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COVER PHOTO:
Overview of the positron beam facility. The front part shows the switch chamber with the user ports. The
positron lab is laid out as a user facility to be visited and to be used primarily by external university groups
but also by research groups from abroad, above all for using the new tool in solid state physics, materials
science and chemistry.



Editorial
The research department is engaged in the final push
to establish two research facilities
• the spallation neutron source (SINQ) and its

instrumentation
• a positron source with high beam quality.

The latter is essentially completed and ready for
commissioning. (A picture of the set up of this facility
is on the front page of this annual report.) The neutron
source - planned to become operational in autumn
1996 - is obviously still the main concern of the
department (and of PSI). Quite apart from the
intensive construction work at the source itself, most
of the scientists and engineers of the laboratory for
neutron scattering are occupied with the set up of
their spectrometers and experimental facilities at
SINQ. In spite of this load we nevertheless cared to
prepare the proper scientific environment at PSI for
efficient use of our facilities. As a contribution to the

academic training the third summer school on neutron
scattering in Zuoz was held in August 1995. The
school was dedicated to the subject of magnetic
scattering1, and was - I believe - very successful,
indeed. Furthermore, we organized for the second
time the ICANS-meeting (International Collaboration
on Advanced Neutron Sources), a forum of a network
of laboratories developing and operating accelerator
based spallation neutron sources. This workshop took
place at PSI mid-October 1995. The increasing
number of member laboratories, the growing number
of participants to these meetings as well as the
overwhelming interest in the Zuoz-school (more than
120 participants) supports our confidence to be on the
right track and that it is ultimate time for SINQ to
come into operation. The pictures in this introduction
have been taken during the laboratory tour of the
ICANS-participants.

'Magnetic Neutron Scattering, Edit. A. Furrer, World Scientific, Singapore 1995, ISBN 981-02-2353-6



The laboratory for Ion Beam Physics again served to
many institutions with their accelerator mass
spectroscopy by analyzing about 4000 samples. A
highlight of their research in material science is
certainly the acceleration of C00-clusters on the
Tandem van de Graaff. By the implantation of these
clusters into target materials an unsurpassed energy
loss density can be achieved. This may lead to new
methods for modification of materials. It is
astonishingly a fact that a hundred years after the
discovery of radioactivity by Henri Becquerel there still
exist long-lived isotopes, whose lifetimes are
essentially unknown. The laboratory succeeded to
determine now the half-life of 1MSn. In view of its
terrestrial and cosmogenic applications this is a rather
significant result.

The new gas-jet facility and the neutron activation
system at SINQ will be most important for the work of
the laboratory of Radio- and Environmental
Chemistry. Hence considerable effort has been put
into the conception of this insertion device at the
spallation source. One of the highlights is the
laboratories contribution to the investigation and
determination of the chemical properties of the
element 106 (ZS5Sg, *6eSg; Seaborgium) with the half-
lives of 7.1 and 34 sec, respectively. These
experiments - undertaken within an international
collaboration at GSI-Darmstadt - used a
gaschromatographic technique which has been
developed by the laboratory with lighter chemical
homologues (like tungsten) at injector I of PSI.
Concerning the environmental activities of the
laboratory, the historical deposition record of
sulphates, nitrates and chlorides from a more than
100 m long ice core of Colle Gnifetti (4450m) is really
impressive. This is part of the knowledge we should
have for taking the right decisions in the future.

Like in the previous year the laboratory of Neutron
Scattering was still relying on the access to neutron
sources elsewhere than PSI. Regular access was
available at ILL at a powder diffractometer and a triple
axis spectrometer, upgraded and operated by PSI.
Hence, besides the work for the instrumentation of
SINQ, we had the opportunity to keep the scientific
activities alive. Among other results I would just like to
mention here the work on crystal field excitations in
high Tc-superconductors and the observation of spin
fluctuations in EuS near to the critical temperature.
Furthermore, we also report here about progress in
the sputter technology used for the development of
magnetic mirrors for neutrons and mirrors for soft X-
rays.

Finally I would like to emphasize some results from
the laboratory of Astrophysics. One of the Radiation
Environmental Monitors (REM) has now been in orbit
for more than one year aboard the UK-satellite STRV-
1B. The other monitor on a low circular orbit of a MIR-

station also reports its results since about one year.
Could this kind of data in future serve as the base of a
"radiation-weather forecast" in space?
Furthermore, the laboratory reports that the flight
model of the FUVITA-detector (Far Ultra-Violet-
Detector) has been calibrated and the detector
housing and cooling system of the XMM-detector (an
ESA "corner stone" mission) has been qualified. That
is, it has gone successfully through the procedures of
torture to test its reliability. Work has therefore already
passed over to industry for the fabrication of the flight
models.
As indicated by the last two contributions (and by the
list of publications) scientific work has also been
started in X-ray astronomy. Afterall that's what all
these nice gadgets aboard of spacecrafts finally
should be good for.

I believe that this report is again evidence for the vital
role our laboratories play for the scientific
communities and for PSI. This of course is due to the
dedication to our common cause. May I express my
appreciation to all for their contributions. In this
context i have the pleasure to congratulate particularly
Joel Mesot to the IBM award 1995 for his excellent
work in solid state physics.

W.E. Fischer
Head of Dept. F3A
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SINQ - A CONTINUOUS SPALLATION NEUTRON SOURCE
(AN APPROACH TO 1 MWATT OF BEAM POWER)

Walter E. Fischer (for the project team of PSI)

In this status report we describe the continuous spailation neutron source at PSI, which will come into
operation in fall 1996. We present the present state of the construction work and review the expected
performance of the source.

The accelerator system
Figure 1 shows the layout of the experimental

facilities at PSI together with its accelerator system.
Today it is used for particle/nuclear physics, medical
applications and an ever increasing portion of physics
of condensed matter and material science. The
experimental program using the muon spin resonance
technique, by now traditional at PSI, gained
significance through its contributions to the
investigation of high temperature superconductors
and heavy fermion systems. The spailation neutron
source which is in construction and should go into
operation next year obviously amplifies this trend.

The PSI-accelerator system consists of two
isochronous cyclotrons fed by a cockcroft-Wolten
preaccelerator with a 860 keV proton beam. The time
structure of the accelerated beam from the cyclotorns
is determined by the frequency of the acceleration
cavities which is 50 Me. Hence the beam has a pulse
microstructure of 20 ns (which is irrelevant for the
production of thermal neutrons) and no "macro" time
structure. Hence SINQ is a continuous spailation
neutron source and has strong similarities with a
beam tube research reactor.

Properties of the Proton Beam

extraction energy

energy spread (FWHM)

beam emittance

beam current

time between pulses

bunch width

590 MeV

1.5%

2 7cmmx
mrad

1.5 mA

19.75 ns

1 ns
Table 1:

On the target station
Since SINQ is a steady state neutron source, its

concept should be optimized for the highest possible
neutron flux that can be generated from the available
beam power. Furthermore, with our emphasis on cold
neutrons, we aimed at an optimal position for the cold
moderator and at maximal possible space for the
instruments. Together with a liquid metal spailation
target as ultimate concept these are reasons for the
choice of an arrangement of the target station with
vertical beam injection from below (Fig. 2).

Figure 1: Layout of the experimental facilities of PSI at the accelerator system



The whole circumference of the target station is
then accessible for neutron beam extraction. This
concept also provides for a multiple containment of all
potentially volatile radioactivity produced inside the
target block. For this purpose a double-walled steel
tank with contained atmospheres will surround the
target and the moderator tank (Fig. 3). The target
block will surround a 2 m diameter heavy water tank
in whose axis the target with essentially cylindrical
geometry is positioned. Fig. 4 shows a cut through
this inner region of the target block. The double walled
moderator tank with two meter diameter and height is
readily visible. This tank has in its axial center a
central tube, containing (from below) the collimator for
the injected proton beam, the target and a shielding
and heat transport zone. A cooled beam tube plug
(tangential to the target) and the horizontal part of the
installation for the cold Ds-moderator are also shown.
A perspective view of the moderator tank is shown in
Fig. 5.

The manufacture of this tank turned out to be a
formidable task of casting and welding - all in
aluminum (Fig. 6).

Figure 3: Deposition of the double-walled containment
tank in an early phase of construction at the target
station. Two - already positioned - boxes for beam
tubes are also visible.

Figure 2: View of the proton beam line in the ditch
below the floor of the neutron hall. The bending
magnet for vertical injection is visible in the back.

Figure 4: Cut through the inner region of the target
block



F/gwe 5: The D20-moderator tank with central tube

Figure 6: Welded beam tube inserts in the moderator
tank. The T-frames for the cold D2-source and for the
scatterer (later second cold source) are already
attached.

On the target
Safe and reliable operation of a target at the

anticipated beam power of 1 MW is a prime concern.
The proton current density will be 25 uA/cm2 under

normal conditions. In view of the lack of experience
world-wide with targets at this power density we shall
start with a relatively simple design of a target made
up of zircaloy rods, cooled by D2O. The concept of
this target is shown on the right side of Fig. 7. For
safety a double walled aluminium container with water
cooling will surround the target proper. We hope to
proceed to a target with higher neutron yield within a
year by replacing the zircaloy rods by lead filled
zircaloy- (or aluminium-) tubes. These targets, while
producing neutrons for the users of the source, serve
as a demonstration of the integrity of the safety hull
under real operational conditions.

The concept of the liquid metal target is shown
on the left side of Fig. 7. The realization of this
concept will remain a focus of the development work
for SINQ. Apart from a favourable neutronic
performance, this target is self shielding and heat is
transported away from the reaction zone of the proton
beam by convective motion of the target material.
Hence the target cooling water is not intercepted by
the proton beam, thus avoiding radiolysis - and part of
the activation problems in the secondary circuit.

Cold source and neutron guides
The cold source has been built up on a test rig

and is essentially ready for first operational tests. The
stability of the stationary states and the behaviour of
the thermo-syphon during transients have to be tested
before moving and integrating the installation to the
target station.

j Window |
cooling Secondary

~" " -coolant

Zircaloy
(Zy-Pb)

Figure 7: Concepts of the SINQ-target, right: rod
target; D20-cooled, left: convecüvely cooled liquid
metal target

The mounting of the neutron guide system is
near completion. According to the emphasis we give
to the production of cold neutrons at SINQ, most of
the guides (depending on the kind of instrument
attached to them) are of the supermirror type. A



supermirror with m=2 times the critical angle of bulk
Ni-coating consists typically of 40 bilayers of Ni and
Ti. The thickness of the single layers varies
continuously between 70 A and 1000 A. All the pieces
have been tested on a test spectrometer at reactor
"Saphir" at PSI and later on at "Orphe'e" in Saclay. A
transmission profile for about nine reflections near
m=2 is shown in Fig. 8. As can be seen in Fig. 9, by
means of the transport properties of these guides, the
neutron flux can be increased by more than a factor of
three and the spectrum of the transmitted neutrons
through curved guides can be extended to shorter
wave length (e.g. below 2 A).

Performance and Instrumentation
Figure 9 shows the expected (calculated)

performance of SINQ for a primary proton current of 1
mA on the spallation target. The spectral flux data is
given at positions of the user, that is either at the
monochromator for a thermal beam tube or at the exit
of a 50 m long neutron guide. The benefit from use of
supermirrors is clearing visible, if the data of "cold
beam tube" (3.5 x 12) is compared with "cold guide
m=2".

Table 2 lists the instruments which are under
preparation at SINQ. Their location at beam ports or
utron guides can be seen in Fig. 10.

Microguide
R8B, Supermirror H, annealed at 120C
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Figure 10: Layout of the instruments and spectrometers at the beam ports and neutron guides of SINQ



Table 2: Instruments under preparation for SINQ

Gen. Design

{1} HRPT
{1}SC3
{1}Drüchal
{1JTASP
{1} SANS
{1} (REFL)

{1JDMCG
{1JTOPSI
{1}NTR
{2} T3AX

{1} FOCUS
{2} ITOF
{1}N0B
{1} PGA

{2} TOF
{2} PST-TOF
{2} LADI
{2} (DENS)
{2} PTBS

{1} PNA
{1}NAA
{1}GJA

New PSI-LNS-lnstruments
High resolution diffractometer (thermal neutrons
4-circle diffractometer (thermal neutrons)
Three axis spectrometer (cold neutrons)
Three axis spectrometer (polarized cold neutrons)
Small angle scattering camera, 40 m (cold n.)
Neutron reflectometer (cold neutrons)

Transfer from SAPHIR (LNS-Inst.)
Powder diffractometer (cold neutrons)
Test spectrometer (cold neutrons, NSE-option
Neutron radiography facility (thermal neutrons)
Triple axis spectrometer (thermal neutrons)

Instruments with outside support {Country}
Time of flight spectrometer (cold neutrons) {D}
Inverted time of flight instr. (cold neutrons {D}
Neutron optical bench (cold neutrons) {A}
Prompt gamma activation analysis (cold n.) {CH}

New developments considered
Fourier diffractometer (for radioactive samples)
Phase space transformation time-of-flight
Laue Diffractometer
Instrument for diffuse-elastic scattering
Phase space transformation back scattering

Non-beam facilities
Isotope production stringer (2 thimbles)
Neutron activation analysis (2 thimbles
Fission product gas jet

Avail. Suppl.

