is mandatory to yield
sufficient modulation depth. Given the exact timing of
single photons together with the precise knowledge of
the attitude of the imager it is possible to reconstruct
an image of the source. To do this no spatial resolution
is needed in the detectors proper, only fluxes have to
be measured.

The energy resolution of the instrument is achieved by
using Ge detectors, which are cooled to liquid nitrogen
temperature by means of a mechanical cooler. HESSI
will have the finest angular and spectral resolution of
any hard X-ray or Gamma-ray instrument flown so far.

For PSI the work on HESSI started at the beginning of
1998 with the design of a qualification model (QM)
imager including the telescope tube, grid trays for both
ends of the telescope with all necessary mechanical
parts like fixtures and an adjustable tray mount.

With the encouragement of a series of successful re-
views the mechanical design and the production of
almost all needed components was performed at PSI.
In parallel a solar and a roll aspect system (SAS and
RAS) have been designed, see accompanying contri-
butions, as well as a dedicated optical system to verify
the alignment; the TMS, twist measurement system.

In autumn 1998 a thermal test was performed meas-
uring the stability of the alignment between the trays
while changing the overall temperature between 0 and
40 degrees centigrade. Excellent stability was con-
firmed. In December 98, the QM assembled with flight
representative trays and grids was subjected to vibra-
tional qualification tests. All of the hardware under PSI
responsibility performed well. No undue change in
characteristics, especially alignment, has been de-
tected.

Fig. 1: HESSI imager QM at Contraves in occasion of
the vibration test with PSI team.
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THE HESSI SOLAR ASPECT SYSTEM (SAS)

J. Bialkowski, M. Fivian, ft Henneck, A. Mchedlishvili, P. Ming, K. Thomsen, A. Zehnder, (PSI), G. Hurford,
D. Curtis (UC Berkeley), B. Dennis (GSFC, Greenbelt)

We describe the design and construction of the HESSI Solar Aspect System. It is based on the optical ob-
servation of the sun image with 3 line CCDs and it will provide a position determination with accuracy <0.4
arcsec.

The Solar Aspect System (SAS) is part of the HESSI
instrument [1] to be launched by mid-2000 at solar
maximum. It will provide continuous information on the
pointing of the rotating spacecraft (15 rpm). Precise
knowledge (0.4 arcsec on a 1a level) of the pointing is
a necessary ingredient of the image reconstruction in
order to obtain the HESSI imaging resolution of 2
arcsec. The SAS consists of 3 identical lens/sensor
subsystems (spaced at 120°) which interface with the
spacecraft computer via the Aspect Data Processor
(ADP). Each subsystem consists of a 4 cm diameter
lens located on the front grid tray that focusses a solar
optical image onto a 2048-element x (13\if linear CCD
located on the rear grid tray (focal length 1.55 m).
Simultaneous exposures of the solar images are made
about every 10 ms (programmable). For each image,
there are two locations (limb crossings) where the
solar image intersects the CCD. A digital threshhold
algorithm is used to select N pixels that span each
solar limb for inclusion in the telemetry. Determination
of the 6 limb crossing locations provided by the 3 sub-
systems (over-) defines the position offset of the sun in
the rotating frame. The SAS can also used as a real-
time sun acquisition sensor to back-up the fine sun-
sensor.
The lenses are made from fused silica and are
mounted in such a way as to allow for a determination
of the optical center to within 5 \i with a coordinate
measuring machine. Since the positions of the CCDs
and of the grid fiducial marks will also be measured
with micron accuracy, we shall know the SAS viewing
directions with respect to the individual grid pair view-
ing directions on a level of 1 arcsec. A blocking filter
and a bandpass filter (center wavelength at 700 nm,
10 nm FWHM wide) are coated on opposite sides of
the lens in order to reflect most of the light and to
reduce the chromatic aberrations. The CCD (Loral 145
EDC) is glued directly to an Al stand-off to guarantee
stable positioning on a micron level. This has been
verified during vibration testing [1]. The integration
time is around 0.1 ms to eliminate time-smearing for
large pointing offsets. The CCD front-end electronics is
essentially identical to the RAS front-end electronics
[2] and consumes about 0.5 W per SAS. All
subsystems, SAS as well as RAS are controlled by the
ADP which contains a DSP for on-line data processing
and an FPGA (Actel 14100) for communication with
the Instrument Data Processing Unit (IDPU).
We have simulated the response of the CCD around
the limb crossing in order to test different limb-finding
algorithms and to estimate the obtainable relative ac-

curacy (see Fig.1). Due to diffraction and chromatic
aberration the limb amplitude increase is spread over
several pixels. Random noise with 1 ch rms was
added to the pixel amplitudes which were then fitted
with a pre-determined 'limb model' function to deter-
mine the position accuracy. The resulting uncertainty
using 3 pixels is about 0.08 arcsec and is dominated
by the digitalization effect.

An unambiguous aspect solution at a given time can
be derived from any 2 SAS pairs, yielding 3 independ-
ent solutions. Differences between these solutions can
be traced back to variations of the positions of the
lenses and of the CCDs. The internal consistency of
the final solution can be checked by looking at several
control parameters and their time derivative (since the
spacecraft movements are slower than the SAS data
taking rate). For instance, the inferred solar radii
should be independent of pointing direction. Similarly,
we will be able to eliminate false solutions due to local
flares or sunspots near the limbs which will produce
momentary variations at 1 limb only. The SAS will be
calibrated on ground using real sun images via a he-
liostat. Since the final spin-axis cannot be predicted
with good accuracy and since with launch vibrations
some tiny position variations may occur, we shall have
to determine some calibration parameters in-flight. Our
simulations as well as the experience with the HEIDI
experiment [31 show that this should be possible on
the sub-arcsec level.

Fig.1: Simulated CCD response around a limb crossing.
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THE HESSI ROLL ANGLE SYSTEM (RAS)

J. Bialkowski, M. Fivian, ft Henneck, A. Mchedlishvili, P. Ming, K. Thomsen, A. Zehnder, (PSI), G. Hurford,
D. Curtis, D. Pankow (UC Berkeley), B. Dennis (GSF Greenbelt)

We describe the design and construction of the HESSI Roll Angle System. Based on the observation of at
least one star per satellite rotation, it will provide an absolute roll angle determination with accuracy < 1
arcmin.

The Roll Angle System (RAS) is part of the HESSI
instrument [1] to be launched by NASA by mid-2000 at
solar maximum. Its purpose is to provide information
on the roll angle of the rotating spacecraft (15 rpm).
Precise knowledge (1 arcmin on a 1a level) of the roll
angle is a necessary ingredient for image
reconstruction. The RAS is a star scanner which
points out radially and observes stars at 75° from the
sun direction. Stars within a field-of-view of 30° x 1.2°
(parallel x orthogonal to satellite spin axis) are
focussed by a lens onto a 2048 pixel line CCD. The
passage of a star image over the CCD (orthogonally)
will raise the charge in one or several pixels above
threshold and the timing of this signal defines the roll
angle, once the star has been identified by comparing
its pixel position and amplitude with a star map. During
each passage of 6.4 ms duration we will make 2
snapshots of ~ 5 ms each. Determination of the
centroid of this time sequence will allow us to
reconstruct the corresponding momentary roll angle
with arcmin accuracy for a given object. Roll angles at
intermediate times are inferred by assuming uniform
rotation.

We selected the fast Dalsa IL C6 with rectangular
pixels (500 \i wide x 13 (j. long) to provide for the 6.4
ms long image passage and thus a high sensitivity. In
combination with a powerful lens (Leica Summilux,
f/1.4, 50 mm with a quartz plate for radiation
protection) we will be able to observe stars down to
magnitude m=3. For m=3 the signal expected from a
point image is ~ 5 mV (slightly depending on star
class) corresponding to a S/N at room temperature of
15 (verified experimentally). In practice we observe
lens vignetting as well as an off-axis broadening of the
image point-spread-function. At the very edge this
leads to a loss of sensitivity per pixel of almost 10. We
did simulations based on the Hipparcos input star
cataloque, taking this into account as well as the orbit
parameters (see Fig.1). With a limiting magnitude of
m=3.1 we observe at least 1 star per revolution (during
direct sun view) over 1 year; on the average we will
detect about 10 stars/ revolution.

The system is protected from earth-reflected light for
viewing angles > 30° to the RAS axis. The optical
baffle was designed for the specific case when HESSI
is located exactly between sun and earth, requiring a
straylight reduction of about 5*10"7. The design is
based on detailed calculations with the ASAP/ APART
straylight codes. The baffle consists of CFRP,

containing medium- and high-module fibres. The latter
provide thermal conductivity to radiatively cool the
CCD. We have done total reflectivity measurements
on several CFRP samples and it was found that CFRP
structures lifted off a microbead-blasted replica surface
have 'solar' reflectivities around 0.06, only about 50%
higher than special absorptive coatings. The baffle is
fixed directly to the central Ti frame which supports the
lens as well as the CCD board and is in turn clamped
to the satellite interface via 3 Ti legs which provide a
thermally stable (and thermally insulated) angular
position of the RAS with respect to the HESSI imager.
A mechanical shutter directly in front of the CCD
protects the CCD from an accidental sun illumination
in the initial phase. The CCD board contains the
FPGA, which provides all necessary CCD control
signals, reads the ADC and sends the data to the
SAS/RAS main processor (ADP). The CCD has been
passively irradiated with 60 MeV protons; we observed
a 20% variation of the dark level after 8 krad. The
CCD has also survived the HESSI vibration level. The
power consumption is 1.2 W, the mass 1 kg.

f

s
s

{d
ev

io

E

10

0

-10

:+ :

i- ;

: + :
r [

-10

stars

<
85

seen by RAS on Q-th

= °^ +

180
rotation angle phi

day

-t-

-.

275 370

Fig. 1: Stars seen (crosses) and stars obscured by
the earth (squares) on 1.1.2001 during one
satellite revolution. The earth center is given
by a diamond.
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IRRADIATION OF TITANIUM AND TUNGSTEN SAMPLES FOR HESSI PROJECT

W. Hajdas, N. Frey, K. Thomsen, A. Zehnder (PSI)

Modules, made of titanium and tungsten, comprise a large part of HESSI detectors' surroundings. Their
activation in the Earth radiation belts will increase the detectors' background. Samples of Ti and W were
irradiated at PIF and analyzed with Ge(Li) gamma spectrometer. The activity increase due to satellite's
pass through the proton rich South Atlantic Anomaly is equal to 14 Bq/kg for Ti and 138 Bq/kg for W.

SATELLITE ORBIT AND RADIATION BELTS

The HESSI mission will be launched into a circular
orbit at the distance of 600 km above the earth. For
orbit's inclination of 38° some trajectories will be
passing through the South Atlantic Anomaly SAA - a
region with increased proton fluxes- see Fig. 1.
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from the ""Sc decay after passing through the SAA is
equal to 14 (6) Bq/kg.

The tungsten activation was higher than the titanium
one though the spectra - see Fig. 2 - were recorded
60 min. after the irradiation.
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Tungsten gamma spectrum
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Fig. 1: HESSI single orbit path through the SAA
region of increased proton radiation.

The SAA proton fluxes (above 30 MeV) are up to few
thousands per p/cm2 /sec. Nuclear activation of
materials can lead to emission of gamma rays, giving
rise to a time dependent background in the HESSI Ge-
detectors. Material that surrounds the detectors
consists mainly of tungsten and titanium apart of Al.

IRRADIATION PROCEDURE AND ENERGY BINS

The SAA spectrum was generated in the PSI Proton
Irradiation Facility PIF, where small samples of
titanium and tungsten were exposed to protons. The
spectrum was divided into 7 energy bins covering the
range between 35 and 300 MeV. For activity
measurement purposes the total exposure dose was
equivalent to 100 days in orbit (ca. 70 rad(Si)).

ACTIVITY MEASUREMENT AND ANALYSIS

Activity measurements after proton exposures were
done using Ge(Li) detector of the SU spectroscopy
station in the Experimental Hall.

The titanium sample was measured 20 min after
proton run. Two spectral lines were identified: the
1157 keV of **Sc and the strong annihilation one
attributed to ^Sc and "So isotopes. Resulting activity

Fig. 2: Gamma spectrum from the tungsten sample.
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Fig 3: Tungsten sample activity as a function of the
time in orbit.

In total, 28 gamma ray lines were localized between
65 to 2000 keV. They were attributed to 12 different
isotopes. Their life times vary between 13 min and 20
hours. Resulting activity of Tungsten after passing
through the SAA is equal to 138 (28) Bq/kg.

Taking into account successive decay and activation
processes during subsequent SAA passages, the
activity as a function of orbital time was calculated.
Results for tungsten are shown in Fig. 3.
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XMM-RGS CALIBRATIONS COMPLETED

K. Thomsen (PSI) and XMM collaboration

Resolving power and effective area of the XMM-RGS instruments have been measured.

Two of the three X-ray telescopes onboard the ESA
cornerstone X-ray Multimirror Mission (XMM) are fitted
with a Reflection Grating Spectrometer (RGS)
instrument. This instrument is capable of providing
high resolution X-ray spectra in the range of 5 - 35
Angstrom. Parts of the X-rays, after being focussed by
the mirrors, are deflected by a set of 182 reflection
gratings. The spectral orders (-1,-2,-3) are projected
onto a strip comprised of 9 cooled CCDs in each
detector. Using the intrinsic energy resolution of the
CCDs the various spectral orders, which overlap
spatially on the camera, can be very well separated.
PSI joined the RGS collaboration in 1989 and
delivered the flight hardware of detector housings,
cooling systems and front-end electronics 1996. Since
then PSI took part in the calibration of the instrument
and in the preparation of the operations in orbit.

The instrument resolving power and effective area are
now based on measurements, rather than on
simulations. Work is still ongoing to understand the
measured excess above model predictions of the
effective area at short wavelengths. The effective area
of the gratings in the range 5-10 A is about 10% above
model predictions.

Overall agreement between theory and measurements
performed at the long X-ray facility Panter in Munich is
of order 10%, which is reasonable given the known
uncertainties. The maximal effective area for a single
RGS is in first order about 70 cm2, Fig. 1).

One of the original requirements on the performance
of RGS was that it would be able to resolve the He-like
'triplets' of the abundant elements for which these lines
are in the RGS band (O through Si). From the

800

measured line ratios densities in the emitting regions
can be derived. The oxygen VII He-like triplet at low
and high density plasma can be resolved; figure 2). Mg
line ratios cannot be extracted from the first order
spectrum, however it is possible to extract and resolve
the ratio using the 2nd order spectrum.

Fig. 1: Expected theoretical effective area and
measured data for one RGS. The range of the
solid curves reflects the true range in
wavelengths for the different orders of the
RGS for on-axis sources.

800

600 -

100 -

200

T. = 2 MK n.. = 1.2x10" cm"

20.0 20.5 21.0 21.5 22.0 22.5 23.0
wavelength (A) (uncolibroted)

23.5 20.0 20.5 21.0 21.5 22.0 22.5 23.0
wavelength (A) (uncolibroted)

23.5

Fig. 2: Simulated spectral images for the Helium-like Oxygen 'triplet' in order m=-1 for RGS1 at low
density (left) and high density (right) at a constant temperature of 2MK.



35

IMPROVED ENERGY RESOLUTION WITH GIAEVER JUNCTION X-RAY
DETECTORS

Ph. Lerch, E. Kirk, J. Bialkowski, A. Mschedlichvili, F. Burri, A Zehnder (PSI), /-/.ft Ott (ETHZ& PSI)

We fabricated superconducting devices as energy dispersive photon detectors. We could isolate one
energy resolution degradation mechanism from several others and obtain a value ofAE*= 58 eV at 6 keV.

We are developing superconducting tunneling junction
(STJ) devices, called Giaever junctions, as energy
dispersive detectors for optical, ultraviolet and X-ray
photons. Energy absorbed in a superconductor breaks
Cooper pairs, and releases excess charge carriers
(ECC). A STJ measures n x« Ex / e the number of ECC
produced upon the absorption of energy Ex, where £ =
2 - 3 meV is the minimum energy required to release 2
ECC. The energy resolution is set by the statistical
fluctuations in nxi and by tunneling noise in the STJ [1],

AE f w h m °cE

It has been shown recently [2] that AE ~ 6.5 eV at Ex

= 700 eV. This result is very close to the expected
limit, and makes this class of detectors promising for
applications. However, for E > 1 keV several factors
degrade the energy resolution. Spatial variations in the
response to energy deposition increase the variance of
nx. Moreover, the fabrication of these thin film devices
determines the dynamics of the ECC (recombination,
tunneling and trapping rates, phonon losses, etc.)
which, in turn, affect the resolution.

In order to study the physics causing the resolution
degradation distinctly, we instrumented 2 STJs at the
end of 200 x 40 u.m2 large absorber of epitaxial Ta [3].
The devices were kept at 550 mK, illuminated with 5.9
and 6.4 keV photons of a 55Fe source. Each STJ was
biased at ~ 300 p.V. In our configuration, X-rays hit the
STJs as well as the absorber. The ECC released in
the absorber diffuse in either direction. The charge
ratio collected by each STJ depends on the position of
impact on the absorber. The total charge collected by
both STJs depends on the initial energy released by
the photon, on the diffusion losses along the absorber,
and on the response function of each STJ. The ECC
produced by photons hitting one or the other STJ di-
rectly are weakly affected by diffusion losses in the
absorber and carry more information on processes
and losses occurring within the STJ.

We have measured the response of two spectrome-
ters, whose epitaxial Ta absorbers had different elec-
tronic mean free path. The devices have a
Ta/AI/AIOx/AI/Nb structure. The Ta, Al, and Nb layers
are 40 nm, 50 nm, and 30 nm thick, respectively. Al
and Nb are polycrystalline. The two spectra below

were measured from absorber events and illustrate the
impact of the quality of the epitaxial absorber on the
energy resolution. The electronic mean free path of
the best sample was of the order of 40 nm.
A careful study of the ECC dynamics in a supercon-
ducting absorber, distinct from processes occurring
within the STJ is now possible and should guide the
future development strategy for this class of detectors.

1.0

0.8

0.6

0.4

0.2

0.0

i

\ \

i

I I

— - RRR = 60,

• RRR = 20,

f

I

AE tahm =

i +

-

58 eV

= 104eV

-

5600 5800 6000 6200 6400 6600 6800 7000

Energy (eV)

Fig. 1: Spectra recorded with 2 detectors fabricated
with Ta absorbers of different quality. The
contribution of electronic noise was not re-
moved. The energy scale was corrected
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SUPERDONDUCTING X-RAY DETECTOR READ-OUT USING A DC SQUID ARRAY

J. Olsen, Ph. Lerch, E. Kirk, K. Thomsen, F. Burri, A. Zehnder, B. van den Brandt, S. Mango (PSI),
H.R. Ott (ETHZ)

Arrays of dc SQUIDs were used to read-out current excursions produced in a superconducting tunneling
junction X-ray detector. The potential of this amplification scheme was investigated.

Future energy dispersive soft X-ray spectrometers
with very high energy (and/or position) resolution will
most likely be cryogenic devices [1]. In a supercon-
ductor, the minimal energy required to produce ex-
cess electronic excitations is = meV. Thus, a large
fraction of the absorbed energy is carried by excita-
tions that result from broken Cooper pairs. The
excess charge that is produced can be measured with
a superconducting tunneling junction (STJ) and
enables an energy resolution that cannot be reached
with semi-conducting devices.

Signals produced by STJ are usually detected by
charge sensitive amplifiers (CSA) using low noise
junction field effect transistors (JFET) cooled at =100 K
as the input stage. The equivalent noise charge (ENC)
of such an arrangement ranges between 0.5 - 5 -104

e" FWHM with an STJ in operation and is still small
enough when compared to the signal charge Q = 5 •
106 e' that is collected after the absorption of a 6 keV
photon. This approach has disadvantages:

• the ENC is dominated by the input capacitance CD

» 200 pF of a 100 x 100 jim2 STJ device. Thus, an
increase of the photon collection area correlates
with an increase in noise.

• the power, « 3 mW, dissipated by each JFET in
the very vicinity of an STJ will impose severe con-
straints on multiple pixel-devices.

• the measurement of the total charge Q = J i(t) dt
makes the precise study of the qp dynamics,
expressed in i(t) and containing relevant physical
information, rather difficult.

The use of an array of dc SQUIDs may relax some of
the limits imposed by the CSA. The purpose of this
experiment was to investigate for the potential of the
SQUID approach. The arrays of dc SQUIDs [2] are
based on a design developed at NIST [3]. The array is
made with 200 dc SQUIDs connected in series and
delivers a large output signal (mV).

Our STJ device is voltage biased and inductively cou-
pled to the SQUID through an input coil. The device
and the SQUIDs are kept at 500 mK and 2.2 K
respectively. A ^Fe source is placed near the STJ, and
emits 6 keV photons. Absorption events in the STJ
produce current excursions recorded by the SQUIDs.

2 3

Temps [us]

Fig. 1: Output generated by one 6 keV photon hitting
a Nb/AI/AIOx/AI/Nb tunneling junction meas-
ured with an array of dc SQUIDs.

The main results are: the ENC does not depend on
CD, the power dissipation of the SQUIDs is negligible.
The current can be measured accurately provided a
very stiff voltage bias is applied to the STJ. Taking into
account the gain of the system, 104 V/A, 1 mV in Fig.
1 corresponds to i(t) = 10"7 A. The shielding of the
lines coupling the STJ to the input coil of the SQUIDs
requires particular care. The bandwidth is of the order
of 2 MHz and can be increased. A pulse height spec-
trum (PHS) of the charge cannot be simply obtained
by the PHS of the current pulse because of variations
in the shape of i(t). Note the fast decay time of the
event in Fig.1.

This read-out technique is promising, however, severe
SQUIDs reliability problems were identified and are
currently investigated in collaboration with the manu-
facturer and NIST.
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OPERATING OF THE PROTON IRRADIATION FACILITY - CONCISE SUMMARY

W. Hajdas, F. Burri, J. Biaikowski, A. Mchedlishvili, K. Thomsen, A. Zehnder (PSI),
R. Sorenson, B. Nickson, L. Adams (ESA-ESTEC)

In 1998, PIF experiments were conducted in NA2 and OPTIS areas and used more than 70 beam shifts. All
runs were grouped in 22 beam blocks resulting in 60 irradiation days. Research groups from space
agencies, scientific institutes, industrial firms and universities carried out about 30 different experiments.

PIF particle beam experiments in 1998 covered a
period between 14 March and 11 December. They
were arranged into 22 irradiation blocks of variable
duration and resulted in 60 days with the beam on
target. Despite of the prolonged shutdown of the Ring
Cyclotron the experimental load didn't decrease. It was
possible due to large interest of using low energy
protons in the OPTIS area. The beam time was almost
equally shared between NA2 and OPTIS irradiation
facilities. More than 30 types of irradiation tests by 17
different groups of researchers were performed.
Required proton fluxes ranged from 104 to 1010

/cmVsec and radial beam profiles varied from 16 to
100 mm FWHM. Beam energies covered values from
5 to 590 MeV.

Beam time and test area utilization by PIF

Beam blocks

Shifts

NA2

12

42

OPTIS

10

29

Total

22

71

IRRADIATION EXPERIMENTS

Four major blocks of experiments characterized PIF
activities. The largest amount of beam time for ESA
related activities was used for calibration and tests of
the proto-flight model of the SREM detector. It will be
launched in 1999 on board of the STRV-1c satellite.
The next one is related with the HESSI satellite
mission. Together with NASA-GSFC and Berkeley
University the PSI, represented by Laboratory for
Astrophysics, is preparing the HESSI launch in the
year 2000. Two other experiments were carried out by
industrial research teams in frame of new space
telecommunication systems like e.g. Teledesic or
Iridium. Carls Zeiss GmbH studied proton effects in
optical glasses while Bosch-Telecom GmbH
characterized total dose and single event effects in
Optical Terminal electronic components. In the
educational field the data for one dissertation and one
diploma work were gathered during PIF tests.

List of PIF experiments:

• SREM STRV-1c calibration

• CREDO particle monitor calibration

• SRAM-based proton dosimeter calibration

• SRAM/DRAMs proton SEU characterization

• Proton damage effects in GaAs solar cells

• CCD, DSP, ADC total dose and SEE testing

• Total dose effects in optical glasses

• Irradiation of Optical Terminal electronics

• Total dose damage and SEE in Opto-Encoder

• Optical-coupler SEE determination

• Sensitivity test of the ISS Air-fan electronics

• Activation measurement of Ti and W plates

• Flash-disks PCMCIA proton effects tests

• Radiation effects in high frequency devices

• Feasibility tests of proton induced production
of spallation neutrons

• (40Ar+p) -•• (26AI + ...) cross section
measurements

SYNOPSIS OF USERS AND COLLABORATIONS

The following list contains research groups involved in
PIF experiments.

No Research Institution

1 ESA/ESTEC, Nordwijk

2 PSI/GSFC/Berkeley University

3 Technical University Munchen

4 Bosch-Telecom GmbH, Backnang

5 Carl Zeiss GmbH, Oberkochen

6 Contraves Space, Zurich

7 CNES, Toulouse

8 HIREX Engineering, Toulouse

9 Matra Marconi Space, Paris

10 ONERA-CERT, Toulouse

11 Bradford Engineering, Heerle

12 NLR, Amsterdam

13 Thomson&Nielsen Co., Nepean

14 SCK/CEN, Mol

15 SOREQ NRC, Yavne

16 DERA Space, Farnborough

17 EEV Ltd., Chelmsford

FACILITY DEVELOPMENT IN 1998

• Further elaboration of the PIF OPTIS irradiation
site - new dosimeters and automatic beam-stop.

• Preliminary version of universal testing unit for
radiation effect studies in semiconductor memories.
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HEATING OF STELLAR CORONAE

M. Audard, M. Gudel (PSI), E.F. Guinan (Villanova Univ., USA)

A few thousand kilometers above the surface of a star, the average temperature of the corona reaches up
to a few millions of degrees. The mechanism of coronal heating is unknown. We have investigated the
question of "flare heating" on two young active stars whose coronae are thought to be scaled-up versions
of the solar corona.

Stellar coronae are interesting objects when we try to
find answers about questions related to our Sun or to
cosmic plasmas in general. Despite their distance,
active stars provide a much larger range of magnetic
phenomena than the Sun.

We have investigated the question of stellar coronal
heating by flares using data from the Extreme
Ultraviolet Explorer (EUVE) satellite. We observed two
young active stars, 47 Cas and EK Dra, that are
believed to be identical to the Sun in its early age.
Explosive flare energy releases heat the plasma
temporarily and emit an important portion of their
radiation in the soft X-rays and the Extreme Ultraviolet
(EUV) range. Flares on the Sun and stars are
observed over a wide range of radiated energy. Large
flares on the Sun emit on the order of 1030-1032 ergs.
Smaller-scale events are called ' microflares'. The
whole family of flares is thought to originate from
energy released by reconnection of the magnetic field.
The 'microflare' hypothesis proposes that the small
events are responsible for a large fraction of the
coronal heating because they would occur very often
compared to the more energetic events (flares).

We have developed a statistical method that identifies
possible flares in our EUVE data [1]. A total of 28
events were identified during our two week-long
observations. Their EUV+X-radiated energy were
estimated numerically, allowing us to construct
cumulative flare rate distributions in energy (i.e. the
rate of flares exceeding a given energy). These
distributions have been found to be power laws of the

type N(> E) = k2E~a+l (where N(>E) =j~^E). We
CltL

found for both stars and their combined distributions a

value of a that exceeds 2. Since | " ——EdE can be
Ao dE

arbitrarily large for small Eo and a > 2, the "microflare"
hypothesis may be a valid explanation of the coronal
heating of these two young active solar analogs. It
may indicate that much, if not all, of the observable
coronal energy in stars is derived from magnetic
energy stored in the outer stellar atmospheres.
REFERENCE
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RADIO COUNTERPARTS TO EXTREME X-RAY YOUNG STELLAR OBJECTS

K.W. Smith, M. Gudel (PSI & ETHZ), A.O. Benz (ETH)

Extremely bright X-ray sources have recently been found in star-forming regions. We search for radio
counterparts for two of these radio and X-ray luminosities, considered together, have implications for
coronal models.

The recent discovery [1,2,3] of surprisingly large X-ray
flux from Young Stellar Objects (YSO's) raises
important questions on the role of coronae at early
stages in pre-main sequence stellar evolution. Young
stars are usually rapid rotators, and the associated
kilogauss magnetic fields seem to be a typical feature
of these systems. More evolved young stellar objects
(Classical T Tauri and Weak-lined T Tauri stars, CTTS
and WTTS) are seen to be X-ray sources, and are
supposed to emit their X-ray flux from a corona. The
new YSO's are, however, considerably more X-ray
bright than either WTTS or CTTS, and in fact are more
X-ray bright than any previously known coronal X-ray
source. This raises the question of whether the coronal
model needs to be modified to account for such bright
sources, or whether an entirely different model is
necessary to explain them.

One feature of stellar coronae is an empirical
observation that the X-ray luminosity is closely
correlated with continuum radio luminosity [4].
Although purely empirical, the physical inference of
this observation is that the high energy electrons
responsible for the synchrotron radio emission are also
responsible for heating the coronal plasma, and are
hence indirectly responsible for the thermal X-ray
emission. We set out to find radio counterparts for the
two most extreme X-ray YSO's by analysing VLA
archive data. If the radio flux from these objects fits the
LX-LR relation for stellar coronae, this would be strong
circumstantial evidence that coronal models are
applicable.

less radio flux as the fast electrons are thermalised by
collisions, whilst the coronal plasma is still efficiently
heated by magnetic processes.

In Figure 1 we show the LX-LR relation for stellar
coronae, with the two new sources added. One
source, IRS-95, has a radio counterpart which is close
to the relation, but radio weak (X-ray bright) by about
an order of magnitude. The other source, SVS-16, has
only an upper limit in the radio.

In the case of SVS-16, we can conclude that the X-ray
emission is definitely not coronal in origin. In the case
of IRS-95, the object lies close to the coronal relation,
but sufficiently removed from it that we cannot
conclude we are seeing a normal stellar corona. We
are therefore developing models for a modified
corona, in which the circumstellar material leads to

28 "

14 16
Log L, (erg S-' Hz"1)

Fig. 1: The LX-LH relation for stars, amended to
include the X-ray luminous YSO's. The SVS-
16 point is shown with an upper limit in the
radio. The other stars have been divided into
two categories. dMe stars, dKe tars and BY
Dra stars, which typically have low
luminosities, are plotted as crosses. WTTS,
RS CVn's, Algols, FK Com stars and AB Dor
are shown as pentagons. The best-fit line with
slope 1 for the low-luminosity sources is
plotted, and extrapolated into the high-
luminosity regime for ease of comparison with
the YSO points.
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ON THE STRUCTURE OF STELLAR CORONAE

M. Gudel (PSI), A. Benz (ETHZ), J.L. Linsky & A. Brown (Univ. Colorado), J. Conway (Onsala Observatory,
Sweden), F. Nagase (ISAS, Japan)

The structuring of the hot outer atmospheres of cool stars is of crucial importance for plasma heating
processes, particle acceleration, and the physics of plasma or MHD instabilities. We have addressed this
question using two widely different methods, namely Very Long Baseline Interferometry at radio
wavelengths and theoretical modelling of an X-ray flare.

The outer atmosphere of cool stars like the Sun
consists of very hot (>106 K) plasma confined in
magnetic loops that are anchored on the stellar
surface. Apart from the Sun, there is little direct
information about the detailed structuring of stellar
atmospheres that are much more active than the Sun.

Our collaboration obtained the first ever spatially
resolved, direct image of a magnetized stellar corona
of a solar-like star. We used the Very Large Baseline
Array (VLBA, consisting of 10 radio dishes spread over
the USA) together with the Very Large Array (27
antennas in New Mexico, USA) to obtain direct images
of the radio corona of one of the nearest stars, the
low-mass dwarf UV Cet. Surprisingly, the image shows
two very large blobs that seem to be aligned with the
polar axis. From an interpretation of this synchrotron
radiation, we have proposed a model based on a
global dipole into which relativistic electrons are
injected and are trapped. Such structure is completely
unknown on the Sun, where the magnetic loops are
small and concentrated toward the equator. The
transformation between the two arrangements may
occur during stellar evolution, or may be related to the
internal structure of the star, in particular its internal
convection.

In another observation, using the ASCA X-ray
astrophysics satellite ASCA and the Extreme
Ultraviolet Explorer, we investigated the structuring of
the hot corona of a very active subgiant star by
applying an MHD model. The flare event was
observed over several hours and reached a peak
energy output of 2x1032 ergs s'1; extremely hot plasma,
up to 108 K, was identified. Our model took into
account estimates of the surface magnetic field, the
observed time scales, and magnetic and thermal
pressure effects in the loops. We found that the only
solutions fulfilling all requirements were loops with a
size scale on the order of one stellar radius. This
again contrasts with the structures found on the Sun.
Flare electron densities reached about 1011 cm'3 while
densities inferred from spectral line ratios during
quiescence were higher. This may suggest that flares
occur in giant magnetic arches while much of the
steady emission is produced in low-lying compact
magnetic loops.
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Top: VLBA image of the atmosphere (corona)
of the low-mass star UV Cet; the dashed circle
gives the size of the optical star.
Bottom: Calculation of the magnetic X-ray loop
structure at different times, modeled from X-
ray data of a flare on a subgiant star.
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MICROINSTABILITIES AND SCATTERING OF ACCELERATED PARTICLES
IN PLASMAS

G. Paesoid (ETHZ& PSI)

We are studying plasma microinstabilities in fully ionized plasmas to investigate of accelerated particles to
higher pitch angles in velocity space. These studies will be important for application to solar coronal plas-
mas that will be observed with HESSI. This project is part of a PhD Thesis which is carried out under the
guidance of Arnold O. Benz (ETHZ).

Acceleration of particles (in particular of electrons) is
an ubiquitous phenomenon in many astrophysical
plasmas. It may be of fundamental importance since
the primary release of energy stored in magnetic fields
may be via accelerated particles. Further, accelerated
particles could be efficient in heating plasmas to high
temperatures. We study plasma theoretical concepts
of particle acceleration with applications to solar
coronal plasmas.

According to different acceleration models [1,2,3] a
necessary property of the accelerator to be efficient is
the presence of a mechanism scattering the acceler-
ated particle species to higher pitch angles in velocity
space. Microinstabilities of anisotropic plasmas with
respect to various wave modes can lead to pitch angle
scattering to higher pitch angles.

It is assumed that these microinstabilities, arising from
an anisotropy intrinsic to the accelerator mechanism,
produce the required scattering. In order to investigate
the properties of anisotropic plasmas with respect to
instabilities to various wave modes, a fast and efficient
method to solve the plasma dispersion function proved
to be a necessity. We decided to use an existing com-
puter code called WHAMP developed by Kjell
Roennmark in 1982 [4]. This code solves the disper-
sion equation (1)

k2c2 = u; —

^k f r "
na J Vw-

" ~ kv\\

0)

where co is the complex frequency of the plasma mode
and k the appropriate wavenumber. Up to six plasma
particle species a which are described by velocity

distribution functions f<f of the form (2) can be con-

sidered.

fo(v±,v\\) =

= exp - - ^ -

Aj 1-Aj

exp -

(2)

This enables us to consider plasma species which are

drifting (vda - drif t ) , anisotropic in temperature

V uthenn ) a

(Aa - ~ ) a r |d having a loss cone (size: P2o, depth:

M).
Due to the difficult and untemporary usage of this
code, an update of the user interface was necessary in
order to maintain an adequate usage. This was real-
ized on an IDL platform and was called IDLWhamp.
This provides us with a powerful tool for the investiga-
tion of microinstabilities in magnetized plasmas.
First contacts with international researchers working
on the same topic were established during the visit of
two meetings:

• The CESRA meeting 1998, 'Workshop on Coronal
Explosive Events' in Helsinki (Finland), 8.6.98-
13.6.98 . A poster with the title 'Particle Accelera-
tion by Fermi Acceleration' was presented there.

• The 208. Heraeus-Seminar: 'Energetic Processes
on the Sun and in the Heliosphere' in Bad Honnef
(Germany), 19.10.98-21.10.98.
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DARK MATTER IN THE UNIVERSE

Ph. Jetzer, D. Puy, L. Grenacher (PSI), M.Strassle, N. Straumann (Univ. Zurich), F. De Paolis (Bartol Res.
Inst), G. Ingrosso (Univ. Lecce), M. Roncadelli (Univ. Pavia)

Recently a diffuse y-ray emission from the galactic halo has been detected with the instrument EGRET.
The observed y-ray flux is in remarkably good agreement with the flux predicted in the framework of our
model for the halo dark matter. In order to explain the observed pulse period variations in X-ray pulsars we
studied an extension of the disk-fed model and we compared our results with the measurements for Cen X-
3. Moreover, using microlensing data we found evidence that globular clusters contain an important
amount of dark matter in form of brown dwarfs or white dwarfs.

Dark Matter in the Halo of our Galaxy
In collaboration with F. De Paolis, G. Ingrosso and M.
Roncadelli we further elaborated on our scenario for
dark matter in the halo of our Galaxy, according to
which MACHOs (Massive Astrophysical Compact Halo
Objects) are clumped into dark clusters along with cold
H? clouds [1]. An important prediction of our scenario is
that there is a y-ray flux arising from the halo clouds
due to the interaction of high-energy cosmic-ray pro-
tons coming from the galactic disk with the cold Hz

clouds [1]. Recently, Dixon et al. [2] have reanalyzed
the data taken with the EGRET instrument, which is a
Y-ray detector on board of the satellite Compton
Gamma Ray Observatory (CGRO). Dixon et al. found
a statistically significant diffuse y-ray emission from the
galactic halo. Motivated by this discovery we
computed in more detail the expected y-ray flux, taking
also into account the contribution due to inverse
Compton scattering [3]. The agreement between the
observation and our more detailed calculation for the
flux is very good, making thus our scenario for the halo
dark matter worth further consideration. In particular,
the next generation of y-ray satellites like AGILE or
GLAST can test our predictions, thanks to the higher
sensitivity and the better angular resolution.

On the Variation of Pulsar Periods in Close Binary
Systems
X-ray pulsars, which form together with a main se-
quence star or a giant a close binary system, show
strong variations in their pulse period. Epochs of spin-
up and spin-down interchange on timescales of some
tens up to some thousand days. We studied, together
with M. Strassle and N. Straumann this phenomenon
in the framework of the disk-fed model by Ghosh and
Lamb, which we generalized by allowing for an
inclination angles between the magnetic dipole

moment fi and the rotation axis [4]. Moreover, we

took into account the relatively small magnetic field
induced by currents in the magnetosphere flowing
along the dipole field lines. This component, which we
computed numerically, leads to a torque perpendicular
to the rotation axis and induces a precession of it. Due
to this additional degree of freedom, the calculated
pulse period history is much smoother than in the
classical Ghosh and Lamb model. Within this extended
model we computed, as an example, the pulse period
history of Cen X-3 using the observed X-ray flux as a
measure for the mass accretion rate (see Figure 1).

We found good qualitative accordance with the
measured pulse period data as obtained with the
BATSE instrument on CGRO.

S5OO

JD-2440000.5

Fig. 1: Calculated pulse period history for Cen X-3
using the BATSE flux as input.

Gravitational Microlensing by Globular Clusters

Stars in globular clusters can act either as sources for
MACHOs located along the line of sight or as lenses
for more distant background stars. Globular clusters
offer the advantage that either the distance to the lens
or the one to the source is precisely known, hence
they allow for a much more accurate mass de-
termination of the lens. We analysed the known mi-
crolensing events towards the galactic bulge, which lie
close to the three globular clusters NGC 6522, NGC
6528 and NGC 6540 [5]. We found evidence that
some microlensing events are indeed due to MACHOs
located in the globular clusters, suggesting, therefore,
that these clusters contain a significant amount of dark
matter in form of brown dwarfs or white dwarfs. This is
a new result, which indicates that globular clusters
contain a substantial amount of dark matter, compara-
ble to the luminous mass.
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X-RAY PROPERTIES OF GALAXY CLUSTERS

D. Puy, L. Grenacher, Ph. Jetzer (PSI), M. Signore (Obs. Paris-France), F. Melchiorri (Univ. of Rome),
Y. Rephaeii (Tel Aviv University)

We studied the equilibrium temperature for cold clouds in cooling flows of galaxy clusters. Moreover, we
started an international collaboration with the aim to measure the Hubble constant via the Sunyaev-Zeldo-
vich effect. To that purpose we selected some galaxy clusters, which we plan to observe with the XMM
satellite. These observations will also be very useful to study the total mass of the clusters and other prop-
erties of the hot intracluster gas.

Cooling Flows: The observation of the X-ray flux
allows to evaluate the total mass of galaxy clusters
and to give lower limits on the baryonic fraction in
cluster, moreover an interesting application is the
study of their cooling flows. In several clusters of gal-
axies one observes a soft X-ray excess towards the
central regions. This excess is interpreted as being
due to hot intracluster gas with a cooling time less than
Hubble time. This gas cools and falls quasi-hydrostati-
cally into the center of the cluster potential well. In-
deed, radial profiles of temperature and density in the
intracluster gas inferred from X-observations show that
cooler denser gas is present in the central region of
the cluster. Cooling flows in clusters of galaxies de-
posit large quantities of cool gas around the central
galaxy, which is still continuing to grow today and
could just accumulate as cool dense clouds.
We have investigated the minimum temperature which
can be reached by clouds in cooling flows by comput-
ing the cooling function due to H2, HD and CO mole-
cules in the cooling flows of the Centaurus, Hydra and
PKS 0745-191 clusters [1]. Our results suggest that
clouds can indeed reach very low temperatures of less
than ~ 10 K (see Figure 1). We started to investigate
whether thermal instability can take place and thus
lead to a fragmentation of the cooling gas. This last
process could provided an explanation to the exis-
tence of very cold clouds in the center of the clusters.
These investigations are of relevance in view of the
interpretation of the observation which we will do in the
framework of the XMM core program of clusters of
galaxies and with SAX on the A478 cluster, for which
we submitted a proposal that has been accepted.

Sunyaev-Zeldovich Effect: The Sunyaev-Zeldovich
(SZ) effect offers the promise of measuring the Hubble
constant Ho within an accuracy of about 10 %. The
technique relies on combined X-ray observations of a
hot intracluster gas and microwave measurements of
the Compton scattering between Cosmic Background
photons and the energetic electrons in the intracluster
gas. This last effects appears as a distortion in the
Cosmic Background Radiation (CBR) with a brightness
decrement in the Rayleigh-Jeans region and an incre-
ment in the Wien region.
We started an international collaboration with F.
Melchiorri (Univ. of Rome), M. Signore (Paris Obser-
vatory) and Y. Rephaeii (Tel Aviv University) with the
aim to perform measurements of the SZ effect. We
have already selected a list of possible clusters of
galaxies for which we plan to perform X-ray observa-

tions with XMM in order to get a precise map of the
electron distribution and the other relevant parame-
ters. The measurements of the background thermal
SZ effect in several bands of the millimetric region will
be carried out by the group of Prof. F. Melchiorri at
MITO (Millimetric and Infra Red Testa Grigia Obser-
vatory) at Testa Grigia-Cervinia (Italy).
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Fig. 1: The equilibrium radius R^ for molecular clouds
is shown as a function of the cloud tempera-
ture T^ for the Hydra cluster (see Ref. [1]).

Primordial Clouds: It has been suggested that forma-
tion of molecules such as H2, HD and LiH can take
place immediately after the recombination of cosmo-
logical hydrogen [2]. We have shown [3] that during
the early stages of gravitational collapse, for some
collapsing masses, HD molecules were the main
cooling agent. We have analytically estimated the
molecular cooling during the collapse of protoclouds
and we discussed the dynamic of the early phase of
gravitational collapse. We show [4] that a thermal in-
stability is possible at the beginning of the collapse of a
protocloud. This process could explain the formation of
primordial clouds.
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REM MEASUREMENTS VERSUS STANDARD MODELS

P. Buhler, L. Desorgher, A. Zehnder (PSI), A. Glover (MSSL), E. Daly (ESA/ESTEC)

Radiation analysis in spaceflight are based on modeis from the late 60's and early 70's. Comparison of
recent measurements of REM from PSI with these models reveals deficiencies.

RADIATION ENVIRONMENT MODELS: WHAT
FOR?

The charged particle environment in space is a serious
concern for space missions. The hazardous effects on
satellites reach from charging/discharging with associ-
ated system anomalies to penetration of high energetic
particles into sensitive parts, which can cause per-
formance degradation, transient or even permanent
failures of electronic devices. The ionizing particles are
also harmful to human beings, which in the era of
regular manned space flights must be of special con-
cern. In order to take appropriate measures to protect
the crew members and sensitive equipment aboard a
space vehicle a so-called radiation analysis is per-
formed in the planing phase of a space mission. It
provides an estimate of the radiation environment to
be encountered during the missions lifetime. Such
estimates are based on radiation environment models.
The high energetic particle environment in the inner
magnetosphere is dominated by electrons and protons
trapped in the earth magnetic field, forming the earth's
radiation belts. The most commonly used models to
predict these particles are AE8 for electrons [1] and
AP8 for protons [2]. These models have been com-
piled in the late 60's and early 70's from a restricted
set of observational data. There are models for solar
minimum and solar maximum conditions but otherwise
the models are static and are supposed to represent
the average trapped particle environment. In order to
test AE8/AP8 for their validity we compared them with
measurements from the two Radiation Environment
Monitors, REM from PSI [3] aboard the UK satellite
STRV-1 b in a nearly equatorial Geostationary Transfer
Orbit and the Russian space station Mir in a Low Earth
Orbit. STRV-REM was operational between July 1994
and September 1998 and Mir-REM between Novem-
ber 1994 and November 1996.

MODELS VERSUS OBSERVATIONS

Whereas the experimental data set provides a large
number of energy deposit histograms at different
points along the orbits, the radiation models provide
electron and proton energy spectra at a given point in
space. In order to compare models and observations
we used the model spectra to compute expected en-
ergy deposit histograms and using the calibrated aver-
age energy deposit per detector channel the total en-
ergy deposit in each histogram was calculated. Then
either the observed and modeled histograms or the
corresponding total doses could be directly compared.

In order to reduce the amount of information, the ob-
servational data was binned into L-bins (L: L-shell
parameter) and for each bin the observations were
averaged over the entire mission lifetime. The figure
shows summary plots of the total doses as function of
L for the STRV-1 b orbit. The asterisks are model val-
ues and the diamonds are the experimental values.
The left panel shows results for the p-detector with a
shielding of > 2.1 g/cm2 and the right panel, for the e-
detector with a shielding of > 0.8 g/cm2, respectively.
Whereas there is a rather good agreement between
model and observations in the inner radiation belt (±
30%) the models underrate the observations in the
outer belt.. The discrepancy is due to the variability of
the electron population trapped in the outer belt. The
ratio between maximum and minimum dose rate ob-
served between August 1994 and August 1998 in a
given L-bin was up to a factor 1000, showing that
static models are not adequate to describe the radia-
tion belts and more sophisticated modeis are needed.

STRV, electrons & protons STRV, electrons & protons
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Fig. 1: Comparison of STRV-REM average dose rate,
experimental (diamonds) and model
(asterisks) values. Left panel shows data for p-
detector (>2.1 g/cm8 shielding) and the right
panel for the e-detector(> 0.8 g/cm2 shielding).
Differences are most important in the outer ra-
diation belt which is highly dynamic.
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WHO CARES ABOUT WEAK GEOMAGNETIC STORMS?

P. Buhler, L Desorgher, A. Zehnder (PSI), E. Fluckiger (UNI Bern), E. Daly (ESA/ESTEC)

Although reiativistic electron enhancements do occur together with geomagnetic storms, the size of the
enhancements does not correlate with the size of the storms. Better correlations are found with parameters
measuring substorm activity.

The earth magnetic field is subjected to continuous
variations which are driven by the solar wind and the
interplanetary magnetic field, IMF. These variations
are known as magnetic activity and show different
typical features. The most common type of activity are
geomagnetic substorms whose most prominent
signature are the brightening of the auroral arcs.
Especially during periods of strong substorm activity it
happens that a geomagnetic storm develops, which is
characterized by the build up of a ring current. The
ring current consists of ions in the 100 keV range
which are trapped in the earth magnetic field and
encircle the earth at a distance of typically 3 to 6 earth
radii. These particles induce a southward oriented
magnetic field, such that the geomagnetic field in the
inner magnetosphere is reduced. In magnetograms
recorded at the earth equator this shows up as typical
dip which decreases to its minimum value within
typically a day and then recovers over days back to its
initial level. The size of a storm is measured by the
disturbance storm-time index, Dst, which is the
deviation of the magnetic field H-component at the
earth equator compared to the quiescent state and is
given in nT. According to the minimum Dst reached,
magnetic storms are classified into the three classes
weak (-30<Dstmln), moderate (-30<Dstmin<-50), and
great (Dstmin<-100).

Geomagnetic activity can influence our life on earth in
various manners. Telecommunication for example is
altered by magnetic activity induced changes in the
ionosphere and electric power systems can be
knocked out by geomagnetically induced currents. The
number of such effects normally increases with
geomagnetic activity and are most severe during great
magnetic storms. So one is most concerned about the
large magnetic storms which threathen to break down
critical systems.

Besides life on earth also space born systems can be
effected by geomagnetic activity. Magnetic storms are
normally associated with significant variations of the
reiativistic electrons trapped in the earth's outer
radiation belt [1]. The initial magnetic field drop in the
first phase of a magnetic storm is accompanied by a
decrease of the electron fluxes, mainly due to betatron
deceleration, but during the recovery of the magnetic
field particle fluxes increase to levels which can be
much higher than the prestorm value. These electron
enhancements can cause failures in satellites.

Concluding by analogy it could be expected, that
reiativistic electron enhancements do also scale with
the size of a magnetic storm which however is not the
case. This is shown in the figure (left panel) where

minimum Dst measured during a magnetic storm is
plotted versus the > 1 MeV electron count rate
increase measured with REM from PSI aboard the
STRV-1b satellite in the outer radiation belt for 42
magnetic storms from 1995 to 1997. The correlation is
obviously poor. There are moderate to great magnetic
storms with only small enhancements but worth, also
weak magnetic storms with large electron
enhancements. Thus Dst is no good predictor for the
size of the electron enhancements.

Better correlations are found with geomagnetic
parameters measuring the substorm activity. For the
investigated set of 42 magnetic storms the best
correlation was found with Apint, which is the
geomagnetic index Ap integrated between storm onset
and the time the maximum electron rate was reached.
Ap measures the averaged 3-hourly range of magnetic
field variations at different geomagnetic observatories
around the world. The results suggest that the
acceleration process which produces the electron
enhancements is linked with substorm activity and
depends much less on the size of a magnetic storm.

So the answer to the question posed in the title of this
report is: people who are concerned about the effects
of charged particles in space should be aware that
large reiativistic electron fluxes can occur without
associated large magnetic storm.
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Fig. 1: Minimum Dst a) and integrated Ap b) versus
electron count rate enhancement measured by
REM in the earth's outer radiation belt for 42
magnetic storms from 1995 to 1997. There is
obviously a much better correlation of the size
of the electron enhancements with Apint than
with Dstmin.
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UBe13 and alloys. The current understanding of
broken time-reversal symmetry (TRS) pairing states in
uncoventional superconductors is far from complete. A
theoretical consensus is emerging that aTRS-violating
state can be induced by impurities or by application of
a magnetic field [1]. Whether these predictions are in-
deed relevant remains to be verified. From our own
//SR measurements on the heavy fermion supercon-
ductor UBei3 we find novel behaviour below the tran-
sition temperature Tc which is qualitatively consistent
with some of the most recent ideas concerning the for-
mation of a broken TRS state. Experimental verifica-
tion of TRS-violating states is an important step to un-
derstanding unconventional superconductivity.

At TRIUMF in 1997 we performed transverse-field
/uSR measurements on single-crystal UBei3 where we
identified the muon site as (0,0,1/4). In an applied
field, both a positively and negatively frequency-shifted
precession signal were observed due to the hyperfine
fields produced by the U /-electron moments. Below
Tc one would expect the magnitude of the shift to de-
crease in a singlet-pairing superconductor, i.e. the posi-
tively-shifted line should decrease in frequency and the
negatively-shifted line should increase. Instead, we
observe that both lines undergo a positive (paramag-
netic, PM) shift, indicative of the formation of an inter-
nal magnetic field. This additional field is characteristic
of a superconducting state which breaks TRS. A com-
plete temperature scan was obtained at an applied field
H = 0.75 T.

Additional temperature scans in UBei3 were taken
at PSI in 1998 at H = 1.0, 1.5, and 2.0T. As Fig. 1
shows, the PM shift scales with magnetic field.

We also found that the muon depolarization rate
generally decreases with temperature below Tc. This
is opposite to the expected behaviour of the supercur-
rent response. We currently have no explanation for
this latter finding. Transverse-field/iSR measurements
at low fields and in the normal state above Te are still
needed for a complete interpretation of the anomalous
behaviour in UBe13.
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Figure 1: The experimental Knight shift for the two
magnetically inequivalent muon sites denoted by the
precession frequencies vL and v\\. The frequency of
the muon precession in the silver backing is denoted
i/Ag- The data are for two different transverse fields,
i.e., H = 1.0T (open circles) and 1.5T (stars).
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Non-Fermi liquids. Evidence has emerged from
our /iSR and NMR experiments [1, 2] that in at
least some cases non-Fermi-liquid behaviour in heavy-
fermion compounds [3] is due to random disorder in
the material. The disorder causes a wide distribution
of local characteristic energies A^; this in turn implies
a broad distribution of the local spin polarization XJ °<
1/Aj at low temperatures, direct signatures of which
are correspondingly broad ^SR and NMR lines. In the
simplest "Kondo disorder" picture [1] A,- is the Kondo
temperature TK, disordered by variation of the local-
moment/conduction-electron hybridization.

Our results have stimulated a considerable amount
of theoretical work on disorder-driven mechanisms for
non-Fermi-liquid (NFL) behaviour. The Kondo disorder
model was put on a firm theoretical footing by Miranda
era/. [4], who found that the effect of structural disorder
was enhanced by electron correlation effects. A recent
extension of the model by Castro Neto et al. [5] takes
RKKY interactions between uncompensated spins into
account.

We have begun a study of zero- and longitudinal-
field ^SR relaxation to probe spin dynamics and mag-
netic ordering in NFL materials. ZF- and LF-//SR mea-
surements were carried out in the LTF on the NFL com-
pound UCu4Pd. The relaxation function could be fitted
tothe"stretched-exponential"formG(i) = exp[-(Ai) /?],
suggesting inhomogeneity in the relaxation rate. Fig-
ure 1 gives the temperature dependence of A and /? for
longitudinal field HL=0 and 300 Oe. For HL - 300 Oe
the relaxation rate is depressed but not eliminated, in-
dicating that dynamic spin-lattice relaxation is involved.

These results are very significant for understand-
ing disorder-driven NFL behaviour. Within the set
of disorder-driven NFL theories the role of RKKY-like
interactions between uncompensated local moments
and consequent cooperative behaviour has proved
controversial. An estimate of the muon relaxation rate
can be made assuming the simple Kondo disorder
model [4] which neglects RKKY interactions. The re-
sult is a / i + relaxation rate ~10~3 /us"1, which is more
than two orders of magnitude smaller than observed in
our recent experiments. This implicates slowing down
of local-moment fluctuations by RKKY interactions,
which is an important ingredient of the "Griffiths-phase"
model [5]. The observed inhomogeneous (stretched-
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Figure 1: Temperature dependence of muon relaxation
parameters A and /? in UCu4Pd below 1 K. (a) Longitu-
dinal field EL = 0. (b) HL = 300 Oe.

exponential) relaxation suggests cluster formation, also
in agreement with the Griffiths-phase picture.
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Nd2-3/Cej/Cu04 belongs to the superconducting cu-
prates in which the carriers of the superconducting cur-
rent are electrons. These compounds RE2_yCej/Cu04

(RE=Pr, Nd, Eu) show T' structure with two-dimensio-
nal sheets of Cu-0 squares and no apical oxygen.

In this system the Ce-doping changes at the same
time the Cu-3d magnetism by introducing charge carri-
ers as well as the Nd-4f spin system by diluting it. To
differenciate their influence on the low energy excita-
tions we studied the system (Ndi_.rREx)2_yCej/Cu04

(with RE=La,Pr,Eu) where we can independently dilute
the Nd spin lattice and change the carrier doping in
the CuO2 planes. This systematic study with macro-
scopic and microscopic methods enables us to differ-
entiate between the cooperative Nd spin wave model
by P.Thalmeier [1] and single ion models (e.g. by Igara-
shi et al. [2]). In 1998 we extended the 1997 exper-
iments on (Nd0.6La0.4)2-yCej/CuO4 to further diluted
Nd-f4 spin systems. Since the La ion radius is too large
for stronger substitution (a transition to the T structure
of La2Cu04 would occur) further dilution of the Nd-
lattice is possible by doping with non magnetic rare
earth ions like Eu and Pr. This leads to systems (Pri-^
Nd;c)i_j/Cej/CuO4 and (Eu1_;rNd:r)1_yCej/CuO4. Even
in these systems a Ce-doping of y = 0.2 has not been
achieved without precipitations of the T structure of La2

CuO4. Therfore we used a maximum Ce-doping of
y =0.15.

We performed zero field (ZF) and longitudinal field
(LF) /iSR experiments on a Ndi.85Ce0.i5CuO4 single
crystal with a superconducting transition temperature
of Tc « 12 K at the GPS and LTF spectrometer. The
measurements show an increasing //+ relaxation rate
below 3 K (Figure 1), which can be understood in terms
of a development of a quasistatic field distribution with
decreasing temperature. Between T =0.1 and 2.3 K
we found a fluctuation rate of 3 MHz. Compared to the
fluctuation rate of 0.5GHzforNdi.8Ce0.2CuO4 [3] in the
same temperature range the observed fluctuation rate
differs by two orders of magnitude. This can be traced
back to the reduced charge carrier concentration and
the proximity to the magnetically ordered state (y < 12).

To separate the Nd-Nd and Nd-Cu exchange inter-
actions we have performed ZF and LF fj,SR investiga-
tions on polycrystalline samples (Pro.9Ndo.i)i.85Ceo.i5
CuO4, Pri.85Ceo.i5Cu04, (Euo.gNdo.ih.ssCeo.isCi^
and Eui.85Ce0.i5CuO4.The measurements on (Pro.9,
Nd0.i)i.s5Ce0.i5CuO4 between 0.1 and 1 K show a qua-
sistatic /*+ relaxation with vSiuc «3MHz. The magni-
tude of this fluctuation indicates a magnetic origin sim-
ilar to the undiluted Ndi.85Ce0.i5CuO4.
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Figure 1: Temperature dependence of the muon-spin
relaxation rate (top) and ZF/LF ^SR spectra at 0.1 K
(bottom) for Ndi.85Ce0.i5CuO4.

The transition to this magnetic state occured at a
temperature of Tmag «50K. In the reference sample
Pri.ss Ceo.i5 CuO4 we found Tmag «70K. Similar ex-
periments have been performed on (Euo.gNdo. 1)1.35
Ce0.i5CuO4. There we found a magnetic transition at
Tmag >20K. In summary, this behaviour indicates the
coexistence of superconductivity and (short range or-
dered) magnetism in the Pr and Eu based compounds
with an electron doping of y =0.15. The doping de-
pendence of the electronic groundstate is slightly differ-
ent from the pure Ndi_!/Cej/CuO4 system. Similar ex-
periments are planned on samples with increased Ce-
contents to supress magnetic short range order down
to the Kelvin range.
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The Ce3Pd2oSi6 compound is one of the heaviest-
electron systems with 7 reaching 8J(molCe)~1K~2 at
0.2 K. We have studied a 14g, polycrystalline sample
prepared by arc melting under argon atmosphere.

Zero-field measurements were undertaken to gain
information on magnetic ordering at low temperatures.
The measured muon-spin depolarization was fitted to
a Gaussian G(t) = exp{-a2t2).
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Figure 1: Temperature dependence of the relaxation
rate a in zero field.

The temperature dependence of the depolarization
parameter is shown in Fig. 1. Strong longitudinal fields
applied at 0.04 K did not reveal any field dependence of
a- above 0.5T: cr(0.5T) « <r(2.5T) = 0.18 (ns)~K Below
0.4 K the increase of the depolarization rate represents
the development of quasi-static ordering of magnetic
moments of electronic origin, supposedly random ori-
ented.

Crystal electric field (CEF) calculations show that
in this compound the Ce moments may undergo frus-
tration, which could explain such a "spin-glass" behav-
iour. The depolarization caused by such a distribution
should be described by a Kubo-Toyabe function with
the typical 1/3 recovery of polarization. The absence
of the recovery is usually caused by fluctuations of the
magnetic moments. We plan to study this effect by
measurements in low longitudinal fields.