So 96 ETHZ/UGe
So96 PSI
So 96 ETHZ
So 96 PSI
So 96 PSI
Wi 96 PSI

So 96 PSI/ETHZ
So 96 PSI
So 96 PSI
Wi 96 PSI/ETHZ

Sp 97 BMFT/PSI
Sp 97 PSI/ETHZ
Wi 96 Al-Wien
Au 96 UFb/PSI

PSI/ETHZ
PSI
PSI/?
PSI/?
PSI/?

So 96 PSI
So 96 PSI
So 96 UBe/PSI



LIQUID METAL SPALLATION TARGET STUDIES

G.S. Bauer (PSI)

Pumped liquid metal targets are under study for the two major spallation neutron source projects in
Europe, SINQ and ESS. While SINQ requires a low absorption heavy metal (Pb, Bi), mercury was chosen
for ESS because the high thermal neutron absorption is not a problem for a pulsed source. Apart from
this, the two concepts have several common problem such as fluid dynamics, secondary heat removal
and safety aspects that can be studied on a common basis.

While it is a medium-term goal to improve the
neutronic performance of SINQ by replacing the origi-
nal water cooled zircaloy target by a molten heavy
metal target, priority was given to studies relating to
the 5 MW target for the European Spalaltion Source
Project because the feasibility study report for this
project is due in 1996.

The obvious advantages of a liquid metal target
are
• a high heat removal capacity by convective flow

of the heated material as a whole
• a high average density of the target material in

the beam interaction zone, giving a high source
brightness

• no moderation of the primary neutron spectrum
inside the target, reducing the likelihood of reso-
nant absorption and resulting in a high reflector
flux and good neutronic moderator coupling

• no water present in the proton beam interaction
zone, reducing radiolysis and radioactivity in the
cooling water circuit substantially

• no structural radiation damage in the target ma-
terial, making regular replacement necessary
only for the part of the target shell exposed to
high particle flux

• the content of hazardous volatile species in the
target material that could be released in an acci-
dent scenario is low because they will escape
from the target continuously and be safely
removed on line.
Desirable properties of a material to be used as

liquid target for a spallation neutron source are:
a high atomic number to give good neutron yield
a high density to give high source brightness
a low melting point to make choices for structural
materials and operation easier
a low corrosive activity (solubility of elements of
the container material) to avoid problems with
mass transport from hot to cooler parts of the
system

chemical inertness to minimize formation of pos-
sibly abrasive compounds that would be trans-
ported in the system
a low neutron resonance integral to minimize
absorption of neutrons before they get therma-
lized
a high scattering cross section for fast and epi-
thermal neutrons to improve reflector action of
the target

- a low thermal neutron absorption cross section,
at least if the target is to feed a neutron source
which builds up a high thermal flux through a long
life time of the neutrons in the reflector.
Since all neutron sources that considered liquid

metal targets so far were conceived with a large and
non-absorbing reflector to produce a high time aver-
age thermal neutron flux, mercury was excluded as a
potential candidate because of its high thermal neu-
tron absorption cross section. If, however, thermal
neutron absorption is not a primary concern - or is
even a desirable property to ensure proper functioning
of the system, as in short pulse spallation sources,
pulse shape optimized intermediate pulse length
sources or fast neutron systems involving fissionable
material, mercury certainly deserves special attention.

The general concept for the two targets is very
similar, comprising an inner container shell and a
separately cooled safety hull to retain the liquid metal
in case of a failure of the inner shell. In the case of
SINQ the hull must be able to hold up until solidifica-
tion of the target has occurred, whereas the horizontal
injection scheme for ESS allows to return the liquid
metal to a dump tank. Developing such a concept is a
major task and requires exentive R+D-work into ma-
terials compatibility, liquid metal technology, radiation
effects, thermal hydraulics and fluid mechanics.

Many of the common problems can be studied
for the case of mercury which, for all experimental
work offers the advantage of not solidifying at room
temperature or above. The study program into these
problems was defined in detail and coordinated work
was startd in collaboration with other groups within
F3A and F4, as well as KFA Jülich. By mid 1995 the
concept of a liquid mercury target was far enough
advanced for the ESS-project group to select this
target as their first priority choice. The general con-
cept is sketched in Fig. 1. The heat dissipated by the
proton beam entering the target through the doubly
curved window will be removed by pumping the liquid
metal to a heat sink.

According to present thinking, a centrifugal me-
chanical pump will be used to circulate the liquid
metal. Two options are being studied for heat re-
moval, namely a standard tube-type heat exchanger
and a system of heat pipes.

The need for on-line purification of the mercury is
still being investigated. While the calculated enthal-
pies of evaporation from mercury for metals in dilute



solution [2] suggest that there will be no evaporation
of metallic spallation products from the liquid, the
question of intermetallic reactions and formation of
potentially abraisive compounds must still be investi-
gated carefully. As a first step, data on solubilities of
elements in Hg were compiled.

In any case, special provisions to trap gaseous
spallation products, in particular radioactive ones, will
have to be made.

The safety hull mentioned before surrounds the
whole active part of the taret and is connected to the
dump tank provided to store the liquid metal during
maintenance periods.

The safety hull, which will require separate cool-
ing in particular in the beam window regime, also
serves as thermal insulation between the target and
its surroundings. It must be noted that, while mercury
is liquid at room temperature, it is likely to be oper-
ating above hundred degrees C to ease heat removal.

Due to radiation damage in the structure material
the targel shell (and the safety hull) will have to be
changed periodically. For this purpose the whole trol-
ley supporting the liquid metal circuit will be moved
horizontally to a service cell, after the liquid metal has
been drained into the dump tank.

/
ESS-Iiquid Metal Target

/ Circuit , / / ' • /
/ - Conceptual working base- / ' / / / .

I
i

• / / ,

Figure 1: Liquid metal target circuit with safety hull
around the beam interaction zone with leakage return
flow tube located behind the reflector unit.

For the construction material, Manet type steel
has been considered as reference. Since there is
some concern about low temperature embrittlement
under irradiation, other newly developed materials are
also looked into (1). As present calculations suggest,
however, the operating temperature of the window will
be high enough to keep it above the ductile-to-brittle
transition temperature during operation, and the use
of variable conductance heat pipes could ensure that
the liquid is always kept above that temperature even
when the source is shut down. More detailed investi-
gations, in particular on transient phenomena are,
however, necessary. Since Hg is not very corrosive

even against stainless steel and not at all against
refractory metals, other materials options seem to
exist.

The geometry of the target in the beam interac-
tion zone is still under evaluation. At present, only
configurations with parallel walls (no tapering) have
been investigated theoretically in 2-D models. The
results are not satisfactory yet, but are not completely
discouraging either. Clearly, 3-D calculation with a
validated computer code are needed. Such calcula-
tions are under preparation. Also, experiments using
existing facilities to validate te computer codes have
been defined and will be persued.

The problem of the pulsed operation of the target
and the loads on the target enclosure resulting from
pressure waves have been investigated for Hg. Fortu-
nately, while the thermal expansion coefficient of Hg
is almost twice that of Pb, its effect is offset by a
higher compressibility of Hg. Nevertheless, for a short
pulse source, the dynamic stress on the container
alone would be too close to the recommended design
values for Manet (HT9-)type steel to be able to safely
accommodate other sources of stress [4]. For this
reason the possibility to increase the compressibility
of the target material by adding a small amount of gas
(e.g. 3 vol% of He) is under investigation. Theoretical
calculations suggest that this could suppress dynami-
cal stresses almost completely but a practical solution
has yet to be worked out. Experiments on the mixing
of Hg and He are under preparation.

The presented status of the work was reported in
detail in ref. [3].
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ON THE PRESSURE WAVE PROBLEM IN LIQUID METAL TARGETS FOR PULSED
SPALLATION NEUTRON SOURCES

Karel Skala (PSI)

A liquid metal target for a pulsed spallation neutron source was modelled on the computer to investigate
the effect of the high instantaneous power deposition on the pressure in the liquid and the resulting stress
on the container. For the short pulse duration the resulting stress would be likely to exceed the allowable
design stress for steels of the HT-9 type with low nickel content. Adding a small volume fraction of gas
bubbles might be a way to suppress almost completely the generation of pressure waves.

Introduction
In view of their many attractive features liquid

metal targets have so far been considered for all
spallation source projects at high power level. Special
considerations arise for pulsed sources like the 5 MW
European Spallation Source Project (ESS) [1]. During
the very short pulse duration (1 us at 50 Hz), the
beam energy deposited in the target cannot be
accommodated by thermal expansion and will give
rise to pressure waves that can result in substantial
stress loads on the container wall. It is therefore of
prime importance to keep the load in a safe regime for
long time operation even under the effect of radiation
damage. In the present paper we report on
preliminary calculations to examine these problems.

The model
Under the assumption that the target material will

be either Pb, Pb-Bi eutectic or Hg in the liquid state
we exclude the effect of phase transitions and related
latent heat effects. All deposited energy will therefore
be converted into heat. During the power pulse no
change in volume is possible (isochoric case), which
leads to a subsequent (hindered) expansion of the
material. The result is a rapid increase of pressure,
which is the cause of acceleration of the surrounding
material. Its velocity is obtained via an integration over
time. The motion of material will affect the local
pressure, leading to feedback between the volume
elemtens in the target. A pressure wave will thus
travel through the material and reach the wall where it
causes mechanical stress. Due to the elastic prop-
erties of the wall it will be reflected back into the ma-
terial, giving rise to superposition effects. In a solid
this might occasionally result in negative pressure
(tensile stress). In the liquid we assume voiding to
occour and hence impose an (optional) lower limit on
the pressure.

The geometrical model is three dimensional with a
choice between an open surface, a rigid flat cover, or
an elastically flexible domed cover.

The liquid volume, as well as the surrounding walls
are subdivided into triply indexed elements.

All dynamic processes are described by algebraic
relations and differential equations. The latter ones
are solved by numerical integration. The pressure
resulting in a medium is given by the general relation

Since no volume change can occur during the very
short energy pulses, only the second term in equation
(1) is important (isochoric case). Following the energy
deposition, pressure will build up and spread
adiabatically in the medium. Thus the first term in eqn.
(1) becomes dominant because in liquid and solid
media the adiabatic compression occurs practically
without any change in temperature, since cp and cv are
almost equal. In our practical calculations the small
change in temperature during the adiabatic expansion
is in fact taken into account as shown in [2], where a
derivation of the formulae used is given. Formally this
results from replacing the isothermal modulus of
volume elasticity, K, by the quantity K, called the
"adiabatic modulus of volume elasticity". This allows
us to use our system of equations also for longer
pulses (e.g. a 500 |is pulse of a long pulse souce).

The net force on any given volume element is the
result of the difference in pressure on both sides, of
friction caused by viscosity, and of gravity. It causes
acceleration, which, through integration over time,
finally yields a theoretical net displacement B at each
surface S of the volume elements. This allows to
calculate a ficticious ("virtual") change in volume

6
AV=lsrßt. (2)

which in turn is the cause of a change in pressure.
In this way the spreading of the pressure is fol-

lowed through the material out to the container wall,
where it gives rise to stress in the wall material. The
total stress is the sum of the direct pressure load on
the surface element and the influence of the neigh-
bouring elements, where the pressure wave may
arrive at a different time, and is therefore a combina-
tion of pure tensile and bending stress.

The effect of the elastic modulus of the liquid
Since gases are orders of magnitude more com-

pressible than solids or liquids, we assume that a
small amount of gas bubbles can be continuously
added to the interaction region. Any change in volume
of the mixture AVm will then be the sum of the change
in volume of the gas AVg and of the liquid A V,, with

-Jfo. (3)

In order to determine AVg we consider the general
case of a polytropic compression
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P-Vg=PQ-Vg,0 with U w S K <4>

where n=1 holds for the isothermal and n = K holds for
the adiabatic case.

Calling the volume fraction of gas bubbles relative
to the total volume e, the modulus of elasticity for the
mixture is found to be

.-1

(5)

Fo r the case ot mercury (K, = 2.77 • 1010 -jfjr) at

moderate pressure levels this results in an enormous
effect even in the less favourable isothermal case
already for small values of e, of the order of a few
percent. Thus, due to the high compressibility of the
gas bubbles, there will be almost no overall pressure
increase in the liquid as long as the total volume of
the gas bubbles is sufficient to absorb the total vol-
ume increase in the liquid.

For very small e, on the other hand, there may
exist a positive feedback in pressure development
because, while energy is initially stored in the com-
pression of the bubbles, Km increases rapidly towards
the value of K, and the pressure wave will spread as in
the bubble-free case. However, as the pressure starts
dropping, the energy stored in the bubbles will be
released, causing the pressure to drop more slowly
and eventually to give rise to interference maxima
exceeding the values obtained in the bubble-free
case. Of course, these effects are strongly geometry
dependent, too, and detailed calculations are needed
for each situation. As a general rule it may be stated
however that, if gas bubbles are used to suppress the
pressure waves, a volume concentration slightly
above the "critical" one is much safer than one below.

3E+8 t = 150[ns]

60 70
Index

Figure 1: Calculated stress distribution along a line
running from the apex of the dome-shaped beam
entry window along the dome and down the cylindrical
wall (6 mm thick), shown for two different times after
the pulse.

For the case of a cylindrical cross section with an
elastic dome-shaped cover the stress distribution
along a line running from the apex of the cover down
the dome and along the cylindrical wall is shown in
Fig. 1 for two different times after the pulse. There
results a rather complicated vibrational behaviour
which is caused by the elastic properties of the sys-
tem on the one hand and the different travel times of
the pressure waves to the various points along this
line on the other.

Fig. 2 shows the same situation as Fig. 1, but this
time 37o of the volume were assumed to be gas
bubbies. The maximum stress on the wall has
decreased by two orders of magnitude, to an almost
insignificant level. It is also obvious that the system
reacts much softer with the stress rising during a
much longer time after the pulse.

3E+6T

10 20 30 40 50 60 70
Index

Figure 2: Calculated stress distribution for the same
situation as Fig. 1, but with a volume concentration of
3% He in the liquid.

Conclusions
While our results are still of preliminary nature in

particular as far as absolute numbers are concerned,
the program system we have developed clearly allows
us to judge the effect of parameter variations such as
the pulse duration and the beam geometry in the
system. In particular the opportunity of injecting gas
bubbles in the beam interaction region might, if a
technical solution can be found, provide a means to
supress nearly totally the effect of pressure waves.
This will make the heat deposition in the window itself,
which has so far been neglected completely in our
calculations, the main source of stress. From our
results we are confident that a liquid metal should be
a viable solution not only for continuous sources but
also for pulsed sources in the beam power regime of
several MW.
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HANDLING DEVICES FOR THE BEAM PORT- AND COLD MODERATOR
INSERTS OF SiNQ

W. Wagner, J. Ehrat

A user-dedicated neutron facility like SINQ with a potential for further development requires flexible and
safe handling of the insert devices of the target shielding block: Safe in the sense of nondestructive for the
components but also ensuring a minimum radiation exposure of the personell involved in the operation,
flexible in the sense to be able to respond quickly to changes in the users' demand, and to act quickly if
components have suffered any damage during the operation and must bo repaired or replaced. The con-
cept of the handling devices provided by PSI is expected to meet these requirements. So far, they worked
successfully and reliably during the initial installation, which also was a test for the later handling of the
components when activated. The knowledge and experience gathered therewith may also be of more
general interest.

The SINQ target shielding is constructed as a
solid block of steel and conrete with a lateral thick-
ness of about 4.5 m around the moderator vessel. In
the horizontal plane around the target this shielding
has eight penetrations lined with steel casings [1].
Five of them, each with a twin set of two ports at an
angle of 10° relative to one another, are foreseen for
beam extraction or the insertion of irradiation devices.
One other casing, facing the cold moderator at the
inside, accomodates the in-shielding part of the neu-
tron guide system [2]. The two remaining ones allow
to insert devices for neutron moderation or scattering;
those accomodate the insert holding the D2 cold
moderator [3] and a thermal scatterer, respectively.

All units which fill these casings are combinded
with massive shielding material, the single units
weighing typically two to five tons, the neutron guide
insert even up to 25 tons. The most delicate parts to
be handled are the so-called hot blocks. They carry
the window for the inner Hel barrier and must be fixed
helium tight to the front end of each casing. With a
weight of about 1.5 tons they need cantilever handling
and have to be bolted remotely to the front end flange
with a helicoflex metal seal. Cantilever handling is
also necessary for the vaccum jacket of the D2-cold
moderator system. All other parts rest on wheels or
roller bearings and are self-supporting.

The base for the handling devices is a transport-
able rail system and a stable support carriage on steel
wheels. Except where fixed rails are installed perma-
nently, the transportable rail system is placed on the
floor in front of the casing, briding cable channels in
the floor and other unevenesses. The carriage is
placed on the rails where it can be moved back and
forth parallel to the port axis. Several spindle-driven
adjustment devices for lifting and tilting allow the
adaption in height and the precise alignment of the
carriage.

The handling devices themselves, placed on top
of the carriage, consist of a solid base plate of steel,
20 cm thick, which gives the required stability and
also serves as radiation shielding towards the bottom.
They carry the driving and handling units which are
either fixed on sledges or move on guide rails on the
plate. In total three special base plates with specially

adapted driving and handling units were built for the
different types of inserts. They are supplemented by a
vertical steel plate of 20 cm thickness at the rear end.
Base plate and rear plate are part of the shielding
box. When activated parts must be handled, the
shielding is completed by further steel plates mounted
on the sides and covering the top, and by a shielding
gate at the entrance. Further shielding gates are fore-
seen in front of the open casings to shield against
radiation when the inserts have been removed.
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Figure 1 illustrates the handling device in operation
during the installation of the beamport inserts. .
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POSITRONS - AVAILABILITY OF A NEW USER-LAB AT PSI

W.B. WaeberandM. Shi (PSI)

The positron beam facility has been set-up and completed in all its parts. The vacuum system has been
tested, and at the target station a value of 5 x 10'" mbar has been reached. With the target kept at
ground potential, the high voltage conditioning of the complete system (floating source) has been
accomplished, i.e. a stable, monoenegetic slow positron beam with tunable energy up to 60 keV will be
operational in March 1996.

Positrons are the antiparticles of the electrons.
Collected into a monoenergetic beam, they are a
complementary probe, for example, to neutrons,
photons and muons. Through positron diffusion,
scattering or annihilation processes when interacting
with materials, information can be obtained on elec-
tronic, magnetic, crystallograghic and chemical prop-
erties and on defects in the atomic structure, both
from the bulk and from the surfaces.

The development up to and including the final
set-up of a true hybrid-beam instrument and its
conditioning have been realized for performing in
March 1996 the beam diagnostics of the new positron
beam facility. It is anticipated to generate a DC
monoenergetic, electrostatic slow positron beam with
outstanding characteristics: a beam intensity of 3 x
106 e7s in a beam diameter of 100 u.m and 50 mrad
divergency at the sample position for a primary source
strength of 500 mCi of 58Co (15% ß+), a variable beam
energy between 1 eV and 60 keV and an energy
spread of about 2 eV. An option of a 7 mm diameter
beam with a correspondingly enlarged intensity by a
factor of 3 can be transported by simple beam switch
to one of ttie overall five available user ports. The
positron lab is layed out as a user facility to be visited
and to be used primarily by external university groups
but also by research groups from abroad, above all for

using the new tool in solid state physics, materials
science and chemistry. Thus, among other techniques
(like PAES or positron microscopy) it opens up a
complementary access to the study of the electronic
structure of perfect and defected solids both in the
bulk and at surfaces.

The layout of the facility has been presented in
last year's annual report [1]. Future intensity up-
grading steps with moderate investments will be im-
plemented to ultimately reach intensities well above
1010 e+/s while keeping the other beam characteristics
unchanged. Equally, the present instrumental configu-
ration has enough flexibility for adding new qualities to
existing beam characteristics, for example a pulsing
section. In the following, some pictures illustrate the
present status of the new facility (see Figures 1-4),
and in the figure captions some more data on infra-
structural parameters of the facility are given. For
more information the authors of this note can be con-
tacted.

In the initial phase of beam experiments Doppler
line-shape studies on diamond [2] and on metal-
diamond interfaces will be continued. The installation
of 2D-ACAR and PAES detecting systems is intended
to be implemented in 1996, partially in collaboration
with DPMC of the University of Geneva.

Figure 1: Overview of the positron beam facility. On the left is the source part, on the right is the target chamber
(see the layout in ref. [1]).
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F/grwre 2; Tfte same as F/gi/re 7 öu/ viewed from the
oposite side. The full arrow indicates the interface
between the magnetic beam (double arrow) and the
electrostatic beam (broken arrows). The front part
shows the switch chamber with the user ports (see
also ref. [1]).

Figure 3: The target chamber. On top of it the high
precision manipulator with 6 movements, furnished
for high and low temperature operation of the
samples that can have a maximum size of 1 inch
diamater and a thickness of 3 mm. Sample
introduction by fast entry air lock.

Figure 4: The whole instrument wrapped into a fiberglas/ceramic insulation during bakeout of the system at 160 C.
The radiation heaters are visible as the smaller rings on the previous figures.
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DEFECT SPECTROSCOPY IN DIAMOND WITH POSITRONS

M. Shi, W.B. Waeber (PSI) and X.M. Tang, W. Haenni(CSEM, Neuchätel)

The results obtained from a comprehensive study of diamond and diamond membranes by using positron
annihilation techniques are presented. The proposed mechanism for the trapping of positrons to vacancy
type defects, namely through the positronium formation, gives a new picture for understanding the trap-
ping process in insulators. It can be used to interpret the discrepancy in earlier experimental results from
the open literature. The obtained results for diamond membranes indicate that they have sufficient quality
to be used as the main body of field-assisted moderators.

Diamond is well known to have a number of ex-
treme properties (e.g. hardness, large band gap, large
thermal conductivity). !t also exhibits a unique combi-
nation of positron properties, vis. a very short positron
lifetime, a very high positron mobility in electric fields,
and a negative positron workfunction. The purpose of
this contribution is double. The first aim is an attempt
to understand the positron's behaviour in diamond, i.e.
the positron annihilation rate in its delocalized states
and the trapping process to vacancy-type defects.
The second purpose is to qualify the diamond mem-
branes which have been produced for the application
of field-assisted positron moderation.
Theoretical background: The investigation on dia-
mond and diamond membranes were carried out
through the measurements of positron lifetimes •: and
Doppler broadening line-shape parameters S by using
the slow positron beam. The positron annihilation rate
is expressed as

=izrZ c

it relates to the electron density, njj), sampled by the
positron through its probability density, n+(r). Above,
r0 is the classical electron radius, c is the velocity of
light and y(n_(r)) is the enhancement factor which
takes the positron-electron correlation into account.
Positron lifetime measurements are particularly valu-
able because they allow, in principle, the quantitative
identification of several differently structured defects
that are present simultaneously.

In a centre-of-mass coordinate frame, due to the
energy and momentum conservation, the annihilating
eVpair will produce two y rays with an energy of
511 keV in the annihilation spectrum. However, in the
laboratory frame, the nonzero momentum of the pair
will cause a Doppler shift in energy to the annihilation
y rays and broaden the 511 keV line in the annihilation
y spectrum. The parameter S is defined as the ratio of
the counts in the central region of the annihilation line
to the total number of the counts in the peak. The
difference of the S parameters between the perfect
and defected samples can provide the information
about the defect structures.
Results: Three polycrystalline diamond membranes,
numbered as P002, P015 and P017, and a type lla
single crystal diamond have been studied. The mem-
branes were produced by the HF-CVD method and

have a grain size of about 1x1x2 urn3. They are in the
form of either a free-standing membrane (P002) or a
thin film on a Si substrate (P015 and P017). The
measured positron lifetimes as a function of the posi-
tron beam energy are shown in Figure 1. Since at low
energies (< 5keV)
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Figure 1: Mean positron lifetime as a function of inci-
dent positron energy.

the trapping of positrons to surface states is involved
and at high energies (> 12keV) the trapping of posi-
trons to the interface between the membrane and the
Si substrate starts to be activated, we have concen-
trated our analysis to the middle energy range. Disre-
garding the trapping of positrons to grain boundaries
we have found that the measured S values for P015 is
larger than that for P017, whereas for the measured
lifetimes of these two samples the contrary is found
(as seen in Figure 1). The main achievements through
detailed analysis [1] can be summarized as follows:
(i) Based on the theoretical calculation, the experi-
mental results of lifetime measurements for type lla
single crystal diamond at room temperature and that
for one of the diamond membranes at various tem-
peratures, we conclude that the real positron bulk
lifetime in diamond is between 95 and 97 ps.
(ii) The monovacancy type defects in diamond have
two charge states: the neutral charge state and the
negatively charged state. They introduce two deep
energy levels in the band gap and the energy differ-
ence either between these levels and the valence
band, or between the conduction band and the levels
are larger than the positron binding energy to mono-
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vacancies. Provided there are no other energy levels
lying in the band gap, the trapping of positrons to
monovacancies can not be accomplished through an
electron-hole excitation process to transfer the re-
leased energy to the host.
(iii) If there is some charge transfer to the monova-
cancies before or during the positron diffuses to the
vicinity of the monovacancies, the positron can form
positronium with the unpaired-spin electron in the site
of the monovacancy and release 6.8 eV in energy,
which can be transferred to the host through electron-
hole excitation. The annihilation of the formed posi-

.tronium depends on being in a singlet state p-Ps or in
a triplet state o-Ps, and in both cases the pick-off
mechanism can be involved. For p-Ps the annihilation
rate by pick-off should be between the positron bulk
annihilation rate and that of p-Ps self-annihilation,
while the annihilation rate of oPs would be smaller
than that of p-Ps since the pick-off is the only process
of annihilation for o-Ps.

The formed positronium, due to its electrical
neutrality, can penetrate into the 1s cores of carbon
atoms in the environment of the vacancy. The pick-off
annihilation of the positronium with the 1s electrons
will produce high momenta because the 1s electron is
highly localized (uncertainty principle), so that the
annihilation energy spectrum will have a broad distri-
bution in energy, thus a reduced S parameter in its
line-shape.
(iv) For diamond membranes we have deduced the
positron trapping rates to monovacancies KI and to
grain boundaries K2. Together with the effective posi-
tron lifetime, which is defined as xeg=M(Xb+K\+K2), they
are listed in Table 1.

Table 1: Positron trapping rates to monovacancies
(KX), grain boundaries (K2) and positron effective life-
times (teff) for diamond membranes P002, P015 and
P017 at room temperature.