In the paramagnetic temperature region, transverse
field measurements were performed using the GPD set-
up. A clear frequency shift was seen (Fig. 2).
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Figure 2: Temperature dependence of muon spin pre-
cession frequency.

This fact may be attributed to the increase of total
moments of the superparamagnetic cube (SPC) con-
taining 8 Ce-2 atoms and their ferromagnetic ordering
with decreasing temperature. The muon Knight shift
on Pd is too small to explain our results. It should be
noted also that after switching of the 0.4T field at 20 K,
a remaining field of 2G was seen. This fact requires
further study.

SPC formation may be confirmed by measurements
of the dependence of the frequency shift on the exter-
nal field at various temperatures. The frequency shift
should deviate from being linear in the external field,
due to the increase of the total moment of the cube. In
order to exclude possible methodical errors, we hope
to perform additional TF measurements using the Ja-
nis cryostat instead of the closed-cycle refrigerator.
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The pseudo-binary system UKLai_xS, in which the
NaCI structure is maintained throughout, shows quite
unusual magnetic behaviour. Bulk magnetic [1] and
neutron diffraction [2] studies revealed:
(1) The change of lattice constant is smooth and linear.
(2) The effective U moment is practically independent
of x at ~ 2 . 2 5 ^ B . while the paramagnetic Curie tem-
perature decreases linearly from 184K {x = 1) to 52 K
{x = 0.08). The change in sign occurs at x = 0.3.
(3) The Curie temperature first decreases linearly from
177K(ar = 1) to ~100K for x = 0.6. In this temperature
range the ordered moment seen by neutrons changes
little {fiord « 1.5/JB)- Below x = 0.6, magnetic Bragg
reflections could no longer be detected. The ordered
moment must have collapsed to fiord < 0.4 fiB, which
was the sensitivity limit. Extrapolation of high field (9T)
magnetization to zero field yields moments around 0.3-
0.5 fiB below the region of collapse, but this procedure
is considered unreliable due to domain effects.
To clarify the situation we have performed fj.SR mea-
surements on single crystals with x = 1, 0.8, 0.55, 0.4,
0.15 and 0 between 300 K and 0.1 K at the TTM3 beam-
line. From previous /iSR studies on related UX com-
pounds with the NaCI structure, the muon is known to
be stationary (up to 300 K) at its stopping position lo-
cated in the center of a cube formed by two U and two
X ions. At this position the local field 5M cancels for a
simple AFM structure. In a FM like US only the contact
field will be present. Results of the present work are:
LaS: Relaxation in ZF is given by a static Gaussian
Kubo-Toyabe function arising from the nuclear dipoles
on 139La. Full decoupling can be achieved in LF = 10 G.
US: The precession frequency and the muon spin re-
laxation rate in TF rise sharply on approaching Tc, as
expected when moving towards a second order mag-
netic transition. The TF signal amplitude breaks down
at Tc as a consequence of the appearance of sponta-
neous magnetization. In ZF a spontaneous spin pre-
cession pattern is seen below Tc. The frequency at
100 K is Vvt = 63.4 MHz (SM = 4.7 kG).
Uo.5Lao.2S: The TF results for this compound are simi-
lar to those of US except for the shift in Tc, but sponta-
neous spin precession could no longer be seen in ZF.
Uo.55Lao.45S: According to the neutron data this com-
pound already exhibits moment collapse, yet the TF-
/iSR parameters clearly show the presence of a mag-
netic transition at 110 K. The frequency shift near Tc is
greatly reduced, while for x = 0.8 practically no change
had been observed in this respect.
Uo.4Lao.6S: Peaking of the relaxation rate A and of the
precession frequency v in applied field together with a

loss of signal strength Ao show that a magnetic transi-
tion still takes place at 60 K. The peak frequency shift
is further reduced.
Uo.15Lao.85S: TF measurements indicate a magnetic
transition at around 0.45 K. The signal amplitude does
not break down, however. The likely reason is the for-
mation of an AFM state (no spontaneous bulk magneti-
zation) as suggested by the negative Qp. The maximal
frequency shift is even further reduced.
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Figure 1: Temperature dependencies of the U moment
and the transition temperatures for

Due to the absence of spontaneous spin preces-
sion in the pseudo-binaries U^Lai^S we estimated
the magnitude of the U moment from the maximum of
the frequency shift at Tc. We find that the collapse of
moment between x = 0.6 and x = 0.55 does not lead
to vanishing moments, but they do become quite small
(see Fig. 1). Furthermore, we observe magnetic transi-
tions in all compounds which vary roughly linearly with
temperature, meaning that the known high temperature
result just continues. A theoretical study [4] predicts the
moment collapse combined with the absence of mag-
netic order. The latter result is not verified.
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The hexagonal compound UPd3 with the dhpc-TiNi3
structure has attracted considerable attention for now
about 20 years [1], due to its rich low temperature prop-
erties. Two low temperature phase transitions are ob-
served at ~4.5K and ~6.5K. The lower one is be-
lieved to signal the onset of some small moment AF-
magnetic order (/j,ord ~ 0.01 ^B) and the upper one the
evolution of quadrupolar order. UPd3 is also the only
U-intermetallic compound in which a crystalline elec-
tric field (CEF) splitting of the (5/2 )3#4 ground state
multiplet is seen in elastic neutron scattering, implying
rather well localized /-electrons. Actually, because of
the ABAC-stacking of the hexagonal U-layers two in-
equivalent U-sites are present with different CEF split-
ting. In any case the lowest level is a non-magnetic
singlet state. No direct evidence for AF order below
4.5 K has yet been found. The quadrupolar order is still
under investigation [2].

In view of this situation we have thought it worth-
while to investigate UPd3 by a microscopic, local tech-
nique, i.e. juSR. Here we report some first results on
the fx+ Knight shift, measured with the primary aim of
determining, as a first step, the //+ site or sites in this
compound. We found a single component for S||c-axis
and a split signal for Bl_c-axis. One of the two com-
ponents disappeared for T > 30 K. On rotating B in
the basal plane no angular dependence of the Knight
shifts was seen. This result implies that the fx+ site(s)
must possess axial symmetry which restrict the possi-
ble ^+-site(s) to the fe-sites and the /-sites (Wyckhoff
notation). These measurements also clearly revealed
the two low temperature phase transitions as can be
seen from Fig. 1 which displays the frequency shifts on
expanded scales between 1.5 K and 10 K. It should be
noted that the lower transition is only very weakly seen
in the magnetic susceptibility. Overall the p+-Knight
shifts do not scale with the bulk susceptibility which is
not so surprising in view of the two inequivalent U-sites
associated with different atomic susceptibilities.
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We have studied the nonmagnetic-magnetic transi-
tion in the Yb(Cu1_jrNi;c)2Si2 series. The compounds
were prepared and characterised by X-Ray diffraction,
resistivity and thermoelectric power measurements at
the University of Geneva [1].

The transition is induced by the Ni substitution of Cu
because of the increase of the chemical pressure at the
Yb ion site, in agreement with the Doniach's magnetic
phase diagram [2]. Temperature scans in zero mag-
netic field (ZF) were performed for different Ni concen-
trations. The transition was clearly detectable in the
juSR spectra from the occurrence of a fast depolaris-
ing component. This is also true for the £=1 compound
which possesses, according to neutron and Mossbauer
data, a well defined helical structure.

From the LTF and GPS runs we observed that the
magnetic correlations develop in a fraction of the sam-
ple even at the lowest Ni concentrations. Fig. 1 shows
the monotonic increase of the transition temperature of
the magnetic fraction of the sample as a function of the
nickel concentration x. The YbCu2Si2 sample is para-
magnetic down to the lowest temperature in the LTF
spectrometer, approximately 10 mK. In this compound
the relaxation of the muon's spin is due to the static nu-
clear field distribution arising in principle from the Cu
nuclei.

An interesting point is that the volume fraction which
exhibits a static magnetic response is clearly depen-

0.0 #

dent on the concentration of Ni ions. A preliminary
analysis shows that the magnetic fraction is directly
proportional to the fraction of Yb ions having at least
two Ni-ion nearest neighbours (see Fig. 2).
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Cone, of the Ni atoms in Yb(Cu1 -*Nix)2Si2

Figure 2: The probability, as a function of the Ni con-
centration x, that an Yb ion has 0...8 Ni ions as nearest
neighbours. The right axis gives the magnetic fraction
of the sample.

The curves in Fig. 2 were computed assuming a
statistical distribution of the substituted Ni atoms in the
available sites. This distribution reflects the disorder in
the Yb(Cui_3;NU)2Si2 system, observed:

• in transport properties - large residual restivities

• in /uSR - wide field distribution at the muon site
in the magnetic phase leading to huge relaxation
rates.
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Figure 1: Dependence of the transition temperature on
the nickel concentration x.
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U2Pt2ln is a heavy-fermion compound showing pro-
nounced non-Fermi-liquid (NFL) behaviour in its ther-
mal and transport properties [1]. It deserves special
attention because it is a stoichiometric compound in
contrast to most other NFL materials. The yuSR tech-
nique is an excellent tool to investigate NFL behaviour.
On the one hand, the muon may serve as a local probe
to measure the internal field distribution related to the
disorder, while on the other hand it is an extremely sen-
sitive probe for the detection of tiny ordered moments
and the proximity of a quantum critical point.

We have characterized extensively U2Pt2ln single
crystals prepared by L.C.J. Pereira (ITU, Karlsruhe).
The thermal and transport properties show pronounced
NFL behaviour. The specific heat varies as T\n(T)
in the range 0.1-6 K [1] and the resistivity varies as
Ta, with a ~ 1(0.5) for /||a (c) [2]. The magnetic sus-
ceptibility shows enhanced Pauli paramagnetism and
a weak maximum at Tmax = 8K for B\\c, suggesting
antiferromagnetic correlations.

The //SR experiments confirm the absence of static
magnetic order. Transverse field (TF) /iSR experiments
were performed in the temperature range 5-300 K in
a field of 0.6 T applied along the crystallographic a-
and c-axes (tetragonal symmetry). An inspection of
the Fourier transforms of the spectra shows that possi-
bly 4 peaks are present in the frequency range 80.9-

2.5

2.0

0.5

u2pyn
single-crystal

81.5 MHz. As the temperature is increased above 10 K
the peaks appear to "collapse" on each other. Due to
the small frequency shifts observed, a proper analysis
of the data was so far not possible.

The zero-field (ZF) /iSR spectra were fitted to a two-
component function containing an exponential and a
Gaussian term. The Gaussian component has a line
width of <rG ~ 0.3 fis'1 at high temperatures, which in-
creases slightly at the lowest temperatures. This value
of aG might be attributed to the nuclear moments of
115ln (/ = 9/2, (i = 5.5/J.N)- The temperature depen-
dence of the line width of the exponential component
(Fig. 1) yields evidence for magnetic fluctuations below
J-max-

Analysis of the longitudinal field (LF) measurements
at 60 mK suggests that the Gaussian signal has a sta-
tic origin (decoupling of magnetic moments), while the
exponential component corresponds to dynamic mo-
ments. This could be an indication that in one stopping
site the main contribution arises from a distribution of In
nuclear moments, while at the other site the magnetic
fluctuations are dominant.
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Figure 1: Linewidth of the exponential component of
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to guide the eye (note the logarithmic scale).
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The purpose of our study is the investigation of the
spin dynamics in axial magnets using //SR. The com-
pounds under study have the tetragonal ThCr2Si2 struc-
ture. The magnetic structures are less complex as com-
pared to the rare earth metals, which will facilitate an
understanding of the /iSR data.

A theoretical model has been developed, which has
proven to successfully describe the /iSR data of the
simple axial ferromagnet GdNi5 [1]. At low tempera-
tures the muon spin is depolarized by a two magnon
process. Near Tc the thermal behaviour is controlled
by the dipolar interaction between the Gd+ 3 ions. This
work has shown the advantages of ^SR because infor-
mation is obtained at wave vector q very close to zero
i.e. very near the wave vector describing the magnetic
structure.

Our intention is to use a similar model for the study
on the antiferromagnet NdRh2Si2, the long range com-
mensurate antiferromagnet PrCo2Si2 and the incom-
mensurate antiferromagnet NdRu2Si2.

In 1996 we have investigated the temperature de-
pendence of the frequency and the damping rate below
TN in PrCo2Si2 with the initial muon beam polarization
perpendicular to the c-axis. In contrast to the muon
precession frequency, the damping rate clearly showed
some anomaly at the expected transition temperatures
[See Fig. 1]. The first transition at T\ =9.6K sepa-
rates a short from a long range commensurate mag-
netic structure, whereas the second one at T2 = 16.4 K
is in between two long range commensurate magnetic
structures [2].

Although one expects a magnetic field distribution
at the muon site, due to the incommensurate magnetic
structure, these data were analysed with a single muon
precession frequency and an associated exponential
damping rate A. Dalmas de Reotier and Yaouanc [3]
derived a formula to describe the depolarization func-
tion for an arbitrary field distribution at the muon site. In
order to compute the magnetic distribution at the muon
site, the muon site itself is needed.

To obtain the muon site, Knight shift measurements
have been performed in November 1998. In general an
angular scan gives information on the symmetry at the
muon site, due to the angular dependence of the dipo-
lar interaction. A scan in the aa-plane at 35 K and an
external field of 6 kG, shows little, if any, angular depen-
dence. This would indicate that the muon is situated
at an axial site, e.g. the expected ( | , | ,0 ) site. The
coupling tensor at the muon site, can be deduced from
temperature scans along the three axes and the sus-
ceptibility. For this reason a temperature scan with the

field along the a-axis was done. It shows that the muon
frequency distribution develops from one single peak
T < 35 K to two peaks for T > 55 K [See Fig. 2]. This
unexpected behaviour could indicate that the (^,0,0)
site becomes populated in this temperature range. Fur-
ther analysis is needed to get a consistent picture.
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The goal of these experiments is to elucidate the
static and dynamic spin behaviour in a variety of ma-
terials exhibiting strong coupling between spin, charge
and lattice degrees of freedom. Previously, we have
studied [1] the 3D perovskite materials (La,A)MnO3, A
= Ca, Sr or Ba, which exhibit colossal magnetoresis-
tance (CMR) near their paramagnetic/insulating to fer-
romagnetic/conducting transition temperature Tc. Cur-
rently we are focussing on the 2D Ruddlesden-Popper
structures [2] (Lai-^Sr^MnOs^SrO, n = 2 [3], in or-
der to compare the effects of reduced dimensionality
on the physics of the manganites. In 1998 zero and
longitudinal field data were collected on a single crystal
of Lai.2Sri.8Mn207, (x = 0.4), which is a ferromagnet
with the spins aligned in the a-b plane [4]. Fig. 1 shows
a preliminary analysis of the temperature dependence
of the muon precession frequency z^(T) (proportional
to the sublattice magnetization). Fig. 2 shows the spin
lattice relaxation rate l /T i for the muon spin oriented
along the c-axis. For our sample Tc = 114.5 K. A cur-
sory inspection of these data reveals signatures of their
2D nature: (1) the temperature dependence of J^(T) is
unlike the sublattice magnetization found in the 3D fer-
romagnet La0.67Ca0.33lvlnO3, and (2) there is no sign
of critical slowing down in the relaxation rate, usually
found in 3D ferromagnets. Furthermore, the slow Mn-
ion spin fluctuations found [1] by us below Tc in the fer-
romagnet Lao.67Ca0.33Mn03, and attributed to spin po-
larons, is completely absent in Lai.2Sr18Mn2O7. The
latter is consistent with l /Xi behaviour discovered pre-
viously in Lai.4Sri.6Mn207 (x = 0.3), which undergoes
complicated magnetic order along the c-axis, and at-
tributed to the effects of the 2D nature of this system
[5].
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Figure 1: Temperature dependence of the muon pre-
cession frequency v^ in La12Sr18Mn2O7.
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Figure 2: Temperature dependence of the spin lattice
relaxation rate l /T i in Lai.2Sr1.8Mn207 in applied fields
of zero and 3000 Oe.
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For several years we have carried out systematic
studies of the magnetic properties of the heavy rare
earth (RE) metals Gd, Dy, Ho and Er covering the para-
magnetic as well as the magnetically ordered states
including especially in Gd the critical regime around
Tc- Furthermore, we have performed high pressure
studies, mainly in the magnetically ordered state. Sin-
gle crystalline samples were used in all cases which
allowed in addition measurements of orientational de-
pendencies of relaxation rates. Results on Gd and Er
have been reported previously. Here we give a brief
summary of the data obtained for Ho and Dy in their
magnetically ordered states.

Dysprosium: Large axial anisotropy confines the
moments on Dy to the basal plane. Between TN = 178 K
and Tc =85K, a helical AFM spin structure is present.
The helix angle decreases with lower temperature. At
Tc an orthorhombic distortion of the hep lattice occurs
and the transition into the FM state is of first order. The
spins point along the orthorhombic a axis. The ampli-
tude of the spontaneous muon spin precession signal
below Tjy is larger in the SM|| c geometry, meaning that
the local field lies predominantly in the basal plane as
well. The temperature dependence of the precession
frequency is shown in Fig. 1. The stopping site of the
muon is not known, but calculations of the dipolar fields
show that a small shift of the local muon field should
take place at Tc (which is observed) if the muons oc-
cupy tetrahedral interstitial sites, but not if the site is oc-
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Ho (single crystalline sample.)

tahedral. The detailed behaviour in the ferromagnetic
regime, however, is more complex. An unusual reduc-
tion in frequency on approaching lowest temperatures
is clearly visible. A first guess as to its origin is a slight
re-orientation of spin directions. Dipolar field calcula-
tions were not successful in reproducing the observed
effect under this assumption. At present we are forced
to consider the behaviour of spin precession (i.e. of BM)
in the ferromagnetic state as not understood. Further
work is in progress.

Holmium: This RE metal possesses a rich variety
of spin structures which are often almost continuously
changing with temperature. In the helical spin struc-
ture formed below TN = 125 K the helix becomes dis-
torted with decreasing temperature. Before reaching
Tc = 18 K, which leads into a shallow conical ferromag-
netic structure pointing along the c axis, several spin
slip transitions occur. The temperature dependence of
the internal field (Fig. 2) shows no apparent irregulari-
ties at the spin-slip transitions {e.g. 97, 40, 25 K). As in
the case of Dy an irregularity is seen around Tc- The
field decreases again in the FM regime. The change
in cone angle is the most obvious cause, but dipo-
lar field calculations were unable to reproduce the ob-
served effect. More complex interactions are probably
present.
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The magnetic helicoid of holmium is a spiral struc-
ture whose wavelength along the c-axis and the dis-
tance between the basal planes of the crystal lattice
are incommensurate. This type of magnetic structure
is described by the spin-slip model.

The ^SR method was used to measure the inter-
nal magnetic fields at interstitial sites of the crystal lat-
tice, where muons are localized. In a simple helicoid
structure all interstitial sites are magnetically equiva-
lent, and in a //SR experiment only one muon preces-
sion frequency is observed at a given temperature. In
the spin-slip structure, the interstitial fields in different
sections of the helicoid are different and the frequency
spectrum of the muon signal is found to be more com-
plicated.

We have performed earlier [1] ZF //SR measure-
ments with a holmium sample consisting of a textured
polycrystal with prefered orientation along the hexag-
onal c-axis and with approximately 0.01% impurities.
During the measurements the c-axis was oriented par-
allel to the polarization of the muon beam. The experi-
mental spectrum was well described by a single muon
spin precession frequency. This fact characterized the
magnetic structure of holmium as a simple spiral.

Low statistics experiments with a sample made of 3
single crystals showed similar results [2]. At the same
time, the high values of the relaxation rate which de-
scribed the width of spectral line (up to 60 ̂ s " 1 at 10K),
could be due to several overlapping frequencies for the
spin-slip structure.

ZF measurements were performed this October on
the GPD setup with a holmium single crystal which was
cut from the textured sample used earlier. High statis-
tics spectra were measured below the Neel tempera-
ture. At every temperature two time-spectra were mea-
sured - with the c-axes oriented perpendicular and par-
allel to the polarization of the muon beam.

We have found that each frequency spectrum con-
tains several broad peaks (Fig.1). This fact may be re-
lated to the expected spin-slip structure but should be
investigated and proven by additional measurements.
Special attention should be paid to the temperature
points corresponding to the simplest expected spin-slip
structures.
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Figure 1: Fourier spectra of the muon-spin precession
signal measured on single crystal holmium at the indi-
cated temperatures.
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Currently, the "enhanced paramagnetic" system
YCo2 has again found considerable attention. Fol-
lowing preliminary inelastic neutron scattering experi-
ments, spin fluctuations are supposed to occur in the
compound. At low temperatures single particle exci-
tations may be dominant, whereas at more elevated
temperatures, particularly at temperatures close to the
maximum in the susceptibility (T « 300 K), collective
excitations are presumed to occur. Since YCo2 seems
to be close to static magnetic order, n+SR is antici-
pated to exhibit a time scale suitable for studying the
scattering due to thermally induced moments associ-
ated with the cobalt sites. Due to the short beam time
allocated in late 1998 the data are of somewhat prelim-
inary character.
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Figure 1: Zero-field /z+S.R-spectrum at 4K fitted to a
static Kubo-Toyabe yielding A = 0.493(2) ^ s - 1

At low temperatures (T<4K) , zero-field /x+SR -
measurements could be well described using a sta-
tic Kubo-Toyabe relaxation function (Fig. 1) indicating
small static moments (in view of the muon time scale)
randomly distributed. Following the theory of Kubo-
Toyabe the starting dynamics in the zero-field mea-
surements can be sufficiently well described using
the dynamical Kubo-Toyabe function, which takes the
muon diffusion into account. This process is best ex-
plained by a "strong collision" model, as proposed by
Hayano et al. [1]. The value of A (see Fig. 2) was
found to slowly decrease with increasing temperature
(roughly proportional to T"1 /8) with a plateau at about
A = 0.4/is"1 occuring in the range of above 50 K. The
hopping rate u was found to be below 1 (is*1 in the
entire temperature range experimentally covered (see
also Fig. 3). A hint was obtained for the occurence of a
maximum of v around 100 K. The real part of the initial
susceptibility (measured at / = 80 Hz, H = 220 A/m)

shows a maximum as well at a somewhat lower tem-
perature around 70 K (although of a very low value «
10-7m3/kg).

Reflectance spectroscopy [2] shows an unusual
sharp excitation near A"1 = 120 cm-1 . There could be
some relation, as this value leads to approximately T =
115 K using ffcT = f.
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Figure 2: Temperature dependence of A for the
zero-field scan. The inset shows a fit to the power law.
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Figure 3: Temperature dependence of the "hopping
rate" v during zero field scans.
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The triangular lattice with antiferromagnetic inter-
action is the famous example of a topologically frus-
trated system. The simplest system is an antiferro-
magnetic triangular lattice of Ising spins interacting with
their nearest neighbours only. Such a system is known
to have a finite entropy at T = 0 and has no long range
magnetic order at any finite temperature. Anderson [1]
suggested that the ground state of the S = 1/2 Heisen-
berg antiferromagnetic lattice may have resonating va-
lence bond (RVB) state, which is a quantum liquid com-
posed of randomly distributed movable singlet pairs of
spin. It has been further suggested [2] that the ground
state of anisotropic Heisenberg systems may be also
a RVB state, even in the Ising limit. Lithium nicke-
late Lii_ rNii+. rO2, which is always nonstoichiometric,
forms a 5 = 1/2 triangular lattice for small value of x
and has been suggested [3] to be a candidate for the
spin liquid ground state.

We reported zero-field /uSR investigations on the
nearly stoichiometric Lio.9sNio.02O2 [4]. We have ex-
tended these measurements by applying a longitudi-
nal magnetic field of 600 mT on the GPS spectrometer
at PSI. The polycrystalline samples were pressed into
cylindrical plates of radius of about 8 mm and thick-
ness of about 2 mm by applying high pressure. One
such plate shaped sample was fixed on top of the sam-
ple holder made of silver plate of very high purity. The
sample holder was mechanically fixed to the cold tip of
the helium flow cryostat of the GPS beam line. The
incident muon beam was perpendicular to the sam-
ple plate. The initial muon polarization was parallel to
the beam. The muon signals were recorded at sev-
eral temperatures in the range from 2 to 140K. The
signal showed no oscillations but showed relaxations
which could be fitted by a stretched exponential func-
tion Ae^~Dt^. Fig. 1 shows the temperature variation
of the muon relaxation rate D and the exponent k. The
relaxation rate at T = 2K is 0.4 ±0.1 (^s)"1. The re-
laxation rate increases rapidly with temperature and
shows a maximum value of 1.5 ±0.1 (/is)"1 at about
T = 10 K and then decreases with increasing tempera-
ture. It becomes 0.053 ± 0.006 (/^s)"1 at T = 50 K. The
exponent k of the stretched exponential is 0.34 ± 0.01
at T = 2 K. It increases continuously and becomes « 1
at T = 30 K, which means that the relaxation becomes
exponential. The temperature variation of both the re-
laxation rate and the exponent of the stretched expo-
nential suggests that some sort of spin freezing occurs
below about 10 K. We concluded this already from our
zero-field measurements. But the zero-field measure-
ments showed huge relaxation rates at low tempera-
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Figure 1: Temperature variation of the muon relaxation
rate D and the exponent k of the stretched exponen-
tial function used to fit the muon relaxation rate of the
nearly stoichiometric Lii_a;Nii+xO2 with x = 0.02, un-
der applied longitudinal magnetic field of 600 mT.

ture which we now ascribe to the nuclear spins of Ni.
Similarly, zero-field measurements showed an expo-
nent of about 2 at higher temperatures which suggests
a Gaussian relaxation rate, again most probably due
to the nuclear spin of Ni. We have eliminated the nu-
clear spin dynamics by the longitudinal field of 600 mT
at which we are left with the effect of the electronic spin
of Ni.
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Rovira et al. [1] have recently synthesised the or-
ganic charge-transfer salt, [(DT-TTF)2]tAu(mnt)2] (DT-
TTF = dithiophentetrathiafulvalene, mnt = maleonitrile
dithiolate) whose structure is suggestive of a two-leg
spin ladder system. Magnetic measurements [1] re-
vealed that the electronic static susceptibility shows a
Curie-Weiss behaviour at high temperatures and a ther-
mally activated temperature dependence below 70 K.
The susceptibility data were successfully fitted to the
Troyer expression [2] for a two-leg spin ladder system.
However, the calculated inter-ladder transfer integral,
t' = 6 meV implies that the ladder-ladder interaction, J'
is quite sizeable and its effect on the magnetic proper-
ties cannot be ignored. If J1 is larger than the critical
value, Jc, the true ground state becomes a Neel or-
dered rather than the spin-liquid state.

In this contribution, we employed the positive muon
spin relaxation Cu+SR) technique in its ZF (zero field)
and LF (longitudinal field) variants to authenticate the
true magnetic ground state of [(DT-TTF)2][Au(mnt)2].

Down to 85 mK the ZF p+SR spectra fitted best to
double-relaxation function:

(1)

where A is the magnitude of the asymmetry, and A
and a are Lorentzian and Gaussian relaxation rates,
respectively. No oscillating signal is seen at any tem-
perature. The slowly relaxing Gaussian term with a re-
laxation rate, a = 0.44(1 )(is~1 is characteristic of the
presence of weak static nuclear dipole moments. In ad-
dition, the //+ spin is also relaxed by the rapidly fluctuat-
ing electron spins which give rise to the exp(-Atf) com-
ponent in eq. (1) with A = 0.04(2) ps'1. Above 20 K, A
is temperature independent (Fig. 1). This suggests that
the relaxation at high temperatures is probably due to
fast exchange fluctuations of the ladder spins.

Below 20 K, the ZF A<+SR spectra begin to change
considerably. We find that the double-relaxation func-
tion of eq. (1) still describes the data well. However,
while the Gaussian relaxation rate, a remains tempera-
ture independent, the exp(-Atf) part damps faster with
decreasing temperature. A increases continuously as
T decreases, approaching a value of 0.29(1 )ns~1 be-
low 1 K (Fig. 1). The source of the observed relaxation
can be either fluctuating and/or static internal fields.

In order to distinguish between the static and dy-
namic nature of the internal fields, we performed com-
plementary longitudinal field (LF) /j+SR experiments
between 10 and 1000 G at 2 K. These showed the pres-
ence of a slow relaxation of the n+ spin polarisation up

1 10

Temperature (K )

Figure 1: Temperature dependence of the zero field (•)
and longitudinal field (25 G, • ) exponential relaxation
rate, A.

to a longitudinal field of 100 G, providing support for the
dynamic nature of the local fields even below 20 K.

In conclusion, our ZF and LF /u+SR experiments
showed the dynamic nature of the local fields on muon
sites ruling out any static long-range antiferromagneti-
cally ordered or disordered ground state in [(DT-TTF)2]
[Au(mnt)2]. This means that the ladder-ladder interac-
tions are not strong enough to destroy the spin-liquid
ground state. The general temperature and field de-
pendence of A are very similar to that found in the
Sr2Cu406 two-leg ladder system where the increase of
A at low temperatures has been associated with crystal
imperfections. Since magnetic susceptibility measure-
ments revealed a Curie-tail below 15 K which is due
to chain-breaks, we also assign the observed slow fi+

spin relaxation to sample defects. The present results
support the spin-liquid ground state proposed originally
for [(DT-TTF)2][Au(mnt)J.
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The 5 = | copper compound KCuCI3 has recently
attracted much experimental and theoretical interest be-
cause of its quantum spin properties, leading to a non-
magnetic singlet ground state and a spin excitation gap.
Neutron scattering studies revealed well defined three-
dimensional magnetic excitations above a spin gap of
the order« 2.6 meV. A dimer model based on disper-
sive singlet-triplet excitations was proposed to account
for the measured data [1].

Inspired by earlier yuSR results on KCuCI3 [2], we
decided to perform exploratory studies in the GPS. Our
measurements in zero field showed a rapid decrease
of the asymmetry below T «5 K, which we ascribed to
the presence of a distribution of static internal fields.
Additionally, fluctuating fields have been observed in
form of a slow spin lattice relaxation. Upon raising the
temperature from 1.8 K the static part of the asymme-
try is depressed in favour of the fluctuacting part, which
finally dominates the signal above 5 K (Fig. 1). The ab-
sence of any muon precession at low temperatures in-
dicates that the static magnetic moments are randomly
ordered. They might give rise to a distribution of field
widths at the muon place, because the characteristic
dip of the static Kubo-Toyabe function has not been ob-
served.
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Figure 1: Temperature dependence of the asymmetries
related to static fields (•, gaussian function) and fluc-
tuating fields (o, exponential function), and dephasing
rate of the static component (right, gaussian approxi-
mation).

The persistence of a depolarization at longitudinal
fields which are much bigger than the internal field dis-
tribution determined from Fig. 1 is interpreted as a di-
rect proof for the dynamical nature of the slow relax-
ation. Whereas the increase of the relaxation rate down
to 5 K may indicate a slowing down of the fluctuations
common to all external field strengths, the behaviour in
the low temperature range is strongly field dependent
(Fig. 2).

0 2 4 6

temperature [KJ
0 0.05 0.1 0.15 0.2 0.25

inverse temperature [K1]

Figure 2: Temperature dependence of the spin lattice
relaxation rate at different longitudinal fields (left), and
of the frequency shifts at 6 kG transverse field (right).

We found the transverse field signal to split into four
components distinct by their paramagnetic shifts. At
30 K we measured the angular dependence of the fre-
quency shifts by rotating the sample around the (1,0,2)
axis with the applied field perpendicular to this axis.
The data showed the expected cos2 (0) dependence.
Temperature scans between 2K and 30 K were per-
formed for the two extremal orientations. The shifts
above 5K followed very closely a Curie-like 1/T sus-
ceptibility dependence (Fig. 2) quite in contrast to the
bulk susceptibility [3].

The above results are difficult to put into the context
of a singlet quantum ground state, where for instance
no spin moment is expected. They may indicate that
the presence of muon destroys the spin singlet state
of the nearest dimer spin pair or pairs. The onset of
some kind of static magnetic order at around 5 K in this
picture would be restricted to just the immediate vicinity
of the muon which is difficult to justify. It is important in
this respect to identify the muon-site(s) and also to find
out whether the static fields are completely randomly
oriented or whether there is some preferred orientation.
Next years measurements will serve this purpose.
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During the last four years we have investigated the
magnetic properties of three differently prepared sam-
ples of the spinel ZnFe2O4 with //SR, neutron diffrac-
tion and Mossbauer effect measurements. In this con-
tribution we provide a short summary of the results ob-
tained.

The spinel structure is characterized by two dif-
ferent cation sites: the A sites are tetrahedrally and
the B sites octahedrally coordinated by oxygens. The
magnetic coupling between the Fe atoms by superex-
change via oxygen atoms is weak within the A and
the B sublattices whereas the A-B coupling is much
stronger.

The first sample investigated had been carefully an-
nealed during its preparation. Neutron diffraction mea-
surements showed that in this sample the Fe ions only
occupy the B sites in the spinel lattice (inversion < 3%).
As the B-B interaction is weak, the Neel temperature
of this sample is low (TN = 10.5K). However, neutron
diffraction and ,uSR experiments proved that already at
much higher temperatures (~80 K) parts of the sam-
ple exhibit magnetic short range order. The correlation
length of this short range order is only about 2.7 nm.
The volume fraction of the short range ordered regions
increases with decreasing temperature and reaches
75 % at TN. At TN the paramagnetic part of the sam-
ple orders antiferromagnetically. The volume fraction of
the short range ordered part decreases rapidly below
TN. But even at the lowest measured temperature of
3 K about 20 % of the sample stays in a short range or-
dered state. The fiSR experiments in longitudinally ap-
plied fields show that short range order and long range
order are dynamic, producing field fluctuation rates at
the muon site of at least 1.5 GHz.

The second sample was rapidly quenched during
preparation. The inversion of this sample was deter-
mined to be 11 % by neutron diffraction. The neutron
diffraction measurements show that the sample does
not exhibit any magnetic long range order down to
the lowest measured temperature of 2 K. Below ~25 K,
however, one observes short range magnetic order-
ing of a part of the sample. This transition into a
short range ordered state is also visible in /aSR and

Mossbauer effect data. The volume fraction of the
short range ordered parts of the sample increases be-
tween 25 K and 10 K continuously with decreasing tem-
perature. As the ^SR data show, below 10 K the sam-
ple is magnetically short range ordered over its whole
volume. With longitudinally applied fields part of the
relaxation rate of the jiSR signal could be decoupled
at a temperature of 30 K. Therefore the fluctuation rate
of the fields at the muon site must be much lower than
in the annealed sample and can be estimated to be
~100MHz.

Finally a nanostructured ZnFe2O4 sample was in-
vestigated. The average size of the particles in this
sample is about 9nm. The inversion was determined
to be 44%. At present two different explanations for
the experimental observations are possible. In the neu-
tron diffraction spectra an increase of intensity in some
Bragg reflections is visible. This can be explained by
ferromagnetic ordering of part of the sample, the Curie
temperature being about 463 K. In the yuSR spectra the
ferromagnetic component is noticeable by a loss of ini-
tial asymmetry. Neutron diffraction and ^SR data are
fully consistent with an increase of the volume frac-
tion of ferromagnetic ordered regions with decreas-
ing temperature. This behaviour indicates a distribu-
tion of Curie temperatures in the sample caused by
a broad distribution of particle sizes. The constant
value of the initial asymmetry in the fiSR spectra be-
low 130K can be explained by a critical particle size,
below which magnetic ordering is not possible. The
Mossbauer spectra show that the magnetic moments
of the one-domain nanocrystals are not static but ex-
hibits superparamagnetic fluctuations. The superpara-
magnetic fluctuations freeze out below 50 K. All obser-
vations can also be explained by the assumption that
the missing magnetic moment in the neutron diffraction
data at low temperatures is caused by the special prop-
erties of the nanostructured modification. In this case
the reduced but constant signal in the /^SR spectra at
low temperatures has to be interpreted as 1/3 signal
of the ferromagnetic phase extending over the whole
sample. The spin-glas like behaviour below 50 K is
also valid for this interpretation of the data.
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The aim of this experiment is to examine the for-
mation of spin stripes in Sr-doped lanthanum nicke-
lates La2-tfSrxNi04+,5 with ^SR. From x-ray and neu-
tron scattering the existence of static charge and spin
stripes is known for a hole doping between 0.15 and
0.3 [1, 2, 3]. This work is also very helpful to identify
similar order phenomena in the cuprates, since a typ-
ical signature of the stripe correlations is enhanced in
the nickelates due to a stronger hyperfine coupling be-
tween the magnetic ions and the muon.

In 1998 we focused on two La2_.rSr:!;Ni04 single
crystals with x = 0 and x = 0.33. In these crystals
we examined the internal field distribution as a function
of temperature and initial muon spin polarization. The
undoped crystal showed a very slowly damped (A m
0.2 ^ s " 1 in an exponential fit) spin precession with a
saturation value of 36 MHz at 10 K reflecting a very ho-
mogeneous long-range antiferromagnetic order. The
Neel temperature of this crystal is above 300 K since
even at 290 K we found a spontaneous frequency of
24 MHz (Fig. 1). From the amplitude analysis of the ro-
tating component, which changes by a factor of 4 for
different initial muon spin polarizations, we conclude
that the local field vector is oriented at an angle of «25
degrees with respect to the a-b plane.
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Figure 1: Spontaneous muon-spin precession fre-
quency in zero field for La2-rSra;Ni04 single crystals
with x = 0.0 and x = 0.33

The x = 0.33 doped crystal showed a spontaneous
muon spin precession below 190K with a very strong
relaxation (A « 30 //s"1). The oscillation is damped to
zero within 0.25 yus! A typical frequency spectrum with
the c-axis orientated parallel to the initial muon spin
above 100 K is shown in Fig. 2. The spectra exhibit
a characteristic change below 100K. Between 100K
and 185 K we identified a second precession frequency

of about 10 MHz which could be associated with the
hole-rich stripes separating the antiferrromagnetic do-
mains. This strongly broadened two-component fre-
quency spectrum can be identified as the signature of
the inhomogeneous ordered stripe phase known from
the neutron scattering experiments. This crystal is the
first stripe-phase material showing two distinct peaks
in internal field distribution seen by the muon. The dis-
appearance of the two-frequency pattern below 100 K
can be associated with the formation of a spin-glass
like phase as proposed from neutron scattering below
40 K. This could be caused by a freezing of the spin-|
holes.
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Figure 2: Typical zero-field frequency spectrum for

Due to time limitations the lower temperatures have
not been studied in much detail. Preliminary experi-
ments in an orientation with pmuon(t = 0) parallel to
the a-axis show nearly identical results. We conclude
a broad distribution of internal field orientations due to
the strong inhomogeneous magnetic structure.
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One-dimensional (1D) spin systems have recently
received considerable attention because of the quan-
tum mechanical nature of their ground states. In the
present proposal we study the magnetism of the novel
1D cuprates Sr0.73CuO2 and Ca0.82CuO2 recently syn-
thesized at ETH Zurich [1]. These compounds con-
tain copper-oxygen chains which are doped with a high
hole concentration: 0.34 holes/Cu in Ca0.s2CuO2 and
0.56 holes/Cu in Sr0.73CuO2. Our previous magneti-
zation and Electron Paramagnetic Resonance (EPR)
measurements on these compounds indicated unusual
magnetic transitions at low temperature [2]. Here, we
study these compounds with ^SR, in order to detect an
internal local field in zero applied field (ZF).

We performed ZF //SR experiments on Sr0.73CuO2

and Ca0.82CuO2 polycrystalline samples. The most im-
portant results can be summarized as follows: both
Sr0.73CuO2 and Ca0.82CuO2 undergo a magnetic tran-
sition below Tc = 7 K and 11 K, respectively. Above Tc

the time spectra are essentially the same: the muon
spins are depolarized slowly with a ~0.1 /JS"1 due to
interaction with a copper nuclear moments. Below Tc

the muon-spin depolarization rate increases sharply by
more than two orders of magnitude, accompanied by
the appearance of oscillations. These changes in the
/JSR spectra clearly indicate the onset of magnetic or-
der below Tc, in agreement with our previous EPR and
magnetization studies. In Fig.1 we show the tempera-
ture dependence of the muon precession frequencies
observed in Sr0.73CuO2 and Ca0.82CuO2.

In order to estimate the volume fraction of the or-
dered phase, we performed measurements in a weak
transverse magnetic field. It was found that below Tc

the magnetic state develops and its volume fraction
approaches nearly 100%. This implies that the mag-
netic order takes place in the bulk of the samples and
is not due to some impurities. We would like to point out
several unusual features of the observed magnetic or-
der. In contrast to typical precession signals observed
in well-ordered ferromagnets and/or antiferromagnets,
these novel compounds exhibit strongly damped pre-
cession signals. This indicates a large spatial inhomo-
geneity of the local field at the muon site. Fourier trans-
forms of the ^SR time spectra show a broad distribution
of local fields in the samples centered around ~20 mT
in Sr0.73CuO2 and 120 mT in Ca0.82CuO2. Of particular
importance is the fact that when fitting the oscillations
to cos(ut + <j>), the phase <f> assumes large unphysi-
cal values. Instead, we used successfully an alterna-
tive fitting function, i.e. Bessel function, Jo(ut), which
is expected for an incommensurate magnetic structure

150

Figure 1: The temperature dependence of the inter-
nal magnetic field at the muon site for Sr073CuO2 and
Ca0.82CuO2.

described by one g-wave vector [3].
Our zero field /zSR results provide conclusive ev-

idence that magnetic order is present in Sr0.73CuO2

and Ca0.82CuO2 below Tc = 7K and 11.5 K, respec-
tively. The observation of magnetic order is very un-
usual in view of the high hole doping in these com-
pounds, where each hole renders a CuO2 unit to be-
come nonmagnetic. This is, to our knowledge, the first
example of the appearance of long-range magnetic or-
der when a substantial number of holes are introduced
into CuO2 chains. Further experiments are necessary
in order to clarify the microscopic mechanism of the
magnetism observed in hole-doped quasi-1 D cuprates.
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The RC(NiB)2 compounds (R=rare earth) have
been studied intensively, since they possess in part
relatively high superconducting Tc both for magnetic
and non magnetic R [1]. The layered structure per-
mits coexistence of magnetic order and superconduc-
tivity. (RC)2(NiB)2 (often written as RNiBC) belong to
the same homologous series of compounds having an
additional R-C layer inserted between the Ni2B2 layers.
The space group changes from 14/mmmto P4/nmm.

The differences in the magnetic properties of
RC(NiB)2 and (RC)2(NiB)2 are mainly related to differ-
ences in the interplane interactions. While we have sin-
gle RC-planes separated by the non-magnetic (NiB)2-
planes in RC(NiB)2 there are double planes of RC sep-
arated by the (NiB)2-planes in (RC)2(NiB)2. So there is
an interplane interaction within the double planes and
between neighbouring double planes, the intraplane
ferromagnetic interactions (in the simple RC planes)
staying more or less unchanged.

Decoupling experiments on YNiBC (which is dia-
magnetic as revealed by susceptibility measurements
[3]) could prove that an eventual Ni magnetism is neg-
ligible in (RC)2(NiB)2. Comparing the purely nuclear
damping rate in this compound with Monte-Carlo sim-
ulations we were able to localize the muon site in the
center of the tetrahedron built by two B-atoms and two
R-atoms.

Neutron scattering experiments on TbNiBC showed
an antiferromagnetic transition at 12 K and a broader
ferromagnetic transition which starts at ~17K. Below
12 K the ferromagnetic reflections and the antiferro-
magnetic ones appear simultaneously. DyNiBC shows
a similar behaviour. In ErNiBC there is just one ferro-
magnetic transition at 4.6 K [4].

In 1998 we used ZF and field-cooled ZF /̂ SR on
TbNiBC, DyNiBC and GdNiBC. The ZF spectra are
well described by a stretched exponential relaxation

function Gz{t) = Aoexp (- (Ai)^V The asymmetry
Ao is temperature independent in the high temperature
regime.

We observe a transition between 10 and 20 K in
each compound. Below this transition the muon asym-
metry is reduced by more than 50%.

We cannot decide whether the reduction of the
muon asymmetry below the ordering temperature is
caused by corresponding precession signals above the
upper limit of resolution of the spectrometer or by static
dampings too large to be measured. As a first order es-
timation of the field expected at the muon site, we get
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Figure 1: Temperature dependence of the damping
rate A (left) and the exponent /? (right) of the ZF sig-
nal for TbNiBC.

2 - 3 T for these compounds (considering only nearest
neighbours).

For the Tb and Dy compounds, A increases with
decreasing temperature (Fig. 1, left). This behaviour
corresponds to a slowing down of the electronic spin
fluctuations. The exponent /? decreases down to about
0.25 - 0.30 (Fig. 1, right). This muon spin relaxation
behaviour is typical for frustrated spin systems [2],
and is similar to that found in TbNi2B2C [5]. For the
Gd compound /? decreases only slightly from 1 to 0.8
upon cooling. This is also similar to the behaviour
of GdNi2B2C [6]. This similar behaviour of RC(NiB)2

and (RC)2(NiB)2 excludes an anisotropy competition
between different magnetic coupling mechanisms as
the origin of the distribution of relaxation rates.

Both the distribution of damping rates (/?) and the
magnitude of A suggest a distribution of splittings be-
tween the low lying crystal electric field (CEF) levels (in
Gd there is no CEF splitting). The origin could be a
certain degree of disorder, for example a possible sub-
stitutional disorder among C and B.
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The original aim of the erbium halide project con-
cerned the study of the magnetically ordered phases
of ErCI3 and Erl3 which occur below 350 and 300 mK,
respectively and which were also investigated by neu-
tron diffraction [1].

However, the juSR measurements do not reflect the
magnetic ordering. Our 1998-results on ErCI3 confirm
the previous measurements on Erl3 [2]. In the ZF mea-
surements in the LTF between 50 mK and 1 K we de-
tected two exponentially decaying components at zero
precession frequency. One component is very fast and
has a relaxation rate of 45(5) MHz in Erl3. For ErCI3 it is
temperature dependent and decreases from 45(5) MHz
at 50 mK to 25(5) MHz at 900 mK. The second, slow
component is temperature independent and shows re-
laxation rates of about 0.2 MHz for Erl3 and 0.5(2) MHz
for ErCI3. For both compounds the total observed asym-
metry is only about half of the full value. In ErCI3 the
slow signal has an asymmetry of 1.5(5)% and that of
the fast one decreases from 12(1)% at 50 mK to 8(1)%
at 900 mK. This behaviour together with last year's TF-
observation of huge paramagnetic shifts [2], displaying
a 1/T dependence, suggest the formation of paramag-
netic muonium like centers. In fact it seems that we are
studying the solid state chemistry of the implanted fi+

in these insulating compounds.
In order to study the nature of these paramagnetic

states further we performed longitudinal field meaure-
ments both as a function of field strength and temper-
ature.

As in ZF a fast and a slowly damped component
are observed. Fig. 2 and 3 show the temperature de-
pendence of the two relaxation rates and associated
asymmetries, respectively in an applied field of 0.4 T. A
quantitative interpretation of these results has not yet
been attempted. In continuation of last year's TF mea-
surements of the paramagnetic shifts we have mea-
sured the angular dependence at 80 K rotating the ap-
plied field in the a - c plane (see Fig. 1). The results
confirm the presence of three distinct components im-
plying up to three different states or sites, respectively.

REFERENCES

[1] K. Kramer et al., LNS Annual Progress Report
1997, pages 25, 26.

[2] K. Kramer et al., PSI Annual Report 1997, Annex
I, p. 45.

8 2 - - 7 2

- 7 0

81 -

100 150
X

200 250 / 300

Figure 1: Angular dependence of the frequencies
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Dia- and paramagnetic (Condon) domains [1], oc-
curring in non-magnetic metal single crystals at low
temperatures and high magnetic fields, are due to or-
bital, Landau-type magnetism, basically different from
any form of spin ferro- or antiferromagnetism.

The phase transitions reappearing in every period
of the de Haas - van Alphen (dHvA) oscillations and
'breaking up' the uniform phase, the unknown structure
of the domains and of the phase diagram have moti-
vated several theoretical studies [2]. As to the exper-
iment, after a first observation of Condon domains [3]
in Ag, 28 years elapsed until a second case of domain
formation could spectroscopically be detected, in beryl-
lium, by yuSR [4]. Quite unexpected is the result for the
phase diagram: dia- and paramagnetic domains have
been observed in Be even at such points of the (B, T)
plane which lie deep in the predictedly 'uniform phase'.
F-ig. 1 shows the calculated phase diagrams, assuming
different Dingle temperatures (crystal perfection) forthe
sample. (In Be, due to two nearly equal beating dHvA
frequencies, the predictions differ for beat maxima and
minima.)

1 2 3 4 5 6 7
induction B (T)

Figure 1: Magnetic phase diagram [4] for Be. Domains
should occur below the solid curves for the beat max-
ima of x{B) and below the dashed lines for beat min-
ima; the numbers are Dingle temperatures TD. The
points for beat maxima (•) and minima (o) show ob-
served domain phases for the sample with TD «2.6 K.

The positions of the measured points show the failure,
in the case of Be, of the commonly used 3D formula
forthe dHvA magnetization amplitude. In fact, a recent
calculation based on a 2D rather than a 3D electron
gas model [5] results in more extended domain regions,
in agreement with our results.

In view of its band structure, domains in white tin
should be formed at comfortably lower external mag-
netic fields than in Be, at «1 T. The oscillations of the
line width in the ,uSR spectrum of an extreme high pu-
rity Sfi single crystal (Fig. 1) is indeed a signal of the
fact that the line becomes a doublet in a section of each
dHvA period: the implanted muons 'observe' two in-
ductions in the sample, corresponding to the dia- and
paramagnetic domains. To find a (H, T) region v/here

10.00 10.02 10.04 10.06 10.08 10.10

field H (kOe)

Figure 2: Damping rate of the yuSR signal (line
width) for white Sn with iJ||[100], at temperature T
= 0.1 K. The oscillations indicate periodic domain for-
mation, with a period coinciding with the length of the
de Haas - van Alphen cycle AH « H2/FCx = 23 G (FCi
= 440T, [6]).

the components of the doublet in Sn become sepa-
rately observable, new experiments are under progress.
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The field and temperature dependence of the LF
relaxation rate in HoBa2Cu3O6+;r was measured in the
GPS using the new muons on request (MORE) device
(see Fig. 2).

There are two muon stopping sites in REBa2Cu3

Oe+x (RE=rare earth): in REBa2Cu307 all muons stop
in 1 A distance from the chain oxygen. lnREBa2Cu3O6,
because all chain oxygen is extracted, the muons stop
in 1 A distance from the oxygen 0(1). For samples
with intermediate oxygen content, the probability for the
muon to stop at one of the two sites changes linearly
with the oxygen content. This change of the stopping
sites will lead to a linear decrease of the /̂ SR relaxation
as function of the oxygen content, because the second
moment of the dipolar field near the oxygen 0(1) is big-
ger than the one near the chain oxygen. This is the
only effect of oxygen reduction on the yuSR relaxation
rate found in GdBa2Cu306+x [1].

The oxygen dependence of the LF relaxation rate
in HoBa2Cu3O6+z is very different from that (Fig. 1).
This is a result of the strong effect of the crystal electric
field (CEF) on the Ho3+ multiplet in HoBa2Cu3O6+:c,
and the change of the CEF with the oxygen content.
The ^SR spectra are fitted with a stretched exponen-
tial (Fig. 2). The analysis of this data is still in progress.
Different from GdBa2Cu306+x, a strong field depen-
dence of the relaxation rate is found at low temper-
atures, while at higher temperatures this field depen-
dence disappears. There are drastic variations in the
field dependence of A, if the oxygen content of the sam-
ples is reduced (Fig. 3). The field dependence of the
superconducting HoBa2Cu306+2; samples can be de-
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Figure 2: Histogram of HoBa2Cu3O7 at 6K in a LF of
750 G measured with MORE.
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Figure 3: Field dependence of the yu+-depolarisation
rate of HoBa2Cu306+:r at 6 K for samples with different
oxygen content.

scribed by a power law (A(B) = CB7), with 7 =1.95
and 7 = 1.16 for the samples with x = 1 and x =0.6,
respectively. This is not possible for the non supercon-
ducting samples. In the case of HoBa2Cu3062, the re-
laxation rate stays constant for fields up to 1000 G, de-
creases for higher fields, and is constant again for fields
above 2000 G. In comparison with GdBa2Cu306+a;, the
increase of the relaxation rate between HoBa2Cu306.4

and HoBa2Cu3O6.2 is much to large to simply be ex-
plained by the different population of the two muon sites.

Figure 1: Oxygen dependence of the yw+-spin depolar-
isation rate of HoBa2Cu3O6+:c at 6 K in a LF of 1000 G.
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The physics of the LTT phase of doped La2Cu04 in
comparison to the LTO phase can provide useful and
important hints that lead to a better understanding of
superconductivity in the cuprates. Surprising effects
like static stripe order and suppressed superconductiv-
ity have been found in the LTT phase. jz+SR as an out-
standing method to observe local magnetic order has
played an important role in these investigations. The
existence of magnetic order in La2-z-yREa;SryCu04
with y « 0.15 has been proven by this project and the
magnetic phase diagram of the LTT phase has been
established. The last beam period, we have concen-
trated on three topics:

We studied single crystals of Lai.8_j/Euo.2SryCu04

with y = 0.08, y = 0.125 and y = 0.15. Using ju+SR,
we could prove the onset of magnetic order in these
samples. The saturations frequencies are in agree-
ment with the values found for polycrystalline samples
(see Table 1). For y = 0.08 and y = 0.15, the onset
temperature of magnetic order is, just so, of compara-
ble size, for y = 0.125, however, To is more than 10 K
lower in the single crystal than in the polycrystal. NMR
experiments of Hammel et al. confirm this surprisingly
low value of To. It seems that this single crystal which
was the first that was grown is of low quality, although
the x-ray spectra look very nice.

Srconc.

y
y = 0.08
y = 0.12(5)
« = 0.15

polycrystal
, (MHz) To (K)

3.0 ±0.4 6 ± 1
3.4 ± 0.3 27 ± 2
3.2 ± 0.3 25 ± 2

single crystal
,( (MHz) To (K)

3.0 ±0.3 7 ± 1
3.2 ±0.3 15 ± 2
3.1 ± 0.3 25 ± 3

Table 1: Comparison of saturation frequencies vsat and
ordering temperatures To in polycrystals and single
crystals of Lai.8_j/Eu0.2SryCuO4

When rotating the sample relative to the initial di-
rection of the muon spin, the relative asymmetry of the
precessing signal changes. The local magnetic field at
the muon site is mainly oriented perpendicular to the
c axis. As expected for the magnetic structure of the
stripe order, no difference between (100) || beam and
(110) || beam is visible. At present, we have no clues
for a better fit function than the one we used previously
(two frequencies). Further angular scans on one of
the crystals (La1.65Eu0.2Sr0.i5CuO4) are needed to get
more information about the direction of the local field at
the muon site and the possible angular dependence of

the frequency distribution.
A Ba concentration of y =0.12 has been investi-

gated. The saturation frequency vsat is about 3.4 MHz,
which is in very good agreement with the value found in
the Sr-doped system. The onset temperature of mag-
netic order, however, is reduced to 17 ± 3 K (compare
to To =25 ± 2 K in Lai.65Eu0.2Sr0.i5CuO4 polycrystal).
This could again be a problem of sample quality.

The results on Lai.8Eu0.2CuO4 and Lai.6Ndo.4Cu04

are compared on Fig. 1. The low-temperature struc-
tural phase transition at about 130 K in the Eu-doped
compound and at about 75 K in the Nd-doped com-
pound is visible as a kink in v{T), XT{T) and XL(T).
The transition is more pronounced in Lai.6Ndo.4Cu04

supposedly due to the higher TN. At low tempera-
tures, the Nd moments lead to an increase of the muon
spin precession frequency and of the damping rates.
In contrast to samples with Sro.i5, however, the low-
temperature increase of the muon spin precession fre-
quency is rather small. Therefore we conclude that no
reorientation of the copper spins from the a-b plane to
the c axis takes places in Lai.6Ndo.4Cu04.

Muon spin precession frequency v

3-

• LawEu02CuO4

A La16Nd04CuO,

50 100 150 200 250

temperature (K)

300

Figure 1: T-dependence of the muon spin
precession frequency in Lai.8Eu0.2CuO4 and
Lai.6Ndo.4Cu04



72

/xSR INVESTIGATION OF THE MAGNETIC PHASE DIAGRAM OF Bi2.15Sr1.85CaCu2O8+<s

RA-94-04, ST. ANDREWS - ZURICH - BIRMINGHAM - GRENOBLE - PARIS

C. M. Aegertert C. Ager*, R. Cubitt§, E. M. Forgan*, S. T. Johnson^, H. Keller*, S. L. Lee'5, P. G. Kealey*,
F. Y. Ogrin*, T. M. Riseman*, I. M. Savic*

* School of Physics and Astronomy, University of St. Andrews, North Haugh, St. Andrews, Fife, KY16 9SS,
U.K.

f Physik-lnstitut der Universitat Zurich, CH-8057 Zurich, Switzerland
t School of Physics and Space Research, University of Birmingham, Birmingham B15 2TT, U.K.
§ Institut Max von Laue - Paul Langevin, 38042 Grenoble, Cedex, France.
% Laboratoire de Physique des Solides, Universite Paris-Sud, Orsay, France.

In a type II superconductor, an applied magnetic
field may enter the bulk of a superconductor in the form
of quantised flux lines or vortices. In the high Tc-super-
conductor Bi2.15Sr1.85CaCu2Os.f5 (BSCCO), the behav-
iour of these flux lines is very complicated showing a
rich variety of phases, including a liquid of vortex lines
[1]. It is the aim of this study to elucidate the nature
of these different phases by p.SR. In the past year we
have continued investigating the vortex arrangement
and the melting transition in the vicinity and above the
dimensional crossover field. At fields close to the cross-
over, the subtle competition between pinning induced
disorder and thermal fluctuations can be inferred from
the increase in correlation of the flux lines with tem-
perature [2]. This takes place at a temperature, where
the thermal energy is comparable to the pinning energy
leading to a depinning and hence ordering of the pan-
cakes [3]. A further increase in temperature however
leads to the melting of the vortex lattice. In contrast
to magnetisation measurements [4], we still observe a
melting transition above the crossover field. The ob-
served melting temperature is virtually independent of
the applied field (see Fig. 1). Moreover the value of this
temperature is in good accord with the predictions of
a Kosterlitz-Thouless like melting of a two dimensional
lattice of pancake vortices, which is also expected to be
field independent [2]. A similar transition at the same
temperature has also been observed by microwave ab-
sorption measurements [5]. The different time-scales
involved in these two measurements indicate that the
observed change in the vortex arrangement is indeed
a phase transition.

We have also continued the investigation of BSCCO
containing irradiation induced pinning centres. Here
our findings of the strong suppression of both dynamic
(thermal) and static fluctuations have been accepted
for publication [6]. The pinning centres take the form
of cylindrical tracks and are produced with 17.2 GeV
U ions. Due to the suppression of the superconduct-
ing order parameter in the amorphous region of these
tracks, they act as very strong pinning sites. In pris-
tine BSCCO, transverse fluctuations of pancake vor-
tices lead to a field-dependent modification of the tem-
perature dependence of the /iSR linewidth [7]. Due to
the pinning caused by the CD, these thermal fluctua-
tions are strongly suppressed, leading to a temperature

T(K)

Figure 1: The experimental phase diagram of the vor-
tex lattice in BSCCO, as determined from the disap-
pearance of the scattered neutron intensity and from
a sharp change in the ^SR lineshape. The shape of
the melting line changes to a 2D Kosterlitz-Thouless
kind of melting around the crossover field Bcr, which
increases slightly at high temperatures, due to thermal
depinning.

dependence, which is independent of the applied field.
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The vortex matter in cuprate high-Tc superconduc-
tors exhibits a complex phase diagram as a function of
magnetic field, temperature and doping. With the mag-
netic field applied perpendicular to the CuO2 planes
the flux lines can be viewed as stacks of pancake vor-
tices. Both the intra-planar vortex order and the inter-
planar coupling between the pancake vortices can be
overcome by thermal fluctuations. In principle, these
processes may occur independently and at different
temperatures. Last year we reported on the flux line lat-
tice melting in single crystals of overdoped and under-
doped Bi2Sr2Ca2Cu08+,5 (Bi-2212) where we obtained
for the first time from yuSR measurements evidence for
a two-stage melting transition of the vortex matter un-
der equilibrium conditions [1].