Ki

K2

Teff

P002

0.0018ps"'

0.0030ps'

66.18ps

P015

0.0014ps"'

0.0013ps"'

76.87ps

P017
0.0023PS'1

0.0016ps"'

70.39ps

(v) Temperature dependent lifetime measurements for
P017 suggest that the trapping process to monova-
cancies is dominated by diffusion limited trapping.
Thio, on the other hand, reflects that the concentration
of the monovacancies in an individual grain is small,
thus pushing the overall trapping of positrons in dia-
mond membranes to acceptable amounts,
(vi) Based on the implantation-diffusion equation of
positrons in solids, using the effective positron lifetime
obtained from the lifetime measurements for diamond
membranes and taking the positron drifting velocity
from ref. [2], we have deduced that more than 25% of
the positrons emitted from the ß+ source can reach
the emitting surface of the field-assisted moderator as
slow positrons when a 3 u.m diamond membrane is

used as the main body of the field-assisted modera-
tor.
Interpretation of earlier experimental results: Posi-
tron lifetimes in various types of diamond have been
investigated by many groups during the last decade.
The measured bulk lifetimes scatter from 97 to 120ps
(see ref. [1] for further references). The general trend
is that the obtained lifetime for type lla diamond is
smaller than that for type Ib and type la diamond.
However, the measured S parameter is decreasing
when stepping from type lla to type Ib diamond [3],
which is in contradiction to what one would expect. It
is reasonable to think that positron annihilation proc-
esses in single crystal diamond undergo similar
mechanisms as in the case of individual grains of
diamond membranes. Based upon the classification of
diamond [4] and the analysis for our diamond mem-
branes, we have made a proposal which could be
used to explain the discrepancy in earlier experimen-
tal results. The proposal contains:

(1) Generally there exist monovacancy type defects in
all types of diamond but the concentration is too low
to be detected by any other technique. If there is no
charge transfer to these monovacancies, they are in a
neutral charge state, otherwise they can be negatively
charged. The trapping of a positron to this type of
defect can only occur through the channel of the
positronium formation when the positron picks up an
electron in the monovacancy site.
(2) In type lla diamond, except for the deep levels
which correspond to monovacancies, there are no
other levels within the energy gap. Thus, monova-
cancies would be in their neutral state. The measured
positron lifetime is the result of the positron annihila-
tion in its delocalized states, and it is the true bulk
lifetime.
(3) In type Ib diamond, due to the donor level 1 (see
Figure 2) related to isolated substitutional nitrogen
impurities, the charge transfer from this level to
monovacancies results in the negatively charged state
of the monovacancies. The measured lifetime in this
type diamond is actually the superposition of the bulk
lifetime and the lifetime involved by the formed posi-
tronium. As we discussed in the previous section, the
formed positronium will cause a reduction in the
measured S parameter.
(4) In type la diamond, although the donor level 2 (see
Figure 2) which is introduced by nitrogen aggregates
is below the level of monovacancies, a new energy
level V°+e+ can be formed when a positron diffuses to
the vicinity of a monovacancy which allows charge
transfer from the donor level 2 to this new level and
eventually a positronium could'be formed. Again the
obtained lifetime is a superposition like in the case of
type Ib diamond.

With the proposed model we have resolved the
contradiction mentioned above and we obtained a
clear picture about the large scatter of lifetime data in
the open literature. With view to the application of
field-assisted positron moderation, further investiga-
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tions on two aspects are still needed: The transport
behaviour of positrons through the interface between
the diamond and the metal coating providing the elec-
trodes for applying the electric field across the dia-
mond membrane, and the possible change of conduc-
tivity of diamond under energetic positron bombard-
ment. New experiments will be carry out on the PSI
positron beam facility.
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Figure 2: Schematic view c,t electron levels in dia-
mond. Donor level 1 = the energy induced by isolated
substitutional nitrogen impurities, donor level 2 = the
energy induced by A-aggregates, V and V corre-
spond to the energy levels of monovacancies in neu-
tral and negative charge states, respectively, and
V+e* is the energy level associates with V having a
positron in its vicinity.
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MICROSTRUCTURE AND MAGNETIC CORRELATIONS IN NANOSTRUCTURED
FERROMAGNETIC METALS STUDIED BY SMALL-ANGLE NEUTRON SCATTERING

J. Löffler, W. Wagner, H. Van Swygenhoven and A. Wiedenmann (HMI Berlin) collaborating

Nanocrystalline materials, I.e. materials with grain sizes between 2 and 100 nm, have a high volume
fraction of grain boundaries which influence the macroscopic properties of these materials. Small-Angle
Neutron Scattering (SANS) allows to study simultaneously the magnetic correlations and the
microstructure of grains and interfaces and gives direct information about the difference in contrast
between grain (crystallite) and grain boundary. We present results of SANS-experiments performed on
nanocrystalline Fe, Ni and Co-samples with different consolidation, aging and annealing parameters.

The grain size of nanostructured materials is far
below the usual size of magnetic domains and is in
the same range as the thickness of a Bloch-wall of
normal coarse-grained materials. Therefore, one
expects that such materials have different properties
as compared to the coarse-grained counterparts. On
the other hand, because of the contribution of the
grain boundaries to the macroscopic properties, nano-
structured materials provide an opportunity to in-
vestigate grain boundaries by volume-sensitive
methods. One of these methods is small-angle
neutron scattering (SANS).

For a systematic study of the structural and mag-
netic properties, a set of nanocrystalline Ni, Fe and
Co- samples were prepared by inert-gas condensation
(for the production process see Annual Report 1994,
Annex IIIA, p. 13). To investigate the influence of the
porosity and the effect of the oxidation of the grain
boundaries, the consolidation pressure and tem-
perature were varied between 0.4 and 2 GPa and
between room-temperature and 300°C, respectively.
The samples were annealed in steps of 100°C up to
an annealing temperature of 700°C, which corres-
ponds to an average grain size between 10 nm (as
prepared nanocrystalline state) and the order of
one urn (700°C annealed polycrystalline state). All
samples were measured within one month of
preparation. One Fe-sample was measured a second
time within 6 months to study the long-term stability
against grain-growth and oxidation.

The SANS measurements were performed at the
facility SANS I at BENSC, Berlin, choosing 8 A
neutrons. For one experiment the wavelength of the
neutrons was increased to 12 A to get information at
lower Q-values and to check the effects of multiple
scattering and magnetic refraction. All measurements
were carried out at room temperature. The measure-
ments were performed first with the magnet switched
off (zero-field measurements) and subsequently in an
external field of 10 kOe (1 Tesla) with an area-
sensitive detector. For a systematic study of the mag-
netic correlations, some samples were investigated by
varying the external field from 0.2 to 10 kOe and
backwards following the path of a hysteresis loop.

The investigations of the differently produced
samples in zero-field and maximum field give infor-
mations about the structure of the grains and
interfaces, the role of porosity as well as the magnetic
correlations across the interfaces as a function of the

grain size. The anisotropic SANS-intensity data at
intermediate fields show a quite unusual behaviour
(see Fig. 1): Due to the sin2a-dependence of the
magnetic scattering (a is the angle between the
magnetization vector M and the scattering vector Q)
one expects the intensity contours to be vertically
elongated ellipses for horizontal magnetic alignment,
as observed in the strongest field applied (10 kOe).
However, at intermediate fields (e.g. 0.8 - 1.5 kOe),
the observed ellipses are horizontally elongated,
indicating a net-alignment of magnetization clouds
perpendicular to the external field. We attribute this
effect to localized regions of strong remanent demag-
netization which resist external fields much higher
than the average. The effect decreases with
increasing grain size (see Fig. 2).

Figure 1: SANS isointensity contours from nano-
structured Fe, measured in zero field and differently
strong external fields (a: H=0, b: H= 0.8 kOe, c: H =
10 kOe). The shape of the contours changes from
circles to horizontal and finally vertical ellipses with
increasing external magnetic field.

Figure 2: SANS isointensity contours from nano-
crystalline Fe measured in a horizontal external field
of 0.8 kOe for differently annealed samples, (a: as
prepared; b, c: annealed at 300°C and 550°C). By the
annealing the average grain size changes from 10 nm
to about 70 nm. The shape of the contours changes
from horizontal ellipses to circles and finally vertical
ellipses with increasing grain size.
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MAGNETIC PROPERTIES OF NANOSTRUCTURED FERROMAGNETIC METALS
INVESTIGATED BY A SQUID-MAGNETOMETER

J. Löffler, W. Wagner, H. Van Swygenhoven (PSI)
J. Meier (EPFL), B. Doudin (EPFL) andJ.-Ph. Ansermet (EPFL) collaborating

Complementary to the investigations of the magnetic correlations by small-angle neutron scattering the
magnetic properties of nanostructured Fe and Ni were investigated by a SQUID-magnetometer. For that
the coercive field and the remanence magnetization were measured in a temperature Intervall from 5 to
300 K as a function of annealing temperature (grain size). Hysteresis measurements done at 5 K after
cooling the material down first In zero-field and second in an external field of 1 T give Information about
the morphology of the grain boundaries.

The coercive field and the remanence magnetization
were measured in a temperature intervall from 5 to
300 K as a function of the grain size. To induce grain
growth, the same samples were annealed in steps of
100°C up to a final annealing temperature of 700°C,
which corresponds to a grain-growth from 10 nm to
the order of one 1 urn (volume-weighted average
grain size). The coercive field, which is proportional to
the anisotropy constant K„ was found to have a
maximum for intermediate annealing temperatures
(200°C for Fe and 400°C for Ni), see figure 1,
indicating that the anisotropy constant is reduced
below a critical grain size. This result can be
described on the basis of the Random Anisotropy
Model (RAM), which predicts that for grain sizes D
smaller than the ferromagnetic exchange length Lex

(depending on the exchange stiffnes A and the
magnetocrystalline anisotropy K, by L„ = (A/K,)"2), the
magnetic moments of several grains align parallel by
exchange interaction and do not follow the
crystallographic anisotropy of the randomly orientated
grains. As a result, the effective average anisotropy
<K> is an average over the magnetocrystalline
anisotropy of several grains. The result for <K> is:

For example, following the RAM, a 4 nm Fe particle,
has only an average anisotropy constant <K> of
66 J/m3 as compared to the anisotropy constant K, of
4.8*10* J/m3 for polycrystalline Fe. The exchange
length L„ is 12 nm for Fe and 28 nm for Ni. Therefore,
for Fe, the maximum in He is reached at lower
annealing temperatures (200°C for Fe, 400°C for Ni).

A very interesting result is the development of a
sharp step in Hc at a temperature of 120 K for the
case of nanocrystalline Fe. At present the origin of
this step is not clear. Differential Scanning Calorimetry
(DSC) measurements to check a possible magnetic
phase transition and Nuclear Magnetic Resonance
(NMR) measurements to check a possible kinetic
effect are the matter of further research.

Hysteresis measurements done after cooling the
material down to 5 K first in zero-field and second in
an external field of 1 T show a shift of the symmetry
center of the hysteresis loops, for both, Fe and Ni
giving evidence for a strong exchange anisotropy

which generally originates from a magnetic interaction
between a ferromagnetic and an antiferromagnotic
phase. The measured hysteresis shift indicates that
the grain boundaries are decorated with an anti-
ferromagnetic material (e.g. NiO and FeO). Fig. 2
shows this shift as a function of annealing
temperature.

180
— ° — FeO1, as prepared
—x— FeO1, annealed 100°C
— T — FeO1, annealed 200°C
—Q— FeO1, annealed 300°C
—•— FeO1, annealed 400°C
— • — FeO1, annealed 500°C
—x— FeO1, annealed 600°C
— A — FeO1, annealed 700°C
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Figure 1: Coercive field of nanostructured Fe as a
function of temperature for different annealing steps.
He is largest for the 200°C annealed sample. The H-
values for the 700"C annealed sample correspond to
the potycrystalline reference value.
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Figure 2: Hystersis shift obtained from zero-field and
field cooled hysteresis loops of nanostructured Ni at a
temperature of5K for different annealing steps.
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MECHANICAL PROPERTIES OF NANOPHASE MATERIALS MEASURED BY
INSTRUMENTAL INDENTATION

H. Van Swygenhoven, W. Wagner, J. Löffler

Mechanical properties of nanostructured intermetallic Ni3AI synthesized by the inert-gas condensa-
tion technique are studied by means of instrumental indentation using the ICT-CSEMEX indenter.
This instrument is a microindenter which continously measures load and displacement. Load-
displacement curves are performed as function of grain size, consolidation- and annealing tempera-
ture. The mean grain size of the samples are studied by means of x-ray diffraction and small-angle
neutron scattering.

It is well known that grain size reduction influ-
ences the mechanical properties of metallic and ce-
ramic materials. In general one could say that nano-
phase metals and alloys tend to become stronger,
nanophase ceramics on the contrary tend to deform
more easily if the grain size is reduced. In intermetallic
alloys a softening at further reduced grain sizes is
often observed. This has been interpreted as a grad-
ual change in deformation mechanism starting from a
mechanism dominated by dislocation activity to a
mechanism dominated by grain-boundary sliding. At
present, the data base on the mechanical behaviour
of nanocrystalline materials is limited. Many data are
based on classical indentation measurements where
hardness is measured from visualisation of the inden-
tation.

PSI has purchased an instrumental indenter ICT-
CSEMEX developped by CSEM. This instrument
makes it possible to measure load continuously as a
function of penetration depth giving a "fingerprint" of
the material from which information on elastic and
plastic properties can be deduced. The instrumental
indenter ICT-CSEMEX is equipped with a depth
sensing system which controls the approach of the
indentation head to the sample surface and measures
the penetration depth. The indenter works in a force
range of 0.8-30 N and a penetration depth range of
0.1-200 pm.

This technique has been used for measuring the
hardness of nanocrystalline Ni3AI synthesized by inert
gas condensation. The structure and mean grain size
of the compacted Ni3AI samples are determined by X-
ray diffraction. For a few samples the volume-
weighted and the number-weighted average grain and
pore size are determined using small-angle neutron
scattering at the facility SANS I at BENSC, Berlin.
The density of all samples has been determined by
the Archimedes' method in diethylphtalate. For all
sampleb we obtained a density of about 80% for very
short immersion times. The measured density is ex-
pected to be higher after long immersion times, when
open pores are filled. Measurements were performed
on polished surfaces, either in a constant penetration
mode or in a constant load mode. In the constant
penetration mode, the indenter is loaded with a load-
ing rate of 5.5 N/min until a maximum penetration of 6
Vim is reached and then the sample is unloaded. In
the constant load mode, the indenter is loaded with a

lower loading rate, 1 N/min, till a maximum load is
reached. For the experiments reported here, a least-
square fit with a power law using the first 40% of the
unloading data was used to obtain the plastic depth.
The integral of the loading-unloading curve and the
integral of the unloading curve represent the work for
plastic and elastic deformation, respectively. Fig. 1
shows the load displacement curves in the constant
penetration mode of three samples each for three
loading cycles at different positions. From this data it
is observed that the material becomes softer when the
mean grain size is reduced from 7 nm to 5.5 nm. The
measurements illustrate that samples synthesized
with the same processing parameters, resulting in the
same grain size and densities, have identical loading-
unloading curves.

A more detailed study of the influence of grain
size and processing properties on the plastic and
elastic behaviour of Ni3AI [1,2] and other nanostruc-
tured metals and alloys is in progress and is supple-
mented by molecular dynamics computer simulations.
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Figure 1: Indentation curves in constant penetration
mode for three nanocrystalline samples.
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MOLECULAR DYNAMICS SIMULATION OF NANOCRYSTALLINE NICKEL:
STRUCTURE AND MECHANICAL PROPERTIES

H. Van Swygenhoven, G. D'Agostino (ENEA-Rome)

Molecular dynamics computer simulations of a dense nanocrystalline Nickel sample is perfomed on the
parallel Cray T3 (EPFL-Lausanne). The sample contains 50 grains with an average size of 3 nm. By
perturbing the relaxed configuration elastic and plastic properties are studied.

A parallel code for molecular dynamics
simulations based on a domain decomposition was
developed. A Finnis-Sinclair potential was used with a
fifth neighbours cut-off. To allow external stresses a
Parinello-Raman approach is used. The equations of
motion have been integrated by means of a central
difference algorithm with a typical time step of a femto
second. Allocating 64 processors on the Cray-T3D
allows a performance of about 5400 dynamic steps in
3 hours, when working with samples of 100.000
atoms and taking into account 78 neighbours per
atom.

A sample of 50 grains with an average size of
2000 atoms has been constructed. In order to obtain a
dense nanophase, an assigned volume has been filled
with a polycrystal nucleating from different seeds. The
grain positions have been selected stochastically ac-
cording to a uniform distribution in the pre-defined
volume. Each grain has been assigned a random
crystallographic orientation and has been truncated at
half the distance with respect to all neighbours (such
as in the Voronoi polyhedron construction). A further
constraint has been imposed to the construction by
eliminating those atoms that were laying within a dis-
tance of 2 A from any other one.

The procedure described above provides an ini-
tially unstable configuration. Quenching it by means of
a steepest descend algorithm, that is, driving it into
the local minimum of the enthalpy, allows to obtain a
'mechanically stable' configuration. Some hundred
thousand steps are required to achieve the temporal
invariance of the main physical quantities. The final
density of the simulated sample is 0.97 the bulk value.
The grain size distribution has a mean value of 2000
atoms and a standard deviation of 800. The skew-
ness is positive and very high (2.5 sd) so that the dis-
tribution matches the requirements of a log-normal
function. The cohesive energy is 2.3 % less than that
of the single crystal. The former value is rather realis-
tic when thinking that roughly half of the atoms lay in
the grain boundaries and hence their average cohe-
sive energy is just 5 per cent less than that of the
perfect crystal. The shape of the single atom energy
distribution exhibits a single asymmetric peak at the
bulk value with a large tail towards lower values.

Once a stable (or metastable) configuration has
been attained, one can start perturbing the system
and relaxing it in its new condition until a minimum in
the enthalpy is obtained. Different values of hydro-
static pressures are applied and results are compared
with values for single crystals. The response to the

pressure is linear for both. The bulk modulus calcu-
lated from those results is about 6 % less then the
value for the single crystal. When uniaxial tensile
stresses are applied, the elastic constants C,, and C22

can be calculated. The nanocrystalline sample has
slightly lower values then the single crystal.

Applying a few hundred MPa, the simulated
nanophase achieves the equilibrium condition during
a simulation of a few thousand steps. When a larger
tensile stress (1 GPa) is applied, a different behaviour
is observed. First the same immediate linear drift oc-
curs, followed by an exponential damping that, this
time, does not saturate. Then, a slower process be-
gins leading to more deformation. Finally, upon pres-
sure release a stable configuration, but different from
the initial configuration, is achieved. When a uniaxial
tensile stress of 5 GPa is applied, the longitudinal di-
mension starts to increase up to extreme elongations.
More than a factor three of the initial elongation has
been achieved with no evidence of crack or cavity
formation. The volume and the cohesive energy be-
comes almost constant while the system continuously
deforms. Upon releasing the tensile stress, the sys-
tem relaxes into a stable configuration not recovering
the original morphology. The tensile stress has in-
creased the average strain of the system, thus broad-
ening the peaks of the pair distribution, while saving
the lattice structure of the grains. Since plastic defor-
mation of pure nickel at low temperature never ex-
ceeds fifty per cent, the present behaviour can be re-
garded as an example of superplasticity [1].

The authors thank the team of the SIC/SE-EPFL
for the technical support.

Section of the relaxed nanocrystalline Nickel sample.
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THE PSI/ETH TANDEM ACCELERATOR FACILITY

H.-A.Synal, M.Döbeli, P.W.KubikandP.W.Nebiker;
F.Ames; G.Bonani; B.Dittrich-Hannen; R.Ender; P.Gartenmann; I.Hajdas; S.lvy-Ochs; R.Mühle;

Ch.Schnabel; M.Suter; D. Vetterli and M. Wagner(ETHZ)

The 1995 operation of the PSI/ETH tandem accelerator at ETH Hönggerberg is summarized with a
detailed compilation of the beamtime statistics. AMS measurements of about 4000 individual
samples are compiled for the different radioisotopes and the major fields of research.

Field

AMS luBe
14C
26A,
36CI
129|

Heavy Elements
Tests
Subtotal
Materials Sciences
Conditioning
Total

Hours
1993
286
726

88
369
31

341
1841
451
486

2778

1994
414
740
258
349
63

268
287

2379
462
176

3017

1995
673
789

99
229
117
260
137

2304
258
217

2779

%
1993

11
26

3
13
1

12
66
16
18

100

1994
14
25
9

12
2

10
10
79
15
6

100

1995
24
28
4
8
4
9
5

83
9
8

100

1993
1249
1554
200
714

40

3757

Samples
1994
1244
1624
686
697
95

4351

1995
1240
1671
191
680
133

3915

Table 1: Beam time statistics 1993-1995

Field
Oceanography
Polar ice
Limnology
Atmosphere/climate
Others, Tests
Earth Sciences (Total)
Meteorite, Cross section
Archaeology
Biomedical
Others.Tests
Subtotal
Standards
Blanks
Total

luBe
18

318
371

32
145
884

81

25
106
207

43
1240

14 C

244

59

103

131

537
56

580

189

825
219

90

1671

'2bA\

24
1

25
100

13
13

126
32

8
191

a6CI

272

105
60

437
126

17
126
66
34

690

35
15
50

35
35
32
16

133

Total
262
590
430
299
352

1933
363
580

13
262

1218
556
208

3915

7
15
11
8
9

50
9

15
0
7

31
14
5

100

Table 2: Compilation of samples measured at the PSI/ETH AMS facility in 1995

The PSI/ETH Tandem Accelerator Laboratory
provides scientists the access to a wide variety of ion
beam techniques. More than 35 research groups from
6 Swiss and about 20 international institutions take
advantage of our facility. The most important activity of
the laboratory is still accelerator mass spectrometry
(AMS). About 60% of the total accelerator operating
time is spent for routine AMS measurements of the
long-lived cosmogenic radioisotopes '"Be^C^AI.^CI,
and 1 2 9 I . For details see table 1. A large portion of the
beamtime was spent on new developments. The focus
of these developments were measurements of
radioisotopes in the mass range between 40 and 130
amu. Here, the determination of the 126Sn half-life has
been one of the high lights of 1995. Using the
projectile X-ray detection method it was possible to
measure the absolute 126Sn/Sn isotopic ratio of a

sample, for which the 126Sn activity has been
measured at the University of Vienna. In the field of
materials sciences, standard ion beam techniques
such as Rutherford Back Scattering, Channeling, and
Nuclear Reaction Analysis have been used for trace
elements detection in various applications. The access
to ion beams of high intensities offers the opportunity
to perform modifications of materials. In 1995, CM

cluster molecules could be accelerated to energies of
several MeV and have been used for implantation.
The unsurpassed energy loss density of high
energetic cluster molecules may offer a new method
for modification of materials. Compared to 1994, the
overall operating time of the tandem has decreased by
10% due to an enhanced maintenance period and an
unexpected breakdown of the accelerator drive motor.
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SURFACE EXPOSURE DATING WITH 10Be, 26AI AND 36CI IN THE DRY
VALLEYS, ANTARCTICA AND IN THE SWISS ALPS

S. Ivy-Ochs (ETHZ); P.W. Kubik and H.-A. Synal; J. Beer (EAWAG); C. Schlüchter (Uni Bern)

By measuring the concentration of a cosmogenic isotope (e.g. '"Be, 26AI, ̂ Cl), the length of time
since formation or uncovering of a rock surface can be determined rather precisely. The useful time
range of these isotopes is dependent upon the production rates, the half-lives as well as on sample
analysis limitations. The interplay of the various factors is shown by two examples; the dating of
very old surfaces in Antarctica and the dating of a Younger Dryas moraine in the Swiss Alps.

Dry Valleys, Antarctica

For time periods on the order of millions of years,
there are limitations in the use of cosmogenic
isotopes. Simple geomorphologic processes like
weathering, erosion or spalling of boulders always
yield younger apparent exposure ages. Therefore, we
can only quote minimum ages for the three Sirius
Group deposits we have investigated [1]. At Mt.
Fleming, the minimum 10Be exposure age is 4.8 Ma,
at Table Mountain 2.9 Ma and at Mt. Feather 2.3 Ma.
The old exposure ages from Mt. Fleming contradict
the idea that the Sirius Group was deposited ca. 2.5-
3.0 m.y. ago following deglaciation of East Antarctica.
On the other hand, cosmogenic isotopes can provide
much more than just minimum age information. They
also yield clues helpful for interpreting the evolution of
the Dry Valleys landscape. The maximum
concentration that can be attained during exposure is
determined not only by time, the half-life and the
production rate but also by the rate of erosion or
down-wearing of the surface. The very low erosion
rates (0-70 cm/m.y.), we have calculated from the
measured 10Be concentrations, confirm that in the Dry
Valleys hyper-arid polar-desert conditions have
prevailed since at least the earliest Pliocene.

Juiier Pass, Switzerland

The mean exposure age we have determined with
'"Be, 26AI, and ^Cl from six boulders on an Egesen
moraine complex at Juiier Pass, Switzerland is 11,000
± 400 years [2] (see also fig.1). The moraine formed
as the Vadret Lagrev glacier advanced during the
Younger Dryas cold event. Three of the boulders lie
along the sharp-crested outer lateral moraine and
have a mean exposure age of 12,200 ± 400 years.
This moraine wall represents the glacier's response to
the severe climatic collapse at the very beginning of
the Younger Dryas. The other three boulders are
located along a hummocky boulder band that cross-
cuts the outer moraine along its terminal front. This
more diffuse moraine formed during the down-wasting
and starving of the glacier at 10,300 ± 200. The
Egesen moraine at Juiier Pass provided an ideal test;
its age was generally accepted to be Younger Dryas,
but until now there has been no method of directly

dating it. This provides a successful comparisons of
the various systematics for each isotope. In this time
range, published production rates for all three isotopes
and the latitude/altitude scaling factors are probably
less than 10 % off. Moraines left by alpine glaciers can
no longer be discounted as resulting from sporadic
causally unrelated glacier advances. Alpine glaciers
do respond to marked climate cold pulses. They do
react rapidly (lag times of at most 100 years [3]) and
are thus very sensitive climate indicators. These
events can now be precisely dated with exposure
dating.
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Figure 1: Exposure ages of individual boulders of an
Egesen moraine from Juiier Pass (Switzerland).
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SURFACE EXPOSURE DATING USING THE "IN-SITU" PRODUCED
COSMOGENIC RADIONUCLIDES 10Be AND 26AI

W. Klas und U. Herpers (Univ. Köln); P. W. Kubik; B. Dittrich-Hannen and M. Suter (ETHZ)

Surface exposure dating is a valuable tool to investigate landscape evolution. '"Be and !6AI
determinations in surface rocks were made by means of nuclear chemical techniques and accelerator
mass spectrometry (AMS). Our research is focussing on North Victoria Land on the Antarctic continent.