Here we summarize our ^SR data for nearly op-
timized (Tc = 90 K) Bi-2212 single crystals which give
further evidence for a two-stage melting scenario. Fig. 1
illustrates the asymmetry a = <AB 3> 1 / ' 3 /<AS 2> 1 / 2 ,
the second moment < A 5 2 > and the shift of the cusp
field with respect to the external field of the measured
internal field distribution n(B) versus temperature. In
the irreversible regime well below the irreversibility line
(IL) we observe a transition in the vortex matter which
we associate with the intra-planar melting transition.
The resulting flux-line liquid persists over a sizeable
temperature interval before the inter-planar decoupling
of the individual vortex lines takes place in a second
step at the IL, resulting in a pancake liquid [2].

An interesting question is how our observation fits
in with the reports of a one-stage melting transition. It
seems likely that the key to the answer lies in the c-
axis coupling strength, which varies strongly amongst
the different high-Tc compounds, while the condensa-
tion energy or the super-fluid density [3] does not vary
strongly. In fact, by rescaling the (H, T)-phase diagram
with the critical field H* of the dimensional crossover,
we obtain a rather unique (i7,T)-phase diagram from
the ^SR and the DC-magnetization (Fig. 2) data for a
wider series of Bi-2212 single crystals [1]. This would
imply that a two-stage melting process occurs if the ap-
plied magnetic field is comparable to or larger than H*,
while a seemingly one-stage melting process occurs
when Tab and Tdc do collapse for H <c H*. In fact,
such a trend is even visible from our data on the Bi-
2212 crystals for which the Tab{H)- and Tdc(#)-lines
seem to merge for H <c i?*[1]. For the less anisotropic
Y-123 compound H* should be in excess of 10T and
accordingly most of the experiments have been done
for H < H* where in fact a single-stage transition is
observed.
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Figure 1: T-dependence of a, the cusp shift and
< AS 2 > of n(B) on nearly optimized Bi-2212 sin-
gle crystals for n0Mext = 27.5 mT. Tab (Tdc) denotes the
temperature for the in-plane (decoupling) transition [2].

VSM-Data

00 0.2 0.4 0.6 0.8

t=T/Tc

Figure 2: Rescaled VSM data (scaling factor H*) for
different doping states of Bi-2212 single crystals [1].
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Susceptibility and resistivity measurements have
shown that doping with zinc not only introduces local-
ized spin holes on copper sites but also strongly local-
izes the charge holes produced by Sr doping. This in-
fluences both the Néel temperature TN and the sublat-
tice magnetization curve. Concerning the investigation
of magnetic order, the big advantage of /*+SR in com-
parison to methods like susceptibility is the easy acces-
sibility of the sublattice magnetization via the sponta-
neous muon spin precession frequency. Any irregulari-
ties in the v(T) curve can be identified easily. Because
of the local character of the probe, phase separation
and strong inhomogeneities are detectable.

We have started our ̂ .+ SR experiments on two se-
ries of samples, one with a Sr concentration of y =
0.017, the other one with y - 0.021.

Lai.983Sro.oi7Cui_zZn204: Three different Zn con-
centrations, z = 0.00, z = 0.10, and z = 0.15, have
been investigated. The Néel temperatures determined
by our p+SR experiments are in very good agreement
with the values from susceptibility measurements. For
low Zn concentrations, the hole localization caused by
Zn doping leads to an increase of TN; for higher dop-
ings, however, this effect is overcompensated by the
decrease of TN due to spin dilution.

Muon spin precession frequency
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Figure 1: Temperature dependence of the muon-spin
precession frequency in L.ai.983Sro.oi7Cui_2Znz04

withO < z < 0.15

The sublattice magnetization curve cannot be de-
duced from susceptibility, but ̂ +SR is an ideal tool to
extract the sublattice magnetization from the sponta-
neous muon spin precession frequency in zero applied

field. Fig. 1 shows the temperature dependence of the
muon frequencies. For z = 0, the transition from lo-
calized holes to mobile holes (at about 20 K) is clearly
visible, whereas for z = 0.10 and z = 0.15, there are no
signs for an onset of hole delocalization.

Muon spin precession frequency
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Figure 2: Temperature dependence of the muon-spin
precession frequency in Lai.989Sro.o2iCui_^Zn204
with 0 < z < 0.04

Lai.979Sr0.o2iCui_zZn^04: The Sr concentration y
= 0.021 lies at the transition between the anti-ferromag-
netic (AFM) and the cluster spin glass regions. The
sample without zinc shows a magnetic ordering tem-
perature of about 15K. As expected from susceptibility
measurements, TN strongly increases with zinc dop-
ing. For z = 0.04, a value of TN ~ 90 K is reached. The
evolution of the v(T) curve with zinc doping is shown
in Fig. 2. The series La1.979Sr0.02iCui_2ZnzO4 with in-
creasing z resembles the series La2_ySr3/Cu04 with
decreasing y and y < 0.021. The system goes back
from the cluster spin glass region into the AFM region;
even for z = 0.04 the charge holes are not completely
localized. Higher zinc concentrations have to be inves-
tigated in the next beam period. At present, no state-
ments about the disappearance of the delocalization
peak in the longitudinal damping rate are possible. The
scatter of the data is too large. Temperature scans in
applied longitudinal fields of about 200 mT could possi-
bly provide a lower scatter.
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When fully oxidised, YBa2Cu307 is partially substi-
tuted at the Cu(1) chain sites, the charge transfer to the
Cu(2) - O planes is modified, the system becomes un-
derdoped and the superconducting transition temper-
ature (Tsc) decreases below the optimum value. For
high substitution levels of Co, superconductivity disap-
pears and it is replaced by a state where the Cu(2)
show long range magnetic order [1]. This behaviour
is consistent with the widely held belief that supercon-
ductivity and Cu(2) based magnetic moments are mu-
tually exclusive. However, in contradiction with this, we
have recently observed that for low Co substitution lev-
els where TSc remains high, fluctuating short range
correlated magnetic moments (including at the Cu(2)
sites) are present over the whole sample volume [2].

Figure 1: Muon depolarisation in superconducting
YBa2(Cuo.98Co0.02)307. The solid line is a fit to a
Kubo-Toyabe (nuclear) function.

0.15

0.10

0.05

0.00

—1—'—1—•-

• v
T1

I . I .

"1—'—1

1

W

T 1'—1—'—1

zero-field j

M
j ,

• = 6 K :

iijii . l t •
uUeilfti '

1 . 1

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Time (us)

Figure 2: Muon depolarisation in superconducting
YBa2(Cu0.98Coo.02)307. The solid line is a fit to a prod-
uct of Kubo-Toyabe (nuclear) and stretched exponential
(electronic) functions.

Zero field /JSR measurements were made in the
range 100 to 2K on two samples : YBa2(Cui_.rCo^O?
with x = 0.04 (Tsc = 68K) and x = 0.02 (Tsc = 84K).

The data for the sample x = 0.02 at 100K and 6K are
shown in Figs 1 and 2. The muon depolarisation at high
temperatures (Fig. 1) is controlled uniquely by the nu-
clear moments (Kubo-Toyabe dependence), whereas
at low temperatures (Fig. 2) the depolarisation is fur-
ther influenced by electron-based fluctuating magnetic
moments. The solid lines are data fits to the function
P^t) = aoexp[-(\\)ß] x GürT(A,t) with the stretched ex-
ponential term present only at low temperatures. The
values for the damping rate (A) and the exponent of the
stretched exponential (ß) are shown in Fig. 3.
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Figure 3: Temperature dependence of the damp-
ing rate (A) and the stretched exponent (ß) in
YBa2(Cui_a;Co;i;)307.

ß is generally below 1.0, and although this is linked
to distributions in the coupling strengths, it is probably
also linked to the presence of distributions in the local
fluctuation rates of the correlated moments that were
evidenced in [1]. We observe an unusual tendency for
ß to increase as the temperature is lowered.

REFERENCES

[1] P. Zolliker, D.E. Cox, J.M. Tranquada, G. Shirane,
Phys. Rev. B 38 (1988) 6575.

[2] C. Vaast, J.A. Hodges, P. Bonville, A. Forget, Phys.
Rev. B 56 (1997) 7886.



76

ON "ARTIFICIALLY AGED" YBa2Cu3O3O6.6

RA-98-16, ORSAY - TECHNION - SACLAY - KAZAN

P. Mendels *5 , A. MacFarlane *s, J. Bobroff *, H. Alloul *, N. Blanchard *, A. Kerens \ A. Dooglav *, G. Collin
J.F. Marucco * s

* Laboratoire de Physique des Solides, URA2 CNRS, Université Paris-Sud, Orsay, 91405 Orsay, France
f Department of Physics, Technion, Haifa, Israël
i Laboratory of Magnetic Resonance, Kazan State University, 420008 Kazan, Russia
§ L.L.B, C.E.N. Saclay, CEA-CNRS, 91191 G if-sur-Yvette, France
f Laboratoire des Composés non Stoechiométriques, UPS, 91405 Orsay, France

The phase diagram of High Tc cuprates versus
doping is commonly depicted as two mutually exclu-
sive antiferromagnetic (AF) and superconducting (SC)
phases. Yet, there is growing evidence that the actual
situation might be more subtle: in parent compounds
such as doped Nickelates, a static microsegregation
(stripes) of holes in an AF background was recently ob-
served [1]. The generalization of this concept to high-
Tc cuprates is currently a matter of considerable de-
bate. We proposed to test its relevance by investigating
the 60 K superconductor YBa2Cu306.5-6.7 for which
an antiferromagnetic phase was recently observed by
NMR/NQR in "aged" superconducting samples [2]. Our
proposed experiments concentrated on basic ques-
tions regarding these local AF states, namely the frac-
tion of the sample involved, the Néel temperature, and
the degree of magnetic order.

In our search for preparing both magnetic and su-
perconducting samples in a reproducible manner, it ap-
peared that a true chemical phase separation occurs in
YBaCuOx samples due to an unexpected low T reac-
tion between water vapour and pure YBaCuO around
x = 6.5, where one chain over two is empty. The mag-
netic phase could be isolated and turns out to be the
interesting missing magnetic parent compound of the
YBa2Cu408 superconductor [3]. The mechanism of
penetration of H2O in YBCO is related to the chain
arrangement and we have studied 4 samples prepared
using 2 different annealing procedures (low T, high T),
with 2 different H2O concentrations for each. A sketch
of our results is presented in Fig. 1, where the samples
are labeled according to the amount of H2O uptake per
YBaCuO mole.

All the samples are 100% magnetic with a transi-
tion temperature above room T (41 OK for 1.2H2O, as
recorded in ISIS). The presence of oscillations clearly
indicates that the magnetic phase is ordered, likely
antiferromagnetic and the high Néel temperatures are
typical of undoped CuO2 bilayers. The observed sig-
nals, which vary with annealing conditions and/or H2O
content clearly are completely different from AF YBCO
compounds and are of a new type compared to other
magnetic cuprates. This indeed confirms the chemical
transformation of the original material. Finally, the ob-
vious presence of several oscillating/relaxing compo-
nents will allow us, after further analysis and detailed
comparison with ZFNMR spectra, where a new mag-
netic component is growing above 0.5 H2O uptake, to
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Figure 1 : ZF/tSR typical signals for YBCO:H2O. Notice
the evolution with T and sample composition.

assign each component to a typical Cu environment/
muon site. Ref. [3].

The /*SR signals differ in these antiferromagnets
compared to YBCO6 for two reasons: the hydrogens
of the water compete directly with the muon for sites,
and the magnetic structure is not exactly the same (as
shown by the difference in the ZFNMR spectra). In
the fully hydrated sample, the field at one muon site is
about half its value in YBCO6, and the ZF oscillations
are remarkably well developed. In partially hydrated
samples, we find evidence of a muon site change at
about 280 K (see Fig. 1). Detailed analysis is ongoing.
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In 1998, we have concentrated on the behaviour
of the thermal transition leading to a more disordered
state of the vortex lattice at high temperatures. We
have investigated in detail the field dependence of the
thermal disruption temperature Tb, observed from a
change of the field distribution measured by yuSR. At
temperatures above Tb, the flux lines are more disor-
dered along their length, leading to a more symmetric
lineshape. As can be seen in Fig. 1, this temperature
is virtually independent of the applied field. This be-
haviour observed in ET-Cu below the crossover field is
more reminiscent of BSCCO above the crossover. It
is however also expected for the thermal disruption of
a stack of purely electromagnetically coupled pancake
vortices, the value depending solely on the penetration
depth [1].

A very promising system with which to study the
generic behaviour of extremely anisotropic supercon-
ductors is a-(ET)2NH4Hg(SCN)4 (ET-Hg), which has a
very long penetration depth (Xab ~ 1,um) and is thought
to be even more anisotropic than ET-Cu (7 ~ 1000
[2]). Due to the very long penetration depth, the ob-
served signal is very small. We have nevertheless
been able to observe even in this material the pres-
ence of a crossover field at an applied field of ~1 mT
(see Fig. 2). This value is in fair agreement with the ex-
pectation of Bcr = $o/A2, using A determined from the
width of the field distribution.
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Figure 2: The field dependence of the fiSR depolar-
isation rate <r in ET-Hg, the contribution from nuclear
moments and instrumental resolution have been sub-
tracted. At very low fields, below ~1 mT the depolari-
sation increases. This is interpreted, as in BSCCO, as
a crossover to a state of more straight flux lines.

The year 1998 has also seen the publication of
our initial studies of the angular dependence of the
fiSR lineshape in the highly anisotropic model organic
superconductor K-(ET)2CU(SCN)2 (ET-CU) [3]. These
findings were already discussed in last year's progress
report [4].

Work supported by the Swiss National Science
Foundation, the Science and Engineering Research
Council of the United Kingdom, and by a special grant
from the British/Swiss Joint Research Programme.
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Figure 1: The field dependence of the thermal disrup-
tion temperature Tb.
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Existing applications of solid state physics are all
based upon inorganic materials; biological systems
however utilise the flexibility of carbon chemistry and
are nearly all organic. Our research has been moti-
vated by the desire to utilise this underlying flexibility
in studying the physics of organic metals, magnets and
superconductors. These new materials have only be-
gun to be discovered by chemists rather recently and
are typically rather chemically complex. Nevertheless
muon-spin rotation has proved to be a useful technique
in extracting important information in these systems [1].
In particular, experiments have been performed at PSI
and ISIS on nitronyl nitroxides [2, 3, 4, 5, 6], Cu-DCNQI
salts [7], organic superconductors based on the mole-
cule BEDT-TTF [8, 9] spin-Peierls and gapped systems
[10, 11] and molecular magnets based on transition-
metal ions [12]

The parent materials of many organic supercon-
ductors and metals are shown in Figure 1. These
molecules act as very efficient donors or acceptors
of charge. Thus they can be used in salts in which
the band-filling can be tuned to produce partially filled
bands. Muons have been used very successfully to
study salts based upon these materials [8, 10] but it
is very useful to probe the nature of the muon state
formed. This is possible using transverse-field /JSR
and ALC experiments. We find temperature depen-
dent ALC resonances in all three molecules shown in
Figure 1. In particular in BEDT-TTF we find an asym-
metric resonance just above 1T corresponding to A «
300 MHz and D « 18 MHz. A second resonance devel-
ops above 200 K and becomes the dominant feature at
high temperature. Similar behaviour is found in TTF,

but the resonances are shifted to higher frequencies
and the lower resonance is only visible above ~350K
and then only weakly. TCNQ shows a strong ALC res-
onace at very low-field. Further studies and calcula-
tions are in progress to determine the muon-site from
these data.
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Since 1994 we are studying with yearly beam time
allocations of a few shifts stoichiometric Chevrel phase
superconductors with the goal to elucidate a possible
correlation of Tc and the magnetic penetration depth
as has been found in solid solutions of SnMo6S8_.rSe.i;
and PbMo6S8_.TSe.r before [1]. Up to now we have in-
vestigated LaMo6Ss (Tc ~ 7 K), AgMo6S8 (Tc ~ 8.4 K),
YbMo6S8 (Te ~ 9.6 K), YMo6S8 (Tc ~ 2.3 K) and -
not complete yet - ScMo6S8 (Tc ~ 3.6 K). In all in-
stances transverse fields of 100 G and 500 G, and in
some instances for consistency checks also 1 kG and
6 kG have been used. Fig. 1 displays the 500 G -
results on the relaxation rates, using for convenience
an exponential relaxation function which led to better
x2 than a Gaussian function. In the end, however,
the penetration depth A will be determined from a line
shape analysis of the TF-signals. This log-log plot re-
veals that it would be most desirable to have data from
samples with Tc ~ 4 - 6 K. A candidate compound
would be NaMo6S8 with Tc = 4.2 K. Grosso modo
the present results follow a similar behaviour as the
solid solution compounds: i.e. the penetration depth
becomes smaller with rising Tc. There is one notable
exception, namely YbMo6S8 which, although it displays
the largest Tc among the present samples, does not
show the smallest A, as indicated by the smaller low
temperature damping rate in Fig. 1. Another puzzle is
represented by AgMo6S8. While first measurements in
the 1994 and 1995, as reported before, could not de-
tect any signature forthe presence of the flux line lattice
in AgMo6S8 below Tc, although Tc was clearly iden-
tified by ac-susceptibility measurements, a new mea-
surement on the same sample in 1997 produced the
results shown in Fig. 1. The earlier results would imply
a penetration depth larger than 10000 A, the new result
implies A ~ 2000 A. We have no explanation for these
seemingly inconsistent results.

Concerning YbMo6S8 the present data also prove that
no magnetic order down to 2 K develops in contrast to
other reports which claim an onset of AF-order around
2.7 K. This settles the open question of the valency of
Yb in this compound: it is Yb2+.
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Figure 1: Temperature dependence of relaxation rates
from exponential fits to /iSR-spectra collected at 500 G
and for various compounds.
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In order to study the dynamical processes of the
paramagnetic (normal (MUT) , anomalous (MUBC) muo-
nium) and diamagnetic (fid) muon species in crys-
talline silicon, undoped and differently doped (1015-
1016 cm~3, P or B) floatzone-grown silicon was investi-
gated by means of longitudinal-field quenching (LFQ).

During earlier investigations a significant difference
between the doped and intrinsic samples was ob-
served at temperatures below 100 K. Whereas the fit
of the most general model function to the results ob-
tained at the doped sample is very good in the whole
magnetic-field range, in the case of the undoped sam-
ple a significant deviation from the theoretical curve
at small magnetic fields is observed [1] as shown in
Fig. 1(a).

This deviation can be removed by introducing a
further, hitherto unknown, muon species termed Muv
with rather weak hyperfine interaction [2], as shown in
Fig. 1(b). Although the initial formation probability of
Muv is vanishing, a transition MUT -»• Mu v with a rate
of (1.0±0.4)-106 s"1 is obtained. This means, that Mu v

is formed through its precursor MUT- MUV is tentatively
interpreted as a muonium-vacancy complex. The va-
cancy is presumably generated by the muon itself dur-
ing the last stage of its slowing-down. This interpreta-
tion is supported by recent results of Bech Nielsen etal.
[3], in which a hydrogen-vacancy defect pair with weak
hyperfine interaction was identified in proton-irradiated
crystalline silicon by means of EPR.

Zero-field measurements were performed for direct
observation of the hyperfine precession frequencies of
Mu v . The data evaluation is still in progress, how-
ever, preliminary results for the hyperfine parameters
of Mu v , Ax - Ay = -12.06 MHz and Az = 25.74 MHz
coincide very well with the rescaled EPR results from
Bech Nielsen ef al. [3].

The samples were kindly supplied by Dr.
W. Zulehner, Wacker Siltronic AG, Burghausen, Ger-
many. The work was funded by the Bundesministerium
furBildung und Forschung, Bonn, Germany under con-
tract nos. 03-MA5ST1 and 03-MA5ST2.
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As has been shown in theoretical [1] and experi-
mental [2, 3, 4, 5] work, the //~SR method makes it
possible to study the behaviour of acceptor centres in
semiconductors, substantially supplementing the data
obtained by other nuclear methods. In particular, the
undamped component of residual polarization of neg-
ative muons in n-type silicon with the highest dopant
concentration at low temperatures was first observed
by (iSR [5]. This effect was explained by a transition
of the acceptor centre from the neutral (paramagnetic)
to an ionized (diamagnetic) state, and the rate of the
transition was obtained from the experimental data.

The main goal of our experiments in 1998 was to in-
vestigate the role of acceptor-donor pairs in the forma-
tion of an acceptor centre in the ionized state in n-type
silicon. The measurements were carried out on two
samples with aluminium impurity (2.4-1018 cm"3 and
2-10 l 4crrr3) and on three phosphorus-doped samples
(3.2-1012 cm- 3 , 2.3-1015 cm- 3 and 4.5-1018 cm-3).

Figure 1: Temperature dependence of the relaxation
rate A and transition rate (paramagnetic -> diamagnetic
state) v on the highly phosphorus-doped Si sample.

As in the silicon sample with a high (2-10 l8cm-3)
concentration of antimony impurity [5], both the dam-
ped and undamped components of the residual polar-
ization of negative muons are observed in the sample
with phosphorus impurity (4.5-10 l8cm-3) at tempera-
tures below 30 K. The rates of muon spin relaxation
in the paramagnetic (neutral) state and the transition
from trie neutral to ionized state are found within the
framework of the previously developed formalism [5]

(see Fig. 1). Unlike the samples highly doped with an-
timony and phosphorus, the highly aluminium-doped
(2.4-10 l8cm-3) silicon crystal shows only the damped
component of the polarization at temperatures below
30 K. The present experimental results are fully consis-
tent with our assumption [5] that at high concentration
of donors in silicon the acceptor centres form acceptor-
donor pairs. The recombination of charge carriers on
the pairs results in the ionized state of the acceptor.

On the investigated samples relaxation and frequen-
cy shift of the muon spin precession were observed at
temperatures below 50 K. The frequency shift was as
large as Sw/w = (7+8)-10-3 at 15K. It is likely that on
some samples the shift is higher at lower temperatures.

On all the samples the temperature dependence of
the relaxation rate of the muon spin is well approxi-
mated by the power function A = C • T~q. It is also
found that the relaxation rate depends on the concen-
tration of impurities: the higher the concentration, the
weaker the dependence of the relaxation rate on tem-
perature. Evidently, the concentration dependence of
the relaxation rate is universal and does not depend on
the type of the impurity.

Transverse field measurements on intrinsic silicon
sample (p «104 Ohm-cm) show that it can be used to
study the influence of the applied electric fields on the
process of acceptor centre formation. In contrast to the
results of the measurements at B = 4mT [6], in the
intrinsic silicon sample we observed muon spin relax-
ation at temperatures below 15 K, the amplitude of the
precession at zero time was close to those observed
at room temperature (in this experiment the transverse
magnetic field was B = 0.2T).
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We reported last year the observation of two com-
ponents at the muon Larmor precession signal in sul-
phur below room temperature - one with very fast and
the other with very slow relaxation - in addition to a a
weak ALC radical signal. Further experiments in 1998
using the GPD spectrometer and "chemistry" cryostat
reached higher temperatures, covering the a-p phase
transition at 368K and the melting point at 392K. The
combined data (Figures 1 and 2) reveal a broad max-
imum in the fast relaxation rate. The corresponding
amplitude remains constant above room temperature
within the alpha phase but decreases sharply in the /?
phase towards the melting point. In molten sulphur,
most of the polarization is recovered in the slow com-
ponent.
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tation itself, the nuclear magnetism in sulphur being
too weak and there being no other electronic moments
present in sulphur in sufficient concentration. It seems
likely that the variation of relaxation rate with temper-
ature, and of the partition between the two fractions
within the partially disordered beta phase, reflects some
combination of electron and muon mobility but so far
the data are too novel for us to have reached any firm
hypothesis.

As expected, the metastable nature of the /? phase
was seen, the data showing a dependence on thermal
history and retaining some characteristics of the beta
phase upon cooling or quenching.

The fast relaxation must be ascribed to encounter
with radiolytic electrons generated by the muon implan-
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In elemental (Group IV) and compound (Ill-V) semi-
conductors, the majority of what is known of isolated
hydrogen defect centres comes from studies of their
muonium counterparts [1]. This project aims at extend-
ing this study to II-VI compound semiconductors and
chalcopyrites. The presence of hydrogen in these ma-
terials is receiving much attention in order to study its
fundamental aspects and relations to performances in
solar cells and other devices [2].

We started //.SR experiments in CdS in 1997 at PSI
in transverse field at low temperatures. An unexpected
small splitting around the Larmor frequency was iden-
tified. This splitting was studied in detail in 1998 by ori-
entational and temperature dependent transverse field
measurements. We were able to resolve these split-
tings of extremely low hyperfine constant thanks to the
new MORE (Muons On REquest) set-up. An undoped
single crystal of Wurtzite structure was used, in a tem-
perature range of 2 K to 300 K. The sample was ori-
ented so that the most favourable positions were im-
posed to the Cd-S bond directions according to the
crystal structure. Spectra were obtained with the sam-
ple oriented in two ways: a) c axis parallel to the ex-
ternal field (0°) - in this way one bond is parallel to
the field and three bonds are at 70.6°, b) c axis rotated
about the (110) axis by 54.7° - five bonds at 54.7°,
two bonds at 79°, one bond at 164°. In the time spec-
trum obtained at 0° with an applied magnetic field of
10mT (Fig. 1) two pairs of lines were found positioned
symmetrically around the central diamagnetic Larmor
frequency. The respective Fourier transform is shown
in Fig. 2. The splittings found are Avout = 335(1) kHz
and Avin = 214 (1) kHz. At 54.7° (at the same field) a
single pair of symmetrically positioned lines was found
with a splitting of Av = 243(1) kHz.

This is consistent with an anisotropic axially sym-
metric muonium with symmetry axis along the Cd-S
bond direction. We assign Avout to the muonium frac-
tion at the 9 = 0° bond, Avin to the ô = 70.6° bonds, and
Av to the 9 = 54.7° bonds. The splittings due to the 9
= 79° and 9 = 164° bonds were not observed by lack
of resolution in the spectra taken at 54.7 ° (the MORE
set-up was not used in this case). External fields of
2 mT, 5 mT and 10 mT didn't change the splittings. We
consider that the high-field limit is already reached well
below 2mT for this muonium state, and calculate the
hyperiine parameters to be A\\ = 335 (1) kHz and A± =
198(1) kHz [3].

Temperature dependence measurements were per-
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Figure 1: Muon-spin precession in CdS obtained with
the MORE set-up (c axis parallel to the applied field).
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Figure 2: Fourier transform of the spectrum in Fig. 1.

formed at 54.7° and 1 mT. The splitting decreases with
increasing temperature and vanishes around 24 K. The
fraction of muons showing the splitting is also decreas-
ing, the diamagnetic fraction reaching 100% above that
temperature. A possible scenario is that the paramag-
netic electron is distributed over a large complex of
atoms in the neighborhood, the spin density at the muon
being very weak but not zero. The temperature depen-
dence corresponds possibly to an ionisation process of
the paramagnetic electron.
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/3-RD2+a;(R = rare-earth)
The temperature dependences of the ZF-relaxation

data in the compounds HoD212, HoD20 and DyD20

show similar behaviour, and the LF data in HoD2.i2 and
HoD20 are identical to the corresponding ZF data - see
Fig. 1 [1]. At the critical temperatures Tci (about 6.5Kin
HoD20, 6.8K in HoD212 and 5.7K in DyD20) the expo-
nential relaxation rates A, are largest and hit the
resolution limit in the Ho compounds.
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Figure 2: Knight shift and relaxation rate of the TF /uSR
signal in HoD2.i2 versus inverse temperature.

On the T > Tci side the relaxation can well be fitted
to A; = ai\T - Tci\-

Pi, with pi = 0.5 for the Ho com-
pounds and fa = 0.3 for DyD20. In this temperature
region most of the muons contribute to the //SR signal
(asymmetries At = 20-25%).

On the low-temperature side of Tci a critical behav-
iour is also observed, but the exact dependence is not
easy to determine, because of (i) only a reduced frac-
tion of the muons visible in the signal (A{ = 3-8%), and

(ii) the observed hysteretic behaviour, possibly related
to the simultaneous presence of two AF phases.

In a transverse field of 0.4T the Knight shift A'p of
the /^SR signal in HoD2 i 2 varies linearly with l/T for
200 K < T < 300 K (Fig. 2). It can be discussed in
terms of the magnetic susceptibility of the compound.
The exponential relaxation A is also displayed.
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Figure 3: Temperature dependence of the ZF fiSR re-
laxation rates A (•) and A (o) in TaV2 and TaV2Di 65.

TaV2 and TaV2Di.65 have been measured in ZF and
TF mode [1]. Previous ZF measurements performed at
ISIS [2] in TaV2 and TaV2Hi were interpreted in terms
of a dynamic Kubo-Toyabe (KT) relaxation function. We
found in our study that it was not possible to perform
such an analysis, the /iSR signal being more complex.
We present in Fig. 3 the result of a phenomenologic
fit of the data, using a damped KT function, with the
KT parameter A and the damping A. It shows that the
effect of dynamics is observed at lower temperature in
TaV2 compared to TaV2Di.65, but also that a noticeable
change in the relaxation regime occurs in TaV2 around
40 K (trapping?).
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Crystalline microporous aluminosilicates, called ze-
olites, are of high current interest for a variety of impor-
tant applications. They are used as molecular sieves,
adsorbants and heterogenous catalysts with shape se-
lective activity. One of the most prominent structures
is that of ZSM-5 with its three dimensional network. In
particular the highly active H-form is used on a large
scale for the conversion of methanol to gasoline, but
other variations of the material have found numerous
other applications.

HZSM-5 was loaded with one benzene molecule
per unit cell, which is about 1.3% of the total weight,
and then investigated using the Avoided Level Cross-
ing muon spin resonance (ALC-^.SR)[1]. This tech-
nique gives rise to resonances in plots of time inte-
gral muon spin polarization as a function of the applied
magnetic field. The resonance fields are related to the
hyperfine coupling constants in the adduct of muonium
(Mu= fj,+e~, chemically a light hydrogen isotope with
a polarized muon as nucleus). In the present case the
adduct is the cyclohexadienyl radical, C6H6Mu. If the
radical undergoes chemical reactions, in the present
case a protonation is expected, the ALC-spectrum will
change.

In previous ALC experiments of copper exchanged
Na-ZSM-5 we found, that the cyclohexadienyl radical
formes a weak complex with the copper cation [2]. In
the proton exchanged form, HZSM-5, there was no in-
dication for such an association of the proton with the
radical above 300 K, but below there was a dramatic
change of the spectrum, indicating protonation of the
radical, C6H6Mu+H+ -» C6H7Mu+, to give the cyclo-
hexadiene radical cation. There are two possible iso-
mers of C6H7Mu+, afforded by protonation in the ortho
or para position to Mu. At low temperature, at least the
ortho adduct is nonplanar and is expected to freeze in
a conformation that leaves Mu in two inequivalent po-
sitions with Mu hyperfine couplings of about 460 MHz
(axial) and 140 MHz (equatorial), while about 730 MHz
are expected for the para adduct.

New ALC experiments with DZSM-5 confirm the
results obtained with HZSM-5 (Figure 1). The situ-
ation is most clearly seen at 225 K where three new
resonances (3,4,5) appear while the two cyclohexadi-
enyl resonances observed at higher temperatures (1,2)
loose amplitude. The new lines are compatible with
protonation of C6H6Mu in the ortho position, leaving Mu
in the axial position (Ai at 1.82 T=^4M = 495 MHz, line

J 3; lines 4,5 correspond to Ao lines of the other protons
at saturated carbons). This shows that the catalytic ac-
tivity of HZSM-5 which is ascribed mostly to H+, is
based on a delicate, temperature dependent balance
of protonation.

1.3% wt C.K DZSM-5/50

/ V

0.4 0.B 1.2 1.6 2.0 2.4 2.8

B[T]
1.4 1.6 1.B 2.0 2.2 2.4 2.6

B[T]

Figure 1: ALC-//SR spectra obtained with benzene in
DZSM-5 and HZSM-5 at various temperatures and a
loading of 1.3% wt. Note the different scales.
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To date, the majority of atmospheric processes
have been regarded in terms of largely gas-phase re-
actions, and there have been many studies made [1]
of model gas systems in an overall effort to under-
stand the atmospheric phenomena themselves. More
recently, however, has emerged the view that aerosols,
including solid particulate matter, may participate in the
overall chemistry of the atmosphere, by virtue of reac-
tions of either dissolved or surface adsorbed compo-
nents [2].

In any surface reacting process, it is important to
understand the details of surface adsorption and dif-
fusion of the reacting components; in the chemistry
of the stratosphere direct photodecomposition of halo-
carbons plays a major role, for instance as used as
refrigerants (CFC's) and organic solvents, which are
thus converted to corresponding halocarbon radicals.
Though there is the suggestion [1] that an involvement
may exist of particulate matter in this type of chem-
istry, there is no direct study to date, probably in con-
sequence to the perennial difficulty of studying surface
processes involving radicals, where conventional meth-
ods such as ESR spectroscopy lack the sensitivity re-
quired under conditions of fast surface radical diffusion
and combination.

As demonstrated admirably by transverse-field [3],
ALC [4] and longitudinal-field relaxation [5] measure-
ments, radicals may, however, be studied in a range of
surface environments using muons.

In this preliminary study, we have managed to de-
tect MuCH2CCI2- radicals adsorbed on a silica surface
using both transverse-field (at PSI) and longitudinal-
field muon relaxation (at RAL) measurements. The
transverse-field measurement provides a direct char-
acterisation of the nature of the radical ( A M « = 2 3 8 M H Z
at 298 K), and also an indication of the activation en-
ergy to its motion over the surface at which it is ad-
sorbed, from the temperature dependence of the line-
widths; more directly, the longitudinal-field (LF) relax-
ation measurements provided an almost identical ac-
tivation energy of ~10 kJ/mol for its motion over the
silica surface, but also showed the presence of a more
weakly adsorbed fraction (Ea=0.4 kJ/mol) which was
not present at lower surface coverages. [Of course,
far lower coverages can be studied using a longitudinal
field, where radicals formed at least within the muon
lifetime are still detectable; this is not true in the TF
measurement which relies on a fast rate of formation].

We also studied the MuCH2CCI2- radicals adsorbed
on kaolin (an atmospheric particulate constituent stem-
ming from dust, wind-blown from deserts), with actually
similar results: both TF and LF methods showing an

activation energy of ~9 kJ/mol for the main fraction,
with an additional more weakly adsorbed component
(Ea=2 kJ/mol) being indicated by the LF study.

We intend to extend this work by studying a range
of radicals formed by the degradation of atmospheric
pollutants on particulate surfaces.

We thank the Paul Scherrer Institute, the EPSRC,
the European Union, the Leverhulme Trust, Unilever
Research and John Moores University for financial sup-
port of this overall programme of work.
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Pulse-radiolysis is the classical method for the de-
termination of the rate constants of free radical reac-
tions, but generally necessitates using aqueous media,
since the radicals are generated via the radiolysis prod-
ucts of water, e.g. hydroxyl radicals. This should pro-
vide no difficulty when it is desired to model processes
that occur in aqueous regions of cells, but is surely
a great limitation in the understanding of radical reac-
tions in cell membranes; these are non-aqueous, and
it is known that the rates of radical reactions may be
profoundly altered according to the hydrophilic or hy-
drophobic character of their medium.

The muon spin rotation method does not require a
medium of any particular kind, beyond it containing an
appropriate substrate for muonium addition, since the
muons may be implanted into any medium and both
aqueous and non-aqueous phases could, in principle,
be studied.

Our current work concerns the kind of radical chem-
istry believed to be significant in damage to cell mem-
branes: firstly, we consider the duplicity of thiols and
thiyl radicals [1], where the thiol in its act of protection
generates a thiyl radical, which is reactive and itself
damages lipid membrane components. We find that
the thiyl radicals are indeed reactive, and abstract H-
atoms from "allylic" groups 3-4 times faster (in THF)
than in aqueous solution; however, they are readily in-
tercepted by beta-carotene and glutathione, for which
the rates are also faster by a factor of 3-4 compared
with aqueous media.

These studies suggest that thiyl radicals are even
more destructive to membrane lipids than previous
pulse-radiolysis data would indicate. Significantly,
their reaction rates with antioxidants such as glu-
tathione(SH) and beta-carotene are also enhanced
(and have anyway far greater rate constants).

It might appear as though Nature has compensated
for this increased rate of damage by allowing an ac-
cording increase in the rate of repair, but such repair
cannot of course be perfect since during the course of
our lives we accumulate "free radical damage", arising
from lipid peroxidation of cell membranes.

We thought, then, to extend our study to radicals
of the type formed when membrane lipids are attacked
by thiyl and other membrane free radicals, namely al-
lylic and alkoxyalkyl radicals, arising respectively from
hydrogen atom abstraction at main chain CH2-C=C
and phosphoglyceryl functional groups: these we have
modelled by 1,1,2-trimethylallyl radicals and 1-acetoxy-
iso-propyl radicals [formed by muonium addition to 2,3-
dimethyl-1,3-butadiene (DMBD) and allyl acetate (Al-
lAc), respectively], and have measured the rate con-

stants (Table) for their reactions with vitamin E and vi-
tamin K, since these are antioxidants which locate pref-
erentially in cell membranes.

Table 1: Rate Constants (M"1 s"1) for for Reactions
of Radicals from BMBD and AIIAc with Vitamin E and
Vitamin K

vitamin K vitamin E

DMBD
AIIAc

3.5 x107 8.4 x106

2.3 x 10s 1.9 x 10s

The reactions with these 2 vitamins are almost cer-
tainly of entirely different characters: that with vitamin
K involving electron transfer from the radical to the
1,4-naphthaquinone unit and forming the correspond-
ing carbocation of the initial radical moiety, while that
with vitamin E involves abstraction of the phenolic hy-
drogen atom. The increased stabilisation of the result-
ing carbocation in the DMBD system by both allylic de-
localisation and the electron releasing effect of the 3
methyl groups explains the much higher rate than for
the analogous reaction of the essentially localised AI-
IAc system.

For hydrogen abstraction reactions, delocalised
radicals are always slower, so the rate is reduced for
the allylic DMBD radical compared with the AIIAc de-
rived radical.
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Weak organic charge transfer compounds formed
by 1:1 co-crystallisation of planar aromatic molecules
are of interest from the perspective of molecular dy-
namics and, through the behaviour of triplet excitons
in these systems, as models of low-dimensional excita-
tion transport [1]. Muon techniques offer a unique "han-
dle" on these properties in that a single ^-generated
free radical probe can be utilised to study both ther-
mal excitations and molecular reorientational dynam-
ics (using conventional ^SR techniques) and photoin-
duced behaviour and excitonic dynamics (using syn-
chronous excitation /*SR [2]), separating two influences
the effects of which are usually superposed. Initial tests
were carried out on the system anthracene/tetracyano-
benzene (A/TCNB) at PSI and RIKEN, and preliminary
reports of the results are available [3]. Synchronous
excitation studies await the development of a suitable
laser setup at RIKEN/RAL.

Hexamethylbenzene (HMB)

NC.

Anthracene (A)

Naphthalene (N) 1,2,4,5-Tetracyanobenzene CTCNB)

Figure 1: Donors and acceptors.

Subsequent studies on A/TCNB were extended to
include temperature-dependent high-resoiution TF y«SR
on a single crystal sample, and ALC-^SR measure-
ments were carried out on polycrystalline samples of
two other systems in which the "donor" molecule is re-
placed by naphthalene (N/TCNB) and hexamethylben-
zene (HMB/TCNB) respectively. (Through systematic
changes of this kind, the properties can to a certain ex-
tent be "tuned".) The free radical species formed were
identified through their characteristic values of Bo, the
A M = 1 lineshape envelope origin, by comparison with
values of AM, the isotropic component of the muon-
electron hyperfine coupling, to which it is proportional.
Values were taken both from the experimental litera-
ture [4, 5] and from the results of first principles calcu-
lations using the density-functional-based method B-
PW91 [6].

The results were striking in several ways. Firstly, in
no case was the adduct to the TCNB moiety observed.
This can be only partially due to the somewhat greater
steric freedom of the donor species and the accom-
panying stabilisation of radical adducts to it, and must

have implications with regard to the formation mecha-
nism of the radical, suggesting that in systems of this
type, at least in the solid state, ionic intermediates are
not involved. Secondly, the relatively open crystal lat-
tice of HMB/TCNB leads to considerably more dynam-
ical averaging than in pure hexamethylbenzene at cor-
responding temperatures [5]. Thirdly, the complex and
subtly T-dependent lineshape in N/TCNB in the lower
part of the temperature range studied (see Fig. 2) in-
dicates that ALC-^SR is particularly effective here in
distinguishing changes in static order, implying that in-
termolecular interactions have a considerable influence
on the radical hyperfine tensor.

111111111111111111111111 111 i
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Figure 2: N/TCNB powder: ALC-juSR spectra.
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Liquid crystals have found many technological uses
in displays and sensors and are found in naturally oc-
curring systems e.g. biological membranes. They are
also fascinating systems in which novel forms of order-
ing can be observed [1, 2]. They are a state of matter
which is intermediate between homogenous isotropic
liquids, which have an average structure which is invari-
ant under arbitrary rotations and translations, and crys-
talline solids, which are invariant under certain discrete
translations and symmetry operations. Thermotropic
liquid crystals (those whose phases are controlled by
temperature) are typically rod-like molecules, usually
containing two or more benzene rings. This molecular
structure is crucial to their properties, and the positions
of the various phase transitions which occur in these
systems is strongly dependent on the dynamical prop-
erties of the molecules. Understanding the dynami-
cal properties is also of great practical interest as this
affects, for example, the frequency up to which liquid
crystal displays can be operated, and thus their useful-
ness in computer lap-top applications.

Avoided level-crossing (ALC) /iSR [3, 4] is an ef-
fective method of studying the dynamics of molecules
and radical states. The electron-nuclear hyperfine in-
teraction of organic radicals is generally anisotropic; it
possesses a significant component associated with the
magnetic dipolar interaction. Dynamical effects, if suf-
ficiently rapid, lead to an averaging of this anisotropy.
If the rotation is fast about a single axis, as occurs in
some liquid cyrstal phases, the hyperfine interaction
possesses axial symmetry. In the liquid phase the fast
tumbling processes will, for normal viscosities, aver-
age the anisotropic component to zero, leading to an
isotropic hyperfine tensor. The nature of the dynamics
(and hence the symmetry of the hyperfine tensor) and
the nature of the radical state (and hence the value of
the components of the hyperfine tensor) determine the
position and shape of the level-crossing resonances.

In our recent ALC experiments we have studied level
crossings in the liquid crystal 5CB, which is made of
rod-shaped molecules which contain two benzene rings.
This makes it ideal for muon addition, thus allowing the
formation of radical states and the observation of level
crossings. It has a nematic phase, where the mole-
cules prefer to point along a particular spatial direction,
but where their positions are as would be found in a liq-
uid. We have observed four level crossings in this ma-
terial, which I show in Fig. 1. These resonances show a
dependence on temperature as the solid-nematic and

nematic-liquid phase boundaries are crossed, which
we may attribute to the different dynamic and symmetry
properties of each phase [5].

18000 18500 19000 19500 20000

Field (G)

Figure 1: ALC data for the liquid crystal 5CB in the
solid(S), nematic(N) and liquid(L) phases.
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The direct measurement of the triplet-singlet tran-
sition frequency of muonium (Mu) in zero applied mag-
netic field yields the highest accuracy for the value of
the hyperfine coupling constant^.,,. This kind of experi-
ment requires an experimental time resolution of better
than 150ps to detect oscillation frequencies of about
4500 MHz. The feasibility of such fast-timing experi-
ments has been demonstrated in measurements of A^
in quartz [1]. Our interest is to study the variation of A^
due to the dynamics of Mu trapped inside a cage.

For the case of atomic H and D in cages formed by
H2O and D2O molecules, electron paramagnetic res-
onance (EPR) experiments revealed a hyperfine cou-
pling constant smaller than the vacuum value, a mass
dependence and a negative temperature coefficient [2].
High-resolution EPR studies on H and D in solid com-
pounds containing the cube-shaped Si8Oi2-units (T8-
units, octasilsesquioxanes) were performed at the Uni-
versity of Stuttgart. The hyperfine coupling constants
of atomic H and D in different T8-cages decreases by
saO.2% on lowering the temperature from 194 K to 40 K
and the temperature behaviour fits a single-frequency
oscillator model [3].

With a newly developed zero-field /<SR spectrome-
ter an effective time-resolution of 140 ps at a muon mo-
mentum of 60 MeV/c was achieved by mounting ultra-
fast plastic scintillators directly onto the photomultiplier
tubes and using low-loss cables for the signal trans-
mission to a constant fraction discriminator EG&G mod-
el CFD935. The direct output of a logic unit SIN OR101
provided the input signals for an EG&G ORTEC pi-
cosecond time analyzer (pTA) model 9308. With the
present version of the GUSTAV DAQ system the effec-
tive histogram length was 260 ns at a time resolution of
20 ps/channel) {http://musr.mpi-stuttgart.mpg.de).

Using the set-up described above, it was possible
to measure the triplet-singlet transition frequency of
Mu in fused quartz (SUPRASIL, 4435.7 MHz, Fig. 1), in
liquid H2O (4434.3 MHz) and in liquid D2O (4432.9 MHz)
at room temperature. The use of a standard chemistry
cryostat drastically reduced the count rate due to the
small solid angle for the stop-detector. The effective
time-resolution, however, did not change.

In order to determine the muonium formation prob-
ability in different T8 samples TFjuSR experiments have
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Figure 1: FFT spectrum of zero-field ^SR on fused
quartz at room temperature.

been performed at an applied magnetic field of 15mT
with the GPD spectrometer and GUSTAV DAQ sys-
tem. At 300 K a large Mu fraction («25%) was found in
methyl-T8 (MeT8), whereas no Mu precession signals
were detected in the polymerized form MeTn. In ethyl-
T8 and in HT8 the Mu fraction was found to be smaller
than 20% at 300 K. In all three cases A^ is close to the
vacuum value. An accurate determination, however,
is not possible from these TF/iSR experiments. There
may even exist two different Mu species (in-cage or
intra-cage) with very similar A^, which would be distin-
guishable in zero applied field only. MeT8 was inves-
tigated in the temperature range 100K - 350 K. With
increasing temperature the relaxation rates of the Mu
signals decrease, whereas the asymmetry of the dia-
magnetic species (^d) increases and the correspond-
ing relaxation rate decreases. The large missing frac-
tion («25% at 300 K) clearly indicates some dynamic
processes. The analysis of these data is still in progress.

Work partially funded by the Ministerium fur Bildung
und Forschung, Bonn, Germany under contracts Nos
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To study physical properties of thin films or multi-
layer systems by the low energetic //.SR technique (Eß

< 30 keV) it is necessary to know the range and the
range distribution of muons in matter. In 1998 we have
extended our measurements to thin AI and thin Au films
sputtered on quartz glass substrates. Together with our
data from 1997 where thin Cu films were investigated
we have now a series of range and range distribution
measurements for metals which cover the interval from
Z=13(A I ) toZ = 79(Au).

The investigated films have thicknesses of 100nm
and 400 nm for AI and 40 nm and 400 nm for Au. Each
metal was deposited by sputtering [1] onto a quartz
glass disc (SUPRASIL, 50 mm diameter, 1 mm thick-
ness). The thickness of the deposited metal layer was
monitored by micro balances during the preparation
and afterwards determined by a RBS analysis [2].

Low energy p+ with adjustable implantation ener-
gies Ep between 2.5 keV and 28.5 keV were implanted
into the samples. TF-//SR measurements were per-
formed in a 10 mT magnetic field at a temperature of
20 K (to minimize the influence of ^-diffusion). Muons
coming to rest in the metal precess at a frequency z^+
of « 136 kHz/mT. If the p+ pass the metal layer and
stop in the quartz glass, however, muonium (Mu) for-
mation occurs. The Mu precesses at a frequency vMu

of « 13.9MHz/mT. Thus, the fi+ and the Mu preces-
sion signals can be easily distinguished. The asymme-
tries of the two signals are a direct measure of the frac-
tions of fi+ stopped in the metal or in the quartz glass.
By increasing Eß the asymmetry of the /i+ signal de-
creases indicating that the fraction of //+ stopped in the
metal layer decreases. To calibrate the ß+ asymmetry
as a function of energy, thick AI and Au metal films (d
= 400 nm) where also measured. In these samples all
fi.+ come to rest inside the metal layer. These data are
compared with predictions of the ß+ ranges and pt+

range distributions for the different metals obtained by
Monte-Carlo computer simulations.

In Fig. 1 the observed / i + asymmetry for the thin AI
(upper part) and Au sample (lower part) as a function
of Eß is shown. The solid lines represent the predic-
tions for the energy dependence of the fx+ asymmetry
obtained by computer simulations using the computer
code TRVMC95 [3].

The lower asymmetry found in the Au sample is due
to n+ which are backscattered from the sample and
therefore lost. Even at the highest Eß a diamagnetic
asymmetry of 5 % is observed. This effect is due to

30
100 nm AI on SiCX

40 nm Au on SiCX
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Figure 1 : Asymmetry of fi+ stopped in thin metal films
on SiO2 as a function of the implantation energy Eß.
The solid lines describe simulated dependencies of the
fi+ asymmetry as a function of Eß.

//+ which are stopped in the quartz glass but do not
form muonium. //SR measurements using the surface-
n+ beam in ?rM3 performed on suprasil glass showed
that the asymmetry of fi+ which do not create muonium
amounts to « 3%. The remaining 2% are background
signal, due to p+ missing the sample, as confirmed by
transport simulations.
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The slow muon source at PSI [1] represents a
unique possibility to investigate magnetic properties of
thin films and surfaces. By accelerating or decelerating
the muons just above the sample surface, we can tune
the average implantation depth by a factor of ~10, and
thereby measure variations of magnetic field over dis-
tances of order 15-130nm, corresponding to p+ im-
plantation energies between 2.5 and 28.5 keV, respec-
tively. We chose the surface of a high Tc superconduc-
tor in the Meissner state as a testbed for the technique,
and as a means of measuring the properties of the su-
perconductor, and comparing Monte-Carlo codes for
muon stopping in solids with experiment.

It is well known that superconductors in the Meiss-
ner state do not completely exclude magnetic flux, but
that the field penetrates a short distance into the sur-
face. In the simplest case, it is expected that an exter-
nal field Bo, applied parallel to the surface, penetrates
according the equation:

B(z) = (1)
where z is the depth perpendicular to the surface, and
A is the London magnetic penetration depth. Direct
confirmation of the functional form of Eqn. 1 is difficult
to obtain and is of some interest, since it will not apply
in all cases.

The measurements were performed on a c-axis ori-
ented, 700 nm thick epitaxial YBa2Cu307_,5 film grown
at the TU München (group of H. Kinder) by thermal co-
evaporation on a LaAIO3 2 inch substrate. The qual-
ity of the films can be considered homogeneous over
the entire film area. A magnetic field of 10mT paral-
lel to the sample surface was applied after cooling the
sample to 20,K so that no flux lines were trapped in-
side, and the field below the sample surface was due
to the finite value of penetration depth. The distribution
of precession fields of implanted muons was analysed
by a Maximum Entropy procedure. Typical results are
shown in Fig. 1.

The average depth of muon implantation was de-
termined using a version of TRIM code provided by W.
Eckstein. The average field (derived from the muon
precession frequency) at each depth is plotted for sev-
eral temperatures in Fig. 2. It can be seen that there is
good agreement with Eqn. 1, and from the results the
variation of penetration depth with temperature may be
determined. These results are in preparation for publi-
cation.

10 12
B - field (mT)

Figure 1: Typical field distribution obtained by maxi-
mum entropy Fourier analysis of the muon decay spec-
tra. This field distribution reflects the muon stopping
distribution.
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represent exponential fits, with the value of A as the
only free parameter.
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We have used low energy p+ to study the evolu-
tion of the magnetic field distribution as the flux lines
emerge through the surface of a superconducting film.

The measurements were performed on c-axis ori-
ented, 700 nm thick epitaxial YBa2Cu307_,5 films with
Tc = 87.5 K grown at the TU München (group of H.
Kinder) by thermal coevaporation on LaAIO3 (2 inches)
substrates [1]. The quality of the films can be consid-
ered homogeneous over the entire film area [2]. To as-
sess the region outside the superconductor a second
YBa2Cu3O7_,5 film was grown under exactly the same
conditions and covered ex situ with a 70 nm thick Ag
layer.

Fig. 1 shows three field distributions, which were
obtained by implanting muons with energies of 28.5 keV
and 2.5 keV into the uncovered YBa2Cu3O7_,5 film and
with an energy of 2.5 eV into the Ag covered film. Ac-
cording to TRIM simulations [3] muons with these ener-
gies come to rest at a mean depth of 130 nm and 15 nm
below the YBa2Cu307_5 surface in case of the uncov-
ered film and stop 55 nm in front of the superconducting
layer within the Ag in case of the Ag covered film. The
data were taken after cooling the sample in an external
field of 1.04mT to T = 20 K. For z = 130 nm the field
distribution shows the typical features characteristic for
a 3D flux line lattice, namely a pronounced tail towards
high fields arising from regions within the vortex lattice
close to the vortex cores, a cusp which corresponds
to the most probable field Bsad at the saddle point be-
tween adjacent vortices and a cutoff on the low field
side corresponding to the field minimum at the point
which is most remote from the vortex cores. As the
flux lines emerge towards and through the surface of
the YBa2Cu307_i film, the saddle point field moves to-
wards the applied field and the overall width of the field
distribution diminishes. On the outside of the super-
conducting film the field distribution is still asymmetric
but the tail towards high fields is drastically reduced.

For a quantitative analysis of this behaviour we plot
in Fig. 2 the measured depth dependence of Bext - Bsad

and compare it to the results of calculations for three
different values of the London penetration depth \ab

(dashed lines). These calculations simulate the depth
dependence of the field distribution by solving the Lon-
don equations inside the superconductor, whereas the
Laplace equation applies on the outside. For a pen-
etration depth of about 150 nm, excellent agreement
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Figure 1 : Left: Measured field distributions at T = 20 K
and Bext = 10.4mT at distances of z = 130 nm and z =
15 nm below and z = -55 nm in front of the surface of the
YBa2Cu307_,5 film. As the flux lines emerge through
the surface of the film both the cusp shift and the tail
on the high field side are drastically reduced. Right:
Depth dependence of Bext-Bsad obtained at T = 20 K
and Bext = 10.4mT. The solid curves are predictions
of the London model for different values of the Lon-
don penetration depth. Excellent agreement between
the experimental and calculated values is obtained for
Aa6=150nm.

between the measured and calculated cusp shift is ob-
tained. These results clearly demonstrate the potential
of the low energy ^SR technique for future thin film and
surface studies.
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Bulk Cr is an antiferromagnet which forms an in-
commensurate spin density wave (ISDW) below TN

= 311 K. As mediating spacer layers thin epitaxial Cr
films play an important role in exchange coupled mag-
netic superlattices. The dependence of the Cr mag-
netism on the layer thickness in Fe/Cr multilayers were
investigated with neutron scattering and PAC [1], [2]
and [3]. The Néel temperature of the ISDW decreases
with decreasing Cr thickness. Finally at a critical thick-
ness of « 42 Â, which is close to the modulation pe-
riod of the SDW, Tjv drops to zero. A still open ques-
tion is the magnetism of Cr below this critical thick-
ness. Both commensurate antiferromagnetic and para-
magnetic phases are suggested. Also for Cr layers
larger than 42 Â and temperatures from TN up to 500 K
(which is well above the bulk TN) a commensurate
SDW structure has been reported [1].

To study the magnetic properties of thin Cr(001)
films two different Cr-multilayers were grown by molec-
ular beam epitaxy (MBE) on MgO(001) substrates:
A: 340Â AI/100Â Cr/200Â Au/40À Cr/MgO(001)
B: 300Â AI/40Â Cr/100Â Au/40Â Cr/200Â Au/40Â
Cr/MgO(001). These samples were investigated by
low energy ^+SR (LE-/i+SR [4]), now available at
PSI. The muons were implanted into the sample with
energies between 1.5 keV and 28.5 keV. From these
implantation energies the stopping distribution of the
muons in the sample can be calculated using a mod-
ified version of the Monte Carlo simulation program
TRIM (Transport of Ions in Matter) [5]. These simu-
lations are in agreement with range experiments per-
formed at the LE-^+SR apparatus in 1998 [6]. ZF and
TF /j,+SR measurements were performed at tempera-
tures of 20 K to 320 K with external fields of 5 mT and
10mT.

ZF experiments using 6.5-keV muons (most of the
muons stop in the first Cr layer) show high depolari-
sation rates of Ar « ( lO .ö iS .ö ) / ^ " 1 at low tempera-
tures.

The TF spectra can be satisfactorily fitted to a sin-
gle exponentially damped precession signal. For sam-
ple A, Fig. 1 shows the energy dependence of the to-
tal asymmetry at 20 K and 320 K. A significant loss of
asymmetry can be seen for muons penetrating the Cr
layer. This indicates a magnetically ordered state for
both temperatures. For 6.5-keV muons a temperature
scan has been performed. It shows a strong increase
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Figure 1: Total asymmetry in TF measurements on
sample A at 20 K and 320 K. A calculated energy to
implantation depth scaling is given at the top of the fig-
ure.

of the asymmetry with increasing temperature begin-
ning at 270 K, which is approximately the expected
Néel temperature for a 100Â Cr layer. Surprisingly,
the total asymmetry is still reduced for muons stopping
in the Au layer. This will be the subject of further sys-
tematic investigations.

The 40 Â Cr film (sample B) is found to be magnetic
up to 320 K, without the increase of the total asymmetry
at high temperatures.
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We have used the slow //+-beam set-up developed
at PSI [1] to perform exploratory yuSR measurements in
thin films of colossal-magnetoresistance (CMR) mater-
ial and AuFe spin glass. The epithermal muons emerg-
ing from the nitrogen moderator were re-accelerated
and selected with energy of 6 keV to reach implantation
depths of 35 or 25 nm, respectively, in the two samples.

Lao.7Cao.3Mn03: The temperature dependences of
the TF-relaxation has been measured in CMR films of
Lao.7Cao.3Mn03. The epitaxial film of 60 nm thickness
are sputtered on a SrTiO3 substrate [2]. The data were
fitted by an exponential relaxation function - see Fig. 1.
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Figure 1 : Temperature dependence of the ^SR relax-
ation rate A and the signal amplitude - TF 0.01 T.

The relaxation shows a critical behaviour, here ten-
tatively fitted with A oc \T - Tc\-

X, indicating a Tc of
about 110K. This is surprising since the conventional
measurements indicate that the films order magneti-
cally around 175 K [2]. The amplitude of the observed
^SR signal shows a decrease forT < 160 K.

Spin-glass system: A AuFe(3at.%) film of 50 nm
thickness has been studied in the temperature range
15 - 150 K. The data were fitted by a stretched expo-
nential relaxation function, a exp{-(At)ß}. The tem-
perature dependences of A and ß are shown in Fig. 2;
the /xSR signal shows full and constant amplitude over
the studied T range.

10

g

R
E

LA
X

A
I

N
D

E
X

 
ß

101

10°

10"1

101

0.8

0.6

0.4

0.2

10'

%

Ä

*

TEMPERATURE

s

102

I

102

(K)

Figure 2: T dependence of the relaxation A and the
exponent ß obtained from a stretched exponential fit to
the TF /iSR spectra (0.01 T) in a AuFe(3at.%) film.

As has become evident in recent years, for bulk
spin glasses of various kinds ß approaches 1/3 on ap-
proaching the freezing temperature Tg, which is not
reached yet at the lowest applied temperature of 15 K.
For bulk AwFe(3at.%) Tg ~17K; in a 50 nm film Tg

could be reduced by 80% [3]. Extrapolating ZF-results
on bulk ,4«Fe(1 at.%) [4] one would expect a damp-
ing rate of ~ 15-18 ßS~l for T < Tg in a AuFe(3at %)
sample, our measurements show ~ 9 / /s " 1 at 15 K.
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Several improvements of the low energy fi+ beam
(LE-jU+, see Fig. 1) have been implemented and suc-
cessfully tested during the last year. The improvements
translate into an increase of flux of the very slow n+ (Eß

~ 10 eV) at the moderator, an optimized transport effi-
ciency onto the sample, a smaller beam spot size, and
the extension of the available implantation energies to
0 < E^P < 30 keV.

The flux of the epithermal p+ at the source has
been optimized by a better transport of the incoming
surface muon beam onto the moderator and by sub-
stituting the patterned 380-jum-thick Si substrate by a
patterned 125-/jm-thick Ag substrate [C. David et al.,
this Annex]. Besides easier handling and a better heat
conductivity, the Ag substrate has a higher stop density
for the surface muons compared to the Si substrate.
This causes a 10 - 15% higher stop density in the solid
van der Waals moderator layer (N2) condensed on the
substrate, giving rise to an equal increase of the ep-
ithermal fj,+ flux. Both improvements result in a gain of
~ 30%.