Surface exposure dating by "in situ" produced
cosmogenic radionuclides is a modern nuclear
analytical technique that gives valuable information
about landscape evolution.

Due to cosmic irradiation radionuclides such as
10Be (Tw = 1.51 My) and 26AI (T1fl = 0.72 My) are
produced in terrestrial surface matter through high
energy spallation reactions, by u-meson induced
nuclear disintegrations and in neutron capture
reactions. The production rates are low and depend
on geomagnetic latitude, altitude above sea level,
shielding surroundings and depth below surface. The
radionuclide concentration in a surface rock is a
function of production rate, irradiation time, erosion
and uplift rates. This concentration can be determined
by radiochemical separation and AMS.

With the equation below the radionuclide
concentration N(x,h) can be calculated as a function
of production rate P(xo,h) at the rock surface x0, the
altitude h at the geomagnetic latitude of the sampling
site, the exposure time t and a steady state erosion
rate E. (X = depth below surface, X = decay constant
and u = absorption coefficient).

e

Quartz is a suitable and abundant mineral for the
production of '"Be and 26AI. Quartz crystals are a
closed system and prevent meteoric 1°Be to mix with
"in-situ" produced 10Be. Also, the generally low
aluminium content (i.e. a few 10 ppm 27AI) of quartz
keeps the ^AI/^AI ratio as measured by AMS at a
sufficiently high level. Production rates of 10Be and MAI
in quartz were taken from ref. 1.

Quartz rich rocks were taken from glacially
polished surfaces at different altitudes in North
Victoria Land. The samples were crushed and
repeatedly treated with hexafluorosilicic acid and
hydrofluric acid to remove other minerals and
atmospheric fDBe. A special chemical mineral
separation procedure was developed by our group to
purify large quantities of quartz of up to one kg.

Figure 1 shows the radionuclide data from North
Victoria Land in a so-called "banana-plot". The area
which is limited by solid lines is the "island" of steady
state erosion. If there is no erosion the values
develop with time along the upper boundary from left
to right. If there is a steady state erosion, the values
develop along lines with a steeper slope ending at the
lower boundary of the area. Samples with nuclide
concentrations inside that area should have a simple
history. Samples with values below that island can be
expected to have experienced a sigificant time of
burial. The combination of the two nuclides 10Be and
26AI can be used to obtain exposure time and erosion
rate. Data points above the "island" or data points
below the "island" in cases of no erosion (samples
from glacially polished surfaces) could be explained
by problems with the stable AI determination in
quartz. Whether this is actually the case, is currently
being investigated.

Figure 1: xAI/°Be vs. 10Be concentration (normalized
to sea level and high latitude).
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DEPTH PROFILES OF 10Be AND 2BAI IN DRILL CORES FROM NORTHERN
BAVARIA

M. Niedermaier, B. Heisinger, G. Korschinek, S. NeumaierandG. Morteani (Technische Universität
München);B. Dittrich-Hannen andS. Ivy-Ochs (ETHZ); P.W. Kubik

"In-situ" produced, cosmogenic 10Be and 2BAI have been measured in samples from a drill core from
the surface to below 100m. The data yield a local, average erosion rate of about 5m/My. Below
about 1m of rock, the production of cosmogenic isotopes is dominated by processes induced by the
secondary cosmic ray muon component. The results of simulation experiments -samples irradiated
with negative muons at PSI- are in good agreement with the data from the depth profiles.

The knowledge of the lithospheric (in-situ) production
of cosmogenic radionuclides is important for the
determination of background contributions in low-level
detection experiments, in geochemical experiments, in
many fields of geophysics and for economical reasons
(surface erosion above natural resource deposits). In
this contribution, measured and calculated depth
profiles of 10Be and 26AI in quartz (SiO2), are presented.

The total in-situ production rate P(z) of 10Be and
^Al as a function depth z below groundlevel was
calculated taking into account reactions of the
secondary cosmic radiation, e.g. spallation reactions
(pspa!i(z)). reactions with stopped negative muons
(Pfi- (z)) and with fast muons (P^ (ast (z)), and in the
case of 26AI by U/Th induced background reactions P^,
(23Na(a,n)26AI). For the measurement of natural depth
profiles, we obtained drill cores from locations in the
Oberpfalz district in northern Bavaria (Egerer
Waldhäusl, Poppenreuth and Püllersreuth). This
region is expected to have undergone low erosion.
The chemical treatment of the samples and the
accelerator mass spectrometry measurements of '°Be
were made at the PSI/ETH facility in Zurich, those of
^Al were made at the Munich accelerator laboratory.

The figures 1 and 2 show the results for 10Be and
26AI of the Oberpfalz samples together with calculated
lines for various erosion rates of up to 100m per
million years. Both depth profiles are preliminary: the
^Al still shows a alot of scatter h the measured data,
while for 10Be we so far have only three data points.
From these profiles, an average erosion rate of about
5m/My can be deduced. In simulation experiments
with stopped, negative muons at PSI the ratio of the
production rates P^ fTU) / Pn- (10Be) in quartz was
found to be 7.3 ±1.5 [1]. For spallation reactions a
similar ratio has been obtained [2]. The measured
depth profiles of the drill cores are in full agreement
with the results of the simulation experiments.
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10Be: SUITABLE TRACER FOR BIOGENIC PARTICLE FLUX IN THE
SOUTHERN OCEAN?

M. Frank and A. Mangini (Heidelberger Akademie d. Wissenschaften); R. Gersonde and M. Rutgers
van der Loeff (A Wl Bremerhaven); P. W. Kubik; M. Suter (ETHZ)

Boundary scavenging leads to an increased flux of wBe into the sediments of high particle flux
areas, for example at ocean margins. Therefore, the flux of '"Be into the sediments of the opal belt
of the Southern Ocean was expected to be a proxy indicator for biogenic particle flux. However, the
flux of aluminosilicates shows a better correlation to the wBe flux than the biogenic particle flux.

Biogenic opal and aluminosilicates are adsorber
phases for 10Be in the ocean water column. Particle
reactive radionuclides may be transported along
isopycnals from areas of low particle fluxes, like the
central ocean gyres, to areas of high particle fluxes,
like the ocean margins or upwelling areas (boundary
scavenging [1]). Thus, the sediments in the area of the
opal belt of the Southern Ocean with nutrient (nitrate
and phosphate) and dissolved silica rich water masses
are expected to be a net sink for 10Be. Peaks of the
biogenic particle flux into the sediments of the opal
belt in the eastern Atlantic sector of the Southern
Ocean occurred mainly during the beginning of the
interglacial stage 5 (about 130-111 kyr B.P.; 1 kyr =
1000 years) and at the transition from the last glacial
to the Holocene (about 14-9 kyr B.P.), as deduced
from 230ThM-normalized accumulation rates (rain rates)
of biogenic barium and biogenic opal [2;3].

Export Paleoproductivity
[gCfan2- kyr]

I0Be Rain Rale AhOjRain Raie
T' kyr]

10

Figure 1: Paleoproductivity, '"Be and AI2O3 rain rates
versus age in sediment core PS1768-8.

In fig. 1, the rain rates of 10Be, corrected for variations
of the geomagnetic field intensity following [4], and the
paleoproductivity reconstructed from biogenic barium
accumulation are plotted versus age for sediment core
PS1768-8 (52°35.6'S; 4°28.5'E, 3270 m water depth).
The shaded areas mark the periods of increased
productivity during oxygen isotope stage 5e and the
last glacial/Holocene transition. The dashed vertical

line marks the 10Be flux expected from production. In
agreement with the expectations in an area of above
derived biogenic particle flux, the 10Be rain rate
exceeds the expected cosmogenic production rate
throughout most of the core. However, just opposite to
the expectations, the t0Be record shows minima of
deposition during the periods of peak biogenic particle
flux.

Looking for an explanation for this pattern, we
calculated the AI2O3 rain rate, which characterizes the
terrigenous component. The record of the terrigenous
input yields high values during the glacial stages 2-4
and also during the cold substages of interglacial
stage 5. This pattern is explained by an increased
eolian dust flux originating from the deserts and shelf
areas of southern South America, which were
exposed to the atmosphere during sea level low stand
and where glacial wind speeds were higher than at
present [5]. As shown in the figure, minima of 10Be rain
rates coincide with minima of terrigenous input. One
possible explanation is that clay minerals are more
efficient adsorbers of 10Be than biogenic opal, even if
large amounts of opal are present. If so, the 10Be rain
rates are not a suitable tracer for biogenic particle flux
in the Southern Ocean.
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THE DATING OF SEDIMENT CORES FROM THE ARCTIC OCEAN

M. Molnar, M. Frank, C. Strobland A. Mangini (Heidelberger Akademie der Wissenschaften);
P.W. Kubik; M. Suter(ETHZ)

l0Be concentrations have been measured in high resolution in two sediment cores from the Arctic
Ocean. The profiles are very similiar. The sedimentary fluxes are lower than the expected
production fluxes.

The cosmogenic radionuclide Beryllium-10 proved
to be a sensitive indicator for climatic changes in the
Arctic Ocean. Sedimentary records of deep sea
sediments of the Nordic Seas show high
concentrations of Beryllium-10 related to interglacial
stages in contrast to lower values during glacial
sections [1]. This distinct change in Beryllium-10 has
become an important dating tool for sediments from
high northern latitudes with low or negligible content of
biogenic carbonate.

We measured the Beryllium-10 concentration of the
sediment core PS2185 (87°32.2'N 144°55.6'E, 1052m
water depth) from the Lomonosov Ridge and the core
PS2200 (85°19.4'N 14°W, 1073m water depth) from
the Morris Jesup Rise at high depth resolution.
Though the distance between both locations is nearly
800 km, both Beryllium-10 profiles show a very similar
pattern (figures 1, 2). Additionally, we determined 3
ESR ages of the core PS2200 and 1 ESR age of the
core PS2185 (marked at the top of figures 1, 2).
Furthermore, the depth of the Brunhes-Matuyama
transition of the two sediment cores are fixed by
Frederichs [3].
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Figure 1: Depth profile of "Be and the fraction of
coarse grained material in sediment core PS2185.

Applying the ESR ages, the changes in the Beryllium-
10 concentration and the amount of coarse grained
material, we date these cores back to 500,000 years
B.P. (isotope stage 13 according to Imbrie [4]). The
average sedimentation rate in the upper 3m of both
cores is approximate 0.5 cm / 1000 years. The
sedimentary fluxes are lower than the expected
production flux [2]. Sediment redistribution

("winnowing" and "focusing"), lower supply from the
water column and a reduced atmospheric input are
probable causes for the lower Beryllium-10 fluxes.
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Figure 2: Depth profile of '"Be and the fraction
coarse grained material in sediment core PS2200.
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RADIOCARBON DATING OF THE HOLOCENE PART OF THE GOSCIAZ FLOATING
VARVE CHRONOLOGY

/. Hajdas and G. Bonani (ETHZ); T. Goslar (Silesian Techn. University)

Terrestrial macrofossils selected from laminated sediment of lake Gosciaz (Poland) were dated by
AMS. Thus, part of the floating varve chronology between radiocarbon ages of 4225±45 BP and
7740±85 can be compared and placed on the radiocarbon calibration curve. As a result of our
dating, the top of the floating varve chronology is now dated to be between 3120 and 3300 cal BP
i.e.3210±90calBP.

Terrestrial macrofossils are most suitable for
radiocarbon dating lake sediments because they are
free of the hard-water effect. Short-lived parts of land
plants provide the best "C estimate of the time when
the sediment was deposited. The danger of dating
reworked macrofossils still exists and cannot be
avoided entirely. However, in the case of laminated
sediments this is usually limited to such events as
turbidites and slumps.

In many cases, laminations are of poor quality or
have disturbed sequences in the upper parts of the
sedimentary record. Therefore, most long varve
chronologies, sometimes extending to the Late Glacial
period, are either floating or show a large counting
uncertainties. One possibility for solving this problem
is to 14C-date the floating varve chronology and place it
on the 14C calibration curve.

Lake Gosciaz contains a sedimentary record of
the last deglaciation [1] and most of it is well
laminated. However, because of difficulty in varve
counting, the uppermost 2900 years were counted
with an uncertainty of -200/+500 years. Below this
point, well-developed varves are observed, and a long
varve chronology has been established [1]. To reduce
the uncertainty after 2900 BP, we dated the younger
part of the floating varve chronology to match it to the
dendrochronologically based calibration curve.
Sediment samples were selected to allow for coverage
of the longest sequence of varves in this lake.
Macrofossils from these samples were selected by
sieving [2] and dated using accelerator mass
spectrometry (AMS).

The results of our "C-dating (Table 1) allowed
absolute dating of the sediment. Figure 1 shows the
floating varve chronology fitted to the calibration curve.
Such a strategy, called 'wiggle matching', if performed
with very high-resolution dating, allows more precise
dating of Holocene records. In the case of the Gosciaz
floating varve chronology, higher-resolution 14C dating
could improve the fit with the 14C calibration curve.

References
[1]T. Goslar, Polish Botanical Studies, Guidebook 8,

826-832 (1993); (in Polish).
[2] I. Hajdas, Thesis, ETH Nr.10157, ETH Zurich

5 6 7 8
Absolute age (kyr BP)

1 0

Figure 1: The best fit of the floating varve chronology
to the 14C calibration curve. The top of this chronology
dates to 3210±90 cal BP.

ETO-

12417&12418*

12423

12425

12427&12428*

12430

l<Ca8e,BP

7740 ±85

7740 ±70

7075 ±80

5505 ±90

4225 ±70

SI3C«.

-31.5 ±1.2

-33.0 ±1.1

-27.0 ±1.2

- 1 8 . 9 ± U

-24.0 ±13

material dated

bark, catkin scales

bud, twig

twig(s), bark

catkin scales, seeds

needle, leaves frcp.

C content

(mp)

1.5

2.2

1.75

0.6

2.4

Table 1: UC ages and 8"C values determined by AMS
for the macrofossils selected from sediments of lake
Gosciaz. NOTE: * macrofossils of two samples were
combined.
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EXTENSION OF THE RADIOCARBON CALIBRATION CURVE (10-13 KYR BP)

/. Hajdas, S. Ivy-Ochs and G. Bonani (ETHZ)

Radiocarbon dating of varved lake sediments shows that during the Late Glacial (10 to 12 kyr BP)
the offset between the radiocarbon and the absolute time scales was ca. 1 kyr. Varve counting and
accelerator mass spectrometry (AMS) dating were used to build absolute and radiocarbon time
scales of sediments from two lakes: Soppensee (Switzerland) and Holzmaar (Germany). The
resulting chronologies extend back to ca. 12.9 kyr cal BP (12.1 kyr BP) in the case of Soppensee
and to ca. 13.8 kyr cal BP (12.6 kyr BP) in the Holzmaar record. They compare well with each other
but differ significantly from the "C-U/Th chronology of corals.

The radiocarbon time scale is affected by variations in
the t4C production rate and changes in the global
carbon cycle. The differences between I4C age and
absolute/calendar age can be traced by radiocarbon
dating of material of known absolute age such as trees
(calibration curve). While the continuous dendro-
calibration curve, which is the most precise
radiocarbon calibration method, is available only for
the last 11.5 kyr (calendar) [1], many studies have
recently focused on archives alternative to tree rings.
Using mass spectrometry [2] for precise U/Th dating of
small coral samples the "C-U/Th curve for the last 20
kyr BP [3,4] was constructed. Another option for
studies of variations in the atmospheric 14C/12C ratio is
provided by dating of laminated sediments. The AMS
(accelerator mass spectrometry) radiocarbon dating of
terrestrial macrofossils deposited in annually
laminated (varved) sediments from lakes can be
compared with absolute time delivered from varve
counting. However, as the method is quite often
limited by the quality of laminations or the lack of a
continuous record, studies of many independent
records are required. Two sites, Soppensee [5] and
Holzmaar [6] have been studied for the extension of
the calibration curve. In each case the 14C scale is
based on AMS measurements of terrestrial
macrofossils and the absolute time scale consisted of
varve counting. In both cases complications in the
varve chronologies required corrections. The 14C-
varve chronology of Soppensee sediments extends to
12.1 kyr BP, which corresponds to ca. 13 kyr cal BP.
The 14C record of lake Holzmaar extends to ca. 12.6 ky
BP. On the varve time scale this corresponds to ca. 14
kyr cal BP.

The agreement we obtained between both varve
chronologies is best illustrated by the absolute dating
of the Laacher See Tephra (LST). The Laacher See
volcano (West Eifel, Germany) erupted ca. 11.2 kyr
BP and the layer of ash can be found, as an excellent
time marker, in sediments of many European lakes
and bogs. The Soppensee varve chronology dates the
LST layer at 12,350±150 yr cal BP while the age of
12,201 ±224 yr is yielded by the varve chronology of
the Holzmaar record. The agreement between the
chronologies is exemplified by the absolute age of the
LST from the two independent records (Fig 1).
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Figure 1: Extension of the "C curve beyond 10 kyr
BP. Good agreement between tree ring data, varve
chronologies and the "C-U/Th chronologies from
corals can be seen for the last 10 kyr BP (ca. 11 kyr
cal BP). An offset of ca. 1 kyr between the UC time
scale and the calendar time scale of the tree-ring
calibration curve is observed at the beginning of the
Holocene (10 kyr BP). In the Late Glacial period (10-
12.5 kyr BP), varve data indicate the same trend of the
"C calibration curve, i.e., varve ages are ca. 1 kyr
older than UC ages of macrofossils. In contrast, the
U/Th ages of corals are ca. 2kyr older than their
corresponding radiocarbon ages..
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COSMOGENIC ISOTOPES IN THE GRIP ICE CORE, GREENLAND

St. Baumgaiiner, G. Wagner and J. Beer (EAWAG); P. W. KubikandH.A. Synal; M. Suter(ETHZ)

The European GRIP and the American GISP II ice cores provide the most detailed records of
environmental parameters over the last 2OO'OOQ years of all the ice cores drilled so far. AMS
measurements of cosmogenic isotopes are extremely useful in order to reconstruct the history of
precipitation rate as_ well as the modulation of the cosmic ray flux by solar wind and the geomagnetic.
Calculation of the ^Cl flux shows rather constant values except at around 37 ky BP when the flux
increased by about a factor of two as found earlier in Antarctic ice cores and a mediterranean sediment
core, and a decrease in the lowest part of the GRIP core most likely due to (TM = 301 ky).

In 1992, the members of the European Greenland Ice
Core Project (GRIP) finished drilling a deep (3028.8
m) ice core at Summit (73° 34' N, 37° 37' W), situated
at the very top of the Greenland ice sheet (3240 m
a.s.l.) [1,2,3].

During the last 120 kyr, the concentrations of both
"Be and XC\ are highly correlated with 8I8O, which is
used as an estimate of paleotemperatures. This
correlation is interpreted in terms of a changing
precipitation rate. Assuming radioisotope fluxes to be
independent of 818O, the correlation of the 10Be and ^Cl
concentrations with 818O is used to estimate the
dependence of the precipitation rate on 818O. This
dependence is approximately exponential. Within the
limits of error, the parameters of the exponential
relationship are the same as those determined by
annual layer counting [2]. This enhances confidence in
both methods and also gives a partial justification for
the use of 10Be and ^Cl for reconstructing the
precipitation rate when annual layers cannot be
identified.

The fluxes of 10Be and XC\ are not constant, but
vary with time. Of all possible causes for this, only
variations in the geomagnetic field can be
reconstructed using independent methods, since no
data allowing the determination of past values of solar
variability and extraterrestrial cosmic ray flux are
available on longer time scales. An attempt was
therefore made to use production models to estimate
the influence of the geomagnetic field, as
reconstructed by the study of sediment cores, on the
production rate of 10Be and ^Cl. Results indicate that a
large part of the variability in the fluxes of 10Be and xCl
can be explained by geomagnetic field variations. It is
not yet clear whether the discrepancies between the
measured and modelled fluxes are due to problems in
reconstructing the geomagnetic field, to inadequacies
in the production models, to solar modulation or to
extraterrestial influences.

The "Raisbeck-Peak", formerly identified as a
double peak in concentration and flux of 10Be in the
Vostok (Antarctica) ice core at about 37 kyr BP [4,5],

was found in the Summit GRIP ice core in both '°Be
and ^Cl [6,7]. This peak therefore seems to occur
globally and might be useful for the interhemispheric
correlation of ice and sediment cores. This would have
important consequences for climate research.

10Be in the Summit GRIP ice core is partially
adsorbed on to dust particles. In the Wisconsin, the
flux of 10Be transported into the ice-core on dust
particles is considered to be constant. This points to
variable dust sources, since the dust flux is not
constant. In the Wisconsin, the adsorption of 10Be on to
dust within the ice-core itself seems to be negligible. In
the oldest parts of the ice core, however, dust
adsorption seems to be of greater importance and can
account for as much as 50 % of the total 10Be content.

On longer time scales (100-1000 years), the
'"Be/^CI ratio is rather stable. It therefore has potential
as a dating tool for old ice, if the 10Be adsorption
phenomenon can be accounted for. Detailed
application of this method to the Summit GRIP core
will have to await the availability of a larger data set,
but the method seems to be very promising.
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THE INCREASE OF I IN THE ENVIRONMENT

M.J.M. Wagner, B.Dittrich-Hannen and M.Suter (ETHZ); H.-ASynal; U.Schotterer (UniBern)

Annual ll9l deposition rates have been measured in an Alpine ice core from 1950 to 1988. Today's fall-out
of t29l is even large than the fall-out from nuclear weapon tests in the 1960s. The sources of anthropogenic
1291 and the impact on the natural iodine reservoirs are discussed.

129 concentrations have been measured at the
PSI/ETH AMS facility in an ice core from the
Fiescherhorn glacier (Swiss Alps). The time scale for
the core has been established using the age of the
youngest sample at the surface (1987/88) and the
tritium peak from 1963.

In figure 1 (a) the measured 129I deposition rates (-J-)
are compared with model calculations ( ). However,
it is not known, whether the total precipitation is
actually accumulated on the glacier. Therefore, the
absolute values of the 129I deposition rates are still
uncertain. A box model has been used to describe the
transport of 129I which has been released into the
atmosphere during the atmospheric tests of nuclear
weapons or from nuclear fuel reprocessing plants. For
this the following assumptions have been made: (1)
the main source of 129I are bombs with a yield of more
than 1 Mt TNT equivalent (5 1015J; 1.6 1026 fissions),
(2) for these bombs the energy came half from fusion
and half from fast fission of 238U, (3) 50% of the total 129I
production reaches the stratosphere, (4) only tests in
the northern hemisphere are considered. Figure 1(a)
also shows 129I deposition rates derived from 137Cs data
measured in the same ice core (A). To obtain 129I
deposition rates the 137Cs data were scaled with the
ratio of the fast fission yields. In figure 1(b), two
additional data sets are shown: (1) 129I calculated from
^Kr data (---)• "Kr, which is also a fission product. It
mixes rapidly in the atmosphere. The only
atmospheric KKr sink is its radioactive decay
(T1/2=10.7a). Atmospheric MKr data are available from
measurements at the Schauinsland peak in the Black
Forest (D). To estimate the 129I production and the
resulting deposition rate, the annual increase of the
^Kr ground level is multiplied by the ratio of the
corresponding fission yields. (2) 129I/I ratios in tree
rings of a black locust tree grown at about 1 km
distance from the exhaust stack of the small nuclear
reprocessing plant, Karlsruhe (Germany), had been
measured by Hauschild et al. [1] The data shown in
figure 1(b) (0) are scaled to find a good agreement
with the ice core data between 1950 and 1970. Due to
the start-up of the reprocessing plant, data beyond
1970 cannot be compared with the ice core data.

The measured 12SI curves (ice core and tree rings)
do not show the structure of the calculated bomb fall-
out after 1960. The main peak in 1963, as seen in the
'37Cs data, is missing. Because the fission products 129I
and 137Cs are produced in nuclear explosions always

at roughly the same ratio, this difference indicates
different transport mechanisms and/or additional I29I
sources. The ̂ Kr data show a strong increase starting
around 1955. This should be caused by military
reprocessing of nuclear fuel in the USA and the former
USSR. Before 1970, the 129I and the ̂ Kr curve differ
significantly in amplitude and shape. This means, that
t29l is neither released to the same amount, nor
distributed globally like ̂ Kr. The measured increase of
129I deposition starting at about 1965 is most probably
caused by the emissions from the nuclear fuel
reprocessing plants La Hague (F) and Sellafield (GB).
Although the increase of t29l deposition in the early
1950s is strongly connected to atmospheric nuclear
test explosions and military processing of nuclear fuel,
the main source of today's 129I fallout are nuclear fuel
processing plants. More details can be found in
Wagner et al. [2] and the references therein.
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Figure 1 a,b: l!$l deposition at the Fiescherhorn glacier
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DETERMINATION OF CROSS SECTIONS FOR THE PRODUCTION OF 36CI
FROM TARGET ELEMENTS WITH Z>28 BY MEANS OF AMS

F. Sudbrock und U. Helpers (Universität zu Köln); H.-A. Synal; M. Suter(ETHZ);
M. Gloris and R. Michel (Universität Hannover)

Excitation functions and cross sections for the production ofxCI from medium and heavy target elements
have been determined with nuclear chemistry techniques and acceh rator mass spectrometry (AMS). The
measurements of the new experimental data continue cystematical studies on the production of long-lived
radionuclides by medium and high energetic particles.

Introduction

Knowledge concerning the production of long-lived
radionuclides is required in many areas, such as in
nuclear physics, nuclear chemistry, cosmochemistry
and applied technology. Recent developments aiming
at nuclear waste transmutaiion reveal an urgent need
for experimental data for the production of
radionuclides from heavy target elements which have
not been investigated extensively in the past. In
several cases there are no data available at all.

In order to provide these nuclear data we have
continued our studies of long-lived radionuclides. We
have determined cross sections for the production of
^Cl from different target elements. Except for some
cosmochemically less relevant target elements the
production of ^Cl from Ca up to Ni has been properly
investigated in the past [1]. This report wants to focus
on remaining target elements with Z>28.