The transport efficiency of the low energy fi+ beam
onto the sample was increased up to 42% (for the
maximum high voltage settings of the transport sys-
tem, i.e. +20 kV at the moderator) by optimizing the po-
sitions of the "einzel lenses" and by installing a new
conical shaped electrode (conical lens, see Fig. 1).
The conical lense also yields a small round beam spot
size of < 10mm FWHM (see Fig. 2). This allows
to study small samples with low background in LE-
H+SR experiments.

The range of implantation energies was extended
by introducing an acceleration - deceleration section in
front of the sample and by floating the sample cryostat
between -12.5 kV and +12.5 kV. With only two high volt-
age settings of the transport system (+15 and +20 kV)
all energies between 0 and 30 keV are accessible now.
With the LE-/U+ beam setup several new experiments
have been performed. For details, we refer to the cor-
responding contributions in this Annex.

In the 7rE3 area the maximum rates obtained with
the improved setup amount to ~ 500/s epithermal p+ at
the moderator and ~ 210/s /i+ hitting the sample at a
surface muon rate of ~ 1.7 x 107/s (Ap/p ~ 7% FWHM).
The observed p+ decay asymmetry of 25% in a very
pure AI sample corresponds to a polarization of ~ 92%.
This is in agreement with the measured TTE3 surface
fi+ beam polarization.
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Figure 1 : Present setup of the low energy /*+ beam.
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Figure 2: Contour plot of the beam spot of the low en-
ergy n+ at the sample position, measured with a posi-
tion sensitive MCP detector with delay-line readout.
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The data acquisition hardware [1], based on the Pi-
cosecond Time Analyzer (EG&G Ortec model 9308)
and the data-acquisition software Gustav [2], was fur-
ther developed and improved [3]. Long-time mea-
surements with the data-acquisition system also in
negative-muon experiments (see RA-97-25) showed
reliability and easy-to-use features.

A new radio-frequency (rf) control unit, which de-
tects electric-field break-downs, was developed for the
RF/iSR spectrometer. The rf control unit consists of a
demodulator, which rectifies the rf signal from the de-
tection coil, and a fast 8-bit transient-recorder card in
the data-acquisition computer, which samples the rec-
tified signal.

Hitherto, RF/iSR experiments on isotrop ("normal")
muonium (MUT) were performed at rf frequencies (uT{)
of 120 MHz to 180 MHz [4]. In this frequency range it
is possible to resolve the various rf transitions which
are characteristic for MuT. However, experiments in
the frequency range 20 MHz to 80 MHz demonstrated
that various muonium species can be better detected
than at the higher frequencies. Around 20 MHz three
MUT transitions contribute to a single resonance line
(Fig. 1a) and around 80 MHz the detection of anom-
alous (anisotrop) muonium (MUBC) becomes feasible
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Figure 1: RFjuSR resonance lines of MuT and MuBc
obtained on Si:B-CZ: (a) z/rf = 20.45 MHz, rf power Prf

= 50 W; (b) i^rf = 80.93 MHz, Pvi = 15W.
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Figure 2: Temperature dependence of the on-reso-
nance rf asymmetry of MUT and MUBC obtained on
Si:B-CZ; vrf = 81.1 MHz, Prf = 15W.

(Fig. 1b). Species that are formed with delay may not
be observable in TFjuSR experiments (e.g. MuT in Si:B-
CZ) [5,6], whereas in RF^SR the MuT signal is re-
vealed (Fig. 2).

This work is supported by the Bundesministerium
furBildung und Forschung, Bonn, Germany under con-
tract no. 03-SE4ST2.
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REPLICATION OF NANOSTRUCTURES WITH POLYMER INJECTION MOLDING

H. Schift, D. Bachle, C. David, J. Gobrecht, R.W. Jaszewski, T. Mezzacasa, L. Scandella (PSI),
S. Koppel, W. Kaiser (FHAargau, Windisch); M. Gabriel, M. Wey (AWM Werkzeugbau AG, Muri)

Polymer nanostructures have been fabricated using a thermal injection molding process. The master struc-
ture was fabricated with e-beam lithography and reactive ion etching, and was replicated in polycarbonate
discs. A replication fidelity of 25 nm was achieved, which is an order of magnitude below the structuring of
advanced Compact Disc fabrication processes.

Polymer replication offers the possibility to fabricate
high precision micro-optical elements at low cost and
high throughput. Once a master structure is gener-
ated, it can be used as a mold insert and identical
structures can be replicated by thermal injection
molding. The most prominent example is the Compact
Disc (CD) fabrication, in which discs with sub-micron
surface structures are replicated with cycle times of
less than 4 sec. The recent development of the Digital
Versatile Disc (DVD) involves the structuring of
400 nm wide and 100 nm deep features over the sur-
face of a 0.6 mm thick and 120 mm diameter disc.
This is the result of the continuous optimization of
materials, machine and process technology.

on a NETSTAL Discjet 600 machine using a polycar-
bonat (PC) Makrolon CD 2005 from BAYER. During
the injection process, the mold cavity and the master
are filled with the polymer melt, which solidifies in the
cavity. Then the cavity is opened and the polymer
parts are demolded automatically. Best replication
fidelity was achieved using mold temperatures slightly
below the glass transition point. It was possible to fill
grating structures down to a width of 25 nm.
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Currently the limits of miniaturization are determined
more by the fabrication of the master and the signal
read-out than by the replication process itself. It has
been known for a long time that polymers exhibit
resolutions below 10 nm, and recently it has been
shown that thermoplasts can be structured in the nm-
range by hot embossing processes. Our aim was to
see if these limits can also be achieved with modem
injection molding processes.

Master structures were fabricated by e-beam exposure
of thin PMMA films. The interferometric stage of our
LEICA LION LV1 e-beam machine makes it possible
to achieve a lateral positioning accuracy of 30 nm. The
developed resist pattern was subsequently transferred
into the underlying SiO2 substrate using reactive ion
etching (see SEM micrograph). Structures with depths
down to 60 nm and aspect ratios up to 2:1 were
obtained. The master was then inserted into a CD-
molding tool of AWM. Injection molding was performed
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Characterization of the surface quality of the structures
was done using scanning electron (SEM) and force
(AFM, see micrograph) microscopies. It can be shown
that the polymer exactly conforms to the surface of the
master structure.

The combination of high precision e-beam writing of
the master structure and the well defined replication
conditions of CD injection molding makes it possible to
easily fabricate hundreds of identical nanostructured
elements. The potential of this technique for the fabri-
cation of high density storage devices is obvious.
Nanogratings with sub-|im periods can also be used
as simple calibration standards for scanning probe
microscopies, where reference patterns are needed
for the calibration of the piezo scanners.

FUNDING: SNF (NFP36), PSI, FHA, AWM.
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NANOREPLICATION IN THIN POLYMER FILMS

Ft.W. Jaszewski, D. Aliiata, J. Gobrecht, T. Mezzacasa, H. Schift (PSI)

Thin polymer films used for lithographic applications can be structured in the nanometer range with molding
processes. In order to explore the limits of replication, we fabricated master structures and used them in a
hot embossing process. It was possible to obtain nanostructures in polymers with feature sizes down to
10 nm.

The excellent replication fidelity obtained with poly-
mers makes it possible to use them in a variety of
lithographic applications where a resist has to be
structured. The processed polymer can then be used
as a mask in a subsequent pattern transfer process or
directly as a functional surface relief structure. Large
surfaces can be patterned with nanostructures in a
highly parallel manner, and the main limitations of
lithography using conventional exposure and de-
velopment can be avoided.

:*' . : . '• .: i I: - \-' ". . " ;v- ",

Hot embossing uses the difference in the thermome-
chanical properties between a hard stamp and a ther-
moplast during temporary intimate physical contact.
First, the polymer is heated beyond its glass transition
temperature, and it assumes a viscous state. This
allows it to be shaped under pressure by imprinting
with a hard master. During the embossing, the viscous
polymer flows into the cavities of the mold. Once the
polymer has exactly conformed to the shape of the
stamp, it is hardened by cooling and then the master is
demolded.

In order to advance our knowledge of this technique, it
is important to understand the behaviour of polymers
when they are structured in the nanometer range. The
lower limit to which a polymer can be structured has
been shown to be at least 10 nm; therefore, one needs
embossing stamps featuring such small structures. We
used pieces of a (100) silicon wafer consisting of
nanogrooves obtained by anisotropical wet etching
(see SEM micrograph). This lithographic process
yields grooves with very smooth sidewalls and a very
sharp V-shaped bottom. Thus, both the volume and
the form of the cavity can be precisely determined.
The end radius of the groove is estimated to be
smaller than 5 nm. These features have been em-
bossed into a 2 |im thick film of low molecular weight

(Mw=75k) PMMA at a temperature of 160°C and at a
pressure of 10 MPa. In order to prevent air from being
trapped in the lower part of the grooves, the emboss-
ing was performed under vacuum. Scanning electron
and atomic force micrographs of the polymer struc-
tures show that the polymer precisely conformed to the
master (see AFM image and profile plot below). The
AFM analysis was performed in the Intermittent Con-
tact (IC) mode, thus minimizing the danger of a de-
structive interaction between the tip and the polymer.
The radius at the top of the polymer ridge was found to
be smaller than 10 nm. This is on the order of the size
of the AFM tip radius, which means that the actual
radius of the ridge may be even smaller.
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These results lead us to think that the limit of replica-
tion in polymers is below 10 nm. Special efforts have
to go into the fabrication of a high quality nanomaster,
the optimization of the polymer properties, and the
implementation of suitable sample characterization
techniques.
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MANUFACTURE OF MODERATOR GRATINGS FOR EPITHERMAL MUONS

C. David, L Scandella, T. Mezzacasa, T. Prokscha, A. Hofer, E. Morenzoni, H. Gluckler (PSI)

In order to improve the yield of epithermal muons generated by moderation of surface muons, silicon and silver
moderator gratings have been manufactured using lithography, anisotropic wet etching, and replication by
metal embossing. A comparison between different moderators shows, that microstructured Ag moderators
have the highest efficiency and the best handling properties.

The low energy muon beam (LEM) for jxSR
investigations on thin films and multi-layers is
generated by moderation of polarised surface muons
(4MeV) in a v.d.Waals gas layer (e.g. Ar, N2)
condensed on a cold substrate (T=10K). The exiting
epithermal muons with energies of about 10eV are
used as the source of the LEM beam [1].

-4 MeV

Cold Substrate

epithermal

fast H

Condensed van der Waals
gas layer ( 200 - 300 nm)

Fig. 1: Principle of muon moderation.

The effective surface of the v.d. Waals gas layer can
be increased by patterning the moderator surface. We
produced line patterns of approx. 30|j.m pitch on
380jxm thick S/<100> wafers using photolithography.
By an anisotropic wet etching process in a KOH
solution we generated V-shaped grooves defined by
the <111> crystal planes with an angle of 54° to the
wafer surface (see fig. 2).
Flux measurements with several types of moderators
showed, that a gain in flux of epithermal muons of
approx. 70% can be obtained when using Si gratings
compared to flat Si moderators. This corresponds well
to the geometric gain in surface by the V-groove
pattern. However, the Si moderators turned out to be
difficult to handle when cooled down in a He cryostat.
Firstly, Si has a poor heat conductivity and secondly,
the moderators tend to crack during cooling when
clamped tightly to its holder for good thermal contact.

To circumvent these problems, we developed the
method shown in fig 2. The V-grooves of a Si grating
are replicated into 125p.m thick foils of high purity,
annealed silver by embossing it with forces up to 106kg
which corresponds to 10 tons/cm2. Surprisingly, the
masters made of 2.8 mm thick Si wafers withstood this
force enabling us to fabricate larger numbers of 3cm x

<100> Si wafer with )
200nmSi3N4

e-beam or photo-
lithography

Cr lift-off

Reactive ion etching
ofSi3N4

KOH wet etch

Si3N4 removal in HF J

Embossing into
0.12 mm Ag foil

replicated Ag
moderator .*

Fabrication
of Si master

I Replication
f by embossing

Fig. 2: Steps for fabrication of an Ag moderator grating

3cm Ag replicas. Figure 3 shows SEM micrographs of
the Si master structures and the replicated Ag
gratings. Although the ragged ridges indicate that the
Ag has not been completely pressed into the Si
grooves, this does not reduce the moderation
efficiency. Instead, the Ag moderators yield another
10-15% increase in muon flux which can be attributed
to the higher stop density in Ag compared to Si.

• • V *

Fig. 3: SEM micrographs of V-grooves in a Si master
(left) and an Ag replica made by embossing
(right).
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DIFFRACTIVE OPTICAL ELEMENTS GENERATED BY E-BEAM LITHOGRAPHY

C. David, P. Haberling (PSI), J. Sochtig (CSEM, Zurich), H.J. Heimbeck (FISBA OptikAG, St. Gallen),
G. Scherer (3D Ltd., Unterageri) ) , S. Schoch (Baumer electric AG, Frauenfeld), L. Schweri (Oerlikon

Contraves, Zurich), L. Stauffer (Leica AG, Heerbrugg), W. ft Tompkin (OVD Kinegram, Zug)

Various diffractive optical elements have been generated for industrial partners participating in the KTI
project "Swiss e-beam generated optical elements and moulds (SEGOEM)". The project gives industry
access to the microstructuring facilities at LMN for the development of prototypes and the fabrication of
masters for production by replication techniques.

The electron beam lithography system LION installed
in the LMN clean room has some unique features that
make it especially suited for the generation of diffrac-
tive optical devices. Besides its high resolution (better
than 50 nm feature size) it is capable of drawing large
numbers of straight or curved lines across long dis-
tances without the need of field stitching. This is
achieved by moving the sample continuously during
exposure instead of deflecting the beam. Furthermore,
the line width can be set very accurately by defined
defocusing of the beam.

Fig. 1: Curved line structures generated by e-
beam lithography.

Within the SEGOEM project funded by the KTI, this
technology is available to the six industrial partners for
the development of optical devices. Among the appli-
cations are optical encoders, security features, Dam-
mann-gratings, and anti-reflective gratings.
As the exposure times for such devices are typically in
the order of many hours, e-beam technology is not
suited for mass production. It can, however, provide
prototypes for research and development or masters
for replication techniques.
The complicated technological steps require a close
co-operation of all project partners: The generation of
exposure data, the e-beam exposures and parts of the
pattern transfer are carried through at LMN, while the
design, numerical calculations, the replication and
characterisation of the devices is performed mainly at
the CSEM-Z laboratories in close contact with the
industrial partners.
As an example for such a device, the structures of an
angular encoder are shown. The diameter is about

i.:'.

Fig. 2: Structures of a master for the production
of an angular encoder.

11mm. The design consists of circular tracks with 512
sectors where each sector is filled with 720 nm wide
radial lines. The difficulty to realize this device with
conventional e-beam tools lies in the fact, that all
45.000 lines have a different angle, and that a duty
cycle of close to 0.5 has to be maintained for each
angle. The e-beam generated PMMA master is repli-
cated by galvanoforming and injection moulding for
mass production of an encoder with 2048 increments.
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NANOSTRUCTURED ELECTRODES FOR ELECTROCHEMICAL INVESTIGATIONS

C.R. Musil, D. Bachle (PSI), H. Siegenthaler (Univ. Bern)

Electrochemical reactions are greatly influenced by the surface morphology of the electrode material in the
micro and nanometer range. Most "real world" instances of electrochemistry occur at highly heterogeneous
electrodes, where an understanding of the mechanisms involved demands high resolution analysis. In this
regard, nanostructured electrodes provide a powerful approach by which the processes that occur during
electrochemistry can be investigated in a systematic and controlled way.

When investigating electrochemical processes by
scanning probe microscopy, electrode material nano-
structured into electrically active and inactive sections
provides the surface contrast necessary for an analy-
sis of the evolution of the reaction products. A particu-
larly simple method to fabricate such structures con-
sists of defining openings in a PMMA resist layer on
top of a conductive film by e-beam lithography. In
many electrolytes, PMMA acts as an inert and stable
insulating layer, thus avoiding a pattern transfer step.

In connection with the investigation of electrochemical
intercalation of oxygen in MBE-grown La2CuO4 thin
films, substrates containing such films were covered
with a 100 nm thick layer of PMMA. Alignment features
were exposed in the PMMA resist by e-beam writing,
developed, and transferred into the La2Cu04 film by
etching in 0.5 mM H2SO4. After stripping the unex-
posed PMMA mask in acetone, another layer of
PMMA was applied and a pattern consisting of 5 x 5
repetitions of a basic cell containing squares of size 3
jxm to 100 nm and lines of width 200 nm and variable
spacing was written in the PMMA resist after aligning
the second exposure to the marks previously defined.
The customized electrode assembly is depicted in the
optical image below. The time evolution and stability of
the oxygen intercalation at the openings in PMMA
could be monitored at each individual nanoscale elec-
trode by aligning the scanning probe microscope to the
topographically defined etched registration marks.

In a related experiment concerning the electropoly-
merization of pOPh film at nanostructured electrodes,
p-doped silicon wafers were evaporated on the front
and back sides with 20 nm of titanium followed by 100
nm of gold and sawn into octagons of width 7.5 mm.
As in the La2Cu04 investigations, the gold surface was
covered with PMMA and openings consisting of lines
and squares were defined by e-beam exposure and
development, thereby creating a nanoscale pattern of
gold electrodes. The dual-sided metal deposition pro-
vided a convenient low impedance (ca. 100 Q) con-
nection between the back side and the nanostructured
surface, and the geometry of the substrate was opti-
mized in order for the sample to fit within the electro-
chemical cell (see photograph below). In situ analysis
of the film during electropolymerization revealed en-
hanced nucleation and growth of the polymer along
the sides and neighboring surface of the PMMA layer.

The technique of e-beam lithography along with pat-
tern transfer by lift-off can also be applied to simulate
the surface structure of non-ideal electrodes. In this
case, a thin metallic layer is deposited on an insulating
substrate and structured to imitate the natural topo-
graphy and crystal structure found in macroscopic
electrodes, which controls the early stages of electro-
chemical metal deposition.

FUNDING: SPP MINAST, PSI.
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NANOSTRUCTURED SURFACES FOR BIOMOLECULAR IMMOBILIZATION

C.R. Musil, D. Bachle (PSI), M. Pawlak (Novartis), C. Duschl (EPFL)

The selective and spatially defined immobilization of individual biomolecules has great potential in the
development of bioanalytic methods. Nanostructuring represents a key technology in this area through the
definition of surfaces which provides the desired physical and chemical attributes on a scale commensurate
with the size of biomolecules. In this context, openings in gold film on glass and patterned self- assembled
monolayers on gold down to 50 nm in lateral size have been achieved by e-beam lithography.

Through the contrast of material properties, nano-
structures can provide a tailored environment of sur-
face chemistry and as well as topographic relief. The
controlled interaction of specific biomolecules with
these surroundings constitutes a form of "molecular
architecture". In the following, two examples are given
of specific structures which utilize this principle.

Samples exhibiting the orthogonal surface chemistry of
gold (thiol) and glass (silane) and steric constraints
were prepared by e-beam lithography with pattern
transfer by argon ion etching. Glass wafers 4 inches in
diameter were covered with a 30 nm thick film of gold
followed by a 100 nm thick layer of PMMA resist. After
exposure by e-beam writing and development, the
pattern in the resist was transferred through the gold
layer by dry etching in argon at a pressure of 75 mtorr,
a RF power of 26 W, and a self bias of -310 V. Despite
the poor etch selectivity (the PMMA etching at a rate
five times that of gold), fine feature definition was still
possible through the careful optimization of the PMMA
exposure dose and of the gold etching time. After
subjecting the etched samples to an oxygen plasma in
order to remove any residual organic contaminants
from the surface, the structures were analyzed by opti-
cal, scanning electron, and scanning force microsco-
pies. From these observations, it was determined that
openings 20 nm in depth and down to 50 nm in line
width were achieved through the gold layer on glass
(see scanning electron micrograph below).

50 nm

In an extension of nanostructured surfaces with spe-
cific surface chemistry, the feasibility of laterally struc-
turing a self-assembled monolayer (SAM) using e-
beam lithography was demonstrated. A process iden-
tical to that above was employed up to and including
the development step. The samples were then ashed
in an oxygen plasma for 30 seconds and immediately
afterwards submerged in a 1 mM solution of octade-
cane thiol (ODT) in heptane for 18 hours, during which
time a SAM formed on the areas uncovered by e-
beam exposure. The remaining unexposed PMMA
was removed by soaking the samples in acetone. The
selective deposition of the SAM on gold was verified
by using the ODT monolayer as a mask against a fer-
ricyanide gold etch. Dot features down to 50 nm in
diameter were achieved by this process, as indicated
in scanning electron micrograph below. Despite their
disparate chemistry, the patterning of PMMA resist by
e-beam lithography was found compatible with the
formation of an alkanethiol SAM on the gold surface
uncovered. Furthermore, the SAM was retained after
removing the PMMA in acetone and of sufficient qual-
ity to protect the underlying Au from a ferricyanide
etch.

These nanostructured surfaces offer functional media
for subsequent biomolecular immobilization and analy-
sis by optical or amperometric detection.

FUNDING: SPP MINAST, PSI.
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THERMOGRAVIMETRIC ANALYSIS OF MICRO CRYSTALS : EXPERIMENT AND
FINITE ELEMENT SIMULATIONS

J.-H. Fabian, J. Gobrecht, T. Mezzacasa, L Scandella (PSI), R. Berger, H.P. Lang, Ch. Gerber,
J.K. Gimzewski (IBM), E. Meyer (Univ. Basel)

A new method for thermogravimetric analysis of nanogram quantities of materials has been developed. For
that purpose micro crystals were attached on a heatable cantilever-type microbalance. Finite-element
simulations of the miniaturized chemical analytical system were performed to determine the mass of the
micro-crystal and the mass change by comparing the experiments.

Thermal gravimetric analysis is routinely used in ana-
lytical chemistry and physics to characterize sub-
stances and composite materials. Standard thermo-
gravimetry (TG) requires material quantities in the
milligram range. Consequently, analysis of micro-
crystals having a mass of only a few hundred of
nanograms requires tens of thousands of crystals.
We have developed a new micromechanical thermo-
gravimetric (MMTG) technique to investigate single
micro-crystals of nanogram sample mass [1]. Both
new experimental measurements of individual single
zeolite crystals (ZSM-5) as well as finite-element (FE)
simulations of the miniaturized chemical analytical
system were performed. The method consists of a
cantilever-type microbalance, which is used to heat
and weigh nanogram quantities.

A piezoresistive cantilever is mounted on a piezoelec-
tric actuator and vibrated at its first resonance fre-
quency. The resonance frequency can be monitored
by measuring the change of resistivity of the piezore-
sistive layer upon cantilever bending. This is achieved
using a Wheatstone bridge electrical circuit. For our
MMTG applications, the applied bridge voltage is in-
creased, resulting in an ohmic heating of the microme-
chanical piezoresistive layer. Temperatures up to sev-
eral hundreds °C can be obtained. The mechanical
properties as well as the heating and temperature
distribution of such a device are carefully simulated by
FE calculations. These simulations allow the sensor to
be calibrated accurately.

To demonstrate the high potential of the new tech-
nique, MMTG analysis of the desorption behavior of p-
nitroaniline dye molecules (PNA) emanating from a
single zeolite crystal were performed [2]. The figures
above show an optical micrograph and a mesh size
distribution used for FE simulations of a ZSM-5-type
crystal attached to the apex of a cantilever. The
desorption of PNA molecules from the zeolite was
observed to occur at ~ 215°C and caused a weight
loss of = 10.5 ng. The absolute sample mass and
mass change are determined by comparing the meas-
ured and the FE-simulated resonance frequency.
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Furthermore, FE calculations help to optimize the de-
sign, in term of response time and resolution, for mi-
cromechanical thermogravimetric sensor applications.

FUNDING: PSI, MINAST (NOSE).
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HIGHLY EFFICIENT SOLAR CELLS ON LOW COST SHEET RIBBON GROWN
SILICON

H. Elgamel, J. Gobrecht, D. Bachle, T. Mezzacasa (PSI), J. Hanoka (Evergreen Solar)

The aim of this project was to clarify the potential of low cost polycrystalline silicon substrate material for
the fabrication of photovoltaic solar cells with increased efficiency by applying high-quality cell processing.
We applied the PSI high-efficiency solar cell process on this material and introduced several process
variations which account for the polycrystalline nature of the material. A cell efficiency above 15% under
AM 1.5 standard conditions has been achieved.

In spite of many other materials under investigation,
silicon is considered the material of choice for large
scale photovoltaic energy conversion because of its
abundance, stability, low toxicity etc. A large fraction of
the cost of a silicon solar cell originates from the cost
of the single- or polycrystalline substrate because it is
necessary to saw the wafers or slices from larger
pieces of bulk silicon. This process also increases the
"grey energy" i.e. the energy necessary to produce the
cell.

Evergreen Solar of Waltham, USA has developed a
proprietary process which allows to pull thin, poly-
crystalline Si ribbons directly from the melt. These
ribbons can be used for solar cell processing without
further treatment. A low cost cell manufacturing proc-
ess also developed by Evergreen leads to cell efficien-
cies around 10%. This value may be too low in future
since even cheaper Si thin film cells are expected to
achieve these conversion efficiencies soon.

PSI's task in this project was to show that the SR ma-
terial has a potential for achieving much higher effi-
ciencies if a careful and clean cell processing is
applied. In an earlier research project on Si solar cells
PSI had developed a process [1] which led on single
crystalline float-zone substrates to solar cells achieving
up to 21.2% conversion efficiency under air-mass (AM)
1.5 standard conditions, confirmed by the Institut fur
Solare Energiesysteme, Freiburg.
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l^ is given in mA/cm2, V^ in mV. B= best cell, A= aver-
age of cells in lot. In the table results are given for a
variety of cells, each processed differently.
Generally the processing was done under standard
CMOS conditions i.e. class 10 clean room environ-
ment etc. Particularly, three steps were studied in
more detail:

• hydrogen passivation of the solar cell structure
• Al gettering
• antireflection (AR) coating.

The effect of plasma hydrogen passivation on the mi-
nority carrier diffusion length is given below.

Because of a significant scatter in the structure of the
starting material the effect of plasma passivation is
more pronounced in some cases than in others.

Wafer

SR1

SR2

SR3

Ln before

75.2±6.3 u.m

95±13.1 u.m

97.3+4 u.m

after plasma passiv.

106.1 ±5.7 urn

141.5+2.7 |im

171.6±7.2u.m

Optimum AR coating for the solar spectrum was
achieved by evaporating a double layer consisting of
43 nm ZnS and 103 nm MgF2. Al-gettering was done
simultaneously with the phosphorous emitter diffusion.

The output IV-curve under standard AM1.5 illumination
conditions of the best cell (15.2%) is given below. The
cell's area is 4 cm2. An efficiency above 16% seems
realistic if substrate material with an optimum doping
level can be used.

FUNDING: PSI, Swiss Federal Office of Energy; EWZ
Zurich; alpha real ag, Zurich; Evergreen Solar, USA.
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EFFECTS OF SPONTANEOUS ORDERING ON THE ELASTIC PROPERTIES OF
GalnP2

S. Gehrsitz, H. Sigg (PSI), C. Geng (Univ. Stuttgart), F.K. Reinhart (EPFL)

Near infrared Brillouin scattering is used for a precise investigation of the elastic properties of GalnP2

epitaxial layers with different degrees of ordering. Measurements of the angular dispersion of the sound
velocity reveal a cubic symmetry for the disordered crystal and a trigonal one for the single-variant
ordered structure. This provides the first experimental evidence for an ordering induced lowering of the
elastic symmetry in semiconductor compounds. Ordering induced changes of the trigonal elastic
constants are attributed to a relaxation of internal strains along the ordering direction.

Spontaneous long-range ordering has been found in
several ternary Ill-V semiconductor compounds. In
particular the GalnP2 system is an attractive material
for the experimental investigation of ordering effects,
since it can be grown lattice matched on GaAs sub-
strates with a high degree of ordering, when grown
under specific conditions by metalorganic vapor phase
epitaxy (MOVPE). Ordering of the cation (group III)
sublattice occurs along the [111]B directions (CuPtg
type), and results in {111}B monolayer superlattices of
alternating Ga-rich and In-rich planes. The degree of
ordering depends on the growth temperature and sub-
strate misorientation and is characterized by the or-
dering parameter T\ (0<n<l). The Brillouin light scat-
tering experiments where performed on a disorderd
(crystal structure of the ZnS type) and an ordered
GalnP2 sample with T\= 0 and 0.51 respectively.

ZnS CuPtp

[OOlJf
[100]

By making use of various scattering geometries and by
scanning the angle between the crystallographic direc-
tions and the incident light, we systematically analyze
the angular dispersion of the sound velocity, which is
related to the symmetry properties of the crystals. To
check the cubic symmetry of the disordered (r[=0)
sample, we first determine the complete set of cubic
elastic constants (C 0 ^ , C c i 2 and Cc

44) and compared
the as defined angular dispersion of the sound velocity
with the one observed experimentally. All the data
points are found to be in good agreement with the
calculated dispersion, which confirms the assumed
cubic symmetry. For the comparison in the [001] -
[110] cubic plane, see Figure.
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The same procedure is performed for the ordered
sample. Perfect agreement between ordered and dis-
ordered GalnP2 is found for the angular dispersion
near the cubic [001] crystal axis. But a clear discrep-
ancy is found for phonons propagating along the or-
dering direction [111]. For this direction the squared
sound velocity (pv2, p is the crystal density) is ap-
proximately 1.5 % higher for the LA phonon than that
predicted by the cubic dispersion curve. Although the
observed deviations are small, they demonstrate the
reduced elastic symmetry of the partially ordered
crystal. We could show that the angular dispersion is
consistent with the trigonal symmetry with point group
C3v, expected for CuPts type ordered crystals. For the
full description of the elastic properties six independent
elastic constants had to be determined.

To compare these trigonal elastic constants of the
ordered compound with those of the cubic (disordered)
crystal, we transform the cubic stiffness tensor to the
trigonal coordinate system. In this way we can show
that the trigonal elastic constants of ordered and
disordered GalnP2 have very similar values, except for
C ^ and C\3. Since Cl

33 and C1^ are closely related
to trigonal shear strains producing internal strains, we
attribute the ordering induced change of the trigonal
elastic constants to relaxation of internal strain along
the ordering direction.

FUNDING: SNF and PSI.
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HIGH FREQUENCY OPTICAL RECTIFICATION IN BULK GaAs

S. Graf, H.C. Sigg, H. Siegwart (PSI), W. Bachtold (ETHZ)

We have investigated high frequency optical rectification in bulk GaAs. The traveling wave scheme allows
an efficient coupling of the optical rectification induced signal of an optical pulse propagating in the GaAs
slab. The functionality in the far infrared has been demonstrated with short (< 6 ps) pulses of the free
electron laser FELIX.

We present the first realization of a traveling wave
detector based on optical rectification in bulk GaAs.
Optical rectification (OR) is the generation of a quasi-
static polarization co-propagating with the optical
excitation. The created polarization pulse in the trans-
mission line is converted into an electrical microwave.
With the traveling wave principle, the bandwidth ver-
sus sensitivity tradeoffs of classical detectors can be
circumvented [1]. This means that the pulse length is
not limited by the interaction length with the medium.
Although low in sensitivity the detector has the
advantage of it's simple structure, is working at room
temperature and should be useful in the large wave-
length range from 0.8 to15jxm.
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The light coupling in the GaAs detector is from the
[110]-cleaved edge. The microstrip structure is formed
by gold layers evaporated on the top and the bottom
side of the semi-insulating substrate material. Intense
far infrared light pulses are provided by the free elec-
tron laser of the FOM institute for plasma physics
(FELIX). Pulse transients and radiation wavelength
used are in the range of 1-5ps and 8-15|j.m, respec-
tively.

The measured OR signal obtained by exciting the
GaAs slab with light pulses of 4 p.J shows the temporal
signature predicted by the equivalent circuit model of
the transmission line. The signal shape closely follows
the time derivative (TD) of a Gaussian pulse with a
width corresponding to the 36 GHz bandwidth of the
sampling scope. The measured pulse width is in our
case not affected by velocity mismatch.

[001] [111] [110]
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The angular dependence of the signal on the direction
of the incident, linearly polarized radiation field follows
almost exactly the theoretical amplitude of the OR
induced polarization component along [001]. Since
[001] is the E field direction of the fundamental trans-
mission mode HEo, we conclude that the applied
mode-coupling concept is well understood. When
scaled to the optical pulse length of 5ps signal maxima
of 0.2V were measured with pulses of 2uJ energy.
This value is in good agreement with the theoretical
estimation of 0.8V.

Asymmetric GaAs/AIGaAs quantum well structures
which are known to exhibit large nonlinear optical
effects are promising candidates to improve the per-
formance of detectors based on OR. Specially
designed structures achieve more than six orders of
magnitude higher OR coefficients compared to bulk
GaAs values.
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ATOMIC STRUCTURE OF THE CARBON-INDUCED c(4 x 4) RECONSTRUCTION
ON Si(001)

O. Leifeld, D. Grutzmacher (PSI), E. Kaxiras (Harvard University), K. Kern (EPFL)

The initial stages of carbon alloying into the Si(001) surface have been studied by scanning tunneling
microscopy (STM) and density functional theory (DFT). To explain the experimentally observed c(4 x 4)
surface reconstruction, we propose a novel model that involves pairing of Si dimers mediated by the pres-
ence of a complex of a C dimer and four nearest neighbour subsurface C atoms. The model is backed by
total energy and thermal stability simulations. Its calculated surface charge density agrees well with the
filled state STM images.

Epitaxial alloys of column IV elements grown on Si
vastly extend the range of electronic properties that
can be obtained using Si alone. In particular the ter-
nary SiGeC alloy system has attracted much attention
recently, as the bandgap and the strain can be con-
trolled independently. So far very little is known about
C incorporation on Si substrates, which is very difficult
due to the very large lattice mismatch between the two
bulk materials (-35%). This fact makes detailed stud-
ies of the structure and properties of the C/Si(001)
system of particular interest.
Evaporating carbon from a graphite sublimation source
onto Si(001) at 550°C forms areas having an unusual
c(4 x 4) surface reconstruction. This is clearly seen
from ultra-high vacuum scanning tunneling microscopy
measurements, which reflect a convolution of the
atomically resolved surface morphology with the local
electronic density of states at the surface.
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The basic feature is the presence of two bright
spots per c(4 x 4) surface unit cell, at an apparent
height of about one ML. The two spots appear in
pairs with an intrapair distance equal to 5.9 A and
an interpair distance of 9.6 A. The distance be-
tween successive pair centres is 15.5 A, which is
the normal length of four times the basic repeat
distance on the unreconstructed (001) surface. The
intrapair distance is far too long to correspond to
any kind of interatomic bond. So the bright spots
cannot be associated with single atoms. We pro-
pose that the paired spot structure corresponds to
two Si dimers, which would normally be at a second
neighbour distance, i.e., 7.7 A apart, and have
come closer together at a distance of 5.9 A due to
strain induced by incorporation of substitutional C
atoms in the Si lattice. We have evaluated eight dif-

ferent models involving different amounts of C on lat-
tice sites, that could potentially account for the large
displacement, by investigating their total energies and
the thermodynamic stability [1]. We also evaluated the
electronic charge densities on the surface, based on
DFT calculations. We find that only in the model
shown below are the surface Si dimers displaced
sufficiently towards each other to form effectively a

pair of dimers, as it is seen with STM. This structure
consists of two Si dimers in the surface c(4 x 4) unit
cell, brought closer together by 1.8 A due to the
presence of a complex of six C atoms between the
Si dimers, arranged in a surface carbon-carbon
dimer and its first four subsurface neighbours. This
structure also is the energetically most favourable.
Furthermore, it is predicted by Monte Carlo
simulations, that it is stable against interchanges of
C and Si at high temperatures .
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TEM STUDY OF AN ANTICORRELATION IN CORRUGATED LAYERS OF
Sii.xyGexCy/Si SUPERLATTICES

E. Muller, R. Hartmann, D. Grutzmacher (PSI)

SiC and SiGeC layers were grown as a superlattice on Si(001) substrate. Exceeding the relatively narrow
range of growth temperature and C-concentration allowing for high quality layers, a pronounced undulation
of the layers was observed. This undulation has been found to locally exhibit an anticorrelation relation
from one layer to the next one. This is in clear contrast to the vertical alignment of corrugated layers known
from the pure SiGe system.

The lattice constant of Ge is about 4.2% larger than
that of Si. This results in a low critical thickness of
Sii.xGex layers for the onset of defect formation.
Recently, it has been shown, that the high lattice mis-
match of a SiGe layer on Si can be partly or even fully
compensated by the incorporation of C-atoms [1].
Growing a SiC layer on Si even allows the growth of a
layer having tensile strain on Si. In spite of their low
solubility in Si, carbon atoms can be incorporated into
Si or Sii_xGex up to a concentration of several percent
on substitutional sites. The growth of such layers,
however, is rather difficult. As soon as either the
growth temperature, the C-concentration, the layer
thickness or the growth rate are inappropriate, a pro-
nounced corrugation of the layers is observed.

#** .•*

The above figure shows a transmission electron mi-
crograph of a Si0.985C0.015/Si superlattice (SL) grown
at 530°C. Faint ellipsoidal contrast features being
periodically aligned can be recognised. If the carbon
content is increased to a concentration of 2.5%, a
pronounced undulation of the SiC layer is visible
instead (see the figure below). On both micrographes
the corrugation of subsequent layers appear to be
coupled via an anticorrelation: The features observed
in the 2nd, 4 th, 6th etc. layer are shifted by one half of
their lateral period compared to those of the 1 s t , 3rd,
5th etc. layer.

SEM images show that the surface roughening is not a
real long range order phenomenon. Possibly due to
the presence of two equivalent orientations a compli-
cated system of "hills" each being elongated along one
of the <110> directions is observed. Usually only 3 to 5

hills are lying parallel to each other. On TEM images
this results in regions showing the above discussed
anticorrelation alternating with areas being character-
ised by flat SiC-layers. The latter represent sections
imaged across the hills seen by SEM, while those
showing surface roughening are seen in a projection
along the hills.

Since the presence of such an anticorrelation is not
restricted to SiC/Si SLs but is also observed in
Si-|.xGexC/Si SLs as well as in Si-|.xGexC/Ge SLs (as
can be concluded from ref. [2]), it appears to be a
more general phenomenon caused by the presence of
the carbon atoms. It clearly differs from the pure SiGe
system where a direct alignment of surface corruga-
tions is observed. This can easily be illustrated by the
vertical alignment of Ge-dots (see the figure below).
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PHOTOLUMINESCENCE OF C INDUCED Ge QUANTUM DOTS EMBEDDED IN Si

Ft. Hartmann, H. Sigg, U. Gennser, H. Siegwart, K. Ensslin, D. Grutzmacher (PSI)

C-induced Ge quantum dots grown by molecular beam epitaxy (MBE) at deposition temperatures ranging
from 450-550°C exhibit pronounced photoluminescence (PL). This luminescence exceeds in intensity that
of single crystal Si by several orders of magnitude and is about 10-20 times more intense than
luminescence observed from 2-dimensional SiGe quantum structures. To clarify the origins of this PL, we
studied the dependence of the optical properties on the excitation density and post-epitaxiai annealing.

The reduction of the dimensions from a quantum well
confinement to a O-dimensional confinement in quan-
tum boxes is considered as one promising approach to
enhance the non-phonon (NP) assisted PL in column
IV alloys. Self assembly proves to be a powerful
method for the fabrication of low dimensional Ge
islands in Si. It has been found that the coating of Si
(100) surfaces with fractions of a monolayer (ML) of C
leads to a dramatic increase in density of Ge islands
and decrease in size. Island formation on C coated Si
surfaces has been obtained at Ge coverages way
below the critical thickness of 4 ML Ge for island for-
mation on bare Si surfaces.

The first figure shows a typical PL spectrum of a sam-
ple containing Ge dots formed after the deposition at
450°C of 0.1 ML C and 2.5 ML Ge. The dots are over-
grown by 30 nm of Si. Note that the NP signal of the Si
bulk material at 1050 meV is barely visible. The narrow
line at 1094 meV is the corresponding TO phonon line
of Si. The additional PL at 1.09 eV and its phonon
replica at 1.04eV is assigned to the quantum dot. In
contrast to the Si PL the dot PL exhibits a strongly
enhanced NP line. A careful peak fitting of the over-
lapping PL lines in the spectra yields a linewidth of the
NP line of the dots of about 20 meV, which most likely
is due to the inhomogeneous size distribution of the
Ge islands.
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In the second graph we show a series of PL spectra
taken from the same sample after a 4 min anneal at
temperatures varying from 550 to 1100°C. The post
epitaxial temperature treatment leads to an interdiffu-
sion of the Si and Ge atoms, which will lead to bigger
islands and at higher temperatures eventually to the
formation of a 2-dimensioal alloyed layer. The increase
in size of the dots leads to the blue-shift of the spectra
in the temperature regime from 550-750°C. At higher
anneal temperature the transition into a 2-dimensional
alloyed layer becomes visible by the decrease in NP

PL intensity and simultaneous increase of the TO
phonon PL. After a 950°C anneal the spectrum shows
the typical signature of a 2-dimensional SiGe quantum
well.
In the third graph the dependence of the PL on the
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excitation density is shown. A blue-shift of the dot re-
lated PL is detected with increasing excitation den-
sities. This is explained by the consecutive filling of low
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energy states in big dots towards states at higher
energies in small dots. In conclusion, the lineshape of
the PL, the observed blueshift in dependence on the
temperature treatment and on the excitation density
strongly suggests that the PL originates from carriers
confined in low dimensional structures.

FUNDING: NF, PSI.
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INTERSUBBAND ABSORPTION IN Si/SiGe MQW

G. Dehlinger, U. Gennser, hi. Sigg, K. Ensslin, D. Bachle, R. Mezzacasa, D. Gruetzmacher (PSI)

Silicon based detectors for the infrared regime may offer some advantages over other material systems.
Modulation doped multi quantum wells (MQW) in Si/SiGe grown by MBE show sharp absorption peaks and
therefore their high quality. We use this to study the physics ofintersubband transitions.

The Si/SiGe material system offers the possibility to
apply the methods of bandgap engineering to Si to
study fundamental physics and develop new device
concepts and combine them with the mature Si proc-
ess-technology.

Here we study intersubband absorption of Si/SiGe
MQW structures to evaluate the possibilities of this
material system for the fabrication of optical devices in
the mid infrared regime. With the possibility of tailoring
the resonance-wavelength by adjusting the quantum
well width it is of interest for making infrared-detectors,
sensitive at 8-13(j,m, the atmospheric window. In par-
ticular Silicon offers advantages over Ill-V semicon-
ductors, since here it is possible to absorb the radia-
tion vertically and therefore to make planar detector
arrays.

Due to the large band offset in the valence band
between silicon and germanium thin layers of SiGe
embedded in Si form a quantum well for holes. Using
special modulation doping it is possible to ensure that
the holes occupy the first energy level. Incoming light
with an energy equal to the energy-separation
between two levels and with the right polarisation can
be absorbed by exciting an hole from one level to an
higher one.

growth direction

Due to the fact that silicon has heavy and light holes,
the polarisation of the incoming light can be parallel or
vertical to the growth direction, depending on the in-
volved energy states.
The samples were grown by MBE at 550 °C. They
consists of 5 to 20 wells separated by 20 nm Si. The
center of the Si layers were boron doped (2*1018cm'3).

For the optical measurements the samples were
cleaved in pieces of ca 8x4 mm2. To optimise the cou-
pling of the light into the sample, the front and rear
edge were polished in 45° to get a waveguide struc-
ture.

Subsequently, the sample was coated with a metal
film. In this way multiple internal reflection of the light
enhance the optical path. Spectra were taken with
different polarisation, which were then divided to dis-
tinguish intersubband absorption and other
(absorption) effects, such as free carrier absorption.
The measurements were made with a Bruker fourrier-
transform-spectrometer with a glowbar as light-source
and a MCT-detector. Spectra were taken at room-
temperature as well as at 77K and 4K.

0.1

0.0

sample B517 mod. dop. MQW
(37% Ge; 3,4 nm well, 20x)

\ II
300K
77K
4K

1000 1500

wavenumber [cm'1]

2000

The graph compares spectra, obtained for different
temperatures. With decreasing temperature the peak-
absorption changes slightly to higher energies, while
the FWHM decreases to 20 meV, which compares well
with the best values reported in the literature. From the
integrated absorption one can obtain the sheet-density
and it fits fairly well with the results obtained from Hall-
measurements. Because some of the structural pa-
rameters are not well determined, it is difficult to make
a good comparison between the theoretical and the
measured values for the peak position.

Further experiments are in progress, where top gates
are used to influence the sheet-density and thus the
absorption.

FUNDING: SNF, PSI.



114

METAL-INSULATOR TRANSITION IN A SiGe 2-DIMENSIONAL HOLE GAS

V. Senz, U. Dotsch, U. Gennser, D. Grutzmacher, D. Bachle, T. Mezzacasa, K. Ensslin (PSI),
T. Ihn (ETHZ), Heinzel (ETHZ), D. Weiss (Univ. Regensburg)

The low temperature resistance of Si/SiGe 2-dimensional hole gas has been studied using the gate con-
trolled carrier density as a parameter. A metallic phase is found for high carrier densities, and both E-field
and temperature scaling is demonstrated for the metal- insulator transition.

The recent discovery of a metallic phase at zero mag-
netic field in two-dimensional (2D) systems have cast
away the two-decade long belief that these systems
are all localised. There have by now been reports on
metal - insulator transitions in several different 2D
systems; however, in the SiGe 2-dimensional hole
gases (2DHG) so far only T-scaling has been estab-
lished. In the present work we see evidence for both
T- and E-scaling in this system.

The samples employed in this study were grown by
molecular beam epitaxy, and consist of a p-modulation
doped Sio.85Geo.15 quantum well. The transport effec-
tive mass of the holes confined in the SiGe quantum
well is m* = O.25mo, as extracted from the temperature
dependence of the magnetotransport measurements.
Conventional Hall bar structures were fabricated with a
Ti/AI Schottky gate to modulate the carrier density.
Transport measurements were performed at
temperatures down to 35 mK. The carrier density was
measured both using classical Hall measurements and
from the Shubnikov-de Haas oscillations.

The current-voltage characteristics were measured at
the base temperature of the dilution refrigerator (35
mK). At high carrier densities (low resistance) the re-
sistance behaviour is that of a metal: for large electric
fields the resistance increases. For the lowest carrier
concentrations, the behaviour is instead insulating,
with a lower resistance at higher E-fields. At a critical
density nc an electric field independent resistance is
observed. The transition is found for k?l = 1, where i

is the mean free path as deduced from the mobility,
and kp = (2jins)

1/2 is the Fermi wave vector. In the
figure to the left pxx is plotted against 5n/E1/((z+1)v)j

where 5n = (n-nc)/nc, and where a value of the expo-
nent 1/((z+1)v) = 0.235 is found to give the best over-
lap between the different density curves.

0.01
1/zvI8J/T

The transition can also be seen in the temperature
dependence of the resistance. In the above figure the
scaling plot is presented, with pxx plotted against
Sn/T 1 ' ^ ) . The exponent 1/(zv) = 0.433 has been
obtained in similar fashion as the exponent of the E-
field scaling. Again, the curves fall on two separate
lines, with a reasonable overlap between the curves.

From the E- and T-field scaling we obtain the values z
= 1.2 + 0.1 and v = 1.95 ± 0.25, which is in good
agreement with the value z = 1 expected for a strongly
interacting 2D system, and v = 7/3 derived for quan-
tum percolation, it should also be compared to the
values found in Si MOSFETs: z = 0.8 ± 0.1 and v = 1.5
±0.1 .

No effect is seen when a magnetic field is applied
parallel to the 2DHG. The symmetry of the conducting
heavy hole state makes the magnetisation behave as
a system with an easy axis. In contrast, it has been
reported that the field destroys the metallic phase in Si
MOSFETs. Together, these observations indicate that
a spin gap at B = 0 due to spin-orbit interaction may be
responsible for the metallic phase.

FUNDING: SNF.
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AMPEROMETRIC IMMUNOSENSING OF PENICILLINS

C. Padesie, A. Grubelnik, J.J. Hefti, L Tiefenauer (PSI)

The determination of penicllins and related degradation products is of increasing interest for quality control
of food. Amperometric immunosensors combine the high specificity of antigen-antibody interactions with
the high sensitivity of electrochemical detection principles.

Analysis of antibiotics in food has a commercial and a
legal aspect. Antibiotics in their active form inhibit fer-
mentation processes, e.g. in cheese production.
Determination of degradation products on the other
hand may give indications on abuse of antibiotics.

Among the antibiotics used in animal farming, ben-
zylpenicillin takes a prominent position. As a major
component of most antibiotic cocktails, it may be used
as an indicator for the presence of further antibiotics in
food samples.

A four-membered p-lactame ring is common to penicil-
lins in their active form. The (3-lactame ring is opened
upon reaction with a key enzyme of bacterial cell wall
synthesis. Hydrolysis in aqueous solutions also leads
to ring opening and deactivation of penicillins.

COOH

In order to determine both the active and deactivated
pencillins by immunochemical methods, antibodies
directed against the intact and the open ring form are
needed. Two corresponding BSA-conjugates have
been synthesised and used to immunise a series of
rabbits. The resulting antisera were collected and
tested using penicillin—biotin conjugates in an enzyme-

linked immunosorbent assay (ELISA). In buffer solu-
tions, detection limits are in the range of 10ppb for
intact as well as for hydrolysed benzylpenicillin.

In order to achieve electrochemical detection, it is
necessary to couple electrochemically active moieties
to the antibodies. For this purpose microperoxidase
(MP-11) was used [1], which is known to catalyse the
electrochemical reduction of hydrogen peroxide

(HA)-

HoO2O2 2e"
MP-11

2 OH"

This reaction was measured at a potential of 180 mV
(vs. Ag/AgCI) using electrodes with immobilised MP-11
or antibody-MP-11 conjugates.

ELISA calibration curves

hydrolysed
benzylpenicillin

1 10 100 1000

Antibiotic Concentration [ppb]

10000

When MP-11 was directly bound to the electrode sur-
face (a), much higher signals were observed com-
pared to immobilisation via streptavidin and an anti-
gen-biotin conjugate (c). As this effect is most proba-
bly due to the limited conductivity of protein layers,
present investigations are focusing on improvements
of the electron transfer in the system.

FUNDING: SPP Biotechnology, PSI.
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FUNCTIONALISED GLASS CHIPS FOR NEURON CELLS

H. Sorribas, C. Padeste, A. Grubelnik, T. Mezzacassa, L. Tiefenauer (PSI), P. Sonderegger, L Leder
(Univ. Zurich), R. Douglas (ETH/Univ. Zurich)

Using photolithographic techniques microchannels suitable in size to host single neuron cells have been
generated on glass chips. By a directed immobilisation of biomolecules, adhesion of neurons and
outgrowth of axons could be achieved.

Designed networks consisting of dissociated neurons
may be very helpful to investigate neuronal information
processes. The dimensions of sensory neuron cells
and their outgrowing axons are in the range of 20 and
100 micrometres, respectively. Guidance of neuron
cell outgrowth in a predefined direction can be
achieved by suitable microstructures. An array of mi-
crochannels on a glass chip has been generated using
photolithographic techniques. First, gold lanes have
been produced on glass and covered by an insulating
oxide layer. These conducting gold lanes end in the
individual microchannels and will allow an electric
addressing of axons. A biocompatible polyimide was
used for the structural definition of the microchannels.

Neuron

Col. merr.bra-io

Axonin-1

Axonin-1
10 nm

Gold

Glass

These axonin constructs can now be stable immobi-
lised via their cysteine on protected gold in a sub-
monolayer density as demonstrated by radiolabelling
techniques. Neuron cells adhere to the axonin-treated
gold surfaces confirming that the immobilised mole-
cules are functional.

In parallel, glass surfaces have been treated in order
to achieve a neuron-compatible surface. The tetrapep-
tide RGDC is covalently immobilised on the surface
using reactive silane and a heterobifunctional
crosslinker. Neuron cells which have been isolated
form dorsal root ganglia of chicken adhere on the
biofunctionalized glass and the outgrowth of axons
was similar to cultures on laminin-treated plastic sur-
faces.

Specific adhesion proteins present on the gold pads
will promote a close neuron-electrode contact and may
also induce synaptogenesis. The adhesion protein
axonin-1 essentially consists of Ig- and fibronectin (Fn)
domains and naturally occurs in cell membranes of
outgrowing axons. Recombinant axonin molecules
which have a C-terminal Cys at a peptidic linker have
been expressed in an eucaryotic cell system.

The reported achievements are an important step
towards the realisation of predefined networks of neu-
rons on a chip.

FUNDING: SPP Biotech, PSI.
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SPM FOR FUNCTIONAL IDENTIFICATION OF INDIVIDUAL BIOMOLECULES

R. Ros, C. Padeste, L. Tiefenauer (PSI), F. Schwesinger, A. Piuckthun (Univ. Zurich), D. Anselmetti
(Novartis), M. Kubon, R. Schafer, H.-J. Giintherodt (Univ. Basel)

Binding forces of individual antigen-antibody pairs have been determined using a combination of scanning
probe microscopy (SPM) techniques. A new software has been developed which allows automated
measurement and data processing.

Precise determination of biochemical binding forces
by using SPM-techniques requires both, a careful
design of the molecular arrangement and a
sophisticated measuring method. We used a
convalently immobilised antigen coupled to an AFM-
tip and a recombinant single chain Fv fragment (scFv)
of the corresponding antibody molecule which is
immobilised in a correct orientation on an flat
protected gold surface. When the scFvs are present
at a very low surface density on gold, individual, well
separated molecules in an AFM-image can be
selected for the subsequent measurement of binding
forces: The functionalised tip is first approached to
the selected scFv molecule and then retracted from it.
At a certain point the antigen-antibody complex will
break and this rupture force can be extracted from the
force-distance (F/D) curve. Based on a statistically
sufficient number of unbinding force values, 50 + 4
picoNewton (pN) was calculated for the wild type
protein. For the mutant His(H58)Ala which has
roughly a ten times lower affinity constant, an
unbinding force value of 40 ± 3 pN has been found. In
this mutant scFv a single histidine of the binding site
has been exchanged by alanine. A series of additional
point mutant scFvs are now being investigated. Puta-
tive correlations of their kinetic and thermodynamic
parameters to the measured unbinding force values
will be investigated aimed at better understanding of
basic biorecognition processes.

Considering a future application of AFM techniques
for functional screening we further improved the
software required for the measurement and data
acquisition of F/D-curves. First, the instrumental drift
is automatically corrected in order to prevent an
unwanted application of destructive forces to the
sample. Second, a high number of F/D-curve are
automatically acquired and stored. Third, an algorithm
has been introduced allowing the automated
extraction of unbinding force values from the F/D-
curves, followed by a statistical analysis. Thus, the
time required for the measurement of one scFv type
could be decreased from one hour to about 20
minutes.

*******
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Furthermore, a sample preparation method was de-
veloped for multiple analysis. By using a simple
stamping technique, hydrophilic squares have been
generated on a flat gold surface allowing to
immobilise different scFv-types on the same chip.
This method allows to investigate up to nine scFvs in
the same experiment under the same conditions. This
is an important prerequisite to detect the small
differences between the different mutant proteins.

FUNDING: NFP36 Nanoscience, PSI.
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ONE-DIMENSIONAL CONFINEMENT OF MOLECULES VIA SELECTIVE
ADSORPTION

H. Rauscher, J.A. Lin, A. Kirakosian, F.J. Himpsel (Univ. Wisconsin at Madison), T.A. Jung (PSI), U. Rohr,
J.D. Brand, K. Muellen,(MPIP, Mainz)

Molecular self assembly and growth has been explored to generate well defined linear (1-d) arrays of
molecules on a semiconducting/insulating nanopatterned substrate. Self organized CaF/CaF2 stripe pat-
terns served as a template for selective adsorption of 3,10-di(propyl)perylene. Beyond the nanopatterning
the selectivity of adsorption can be discussed in terms of the interaction of occupied (HOMO) and unoccu-
pied (LUMO) molecular orbitals with the valence and conduction bands ofCaF and Ca F2, respectively

Nanostructure fabrication with characteristic dimen-
sions in the nanometer range is essential for future
applications in nanoelectronics, nanooptics, or towards
the integration of functional materials on the nanome-
ter scale. In this size range, dimensionality effects are
becoming important and these structures exhibit
unique fundamental properties such as density of
states singularities or discrete molecular electronic
states over large distances. In this work a multi step
approach of substrate and molecular self-assembly is
presented that resulted in the successful creation of
well defined stripe structures.

First we prepare a self organized step array on the
Si(111) surface which is readily decorated with a self-
assembled CaF/CaR, stripe pattern (1) CaF is chosen
as a growth material because of the lattice constant
matching the Si(111) within one percent. After deposi-
tion of CaF2 at 610 C and subsequent annealing at
830 C for 10 s a Si-Ca-F interface is formed. If the
CaF2 deposition is continued beyond a full monolayer
coverage, it nucleates as CaF2 from the step edges
and is imaged in Scanning Tunneling Microscopy STM
by protruding wires. A typical result of this process is
shown below (imaged surface area: 120nm x 120nm.

trusions on the dark background of the single mono-
layer coverage with CaF stoichiometry.

\ \ \ \

Second the 3,10-di(propyl)perylene (DPP) molecules
are deposited onto this substrate by sublimation in
Ultra High Vacuum (UHV). Third the distinctly different
local chemical reactivities of CaF1/CaF2 on silicon
Si(111) substrate surface are used to arrange the
molecules along the more reactive CaF1 stripes. In the
STM image of a such prepared surface below, 120nm
x 120 nm in size, the molecules are imaged as pro-

Sfc

The reason for this chemical specificity of adsorption
lies in the distinctly different electronic structure of the
CaF monolayer and the CaF2. This is also reflected by
the local band gap changing by as much as 9.6 eV
between CaF2 and CaF, as it can be confirmed by
STM chemical imaging (3).

Thus we have presented the successful generation of
very well defined structures consisting of molecular
and atomic layers with monolayer precision. In the
future, such compound, self assembled nanostructures
may provide means towards the integration of mo-
lecular devices into silicon electronics.

FUNDING: Univ. Wisconsin at Madison, US NSF
DMR-9624753 DMR-9632527, PSI, MPIP-Mainz.
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A 252Cf FISSION FRAGMENT SOURCE CALLED MISS PIGGY

D.T. Jost, A. Tiirler, D. Piguet, B. Eichler (PSI), U. Kindler, R. Eichler, Ch. Dullmann (Univ. Bern),
H. W. Gaggeler (Univ. Bern, PSI)

A fission fragment source using 4 u.g 252Cf was built as a source for short-lived isotopes. This facility is used
to study the chemistry of carrier-free nuclides. For safety the operation of the device is controlled with a
programmable controller. The interface with the user is a LabView application running under Windows.

1 INTRODUCTION

Spontaneous fission of 252Cf produces a wide range of
radioactive nuclides which can be used to study
chemical reactions in very diluted systems (single
atom chemistry). The alternatives to produce such
isotopes are nuclear reactors or particle accelerators,
which are too expensive and too large to operate in a
university laboratory.

2 DESIGN GOALS

The 252Cf-source has to provide a continuous output of
fission products which can be transported with a gas-
jet to a chemistry experiment. Different carrier gases
and recoil chamber pressures have to be possible The
device has to be save, easy to operate and produce as
little radioactive waste as possible.

3 SOURCE ARRANGEMENT

4|ig 252Cf are electroplated on a Pt disk. The disk is
mounted on a movable carrier and covered with a 6p.m
Al foil. When the source is not used it is moved to the
park position. With the source in this position the recoil
chamber can be replaced. The recoil chamber with the
movable stem makes it possible to accommodate the
different range of the fission products in the different
jet gases (1.8 cm in N2, 8 cm in He). The entrance
window of the recoil chamber is again a 6u.m Al foil.
This double barrier technique protects the chemistry
apparatus from a 252Cf contamination. The source
assembly is housed in the middle of a pink steel ball of
1m diameter (see cover photo of this report). The
source and the stem can be remotely operated from
the top of the steel ball. The empty space of the ball is
filled with boron-paraffin and polyethylene granulate as
neutron shielding.

4 CONTROL SYSTEM

The parameters position of the source (park or running
position), pressure in the recoil chamber, gas flow rate
and gas composition are controlled by a SELECTRON
control and interlock system, which ensures a safe
operation of the source. This control system runs
independently; a LabView interface running on a PC is
used to communicate user parameters and to display
the system status.

5 OPERATION

A LabView application provides an easy to use user
interface. The user selects the desired carrier gases
and flow rates. The recoil chamber pressure and the
carrier gas parameters are continuously displayed
together with the status and error messages of the
control system. These parameters are periodically
logged. It is planned to include the chemistry devices
in to the same display system.

6 OUTLOOK

A second source called Kermit is under construction. It
will feature a recoil chamber suited for chemically
reactive gases and a chromatography system directly
coupled to the chamber without an intermediate gas-
jet transport. This will expand the range of available
nuclides to even shorter half-lives.

Jet outlet

Volurne-variation-slide

ZSource park-position ^Source running-position

Fig. 1: 252Cf source delivered by the Institut fur
Kernchemie at Mainz University for use with a
gas-jet transport system.
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MISS PIGGY, THE NEW CALIFORNIUM-252 FISSION SOURCE AS A GENERATOR
OF SHORT-LIVED RADIONUCLIDES

Ch.E. Dullmann, D. Jordi, R. Eichler (Univ. Bern), D.T. Jost, A. Turler (PSI), H.W. Gaggeler
(Univ. Bern & PSI)

A 252Cf fission source is a versatile instrument in various research fields. It provides fission products with
half-lives from a few seconds up to several hours. In connection with a gas-jet and the PSI Tape Detection
System or a trap, respectively, more than a hundred different nuclides can be detected. The typical ele-
ments of the lighter mass peak are homologues of the heaviest elements currently being chemically
investigated and therefore well suited for modelling the chemical behaviour of these transactinides.

The nuclide 252Cf decays mainly via a-emission, but
has also a spontaneous fission branch of three per-
cent. The mass numbers of the fission products are
grouped in two peaks with mass numbers from 95 to
120 and from 130 up to 155. The primary fission pro-
ducts have very short half-lives and are therefore well
suited e.g. for kinetic studies of chemical processes.
The elements that most of the nuclides of the light
peak belong to are homologues of transactinides that
have isotopes which are long lived enough to be che-
mically investigated like Rf, Db, Sg, Bh or Hs. There-
fore these fission products are well suited for model-
ling studies of transactinides.

The transport of the fission products, which pass
through the cover foil of the source into the recoil
chamber and from there to the chemistry and/or de-
tection device is done with a gas-jet system [1].

Various gases like He, N2 or O2 can be used for this
purpose and the jet can either be run with or without
aerosol particles, depending on the properties of the
desired nuclides. If the gas-jet is run with an aerosol,
e.g. carbon particles with He/N2, the PSI Tape
Detection System can be used to analyse the
decaying nuclides by means of Y-sPectrosc°Py- A
spectrum acquired with this system is given in [2]. If
the jet is run with pure gases, e.g. He/O2, the products
can be collected in a charcoal trap which can also be
measured y-spectroscopically.
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THERMOCHROMATOGRAPHIC INVESTIGATION OF RUTHENIUM WITH OXYGEN
AS CARRIER GAS

Ch.E. Dullmann (Univ. Bern), B. Eichier (PSI), H.W. Gaggeler (Univ. Bern&PSI), A. Turler(PSI)

The behaviour of long-lived radioactive ruthenium in a temperature gradient tube with oxygen as carrier
gas was investigated. Two deposition zones were observed and assigned to the compounds RuO3 and
RuO4. RuO3 was transported along the column in a transport reaction of the type RuO3 (ads) <-» RuOs (g) +
1A O2 (g) whereas RuO4 was transported by mobile adsorption RuO4 (g) <H> RUO4 (ads). The adsorption
enthalpy of RuO4 was determined by simulating the process with a Monte Carlo model and by the quasi
third law method. The results of both methods were in good agreement.

1 INTRODUCTION

The chemical properties of the transactinide element
Hs (element 108) have not yet been investigated ex-
perimentally, but it is expected to be a member of
group 8 and thus homologous to Ru and Os. The
longest-lived known isotope of Hs is 269Hs [1] with a
half-life of about 10 s. Due to the expected very low
production cross section of 269Hs and the short half-life,
model studies with lighter homologues are essential
before a transactinide experiment can be performed.
Since Ru and Os are known to form highly volatile
oxides, a gas chromatographic separation of Hs as
HsO4 is highly desirable.

2 EXPERIMENTAL

In a first step the behaviour of Ru oxides was investi-
gated in thermochromatography experiments in order
to determine which species are formed and to
measure their enthalpies (AHads) and entropies (ASads)
of adsorption. Until now, only calculated values are
available [2]. For these studies commercially available
106Ru (T1/2=373.6 d) in 4M HCI was used. Because
oxychlorides of Ru are supposed to be also volatile at
low temperatures, it was necessary to prepare Ru
samples free of chloride. Therefore, Ru was deposited
in metallic form from the HCI solution on Ni foils. The
chlorides were removed by washing the foils with
NaOH solution. However, the volatilisation of Ru from
these foils was slow and proceeded with low yield. The
Ni foils were therefore not suitable as starting material
for thermochromatographic experiments. A
thermochromatography with SiO2 filled columns was
carried out to transfer the Ru onto quartz powder. The
Ni foils were used as starting material in these
experiments which lasted several hours in order to
increase the yield of the transfer. By applying a steep
temperature gradient, the deposition zone of Ru was
kept short. The quartz powder containing the Ru was
then used in the actual thermochromatography
experiments. Ten experiments were carried out at gas
flow rates between 20 ml/min and 200 ml/min O2

lasting between 15 min and 4h.

3 RESULTS AND DISCUSSION

In Fig. 1 a typical thermochromatogram is shown. After
the experiment, 3 Ru peaks were observed. A small

fraction of the Ru remained in the starting zone and
was not mobilised e.g. due to diffusion into the quartz
powder. A deposition peak in the middle of the
chromatogram originated from Ru that was deposited
on the column surface in the form of the
macroscopically unstable RuO3. It was transported
along the column in a transport reaction of the type
RuO3 (ads) <-> RuO4 (g) + Vz O2 (g). Therefore, the
deposition temperatures varied over a wide range in
the different experiments. In experiments which lasted
more than one hour, the peak disappeared. Under the
assumption of a dissociative adsorption with
ASdiss ads=-73.9 J/K-mol, A H ^ ads=-77±14 kJ/mol was
determined.
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Fig. 1: Thermochromatogram of a Ru experiment
lasting 1 h with an O2 flow rate of 50 ml/min.

The Ru deposited at low temperature was transported
by mobile adsorption in the form of the very volatile
compound RuO4. Using the quasi third law method [3]
AHads=-55±4 kJ/mol and ASads=-168.7±0.5 J/K-mol
resulted. The result of a Monte Carlo simulation
procedure [4] is also shown in Fig. 1. The width of the
peak is in good agreement with experimental data, and
AHads=-55.0±4.2 kJ/mol was determined, in good
agreement with the quasi third law method.
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STUDIES OF GASCHROMATOGRAPHIC BEHAVIOUR OF 1691M1831MRe

IN THE GAS SYSTEM He/O^HCI

ft Eichler (Univ. Bern), H. W. Gaggeler (Univ. Bern & PSI), B. Eichler, A. Turler (PSI)

Using thermochromatography with 1S3/1S4Re and a modified low temperature OLGA III technique with 169~176Re
the formation of only a single rhenium compound in the gas phase of He/O/HCI was observed. We deter-
mined the adsorption behaviour of this compound assuming the compound to be ReO3CI. The high forma-
tion rate, the high volatility and the insensitivity of the formation reaction to different mixtures of the reactive
gases makes this gas chemical system an ideal candidate for an experiment withBh (element 107).

The production rates of bohrium nuclides are ex-
pected to be very low and the predicted half-lives of
the longest-lived currently accessible isotopes are of
the order of 10 s or less. Therefore, we searched for
a gaschemical system where high reaction rates and
short separation times are achievable. High tempera-
ture gaschromatographic studies of rhenium oxides
and oxyhydroxides in different oxidising gas systems
[1] showed rather low overall yields for short- lived
rhenium isotopes (169|170Re) in comparison to longer-
lived isotopes (m>176Re). This fact was attributed to a
kinetic hindrance of the formation reaction of HReO4

or ReO3. The chlorination kinetics seemed to be
faster. So we decided to use an O./HCI mixture as
reactive gas.
Four different rhenium containing compounds that are
stable in the gas phase are described in the literature
about the chemistry of the chemical system
Re/HCI(CI2)/O2>: ReCI3, ReCI4J ReOCI4 and ReO3CI [2].
Using the selected reactive gas mixture we expected
to produce all of them.
Thermochromatographic experiments with 183184Re
were carried out using different mixtures of
He/O/HCI. In all experiments the formation of only a
single volatile compound was observed (Fig. 1). We
obtained the same surprising result with rhenium
samples that were prepared by drenching a graphite
wool plug instead of a quartz filter stripe with
NH4

183l184ReO4 followed and then reduced in an Ar:H2

(Vol-% 93:6) mixture [1].
Comparing the boiling and melting points of the com-
pounds described in [2] with the deposition tempera-
ture of the rhenium compound, it seems clear that
only ReOgCI could be so volatile. This plausibility
statement is needed because of the scarce thermo-
chemical or mass spectrometric data for these com-
pounds. The adsorption enthalpy AHads= - 63 kJ/mol
was calculated from the thermochromatograms.
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Fig. 1: Thermochromatogram of ReO3CI.

At the PSI Philips Cyclotron, on-line experiments
were carried out. We produced rhenium isotopes in a
hot fusion reaction 156enrDy[19F,6n]169Re at a beam
energy of 127 MeV.
With regard to the high volatility of ReO3CI we built a
modified OLGA III system to reach isothermal tem-
peratures between -24 and 200°C (Fig. 2).

HCI/02

C/He-jet

Fig. 2: Modified OLGA III system:
1 reaction oven; 2 heating/cooling jacket;
3 quartz column with the "reclustef chamber.

In this temperature range gaschromatographic reten-
tion curves were measured for long-lived 174i176Re and
for short-lived 169170Re compounds as well as for
2i8po/2i4Bj c o m p o u n c | s (Fig. 3). Using a Monte-Carlo
model (dotted lines) the adsorption enthalpy of
ReO3CI was evaluated to AHads= -61 kJ/mol. This is in
good agreement with the thermochromatographic
results. The formation of the same compound in off-
line and on-line experiments can be assumed.
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Fig. 3: Retention curves in the O/HCI/He system.

The overall chemical yield for the 16s-169Re is about
50% and the separarion time is 7s. The achieved high
separation factors for actinides, Bi and Po are essen-
tial for an unambiguous detection of bohrium
nuclides.
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PHYSICOCHEMICAL CHARACTERIZATION OF SEABORGIUM AS OXIDE
HYDROXIDE

S. Hubener, A. Vahle, St. Taut, H. Nitsche for a Bern University - FLNR Dubna - GSI Darmstadt - TU
Dresden - GH Kassel - University Mainz - Forschungszentrum Rossendorf - PSI Villigen collaboration

High-temperature on-line gas chromatography of oxide hydroxides was used to characterize the physico-
chemical properties of seaborgium. The results indicate the formation of a low volatile seaborgium oxide
hydroxide.

In continuation of experiments with seaborgium oxy-
chlorides [1], the goal of the present gas chemistry
experiment of the seaborgium collaboration was to
show that Sg forms low volatile oxide hydroxides.

The High-Temperature on-line Gas chromatography
Apparatus HITGAS developed for studying low volatile
oxide hydroxides is shown schematically in Fig. 1.
Considering the low rate of the basic reactions of the
gas chromatography of group 6 oxide hydroxides in
quartz glass columns [2], reasonably short open tubu-
lar chromatography columns were used and directly
coupled with the GSI Rotating Wheel Multidetector
Analyzer ROMA: The chromatography furnace was
flanged onto the ROMA and a separate deposition
chamber was placed between column and rotating
wheel, as described earlier in detail [3]. In test experi-
ments with short-lived Mo and W isotopes retention
times as short as 8 s and chemical yields of about 60
% were achieved [3,4]. On-line alpha spectroscopy
was carried out with a resolution of 25 keV. However,
1 urn collection foils, to be applied for 4 JC alpha-spec-
troscopy, which were stable in pure He carrier gas,
were immediately destroyed when the reactive gas
H2O/O2 was added. Considering the results of the test
experiments and potential interferences of short-lived
Po isotopes, we decided to study 266Sg (T1/2 = 21 s)
instead of the shorter-lived 265Sg (T1/2 = 7.4 s) and de-
tect it in 2TC geometry by registration of 266Sg a-decay
and time-correlated spontaneous fission events of the
262Rf daughter.

The seaborgium experiments were performed at the
GSI UNILAC accelerator with a mixed 248Crn/152Gd
target (GSI, 820 ug/cm2 248Cm, 85 ug/cm2 162Gd) at a
^Ne beam energy of 118 - 120 MeV. Assuming a
cross section of 80 pb for the 248Cm (22Ne,4n) 266Sg
reaction the production rate was about one 266Sg atom
per hour. A He/MoO3 jet was used to transport the
nuclear reaction products with a gas flow rate of 2.0
l/min to the HITGAS. The temperature of the chroma-
tography columns was 1325 K in the reaction and
1300 K in the isothermal zone. At the column en-
trance, 0.5 l/min O2, moistened with H2O at 323 K,
were added as reactive gas. 25 urn Al-foils were used
to collect the species under study. The ROMA was
operated with a cycle-time for collection and detection
of 10 s. 15 equidistantly positioned PIPS detectors
were used to detect spontaneous fission and a-decay
events [5]. Short-lived W isotopes were monitored with
a HPGe detector. The chemical yield of W oxide hy-

droxides and the separation of interfering
spontaneously fissioning actinides were watched con-
tinuously. At spontaneous fission rates above 2 cph
and/or W yields lower than 40 % the quartz glass col-
umns were replaced.
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Fig 1: On-line gas chromatography apparatus,
schematically.

We detected two correlated 266Sg - 262Rf decay chains:

Table 1: Correlated decay events.

chain

1

2

E«[MeV]

8.66

8.70

life-time 266Sg [s]

84.9

4.8

life- time 262Rf

7.0

3.7

[s]

We interpret these results with the formation of a low
volatile seaborgium oxide hydroxide typical for group 6
elements.
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ON-LINE CHROMATOGRAPHY OF SHORT-LIVED W ISOTOPES WITH THE MULTI-
COLUMN TECHNIQUE

A. Kronenberg, J. V. Kratz, A. Nahler (Universitat Mainz), W. Bruchle, E. Jager, M. Schadel, B. Schausten,
E. Schimpf (GSIDarmstadt), D.TJost, A. Turler(PSl), H.W. Gaggeler (Univ. & PSI), G. Pfrepper (Leipzig)

For on-line chromatographic studies of transactinide elements in aqueous solutions, a separation scheme
has been proposed [1] that uses the nuclear half-life of the studied isotope as an internal clock. To prepare
such experiments with seaborgium, we have studied the chemical behavior of its homologs on anion and
cation exchangers in HNO3/HF solutions using the multi-column technique.

The first aqueous chemistry of Seaborgium required
accumulation of 5000 single experiments with the
Automated Rapid Chemistry Apparatus ARCA. This
experiment showed that seaborgium, in 0.1 M HNO/
5*10"" M HF, forms neutral or anionic oxyfluorides [2],
but the experiment did not determine a distribution
coefficient. In future experiments with seaborgium and
other transactinides, we plan to determine Kd-values
on anion and cation exchangers in HNO3/HF solutions
using the multi-column technique [1] via activities of a
long-lived descendent.
In this technique, the KCI aerosol particles transporting
the activities in a gas-jet are continuously dissolved in
a degasser unit in an aqueous solution which is contin-
uously pumped through three consecutive columns.
The first column (F) acts as a filter for all decay prod-
ucts of the interesting element and is passed by the
latter. The second column (C) is the true chroma-
tographic column where the element of interest expe-
riences a retention time, tR, being of the order of its
nuclear half-life, T1/2. The daughter nuclides that are
formed during the retention time of the element of
interest on column C are strongly retained in C
(daughter activity Ac). The part of the element of inter-
est that passes C is sorbed on the third column D
where it decays into its daughter which is strongly
retained in D (daughter activity AD). After the experi-
ment, the activities of the decay products on column C
and D are measured and the retention time is obtained
according to:

In2

The distribution coefficient, Kd, of the element of inter-
est in column C may then be obtained as:

where t0 = column hold-up time
V = flow rate of the mobile phase
M = mass of the stationary phase.

The degasser unit has been developed and tested at
the Mainz TRIGA reactor. It has been shown that the
dissolution of the aerosol can be performed quantita-
tively, but only at the expense of a very high pressure
in the target chamber. As a result of many experi-
ments, the dissolution yield in the degasser unit is now
over 80% at a tolerable pressure in the target chamber
of 1.7 bar at a gas-flow rate of 2 L/min.

We describe here first results of an on-line test of the
system with 145-s 170W produced in the Dy(18O, xn)
reaction at the Philips cyclotron of the PSI. In order to
separate 17°W and 170Ta, we used a combination of the
anion exchangers Wofatit HS36 (columns F,C;
logKd(W) >2), logKd(Ta) >4) and Dowex 1X8 (column
D; logKd(W) >3, logKd >4). Because only W passes
column F, W enters column C free of Ta. The part of
Ta that grows in during the retention time of W on
column C is strongly retained in C (Ac). The part of W
that passes C is sorbed on column D for a time long
enough to decay completely into Ta (AD). The results
of the on-line experiments are shown in Table 1.

Table 1: Kd-values of W on Wofatit HS36 at various
HF/HNO3- concentrations.

Solution

0.01 M HNO/O.I M HF

0.05 M HNO3/O.I M HF

0.05 M HNO3/O.5 M HF

logKd from
experiment
2.73 ±0.10
2.85 ± 0.09
2.00 ± 0.08
2.18 + 0.07
2.35 ± 0.05
2.41 + 0.07

The errors of the Kd values are mainly due to the
errors in the weight of the ion exchange resin. The
values are roughly in agreement with the Ka values
from batch experiments. The scatter of the values from
individual runs is still too large and is attributed to
fluctuations in the flow rate of the mobile phase which
was not ideally continuous. It is foreseen to replace the
peristaltic pump used in the present experiments by a
HPLC pump to ensure a pulse-free flow of the solution
through the three columns in future experiments. Also,
the hold-up time of the activity in the degasser must be
reduced.

From the variation of the Kd with varying counter ion
concentration (NO3), a slope of -0.9 ± 0.45 results in a
logKd vs. logcHNO3 plot indicating that the anionic com-
plex is likely to be monovalent, in agreement with [3].
Its stoichiometry might be WOF5" or WO2F3.
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PRODUCTION OF 262Db IN THE REACTION 248cm(i9F, 5n)

A. Türler, ft. Dressler, B. Hehler, D.TJost, D. Piguet (PSI), Ch. Düllmann, ft Eichler, M. Gärtner,
H.W. Gäggeler (Univ. Bern & PSI), M. Schädel (GSI Darmstadt), St. Taut (FZ Rossendorf),

A.B. Yakushev (FLNR Dubna)

The nuclide 262Db was produced in the reaction 24BCm(9F, 5n) at the PSI Philips cyclotron at a beam energy
of 106.5 MeV. Four time correlated a-a decay chains to its daughter 2S8Lr were observed. A production
cross section of 0.26*_°0^ nb was deduced, which is more than one order of magnitude smaller than the
peak cross section in the reaction249Bk(aO, 5nf62Db.

1 INTRODUCTION

In the previous Annual Report [1] we reported the pro-
duction of 262Db in the reaction 248Crn(19F, 5n) at the PSI
Philips cyclotron. Two time correlated a-a decay
chains to its daughter 258Lr were observed. In the mean
time the 19F beam intensity could be enhanced by
about a factor of four by using CF4 instead of SF6 in
the ECRIS source. We therefore continued our studies
on the production of 262Db in the reaction 248Crn(19F, 5n)
in order to measure the production cross section.

2 EXPERIMENTAL

The experimental set-up was similar to the one already
described in [1]. In the new series of experiments six
consecutive pairs of PIPS detectors were used.

3 RESULTS AND DISCUSSION

Despite of the higher beam intensity only two further
a-a decay chains were registered. The decay times
and a-decay energies of all observed decay chains are
summarized in Table 1. A careful analysis of all events
in the energy region 8.40-8.70 MeV revealed that only
0.13 a-a decay chains unrelated to the decay of 262Db
and 258Lr have to be expected. From the measured
decay times, half-lives of 27^° s and 3.8!, g s were

estimated for 262Db and 258Lr, in good agreement with
literature data. Assuming an a-decay branch in 262Db of
67% the 4 correlated a-a decay chains correspond to
a production cross section of 0 . 2 6 ! ^ nb at 106.5 MeV
beam energy. The production cross section in the

Table 1: a-decay energies and decay times of all
observed decay chains attributed to the decay of
262Db and its daughter 258Lr.

Ea(262Db)

(MeV)

8.451

8.684

8.414

8.427

tdecay

(s)

0.88

36.66

55.68

56.06

Ea(258Lr)

(MeV)

8.556

8.596

8.532

8.572

At

(s)

8.82

8.40

0.60

0.80

248Crn(19F, 5n)282Db reaction is more than one order of
magnitude smaller compared to the peak cross section
in the 249Bk(18O; 5n)262Db reaction and already as small
as the production cross section for the ^ C m ^ N e ,
5n)265Sg reaction. In Fig. 1 the excitation functions for
the 4n and 5n evaporation channel in the 19F+248Cm
and the 1BO+249Bk reactions calculated with HIVAPSI
[2] are shown and compared with experimental data
[3]. The measured production cross section for 282Db in
the 24SCm(19F, 5n) reaction agrees very well with the
predicted cross section whereas the production cross
sections for 263Db and 262Db in the 249Bk(18O; 4,5n)
reaction are underestimated by about one order of
magnitude.

D
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18O + 249Bk I 4n
5n
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Fig. 1:
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Calculated excitation functions for the 4n and
5n evaporation channels in the reactions
18O+249Bk (dotted lines) and 19F+248Cm (solid
lines) using the HIVAPSI code. For compari-
son the experimentally measured cross sec-
tions are also shown.

REFERENCES

[1] A. Türler et al., PSI Annual Report 1997, Annex
MA, p. 48 (1998).

[2] R. Dressier, this Annual Report.

[3] J.V. Kratz et al., Phys Rev. C 45, 1064 (1992).



127

FLUORIDE COMPLEXATION OF RUTHERFORDIUM (Rf, ELEMENT 104)

E. Strub, J. V. Kratz, A. Kronenberg, A. Nähler, P. Thörle, S. Zauner (Univ. Mainz), W. Brüchle, E. Jäger,
M. Schädel, B. Schausten, E. Schimpf (GSI Darmstadt), D. Schumann, U. Kirbach (TU Dresden),
D.T. Jost, A. Türler (PSI), H.W. Gäggeler, R. Eichler, A. Eichler, M. Gärtner (Univ. Bern & PSI),

Y. Nagame, K. Tsukada (JAERI, Tokai), J.P. Glatz (Transuraninstitut Karlsruhe)

Previous studies had shown that Rf behaves differently from Hf and Zr and resembles Th on a cation
exchanger in HNO/HF solutions. These studies were extended to higher HF concentrations. Further
experiments using an anion exchanger indicate that Rf forms neutral complexes at HF concentrations of
about 0.05 M at which it starts to be eluted from the cation exchanger.

It had been shown experimentally [1] that 261Rf is not
eluted from the cation exchange (CIX) column under
the conditions of experiments performed previously
with seaborgium (Sg, element 106) [2,3] and can only
appear in the Sg sample as a result of the decay of

Sg.

Further, the distribution coefficient (Kd) of 261Rf on a
cation exchange resin at a higher HF concentration
(0.1 M HNO/O.OI M HF) had been studied [1]. At this
concentration, despite Zr and Hf being eluted, Rf is still
retained on the column.

Now, the Kd values of Rf at HF concentrations of 0.03
M and 0.05 M (both in 0.1 M HNO3) have been deter-
mined to establish at which concentration the K,, drops
down indicating that neutral or anionic complexes of Rf
are being formed.

In addition, experiments using an anion exchanger
(AIX) have been performed. It is expected that Rf will
form anionic complexes resulting in high Kd values at
high HF concentrations, while Th does not form ani-
onic fluoride complexes.
261Rf was produced in the 248Crn(18O,5n) reaction at the
PSI Philips Cyclotron. A 730 (xg/cm2 248Cm target was
bombarded with a 0.5 u A ^ ™O** beam. The target
contained 10% Gd thus producing simultaneously
short-lived Hf isotopes. Rf and Hf were transported by
a He(KCI) gas-jet and collected for 90 s by impaction
on a slider in the Automatic Rapid Chemistry Appara-
tus ARCA II. The residue was dissolved in 200 jil 0.1
M HNO./X M HF (x variable) and fed onto the ion ex-
change column. The effluent was evaporated to dry-
ness as sample 1. In order to elute remaining Rf from
the column, a second fraction (200 u.l) was collected
which is known to elute group 4 elements from the
column (i.e. 0.1 M HNCyo.1 M HF (CIX) or 5 M
HNO/0.01 M HF (AIX)). This fraction was prepared as
sample 2. 78-s 261Rf was detected by oc-spectroscopy.
The counting time was 12 min. Every 8th pair of sam-
ples was monitored by additional y-spectroscopy to
determine the distribution of Hf.

The data (see figures) show that Rf behaves differ-
ently from Zr and Hf and seems to resemble Th on
both AIX and CIX (dotted lines). On the CIX, the fall of
the Kd values for Rf occurs between 0.01 M and 0.1 M
HF, i.e. at one order of magnitude higher HF concen-
trations than for Zr and Hf. It is remarkable that the K,,
values of Zr and Hf on the AIX rise in the same HF
concentration range where they fall on the CIX indi

eating that the formation of anionic complexes takes
place simultaneously with the decrease of cationic
complexes. Conversely, the Rf data suggest that Rf
forms neutral complexes (type [RfFJ).

A first attempt of interpretation could be that the ionic
radii of Zr"* and Hf* are very similar due to the lantha-
nide contraction resulting in a similar complexation
behaviour, while in Rf, the actinide contraction is sur-
passed by the relativistic expansion of the d orbitals. A
third beam time at the PSI will be used to verify and
complete the AIX data.
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Fig. 1 : Sorption of Zr, Hf, Th and Rf on a CIX resin
2(Aminex A6) at various HF concentrations.
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Fig. 2: Sorption of Zr, Hf, Th and Rf on a AIX resin
(Riedel de Haen) at various HF concentrations.
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PRELIMINARY STUDIES FOR THE SEPARATION OF 263Rf IN AQUEOUS
SOLUTION PART I: TRACER EXPERIMENTS

D. Schumann (TU Dresden), H. Bruchertseifer, R. Dressier, B. Eichler, D.T. Jost, A. Turler,
P. Zimmermann (PSI), R. Eichler, H. W. Gaggeler (Univ. Bern & PSI)

Ion exchange on strongly acidic cation exchangers from 0.5 M HF solution should be a suitable tool for
the separation of long-lived Z63Rf from contamination of Pb, Bi and actinide isotopes and their decay
products. Determination of the No fraction is possible after elution with 1.5M HNO3.

Recent studies of the nuclear reaction 22Ne+248Cm [1]
showed evidence for the format ion of 263Rf in the a 3 n -
reaction channel . Accord ing to calculat ions based on
the Viola- Seaborg fo rmula this nucl ide is expected to
have a half-life between 10 min and 1 h. Several con-
taminat ion, among the decay products of long-l ived At,
Bi and Pb isotopes, have cc-energies similar to 263Rf. In
order to get a very pure Rf fract ion, separat ion of the
unwanted contaminat ion by use of ion exchange in
aqueous solution was chosen as a suitable method.
Earlier investigations of the chemical propert ies of 261Rf
in aqueous solution showed that this e lement forms -
similar to its lighter homologues Zr and Hf - highly
stable anionic complexes with f luoride at concentra-
t ions of 0.1 M HF and higher [2]. Therefore, in
0.5 M HF solution Rf should pass through a cation
exchange co lumn, whereas the by-products of the
nuclear reaction (mainly heavy actinides such as Fm
and Md, Pb, Bi and their decay products) as well as
259No, the a-daughter of 263Rf, are retained on the
cat ion resin [3].

For the tracer studies the fol lowing nuclides were
used:
•89Zr, as a tracer for Rf, produced by bombardment of

metall ic Y with protons and 211At produced by bom-
bardment of metall ic 209Bi wi th a-part icles at the U-
120 accelerator in Rossendorf . Details of the sample
preparat ion are given in [4,5],

. " R a , 212Bi and 212Pb, eluted f rom a 228Th-224Ra genera-
tor [6],

•152Eu and 22Na (Na as a model for K, which comes
f rom the KCI gasjet t ransport system into solut ion),

•87mSr, tracer for No, eluated f rom an 87Y-87mSr genera-
tor [7]

A plastic co lumn with an inner diameter of 3 m m was
filled with ca. 300 mg cation exchanger resin
( D O W E X W 50x8, 200-400 mesh) . To improve the
sorpt ion of rare earth e lements (as model for act i-
nides) on the co lumn, it was first loaded with 0.2 ml
10'2 M La(NO3)3 (in H2O) and then the co lumn was
washed with 0.5 M H F solut ion in order to produce
freshly precipitated LaF3 . 1 ml of 0.5 M HF solution
containing the radionucl ides were passed through the
co lumn with a f low rate of about 0.3 ml/min. Then the
co lumn was eluted with 0.5 ml 0.5 M HF solut ion.
These 1.5 ml of elute were measured with a HPGe
detector and compared with the content of the initial
solut ion. The sorption behaviour of the elements under
study on the cation exchanger under the descr ibed
condit ions is shown in Tab . 1 . For211 At a decontamina-
t ion factor of about 3 w a s obta ined.

Table 1 : Decontaminat ion factors of several e lements
on D O W E X W 50x8 with 0.5 M H F solut ion.

^Na
224Ra
87mSr
152Eu
212Pb
212Bi
B9Zr

% in the eluate

<0.7
<1.0
<0.05
<0.2
<0.15
<0.5
100

decontaminat ion factor

>1.5x10 2

>1x102

>2x10 3

>5x102

>7x102

2x10 2

—

In several cases upper (for eluate content) or lower
limits (for decontaminat ion factors) are given. This is
caused by the detect ion limits. It can be seen that all
contaminat ion except At is retained in sufficient
quanti ty on the cat ion exchanger co lumn, whereas Zr
passes the co lumn completely wi thout sorpt ion. The
separat ion of astat ine requires further t reatment .
Since No, the a-daughter of Rf, is expected -similar to
its tracer e lement Sr - to be strongly retained on the
cation exchanger, determinat ion of its content would
give addit ional information on the cross sect ion of the
nuclear reaction and the half-l ife of 263Rf. Sr can be
eluted from the column with 1.5MHNO3, while
lanthanides still remain on the column at this acid
concentration. In Fig. 1 the chromatogram for the
elution of Sr is shown.

0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5

elution volume [ml]

Fig. 1 : Elution of Sr from DOWEX W 50x8 with 1.5 M
HNO3.

This work was supported by BMBF, Germany.
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PRELIMINARY STUDIES FOR THE SEPARATION OF 263Rf IN AQUEOUS
SOLUTION PART II: ON-LINE EXPERIMENTS

D. Schumann (TU Dresden), H. Bruchertseifer, R. Dressier, B. Eichler, D.T. Jost, A. Turler,
P. Zimmermann (PSI), R. Eichler, H. W. Gaggeler (Univ. Bern, PSI)

The separation of short lived Hf from lanthanides with strongly acidic cation exchange columns in 0,5
HF solution was studied. An average yield of 85 % Hf can be achieved with a separation time of about
one hour. Hf isotopes were produced in the reaction f5SGd(BO, xn)170"" Hf.

In part I [1] a chemical system was developed to
separate rutherfordium from the by-products of the
nuclear reaction, mainly heavy actinides, Pb and Bi
isotopes and from its a-decay daughter No. In tracer
experiments it could be shown that decontamination
factors of about 500 and more can be reached, using
ion exchange on strongly acid cation exchanger
columns and 0.5 M HF solution as eluent.

In the present work this separation system was applied
to a model experiment with short-lived Hf isotopes.
The reaction 158Gd (18O, xn)17Onx Hf was used to
produce Hf isotopes with half-lives from 2-26 min.
Their decay products Lu and Yb can serve as tracer
nuclides fortrivalent actinides.

For the separation columns filled with ca. 300 mg
DOWEX W 50x8, 200-400 mesh, were used which
were treated as described in [1].

The nuclear reaction products were transported from
the target chamber to the laboratory by a KCI gas-jet
system with an yield of 55%. There it was collected on
a Nucleopore filter for one hour. Then, the reaction
products were washed from the filter with 0.8-1.0 ml
0.5 M HF solution and passed through the cation
exchange column with a flow rate of about 75 u,l/min
(about 3 drops per minute). The eluate, containing
only the Hf fraction, was evaporated to dryness in a
quartz vessel and dissolved in about 150 uJ of a
special solution (40 % alcohol, 1 M HCI, 0.5 M HF, 5
Bq/ml 241Am tracer). To simulate the real experiment,
samples suitable for 47t-a-measurements were pre-
pared by evaporating this solution on thin polypropyl-
ene foils (40 p.g/cmz).

80 100 120 140 160 180 200

Energy [ keV ]

Fig. 1: y-spectrum of the starting solution (after
washing from Nucleopore filter).

These foils were measured with a y-spectrometer. The
whole procedure from washing the filter untill the
beginning of measurement took about 25 min.

In Fig. 1 the y-spectrum of the solution after washing
from the filter is depicted. Fig. 2 shows the y-spectrum
of the Hf fraction after separation on the cation ex-
change column. The isotopes 167Lu and 167Yb were
used as models for heavy actinides. They are pro-
duced as decay products of 2.05 min 167Hf, which has
completely decayed before the end of the separation.
Fig. 2 shows that no evidence for these isotopes can
be found in the Hf fraction. In Tab. 1 the count rates of
some characteristic isotopes in the starting solution
and the Hf fraction are listed. The values for 16BHf are
half-life corrected.

Table 1 : Counting rates of some isotopes.

energy filter

solution Hf

fraction

yield

""Yb/^Hf

113 keV

25600

62

0.2%

167Yb/«"Hf

106 keV

11000

...

<0.5%

™Hf

157keV

5778

5125

88.7%

i « H f

117 keV

6527

5400

82.7%

We achieved an average yield of 86% for Hf and an
decontamination factor of at least 200 for lanthanides
which is in good agreement with the results found for
Zr and Eu in the tracer experiments [1], described in
part I.

This work was supported by BMBF, Germany.
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Fig. 2: y-spectrum of the Hf fraction (after separation
on DOWEX W 50x8)
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THERMOCHROMATOGRAPHIC INVESTIGATIONS OF 254Es BROMIDES

U. Graf (Univ. Bern), B. Eichler (PSI), A. Turler(PSI), H.W. Gaggeler (PSI & Univ. Bern),
R.G. Hake (ORNL)

The adsorption of EsBr3 on quartz surfaces was investigated by the thermochromatographic method using
brominating carrier gases. The enthalpies of adsorption were evaluated from the experimental data.

1 INTRODUCTION

Thermochromatography has been successfully applied
to investigate the volatility and adsorption behavior of
the relatively low-volatile chlorides of transplutonium
elements. Investigations of Am, Bk and Es trichlorides
were recently carried out [1,2]. Very similar AHR

om

values resulted for all three elements. In experiments
with Bk under strongly oxidizing conditions a second
compound which deposited at lower temperatures was
observed. This was attributed to the formation of BkCI4
and AHa

0(T)(BkCI4) = -150+5 kJ/mol was determined [2].
In this work thermochromatographic investigations of
EsBr3 were conducted for the first time.

2 EXPERIMENTAL

The thermochromatographic device consisted of two
sections. The first section served as evaporator. In the
second section a temperature gradient was realized by
heating one end of a metallic tube and cooling the
other end with water. The gradient ranged from
1000°C to 25°C. As thermochromatographic columns
empty quartz tubes with a length of 100 cm and an
inner diameter of 2.8 mm were used. The columns
were pre-treated at 1000°C during 1h with HBr at a
flow rate of 25 ml/min. Samples of 254Es (in nitric acid
solution) were prepared by placing two drops (~ 40 \i\,
-2-1010 atoms of 254Es) on a strip of quartz fibre paper
and dried over H2SO4 in a desiccator. The dried
swatches were inserted into the chromatographic
column and EsBr3 was formed with HBr at a flow rate
of 25 ml/min by inserting the column in a short reaction
oven kept at 1000°C. EsBr3 was deposited in a narrow
deposition peak at the exit of the reaction oven. The
column containing EsBr3 at the starting position was
now introduced into the thermochromatography oven
using HBr as carrier gas. After completion of the
experiment, the distribution of the activity in the
column was measured using an automatic column
scanner equipped with two BGO crystals. By waiting
24h after completion of the experiment the deposition
zone of 254Es could be determined by measuring the y-
rays emitted by the 3.2 h a50Bk daughter nuclide.

3 RESULTS AND DISCUSSION

The experimental conditions and the observed
deposition temperatures are summarized in Table. 1.

Table 1: Experimental conditions and results of the
thermochromatographic experiments with EsBr3.

Species Br2 Gas

flow rate

(ml/min)

EsBr3 11.7

11.7

17.6

17.6

17.6

17.6

31.1

31.1

Duration

(min)

60

120

60

120

240

360

60

120

Deposition
temperature

(K)

773

864

773

728

728

728

728

708

Entropy of
adsorption

(J/molK)

-168.1

-167.7

-168.1

-168.4

-168.4

-168.4

-168.4

-168.5

Enthalpy of
adsorption

(kJ/mol)

-181

-20611

-185

-179

-183

-184

-178

-177

-181±3

1) Value omitted for the calculation of the mean AH°m.

The current measurement shows that similar to the
trivalent lanthanide bromides, also the trivalent
actinide bromides are more volatile than the
corresponding chlorides. Under the assumption that
the empirical correlation established for chlorides [3]

-AWa
om=(0.600±0.025)AHs

0(298)+(21.5±0.25) [kJ/mol]

is also valid for bromides, a sublimation enthalpy
AA7s

0(298)(EsBr3)=266±15 kJ/mol can be estimated.
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HIVAPSI
A PROGRAM TO ESTIMATE CROSS-SECTIONS IN HEAVY ION REACTIONS

R. Dressier (PSI)

The code of the well known program HIVAP was adapted as a 32-bit application and is now available under
MS DOS, Win 3.11, Win 95, and Win NT. It was found, that the original code exhibits a series of numerical
errors leading to inaccurate results.

One of the widely used programs to calculate fusion-
evaporation cross-sections in heavy-ion induced
nuclear reactions is the HIVAP code. It was developed
in 1981 by W. Reisdorf [1,2] at GSI. After the shut-
down of the IBM 3090-60J at the end of 1994 the sup-
port of MVS/TSO ended 1996. The code was trans-
ferred to the UNIX platform at GSI by F.P. HeBberger.
Unfortunately, the results are in disagreement with the
calculations of the original HIVAP code.
For the design of our heavy element experiments it is
important to estimate the production cross-sections
with the highest possible accuracy. In addition, the
possibility to carry out model calculations independ-
ently of the GSI infrastructure is highly desirable.

The HIVAP source code was adapted as a 32 bit appli-
cation for all MS-PC platforms. During this adaptions a
series of programming errors were corrected, mainly in
the use of single and double precision variables.
The new program code, called HIVAPSI, exhibits a
good agreement with experimental data (Tab. 1). The
peak energy and maximum cross sections are com-
pared with experimental data taken from [3-8].
One reason for this good agreement lies in an im-
portant difference between HIVAPSI and the original
HIVAP code. HIVAPSI generates higher overall fusion
cross sections and the peak energy for the evapora-
tion residues is lower. This behaviour is shown in
Fig. 1.

75 80 85 90 95 100 105 110 115

75 80 85 90 95 100 105 110 115

Fig. 1: Comparison of fusion and evaporation resid-
ual cross-sections in the reaction 18O+248Cm
calculated with the original HIVAP-code
(dotted line) and HIVAPSI (solid line).

The discrepancies between experimental and calcu-
lated cross-sections for neutron-rich isotopes of heavi-
est elements might be caused by the N=162 and
Z=108 shell-closure and by higher fission barriers [18]
compared to those assumed in HIVAPSI.

Table 1 : Comparison of calculated cross-sections with
experimental data taken from [3-17].

Reaction

232Th(22Ne, 4 n f ° F m
238U(16O, 4 n f ° F m

242Pu(12C, 4n)250Fm
246Crn(16O, 4n)258Rf
248Crn(16O, 4n)260Rf
249Bk(15N, 4n)260Rf

248Crn(18O, 5n)261Rf
2 4 8 CmfO, 4n)262Rf
244Pu(22Ne, 5n)261Rf
244Pu(22Ne, 4n)262Rf

249Cf(15N, 4n)260Db
249Bk(18O, 5n)262Db

249Bk(18O, 4n)263Db
2 4 9 C f f 0 , 4n)263Sg

248Crn(22Ne, 5n)26SSg
248Crn(22Ne, 4n)266Sg
248Crn(22Ne, 4n)266Sg

' -calo

[MeV]

103

85

68
91

89

79

97

88

114

108

83
98

90

94
121

110
121

" H I V A P S I

[nb]

590
1100

11000

14

7.3

19

4.4
7.1

1.8

1.9

3.8

0.89

1.2

0.62

0.036
0.070
0.006

[nb]

300
1500

8000

10+1°3

6 + 1

20 ±1

5

5 ± 1
1 5 + 2 6

' - ° -0 8
1 ±1

3

6 + 3

10 + 6

0.9
0.24
....

0.025
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CALCULATION OF CROSS SECTIONS IN cc-xn-REACTIONS

R. Dressier (PSI)

The break-up fusion model was used to predict the cross sections in a-xn reactions.

The prediction of the production cross sections in in-
complete- or break-up fusion reactions with pure sta-
tistical evaporation codes leads to non satisfying re-
sults. The previously described HIVAPSI code [1] e.g.
underestimates the cross sections in a-xn reactions by
a factor of about 200.
To design search experiments for the synthesis of
neutron-rich isotopes at the limit of the chart of nu-
clides, a more accurate method to predict these pro-
duction cross sections is needed.
The break-up fusion model [2,3] assumes that the
projectile is broken up by coulomb excitation into an a-
particle and a projectile rest. Following the calculations
in [4], the energy distribution for the emitted a-particles
is:

6P
d E « { (m P - ma) • Q a + ma • (Ep - ZPEC) + mp • (Ea - ZJEC))

-Ama • (Ep - ZPEC) • mp • (£„ - ZaEc)

ER=EP-Ea-Qa-ZaEc

(1)

4re • 60 • (rT +rp + 2.7fm)

where: mp - mass of projectile, Zp - atomic number of
projectile, Ep - energy of projectile, rp - radius of pro-
jectile, ZT - atomic number of target atom, rT - radius of
target atom, ma - mass of the a-particle, Ea - energy of
the a-particle, £„ - energy of projectile rest, Ec -
relative coulomb energy, Qa - binding energy of the a-
particle in the projectile.
To simplify the calculation it was assumed that the
break-up takes place at the interaction distance rM

(rinl=rT+rp+2.7im [5]). It was further assumed that com-
plete fusion of the target and the projectile rest takes
place only if the a-particle is emitted away from the
target nucleus. Then the production cross section a ^
of an a-xn reaction can be expressed as

a

Er=EP-Qa-ZaEc

where E™ is the maximum energy of the a-particle.
The cross section axn of the neutron evaporation

reaction of the target with the projectile rest can be
calculated e.g. with the HIVAPSI code [1].
In Fig. 1 the results of these calculations for the reac-
tion 248Crn(18O; a3n)259No are compared with experi-
mental data [6]. The Qa value is 6.23 MeV.
If the binding energy of the a-particle is higher, Eq. (2)
must be modified to take into consideration that the
projectile must approach closer to the target nucleus.
Therefore, the break-up will frequently take place at
closer distances than rlnt. This will increase the prob-
ability to overcome the interaction barrier and can be
taken into account by calculating the ratio rtan. of the

penetrability of the barrier for the projectile and the
projectile-rest nucleus. Eq. (2) can now be rewritten
as:

(3)
dE„-r,barr

In Fig. 2 the cross sections calculated with this model
are compared with experimental data in the reaction
24*Pu(22Ne, a3n)259No [6,7]. Here, Qa is 9.67 MeV, about
3 MeV higher than in the first example. Obviously, only
a part (about 10 %) of all break-up fusion reactions
took place at distances closer than rlnl. The logarithmic
mean of Eq. (2) and (3) leads to a reasonable
agreement with experimental data.

10*-
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E [MeV]
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Fig. 1: 248Crn(18O; a3n)269No: • - experimental data [6],
solid line - Eq. (2), dotted line - a 3n evapo-
ration calculated with HIVAPSI.
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•2 5 9No:
S44PufNe; a3n)
[6,7], dashed upper

• - experimental data
line - Eq. (3), dashed

lower line - Eq. (2), solid line - logarithmic
mean of Eq. (2) and Eq. (3), dotted line - a3n
evaporation calculated with HIVAPSI.
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CORA - A NEW CONTROL PROGRAM FOR THE ROMA DETECTION SYSTEM

St. Taut (FZ Rossendorf)

A new computer program has been developed for the control of the GSI Rotating Wheel Multi Detector
Apparatus (ROMA) running under the Windows 95 and Windows NT 4.0 operating systems. It can be fitted
to a lot of detection tasks in a highly flexible way.

The ROMA detection apparatus [1]
has been successfully used in a lot of
chemical investigations of heavy
elements. In preparation of our
seaborgium experiment at GSI in
summer 1998 [2] a new control
program had to be written, because
the old computer code was not able to
fulfill our experimental demands. The
new program is written entirely in C++
using the Borland C++ Builder 1.0
programming environment.

The program has to carry out the
following tasks:
• control of the wheel movements;
• start and stop of the nuclear

spectroscopy data acquisition;
• sending information about the

actual ROMA status to the nuclear
spectroscopy data acquisition
hardware;

• processing control requests of the
data acquisition hardware (e. g.
switching to "daughter mode" [2]);

• processing user input before and during an
experiment (e. g. experiment and wheel setup
dialog boxes).

The program consists mainly of four software modules
as shown in Fig. 1. Hardware_IO.dll implements an
interface for all interactions with the hardware. The
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Fig. 2: Main Window of the Program

MainWindow.cpp: Main application window,
event processing, and user interface

ExpCtrl

AppCtrl

cpp:

xpp:

i
Experiment flow control

i
Logical hardware control

Hardware_IO.dll: implementation of the
hardware control

Operating System: Windows 95 / NT 4.0,
including device drivers for the interfaces

other parts, organizing the experiment on a more
abstract level, are using exclusively this interface for
controlling the hardware.
Thus, the program can be adopted to similar detection
systems with very low programming effort: only
Hardware_IO.dll must be adapted to the other
hardware. This is planned for the new GSI multi
detector apparatus which is currently in development.

The program has a very comfortable user interface.
Fig. 2 shows the Main window. It is almost self
explanatory. Control can be accessed in an easy way
even by not experienced users using dialog boxes.
Critical hardware settings are hidden, but all program
settings can be modified in initialization files (Windows
3.x style) with a normal editor.
It is possible to control the experiment related parts of
the program solely by the digital I/O interface without
direct user input. Thus, the program can be used in
fully automated systems.

This work was supported by BMBF, 06DR824
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Fig. 1: Simplified Layer Scheme of the Program.



134

A LINEAR SCANNING DEVICE FOR ON-LINE RADIOACTIVITY MEASUREMENTS

D.T. Jost, D. Piguet, M. Ammann (PSI), H. Muller (Muller Prazisionstechnik GmbH, Klettgau)

A linear scanning device with a usable length of 1m was constructed. The scanning head can be equipped
with a pair of BGO-detectors for coincident measurement of positron annihilation radiation distributions
with a resolution of 20mm or a Ge-detector for general y-activity distributions.

1 INTRODUCTION

In a lot of experiments like thermochromatography and
adsorption of reactive species on surfaces the
distribution of the species along a column is of great
interest. If the species is labelled with a positron
emitting isotope a coincidence scanner is a very
powerful tool to measure such distributions. The
annihilation radiation from the positron emission allows
for an easy determination of the position of the labelled
species in the column.

2 CONSTRUCTION

Mechanical equipment
A linear motion unit NADELLA MB-BB16 with a
stepper motor is used to move the detector head along
the column. The maximum scan length is 1 m. The
head can be moved with a speed of 200 mm/s. The
stepper motor can be moved in 2.5|im increments.
The accuracy for the positioning is better than 1 mm. It
could be further improved by adding a position sensor
for the feedback controller loop. With different supports
even LN2 cooled columns can be used.

Detectors and electronics
For the application with positron emitting nuclides a
coincidence arrangement with two 1x1" BGO-
detectors (Crismatec 25SEA25/BGO) mounted face to
face with a gap of 25mm is used. The detectors
operate with a high voltage of 800 V. The output signal
is amplified with an Ortec 474 Timing Filter Amplifier
for maximum time resolution. Discrimination against
noise and signals from Compton scattering is
performed with a SIN 101-A constant fraction
discriminator. The use of this fast electronic
components leads to a pulse resolution of 50ns,
allowing for a single count rate in excess of 1 MHz and
a very low random coincidence rate. Pulse from the
discriminator as well as from the coincidence unit are
counted in an Ortec 974 4 channel counter
(coincidence, two single and timer).

Fig. 1: Detector and electronics of the coincidence
scanner. BGO = bismuthgermanate detector,
TFA = timing filter amplifier, CFD = constant
fraction discriminator, AND = logical AND unit.

Software
A small FORTRAN program was written to control the
scanner. Fortran was chosen because the
communication with the sealer module was already
available and the program has to run on a DEC VMS-
system since the y-spectroscopy software to operate
the Ge-detector head is running on this system and
has a FORTRAN callable interface. A simple
command line interface for the setting of the scan
parameters step-width, counting time per step, start
position, number of repetitions and name of the data
file is provided.

3 PERFORMANCE

The device has been used so far with the BGO-
coincidence detector head. For a detector gap of
25mm and a point source of 5 mm diameter the
coincidence yield is 12.5%. The background reduction
for this arrangement is 1000 giving a 100 times
improved signal to noise ratio. The linear resolution is
best demonstrated in Fig. 2. The left peak is the signal
from a 10 mm wide strip perpendicular to the travel
direction, the middle is a point source of 5 mm
diameter and the right one is a 120 mm long zone.
The width of the three peaks at half height is 40mm for
the left, 20mm for the middle, and 120mm for the right
feature. The width is to a large degree determined by
the step width of 15mm of this experiment. The ratio of
the applied activity to the three sources was 2:1:2. The
integration of the three peaks in the plot yields the ratio
of 7:5.7:10.5 for the single counts from the detectors
whereas for the coincidence signal the correct ratio is
found.
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EFFICIENT TRANSPORT OF BROMINE AND SELENIUM NUCLIDES FROM THER-
MAL NEUTRON INDUCED FISSION OF 235U USING THE SINQ GAS-JET FACILITY

M. Wachsmuth, M. Ammann, L Tobler(PSI), H.W. Gaggeler (Univ. Bern & PSI)

With the aim to use short-lived bromine nuciides in tracer studies related to atmospheric chemistry, the
SINQ gas-jet facility was used to transport Br and its precursor Se selectively and efficiently as products
from nuclear fission of 235U. Selectivity was achieved by adding small amounts of carbon monoxide or
propene to the carrier gas.

Bromine containing compounds are thought to play an
important role in the ozone destruction in various
regions of the atmosphere. Barrie et al. [1] first
reported a relationship between springtime ozone
depletion in the lower Arctic troposphere with a strong
negative correlation between the concentration of
ozone and bromine compounds. Short-lived tracers for
aerosol experiments have already been used
successfully in the heterogeneous chemistry of
nitrogen oxides [2].

Short-lived bromine nuciides are generated in the
nuclear fission of 235U, which had been placed in the
three target chambers of the SINQ gas-jet facility [3].
Upon irradiation with thermal neutrons, the fission
products are emitted into the adjacent chamber, which
is continuously purged by a gas flow, and stopped to
thermal velocity. For the experiments described in
following, the target with the 6-|i,m Ni degrader foil,
which suppresses the heavy mass peak, was used.
The classical gas-jet approach uses an aerosol for
transport, in which all nuciides efficiently are attached
to carbon or salt aerosols and transported to the lab.
However, the separation in the laboratory may be
difficult, and the transport to the 70 meters distant
laboratories is non-selective. When the aerosol is
omitted to avoid all non-volatile fission products, only
the fission noble gases are swept to the laboratory,
and, for instance, in pure helium, no detectable
amounts of Br isotopes were observed. Therefore,
traces of a reactive gas were added to catch Br and
Se selectively. Carbon monoxide (CO) and propene
(C3H6) were chosen because no radical initiated
polymerisation reaction of these two gases are known.

Various trapping systems and geometries at different
temperatures were tested: Silver is known as an ideal
trapping substance for halides and halide-like
elements and compounds. Therefore, silver wool and
a silver filter, likewise at room temperature, were first
tried. Since mainly fission noble gases and their decay
products were visible, the trapping system was
changed to silver coated glass globules, which were
heated. By using this system, we reached the best
results by increasing the reactive gas concentrations
up to 600 ppm in helium.

It was observed that CO and C3H6 react more
efficiently with selenium than with bromine atoms. The
most likely transport form is carbonyl selenide [4]

(COSe) and propane selenal [5] (C3H6Se). Therefore it
was decided that the "generator approach" is the
preferred technique to get a high output of Br nuciides:
the transport products were cracked in a 800°C oven
to elemental selenium, which was hold on quartz wool
in a distance of 13 cm from the oven outlet. The
remaining nuciides, i.e. the fission noble gases and
their decay products, were trapped on activated
carbon. Only approximately 7 % of all Se nuciides
passed the quartz wool. Most of the bromine nuciides
were retained on the quartz wool as well. By varying
its temperature and perhaps the gas composition, the
separation of Br from Se will be addressed in the next
steps.
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Fig. 1: y-spectrum of fission products transported
using 600 ppm CO in the gas-jet selective CO-
transport, collected on quartz wool after
passing a 800 °C oven. 1:90Kr, 2: "Se, 3:101Tc,

0 M ^4: 5: 104Tc, 6: '"Se, 7: MSe, 8: 9:
annihilation (511 keV) gammas, 10: '"Br, 11:
90Kr, 12:86Br
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SYNTHESIS OF AN ARCTIC HALOGEN RESERVOIR SPECIES:
HYPOBROMOUS ACID (HOBr)

M. Wachsmuth, M. Ammann (PSI), H.W. Gaggeler (Univ. Bern & PSI)

Hypobromous Acid (HOBr), an important arctic halogen reservoir species and known as an atmospheric
trace compound with high ozone depletion potential, was synthesized according to three different methods.

HOBr plays an important role in the arctic springtime
ozone depletion [1] The main route of the formation of
HOBr in the atmosphere is the reaction of HO2 with
BrO:
HO2 + BrO->HOBr + O2 (1)
The hydrolysis of BrONOa,
BrONO2 + H2O -> HOBr + HNO3 (2)
on or in aerosol particles also leads to HOBr formation.
Destruction of HOBr in the lower atmosphere is domi-
nated by photolysis:
HOBr + hv -> OH + Br \,reshold = 619.8 nm (3)
The Br atoms enter the catalytic ozone depletion cycle.

In view of future experiments with radioactively
labelled HOBr (e.g. HO^Br), we tested three different
methods of HOBr synthesis.

1 SODIUM BROMATE METHOD [2]

NaBrO3 + H2SO4 -> HOBr + O2 + NaHSO4

which can further decompose to bromine:
(4)

(5)4 HOBr -» 2 Br2 + 2 H2O + O2

Experimental procedure:

2 cm3 of a 1 M aqueous NaBrO3 solution were added
dropwise to a continuously stirred mixture of 3 cm3 of
H2O and 5 cm3 of H2SO4 (96% w/w) at -10 °C. The
mixture was slowly warmed to 40 °C. When the vigor-
ous oxygen evolution ceased, the reaction mixture was
diluted to 50 cm3 with deionisated water. The solution
was freed from Br2 by four successive extractions with
CCI4.

2 SILVER NITRATE METHOD [3]

AgNO3

BrONO2

Br2 -> BrONO2

H2O HOBr
AgBrl
HNO3

(6)
(7)

Experimental procedure.

In a typical run, 9 g AgNO3 were dissolved in 50 cm3

H2O and 2.5 cm3 Br2 were added dropwise at room
temperature. The resulting HOBr (in aqueous solution)
was vacuum distilled (0.1 mbar) into a separate vessel
containing some stabilising H2SO4 (20% w/w), where it
was stored at -40 °C. This sample was then purified by
repeated washing with CCI4. An UV/VIS spectrum was
taken immediately after the distillation (Fig. 1).

3 MERCURY OXIDE METHOD [4]

HgO -> Br2O + HgBr2

Hg°
2 Br2
HgBr H2O

Br2O
HOBr + HBr

(8)
(9)

Experimental procedure:

A continuous slow flow of Br2(g) and H2O(g) through a
pyrex glass reaction chamber, equipped with an inlet
and outlet as well a separate water vapour inlet and a
loose package of yellow HgO, was maintained at a
pressure of 0.11-0.13 mbar. Separation of the reaction
products was realised by three cooling traps in series,
where the resulting compounds were collected at dif-
ferent temperatures.
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Fig. 1: UV/VIS-spectrum of HOBr: absorption at 268
nm, 286 nm and saddle point at 320 nm.

Table 1: Example of a typical separation run, which
was repeated several times with different tempera-
tures with the intention to optimise the separation effi-
ciency.

Cooling trap
number

1
2

3

temperature
[°C]
-35
-65

-198

condensed
product

H2O
HOBr, traces

ofBr2

Br2O, HBr
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HONO FORMATION ON SOOT AEROSOL PARTICLES - INFLUENCE OF HUMIDITY
AND OZONE

M. Kalberer, H. W. Gaggeler (Univ. Bern & PSI), M. Ammann, F. Arens, U. Baltensperger (PSI)

The reaction of NO2 and soot aerosol particles to HONO was investigated as a function of relative humidity
and ozone.

Nitrous acid (HONO) is an important compound in
atmospheric chemistry. On daytime, the photolysis of
HONO produces OH radicals, the most important
oxidant in tropospheric chemistry. Thus HONO is an
important factor initiating photochemical smog.

In a recent study we measured the kinetics of the
heterogeneous reaction of NO2 to HONO on laboratory
generated soot aerosol particles by use of the 13N
tracer technique [1,2]. These experiments showed a
very fast initial reaction of NO2 to HONO on the soot
surface according to reaction (1)

at higher rh making the reactive surface inaccessible
or less reactive for NO2.

{C}re HONO + {C}O reaction (1)

In this study we investigated the influence of possible
competing gas molecules, i.e., H2O and O3, on this
reaction to assess the importance of HONO formation
on soot under more realistic ambient atmospheric
conditions [3].

1e+15

10% 20% 30% 40% 50% 60% 70%

relative humidity

Fig. 1: HONO production as a function of the relative
humidity from 2% to 70% at 20 ppb NO2 and
20 s reaction time.

The HONO production shows a non-linear behavior as
a function of the relative humidity (rh) between 2 -
70% rh (Fig. 1). Starting at low rh the amount of
HONO formed increases with increasing rh up to 30%
rh suggesting that H2O is either directly involved in the
chemical reaction of NO2 to HONO or builds up a
precursor (e.g. by hydrolysis) which is the reaction
partner for NO2. Above 40 % rh the amount of HONO
formed decreases again. This decreasing HONO
production with higher rh may be due to the fact that
the particle surface becomes covered with liquid H2O

0 20 40 60 80 100

ozone dose ^concentration • time) [ppb-min]

Fig. 2: Relative reduction in HONO production as a
function of the O3 dose applied to the aerosol.

Aging of the soot aerosol by O3 lowers its HONO
formation potential dramatically (Fig. 2(b)), so that
after an O3 dose of 105 ppb-min less than 10% of
HONO is formed compared to a fresh aerosol. In
contrast, simultaneous mixing of O3, NO2 and the
aerosol affects the HONO formation only slightly (Fig.
2(a)). These experiments show that O3 is able to
oxidize the same surface sites on the soot particles as
NO2. However, it seems that the kinetics is faster for
NO2 than for O3.

Summarizing, these results show that other gas phase
molecules may significantly influence the reaction of
NO2 to HONO on soot aerosol particles. Thus, for
ambient conditions the influence of O3 on HONO
production is rather small.
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FORMATION OF HONO FROM THE REACTION OF NO2 WITH DIESEL SOOT

F. Arens, M. Ammann, U. Baltensperger (PSI), M. Kalberer, H. W. Gaggeler (Univ. Bern & PSI)

Soot aerosol particles prepared from a graphite spark discharge generator have been shown to be an effi-
cient substrate for the conversion of NO2 to HONO, an important trace constituent of the atmosphere. In
this study, this reaction is measured with samples of soot from the spark discharge generator and with
samples of soot particles extracted under various conditions from diesel exhaust.

Nitrogen oxides are important constituents of the
atmosphere and play a crucial role in ozone formation.
Thereby, nitrous acid (HONO) may be able to start
photochemistry in the morning due to its photolysis to
NO and OH radicals by the rising sun. The current
understanding of the HONO formation mechanisms is
still uncomplete. It is assumed that it forms heteroge-
neously from NO2 on ground or airborne surfaces. In
our previous work we have shown that NO2 can react
very efficiently to HONO on the surface of soot aerosol
particles and therefore have provided a possible
explanation of HONO formation in polluted air masses
[1]-

Most previously reported results on the NO2 soot reac-
tion have been obtained using a commercial soot
source, namely a spark discharge generator (PALAS
GfG100). Although the resulting particles chemically
and physically resemble real soot particles with re-
spect to content of organic carbon, carbon and oxygen
valency, fractal dimension, diameter and other pa-
rameters [2], similar experiments with real combustion
soot are of course highly desirable. The main difficul-
ties arrising from extracting soot particles directly from
the exhaust of a diesel engine are the very high con-
centrations of NOX and volatile organic compounds
(VOC) which both would heavily interfere with our
detection systems. Therefore, a novel diluting device
(Matter MD19-1E) was installed which is able to pro-
vide highly stable diluting ratios of 10 to 2000 and
operates at temperatures above the dew point of the
exhaust gas (typically 75°C). After dilution with syn-
thetic air, the aerosol passed a sequence of silicagel,
activated carbon and cobalt oxide denuders to remove
water, VOC, and No, respectively, from the gas-
phase. The downstream NOX levels were always below
1ppb.

In a first series of measurements, samples of diesel
exhaust soot particles were collected on glass fiber
filters. The size distribution of the particles was moni-
tored on-line using a scanning mobility particle sizing
system, which provided the basis for the estimates of
the total soot surface area collected on the filter. Sam-
ples were taken with and without the activated carbon
denuders to test for effects of removing VOC's from
the gas phase, and the engine was operated under
idling and full-load (4kW) conditions. Immediately after
sampling, the filter were exposed to 13N labelled NO2

at 30% relative humidity. The output of HONO down-
stream of the filter was measured using our standard
denuder detection system [1] (Fig. 1).
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Fig 1: Comparison of filter samples of spark dis-
charge and diesel soot in off-line bulk experi-
ments, influence of sampling conditions on
amount of HONO formed.

The results depicted in Fig. 1 clearly show that HONO
forms considerably more slowly on diesel soot than on
similar samples from the spark discharge generator.
Eventually, also the total amount of HONO per soot
mass is lower. It is also evident that HONO formation
strongly depends on the combustion and sampling
conditions. The fact that the HONO output depends on
whether the activated carbon denuder is in line or not
indicates that semivolatile organic compounds are
involved in the reaction.
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REACTION OF NO2 TO HONO ON SULPHURIC ACID COATED SOOT AEROSOL
PARTICLES

F. Arens, M. Ammann (PSI), J. Kleffmann (Univ. Wuppertal), U. Baltensperger (PSI), M. Kalberer,
H.W. Gaggeler (Univ. Bern & PSI)

In the polluted troposphere gaseous nitrous acid (HONO) maybe formed via a reaction between nitrogen
dioxide (NOJ and soot particles. The long term significance of this process could be influenced by adsorp-
tion of strong oxidants like sulphuric acid. We have investigated the formation of HONO on soot aerosol
particles coated with sulphuric acid. Such particles are found in remote areas as well in jet contrails.

Gaseous nitrous acid (HONO) is an important trace
constituent of the polluted troposphere which is formed
by heterogeneous processes involving nitrogen
dioxide (NO2). It has been shown that NO2 may be
reduced to HONO on the surface of soot particles
whereby organic soot components are oxidised [1].

The long-term significance of this reaction depends on
possible recycling processes making the soot surface
reactive again, and on competing ageing processes.
Besides the reaction with O3, adsorption of sulphuric
acid is an important ageing process throughout the
atmosphere. Using the 13N tracer technique [1], we
have investigated the formation of HONO on soot
aerosol particles coated with sulphuric acid.

After passing the soot particles over liquid sulphuric
acid at a controlled temperature, they were humidified
to a relative humidity of 30 to 80%. In a flow reactor
the resulting aerosol was mixed with NO2. The
possible reaction products (gaseous HNO3, HONO,
NO2, NO and particle-adsorbed NO2) were measured
on-line using denuders and a filter [1].

Figure 1 shows the growth of sulphuric acid coated
soot particles with relative humidity measured with a
scanning mobility particle sizing system. Because of
the hygroscopicity of the sulphuric acid, the particle
diameter increases with increasing water vapour
pressure in the gas phase, whereas uncoated soot
particles do not increase in their size accordingly [2].

As sulphuric acid can be a strong oxidant, it seems
likely that a part of the decrease in HONO formation,
shown in Fig. 2, is caused by the oxidation of reduced
surface sites by sulphuric acid. Additionally, the
particle growth by condensation reduces the ability of
NO2 to access the reaction sites on the solid surface of
the incorporated soot particle. Although for sulphate to
soot mass ratios greater than one, a complete
oxidation of any reduced surface site on the soot
would be likely, the HONO output did not completely
drop to a value expected for sulphuric acid alone [3],
and soot still seemed to contribute to HONO
formation. Eventually, the soot particle was not
completely incorporated in sulphuric acid, but was
located on the surface of the sulphuric acid droplets
still exposing some unreacted sites to the gas phase.
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Fig 1: Growth of sulphuric acid coated soot particles
with relative humidity.
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of the particles formed after a reaction time of
25 seconds.
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MODELING THE NO2+SOOT REACTION IN THE LOWER TROPOSPHERE

M. Ammann, M. Kalberer, U. Baltensperger (PSI), B. Aumont, F. Brocheton (Univ. Paris XII),
S. Madronich, D. Hauglustaine (NCAR, Colorado)

The contribution of the NOs+soot reaction to the chemistry of the lower troposphere is investigated using a
modeling approach. The NO2+soot reaction was shown to affect only to a very minor extent the
Ox/NO^/HO^ chemistry both under typical urban and rural environment.

INTRODUCTION

Recent modeling studies have suggested that soot is a
key component of tropospheric chemistry in remote
regions, acting to reduce HNO3 to NO2 and possibly
NO2 to NO. Soot may thus also affect the chemistry of
rural and urban areas, where soot concentrations are
typically several orders of magnitude higher than in the
remote troposphere. To test this hypothesis, the
NO2/soot chemistry was introduced in a detailed
hydrocarbon-NOx mechanism and simulations were
conducted for 2 scenarios representing typical urban
and rural areas.

MODEL

General conditions:
Simulations were performed using a 2-layers box
model, a mixed layer in which species are subjected to
emission and deposition and an upper residual layer.
Parameterizations include a diurnal variation for T,
mixing height, emission rates, deposition, photolysis
frequencies, ... Values are set to be representative of
typical urban and rural areas. Details are given in [1].

General soot parameters:
Soot concentrations were set to 10 |xg m'3 and 1 jj.g m'3

for the urban and rural scenarios, respectively. We
used a soot specific surface area of 140 m2 g"1.

RESULTS AND CONCLUSION

We first set the reactive uptake coefficient j to the
value proposed in the previous modeling studies
(y=2.8x10'2). It was found that the NO/soot reactions
lead to some unrealistic results, e.g. negligible O3

formation in the urban case. This strongly suggests
that the contribution of the NO2 reduction process on
soot was considerably overestimated in previous
modeling studies.

Based on [2,3], we consider the following alternative
scheme for the NO2/soot interactions:

(1a) NO2 + soot ->{S.NO2}
{S.NOJ -»NO
{S.NOJ -»{S.N}
NO, + soot -»HONO

(1b)
(1c)
(2)

k=103s1

y=1.6x104

where {S.NO2} denotes NO2 chemisorbed on the soot
surface and {S.N} nitrogen permanently bound to soot.
Whether soot is reactivated after reaction by other
gaseous species or perhaps via thermal or
photochemical processes remains an open question.
Therefore we consider 2 cases, with and without
deactivation.

Deactivation case:
For the urban scenario, it was found that the
differences with and without the NO/soot reaction
never exceed 1% for all species in the OX-NOX-HOX

pool. Differences are totally negligible for the rural
scenario.
No deactivation case:
For the rural case, differences in O3 and NOX

concentration are typically of a few percent (see Figure
1). Similar results were obtained for HOX. For the
urban case, differences in O3 concentration are also
fairly small (a few %) but reach up to a factor of 2 for
NOX during nighttime. The early morning HOX

concentration was also found to be affected to a major
extent, due to the photolysis at sunrise of any HONO
produced on soot during the night. Finally, our results
suggest a potentially important contribution of the
NO2/soot reaction to the production of HONO.
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Fig. 1: O3, NOX and HONO concentration profiles for
the urban and rural scenarios. Solid curve:
without NO2/soot chemistry; dotted curve: with
the NO2/soot chemistry and for the no
deactivation case
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THE INFLUENCE OF HETEROGENEOUS PROCESSES ON WATER SOLUBLE
ANIONS OF CARBONACEOUS AEROSOL PARTICLES

M. Ammann, E. Rossler, S. Brutsch, M. Schwikowski, U. Baltensperger (PSI)

Carbonaceous aerosol particles were sampled on filters and exposed to NO2 and humidity. The reaction
products NO and HONO were recorded downstream of the filter. Before and after exposure, the filters were
extracted in water. The data clearly show that carboxylic acids disappear from the particle surface during
exposure. These acids are important in determining the hygroscopic properties of the particles in the
atmosphere.

INTRODUCTION

Heterogeneous reactions between gas phase
molecules and the surface of carbonaceous aerosol
particles affect the hygroscopicity of these particles,
which is an important parameter when their influence
on climate is addressed. On the other hand, these
reactions also produce new reactive compounds which
may influence the oxidizing capacity of the
troposphere. For instance, the reaction of NO2 with
soot aerosol particles can lead to nitrous acid (HONO)
which produces the strongly oxidising OH radical upon
photolysis [1]. In view of the importance of
carbonaceous particles in the atmosphere it is
therefore important to investigate especially the water
soluble surface species and their behaviour during
heterogeneous processing in the atmosphere.

EXPERIMENTAL

Soot aerosol particles from a laboratory soot source
(PALAS GfG-100) were sampled on glass fiber filters.
A detailed description of the aerosol techniques used
is described elsewhere [2]. Immediately after a
sampling period of 3h, the filters were exposed to 0
and 50ppb NO2 at 50% relative humidity during 16h.
The concentrations of NO, NO2 and HONO were
recorded downstream of the filter using a
chemiluminescence detector. Then, the filters were
transferred into ultrapure water and extracted in an
ultrasonic bath during 45min at 45°C. The aqueous
samples were stored at -20°C until analysis by ion
chromatography. All sampling and exposure was
performed in four replicates, and four controls of
empty filters and for each extraction step were
analysed in parallel.

RESULTS AND CONCLUSIONS

During exposure of the soot particles to NO2, HONO
and small amounts of NO were observed (data not
shown) which is consistent with the aerosol flow
reactor experiments described elsewhere [1]. In
aqueous extracts of fresh soot particles, substantial
amounts of carboxylic acids, nitrite, nitrate and
sulphate were observed, which are all common soot
components. Exposure of the samples to humidified
air did not significantly affect the concentration of
theses species. However, when they are exposed to a

mixture of humidified air and NO2 (Fig. 1), carboxylic
acids are strongly depleted, whereas the nitrate
concentration increases. NO2 reacts slowly with soot to
form organic nitrates which can then be hydrolysed in
water. When shorter exposure periods are applied,
nitrite is also enriched on the particle surface, but it
disappears again for longer exposures presumably
due to desorption in the form of HONO.

40x101 2

Acetate Formate Nitrite Nitrate

Species

Fig. 1: Major extractable anions on soot aerosol
particles after exposure to NO2 (shaded bars)
and to synthetic air only (empty bars).

The results show that under the influence of humidity
and NO2 carboxylic acids are released from the
surface or are no more extractable in water. It will be
investigated in further studies whether they play a role
in the chemical mechanism of the reaction of NO2 to
HONO or whether the observed effect is the
consequence of pH changes on the soot surface.
However, because carboxylic acids are major species
determining the hygroscopicity of soot, heterogeneous
processing of soot particles in the atmosphere directly
affects their ability to act as cloud condensation nuclei.
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THE INFLUENCE OF ADDITIVES ON THE SIZE DISTRIBUTION AND COMPOSITION
OF PARTICLES PRODUCED BY DIESEL ENGINES

G. Skillas (ETHZ& PSI), K. Siegmann, U. Natter (ETHZ), H. Burtscher (Fachhochschule Aargau),
U. Baltensperger (PSI)

Measurements with different diesel engines and fuel additives revealed a correlation between the minimum
additive concentration needed to induce exhaust particles consisting of additive products, and the elemen-
tal carbon emission factor of the engines.

Airborne particles are potentially harmful to human
health [1,2]. The most important source of anthropo-
genic ultrafine particles are diesel combustion engines.
To reduce emissions, particle traps which also reduce
the engine efficiency, and fuel additives are under
consideration. Many studies have been performed to
investigate the efficiency and mechanism of a variety
of additives [3,4,5]. The main result of these studies is
that the benefit of additives is quite limited as an insuf-
ficient emission reduction is obtained.

For the measurements two different diesel engines are
used. A 6.11 litre TDI heavy-duty engine with a nomi-
nal load of 105 kW is run at an engine test bench. The
second engine is a small YAMAHA diesel driving an
electrical power generator, (Model EDA 4700T). Loads
up to 3.0 kW can be attained with it. The engines are
operated either with regular diesel, or with diesel con-
taining an additive (Ce or Fe).

In both cases a similar setup is used, the aerosol be-
ing sampled from the exhaust pipe, 3 meters after the
engine (Fig. 1).

Diesel engine DMA

Exhaust

Data
acquisition

Aethalometer PA sensor

Fig. 1: Experimental setup for the L1 engine.

By coulometric analysis of filter A and of aethalometer
data the engine emission factor (particulate mass per
burnt fuel mass) is computed. Selecting the particles
with the DMA, counting them with the CPC and ana-
lysing filter B, the composition of a specific particle size
fraction is found. An overdose of additive leads to the
appearance of large amounts of particles. These parti-
cles have a very small diameter of about 10 nm. The
chemical analysis shows that the particles with di-
ameters Dp < 50 nm consist mainly of metal oxides
stemming from the additive. The reduction of particles
with Dp > 50 nm is about 50%. The additive concentra-
tion required to form new particles, consisting mainly
of the additive metal, increases when more soot is

emitted. In Fig. 2 this concentration is plotted versus
the emission factor both for the L1 and the YAMAHA
diesel engine.
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Fig. 2: Plot of the minimum cerium concentration
needed for additive particles to be formed,
against the BC emission factor, (YAMAHA en-
gine) and the PM emission factor (L1 engine).

The onset of particle formation correlates well with the
emission factor. The two different types of engines, on
the other hand, do no seem to have much influence.
These results permit an optimal dosing of the additive,
in order to apply as little excess additive as possible. It
is hoped that a combination of self-regenerating filters
and soot suppression with additives will drastically
reduce the diesel emissions.
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AEROSOL MEASUREMENTS DURING SUMMER SMOG EVENTS IN THE MILAN
AREA

N. Streit, E. Weingartner, S. Nyeki, U. Baltensperger (PSI), ft. van Dingenen, J.-P. Putaud (JRC, Ispra),
A. Even, H. ten Brink (ECN,Petten), A. Blatter, A. Neftel (IUL, Liebefeld), H.W. Gaggeier (Univ. Bern & PSI)

Aerosol measurements were performed in the Milan suburbs in early summer of 1998 as a part of an inter-
nationally coordinated field campaign run under the auspices of EUROTRAC. The main aims of the field
campaign were the study of VOC or NOx limitation in ozone production and secondary aerosol formation.

During early summer this year, we measured various
aerosol parameters in the Milan metropolitan area.
The measurements were performed during an
internationally coordinated field campaign
investigating the subject of NOx or VOC limitation of
ozone production in urban, suburban and rural
settings. The field campaign PIPAPO (Pianura
Padana pjoduzione di ozono) was part of the LOOP
(Limitation of ozone p/oduction) program, a Eurotrac-
2 subproject.

Meteorological and gas parameters were measured
at several ground stations stretching from south of
Milan up to Lake Maggiore. During two intensive
observation periods (IOP), two research aircrafts
measured the spatial distribution of the parameters of
interest. The lOPs lasted from May 12-14 and from
June 1-6. In addition to the traditional homogeneous
gas phase chemistry, several selected aerosol
parameters were also measured in order to gain
insight into heterogeneous processes. The aerosol
parameters were measured at two sites north of
Milan, one situated at six km from the city center at
Bresso local airport, the other at a distance of about
35 km (Verzago).

The following aerosol parameters were measured:

• the number concentration of condensation nuclei
in the 0.003-1 |j,m range (TSI condensation nuclei
counter 3025)

• the chemical composition of the aerosol in two size
classes (filter measurements)

• the black carbon concentration (Aethalometer AE-
10)

• the size distribution of the aerosol from 0.01 to 0.8
\m\ (TSI differential mobility particle sizer DMPS)

• PM25, the mass of particulate matter with a diame-
ter smaller than 2.5 jxm (Eberline FH 62 I-R
betameter)

• the concentrations of ammonium, nitrite, nitrate,
sulfate and HONO, HNO3, SO2 (wet effluent de-
nuder/aerosol collectors)

• the volatility of the aerosol (thermal denuder sys-
tem coupled to a TSI scanning mobility particle
sizer SMPS)

• the hygroscopicity of the aerosol (hygroscopicity
tandem differential mobility analyzer).

In the following, a few preliminary results are pre-
sented. First, we compare the performance of our wet

effluent denuder/aerosol collector system with tradi-
tional filter measurements. As an example, the nitrate
values measured during the second IOP are shown,
where the more numerous values of our semi-
continuous system have been averaged according to
the longer filter sampling times. Both methods show
very good agreement of the nitrate concentration.
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Fig. 1: Comparison of filter and aerosol collector
measurements.

Second, we show measurements of the volatility of
the aerosol in the submicrometer range. The graph
presents the aerosol number size distribution
surviving thermal treatment in a thermal denuder at
four alternating temperatures. The volume at 280 °C
shows a good correlation with black carbon. The
difference in volume between 30 and 280 °C can be
explained by the evaporation of organic carbon,
nitrate, and sulfate.
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Fig. 2: Aerosol volatility size distribution.

These are just two impressions from the vast PIPAPO
data sets. Further investigations planned with the
data include secondary aerosol formation and the
search for HONO sources, both in collaboration with
other research laboratories.
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SUBMICROMETER AEROSOL SIZE DISTRIBUTIONS AT A HIGH-ALPINE SITE
(JUNGFRAUJOCH, 3580 m a.s.l.)

E. Weingartner (PSI), S. Nyeki (PSI & Univ. Essex) N. Streit, M. Lugauer, U. Baltensperger (PSI)

During a long-term field campaign at a high-alpine site (Jungfraujoch; 3580 m asl, Switzerland) from March
1997 to May 1998, the particle number size distribution (diameter D =18- 750 nm) and number concentra-
tion N (D > 10 nm) were measured on a continuous basis (every 30 minutes). The data offer insight into the
different mechanisms responsible for shaping the background number size distribution.

On the Jungfraujoch, the seasonal variation of aerosol
parameters related to the surface or volume concen-
tration, are characterized by a distinct seasonality with
concentrations in summer approximately 10 times
higher than in winter [1]. During summer, thermal con-
vection of air from the planetary boundary layer to the
sampling site is responsible for higher aerosol con-
centrations [2], Figure 1 shows that this phenomenon
is also seen in the number concentration /Vof particles
in the accumulation mode (with diameter D = 100 -
1000 nm). In this size range, N exhibits a summer to
winter ratio (S/W) of about 6.6. The seasonality of N in
the Aitken mode size range (20 - 100 nm) is much
smaller (S/W = 1.6). Nucleation mode particles (D< 20
nm) even show an inverse seasonality with higher
concentrations during winter (S/W = 0.8) [3]. This de-
crease of S/W values with decreasing particle size is
explained by the enhanced formation of new particles
via homogeneous nucleation during the colder sea-
sons. During wintertime, this process is most probably
favored by lower temperatures and lower surface area
concentrations.
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Fig. 1: Seasonal variation of the number size distribu-
tion (3-month averages) for dry aerosols.
Symbols are measured data and solid lines
represent fitted bimodal curves.

Average number size spectra are characterized by a
distinct bimodal shape. The spectra were well-fitted
with the sum of two lognormal distributions. Fitted
modal diameters were surprisingly constant throughout
the year (D = 39 ± 3 nm; 126 ± 6 nm).

Figure 2 illustrates how this bimodality is generated
and maintained by cloud processes. In clouds, soluble
particles with D > 80 nm are activated to droplets

which absorb trace gases. Aqueous phase reactions
then produce additional aerosol material. Upon evapo-
ration of the droplet, the residue is larger than the
original particle on which the droplet was formed. In
the Aitken mode, a narrowing of the distribution is
clearly observed during in-cloud conditions. This is
most probably due to preferential scavenging of the
smallest particles by cloud droplets. Besides precipita-
tion scavenging, these two cloud processes are be-
lieved to be mainly responsible for the observed dou-
ble-peak shape of the measured spectra. The detailed
mechanisms leading to the higher in cloud aerosol
concentrations are at present ill-defined and will be the
subject of further work.

350-

5-300-

jo 250-

Q200-
c
- 1 5 0 -

S 100-
• o

50-

0-

trtL
/ /

4r
scavenging

— i — t i i i 1

•

^ \ \
growth T ^ \

due t ° % ^
aqueousTsJjl

phase T^
reactions

dense cloud •
clear sky

-

-

-

10 100
Diameter D [nm]

1000

Fig. 2: For the period February to May 1998 inclusive,
one-hour values were classified into different
liquid water content (LWC) ranges, and aver-
age number size distributions of the dried
aerosol for clear-sky (LWC < 10 mg m"3) and
dense cloud conditions (LWC > 200 mg m3)
were calculated. Symbols and solid lines rep-
resent measurements and lognormal distribu-
tion fits, respectively.

ACKNOWLEDGEMENT

This work was supported by SMI, KTI and BUWAL.

REFERENCES

[1] S. Nyeki et al., J. Geophys. Res., 103, 6097-
6107,(1998).

[2] M. Lugauer et al. Tellus, 50B, 76-92, (1998).
[3] E. Weingartner et al., J. Geophys. Res., submit-

ted, (1998).



145

CONDENSATION NUCLEI (CN) AND ULTRAFINE CN IN THE FREE TROPOSPHERE
TO 12 KM: A CASE STUDY OVER THE JUNGFRAUJOCH

S. Nyeki (PSI & Univ. Essex), M. Kalberer, U. Baltensperger (PSI), I. Colbeck (Essex Uni, UK),
A. Petzold, F. Schroder (DLR)

An airborne campaign was conducted over the Jungfraujoch (JFJ) station to determine vertical profiles of
condensation nuclei (CN) concentration to just below the tropopause.

A theme of current interest in the study of aerosol
effects on climate concerns the origin and formation
mechanisms of natural aerosols in the remote
atmosphere. Modeling [1] and measurements of
aerosol vertical profiles [2, 3] suggest that the FT may
be a source of CN to the planetary and marine
boundary layers.
To address these aspects, an airborne campaign was
recently conducted over the JFJ high-alpine research
station (3454 m; Switzerland) to investigate: 1) the
vertical distribution of CN and 2) the CN concentration
at 8.0 km a.s.l. during horizontal transects. CN results
from a case study on July 30, 1997 are analyzed from
morning and afternoon profiles, comprising a database
of about 5 hours. A stacked vertical flight pattern was
flown from 4.5 to 12 km a.s.l., with intermittent
horizontal flight legs 25-35 km long at specific
altitudes.
Vertical profiles of CN concentration for d> 5 nm (AQ,
d> 15 nm (W,15) and ultrafine CN (5 > d> 15 nm; A/5.15)
exhibited a distinct increase in particle production with
altitude, as indicated by the ratio NJNiiS. Figure 1
illustrates these results for the morning flight (0730 to
1000 hrs LST; LST=UTC+1), as well as the aerosol
surface area concentration for d > 100 nm, S2100. A
comparison of CN concentration at the lowest altitude
and simultaneously at the JFJ compare well [4]. Near-
constant values of d(CN)/dz with altitude were found in
discrete layers (-1.4-2.8 km in depth), and coincided
with different airmasses as delineated by changes in
the potential temperature profile d9/dz at 5.6, 6.4, 9.0
and 10.5 km. These were corroborated by upwind
radiosondages and back-trajectory analysis, using the
48-hour mesoscale Swiss Model, which indicated that
airmasses had had no recent contact with land and
orginated from over the North Atlantic.
In addition, the CN concentration was mapped over a
6.1 x 31 km horizontal grid at 8.0 km altitude centred
over the JFJ. A pronounced variation in Ni5, W,15, A4300

(FSSP-300X) and specific humidity with respect to the
underlying alpine topography was found and suggests
that mountain waves may have been responsible. The
case study provides further evidence suggesting that
the upper FT appears to be a source of new particles.
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Fig. 1: Aerosol parameters (STP conditions) over the
JFJ during the morning profile on July 30,
1997. Symbols indicate median values during
horizontal flight legs.
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SEASONAL VARIATION OF 212Pb-ACTIVITY ON AEROSOLS AT THE
JUNGFRAUJOCH

M. Lugauer, U. Baltensperger, M. Furger, D.T. Jost, M. Schwikowski (PSI), H. W. Gaggeler
(Univ. Bern & PSI)

The density of 212Pb-activity on aerosol particles at the Jungfraujoch exhibits a pronounced seasonal
variation, which is probably caused by the annual variation of the alpine snow-cover. The high and dense
snow-cover in spring inhibits the production of 212Pb from high-alpine slopes. The transport of 212Pb from
low-elevation valley sites is to slow to compensate the decrease of the alpine212Pb source.

The aerosol surface area (AS) and the 212Pb activity
concentrations are measured at the high-alpine site
Jungfraujoch (JFJ, 3454 m a.s.l.) within a project that
is dedicated to investigate the role of aerosol particles
within the climate system [1]. It was shown by [2] that
thermally-driven convection (TDC), developed within
the Alps, causes a pronounced annual cycle in AS
concentration at the JFJ. Thus, it is crucial to
understand, how TDC is determined and influenced by
the complex alpine topography.

Radioactive 212Pb (T1/2=10.64 h) is a good parameter to
investigate TDC, because 212Pb is only produced close
to the ground surface by the decay of 220Rn (T1/2=55.6
s), which emanates from the soil. 212Pb is attached to
aerosol particles and is measured at the JFJ by a
similar technique as the AS [3].

The annual cycle of 212Pb density on the AS at the JFJ
is shown in Fig. 1. The 212Pb density is lowest in April,
increases nearly linearly until October and exhibits
another peak in December. The 212Pb density depends
proportional to the time period At, between attachment
at time t and detection at the JFJ at t+At by

10

where

At = :

= ln2/T1 / 2(2 1 2Pb),

(1)

A(t): 212Pb-activity density at time t.

Since A(t) is unknown, the transport time of individual
air parcels cannot be calculated. However, the
average difference in At between different seasons
can be calculated. The 212Pb-density increases by a
factor of 3.25 from April to October on average (Fig.
1). This change yields a time difference of 18 hours
(Eq. 1).

This time difference may be caused either by an
increase in transport velocity or by a shift of the 212Pb
source closer to the JFJ. The first possibility is unlikely.
The second possibility could be explained by the
alpine snow-cover, which undergoes large seasonal
variations. The snow-cover is highest in April, retreats
during summer until October and starts to grow in
November. The snow-cover in December is often
lower than in November. In addition, the snow volume
in early winter has a much lower water equivalent than
that in spring.
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Fig. 1: Seasonal variation of 212Pb-activity density on
aerosol surface area at the Jungfraujoch.
Database 1991-1997.

Above snow-covered surfaces 212Pb production is be
limited, because of limited ^Rn emanation. Snow-
cover also prevents the development of TDC, by which
212Pb could be transported to the JFJ.

If the alpine snow-cover controls the 212Pb density at
the JFJ, it can be concluded that the overall vertical
transport time from the boundary layer, where the
main 212Pb source is located, up to the JFJ is longer
than the half-life of 212Pb. Otherwise, 212Pb would be
compensated in spring and summer, when the air
exchange between the boundary layer and the JFJ is
higher than in autumn. Thus, the vertical transport by
TDC between the boundary layer and the JFJ is not a
motion in a single step within one day, but a multi-step
process, accomplished within a few days.
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MEASUREMENT OF REACTIVE NITROGEN (NOy) AT THE JUNGFRAUJOCH

C. Zellweger (PSI & EMPA), E. Weingartner, M. Lugauer, U. Baltensperger, N. Streit, M. Ammann (PSI),
P. Hofer (EMPA)

Speciated and total NOy was measured at the Jungfraujoch during the summer 1997. Under special
meteorological conditions the Jungfraujoch seemed to be influenced by planetary boundary layer air
throughout the whole day.

During a field campaign in summer 1997 at the
Jungfraujoch, speciated reactive nitrogen compounds
were measured in conjunction with total NOy. Such
measurements have proven to be valuable in
assessing the photochemical processing that has
occurred in an air parcel. The measured individual
nitrogen species included nitric oxide (NO), nitrogen
dioxide (NO2), nitric acid (HNO3), paniculate nitrate,
and peroxyacetyl nitrate (PAN). During the
measurement campaign, PAN was the most abundant
NOy species with an average fraction of 36%. Second
largest fraction with a total contribution of 24% to total
NOy was inorganic nitrate (HNO3 and particulate
nitrate). On average, nitric acid amounted to 32% of
total inorganic nitrate, indicating that most of the nitric
acid was neutralized, most probably by ammonia. NOX

was with 22% of total NOy the third largest fraction of
total NOy during the measurement campaign. Except
for a few occasional events, NO2 was the dominating
NOX species. This clearly indicates the absence of a
pollution source in the immediate vicinity of the
measurement station. The NOj/NOy ratio averaged
0.25 during the campaign. The NOx/NOy ratio reflects
the transformation of NOX to reservoir species and
accounts for dilution effects, but wet and dry
deposition and decomposition processes can make
the ratio complicated to interpret in regions remote
from NOX emissions. At the Jungfraujoch, low
NOx/NOy ratios are often accompanied by high NOy

concentrations. Figure 1 shows an overview of daily
average concentrations of speciated and total NOy

between 18 July and 23 August.

Nitrate

HNO3

Fig. 1: Daily average concentrations of speciated and
total NOy at the Jungfraujoch during the
summer field campaign.

The day to day variability was mainly caused by
different meteorological conditions. For example the

sharp concentration drop in all measured species
except NOX on 1 August was caused by a cyclone.

The data were further analyzed with respect to a
weather type classification based on the Alpine
Weather Statistics [1]. During the measurement period
the convective weather type dominated. A very distinct
diurnal pattern was observed for convective days with
wind direction from N to NW at 500 Pa. This thermally
induced diurnal behavior is illustrated in Fig. 2 for NOy

and PAN.

Fig. 2: Time series with a very distinct diurnal pattern
of NOy, and PAN between 27 and 30 July.

In contast, for convective days with low wind speed at
500 hPa only little diurnal change was observed.
Figure 3 shows the time series for NOy and PAN for a
period with the above meteorological conditions.

3000

2500-

Fig. 3: Time series of NOy, and PAN between 16 and
22 August.

Concentration changes during this period were
episodic rather than governed by thermally induced
transport processes, and the Jungfraujoch seemed to
be influenced by planetary boundary layer air
throughout the day.
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CHEMICAL COMPOSITION STUDY OF THE FINE ATMOSPHERIC AEROSOL AT A
HIGH-ALPINE SITE (JUNGFRAUJOCH, 3580 m a.s.l.)

Z Krivacsy (Univ. Veszprem, Hungary), E. Weingartner, S. Nyeki, U. Baltensperger (PSI)

Quantities of inorganic ions, organic substances and black carbon were determined in fine atmospheric
aerosol collected at the Jungfraujoch. Organic substances comprised the major portion of the characterized
aerosol mass.

Knowledge of the fine atmospheric aerosol chemical
composition is essential to study different phenomena
(e.g. light scattering and absorption, cloud formation)
in the atmosphere. More recently, evidence concern-
ing the importance of organic substances in atmos-
pheric processes has been accumulating [1, 2]. In this
work, the chemical composition of PM2.5 atmospheric
aerosol collected at the Jungfraujoch (JFJ) research
station during July and August 1998 was studied to
determine: i) the contribution of organic substances to
aerosol loading and ii) bulk characterization of organic
matter [3, 4].

"heavier") compounds. The average fractions of the
two types of carbon are 36 and 64%, respectively.
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Fig.1: Chemical composition of JFJ fine aerosol.

In Fig.1 concentrations of inorganic ions, black carbon
(measured by aethalometer) and organic substances
(calculated from the mass of organic carbon deter-
mined by TOC analysis using a conversion factor of
1.4) of the samples are shown. It is clearly seen that
organic compounds dominate the aerosol mass, where
their contribution is between 40 and 76% (average
value 58.5%) of the identified aerosol means.

The thermal behavior of carbonaceous compounds
during catalytic burning in oxygen at 680°C is pre-
sented in Fig. 2. In this curve, two peaks can be distin-
guished. The first peak presumably corresponds to the
more volatile (and/or more oxidisable; "lighter") and
the second to the less volatile (and/or less oxidisable;

0,25 -r

100 200 300

Integration time (s)

400

Fig. 2: Curve of evolving CO2 during catalytic burning
of the aerosol.

The water solubility of organic compounds in JFJ
samples was also investigated. On average 75% of
the organic carbon proved to be water-soluble. It is
interesting to note that the water solubility of "heavier"
compounds was much higher (over 80%) than that of
"lighter" compounds (35%). One of the classes of
"lighter" water-soluble organics are the low-molecular
weight carboxylic acids (oxalic, malonic, succinic and
formic acid). Their mean concentration was about 50
ng m3, and may account for 10-20% of water soluble
"lighter" organic substances. The "heavier" species
may be similar polar macromolecular compounds
found recently in fine aerosol at other places.

While these are preliminary results, it is tentatively
concluded that organic substances may play an im-
portant role in atmospheric processes at the Jung-
fraujoch.
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HISTORICAL RECORD OF CARBONACEOUS PARTICLE CONCENTRATIONS
OBTAINED IN A EUROPEAN HIGH-ALPINE GLACIER (COLLE GNIFETTI) IN

COMPARISON WITH ESTIMATED EMISSIONS

V.M.H. Lavanchy, T. Boring, H.W. Gaggeler (Univ. Bern & PSI), U. Schotterer, M. Schwikowski,
L. Tobler, U. Baltensperger (PSI)

Historical records of black carbon (BC), elemental carbon (EC), organic carbon (OC) and total carbon (TC)
concentrations were obtained for the time period 1757-1975. Comparison of these records estimated with
particulate carbon emissions indicates that this ice core reflects emissions of Western Europe.

The reconstruction of the historic evolution of BC, EC
and OC was performed by analyses of an ice core
drilled at Colle Gnifetti (4450 m a.s.l.), Monte Rosa
massif, Switzerland. Ice samples were melted in a
glass container and filtered through quartz-fibre filters.
With an optical technique the attenuation of a light
beam through the filters was measured. This value
was then converted into BC concentrations using the
instrumental absorption efficiency CCAPI- For this work
we used an absorption efficiency of 9.3 m2g'1,
corresponding to an annual mean value measured for
high-alpine aerosols [1]. Afterwards, the filters were
treated with 0.1 M HCI to remove HCO3', and the OC
and EC contents of the filters were measured with our
thermal technique [1].

1750 1950

Fig. 1: 10-year average (solid line) and ice core
section (dashed line) concentrations of OC,
EC and BC.

Figure 1 shows the historic evolution for the OC, EC
and BC concentrations in the Colle Gnifetti ice core.
During the period from 1750 to 1890 the
concentrations of all three species are fairly constant
at a relatively high level. After 1890 an increase in
concentrations is found due to anthropogenic
activities. Between the time period (1750-1890) and
(1950-1975) the concentrations increase by a factor of

3.7, 3.0, and 2.5, for OC, EC, and BC, respectively.
These factors are comparable to those found for SO4

(5.8) and NO3" (2.3) between two similar time periods
in the same ice core [2]. A high correlation (R2 = 0.57)
between sulphate and BC indicates the same origin (in
addition to similar vertical transport processes).

Consumption data of hard and brown coal and of
petroleum products for the last 150 years are available
using production and trade data of each country [3].
The data from Germany, France, Italy and
Switzerland, i.e., the countries surrounding the drilling
site, were used for the comparison with the total
carbon concentrations. Figure 2 shows that the
increase of coal consumption and of the TC record are
highly correlated after 1890. Between 1890 and 1950,
coal was the most important source of carbonaceous
particles. After 1950, consumption of petroleum
products e.g. diesel fuel, increased exponentially.
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Fig. 2: 10-year averages of the TC concentrations in
the ice core. In addition, the sum of the
estimated emission of the countries Germany,
France, Italy, and Switzerland is shown for
hard coal, brown coal, and petroleum along
with the sum of these sources.
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ENVIRONMENTAL RECORD PRESERVED IN AN ICE CORE FROM CERRO
TAPADO, CHILE

P. Ginot (Univ. Bern), M. Funk (ETHZurich), H.W. Gaggeler, U. Schotterer (Univ. Bern & PSI), S. Hubener
(Univ. Bern), M. Schwikowski (PSI), W. Stichler (GSF Neuherberg), F. Stampfli (SF-lnventor)

Ice cores drilled on the summit glacier of Cerro Tapado in Chile, affected by precipitation of the Westerlies,
permit to reconstruct 15 years of past climate and El Nino events.

The cold ice caps of the highest peaks of the Andes
represent natural archives of past environmental
conditions. During the past 15 years, Thompson et al.
have recovered several ice cores from sites within the
tropical circulation regime (Quelccaya, Huascaran, and
Sajama). Their analyses allow to reconstruct the
climatic history of the tropics since the last glaciation
[1], In order to find a glacier preserving the chemical
and isotopic signal from a precipitation regime affected
by the Westerlies, we performed an exploratory drilling
on top of Cerro Tapado (5550m, 30°08'S, 69°55'W) in
Northern Chile in February 1998.

Cerro Tapado is one of the northernmost glaciers
south of the "South American Arid Diagonal" within the
Westerlies circulation regime. At the drilling site, the
glacier has a maximum thickness of 42 m. Two ice
cores, 10 m each and 50 m apart could be recovered
with a portable solar powered electromechanical 2-
inch drill. From ice core stratigraphy, chemical
analyses, isotope measurements as well as the
evidence of various regional volcanic eruptions we
conclude that these cores cover the period between
1980 and 1998 (Fig. 1).

Precipitation events in the area of Cerro Tapado occur
primarily between May and September (i.e. winter).
Because of their predominant Pacific moisture source
and their regular annual deposition period, we assume
the chemical concentrations of the measured species
to be rather uniform in fresh precipitation. Hence, the
observed strong variability of the chemical signal may
be related to post-depositional effects such as
sublimation (estimated to be between 3 and 6 mm
water per day [2]) or dry deposition. We therefore use
the structure of the chemical signal and particle
concentration to distinguish between dry (high
concentration) and humid conditions (low
concentration) during the time period covered by the
ice cores.

Dating was supported by volcanic eruptions (Pinatubo
- June 1991, and El Chichon - April 1982) identified
by high concentrations of sulphate, and in addition, by
several distinct 818O depletions, which may be caused
by extreme precipitation events in connection with the
phenomenon El Nino. By applying this time scale, it is
possible to reconstruct 15 years of precipitation history
of the Cerro Tapado ice cap. The results are in
agreement with climatic data (precipitation and
temperature) recorded at a meteorological station in

Elqui Valley [3] with El Nino events established with
Sea Surface Temperature Anomalies.

Summer 82/83
— El Chichon

April 1«B2

Kg2* c i 2

Fig. 1: Chemical concentration (p.g/1) and isotopic ratio
along Core 3, Cerro Tapado (Chile).

During summer 1998, we developed a 3-inch light
solar powered electromechanical 50-m-depth drill. In
February 1999, we intend to drill to bedrock on the top
of Cerro Tapado, install a meteorological station and
perform various experiments to study post-depositional
effects. This 40 m long ice core should recover the
20th century and more and will allow to evaluate
anthropogenic influences and to reconstruct the
intensity of past El Nino-Southern Oscillation events.
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ICE THICKNESS AND FIRN TEMPERATURE MEASUREMENTS ON THE CERRO
TAPADO GLACIER (CHILE)

P. Ginot, S. Hubener, U. Schotterer (Univ. Bern), M. Funk (ETH Zurich), M. Schwikowski (PSI),
H. W. Gaggeler (Univ. Bern & PSI)

A radar survey on the Cerro Tapado (Chile) summit glacier indicates that the maximal ice thickness is
44 m. Firn temperatures of -9°C and -10.5°C at 10 and 9 m below the surface, respectively, suggest that
this is a cold glacier which is frozen to bedrock.

Cerro Tapado (5550m, 30°08'S, 69°55'W) is one of
the first mountains south of the "Dry Diagonal" in
South America where glacier studies and ice core
drilling are possible.

In addition to exploratory drillings of shallow firn cores
[1], the glacier thickness was determined by a radar
survey. On 21 February 1998, the first day on the top,
radar profiles were obtained from a weak depression
in the south-east of the principal summit (depression 1,
profiles L, Q1, and Q2 in Fig. 1). Measurements were
focused mainly on this depression, the outflow of the
"Col Ginot", since topography and the snow cover
were more favourable than in depression 2 (Fig. 1).
Depression 2, nearer to the summit, was profiled on
27 February (profile Q3).

The radar instrumentation is composed of a transmit-
ter and a receiver connected to dipolar antennas. The
transmitter consisted of a generator of mono-fre-
quency pulsation whereas the receiver was a digital
oscilloscope coupled to a computer [2].

Cerro Tapado

Verlauf dot

( h 2 < h i j

100 m

Fig. 1: Summit region on Cerro Tapado with radar pro-
files (L, Q1, Q2 and Q3) and drilling sites (BL1
and BL2).

The transmitting and receiving antennas were laid out
in parallel on the surface of the glacier with a distance
of 30 m. They were oriented perpendicular or parallel
to the prolongation of the depressions. The emitted

electrical signal is propagated towards the receiver
which measures the differences in time between the
direct beam (propagated into the air) and the beam
reflected by the bed-rock of the glacier. Knowing the
propagation velocities of the signal in snow and ice,
this difference in time allows to determine the
thickness of the glacier.

Fig. 2: Radar profile L, glacier thickness.

With the 13 radar shots carried out, the thickness of
the glacier could be precisely determined (2 to 5%
error). Depression 1 has a thickness of 42 m possibly
increasing in the direction of the flow (Fig. 2), whereas
depression 2 has a thickness of 44 m.

The temperature measurements in the two boreholes
were performed with thermistors (YSI 44006). The
temperatures at the bottoms of the boreholes 1 (10 m)
and 2 (9 m) were -9°C and -10.5°C, respectively.
These values suggest that the glacier maintains a
temperature below 0 °C down to bedrock and, thus,
preserves the chemical stratigraphy, which is a
prerequisite for paleo-envi ran mental studies.
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QUANTIFICATION OF SULPHATE SOURCES FROM AN ALPINE ICE CORE

M. Schwikowski (PSI), A. Doscher, H.W. Gaggeler, U. Schotterer (Univ. Bern & PSI)

Opposite to greenhouse gases, sulphate aerosol particles are expected to cause climate cooling, but un-
certainties exist about source variability and strength. We analysed an ice core from a European glacier to
quantify source strengths of aerosol-borne sulphate over a 200-year period. Anthropogenic emissions of
S02 were responsible for about 80% of total sulphate in the industrial period. In the pre-industrial period
mineral dust was the dominant contributor.

In this study, we analysed an ice core from a high-
elevated glacier in the Swiss Alps (Colle Gnifetti,
Monte Rosa massif, Swiss Alps, 4450 m asl,
7°51'52"E, 45°53'33"N). Being located in the Euro-
pean Alps, which are surrounded by highly populated
and industrialised countries, the Colle Gnifetti glacier is
well suited as an archive for the history of air pollution
in Europe. The site has been glaciologically charac-
terised and meets the requirements of an environ-
mental and climate archive. We aim to identify different
sources of aerosol SO/' and to estimate their contribu-
tions to the observed concentration trend by using
SO4

2" concentrations in the ice extending back over
time through the industrialised period to the pre-indus-
trialised period. Concentration records consist of 1451
analysed samples for the top 70 m ice core, covering
the time period 1756-1982. In order to investigate the
industrial and pre-industrial impurity inventory of snow
precipitation, two time periods were selected: 1963-
1981 (industrial, 265 samples) and 1756-1870 (pre-
industrial, 572 samples). The industrial period repre-
sents the maximum in the SO/ concentration record,
whereas the definition of the pre-industrial period was
based on the finding that the concentrations of SO4

2'
began to increase significantly at about 1880 [1].

For quantifying the contribution of sea-spray to the
sulphate concentrations, Na+ was selected as sea-salt
tracer, taking a SO/" to Na+ ratio of 0.12. For the in-
dustrial period a contribution of 0.23 u.eq I'1 (2%) of
sea-salt SO4

2' to the total SO/" was obtained, whereas
for the pre-industrial time the contribution amounted to
0.20 |i.eq I'1 (7%). Thus, no change in the absolute
contribution of sea-salt SO/' was observed from pre-
industrial to industrial times, reflecting the concentra-
tion record of Na+ which does not show a trend over
the studied time period.

Mineral dust aerosols, particularly those originating
from the Sahara, play an important role for the chemi-
cal inventories of Alpine glaciers, since Saharan dust
depositions occur almost annually, but with great
variation in intensity. Although Ca2+ and Mg2+ are only
minor constituents of mineral dust aerosols, which are
in the case of Saharan dust dominated by quartz or
calcite, both are highly correlated, corroborating a
common source. Thus, they can both be used in order
to quantify the terrestrial source of SO/". However, in
contrast to sea-salt, no universal SO/7Ca2+ or SO/'
/Mg2+ ratio exist for mineral dust. Nevertheless, a good

correlation between non sea-salt SO/" (nssSO/) and
nssCa2+ was observed for the pre-industrial period
([nssSO/] = 0.175 • [nssCa2+], r2 = 0.68, concentra-
tions in u.eq I"1). The observed slope of 0.175 is inter-
preted as the pre-industrial nssSO/YnssCa2* ratio of
mineral dust in snow at the Colle Gnifetti glacier. The
terrestrial SO/" contribution can now be estimated for
the entire time period by using the pre-industrial
nssSO/7nssCa2+ ratio. For the industrial period mineral
dust SO/" amounted to 13%, and in the pre-industrial
period to 57% of the total SO/', thus being the domi-
nating contributor in this period.

We assume that the exSO/, which remains after cor-
rection for the sea-salt and the terrestrial contribution,
originated exclusively from oxidation of SO2 in the
atmosphere. This SO2 was emitted either from anthro-
pogenic or natural sources. Temporal changes in SO2

emissions can thus be deduced from the exSO/' rec-
ord. During the industrial period exSO/" constituted the
major portion, i.e. 85% of the total SO/", whereas in
pre-industrial time it accounted only for 36%. In Fig. 1
the historical development of exSO/" concentrations is
illustrated, revealing a strong increase from 1870 until
about 1970, which we interpret directly as a record of
anthropogenic SO2 emissions. ExSO/ increased
from 0.047 mg I"1 in the pre-industrial to 0.602 mg I"1 in
the industrial time period, equivalent to a factor of 13.
After 1970 a pronounced downward trend is observed,
likely reflecting air pollution control measures and pos-
sibly also the economic downturn at that time.
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Fig. 1: Records of 5-year averages of exSO/, and of
sea-salt as well as mineral dust derived SO/".
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CALIBRATION OF A HISTORICAL AEROSOL CONCENTRATION RECORD FROM
AN ALPINE ICE CORE BY LONG-TERM AEROSOL MONITORING

M. Schwikowski, S. Brtitsch (PSI), H.W. Gaggeler, U. Schotterer (Univ. Bern & PSI)

Chemical analyses of environmentally relevant species were performed on an ice core from Fiescherhorn
glacier, Swiss Alps (3890 m asl). This glacier site is unique since it is located nearby the high-alpine
research station Jungfraujoch (3580 m asl). Good agreement between the sulphate palaeo record and
direct atmospheric measurements was found (f=0.41). Thus, a "calibration" of the palaeo record over a
significant period of time could be conducted, revealing an average scavenging ratio of 180 for sulphate.

Chemical analyses of aerosol related, environmentally
relevant species (Ca2+, Cl\ K+, Mg2+, NH4

+, NO3, Na+,
and SO4

2") were performed on an ice core from
Fiescherhorn glacier, located in the north of the main
Alpine chain, in the Bernese Alps, Switzerland (3890
m asl). The 77 m long ice core was dated by annual
layer counting using the seasonally varying signals of
the tritium concentration and of the isotopic ratio 818O
resulting in a time scale with an uncertainty of only + 1
year. The core covers the time period 1945-1989, and
the observed high net accumulation of 1 to 2 m water
equivalent per year allows for high resolution to be
obtained in the concentration record.

Since 1973, aerosol SO/' concentrations have been
determined with a time resolution of 24 h at the high-
alpine research station Jungfraujoch [1]. The Jung-
fraujoch is located about 6 km west of the Fiescher-
horn glacier at an elevation of 3580 m asl, and we
assume that atmospheric concentrations are compa-
rable at both sites due to the small horizontal and ver-
tical distances. In order to calibrate the Fiescherhorn
SO/' ice record with the atmospheric data, annual
averages were calculated for both over the time period
with complete annual data sets (1974-1988). A higher
time resolution could not be deduced from the palaeo
record, since precipitation occurs rather episodically
making an exact timing impossible. Both records cor-
relate well as illustrated in Fig. 1 ( [ S O / ^ J = 180
[SO4

2'(air)], 1^=0.41, concentrations in |ig kg'1). The con-
centrations of SO4

2' in the atmosphere are, thus,
indeed preserved in the ice core. Although no long-
term atmospheric measurements exist for the other
species investigated in this study, it can be assumed
that their concentrations in the air are equally well
recorded in the glacier ice, since as aerosol-borne
constituents they are expected to show a similar
behaviour. From the linear regression analysis, a mass
scavenging ratio W of 180 for SO4

2' (range for individ-
ual years: 89-455; average: 186±111) was obtained
(W = pa C,/Ca, with Cs = concentration in snow in \ig I'1,
Ca = concentration in air in u.g m'3, and pa = density of
air with a value of 0.875 g I"1 for the conditions at the
Jungfraujoch). This value is in good agreement with
scavenging ratios for SO4

2' deposited on the Green-
land ice sheet at Dye 3 (180+120, three summer
snowfalls, [2]), at Dye 3 calculated using atmospheric
concentrations measured at coastal sites (100-200 in
winter, 200-400 in summer [3]), and at Summit,

Greenland (220±129, eight summer snowfalls [4]). A
higher scavenging ratio of 350 was reported from
simultaneous aerosol and snow sampling at the Alpine
site Weissfluhjoch Davos, Switzerland, for a three
month sampling period [5], whereas values from single
event studies at the Jungfraujoch and the high-alpine
site Sonnblick, Austria are significantly higher (710 [6],
880 and 1500 [7]). The variety of reported data possi-
bly illustrates the complexity of the scavenging proc-
ess. However, it seems that event based studies
reveal higher values, probably because they reflect
only the ambient conditions during synoptic situations
with precipitation. Hence, it is particularly important for
the interpretation of palaeo records to establish the
relationship between atmospheric and palaeo data for
the respective conditions at the glacier site.

80 82
Year

Fig. 1: Annual SO4
2' averages in the Fiescherhorn ice

core (solid line) and in atmospheric samples
from Jungfraujoch (dashed line).
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COMPARISON OF DATING METHODS FOR AN ICE CORE FROM AN ALPINE SITE

A. Eichler (Univ. Bern & PSI), V. Furrer, M. Schwikowski (PSI), H.W. Gaggeler (Univ. Bern & PSI)

Three different methods were used for dating of a high-alpine ice core: annual layer counting using
ammonium summer maximum concentrations, dating by the exponential decay of the radioactive isotope
210Pb, and application of a kinematic ice flow model.

Ice cores of high-alpine glaciers are important archives
to study the regional air pollution and climate history.
One crucial point for interpreting ice core data is the
exact dating of the core. The methods used for the
dating of alpine ice cores are:

• Annual layer counting of seasonally varying
parameters (e.g. concentrations of NH4

+ and 81BO)
• Dating by radioactive decay of isotopes
• Use of stratigraphic markers like well known

Saharan dust events or volcanic eruptions
• Application of ice flow models.

In October 1994, a 125 m ice core was drilled at upper
Grenzgletscher (Monte Rosa massif, 4200 m a.s.l.)[1].
So far, the complete core (2320 samples,104 m w.eq.)
was analysed for major and minor ions [2]. 210Pb analy-
ses were performed only for the upper 90 m w.eq.
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Fig. 1: Record of NH4
+ (means of 50 cm core pieces).

First, dating was carried out using the large seasonal
fluctuations of NH4

+ (Fig. 1) with significantly higher
summer than winter concentrations, which are due to
the emission and transport characteristics described in
[2]. This layer counting seems successful down to the
year 1977 (45 m w. eq.), which is marked by large
amounts of calcium from the well known Saharan dust
event in this year. Because of the thinning of annual
layers with depth, dating is more uncertain in the
deeper parts.

Because of a half-life of 22.3 years dating with 210Pb
could be possible for a time scale of at most 200
years. For dating, a constant input has to be assumed.
In the Grenzgletscher ice core the decay of the isotope
is superimposed by transport phenomena with higher
concentrations in summer, and lower concentrations in
winter snow [3]. In order to take into account the
transport term we divided the 210Pb activities by the
NH4

+ concentrations, and this ratio shows the expected
strong exponential decrease with depth (Fig. 2), which

allows a dating of the core. In comparison to the NH4
+

dating we got a good agreement with an uncertainty of
±4 years for the period 1952-1994.

y = 0.916.e"c

R = 0.79
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Fig. 2: 210Pb/NH4
+ratio of the upper 90m w.eq. (points)

along with an exponential fit (solid line).

In addition, dating was performed by modelling of the
glacier with a simple kinematic ice flow model [1,4].
This model assumes a constant ice velocity v from the
glacier surface down to a depth h and then a linear de-
crease of v to zero between h and the bedrock. By
using constants (e.g. glacier thickness: 170 m w.eq.)
the age-depth relation was fitted with the given fit
function [1,4] through 14 reference points received
from dating with NH4

+ (Fig. 3).

2000
h=136±25m w.eq.

•+•

2000 4000 6000 8000
Depth (cm water)

10000

Fig. 3: Reference points and fitted curve (solid line).

This simple model seems applicable to describe the
flow pattern at the Grenzgletscher, and yields a mean
accumulation rate of 1.9 m w. eq.

From our three dating methods we determined the age
of the deepest part in the ice core to be 1940±5. Other
parameters (e.g. tritium activity) will be investigated in
order to corroborate the dating.
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SAMPLING AND ANALYSIS OF ICE CRYSTALS AS A FUNCTION OF SIZE

S.H. Ehrman, U. Baltensperger, M. Schwikowski, S. Brutsch (PSI), H.W.Gaggeler (Univ. Bern & PSI)

A new method was applied to collect size-classified snow samples. Coarse and accumulation mode
aerosol constituents showed a different dependence of concentration on crystal size.

In addition to the so-called 'greenhouse gases',
aerosols are believed to affect global climate. In this
context, two sub-populations of aerosol are of
particular importance, cloud condensation nuclei
(CCN) and ice nuclei (IN). The magnitude of this
aerosol climate forcing is uncertain, particularly the
magnitude of the indirect effects associated with cloud
formation. To reduce this uncertainty, an improved
understanding of the relationship between clouds and
aerosols is needed. This information is also useful for
interpreting paleoclimatology data from glacier ice
cores since incorporation into cloud droplets and snow
crystals during precipitation events, either as CCN and
IN or via riming (accretion of supercooled cloud
droplets), is an important mechanism for deposition of
aerosols onto glaciers.

Size-classified snow samples were collected during
Spring, 1998, at the Jungfraujoch High-Alpine
Research Station (3454 m). A procedure modified
from the Guttalgor method, originally developed for
size-selective sampling of raindrops by Bachmann et
al. [1] was used. Ice crystals were collected into a
dewar containing liquid nitrogen and a cascade of
stainless steel sieves, 10 centimeters in diameter, with
mesh diameters of 1.0 mm, 0.20 mm, and 0.025 mm.
Because the density of ice is greater than that of liquid
nitrogen, the crystals sink upon impact. In addition to
the size-classified samples, formvar replicas were
taken every 20 to 30 minutes for determination of the
degree of riming and to record the crystal habit of the
ice crystals.

The samples were stored and transported frozen, and
analysed within a week of collection using ion
chromatography for Na+' NH4 \ K+, Ca2+, Mg2+, CI",
NO3" and SO4

2~. Although there is some dispute as to
the precise lower cutoff, it has been observed in field
studies that growth by riming is negligible below a
certain size, 0.3 mm in diameter for hexagonal snow
crystals and 0.05 mm for columnar crystals [2]. The
motivation for size-classified sampling of ice crystals
was the hypothesis that the contributions of the
nucleation and riming processes to the bulk snow
composition could be estimated by comparing the
composition of the smallest ice crystals to the
composition of larger crystals.

Size dependent concentrations of the ions Caz+ and
NO3" are shown in Figure 1. Ca2+, Na+, \C, Mg2+, and
CI' are representative of coarse mode aerosol, and the
results were similar for each ion; the concentration
was greatest in the smallest size fraction. For the
remaining ions, NH4

+, NO3", and SO4
2", no significant

variation in concentration with ice crystal size was
observed. The results for NO3", shown in Figure 1b,
are representative. These preliminary results suggest

that the species associated with the coarse aerosol
may preferentially nucleate ice crystals from the vapor
phase or act as crystallisation nuclei in cloud droplets.
In this case, the chemical species associated with ice
nucleating aerosols should be concentrated in the
smallest sized ice crystals. Since these species are
preferentially removed from the aerosol population
early on, they are not available to participate in the
riming process, and hence should show a decrease in
concentration with increasing size, resulting from
dilution as the ice crystal grows. The relatively
constant concentration of NO3" with increasing crystal
size suggests crystal growth by riming or gas-phase
diffusion.
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Fig. 1: Concentration of Ca2+ (a) and NO3" (b) in size
classified snow samples.
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Fig. 1: SEM image of a small hexagonal crystal sam-
pled directly using liquid nitrogen. Letters a
and b indicate areas analyzed using EDS.

IMAGING AND ANALYSIS OF INDIVIDUAL ICE CRYSTALS

S.H. Ehrman, O. Gebhardt, U. Baltensperger, M. Schwikowski (PSI), B. Frey (WSL)

Single ice crystals were preserved by the formvar technique as well as directly onto precooled substrates
and chemically analyzed by SEM/EOS and SIMS.

Scavenging of aerosol particles by ice crystals is an - • • • •
important mechanism for removal of pollutants from ", •", ' . _ , - •
the atmosphere. Because of the multiple scavenging
processes which can occur, including nucleation,
inertial impaction, Brownian motion, and accretion of
supercooled cloud droplets (riming), the relationship
between the concentrations of pollutants in the
atmosphere and in bulk snow is quite complex [1]. The
location of the particulate matter in the crystal
suggests the scavenging mechanism, i.e. nucleation
scavenging for particles at the center of the crystal,
and riming (growth by accretion of cloud droplets) or
direct impaction for particles located at or near the
edges.
To estimate the relative importance of the nucleation
and riming mechanisms for aerosol scavenging,
attempts were made to determine chemical composi-
tion as a function of position in the individual ice
crystals using cryo scanning electron micros-
copy/energy dispersive X-ray spectrometry
(SEM/EDS) and secondary ion mass spectrometry
(SIMS). The objective was to differentiate between
the chemical species contained in the ice nuclei, pre-
sumably located at the center of the crystals, and the
composition of the aerosol contained in the rime
droplets visible on the surface of the crystals. Crystal
replicas were collected onto nickel foil substrates
using the formvar method described by Mosimann et
al. [2]. This technique preserves the shape of the
crystal and any non-volatile non-aqueous material in
the crystal is retained in the formvar resin. Ice crystals
were also collected directly onto precooled methyl
cellulose-coated SEM substrates as described by
Rango et al. [3], stored in liquid nitrogen, and analysed
using a liquid nitrogen-cooled sample stage to prevent
evaporation of the crystal under the electron beam. A
SEM image of a small hexagonal crystal is shown in
Fig. 1. A SEM image of a formvar ice crystal replica of
is shown in Fig. 2.

Chemical analysis using EDS of both the ice crystals
and formvar replicas proved difficult. It was not pos-
sible to resolve statistically significant peaks corre-
sponding to the aerosol material contained in the
crystals; background radiation generated from the
interaction of the electron beam with the ice crystal or
formvar dominated the spectra. However, with sec-
ondary ion mass spectrometry (SIMS), a much more
sensitive technique than EDS, at magnifications of
2000x or greater, enriched areas a few microns in
diameter were observed in the formvar. These areas
are believed to correspond to particulate material
contained in the ice crystal. Future work will be con-
cerned with making a qualitative comparison between
the chemical composition, measured using SIMS, of
the rimed and unrimed areas of the formvar crystal
replicas.

500 ̂ im

Fig. 2: SEM image of a formvar snow crystal replica.
Squares indicate areas analysed using SIMS.
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INVESTIGATING SCAVENGING PROCESSES OF ICE CRYSTALS

S. Tenberken, M. Schwikowski (PSI)

First laboratory experiments for separate sampling of ice crystals and supercooled cloud drops were
performed.

In order to relate concentrations of trace species in
glacier ice cores to past atmospheric conditions it is
necessary to investigate transfer mechanisms
between the atmosphere and glacier ice. Since glacier
ice is formed by snow, one important point is the in-
corporation of trace species in snow which consists of
aggregated ice crystals. Consequently, more informa-
tion about transfer mechanisms of pollutants to glacier
ice will be obtained by investigating scavenging
processes of ice crystals.
Concentrations of pollutants in ice crystals are mainly
determined by following processes:

• nucleation scavenging

• condensation of water vapour

• riming of ice crystals by supercooled cloud drops

• aerosol particle scavenging

• gas scavenging

Especially the small (d < 50 u.m) ice crystals which are
just generated are of interest because the process of
ice crystal formation is not completely understood. To
investigate the riming of ice crystals both, supercooled
cloud drops as well as ice crystals have to be sampled
and analysed. Therefore, it is necessary to separate
ice crystals from cloud drops which normally coexist in
clouds. One approach is the application of an inertial
impaction system. Supercooled cloud drops should
freeze when contacting the first impactor stage
whereas ice crystals should bounce off because they
will not stick to the surface of the impactor stage. At a
second stage ice crystals can then be sampled as bulk
sample. In order to examine this assumption, first labo-
ratory experiments were performed. A scheme of the
experimental setup is shown in Fig.1.

compressed air-
ultra-filter mass flow

controller
(0 - 30 Lmin'')

Fig. 1: Scheme of experimental setup.

Drops are generated by nebulizing a solution using a
pressure-nebulizer. The fog is cooled by liquid nitrogen
in a cooler in order to freeze and afterwards sucked
through an impactor, which is a 5-stage Small Deposit
Area Impactor (SDI) [1]. Table 1 shows characteristic
cut-offs of the impactor. The gas flow is controlled
using a mass-flow controller. Vacuum is obtained by
application of two pumps.

Table

20 °C,

0°C,

1 : Charactenstical cut-offs of

1010 mbar

1010 mbar

8.45 4.07 2.59

8.14 3.92 2.49

the SDI

1.66

1.6

1.06

1.02

0.35

0.34

The fog freezes in the cooler and is sampled by the
impactor. Sampled drops will evaporate in the impac-
tor and leave the solutes originally dissolved in the
nebulizer solution. After sampling, the residues are
dissolved again and analysed. If the frozen drops in
fact will not stick on the fist stage and will bounce off
no residue should be found on the first stage. Two ex-
periments were performed. The first experiment was
performed at ambient conditions at 20 °C. A solution of
100 u.M Cs+ was nebulized and sampled for 2 h with a
mass-flow of 11 Lmin'1. After sampling, the impactor
stages were extracted by 400 \iL of Milli-Q water.
Analysis was performed by capillary electrophoresis.
Fig. 2a shows the result of this experiment. Cs+ is
found on the first stage as well as on the last stages.

& 8

I S

S 2

I 0
diameter / urn diameter/jim

Fig. 2: Concentration of Cs+ residue: a) no cooling, b)
with cooling.

In a second experiment the fog was cooled so that
frozen drops were formed. Sampling and analysis was
performed at the same conditions as in the first
experiment. In contrast to the first experiment a resi-
due of Cs+ was only found on the last stage of the
impactor (see Fig. 2b). This shows that frozen drops
indeed bounce off and do not stick on the first stage so
that they are sampled on a later stage of the impactor.
The same experiment was repeated with an ice layer
on the first impactor stage, and again no residue of
Cs+ was detected on the first stage.

To conclude, these results show that it is possible to
separate ice crystals from supercooled drops. There-
fore, this technique will be used in future field experi-
ments at the Jungfraujoch to sample ice crystals and
supercooled cloud drops separately.
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CONTINUOUS MELTING AND ANALYSIS OF ICE CORES

T. Huber (Univ. Bern & PSI), M. Schwikowski (PSI), H. W. Gaggeler (Univ. Bern & PSI)

A heatable head for continuous melting of ice cores has been developed which will in combination with two
ion chromatographs allow for simultaneous on-line analysis of the most common anions andcations.

The common way of analysing ice cores is to cut the
cores in pieces, melt them and analyse each piece
separately. This procedure is time consuming and the
risk of contamination is relatively high. By continuously
melting and analysing the ice cores, these two effects
can be reduced. This so called continuous flow
analysis (CFA) was successfully applied for recording
concentration profiles of different tracers in Greenland
ice [1, 2]. Most of the tracers are determined by
fluorescence or absorption spectrometry, thus, for
each species an individual detector is needed. Instead,
our approach is to couple the melting device with a
multicomponent analytical method such as ion
chromatography or ICP-mass spectrometry.

For this purpose, an aluminium melting head was built
according to Sigg et al. [1]. The surface of the head is
coated with PTFE. The head can be heated by 3 heat
sources (100 W each), which are controlled by a
thermocouple combined with a transistor. A cross
section of maximum 12.5 cm2 of an ice core is placed
over the melting head, stabilized by a sample holder.
The amount of melt-water can be regulated by
changing the heating temperature and the diameter of
the inner circle of the melting head. This is necessary
because of the different densities of firn and ice. The
melt-water is separated in an inner and outer fraction.
For the following analyses, only the inner fraction is
used, while the outer section is rejected. This results in
a decontamination of the samples to be analysed. The
inner sample is filtered and pumped over a valve on
two different concentrator columns, one for anions and
one for cations. By switching the valve after a definite
time, the collected ions are eluted from the
concentrator columns to the corresponding ion
chromatographs, where the ions are separated and
detected. During this separation, the newly melted ice-
water is concentrated on two other concentrator
columns. These samples are analysed afterwards on
the same ion chromatographs. The analysed ions are
fluoride, chloride, nitrate and sulphate for the anions
and sodium, ammonium, potassium, magnesium and
calcium for the cations. A scheme of the apparatus is
shown in Fig. 1.

There are two main problems of using concentrator
columns: the first is column overload, which results in
a non-quantitative stripping of the ions of interest. The
second problem is, that with high concentrations of
high affinity ions such as calcium and sulphate, low
affinity ions such as sodium and chloride can be
displaced on the ion exchange resin and can therefore
get lost.

Both problems have to be considered in our case, as
there can be high concentrations of calcium and
sulphate in ice cores [3]. Concentrations of inorganic
ions in an ice core from a high-alpine glacier [3]
showed that with 1 ml of sample over 99.5 % of all
analysed samples could be determined without column
overload or losses. Only samples containing Saharan
dust would show loss in low affinity ions. This can be
avoided by reducing the amount of concentrated
sample, which means reducing the melting
temperature or the inner diameter of the melting head.

ice core

IC anions

waste

Fig. 1: Scheme of the melting head combined with
two ion chromatographs.

Future work includes determination of the melting rate
in dependence of temperature and the density of the
ice. Another point is the calibration of the method. For
this, standard solutions have to be frozen and
analysed by melting and concentrating. Furthermore,
memory effects have to be considered. At last, a
comparison between conventional sample preparation
and analysis and the melting technique has to be
done.
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THE INFLUENCE OF STRATOSPHERIC INTRUSIONS ON ALPINE OZONE
CONCENTRATIONS

AStohl, N. Spichtinger-Rakowsky (Univ. Munchen), P. Bonasoni (ISFFC Bologna), H. Feldmann,
M. Memmesheimer (Univ. Koln), H. E. Scheel, T. Trickl (IFU Garmisch-Partenkirchen), S. Hubener

(Univ. Bern), L Tobler(PSI), H.W. Gaggeler (Univ. Bern & PSI)

Two independent climatologies of direct stratospheric intrusions for several sites in the Alps were estab-
lished and used to evaluate the influence of stratospheric intrusions on Alpine ozone concentrations.

During pre-industrial times, surface O3 concentrations
were much lower than today [1], and stratospheric in-
trusions were the most important source for tro-
pospheric O3. The magnitude of their contribution to
the present-day tropospheric O3 budget is still under
discussion.

In this work two climatologies of ozone brought down
into the troposphere with intruding stratospheric air
were established. The first one is based on measure-
ments of 7Be, relative humidity and ozone at Zug-
spitze, Sonnblick, and Jungfraujoch, the other one re-
sults from a three-year transport model simulation
considering stratospheric ozone as a passive tracer.
The O3 and relative humidity data used to establish the
first climatology are 1-h averages. The 7Be concentra-
tions are 24-h averages except Jungfraujoch where
only 48-h data are available. In the screening algo-
rithm applied to the measurement data in order to de-
tect stratospheric intrusions a day is considered to be
an "intrusion day" if (i) the 7Be concentration is higher
than 8 mBqm"3, (ii) the daily minimum of relative hu-
midity is lower than 30 %, and (iii) the daily maximum
O3 concentration is at least 10 % above the monthly
mean concentration. The frequency of stratospheric
intrusion days as found with this detection algorithm is
shown in Fig. 1.

Zugspitze
Sonnblick

Fig 1: Frequency of stratospheric intrusion days at
Zugspitze, Sonnblick, and Jungfraujoch.

The average frequency of intrusions is 5.5 % at Zug-
spitze, 10 % at Sonnblick, and 17 % at Jungfraujoch.

The second climatology is based on a simulation of
stratospheric intrusions using the Lagrangian particle
model FLEXPART [2] and gives average concentra-
tions of both an O3 and an air tracer originating in the
stratosphere.

A significant agreement between the two climatologies
is found for Zugspitze and Sonnblick. The deep sum-
mer minimum of the frequency of stratospheric intru-
sions is confirmed by the model results. The agree-
ment for Jungfraujoch is less good. The observations
show no clear seasonal variation, whereas the mod-
eled O3 tracer concentrations show a late winter/early
spring maximum and a deep summer minimum also
for Jungfraujoch. This disagreement is reduced when
the different periods of the climatologies are consid-
ered. The reason for the high frequency of observed
intrusions at Jungfraujoch can hardly be explained
only by the high altitude. Possibly the detection algo-
rithm, which was set up by studying intrusions mostly
for Zugspitze, is less suited for Jungfraujoch. In any
case, more measurements are needed to establish a
more realistic climatology.

The model results indicate that stratospheric intrusions
contribute only a few ppb to the ozone found in the
boundary layer but they are an important term in the
ozone budget of the free troposphere, especially in
late winter/early spring. During that season strato-
spheric intrusions occuring within the limited model
domain contribute between some 15 and 25 % to the
ozone concentrations measured at high Alpine peaks.
The total contribution, including intrusions from outside
the model domain, will be even higher. Further studies
with an extended model domain are planned to quan-
tify this contribution.
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CHARACTERIZATION AND USE OF THE NEW IRRADIATION FACILITY AT SINQ
FOR NEUTRON ACTIVATION ANALYSIS

L Tobler, D.T. Jost (PSI)

The new pneumatic tube transfer system for neutron activation analysis (NAA) installed at SINQ has been
characterised for operation and irradiation parameters, i.e., absolute neutron flux, flux variations within the
transport container, variations with time, and interfering reactions.

Instrumental neutron activation analysis (INAA) is a
sensitive, non-destructive analytical method for the
determination of trace elements in preferably solid
samples. The new pneumatic tube transfer system [1]
installed at the spallation neutron source SINQ allows
the irradiation and fast transfer of samples for INAA.
The operation and irradiation characteristics of this
facility are important for accurate and reliable results in
INAA. Different parameters have been evaluated this
year during the operational period of SINQ.
The absolute flux for thermal and epithermal neutrons
were determined by a 30 min irradiation of a Zr foil and
measurement of the y-lines of the (n,y)-reactions
94Zr(n,y)95Zr and 96Zr(n,y)97Zr -> 97mNb -* 97Nb. The fluxes
found a r e :
<&th = 2.8 • 1012 (n/(cm2-s)) / mA, and
<Depi = 7.3 • 109 (n/(cm2-s)) / mA.

The second, redundant tube system has fluxes which
are only 5 % lower.
The neutron flux distribution in axial and radial direc-
tion of the transport container was measured by plac-
ing copper wires along its centre axis and inside its
bottom circumference. After irradiation the wires were
cut into 5 mm long pieces for counting. Neutron flux
variations in the radial direction of the transport con-
tainer were below measurement uncertainty (2%),
while along its central axis (length 4 cm) a decrease in
neutron flux of 14 % was found.
Reproducibility of successive irradiations (n = 9) was
determined by irradiating samples of 100 ^.g Al for 15
seconds. Count rates of the measured 28AI - activities
varied by 5% among different irradiations after correc-
tion for fluctuations of the neutron flux during the irra-
diations. This variation is larger than the counting error
and might be due to uncertainties in the irradiation
time and the correction of the neutron flux variations.
Beside the thermal and epithermal neutrons, high en-
ergy neutrons from the spallation process are present
at the irradiation position. These fast neutrons induce
(n,xn), (n,p) and (n,oc) - reactions, which can cause
interferences by producing the same activity as a (n,y)
- reaction from a different element. A few reactions
with relatively high levels of interference were investi-
gated. The level of interference is given by the activity
ratio (activity of interfering reaction / activity of thermal
reaction) for equal masses of the target elements.
Results are shown in Tab le i .

As long as the concentrations of the element to be
analysed and of the interfering element are of the
same order of magnitude, the interference is negligi-

ble. However, in cases, where the concentration ratio
(interfering element / analysed element) is greater
than 10, the interference is in the percent range and
has to be corrected for.

Table 1 : Interferences by fast neutron reactions.

Intended
thermal reaction

23Na(n,y)24Na

26Mg(n,Y)27Mg

27AI(n,Y)2aAI

Interfering
reaction

27AI(n,a)24Na

27AI(n,p)27Mg

30Si(n,a)27Mg

28Si(n,p)28AI

level of
interference

0.4- 10"'

6.9- 1 0 '

5.0- 10"'

2.4- 10"'

Unfortunately, the fast neutrons induce also a high "C
- activity in the polyethylene (-[C2HJn-) transport and
sample containers by the reaction 12C (n,2n) 11C, which
has a threshold energy of 20 MeV. 11C is a pure fT -
emitter with the characteristic 511 keV y-line from
positron annihilation and with a half-life of 20.38 min-
utes. This 11C - activity hampers the measurement of
isotopes with short decay times. Unpacking of the
samples from the irradiated sample vials is sometimes
a prerequisite in order to improve the measurement
conditions (i.e. better counting geometry, lower dead
time, lower background) [2]. Furthermore, this activity
is also disturbing in view of radiation protection.
As a first application of the irradiation facility trace
elements in size fractionated aerosols were analysed

[2].
During the first full operation period of the transport
system about 160 irradiations with irradiation times
between 5 seconds and 40 minutes were performed.
Transportation time of samples between the irradiation
position in SINQ and the laboratory is 50 seconds.
Minor software and hardware problems occurred with
the pneumatic transfer system. These will be solved
during the next shutdown period of SINQ, in order to
increase the performance and reliability of the system
for routine operation.
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GADOLINIUM COMPLEXES FOR TARGETED MOLECULAR RADIOBIOLOGY AND
RADIOTHERAPY

C. Salt, M. Argentini, R. Weinreich (PSI)

In order to evaluate DNA-seeking compounds for targeted molecular radiobiology, several benzimidazole
derivatives were coupled with Gd-chelating agents (DTPA, DOTA). The complete conjugates will be
activated in cell cultures by neutrons generated at SINQ.

With respect to make the high-LET short-ranged
Auger electrons accessible for targeted radiobiology
and radiotherapy, several DNA ligands were labelled
with radioactive Auger emitters or with inactive but
activatable isotopes. The compound classes to be
labelled were DNA components (pyrimidine
derivatives) and DNA fluorescence stains (Hoechst
33258).

In particular, the gadolinium neutron capture therapy
takes advantage of the extraordinarily high neutron
capture cross section of 157Gd (254'000 barns)
accompanied by the release of therapeutically
effective high-LET Auger electron showers. The limited
range (approx. 22 nm) of the energy deposition
produced by the Auger and Coster-Kronig transitions
requires essentially that the gadolinium has to be
placed in the immediate vicinity of the DNA helix [1].
In order to assess the reactivity of the specific
functionalities involved in the key reaction steps
leading to the modified Hoechst 33258 conjugates,
several corresponding model ligands and model
chelates were synthesized and characterized.

The fluorophores thus designed represent a simplified
version of the Hoechst DNA linkers where instead of
the bisbenzimidazole one single benzimidazole ring
system carries the modified phenolic moiety. This
terminal aminophenyl residue is the functional group
that will form the amide covalent attachment to the Gd-
chelating agent (DTPA, DOTA) via the latters'
carboxylic side-chain as will be the case with the more
complex Hoechst derivatives [2]. Also the N-
metnylpiperazinyl residue at the other end of the
Hoechst molecule is omitted.

The synthesis and characterization of the following
four DNA ligands (1)-(4) with open-chained
coordination sites based on the bifunctional chelating
agent DTPA has been achieved (Fig. 1). These DTPA-
based model ligands all display the same pronounced
fluorescence as their corresponding Hoechst
analogues. Therefore, the DNA minor-groove binding
properties of these smaller fluorophores will also be

tested on cell culture samples at the SINQ neutron
beam facility with regard to the enhancement of the
fluorescence yield upon groove-binding events in the
cells.

The chelation of the model ligands (1) and (2) with
GdCl3 has lead to the corresponding gadolinium
chelates which are in the process of characterization.

Fig. 1: Model Compound Open Chain DTPA Ligands.
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MEASUREMENT OF THE RADIONUCLIDE INVENTORY IN ACCELERATOR WASTE

R. Weinreich, M. Argentini (PSI)

As an essential part of waste management the nuclide inventories of radioactive waste which has been
generated in the PSI facilities must be determined. Preliminary results show an agreement within a factor
of 5 with model calculations.

Paul Scherrer Institut is Switzerland's largest producer
of so-called middle-active radioactive waste, which
generally must be prepared for final storage. Whereas
useful routine methods for the measurement of radio-
activity in waste from nuclear power stations have
been available for a couple of years, the correspond-
ing experience in the field of accelerator waste is
lacking. As a general indication, the main waste from
power stations is located in the fuel elements and
consists of long-lived fission products and a-emitting
transuranes. The accelerator waste, however, is lo-
cated in machine and beam-lining elements and con-
sists of long-lived activation products, originating by
nuclear interactions of accelerated protons and sec-
ondary neutrons onto (mostly metallic) targets.
Cross section data for nuclear reactions of protons
with metals are well-known mostly for proton energies
below 50 and above 500 MeV. However, for our rele-
vant energy region between 50 and 500 MeV, the data
are relatively scarce. Many groups have started
measuring programs, in order to eliminate this gap [1-
3], and in the meantime, it seems that even in this
energy region data are available which are sufficient
for the development of mathematical models in order
to estimate the activation of accelerator parts during
the years.

A further uncertainty factor is the inexact knowledge of
the history of the irradiated material. While irradiation
dates, durations and beam intensities generally have
been recorded, the beam intensity is normally distrib-
uted inhomogeneously onto the target material and
causes errors which cannot be recorded quantitatively
by the operator team. Thus, model calculations are
handicapped by inherent uncertainties, and in the first
phase of determining the radionuclide inventory, the
model calculations must be validated by measure-
ment.
Unfortunately, most radionuclides which can be
measured easily, for instance by y-spectroscopy, are of
no significance for problems of final disposal: gen-
erally their half-life is too short. The really significant
nuclides have half-lives of more than 103 years but are
mostly p-emitters und must consequently be sepa-
rated carefully from the irradiated matrix by chemical
processes before measuring. In many cases, the
measurement must even be carried out by accelerator
mass spectroscopy.

Table 1 shows the dismantled parts of the PSI accel-
erator equipment from which samples were taken, in
order to measure the radionuclide inventories. The
easily measurable radionuclides Co and Na, are
not nuclides significant for final disposal but might be
of some relevance for model validation.

Table 1 : Parts of the PSI accelerator equipment ready
for determination of the radionuclide inventories.

Dismantled
part

"Beam
dump" of
Target E

Target BX2

Various
Aluminium
parts

Material

Copper

Copper
Normal Steel
Stainless St.
Cast iron

Copper

Copper
Stainless St.
Concrete
Lead
Ceramics

Aluminium
Aluminium

activated by

Protons (590
MeV)
Neutrons
Neutrons
Neutrons
Neutrons

Protons (72
MeV)
Neutrons
Neutrons
Neutrons
Neutrons
Neutrons

Protons
Neutrons

Main nuclide

60Co

60Co
60Co
60Co
60Co

60Co

60Co
6 0 ^ _

Co
152Eu,cc-emit.

fission prod.
?

22Na
22Na

PSI and NAGRA (National Society for Storage of Ra-
dioactive Waste) agreed in carrying measurements of
the following radionuclides in the beam dump: 12.3-a
3H, 1.6x106-a 10Be, 5.7x103-a 14C, 7.3x105-a Al, 132-
a 32Si, 3.0x105-a 36CI, 1.3x109-a 40K, 1.0x105-a 41Ca,
57-a ^Tl , 2.73-a 55Fe, 7.6x104-a 59Ni, 1.5x106-a 60Fe,
5.27-a 60Co, 99.6-a 63Ni, and 127-a 10BmAg. For the
validation of models also developed at PSI [4], how-
ever, the measurement of more radionuclides is re-
quested.

Preliminary measurements of some y-emitters in ma-
terials of the target E beam dump showed an agree-
ment within a factor of 5 between the measured and
the calculated data. This error limit seems to be toler-
able for the specific requests of the final disposal of
radioactive waste. On the other hand, it seems to be
unsatisfactory for a correct scientific validation state-
ment.
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CEMENT CHEMISTRY: QUALITY CONTROL AND DEVELOPMENTS 1998

H.P. Zimmermann, M. Patorski, L Dohring, M. Egloff, R. Ivankovic (PSI)

The main fields of our work are mentioned and some numbers relating here to. The distribution our work
between our customers is shown.

This year, the majority of work was approximately
equally divided between quality control of radioactive
waste solidifications, conducted for the Swiss nuclear
power plants, including improvements and develop-
ment and validation of testing methods.

Since January 1998, 26 new sets of samples con-
taining radioactive waste and 17 inactive sets have
been tested with respect to quality control and for de-
velopment purposes (1 set consists of about 20 single
samples).

This resulted in more than 520 measurements of
compressive strength, more than 890 y-spectrometric
measurements, about 600 I of radioactive leaching
liquids, and about 10 I radioactive used cement sam-
ples.

The distribution of working hours from January to
November 1998 is shown in Fig. 1. This year the
highest share of working capacity was dedicated to
the development and validation of a new testing pro-
cedure for bituminous samples as a replacement for
needle penetration and ring-ball softening point
measurement [1]. The second in size was KKM
(Muhleberg) due to the amount of delivered sample
sets and data evaluation.

For ZWILAG we are setting up some quality control
procedures for glassy and metallic products of the
plasma oven. As a preliminary study some measure-
ments of corrosion of inactive metallic samples have
been done by the LWR group (Light Water Reactor
Chemistry group from the Laboratory for Materials
Behaviour). As part of our work it was planned to acti-
vate some samples with neutron activation at SINQ
and to leach it similarly to the cement samples. A test
activation of a metallic sample has been done and
further activations are planned. An estimate on the
basis of the y-spectrometric measurements of the
activated sample, the results of the LWR corrosion
tests and the estimated contents of activity in the real
ZWILAG metallic waste packages showed that this
procedure, analogue to the cement tests, should
work. A verification by a leach test with small acti-
vated samples is planned for 1999, also for glass
specimens.

In connection with the dismantling of the former
research reactor DIORIT, we plan some recipe tests
with milled graphite from the reactor at the beginning
of 1999.

At the begin of 1998 we also produced some series of
special cement samples with a high water to cement
ratio for research done by the Water Constituents
group of the Laboratory for Waste Management.

zwi KKM

KKL

KKW

7 Infrastructure

Adm.

NAGRA

Fig. 1: Distribution of working capacity between our
customers and several special fields.
(ZWI: ZWILAG, KKW: all Swiss nuclear
power plants).
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APPLICATION OF THE PARALLEL-PLATE SQUEEZING-FLOW TECHNIQUE FOR
QUALITY CONTROL OF BITUMINOUS SAMPLES

H.P. Zimmermann, M. Egloff (PSI), R. Gubler (EMPA), R. Dressier, M. Patorski, L Dohring,
R. Ivankovic (PSI)

A 'Texture Analyser" has been evaluated as a "parallel-plate squeeze-flow viscometer" as replacement for
needle penetration and ring-ball-softening point measurements.

Measurement of needle penetration and the ring-ball-
softening point are widespread for quality control in the
bitumen industry and road construction business. They
have been and are still applied for quality control of
radioactive waste embedded in bitumen but they
cause some radiation protection problems due to
contamination, exposure times, and secondary (liquid
organic) waste.

Looking for a simpler procedure to measure some
rheological properties of bituminous samples for
quality control, we have chosen the parallel-plate
squeezing-flow technique, as reported in Huschek et
al.[1].

By squeezing a small cylindrical bituminous specimen
(h0 = 4 mm, 0 20 mm) between two steel discs (0 20
mm) with a constant force and a very low shear rate of
the order of 102 s'1 or less we measure a "dynamic
viscosity", in the range 103 to 108 Pa-s.

For that purpose we use a so-called "Texture
Analyser" from Stable Micro Systems, GB. This is a
computer controlled device which is able to control and
register the force applied to the sample, the distance
travelled by an inter-changeable probe, the time, and
the temperature, by cooling with liquid/gaseous
nitrogen or electrical heating of the surrounding air in a
"closed" temperature cabinet.

A specimen, consisting of a small disc approx. 4 mm in
height, is cut from a cylinder of bitumen with a motor
driven knife, which makes a slow but steady cut
possible.

The specimen is placed between the steel discs,
thermostatted over 12 h, and pre-squeezed to a
starting height h0 of 4 mm for some minutes. Then the
sample is usually squeezed for around 2 h.

Distance, time and applied force data are recorded at
a rate of at least 1 Hz, the temperature at 10 Hz.

From these data the dynamic viscosity ri may be
calculated under assumptions of a Newtonian liquid,
lubrication approximation, no inertial effects, with the
following equation (see also e.g. [2]).

w(t) = h0 - 1
4(7

3 r 2

w(t) = h0 - h(t)
a = pressure; load per disc area rcr2

r| = viscosity
r = disc radius

We tested reproducibility, variation of applied force,
variation of pre-squeezing time and the time necessary
for reaching thermal equilibrium. The results were
satisfying according to our requirements.

It should be kept in mind that bitumen, especially those
types with high viscosities, are not pure Newtonian
liquids but at least visco-elastic fluids. However, the
description of the system with these Newtonian
viscosities, as calculated above, meets our require-
ments in most cases. The full data sets may be stored
and the viscosity recalculated with other models if
necessary.

Measurements by EMPA with a DRS (dynamic shear
rheometer) and a supply of several bituminous
samples with known properties (B20/30, B40/50,
B80/100 [B15 and B15/KKG from own stock]) enabled
us to calibrate our system absolutely and to establish a
viscosity - softening point - relationship as a link to
former quality control parameters (see Fig.1).

10'
50 60 70 80

Ring and ball softening point [°C]
90

h0, h(t) = height at time t0 = 0 resp. at time t

Fig. 1: Dynamic viscosity at 40 °C vs. ring-ball-
softening point. From left to right: B80/100,
B40/50, B20/30, B15 and B15/KKG (the latter
two from own stock).
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THE PSI/ETH TANDEM ACCELERATOR FACILITY

H.-A. Synal, M. Döbeli, H. Fuhrmann, P.W. Kubik(PSI), G. Bonani, A. Duhr, P. Gartenmann, I. Hajdas,
R. Huber, S. Ivy-Ochs, S. Jacob, C. Maden, R. Mühle, M. Suterand S. Tschudi (ETHZ)

The 1998 operation of the PSI/ETH tandem accelerator at ETH Hönggerberg is summarised in a detailed
compilation of beam time allocation and a statistics of AMS samples for the radioisotopes measured, and
for the major fields of research.

AMS Be-10

C-14
AI-26
CI-36

1-129
Heavy Elements

Subtotal
Materials Sciences
Accelerator SIMS

Tests

Conditioninq
Total

Hours
1996
551
721
64

219
184
168

1907
412
178

201

91
2789

1997
653

718
71

227
121
106

1896
295
107
82

189
2569

1998
475

881
103
161

111
81

1812

416
171
119

257
2775

%
1996
19.8

25.9
2.3
7.9

6.6
6.0
68.4

14.8
6.4

7.2

3.3
100

1997
25.4

27.9
2.8
8.8
4.7
4.1
73.8
11.5
4.2
3.2

7.4
100

1998
17.1

31.7
3.7

5.8

4.0
2.9
65.3
15.0
6.2
4.3

9.3
100

1996
1084
1387

125
458

203
10

3257

Samples
1997

1193

1429
129
534

310
5

3600

1998
1098
1755

231
401
291

2

3778

Beam time statistics 1996-1998

Research Field
Oceanography
Polar ice
Limnology
Atmosphere
Environmental Monitoring
Exposure Ape Datinq, Others
Earth Sciences (Total)
Meteorite/Cross Sections
Archaeology
Others, Tests
Subtotal
Standards
Blanks
Total

Be-10
87
465
45
79

136
812
15

23
38
142
106

1098

C-14
217

46
31

111
405

673
376

1049
224
77

1755

AI-26

78
78
26

86
112
28
13

231

CI-36

258

43

17
318

14
14
45
24
401

1-129

23
81
112

216
10

9
19
37
19

291

Total
304
723
114
234
112
342
1829
51
673
508
1232
476
239

3776

8%
19%
3%
6%
3%
9%
48%
1%
18%
13%
33%
13%
6%

100%

Compilation of measured AMS samples at the PSi/ETH AMS facility in 1998.

In 1998, the PSI/ETH tandem accelerator ran for 2775
hours, approximately 8% more than in 1997. In addi-
tion, the total number of analysed samples could be
increased by 5%. Of the total beam time 65% was de-
voted to accelerator mass spectrometry, 15% to mate-
rial sciences, and 6% was used to measure stable
trace elements in connection with the focused ion
beam sputter source. Less than 10% of the total beam
time was needed for conditioning the accelerator.
The number of measured radiocarbon samples has
significantly increased. The increase in oceanography
and archaeology samples has required a higher
measurement effort because of the high precision
needed in these research fields. The measurements of
the 10Be and 35CI concentrations in polar ice cores have

been continued and the analysis of 129I samples has
been established as a tool for environmental monito-
ing. Surface exposure dating using 10Be and 26AI
icreased again its share in the Earth Sciences applic-
tions. The high current ion source was routinely used
for 10Be and 26AI measurements. Due to the higher
beam currents the measurement time per sample
analysed could be reduced. The installation of the
small AMS system for radiocarbon dating has been
completed. First tests were successfully conducted
which clearly demonstrate that the molecular comp-
nent can be sufficiently destroyed. Blank samples
gave background values similar to those observed on
the large AMS system. Repeated measurements of
standard samples gave highly reproducibly results.
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A NEW SMALL ACCELERATOR FOR RADIOCARBON DATING

M. Suter, ft. Huber, S.A.W. Jacob (ETHZ), H.-A. Synal (PSI), J.B. Schroeder(NEC, Middleton Wl, USA)

A new small and compact radiocarbon dating facility based on a 500 kV Pelletron accelerator has been
built. The novel feature is that it operates with 1+ ions. The interfering molecules are destroyed by collisions
in the gas stripper. The results of first test measurements demonstrate that stability, background and
transmission are almost equal to those of conventional AMS systems based on larger accelerators.

Experiments recently performed at our existing AMS
facility [1] and studies at other facilities [2, 3] have
demonstrated the feasibility of 14C analysis at energies
below 1 MeV. To remove interfering molecules, a spe-
cial method can be used to destroy them in multiple
collisions inside the stripper of the accelerator [2]. The
technique opens the possibility of developing a new
generation of AMS facilities which are much smaller
than the existing ones. The main concern when oper-
ating an AMS facility at these low energies is the
background [4]. First of all, interfering molecules of
mass 14 have to be destroyed and molecular frag-
ments have to be removed efficiently from the 14C
beam. It is known that the molecular components at
mass 14 have intensities in the range of 10'4 relative to
the extracted 12C current.

A new instrument has been built to demonstrate the
potential of this principle and to investigate the rele-
vant processes of molecular destruction and charge
state changing. The system is operational since July
1998 and first test measurements were performed to
study the molecular suppression capability at 970 keV
beam energy. They clearly demonstrate that the mo-
lecular component can be destroyed. A gas density of
more than 2 ug/cm2 of argon is necessary to achieve
the required 10 to 11 orders of magnitude in suppres-
sion. Processed blanks having molecular 13CH beams
of less than 10"4, gave background values of 2-8 times
10"15. Fig. 1 shows the spectra observed from a proc-
essed blank sample and an Oxalic I standard. The
measured background values agreed with the values
obtained for the same material at our large facility. It is
assumed that these events originate mainly from real
14C introduced during sample preparation. To investi-
gate optimum operation conditions, charge state frac-
tions (1+, 2* and 3+) have been measured for 12C in the
energy range from 400 - 500 keV for various stripper
densities (0.2 -3 ug/cm2 argon). This study clearly
showed that charge state 1+ is the most abundant in
the operating energy interval (more than 50%). At the
pressure needed to destroy all the molecules the
transmission is presently about 42%.

We found very good stability in the measured 13C/12C
ratios. Within measurements of one sample, variations
in observed 13C/12C ratios are typically less than 0.05%.
Also repeated measurements on the same sample
give highly consistent results. For different targets,

which deliver different currents, a small current de-
pendent mass fractionation was observed. The pre-
liminary tests have demonstrated the potential of the
new system. More measurements, and in particular,
experience in routine operation, are needed to char-
acterize its ultimate performance. But we clearly dem-
onstrated that interfering molecules can be eliminated
at sub MeV energies. This opens new possibilities for
radiocarbon dating and for biomedical applications. It
seems possible to reach performance equivalent to
larger facilities, but at significantly lower cost.
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Fig. 1: Two spectra measured with the 14C silicon de-
tector during test measurements. Data acqui-
sition time for the Oxalic I standard (grey) and
for the processed blank sample BL124 (black)
were 200 seconds each. By integrating the
counts in the 14C gate, a 14C/12C ratio of 2.4 10"
15 was obtained for the blank material. This
corresponds to a radiocarbon age of 48 ky.
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EXPOSURE AGE DATING OF GLACIAL DEPOSITS IN THE LITANG AREA,
EASTERN TIBET

S. Tschudi), C. Schliichter (Univ. Berne), S. Ivy-Ochs (Univ. Berne & ETHZ); P.W. Kubik (PSI); J. Schafer
(ETHZ); Z. Zhao (Inst of Geomechanics, CAGS, Beijing), X. Wu (Xi'an Laboratory of Loess and Quater-

nary Geology, CAS, Xi'an)

In 1997, various erratic boulder surfaces of well defined glacial deposits in the Litang area, Eastern Tibet,
were sampled. The 10Be and26AI data show a clustering within an exposure age interval between 12ka and
18ka BP (minimal ages). All samples are older than Younger Dryas except one, which has a very young
exposure age, probably due to a collapsing event of the erratic.

The glaciation of the Tibetan Plateau during the Qua-
ternary is a subject of controversial discussion [1,2].
Almost no information on the timing of glacial events is
available. Exposure age dating using stable and radio-
active cosmogenic isotopes (21Ne, 10Be and 26AI) can
provide useful information on the ages of glacial de-
posits. The Litang sampling area was chosen in col-
laboration with Chinese geologists of the Institute of
Geomechanics, Beijing and the Xi'an Laboratory of
Loess and Quaternary Geology, Xi'an.

SAMPLE DESCRIPTION

Fig. 1 : Typical erratic boulder on a lateral moraine of
unknown age in the Litang area.

In the Litang area (N 30°17', E 99°30'), 7 similar-
shaped erratic boulders with granitic lithology (Fig. 1)
from different geological units [3] were sampled. The
altitude above sea level ranges between 4'500 m and
4'900 m. Thus the whole area lies above the tree line
and vegetation is limited to bushes. All boulders show
erosion phenomena (e.g. spalling).

METHOD

The samples were prepared using the method de-
scribed in [4]. 10Be and 26AI were measured at the AMS
facility of the PSI and ETH Zurich, neon meas-
urements were performed in the noble gas laboratory
at the Institute of Isotope Geology, ETH Zurich.

RESULTS

Minimum exposure ages of 3 erratics (Litang 4, 5
and 6) cluster around 15 ka, whereas one sample
(Litang 1) shows a very young age. This young age is
probably due to a collapsing event of the erratic.
Litang 7 is younger than the main age cluster, which
agrees with the geological observation. All samples
are older than Younger Dryas.

Table 1 : Results of the

Sample

Litang 1al0Be

*AI

Litang 1b10Be

*AI

Litang 4a 10Be

aAI

Litang 4bc'°Be

*AI

Litang 5a1°Be

*AI

Litang 5b10Be

MAI

Litang 6 "Be

^Al

Litang 7 "Be

^Al

Altitude/m

4'900

4'900

4'575

4'575

4'605

4'605

4'585

4'515

radioisotope analysis.

Atoms/gr

82.1 x10"

965 x10"

115.8x10"

550.3x10"

143.3x10"

809.9x10"

119.8x10"

781.8x10"

125.3x10"

739.1 x10"

124.7x10"

737.9x10"

124.8x10"

783.8x10"

102.2x10"

712.5x10"

Minimum Age/y

8'500 ± 600

16700 ±1'100

12'400±900

9'800 ± 600

17'500±1'200

16'500±1'200

14'500±1'000

15'800±1'100

15'100±1'000

14'800 ±1'000

16'100±1'000

15̂ 900 ±1 '800

15'200±r000

15'900±1'300

12700 ±900

14700 ±1700
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PRELIMINARY RESULTS ON THE USE OF PYROXENE FOR 10Be SURFACE
EXPOSURE DATING

S. Ivy-Ochs (ETHZ& Univ. Bern), P.W. Kubik (PSI), J. Masarik (Komensky University, Slovakia),
R. Wieler, L Bruno (ETHZ), C. Schluchter (Univ. Bern)

Test were performed to see whether pyroxene is suitable for exposure dating with 10Be or whether meteoric
wBe cannot be quantitatively removed from this mineral.

We performed two sequential dissolution series of py-
roxenes separated from Antarctic dolerites with expo-
sure ages around 2 Ma [1]. The goal of these experi-
ments was to test whether pyroxene is suitable for ex-
posure dating with 10Be or whether meteoric 10Be can-
not be quantitatively removed from this mineral. For
comparison, we show leaching results from three
quartz samples, two from sandstones and one from
granite. Because pyroxene retains 3He and 21Ne quan-
titatively, it is an attractive mineral for exposure dating.
The measurement of 10Be in the same mineral would
complement the noble gas results by revealing possi-
ble episodes of prior exposure (when there has been
an intervening period of burial).

The samples investigated are part of a project to de-
termine the age of the Sirius Group sediments and
related landscape elements in the Dry Valleys region
of Antarctica, using in situ produced cosmogenic 3He,
10Be, 21Ne and 26AI [2, 3, 4]. Quartz-bearing clasts un-
ambiguously associated with the Sirius Group are rare
so that the possibility to analyze pyroxene for 10Be, in
addition to 3He and 21Ne is crucial.

In the first of two dissolution series (sample 4 in figure
1), the final 10Be concentration was 26% greater than
the concentration expected based on the 3He and 21Ne
exposure age of 2.4 Ma. Given production rate uncer-
tainties of perhaps up to 20%, it is possible that mete-
oric 10Be was completely removed from this sample
after two dissolution steps. However, in the second se-
ries (Sample 5a) the final 10Be concentration was al-
most four times greater than that expected from the
noble gas exposure age of 1.8 Ma. This indicates that,
using the standard hydrofluoric leaching technique,
meteoric 10Be is in some cases not removed com-
pletely from pyroxene grains. This is in contrast to
quartz, where after only one hydrofluoric leaching step
meteoric 10Be is completely removed. One possible
explanation is that crystallographically controlled dis-
solution during weathering of the pyroxene accompa-
nied by clay formation allows meteoric 10Be to pene-
trate and to be locked in the interior of the grains. This
is in contrast to quartz, where all of the meteoric 10Be is
only adsorbed on the surface. It may be that, similar to
olivine, 10Be exposure ages can be measured in py-
roxenes from young rocks where individual grains are
unaltered. The multi-nuclide approach is important for
checking for gain or loss of one of the isotopes. Fi-
nally, we would like to point out that the open structure

of pyroxene could just as easily lead to premature
leaching of in situ produced 10Be during the chemical
cleaning which would also lead to spurious results.
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Fig. 1: 10Be concentrations normalized to sea level.
Filled symbols are for pyroxene, open symbols
are for quartz. The shaded band indicates the
sea level secular equilibrium concentration of
10Be for pyroxene.
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CATCHMENT-WIDE DENUDATION RATES FROM COSMOGENIC NUCLIDES IN
RIVER SEDIMENT

F. von Bianckenburg, M. Schaller, J.D. Kramers (Univ. Bern), P.W. Kubik (PSI)

Erosion rates from large geographical areas can be measured using cosmogenic nuclides in river-borne
quartz. The validity of the method is investigated in a field-based study on European rivers of which the
catchment denudation rates are known from conventional gauging data.

The concentration of in situ-produced cosmogenic nu-
clides [1] in river sediment-borne quartz reflects spa-
tially averaged rates of denudation in a drainage basin.
This technique is applicable for estimation of time-
integrated mean denudation rates in small catchments
[2, 3]. In this study the method was applied to medium-
sized catchments to evaluate the validation of the
model beyond the local scale.

Mechanical |12|4O| Chemical
mm/ka

(BfG, LfU Ba-WQ)

50 km

Fig. 1: Neckar denudation rates from river load data.

Denudation rates inferred from 10Be in quartz in river
sediment from middle-European rivers were compared
with conventional rates calculated from the present-
day flux of daily monitored suspended and dissolved
load in these streams. Denudation rates calculated
from in stfu-produced cosmogenic nuclides [1] are 18-
24 mm/ka for the river Regen (SE Germany), which
compares to 8 mm/ka as estimated from conventional
data. Cosmogenic rates are 50-90 mm/ka for the river
Neckar (SW Germany) (Fig. 2), whereas conventional
rates are 35-55 mm/ka (Fig.1). Denudation rates from
the two methods agree remarkably well, given that
conventional data represent sampling intervals of a
few years at most, whereas cosmogenic data integrate
over several 1000 years. No regional patterns are visi-
ble for samples that have been collected from

upstream down to the river mouth. The fact that cos-
mogenic rates in both rivers are sometimes higher by
a factor of two to three may be explained by variations
in erosion rates, the difficulties in accurately measuring
suspended loads in streams, much of which is as-
sociated with low-frequency flood events, or by the un-
certainty associated with the amount of pollution in the
solute load.

However, the concentration of in-situ cosmogenic nu-
clides in river sediments is a valuable and accurate
technique to estimate time-integrated denudation
rates.The effects of climate, tectonics, lithology and
topography on denudation rates may be studied by
applying this method to different river basins.

Heidelberg

Total Cosmogenic
Denudation Rate

[mm/ka]

50 km

Fig. 2: Neckar total denudation rates from cos-
mogenic nuclides.
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THE DETERMINATION OF SURFACE EXPOSURE AGES IN QUEEN-MAUD-LAND
(ANTARCTICA) VIA "IN-SITU" PRODUCED COSMOGENIC RADIONUCLIDES

M. Altmaier, U. Herpers (Uniyersitat zu Koln, Germany), G. Delisle (Bundesanstalt fur Geowissenschaften
und Rohstoffe, Hannover, Germany)

We have determined surface exposure ages in Queen-Maud-Land (Antarctica) by measuring "in-situ" pro-
duced 10Be and 26AI in purified quartz minerals. The results call for a rather complex giaciation and exposure
scenario for the investigated region of Queen-Maud-Land.

The interaction of cosmic radiation with terrestrial
matter leads to the production of the long-lived cos-
mogenic radionuclides 10Be and 26AI. Accelerator mass
spectrometry (AMS) enables us to quantitatively
measure these "in-situ" produced nuclides in quartz-
rich minerals. This ultimately allows the determination
of surface exposure ages, erosion rates and other
processes of landscape evolution in a glacier domi-
nated scenario.
Our work concentrates on Queen-Maud-Land (Antarc-
tica) - a region for which scientific data are still very
scarce.

EXPERIMENTAL PROCEDURE
As the samples taken in the field usually do not consist
of pure quartz, a quartz separation and purification
procedure has to be employed. Moreover, the AMS-
technique itself also necessitates careful sample
preparation.
First, we use a chemical mineral separation procedure
(repeated digestion of the sample with HF) to isolate
the quartz and decontaminate the material from at-
mospheric 10Be. The dissolved quartz is then treated
by radiochemical separation techniques (anion, cation
exchange chromatography and precipitation steps) to
yield BeO and AI2O3 as required by AMS.

RESULTS
• Some samples from the "Petermann-Kette" (from

locations of up to 3000m above sea level) show nu-
clide concentrations in saturation corresponding to
very high exposure ages of at least 6 Ma. Other
samples, with lower nuclide concentrations, have
exposure ages of 0.3-2 Ma. For the "Petermann-
Kette" we find no simple correlation between expo-
sure ages and the altitude of the analysed sample.
One explanation could be that crystalline surface
material had been exfoliated under the influence of
frost shattering leading to "too short" exposure
ages.

• The samples from the "Schussel" region ("Eck-
hb'rner" and "Seitental 1, Seitental 2") were col-
lected at 1640-2110 m, with most of them located
lower then the "Petermann" samples. The exposure
ages also tend to be lower ranging from 0.04 to 2.5
Ma. Exposure age and altitude appear to be corre-
lated.

• The "Morane" in the "Schussel" region is a very
large glacier field located at 1650 m above sea
level. Exposure ages of the large boulders in the

moraine are surprisingly low - mostly around
0.01-0.1 Ma. One rock with an exposure age of 1.0
Ma, however, suggests a long residence time of this
complex feature.

• For the locations "Untersee-Ostgrad" and "Unter-
see-Westgrad" (1040-1430 m) we have determined
exposure ages ranging from 0.3-0.9 Ma.

• Most samples from the "Dallmann-Berge"
(1720-1940 m) also seem to have been exposed
rather recently, about 0.1-0.3 Ma ago. Erratic rock
samples have larger exposure ages of 0.4-0.5 Ma.

• Samples from the location "Schirmacher-Oase"
(100-120 m) showed extremely low radionuclide
concentrations leading to very young exposure ages
of 0.02-0.04 Ma.

• The nuclide concentrations measured correspond to
small erosion rates as is expected for samples from
Antarctica. Erosion is predominantly controlled by
frost shattering and tafoni formation.

Table 1 lists the locations analysed in this work to-
gether with the numbers of 10Be and 28AI measure-
ments and the resulting exposure ages (erosion
rate=10'6cm/a).

Table 1 : Survey of the analysed locations / results.

Location

Schirmacher
Oase

Dallmann-
Berge

"Schussel"
Eckhorner

"Schussel"
Morane

"Schiissel"
Seitenlaler

"Untersee"
Westgrad

"Untersee"
Ostgrad

Petermann-
Kette

Number of samples
analysed (Be / Al)

3 / 1

9 / 6

4 / 4

13/3

8 / 7

3 / 3

3 / 3

9 / 7

Exposure ages
(Ma) / mean value

0,02-0,04 / 0,03

0,1-0,6/0,25

0,04-2,4 / 0,9

<0,005-1,0/0,15

0,2-1,9/0,7

0,2-0,9 / 0,6

0,3-0,8/0,5

0,3->6 / 2,4
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MAGNETIC, SEDIMENTOLOGICAL AND GEOCHEMICAL PROPERTIES OF
2 LOESS PROFILES FROM THE LOESS PLATEAU OF CHINA

M. Sartori, F.Heller, P. Sroubek (ETHZ), J. Beer (EAWAG), P.W. Kubik (PSI), A. Tsatskin (University of
Haifa, Israel), T. Evans (University of Alberta, Canada); E. Vincent (C.E.A., France)

Susceptibility (%), grain size and wBe concentration measurements performed at two sections of the Chi-
nese Loess Plateau (Xiagaoyuan and Houzhuang) show that wBe concentration is inversely proportional to
the grain size rather than proportional to c.

Beer et al. [1] tried to determine the paleoprecipitation
during the last interglacial. 10Be measurements per-
formed at the loess section at Louchuang (Central
Loess Plateau, as the section of Houzhuang), were
used to discriminate detrital to pedogenic susceptibil-
ity. A good correlation between magnetic susceptibil-
ity and 10Be was found. To verify this result, 10Be con-
centration was measured at two new section in Houz-
huang and Xiagaoyuan. A good correlation was found
for the soil S, in Houzhuang, whereas in Xiagaoyuan
a bad correlation between 10Be and the susceptibility
in the pedocomplex S, was observed. On the other
hand, a good relationship between 10Be and median
grain size (Md) was observed. In the pedocomplex S,
of Xiagaoyuan, a general smaller Md

HOUZHUANG
Median Grain Size (urn)

XIAGAOYUAN
Median Grain Size (run)

35 30 35 20 IS 10 S 35 30 2S 20 IS 10 5

" B e 10+8 [a/g] 10+e [a/g]

Fig. 1: 10Be concentration, grain size and magnetic
susceptibility % in Xiagaoyuan and Houz-
huang as a function of depth. The grain size
was measured from 7 to 9.80 m depth in
Houzhuang and from 6 to 23 m in
Xiagaoyuan. 10Be concentration was meas-
ured on bulk samples from 7.50 to 10 m in
Houzhuang (every 10 cm) and from 14 to 23
m in Xiagaoyuan (every 10 to 20 cm). "S" in-
dicated paleosols (inter-glacial), "L" indicates
loess (glacial). S, correspond to the
Riss/Wurm interglacial (from ca. 70-120 ka).

and a higher 10Be concentration was observed,
whereas in the loess layer L, Md increase abruptly
and 10Be concentration diminishes (Fig.1).
To verify the relationship between 10Be concentration
and grain size distribution, nine fractions for four dif-
ferent samples (36 samples) were measured (a loess
and a paleosol sample for both section of Xiagaoyuan
and Houzhuang (Fig. 2). The results of the fractions
0.39-0.228, 0.228-0.091 and 0.091-0.030 were sum-
marized in a unique fraction labeled "<0.39"). An in-
crease of 10Be concentration is observed toward finer
grain size fraction. In the fraction < 0.39 mm a de-
crease of 10Be concentration was observed in the
loess and paleosol sample of Houzhuang. This could
be due to 10Be loss from the finest fraction during the
centrifugation procedure used to obtain the smallest
grain size fraction.

10
HOUZHUANG XIAGAOYUAN

• PALEOSOL Si
n LOESS L2
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grain size ftlm)
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• PALEOSOL Si
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grain size (|xm)

Fig. 2: 10Be concentration variation as a function of
grain size for 4 different samples: Houzhuang
(1 from paleosol S1 and 1 from loess L1) and
Xioagaoyuan (1 from paleosol S1S3 and 1
from Loess L2). A general concentration in-
crease is observed towards smaller grain
sizes. The decrease observed in the fraction
<0.39u.m is thought to be caused by labora-
tory effect during grain size fractionating.
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RADIOCARBON TIME SCALE OF THE MEDITERRANEAN CORE CT85-5: THE
LAST 40'000 YEARS

/. Hajdas, G. Bonani (ETHZ), J. Beer(EAWAG), G. Bonino, G. Cini Castagnoli, C. Taricco (Istituto di
Cosmogeofisica del CNR, Turin, Italy).

Although there is an increasing interest in absolute dating of ciimatic changes using absolute chronologies
such as tree rings, 14C provides reasonable time scales and more importantly allows correlation between
records around the world. One of the important aspects is correlation between terrestrial and deep-sea
records. The goal of this study was a detailed radiocarbon dating of the Mediterranean deep-sea core
CT85-5.

The sediment core, which was recovered from the
Tyrrhenian Sea (40°19'02"N, 11°15'42"E) at 2833 m
water depth, has a length of 616 cm. A high sedimen-
tation rate of ca. 10 cm/kyr has been estimated using
the presence of historically dated tephra layers of the
Pollena eruption (472 AD) (17 cm) and Pompei (79
AD) at 20 cm. Older tephra layers at the depth of 290-
334 cm and 400-426 cm have been correlated with the
terrestrial deposits of the Campanian Ignimbrite and
Citara, respectively. A relatively constant sedimenta-
tion rate was suggested by the fact that the spectral
analysis of the carbonate content for the upper (late
Holocene) and lower part (Late Glacial) of the core
show the same periodic components.

Because only 10 to 20 mg of carbonate is required for
AMS 14C dating, hand picked shells of planktonic fo-
raminifera can be used. Since planktonic foraminifera
lives in the mixed layer of the ocean, a correction for
reservoir age of this layer (ca. 400 years) must be
applied to correct for a different 14C content of the at-
mosphere and the mixed layer of the ocean. Another
difficulty in establishing a radiocarbon chronology of
deep sea sediments is a possible effect of bioturba-
tion. However for the cores with higher sedimentation
rate (8 cm/kyr) , such us the core CT85-5, the effect of
bioturbation on the radiocarbon chronology should be
small [1].

Samples, which contained around 2 g of sediment,
were soaked in 10% H2O2 and then placed in an ultra-
sonic bath for a few seconds before washing them
through the sieve (180 jj.m). Shells of Globigerina Bul-
loides or mixed planktonic were picked out for radio-
carbon dating. Most of the samples contained more
than 2 mg C (more than 20 mg of CaCO3). Carbonate
of the sample was acidified using phosphoric acid
(80%) and the released CO2 was then reduced to

graphite in a reaction with hydrogen using cobalt pow-
der as a catalyst. The graphite-cobalt mixture from
each sample was pressed onto copper discs.

The graphite targets were measured together with
standards and with blank-samples made from optical
calcite. 14C/12C and 13C/12C isotopic ratios for each tar-
get were measured quasi-simultaneously at the
ETH/PSI accelerator facility.
Samples selected from the sediment between 95 and
395 cm were dated. The resulting radiocarbon chro-
nology (Fig. 1) provides time scale for sediments de-
posited between 40 and 10 kyr BP.
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Fig. 1: The carbonate content of sediment between
the top and 280 cm is plotted versus radiocar-
bon time scale.
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11C AGES OF TERRESTRIAL MACROFOSSILS FROM LAGO GRANDE Dl

MONTICCHIO (ITALY)

/. Hajdas, G. Bonani (ETHZ), B. Zolitschka (GFZ, Potsdam, Germany)

Lago Grande di Monticchio (Italy) contains long sedimentary records of more than 75,000 years. In a joined
European project, vegetation history and climatic changes for this part of Mediterranean has been recon-
structed and Radiocarbon dating was applied to construct the chronology of the last 40,000 years. Previous
studies have shown that the age of bulk sediment from Lago Grande di Monticchio, which is a maar lake,
had been influenced by 'dead carbon' of volcanic origin, which is dissolved in lake water. Thus radiocarbon
dating of the record is problematic and was limited to dating macrofossils of terrestrial origin.

Lago Grande di Monticchio is located in southern Italy
(45N, 15E). Two of four piston sediment cores LGM-C
(40 m) and LGM-D (52 m) were combined to one rec-
ord with a composite sediment depth of 52 m. This
profile has been studied for pollen, geochemistry,
sedimentology, physical sediment properties, paieo-
magnetic, tephras and varve chronology. A set of 19
sediment samples was submitted to the 14C lab. In
order to gain on material, subsamples from three cor-
related cores were combined.

Sediment samples were treated with 10% HCI (6 hrs)
and 10% KOH (24 hrs) in order to disperse sediment
particles. Then sediment was sieved through a 500
micron sieve. Organic matter which remained on the
sieve was examined using a microscope. A mixture of
bark, leaf fragments, seeds of trees was picked out
when only identification was possible. In one case a
sample made up of a mixture of unidentified fragments
of plants was dated after terrestrial macrofossils were
picked out (LGM5.2) (Fig 1). From the total of 19 sam-
ples which were washed only seven contained suffi-
cient amount of organic matter/terrestrial macrofossils
for AMS dating.

Standard acid-base-acid treatment was applied in
order to remove carbonates and humus contaminants.
The solutions of 0.5 M HCI and 0.1 M NaOH were used
at 60°C. Each step lasted ca. 1 hour and was followed
by rinsing with destilled water to the normal pH. Sam-
ples were combusted in Vycor tubes and CO2 was
converted to graphite in a reaction with H2 over cobalt
as a catalyst.

Our chronology adds to the existing dating of Lago
Grande di Monticchio and improves its resolution. The
Holocene sediments are now dated by five samples.
The sediments corresponding to the Younger Dryas
period (10 to 11 kyr BP) are now dated by three
points. They all fall into to the range of the Younger
Dryas radiocarbon ages i.e. 10 to 11 kyr BP. Only one
point dates the Lateglacial part of the pollen record.
There were attempts to date the Lateglacial sediments
but all the ages have been rejected as they turned out
to be too old. In fact, the age of 23,000±190 yr BP
obtained on the rest material, presumably of aquatic

origin, of the sample LGM5.2 AQ is close to the ages
reported previously [1].

The older sediments contain little macrofossils. Pollen
found in sediments down to 1650 cm depth suggest
mainly herbaceous vegetation [2] but Juniperus and
Pinus were also present. Therefore, improvement of
the chronology between 13 kyr and 23 kyr BP seems
possible.

Improving present chronology as well as an extension
of the radiocarbon chronology beyond the age of the
oldest sample 24400±460 yr BP is essential for inter-
pretation of the Lago Grande di Monticchio record
which contains important paleoclimatic information.
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Fig. 1: Radiocarbon ages plotted versus composite
depth in sediment core from Lago Grande di
Monticchio. The arrows point to the ages ob-
tained on mixed organic matter, possibly of
aquatic origin, and terrestrial macrofossils.
This illustrates a discrepancy between ages
obtained on bulk samples and terrestrial
macrofossils, which is typical for Monticchio
record.
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GEOMAGNETIC MODULATION OF THE 36CI FLUX IN THE SUMMIT GRIP ICE CORE

G. Wagner, J. Beer, St. Baumgartner, J. Masarik, R. Muscheler (EAWAG), P.W. Kubik, H.-A. Synal (PSI),
M. Suter (ETHZ)

A comparison of measured XCI GRIP data with production rate calculations based on a paleomagnetic
reconstruction for the last 100 ka gives a good agreement which holds true not only for the long term trend,
but also on a shorter time scale. In particular the 36C/ peak at 38 ka BP previously found in the '"Be record
from Vostok can be explained by a period of low geomagnetic field intensity.

The 36CI concentration in deep ice cores from Green-
land is predominately affected by three processes:
cosmogenic production, atmospheric transport, and
deposition. By using accumulation information based
on the 818O data, a 36CI flux can be calculated. This
signal should reflect changes of the production rate
caused by geomagnetic modulation. However, high
frequency components such as the changing activity of
the and the short-term atmospheric transport as well
as deposition phenomena are still visible. Therefore,
the 36CI flux data from the GRIP ice core (Central
Greenland) have been low-pass filtered (Fig. 1a) [1].

Traditionally, the paleomagnetic intensity is recon-
structed from remanence measurements on cores of
deep-sea sediments. We used such a record from the
Somali Basin located east of Africa. This record was
chosen from all available paleomagnetic data sets
covering the last 100 ka because of its by far highest
temporal resolution. The data are plotted here in Fig.
1d) on their original time scale. From this paleomag-
netic intensity the expected mean global 36CI produc-
tion rate has been calculated using a new production
model [2]. This is shown in Fig. 1c).

The comparison of the 36CI flux (Fig. 1a) with the cal-
culated production rate (Fig. 1c) shows several striking
similarities. The most prominent feature, the peak (p,)
at about 38 ka B.P. is present in both records, but also
smaller structures exist, for example the peak (p2) at
about 60 ka B.P. and the lows at about 70 ka B.P. (v,)
and 85 ka B.P. (v2). Fig. 1b) was made by slightly
shifting the time axis of Fig. 1c) within the uncertainties
of the time scales to match the major wiggles in Fig.
1a). Originally, the peak (p1) at 38 ka B.P. has been
discovered by Raisbeck et al. [3] in the 10Be record of
the Vostok core.

The good agreement between measured 36CI flux and
calculated 36CI production from a paleomagnetic deep-
sea record confirms, that the geomagnetic field in-
deed modulates the 36CI flux to Central Greenland, and
that during the last 100'000 years the field intensity
changed considerably. The peak at 38 ka B.P. can be
explained by a period of very low field intensity, usually
called the Laschamp event.

In conclusion, the cosmogenic radionuclide 3eCI pro-
vides a new and independent tool to reconstruct the
history of the geomagnetic dipole field. The additional
analysis of 10Be data from the same ice core will

consolidate the information on the geomagnetic dipole
field intensity for the past 100 ka.
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Fig. 1: a) 36CI flux [104 atoms/cm2 year] as calculated
from the measured 36CI concentrations in the
GRIP ice core from Summit, Greenland: raw
data (thin curve) and low-pass filtered data
(cut-off frequency 1/2000 years; thick curve);
b) is the same as Fig. 1c), but shifted in time to
match the major wiggles in Fig. 1a); c)
geomagnetically controlled 36CI production rate
on its own time scale, calculated from the data
shown in Fig. 1d); d) geomagnetic field inten-
sity as reconstructed from three sediment
cores from the Somali basin.
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THE ROLE OF GALLIUM AND INDIUM AT THE ALUMINUM-OXIDE INTERFACE

N. Margadant, M. Textor, N.D. Spencer (Surface Science, ETHZ), M. Dobeli (PSI)

The enrichment of gallium and indium in the oxide-metal interface in aluminum has been quantified by
means of Rutherford Backscattering Spectrometry. Under anodization Ga and In are nearly completely ex-
pulsed from the oxide bulk to the oxide front. Alkaline etching causes a continuos interface enrichment lim-
ited by a saturation value.

Gallium and indium are present as impurities in baux-
ite and end up in the aluminum metal in a typical con-
centration range of 50 to 150 ppm. This work aims at
elucidating the influence of Ga and In on the surface
properties of high purity Al (99.99) modified by chemi-
cal and electrochemical surface treatments of indus-
trial relevance [1]. Anodization, chemical and electro-
chemical brightening, lithographic etching and alkaline
etching have been examined. A continuous interface
enrichment of Ga and In in a layer of a few nm thick-
ness occurs only in the alkaline and in the neutral
electrolytes. Crucial for the product properties is the
fact that an element specific change of the surface
properties (oxide growth, topography, reactivity, etc.)
after the treatment is always correlated with an
enrichment of Ga or In in the oxide-metal interface.
This enrichment has been quantified by Rutherford
Backscattering Spectroscopy (RBS) (Fig. 1).
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Fig. 1: 2 MeV He RBS Spectrum of an anodized AI2O3

layer. The inset shows the Ga profile which
reveals the interface enrichment, and the con-
centration in the oxide and the Al bulk.

Ga and In are enriched in the metal-oxide interface
during the barrier layer formation at anodizing voltages
up to 400V. The enriched amount is proportional to the
molecular units of the formed aluminium oxide indi-
cating a nearly complete expulsion of Ga and In from
the oxide bulk to the oxide front (Fig. 2). The alkaline
etching causes a continuous interface enrichment. The
RBS measurements reveal that for both elements a
saturation value of the interface concentration is
reached with time (Fig. 3) and a critical bulk concen-
tration exists above which no further enrichment can

be achieved. The saturation concentration in the
segregation zone is close to the solid solubility of Ga in
Al and the eutectic composition of Al-ln, respectively.
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Fig. 2: Indium enrichment at the oxide-metal interface
as a function of anodized oxide thickness. The
dashed line is a linear fit to the data points.
The solid line is the enrichment expected for
total repulsion of In from the oxide.
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Fig. 3: Ga interface enrichment after alkaline etching
as a function of etching time.

REFERENCE

[1] M. Textor, M. Amstutz, Analytica Chimica Acta
297,15-26(1994).



177

IMAGING OF FLUORINE ON GEOLOGICAL SAMPLES

M. Dobeli (PSI), J. Schafer, R. Wieler, A. Halliday (ETHZ)

Raster scan images of the fluorine concentration on the surface of rock samples have been determined by
Proton Induced Gamma Emission (PIGE). The fluorine content in mineral grains is one of the criteria for the
feasibility of21Ne exposure dating of geological surfaces.

Exposure dating of a rock surface (and hence a land-
scape element) can be obtained by measuring the
concentrations of in situ produced cosmogenic iso-
topes. 21Ne is one of the isotopes of interest. Cos-
mogenic neon is produced in quartz grains e.g. by a
spallation reaction with 28Si. The 21Ne/22Ne concentra-
tion in a surface exposed to cosmic rays increases
linearly with time as long as erosion can be neglected.
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Fig. 1: Total y-energy spectrum obtained from the
sample shown in Fig. 2.

However, it has to be made sure that no other neon
producing reactions take place within the mineral. A
possible interfering reaction is 19F(a,n)22Na -> p' ->
^Ne which can yield substantial amounts of Ne espe-
cially in U/Th containing materials.

1 mm

Fig. 2: Left: photograph of a polished surface of a
granite sample. Right: fluorine concentration
map (measured by PIGE) of the same sample.
White corresponds to 30 ppm, black to a con-
centration of approx. 1 % (weight).

Proton Induced Gamma Emission (PIGE) is a
covenient method to determine fluorine concentrations
with a detection limit of approx. 10 ppm in most mate-
rials. It has been implemented at the Laboratory for
Ion Beam Physics to determine fluorine profiles in
meteorites and ancient bones [1,2].

Sections of stone samples have been raster scanned
by a 2.7 MeV focused proton beam. The produced y-
rays have been measured with a Nal detector. Each
event falling into the y-energy range of the 19F(p,ocy)160
reaction (see Fig. 1) is filled into a 2-dimensional map.

An apatite sample with known F concentration is used
for calibration. Fig. 2 shows the fluorine map of a piece
of granite from the region of Litang, Eastern Tibet,
which exhibited a neon dating anomaly. This map led
to the hypothesis that the fluorine is mainly concen-
trated in the biotite grains of the stone. Measurements
on extracted pieces of biotite confirmed this assump-
tion (Fig. 3).

" Ik- ' ' '

Fig. 3: F concentration map of extracted biotite
grains.

In order to explain the excess 22Ne concentration in
this kind of sample, two questions still remain to be
answered. On the one hand, it has to be proven that
there is enough U/Th in this material to account for the
F to Ne transmutation. On the other hand, it has to be
explained how the neon moved from the biotite to the
quartz grains which are analysed for dating.
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MEV ION TRACKS IN PMMA: FORMATION OF NANOWIRES

C. Musil, M. Dobeli (PSI), A. Duhr (ETHZ)

PMMA has been irradiated by a variety of MeV single and cluster ions, including Cm. The relationship
between the deposited energy and the developed track volume points towards a diffusive mechanism of
energy dissipation. Nanowires have been formed by the galvanoforming of the cylindrical tracks.

Ionized molecules and clusters at MeV energies can
deposit extremely high energy densities along their
tracks in solids. Since the total energy loss per track
length is approximately equal to the sum of the energy
losses of the cluster constituents, stopping powers can
be obtained which are much higher than that of any
monoatomic particle [1]. We investigated the effect of
isolated impacts of a wide variety of MeV ions in
PMMA (PolyMethylMethAcrylate), which is widely used
as resist in X-ray and particle beam lithography.

*-

PMMA surface. The topography of the track openings
was analysed by Scanning Force Microscopy (SFM).
Two examples are shown in Fig. 1. Nonlinear effects,
e.g. due to saturation of the density of broken bonds
and a dependence of the track diameter on the range
of secondary particles (electrons, recoil atoms), have
been expected. However, a very simple behavior was
found. The area of the developed tracks increases
linearly with the energy per track length deposited into
the electronic system of the material (Fig. 2). This
means that the deposited energy per developed track
volume is a constant. A linear fit to the data yields a
value of 7.3 eV/nm3 which is very close to the 6.7
eV/nm3 found in focused ion beam lithography with
ions in the 100keV range. This points towards a
'diffusive' (not ballistic) energy transport mechanism.
The deposited energy fills the track volume like an
incompressible liquid. So far, a detailed understanding
of this phenomenon has not been attained.

Fig. 1: SFM image of developed isolated MeV ion
tracks in PMMA.

PMMA layers of 85 nm thickness were spun onto the
gold covered surface of oxidized silicon wafers. After
irradiation, the PMMA was developed for 60 sec in 1:3
MiBK:IPA and heated for 10 minutes at 100 °C in order
to remove solvents and absorbed water from the
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Fig. 2: Measured area (and diameter) of developed
holes in PMMA as a function of electronic
energy loss per track length (calculated by
TRIM). The solid straight line is a fit to the
data, the dashed line is an extrapolation from
results with keV focused ion beams.

Fig. 3: Scanning electron micrograph of a nanowire
obtained by galvanoforming of an iodine ion
track.

In order to make a larger part of the ion track visible
and to explore possible applications of single ion
lithography, the developed holes have been galvani-
cally filled with nickel. After dissolving the PMMA layer,
free-standing nanowires were obtained. Fig. 3 shows
an example of a wire produced by a 77 MeV iodine ion
in 375 nm thick PMMA. Features with an aspect ratio
of approx. 15:1 can be achieved.
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INVESTIGATIONS ON THE MECHANISM OF A NOVEL FOCUSED ION BEAM BASED
LITHOGRAPHY TECHNIQUE

H. Fuhrmann, M. Dobeli, R. Muhle (PS1)

We have developed a novel focused ion beam lithography technique for the structuring of silicon surfaces
on the sub-ym scale. The technique is based on the desorption of adsorbed hydrogen from the surface of a
silicon sample, induced by irradiation with focused ion beams for which any ion species can be used.

Commercially available focused ion beam (FIB) sys-
tems have reached the same resolution as electron
beam systems (about 5 nm), so that in some cases
FIB based lithography processes may be an interest-
ing alternative to electron beam techniques, especially
if an adsorbed monolayer can be used as a resist [1].
We have developed a new process of this kind.

CONCEPT OF THE PROCESS

In our process, a Si sample's surface is first saturated
with hydrogen by dipping it into a HF bath (Fig.1a).
The sample is then introduced into the UHV chamber
of the FIB system and irradiated locally (Fig.1b) In-
duced by the energy which is deposited by nuclear
collisions between the incident ions and the sample,
this leads to desorption of the adsorbed hydrogen. The
sample is oxidised by exposing it to air (Fig.1c) The
natural oxide can then be used as an etch mask for
KOH solutions (Fig.id). Fig. 2 shows an example of a
silicon surface structured by this technique.

adsorbed H adsorbed H

Si (100)
n

Ga+,Si+
5 keV - 30 keV

(b)

adsorbed H
natural oxide

A
natural oxide

Si (100)

Fig. 1: Concept of the lithography process (schema-
tically).
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1 0
0

0

Fig. 2: Atomic force microscopy picture of a silicon
surface after FIB lithography and KOH etching.

CRITICAL FLUENCES

In a first series of experiments, we measured the criti-
cal ion fluence for the desorption process, i.e. the flu-
ence for which a masking effect in KOH is observed,
as a function of ion energy and species. This was
done by analysing the profiles of the samples after
etching in KOH using a profiler and SEM. For the
etching, we used a solution of 10wt% KOH,
60wt% H2O and 30wt% isopropyl alcohol at 40°C. The
critical fluences are given in Table 1.
We found that the nuclear deposited energy at this
critical fluence is essentially the same for Ga+ and Si*
ions with energies between 6 keV and 30 keV, a typi-
cal value being 0.3 eV/A3.

Additionally, we used 2.5 keV electrons to irradiate our
samples. In this case, a masking effect in KOH was
only observed for fluences as high as 1017cm"2, which
is probably due to sticking of residual gases induced
by the irradiation.

Table 1 :Critical fluences for various ions and energies.

Ion

Ga+

Ga+

Ga+

sr
sr

Ion Energy

in keV

5.7

15

30

15

30

Critical Fluence

in 10l3cm2

3.3 + 1.8

2.5 + 1.3

1.4 + 0.6

11 +2

7.4 ±2.2

CONCLUSION

Our experiments have shown that hydrogen that is
adsorbed at a silicon surface can be desorbed by irra-
diation with focused ion beams, whereas electron
beams are not suitable for this task. The natural oxide
can be used as an etch mask for KOH solutions.

The desorption is a function of the nuclear deposited
energy. This means that any ion species can be used.
In particular, we have demonstrated that Si+ ions are
suited for the process, avoiding unwanted doping of
the samples.
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APPLICATION OF A NOVEL LITHOGRAPHY PROCESS TO SILICON AND CoSi^Si
HETEROSTRUCTURES

H. Fuhrmann, M. Dobeli, R. Miihle (PSI)

We have tested the applicability of the novel focused ion beam lithography technique presented in this
annual report [1] to silicon and CoSi/Si heterostructures. We could demonstrate that step heights of up to
430nm can be produced. Induced damage was investigated as a function of the substrate temperature
during irradiation. The lithography technique is also suitable for the structuring of CoSi/Si heterostructures.

The new focused ion beam (FIB) lithography process
we have reported [1] is of interest for various applica-
tions. For instance, it is compatible to AFM lithography
[2] and, if Si+ ions are used, undesired chemical altera-
tions of the sample are avoided. We have investigated
several aspects of the process regarding its applica-
tion.

MAXIMUM HEIGHT OF STRUCTURES

The maximum height of the structures is limited by the
etch resistance of the natural oxide. We have meas-
ured this after KOH etching as a function of the etching
time. The profile height increases linearly with etching
time, up to 430nm and with an etch rate of almost
50nm/min. After nine minutes, the natural oxide has
been removed by KOH.

MINIMIZATION OF INDUCED DAMAGE

In addition to desorbing adsorbed hydrogen from the
surface of the silicon sample, the irradiation causes
unwanted damage of the substrate. However, heating
the substrate during implantation can reduce damage.
We have measured the substrate damage in terms of
the surface recombination velocity s, which is propor-
tional to the number of point defects, using the TWA
method [3,4]. Some results are shown in Fig. 1. At
high fluences, s (and hence the number of point de-
fects) is reduced by a factor of six.
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Fig. 1: Surface recombination velocity s after irradia-
tion with 30 keV Si+ ions at two different sub-
strate temperatures.

HETEROSTRUCTURES

Finally, we demonstrated that the process is applicable
to Si/CoSL/Si heterostructures. The structures used in
the experiment consisted of a 4nm CoSi2 layer grown
on a Si(100) substrate and were covered by 4nm of
amorphous silicon (a-Si). We used the FIB lithography
method to locally oxidise the a-Si (Fig. 2a,b). The sur-
face was then etched down to the CoSi2 layer by KOH
(Fig. 2c). After this, we used the remaining parts of the
a-Si as mask for the final etching in HF which removes
theCoSi2(Fig. 2d).

4nm a-Si
4nm C0SI2
SK100)

4nm a-Si
4nm CoSi2
Si-(100)

adsorbed H

Ga+,Si*
5 kev - 30 kev

(a)

(c)

4nm a-Si
4nm CoSlj

Si-(100)

adsorbed H

^ ^ ^ ^ - ^

4nm a-Si
4nm CoSi2

SI-(100)

natural oxide

(b)

(d)

Fig. 2: Application of the FIB lithography process to
CoSi/Si heterostructures (schematically).

The resulting structures
were analysed by atomic
force microscopy (AFM).
They showed widths down
to 160 nm and the ex-
pected profile height of
8 nm, corresponding to the
sum of thicknesses of the
CoSi2 layer and the a-Si
layer. An example is
shown in Fig. 3.

Fig. 3: AFM picture.
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A CoY LIQUID ALLOY ION SOURCE FOR FOCUSED ION BEAM IMPLANTATION

ft Muhie, H. Fuhrmann, M. Dobeli (PSI)

A CoY liquid alloy ion source has been developed for focused ion beam implantation of cobalt into silicon.
The alloy with the rare earth element Y was selected to achieve a low melting point and a low vapour pres-
sure. Using a time-of-flight spectrometer, we have measured the mass spectrum as a function of the emis-
sion current. The relative amount and the energy width of the main ions in the spectrum have been deter-
mined in the current range between 0.5 and 30 j i A The ion source has been operated successfully over a
long time in a focused ion beam system.

The formation of buried or surface cobalt silicide layers
by focused ion implantation of cobalt into silicon [1]
necessitates liquid metal ion sources (LMIS) emitting a
high percentage of cobalt ions. Due to its high melting
point (1495°C), cobalt cannot be used in a pure LMIS,
but only in a liquid alloy ion source (LAIS) as constitu-
ent of an alloy with considerably lower melting point.
Earlier on [2] we reported on our investigations on a
AuCo LAIS. This ion source shows a stable ion emis-
sion but the lifetime is limited to several days due to
the relatively high working temperature (see Table 1).
We continued this work with the investigation of a CoY
LAIS promising a high percentage of cobalt ions and a
low reactivity with air. Table 1 summarizes some pos-
sible binary alloys for Co LAIS together with values for
melting temperature and vapour pressure.

The CoY alloy was prepared by electron beam melting
under high vacuum conditions in a cooled Cu boat.
The ion source consists of a tungsten needle emitter,
spot welded to a tungsten hairpin, and a molybdenum
extraction electrode with a hole diameter of 1 mm,
positioned 0.6 mm in front of the emitter. For a good
performance of the ion source the tungsten wires had
to be prewetted with Au before loading the alloy.

Table 1: Some possible binary alloys CoxM1 x for Co

LAIS. Te: eutectic temperature, Tm(M): melting tem-

perature of the second component M, Pm(M): vapour

pressure of M at its melting point, P1495=C(M): vapour

pressure of M at the melting point of Co.

Alloy

atomic-%

Co«Au715

CoMCeRR

Co,7Ge7,

Co,RNdM

CoMPrRR

Co^Snv

Co,7YRa

Te

°C

997

435

817

566

533

575

738

Tm(M)

°C

1064

798

937

1010

931

1072

1523

Pm(M)

mbar

2.3*10"°5

6.7*10"12

1.3 1 0 ^

3.9*10"°5

2.4*10"°7

4.3*10+°°

2.7*10"°3

mbar

4.7*10"°2

4.2*10"°4

9.3*10"°2

9.3*10"°2

9.7*10"°3

2.7*1 O^2

1.8*10"°3

The mass spectrum shown in Fig. 1 was obtained with
a time-of-flight spectrometer, described in detail in [3],
for a source current of 5 jiA and a source temperature
of 780°C. Peak #3 (Co+ ions), can be used for cobalt
implantation and peak #2 (Y** ions), for sputtering
applications. The relative amount and the energy width
of the emitted ions have been determined in the cur-
rent range between 0.5 and 30 jxA. The relative
amount of Co+ ions in the spectrum increases with the
source current and reaches a maximum of about 10 %
at 5 jiA. The relative amount of Y++ ions has a maxi-
mum value of about 70 % at low source currents, de-
creases with increasing current and approaches a
constant value of about 40 % above 5 uA. The mini-
mum energy spread of Co+ and Y~ has been deter-
mined to 13 and 18 eV, respectively.

1000 2000
channel

3000 4000

Fig. 1: Mass spectrum of the CoY LAIS for a source
current of 5 jiA. The numbers above the peaks
indicate the following ions: 1: C o ^ + Y * 2: Y",
3: Co+, 4: CoY", 5: Co3"+Y+, 6: Co2Y", 7: Co/,
8: CoY+, 9: Au+, 10: AuCo+, 11: AuY+.
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EOS Topical Meeting on Optical Spectral Analysis Microsystems, Engelberg, 6-8 April, 1998.

Ch. David
Line width control in low voltage e-beam lithography
International Workshop on Nanostructures at Surfaces and Interfaces, Ascona, 19-24 April, 1998.

Ch. David
Line width control in low voltage e-beam lithography using a defocused beam
Gordon Research Conference on the Chemistry and Physics of Nanostructure Fabrication, Tilton School,
NH, USA, 21-26 June, 1998.

Ch. David
Pre-structuring of silicon substrates to investigate MBE-growth ofSiGe layers
International Conference on Micro- and Nano-Engineering, Leuven, Belgien, 22-24 September, 1998.

Ch. David
Line width control using a defocused low voltage electron beam
International Conference on Micro- and Nano-Engineering, Leuven, Belgien, 22-24 September, 1998.

J. H. Elgamel, J. Gobrecht
High efficiency solar cells on sheet ribbon grown silicon material
Nationale Photovoltaik-Tagung, Bern, 5 May, 1998.
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H. Elgamel, J. Gobrecht
Improving the quality of polycrystalline silicon string ribbon for fabricating high efficiency solar cells
POLYSE 98, Schwabisch Gmund, September 1998.

S. Gehrsitz, H. Sigg, N. Herres, K. Bachem, K. Kohler, F.K. Reinhart
The elastic constants, the lattice parameter, and the composition ofAIGaAs
24th International Conference Physics of Semiconductor (ICPS 24), Jerusalem, 2-7 August 1998.

J. Gobrecht
Mikro- und Nanotechnik: Von der Wissenschaft zur praktischen Anwendung
Gemeinsame Veranstaltung des PSI und der Aarg. Kantonalbank, PSI, 5 May, 1998.

J. Gobrecht
Was ist Nanotechnologie?
Vortragsreihe der Swiss Engineering, FH Aargau, Windisch, 22 October, 1998.

J. Gobrecht
Mikrosysteme fur die Nanotechnik - ausgewahlte Beispiele
Seminar Inst. F. Mikrotechnik, Albert-Ludwigs-Universitat, Freiburg, 16 December, 1998.

S. Graf, H. C. Sigg, W. Bachtold
Far infrared optical rectification in asymmetrically doped GaAs/AIGaAs quantum wells
Spring Meeting of the Swiss Physical Society, Bern, 26-27 February, 1998.

S. Graf, H. Sigg, K. Kohler, W. Bachtold
High Frequency Optical Rectification in Bulk GaAs and Asymmetric AIGaAs/GaAs Quantum Wells
24th International Conference Physics of Semiconductor (ICPS 24), Jerusalem, 2-7 August, 1998.

A. Grubelnik, C. Padeste, L. Tiefenauer
Amperometric immunosensing of penicillin in milk
Biosensors '98, Berlin 1998.

D. Grutzmacher
Nanostrukturen im Materialsystem Si-Ge-C
Seminarvortrag, Universitat Wiirzburg, Wilrzburg, Germany, 12 February, 1998.

D. Grutzmacher
Photolumineszenz an Quantenstrukturen im Materialsystem Si-Ge-C
Seminarvortrag, Max Planck Institut fur Festkorperphysik, Stuttgart, Germany, 17 March, 1998.

D. Grutzmacher, C. David, R. Hartmann, E. Muller, U. Gennser
Mesa design for dislocation density reduction of relaxed SiGe buffer
40th Electronic Materials Conference, Charlottesville, Virginia, USA, 22-25 June, 1998.

D. Grutzrnacher, J.A.D. Anna Selvan, R. Morf, J. Gobrecht
Activities of the PSI within the project ,,Crystal"
Mid-Term Assessment Report, Paris, France, 23 September, 1998.

D. Grutzmacher
SiGeC Nanostrukturen: Jenseits des Si Horizontes
Seminarvortrag, Technische Universitat Dresden, Dresden, Germany, 10 Dezember, 1998.

U. Gennser
Experiences sur des structures de bandes dans des heterostructures IV-IV: Une approche "hors piste"
par rapport au Si?
Seminar Institut d'Electronique Fondamentale, Universite Paris-Sud, Orsay, France, 6 November, 1998.

R. Hartmann, U. Gennser, H. Sigg, D. Grutzmacher, G. Dehlinger
Si/SiGeC heterostructures: A path towards high-mobility channels
Advanced Research Workshop, Future Trends in Microelectronics: 'Off the Beaten Path', 1998.
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R. Hartmann,D. Grützmacher, U. Gennser
Photolumineszenz an verspannungsreduzierten Si/SiGeC-Heterostrukturen
62. Frühjahrstagung der Deutschen Physikalischen Gesellschaft, Regensburg, Germany, 23-27 March, 1998.

R. Hartmann, U. Gennser, D. Grützmacher, H. Sigg, E. Müller, K. Ensslin
Photoluminescence in strain compensated Si/SiGe Multiple Quantum Wells
Proc. Materials Research Society Spring Meeting, San Francisco, CA, USA, 12-17 April, 1998, ed. E. Fitzgerald,
D. Houghton, P. Mooney, Vol 533, pp. 251-256.

R. Hartmann, O.Leifeld, U. Gennser, C. David, E. Müller, H. Sigg, H. Siegwart, T. Mezzacasa, D. Bächle,
D. Grützmacher
Fabrication and characterization of nanostructures in the Si-Ge-C material system
Seminars at: University of California Los Angeles, Los Angeles, CA, USA, 29 June, 1998; Hughes Research
Laboratories, Malibu, Ca, USA, 30 June, 1998; IBM Hopewell Junction Science Park, East Fishkill, NY, USA,
2 July, 1998.

R. Hartmann, H. Sigg, C. David, E. Müller, C. Panitz, U. Gennser, D. Grützmacher
Mesa design for dislocation density reduction of relaxed SiGe
MBE Workshop '98, Hamburg, Germany, 21-22 September, 1998.

R.W. Jaszewski, H. Schift
Hot embossing lithography as a tool to replicate nanostructures
Seminar Institute of Inorganic Chemistry (IOC), Univ. of Bern, Switzerland, 24 June, 1998.

R.W. Jaszewski, H. Schift, C. David, J. Gobrecht
Nanostructuring and fabrication by hot embossing lithography
3rd Workshop on Nanoscience, Hasliberg, Switzerland, 12-16 October, 1998.

T.A. Jung, R.R. Schüttler, J.K. Gimzewski
Single molecule mechanics and electronics
Seminar at the University of California, Santa Barbara, USA, 7 January, 1998.

T.A. Jung, F.J. Himpsel
Metallic nanowires: Model systems for chemical identification and low dimensional electronic systems
Seminar at Dartmouth College, Hanover NH, USA, 15 January, 1998.

T.A. Jung, J.K. Gimzewski, R.R. Schüttler
Konzepte für molekulare Schalter: Adressierbare Bewegung und Konformationsänderungen individueller
Moleküle an Oberfllächen
Seminar Max Planck Institute für Polymerforschung, Mainz, Germany, 10 February, 1998.

T.A. Jung, J.K. Gimzewski, R.R. Schüttler
Molecular nanotechnology: A brief introduction
Joint Seminar of the Physical Chemistry Dept, ETH Zürich and the Max Planck Institut für Polymerforschung,
Mainz; Davos, Switzerland, 23-27 March, 1998.

T.A. Jung, R.R. Schüttler, J.K. Gimzewski
Molecular Assembly at Interfaces
Nanostructures at Surfaces and Interfaces Workshop, organized by the Swiss Federal Institutes of Technology;
Monte Verita, Ascona, Switzerland, 19-24 April, 1998.

O. Leifeld, B. Müller, D. Grützmacher, K. Kern
Ge-Quantum dot formation driven by sub-monolayer C-coverages on Si(001)
Discussions Meeting 'Nanostructures at Surfaces and Interfaces', Ascona, CH, 19-24 April, 1998.

T.A. Jung, J.K. Gimzewski, R.R. Schüttler
Lots of nanoscience with increasing relevance for technology: Molecular nanotechnology?
Gordon Research Conference on the Chemistry and Physics of Nanostructure Fabrication, Tilton College, NH,
USA; 21-26 June, 1998.
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T.A. Jung, H. Rauscher, J.K. Gimzewski, F.J. Himpsel
Molecular layers, wires and dots built by self assembly and step decoration from 2 dimensional and
1 dimensional interfaces
University of Madison, Madison Wisconsin, 21 August, 1998.

T.A. Jung, H. Rauscher, J.K. Gimzewski, F.J. Himpsel
Aligning molecules at 2 dimensional and 1 dimensional interfaces: How to build molecular wires and dots,
and what they could be used for
National Institute of Standards and Technology (NIST), 28 August, 1998.

T.A.Jung
Konzepte fur molekulare Schalter: Adressierbare Bewegung und Konformations-Aenderungen einzelner
Molekule an Grenzflachen
Universitaet Zurich, Institut fur Physikalische Chemie, 9 November, 1998.

T. A. Jung H.Rauscher, J.Gimzewski, F.J. Himpsel
Molecular positioning and molecular bi-stability at interfaces: What we already know about future
nanoscale devices
University of Basel, Condensed Matter, 16 November, 1998.

T.A. Jung, H. Rauscher, J. Gimzewski, F.J. Himpsel
Adressing molecular motion and conformational changes: Real space experiments with individual molecules
adsorbed at surfaces, steps and nanoscale wires
ETH-Zuerich, 19 November, 1998.

T.A. Jung, H.Rauscher, J. Gimzewski, F. J. Himpsel
Molecular nanoscience: Building molecular structures from individual units and understanding their
properties and functions.
Hans Sigrist Symposium, University of Bern, 4 December, 1998.

O. Leifeld, D. Griitzmacher, B. Muller, K. Kern
Massgeschneiderte Germanium-Quantenpunkte durch Nukleation aufC/Si(001)
62. Fruhjahrstagung der Deutschen Physikalischen Gesellschaft, Regensburg, Germany, 23-27 March, 1998.

O. Leifeld, D. Grutzmacher, B. Muller, K. Kern
Ge-Quantum dots on Si(001) tailored by carbon predeposition
Proc. Materials Research Society Spring Meeting, San Francisco, CA, USA, 12-17 April, 1998, ed. E. Fitzgerald,
D. Houghton, P. Mooney, Vol 533, pp. 183-189.

0. Leifeld, R. Hartmann, E. Muller, B. Muller, K. Kern, and D. Grutzmacher
Self organized growth of Ge quantum dots on Si(001) substrates induced by sub-monolayer
C coverages
IEEE Nanoelectronics workshop1998, Honolulu, HI, USA, 7-8 June, 1998.

O. Leifeld, E. Kaxiras, D. Grutzmacher, K. Kern
STM study of Ge dot formation on the C-alloyed Si(001) surface
3rd Conference on Developement and Technological Application of Scanning Probe Methods, SXM3,
Basel, CH, 14-17 September, 1998.

O. Leifeld, E. Kaxiras, D. Grutzmacher, K. Kern
STM study of Ge dot formation on the C-alloyed Si(001) surface
3rd Hasliberg Workshop on Nanoscience, Hasliberg, CH, 12-19 October, 1998.

E. Mueller, E. Ribeiro, T. Heinzel, K. Ensslin
TEM Study of the formation of InAs self-assembled quantum dots in GaAs
Materials Research Society Spring Meeting (E-MRS 98), Symposium D, Strasbourg, France, 16-19 June, 1998.
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E. Muller, R. Hartmann, C. David, D. Grutzmacher
Structural characterization of SiGe step graded buffer layers grown on pre-structured Si[001] substrates
by molecular beam epitaxy
Materials Research Society Spring Meeting (E-MRS 98), Symposium D.Strasbourg, France, 16-19 June, 1998.

R. Morf, J. Gobrecht
Optimized structures for light trapping
10lh Workshop on Quantum Solar Energy Conversion, Bad Hofgastein, Austria, 8-14 March, 1998.

S. Nowak, Ch. Kurtsiefer, C. David, T. Pfau, J. Mlynek
High-order Talbot fringes for atomic matter waves
Proc. of the International Quantum Optics Conference '98, 4-7 May, San Francisco (1998).

R. Ros, F. Schwesinger, C. Padeste, A. Pluckthun, H.-J. Giintherodt, L. Tiefenauer
Force spectroscopy on individual single-chain Fv antibody molecules
SXM 1998 & Workshop on Nanoscience, ,,Hasliberg3", 12-16 October, 1998.

H. Schift, J. Sochtig
LIGA-technology for the fabrication of high precision micro-optical elements
EOS Topical meeting (16th EOS/TM) on optical spectral analysis microsystems, Engelberg, Switzerland,
6-8 April, 1998.

H. Schift
Herstellung von Mikro- und Nanostrukturen durch Replikation
Seminar on "Mikrostrukturen und Mikroprazisionsspritzguss als Chance fur die Zukunft" of the Schweizer
Technischer Verband (STV), Aarau, Switzerland, 16 June, 1998.

H. Schift, J. Sochtig, M. Rossi, S. Westenhofer
Replicated high precison micro-optical insert elements for optical bench arrangements
SPIE Conf. on Micromachining and Microfabrication (MF'98), Santa Clara, CA, USA, 21-22 September, 1998.

H. Schift, R.W. Jaszewski, C. David, J. Gobrecht
Nanostructuring of polymers and fabrication of interdigitated electrodes by hot embossing lithography
Micro- and Nanoengineering (MNE'98), Bruxelles, Belgium, 22-24 September, 1998.

H. Schift
Nanoreplication in polymers
3rd Workshop on Nanoscience, Hasliberg, Switzerland, 12-16 October, 1998.

M. Sillasen, H. Sigg
Angular Momentum Photon Drag in 2 dimensional electron systems
Winterschool on "New Frontiers in Low Dimensional Physics" Mauterndorf, Austria, 23-27 February, 1998.

H. Sorribas, C. Padeste, U. Gennser, P. Sonderegger, L. Tiefenauer
Microstructured biofunctionalized glass for neuron cell guidance and recording
Biosensors '98, Berlin 1998.

L. Tiefenauer, R. Ros Seigel, F. Schwesinger, A. Pluckthun, H.-J. Giintherodt
Sensing forces of individual ligand-receptor interactions by sanning probe microscopy
Biosensors '98, Berlin 1998.

L. Tiefenauer
Molecular Nanotechnology: Vision, tools and projects
Workshop on Nanoscience ,,Hasliberg 3", 12-16 October, 1998.

R. Zingg, R. Derrer, H.J. Grossmann, T.A. Jung, J.K. Gimzewski
Molecular motion detection and tracer
Nanostructures at Surfaces and Interfaces Workshop, organized by the Swiss Federal Institutes of Technology;
Monte Verita, Ascona, Switzerland, 19-24 April, 1998.
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RADIO- AND ENVIRONMENTAL CHEMISTRY

HEAVY ELEMENTS
B. Eichler, A. Jakushev, J. Adams, A. Türler, H.W. Gäggeler, J. Peterson
Stabilität und Flüchtigkeit der Chloride schwerer Aktinoide - Erster experimentelle Nachweis eines
flüchtigen BkCI4
Vortragstagung der GDCh-Fachgruppe Nuklearchemie, Dresden, 7-9 September, 1998

R. Dressler, B. Eichler, H.R. von Gunten, D.T. Jost, A. Türler, H.W. Gäggeler, M. Gärtner, W. Brüchle, M.
Schädel, P. Thörle, N. Trautmann, S. Zauner
Synthese schwerster Elemente in (Hl, a-xn) Radktionen
Vortragstagung der GDCh-Fachgruppe Nuklearchemie, Dresden, 7-9 September, 1998.

R. Dressler
Chemie mit exotischen Elementen: Experimente zu gaschemischen Charakterisierung von Seaborgium
Fachtagung Aachen, Aussenstelle Jülich, 25 November, 1998.

H.W. Gäggeler
Einweihung Neutronenaktivierungsanlage und Gas-Jet SINQ
PSI, 26 January, 1998.

H.W. Gäggeler
Laudationes auf Prof. J. V. Kratz und Dr. N. Trautmann
Otto-Hahn Preisverleihung 1998, Kaisersaal des Römers, Frankfurt, 5 July, 1998.

H.W. Gäggeler
Analysenmethoden mit Neutronen
Industrietag: Neutronen im Dienst der Industrie, PSI, 29 September, 1998.

H.W. Gäggeler, B. Eichler, A. Türler
Adsorption phenomena and transport of volatile radionuclides
Oak Ridge National Laboratory, 2 November, 1998.

H.W. Gäggeler, B. Eichler, A. Türler
Adsorption phenomena and transport of volatile radionuclides
15th Int. Conf. On the Application of Accelerators in Research and Industry, Denton, Texas, USA,
4-7 November, 1998.

H.W. Gäggeler
Schwerelementforschung der PSI/Uni Bern Gruppe der letzten 3 Jahre
Workshop Schwerelementkollaboration, Hinterzarten, Deutschland, 19-20 November 1998.

H.W. Gäggeler
Chemische Untersuchungen exotischer Elemente mit einzelnen Atomen
TU-Freiberg, Germany, 10 December, 1998.

D.T. Jost
Real-Time Symposium
Mini-Symposium 19-20 March 1998, organizer.

D.T. Jost
Zerfallseigenschaften von!6SSg(Z=106) und26eSg(Z=106)
Vortragstagung der GDCh-Fachgruppe Nuklearchemie, Dresden, 7-9 September, 1998

A. Türler
Die Chemie exotischer Elemente: von Berkelium zu Seaborgium (invited talk)
Zentrumsseminar "Aktuelle Fragen der Radiochemie", Forschungszentrum Rossendorf, 27.11.98.
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A. Tiirler
Gas Phase Chemistry of the Transactinides
13th Radiochemical Conference, Marianske Lazne, Czech Republic, April 1998.

A. Turler, R. Dressier, B. Eichler, H.W. Gaggeler, D.T. Jost, M. Schadel, W. Bruchle, K.E. Gregorich,
N. Trautmann, S. Taut
Decay Properties of2B5Sg (Z=106) and266Sg (2=106)
International Nuclear Physics Conference 98, Paris,. France, August 1998.

A. Turler
Chemie des Seaborgium (Element 106), eine experimentelle Bestimmung seiner Fiuchtigkeit alsOxychlorid
Vortragstagung der GDCh-Fachgruppe Nuklearchemie, Dresden, Germany, 7-9 September, 1998,

A. Turler, R. Dressier, Ch. Dullmann, B. Eichler, R. Eichler, H.W. Gaggeler, M. Gartner, D.T. Jost,
D. Piguet, P. Thorle, N. Trautmann, A. Yakushev, S. Zauner
Synthese von Dubnium (Element 105) in der Reaktion 24sCm(9F, 5n) zszDb; eine Alternative zur
249Bk(aO, SnfDb Reaktion?

Vortragstagung der GDCh-Fachgruppe Nukiearchemie, Dresden, Germany, 7-9 September, 1998.

SURFACE CHEMISTRY, AEROSOL CHEMISTRY, ANALYTICAL CHEMISTRY
M. Ammann, M, Kalberer, F. Arens, E. Rossler, L. Tobler, D. Piguet, D.T. Jost, H.W. Gaggeler,
U. Baltensperger
Kinetics of HONO formation on soot
EUROTRAC Symposium '98 Garmisch-Partenkirchen, Germany, 23-27 March 1998.

M. Ammann, M. Wachsmuth, U. Baltensperger, D.T. Jost, H.W. Gaggeler
A new laboratory approach to heterogeneous halogen chemistry
European Geophysical Society General Assembly, Nice, France, 20-24 April 1998.

F. Arens, M. Ammann, M. Kalberer, J. Kleffmann, U. Baltensperger, H.W. Gaggeler
HONO formation on sulphuric acid coated soot aerosol particles
Second Workshop of EUROTRAC-2 Subproject CMD, Karlsruhe, Germany, 23-25 September 1998.

M. Ammann, M. Kalberer, F. Arens, V. Lavanchy, H.W. Gaggeler, U. Baltensperger
Nitrous acid formation on soot particles: surface chemistry and the effect of humidity
International Aerosol Conference '98, Edinburgh, 14-17 September 1998, J. Aerosol Sci. 29, Suppl. 1,
S1031-S1032 (1998).

M. Ammann
HONO formation on the aerosol of the polluted troposphere (1998), Review lecture, Second Workshop of the
EUROTRAC II Subproject CMD (Chemical Mechanisms Development), September 23-25, Karlsruhe,
Germany.

M. Ammann
Nitrous acid formation on soot aerosol particles, plenary lecture, 6th FECS Conference on Chemistry and
Environment (Atmospheric Chemistry and Air Pollution), August 26-28, 1998, Kopenhagen, Denmark.

B. Aumont, S. Madronich, M. Ammann, M. Kalberer, U. Baltensperger, D. Hauglustaine, F. Brocheton
Contribution of the NOs+soot reaction to the chemistry of the lower troposphere: a modeling study
Second Workshop of EUROTRAC-2 Subproject CMD, Karlsruhe, 23-25 September 1998.

U. Baltensperger
Die Auswirkungen von Aerosolpartikeln auf die Atmospharenchemie
Bereichskonferenz F3A, Paul Scherrer Institut, 12 January 1998.

U. Baltensperger
Heterogene Wechselwirkung von Stickoxid-Molekulen mit Aerosolpartikeln
Bergische Universitat - Gesamthochschule Wuppertal, 29 January, 1998.
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U. Baltensperger
Interaction of NO2 with soot particles, heterogeneous formation ofHONO
University of British Columbia, Vancouver, 14 August, 1998.

U. Baltensperger
Heterogeneous reaction ofNO2 on carbon aerosol particles
University of Washington, Seattle, 18 August, 1998.

U. Baltensperger, E. Weingartner, S. Nyeki
Aerosol measurements: providing the data for the quantification of aerosol impact on climate
Proc. Global Atmosphere Watch (GAW) Conference, 14-15 October 1998, Zurich, pp. 90-93.

U. Baltensperger, E. Weingartner, M. Lugauer, S. Nyeki, N. Streit, C. Zellweger, I. Colbeck, H.W. Gaggeler
Seasonal variation of aerosol parameters at the high alpine site Jungfraujoch, Switzerland: vertical transport
and new particle formation
Joint International Symposium on Global Atmospheric Chemistry, Seattle, 19-25 August, 1998.

U. Baltensperger, L. Jalkanen
Aerosol studies in the WMO's Global Atmosphere Watch programme
International Aerosol Conference '98, Edinburgh, 14-17 September 1998, J. Aerosol Sci. 29, Suppl. 1, S165
(1998).

U. Baltensperger, M. Ammann, M. Kalberer
Gas molecule interaction with aerosol surfaces: sticking coefficients and reaction rates; basic properties
International Aerosol Conference '98, Edinburgh, 14-17 September 1998, J. Aerosol Sci. 29, Suppl. 1,
S637-S638(1998).

S. Ehrman, M. Schwikowski, U. Baltensperger, H.W. Gaggeler
Chemical characterization of individual ice crystals and size classified snow samples
International Aerosol Conference '98, Edinburgh, 14-17 September 1998, J. Aerosol Sci. 29, Suppl. 1,
S323-S324(1998).

S.H. Ehrman, B. Frey, M. Schwikowski, H.W. Gaggeler
Imaging and analysis of individual snow crystals
In P.M. Borrell, P. Borrell, T. Cvitas, W. Seiler (eds.), Proc. EUROTRAC-2 Symposium '98, Garmisch-
Partenkirchen, 23-27 March, 1998.

S.H. Ehrman
Combustion synthesis of multicomponent nanoparticles
Seminar Radio- und Umweltchemie, Universitat Bern, 23 January 1998.

H.W. Gaggeler
Radionuclide detection at Jungfraujoch as a probe for the study of atmospheric processes
VOTALP WORKSHOP, Vienna, Austria, 19-20 January, 1998.

H.W. Gaggeler
Gletscherbohrkampagne auf dem Cerro Tapado, Chile
Schweizerischer Alpenclub, Sektion Grenchen, 3 April, 1998.

H.W. Gaggeler
Contents and behaviour of radionuclides in the atmosphere
13th Radiochemical Conference, Marianske Lazne, Czech Republic, 19-24 April, 1998.

H.W. Gaggeler
Workshop on ice core drilling in Chile and Bolivia
Jungfraujoch, 9-11 August, 1998.

H.W. Gaggeler, S. Hubener, P. Zanis, M. Lugauer
Be-7 und Radonzerfallsproduktmessungen auf dem Jungfraujoch zum Studium atmospharischer Prozesse
Vortragstagung, Ges. Deutscher Chemiker, Fachgruppe Nuklearchemie, Dresden, 7-9 September, 1998.
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H.W. Gäggeler
Quellen und Senken atmosphärischer Radionuklide
40 Jahre Überwachung der Radioaktivität in der Schweiz, Hôpital des Bourgeois, Fribourg,
24 November, 1998.

H.W. Gäggeler
Vom Hobby zum Beruf: Wie Radiochemiker hochalpine Gletscher missbrauchen
Festkolloquium aus Anlass des 70. Geburtstages von Prof. H.R. vonf Gunten, PSI, 11 December, 1998.

P. Ginot
Bericht von den Probebohrungen in Chile
Seminar Radio- und Umweltchemie, Universität Bern, 17 April 1998.

P. Ginot, M. Funk, H.W. Gäggeler, S. Hübener, B. Pouyaud, U. Schotterer, M. Schwikowski, W. Stichler
Environmental record preserved in an ice core from Cerro Tapado, Chile
16th Latin American Conference on Geosciences, Bayreuth, Germany, 14-16 October 1998.

P. Ginot
Eisbohrkerne vom Cerro Tapado, Chile
Seminar VAW-ETH Zürich, 26 November 1998.

A. Grund, M. Schwikowski, H.W. Gäggeler
High resolution determination of trace components in an ice core from Grenzgletscher (Monte Rosa,
4200 m a.s.l.)
28lh Annual International Symposium on Environmental Analytical Chemistry, Geneva, 1-5 March 1998.

T. Huber
Kontinuierliches Schmelzen und Analysieren von Eisbohrkernen: Erste Versuche
Seminar Radio- und Umweltchemie, Universität Bern, 18 December 1998.

S. Hübener
Kosmogene Radionuklide am Jungfraujoch
Seminar Radio- und Umweltchemie, Universität Bern, 27 November 1998.

C. Hüglin, R. Gehrig, C. Moor, U. Baltensperger, C. Monn
Characterization of PM10 and PM25 in Switzerland
International Aerosol Conference '98, Edinburgh, 14-17 September 1998, J. Aerosol Sei. 29, Suppl. 1,
S119-S120(1998).

V.M.H. Lavanchy, U. Baltensperger, H. W. Gäggele, M. Schwikowski
Reconstruction of the history of black carbon and elemental carbon concentration from a high-alpine
glacier (Colle Gnifetti)
28lh Annual International Symposium on Environmental Analytical Chemistry, Geneva, 1-5 March 1998.

M. Lugauer, U. Baltensperger, M. Furger, H.W. Gäggeler, D.T. Jost, M. Schwikoski
Vertical transport processes in the lower troposphere above the alpine region
Proc. Eighth Conference on Mountain Meteorology, Flagstaff, USA, 3-7 August, 1998, American
Meteorological Society, Boston, pp. 159-162.

S. Nyeki, M. Kalberer, F. Schröder, A. Petzold, E. Weingatner, M. Lugauer, I. Colbeck, U. Baltensperger
Condensation nuclei (CN) and ultrafine CN in the free troposphere to 12 km above the Jungfraujoch station
International Aerosol Conference '98, Edinburgh, 14-17 September 1998, J. Aerosol Sei. 29, Suppl. 1,
S711-S712(1998).

M. Schwikowski
Paläoatmosphärenstudien anhand von Eisbohrkernen aus den Alpen
Seminar Klima- und Umweltphysik, Universität Bern, 6 April 1998.
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M. Schwikowski
Rekonstruktion der Aerosolkonzentrationen anhand eines Eisbohrkernes vom Fiescherhorn
Seminar Radio- und Umweltchemie, Universität Bern, 17 April 1998.

M. Schwikowski
Analyse anorganischer Spurenstoffe in alpinen Schnee- und Eisproben zur Rekonstruktion der Geschichte
der Luftverschmutzung
Seminar Anorganische und Angewandte Chemie, Universität Hamburg, 29 June 1998.

M. Schwikowski, H.W. Gäggeler, U. Schotterer
Annually resolved air chemistry record from an Alpine ice core
Joint International Symposium on Global Atmospheric Chemistry, Seattle, USA, 19-25 August 1998.

M. Schwikowski, H.W. Gäggeler, U. Schotterer
Calibration of a historical aerosol concentration record from an Alpine ice core by long-term aerosol
monitoring
International Aerosol Conference '98, Edinburgh, 14-17 September 1998, J. Aerosol Sei. 29, Suppl. 1,
S517-S518(1998).

M. Schwikowski, T. Döring, L. Tobler
Bestimmung von Schwermetall-Konzentrationen in Gletschereis mittels doppelfokussierender ICP-MS
ICP-MS Anwendertreffen Schweiz, Villigen, 10 November 1998.

M. Schwikowski, S. Brütsch, T. Döring, A. Döscher, A. Eichler, H.W. Gäggeler, V. Lavanchy, U. Schotterer
Paläoatmosphärenstudien anhand von Gletschern aus den Mittleren Breiten
Seminar Klimaphysik der EAWAG, 20 November 1998.

G. Skillas, K. Siegmann, U. Baltensperger
The density and fractal-like dimension of particles sampled from a laminar diffusion flame
International Aerosol Conference '98, Edinburgh, 14-17 September 1998, J. Aerosol Sei. 29, Suppl. 1,
S1277-S1278 (1998).

N. Streit, E. Weingartner, M. Schwikowski, H.W. Gäggeler, U. Baltensperger
The relative contribution of natural and man-made sources to the chemical and physical properties of aerosol
from a high alpine site
European Research Course on Atmospheres, Grenoble, 12 January-11 February 1998.

N. Streit, E. Weingartner, M. Schwikowski, F. Hegedüs, H.W. Gäggeler, U. Baltensperger
Characterization of size fractionated aerosol from the Jungfraujoch (3571 m asl) using total reflection X-ray
fluorescence (TXRF)
28th Annual International Symposium on Environmental Analytical Chemistry (ISEAC 28), Geneva,
1-5 March, 1998.

N. Streit
Grössenfraktionierte chemische Aerosolanalytik
Seminar Radio- und Umweltchemie, PSI, 3 April 1998.

N. Streit, E. Weingartner, M. Schwikowski, H.W. Gäggeler, U. Baltensperger
Characterization of size fractionated aerosol from the Jungfraujoch (3580 m asl) using total reflection X-ray
fluorescence
International Aerosol Conference '98, Edinburgh, 14-17 September 1998, J. Aerosol Sei. 29, Suppl. 1,
S743-S744(1998).

B. Tenberken
Grundlagen der Kapillarelektrophorese und mögliche Anwendungen zur Untersuchung des Scavenging-
Prozesses auf dem Jungfraujoch
Seminar Radio- und Umweltchemie, PSI, 30 October 1998.
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L. Tobler
Die Neutronenaktivierungsanlage an der SINQ
Einweihungskolloquium Neutronenaktivierungsanlage und Gas-Jet SINQ, PSI, 26 Januar 1998.

L Tobler, E. Lehmann, D. Jost, H.W. Gaggeler
Die Bestrahlungseinrichtungen an der neuen Spallationsneutronenquelle SINQ des Paul Scherrer Instituts
17. Seminar Aktivierungsanalyse, Geesthacht, 6-8 May 1998.

L. Tobler, A. Wyttenbach
Wie zerstorungsfrei ist die Neutronenaktivierungsanalyse ?
17. Seminar Aktivierungsanalyse, Geesthacht, 6-8 May 1998.

L. Tobler, T. Doring, M. Schwikowski, H.W. Gaggeler
Bestimmung von Schwermetallkonzentrationen und Pb-lsotopenverhaltnissen in Gletschereis mit
doppelfokussierendem ICP-MS
4. Symposium MS-Verfahren der Elementspurenanalyse & 14. ICP-MS Anwendertreffen, Mainz, Germany,
28 September-1 October 1998.

H.R. von Gunten
Application of natural radionuclides in environmental- andgeosciences
13lh Radiochemical Conference, Marienbad, Czech Republic, 19-24 April, 1998.

E. Weingartner
Aerosol size distributions at a high-alpine site (Jungfraujoch 3580 masl)
Workshop on Particle Measurement, ETH Zurich, 7 August, 1998.

E. Weingartner, S. Nyeki, N. Streit, U. Baltensperger
Seasonal variation of size distributions and fine particle formation of continental aerosol at a high alpine site
(Jungfraujoch, 3454 m a.s.l.)
International Aerosol Conference '98, Edinburgh, 14-17 September 1998, J. Aerosol Sci. 29, Suppl. 1,
S509-S510(1998).

A. Wyttenbach
Neutronenaktivierungsanalysen von Edelmetallmunzen
Seminar MPI, Tubingen, 30 March, 1998.

PROJECT RADWASTE
R. Weinreich, L. Wyer, N. Crompton, M.C. Nievergelt-Egido, I. Guenther, U. Roelcke, K.L. Leenders,
E.J. Knust, R.G. Blasberg
1-124 and its applications in nuclear medicine and biology
IAEA-Symposium "Modern Trends in Radiopharmaceuticals for Diagnosis and Therapy, Lissabon, Portugal,
30 March - 3 April, 1998.

D.F. Dos Santos, M. Argentini, R. Weinreich, H.-J. Hansen
Current status of selenium coupling to Hoechst-Carborane
8th International Symposium on Neutron Therapy for Cancer, La Jolla, CA, USA, 13-17 September 1998.

ION BEAM PHYSICS

M. Dobeli
Beschleuniger-SIMS: Spurenelementanalyse unterhalb des ppb-Bereichs
Fruhjahrstagung d. Deutschen Physikalischen Gesellschaft, Konstanz, Germany, March 1998.

M. Dobeli
Cm tracks in PMMA
Invited Talk., 15th Int. Conf. on the Appl. of Accelerators in Research and Technol., Denton, Texas, USA,
November 1998.
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M. Döbeli
MeV Cluster-lonenstrahlen
Seminar über Kernphysik, ETH-Zürich, Switzerland, December 1998.

H. Fuhrmann
H- Desorption von Si-Oberflächen mit dem fokussierten lonenstrahl
Seminar, Forschungszentrum Rossendorf, Dresden, Germany, 26 March 1998.

H. Fuhrmann, M. Döbeli, R. Mühle, M. Suter
Focused Ion Beam Structuring of Si and Si/CoSi2 heterostrucures using adsorbed hydrogen as a resist
E-MRS Spring Meeting, Strasbourg, France, 16-19 June 1998.

P. Gartenmann, M. Suter, H.A. Synal
Anwendung von Beschleunigermassenspektrometrie mit^Fe
Frühjahrstagung d. Deutschen Physikalischen Gesellschaft, Konstanz, Germany, March 1998.

R. Huber, S. Jacob, M. Suter, H.A. Synal
Messung des Phasenraumes an einer AMS Injektionsstufe
Frühjahrstagung d. Deutschen Physikalischen Gesellschaft, Konstanz, Germany, March 1998.

S. Jacob, R. Huber, M. Suter, H.A. Synal
Detektion und Identifikation von Ionen in derBeschleunigermassenspektrometrie im Energiebereich von 1 MeV
Frühjahrstagung Deutsche Physikalische Gesellschaft, Konstanz, Germany, March 1998.

P.W. Kubik
Neuigkeiten von der Beschleuniger Massenspektrometrie Anlage in Zürich
Seminar, Abt. Nuklearchemie, Universität zu Köln, Germany, 11 December, 1998.

M. Pouchon, M. Döbeli, C. Degueldre
Retention of iodine in yYttria stabilized zirconia
Int. Conf. on Ion Beam Modification of Materials, Amsterdam, 1998.

H.A. Synal
Beschleunigermassenspektrometrie : Neue Entwicklungen und Zukunftsperspektiven
Plenarvortrag, Frühjahrstagung d. Deutschen Physikalischen Gesellschaft, Konstanz, Germany, March 1998.

H.A. Synal
Detection of heavy radionuclides at the PSI/ETH AMS system
Invited Talk, 15th Int. Conf. on the Appl. of Accelerators in Research and Technol., Denton Texas, USA,
November 1998.
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LECTURES AND COURSES

Prof. Dr. R. Eichler
ETH Zurich, SS98:
• Erganzendes physikalisches Praktikum fur UNW
• Physik II (with others)
• Physikpraktikum fur Vorgeriickte (with others)
• Physik der Elementarteilchen (with others)
• Teilchenphysik am PSI (with others).

ETH Zurich, WS98/99:
• Physik II (with others)
• Physikpraktikum fur Vorgeruckte (with others)
• Physik der Elementarteilchen (with others)
• Teilchenphysik am PSI (with others).

ASTROPHYSICS

Dr. M. Gudel
ETH Zurich und Universitat Zurich, WS98/99:
• Hochenergie-Astrophysik (with Prof. A. Benz)

PD Dr. Ph. Jetzer
Universitat Zurich, WS98/99:
• Weisse Zwerge, Neutronensterne und Schwarze Locher

Universitat Salerno, May 1998:
• Nachdiplom-Vorlesungen: Lenti gravitazionali

Universitat Zurich:
• Mitwirkung an der Organisation des Theorie-Seminars (gemeinsam mit der ETH)

RADIO- AND ENVIRONMENTAL CHEMISTRY

PD Dr. U. Baltensperger
ETH Zurich, WS 98/99:
• Aerosole I (with PD Dr. H. Burtscher)

ETH-Zurich, WS 98/99:
• Analytische Chemie V (with others)

Prof. Dr. H.W. Gaggeler
Universitat Bern, SS98:
• Anwendung von Radioisotopen
• Seminar in anorganischer und physikalischer Chemie (with others)
• Seminar in Radio- und Umweltchemie (with Dr. M. Ammann), in collaboration with Paul Scherrer Institut

Universitat Bern, WS 98/99:
• Radiochemie
• Eigenschaften Schwerster Elemente
• Radiochemiepraktikum (with Dr. A. Turler)
• Interdisziplinares Seminar "Klimadynamik - gestern, heute, morgen" (with others)
• Seminar in anorganischer und physikalischer Chemie (with others)
• Seminar in Radio- und Umweltchemie (with Dr. M. Ammann), in collaboration with Paul Scherrer Institut

ION BEAM PHYSICS

Dr. M. Suter
ETH Zurich, WS 98/99:
• Kernphysik II, Wahlfachvorlesung.
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HIGHER DEGREES AWARDED

P. Auer: Title of thesis:
Verdampfung von Schwermetallen in Temperaturgradientrohren als Methode fur
die Verwertung von Ruckstanden aus der Mullverbrennung
PSI

Thesis advisors:
Prof. Dr. H.W. Gaggeler (Universitat Bern & PSI)
Dr. S. Stucki (PSI)
Prof. Dr. B. Eichler (PSI).

St. Gehrsitz: Title of thesis:
Investigation of the Elastic Properties of Crystals by Near infrared Brillouin Scattering
PSI

Thesis advisors:

Prof. F.K. Reinhart (EPFL)
Dr. H. Sigg (PSI)

R. Har tmann: Title of thesis:
Growth and Characterization of Semiconductor Nanostructures in the System
Si-Ge-C
PSI

Thesis advisors:

Prof. K. Ensslin (ETH Zurich)
Dr. D. Grutzmacher (PSI)

A. Hofer: Title of thesis:
Niederenergetische Myonen: Eigenschaften und Anwendungen
Universitat Konstanz / PSI

Thesis advisors:

Prof. G. Schatz (Universitat Konstanz)
Dr. E. Morenzoni (PSI)

M. Kalberer: Title of thesis:
Heterogeneous Reactions of NO2 with Soot Aerosol Particles at Ambient
Atmospheric Conditions
Universitat Bern / PSI

Thesis advisors:

Prof. Dr. H.W. Gaggeler (Universitat Bern & PSI)
PD Dr. U. Baltensperger (PSI)
Dr. M. Ammann (PSI).

M. Lugauer: Title of thesis:
Vertical Transport of Atmospheric Trace Species in the Alps
PSI

Thesis advisors:

Prof. Dr. H.W. Gaggeler (Universitat Bern & PSI)
Prof. Dr. H. Wanner (Universitat Bern)
PD Dr. U. Baltensperger (PSI).
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K. Noll: Title of thesis:
Instrumentelle Bestimmung der Fluoranreicherung auf antarktischen Meteoriten
durch NRA (Nuclear Reaction Analysis)
Universitat Bern / PSI

Thesis advisors:

Prof. Dr. U. Krahenbuhl (Universitat Bern)
Prof. Dr. H.W. Gaggeler (Universitat Bern & PSI).

Th. Nussbaumer: Title of thesis:
Supraleitende Rontgen-Detektoren
PSI

Thesis advisors:

Prof. Dr. H.R. Ott (ETH Zurich)
Dr. A. Zehnder (PSI)
Dr. Ph. Lerch (PSI).

G. Skil las: Title of thesis:
Carbon Nanostructures from Combustion: Morphology, Density, and Applications
ETHZ / PSI

Thesis advisors:
Prof. Dr. H.-C. Siegmann (ETH Zurich)
PD Dr. U. Baltensperger (PSI).
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