Experimental Procedures

Irradiation experiments were performed at LNS
Saclay (F) with initial proton energies ranging from 250
MeV up to 2.6 GeV and at TSL Uppsala (S) with
proton energies between 100 and 180 MeV. For short-
lived radionuclides complete data sets have already
been evaluated.

The irradiations have been accomplished using
the stacked foil technique. In each experiment about
30 target elements with 2<Z<84 were included either
as pure metal foils or as chemical compounds. The
energy degradation was calculated [2]. Proton fluxes
were recorded via the monitor reaction
"Alfp.apSn^Na. The determination of ^Cl required a
chemical separation which also had to consider the
long-lived radionuclides 10Be, 26AI and 41Ca for further
investigations. It was carried out using the ultrasen-
sitive accelerator mass spectrometer of the ETH /PSI-
AMS facilty.

Results

Excitation functions for the target-elements V, Mn,
Cu, and Y have been determined (fig. 1). For Pb and

Bi cross sections for 800, 1200 and 1600 MeV have
been measured. Ag and In samples as well as
additional samples of Pb and Bi are subject to ongoing
measurements in order to obtain systematical data
over a wide range of nucleon numbers. For the target
elements under discussion it can be stated that -as
expected- the cross sections clearly decrease with
increasing mass number (i.e. from Vanadium to
Yttrium, fig. 1).
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Figure 1: Excitation functions for the reactions
V(p,XnfCI, Mn(p,XnfCI, Cu(p,XnfCI and
Y(p,XnfCI.
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SIMULATION OF THE INTERACTION OF GALACTIC PROTONS WITH
METEOROIDS - LONG-LIVED NUCLIDES IN GABBRO

R. Michel, U. Neupert, I. Leya and O. Fanenbruck (Universität Hannover); M. Suter, G. Bonani,
I. Hajdas andB. Dittrich- Hannen (ETHZ); P.W. Kubik

The interaction of galactic cosmic ray protons with stony meteoroids was successfully simulated in
a thick-target experiment in which an artificial meteoroid made of gabbro was irradiated isotropicaliy
with 1.6 GeV protons at Laboratoire National Saturne. Drill cores of the irradiated gabbro were
taken and used to analyze the production of residual nuclides in the gabbro itself.

The interaction of galactic cosmic ray protons with
stony meteoroids was successfully simulated in a
thick-target experiment in which an artificial meteoroid
made of gabbro with a radius of 25 cm was irradiated
isotropicaliy with 1.6 GeV protons at Laboratoire
National Saturne. The gabbro (O 0.442, Na 0.Ü19, Mg
0.048, AI 0.094, Si 0.261, Ca 0.075, Fe 0.55 g/g) was
at first hand intended to provide realistic secondary
particle fields in which individual small targets were
activated. At second hand, it can be used to analyze
the production of residual nuclides in the gabbro itself.
Therefore, drill cores of the irradiated gabbro were
taken and analyzed y-spectrometrically for ^Na and
"Co [1] and by AMS for 10Be, 14C and MAI (Fig. 1).
Measurements of other long-lived nuclides such as
"CI, 4ICa and 129I are planned. Such measurement of
depth profiles of cosmogenic nuclides with different
half-lives which are produced by different reaction
types under completely controlled conditions are
particularly important for validation and improvement
of model calculations of cosmogenic nuclide
production rates in real meteoroids.

Fig. 1 shows besides the experimental data
results of physical model calculations [2] based on
depth-dependent spectra of primary and secondary
protons and of secondary neutrons calculated by
Monte Carlo techniques using the HERMES code
system [3] and on experimental and theoretical
excitation functions of the underlying reactions. For
26AI the agreement between experiment and theory is
satisfactory given the uncertainties of the chemical
analysis of the gabbro. For 10Be and 14C the model
calculations are still not satisfactory. In case of 14C
this is due to the still insufficient cross section data
base of both proton and neutron induced reactions.
For 10Be contributions to the production of carbon and
nitrogen are not yet properly considered. For the
latter nuclide, detailed excitation functions for proton
induced reactions are available now [4, 5], but still
purely theoretical cross sections had to be used for
the neutron-induced production. After analysis of the
elementary production of t0Be from C and N in the
artificial meteoroid it will be possible to improve the
theoretical cross sections by a one parameter fit [6] or
by unfolding techniques [7]. Such investigations are
underway.
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Figure 1: Experimental (open squares) and theoretical
(full lines) production rates of '"Be, "C, and !eAI from
gabbro in drill core samples from an artificial stony
meteoroid. The data are normalized to a primary
proton flux density of Jo = 1 cm'2 s'\ The x-error bars
represent the diameter of the drill core samples.
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41Ca MEASUREMENTS AT THE ZURICH AMS FACILITY

H.A. Synal; B. Dittrich-Hannen, F. Ames, Ch. Schnabel, M. Suterand M.J.M. Wagner (ETHZ)

41Ca is of interest for studies of the irradiation history of extraterrestrial materials. Our main goal is to study
the production cross sections of"Ca and to analyze samples of extraterrestrial material. In order to obtain
absolute "Ca/°Ca ratios a new standard reference material has been produced by irradiating "°CaCO3 in
the DIDO reactor of KFA Jülich and measuring the "Ca activity. As the use of CaH'3 ions minimizes the "K
background, CaH2 targets have been produced. First attempts of 4iCa AMS measurements with our
tandem accelerator are described. A high-intensity ion source was used. Final identification was made
using the dE/dx technique together with a time-of-flight measurement. At the present, the experimental limit
is a "CafCa ratio of Iff'3, solely due to a low detection efficiency.

41Ca is a nuclide of interest for studies of the
irradiation history of extraterrestrial material because
its half-life of (104 ± 5) ky [1] fills the gap between
those of 14C (T1fl = 5.7 ky) and *CI (T,8 = 301 ky). It
can be used for the determination of terrestrial ages
(preferably 30-300 ky) of meteorites, and as neutron
flux monitor in the silicate phase of stony meteorites in
order to obtain information about the shielding and
size of the irradiated body. In comparison with other
cosmogenic nuclides, 41Ca related exposure ages of
meteorites can be employed to check the constancy of
the galactic cosmic ray (GCR) flux with time.
The determination of 4'Ca concentrations by activity
measurements is difficult, because it solely decays via
electron capture followed partly by emission of K-X-
rays of 3.3 - 3.6 keV. A better way to measure 41Ca
contents is to use accelerator mass spectrometry
(AMS). One problem here is the suppression of the
isobaric interference of 41K. This background can be
significantly reduced by injecting CaH3' produced from
CaH2 into the accelerator, because potassium does
not form such stable ions [2]. So far, 41Ca was
detected only with larger accelerators with terminal
voltages of 8.5 to 10 MV. In this work, AMS of 41Ca
with a 6 MV tandem accelerator is studied.

As absolute concentration measurements are
very difficult with AMS, a standard reference material
has to be used. To produce such a standard, CaCO3

(enriched to 99.98 % in "°Ca, Oak Ridge) was
irradiated at the DIDO reactor in Jülich. After chemical
separation of the activation products using the ion
exchange technique only activities of naturally
occurring radioisotopes were detected. The
concentration of 41Ca was determined by liquid
scintillation counting at the PTB, Braunschweig, using
the CIEMAT/NIST method [3]. Activity measurements
were performed regularly during two years after the
irradiation and an isotopic ratio of (1.016 ± 0.074)-10'5
41Ca / ""Ca was determined. CaC03 of low potassium
content was used to dilute the material to 4 solutions
with 41Ca/°Ca ratios of between 10"9 and 10"". These
materials are used as primary AMS standards. Two
different batches of secondary standard material with
nominal "'CaTCa ratios of 1.02-10'9 and 1.15-10* were

prepared by irradiating CaH2 at the Saphir reactor (PSI
Villigen)
Sample preparation was carried out in a way similar to
that described by Fink et al. [2]. With the high - current
ion source, several hundred nA "°CaH3' have been
obtained. In figure 1 a typical mass spectrum is
shown.

Figure 1: Part of a spectrum from a CaH2 sample; the
main contribution to the mass peaks is indicated.

With Ca7* chosen after acceleration, the total ion
energy comes to nearly 48 MeV. The final detection
and identification of the ions is done by measuring the
total energy and the energy losses within a 4 anode
gas ionization detector and an additional time-of-flight
measurement in front of it. With an ion source output
around 200 nA ""CaHj', a transmission through the
accelerator and the high-energy, electric and magnetic
sector fields of about 3% has been achieved. The
maximum detector efficiency is presently about 20%
and limited by the time-of-flight measurement.
Assuming 1000 s measuring time for a sample
containing 3 mg calcium, the lowest detectable
"CaTCa ratio thus comes to 10"3. At this level no 4'K
background was detectable.
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THE FIRST DIRECT 1Z6Sn HALF-LIFE MEASUREMENT

P. Gartenmann, M. Suterand M.J.M. Wagner (ETHZ); H.-A. Synal;
P. Haas, R. Golser, W. Kutschera, E. Wild and G. Winkler (Universität Wien)

126The long-lived radionuclide Sn extracted from spent fuel rods of a nuclear power plant was
examined. Through a combination of the measurements of the specific activity (with gamma spectroscopy)
and of the isotopic ratio (with accelerator mass spectroscopy) the half-life was determined to be (2.07 ±
0.21)x1(fy.

One of the few, long-lived radionuclides whose half-life
has been uncertain is 126Sn. Its half-life has only been
estimated once to be approximately 105 years [1]. A
more reliable value may be of considerable interest for
both terrestrial and astrophysical applications.
Artificially produced 126Sn has entered our
environment through nuclear weapons testing and
releases from nuclear fuel reprocessing plants and
may locally strongly increase the concentrations due to
spontaneous fission of 238U. It may also be important
for long-time storage of nuclear waste. In a neutron-
rich stellar environment (e.g. supernova), 126Sn will be
produced by rapid neutron capture. In a closed
system, the decay of 126Sn to stable 126Te (see Fig. 1)
generates an excess of 126Te as compared to the
standard isotopic abundance. In a variety of cases,
such fingerprints of extinct radioactivity have been
observed in primitive meteorites implying that some
live nuclear material of the respective radionuclides
was present at an early stage of the solar system
formation. To observe a 126Te anomaly may narrow
the time period elapsed between late stellar events
prior to solar system formation.
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The 126Sn sample material used in this study was
obtained as a side product of a program at Argonne
National Laboratory to evaluate high-burnup fuel
performance. Very long half-lives can be determined
through the 126Sn/ Sn specific activity and the isotopic
ratio. The latter can be measured with accelerator
mass spectrometry (AMS). The primary difficulty in the
determination of the 126Sn/ Sn ratio is the stable isobar

126Te with atomic number two units above tin (Z = 50).
First AMS measurements at the ATLAS facility
(Argonne) gave a 126Sn/ Sn ratio of approximately 10 ,
but a precise determination was not possible. At the
energies available at the Zurich AMS facility (30 MeV
for Sn5+ ions), isobar separation at this level is
neither possible with a gas ionization chamber (GIC)
nor with a gas-filled magnet setup. Therefore, the
recently here developed method of projectile X-ray
detection (PXD) [2] was applied. A 6 u.m Ti foil was
used as stopping material which provides maximum
detection efficiency using the projectile K and target L
level matching. With the resulting 126Sn/ 126Te ratio a
GIC could be used for a independent measurement of
the radionuclide. Quasi simultaneously with the
particle detection in PXD or GIC, stable tin isotopes
were measured in Faraday cups. This way the PXD
efficiency and mass fractionation effects were
determined. The latter gives is the main contributor to
the uncertainty in the resulting 126Sn/ Sn ratio of (9.23
±0.87)x106[3].

The activity measurement was made at the
University of Vienna. The decay scheme in Figure 1
shows that the gamma-ray transitions in the decay of
126Sn go (via 126mSb and 126Sb) with 100 % through the
666 keV 2+ -» 0+ ground state transition in 126Te. The
final activity measurements (in secular equilibrium)
were made with a high-purity Ge gamma-ray detector.
The result for the total 126Sn specific activity of the
sample, after applying all corrections, is (4.97 ± 0.15)
Bq 126Sn/ mg Sn [4].

The combination of the two results gives the new
126Sn half-life value of (2.07 ± 0.21)x1(T y. This is a
factor of two higher than the previous estimate of a
hundred thousand years. The 10 % uncertainty comes
dominantly from the AMS measurement. The method
used here can be applied to other long-lived
radionuclides such as 59Ni, ̂ Fe and 79Se, which are of
interest for a variety of investigations.
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ACCELERATION OF FULLERENES WITH A TANDEM ACCELERATOR

F. Ames and M. Suter ( ETHZ); M. Döbeli and H.A. Synal

C^ cluster ions have been accelerated with the PSI/ETH 6 MV tandem accelerator up to 15 MeV. With a
cesium sputter ion source up to 200 pA of negative Cm ions could be extracted for injection into the
accelerator. Cross sections for the collision induced charge exchange and fragmentation within the stripper
target of the accelerator were determined. Optimizing the gas pressure within the stripper target for the
different charge states led to a transmission of approximately 1%0.

Fullerenes, especially C«,, have become objects of
interest in many fields of chemical and physical
science due to their high stability and the possibility to
get them in macroscopic quantities. It has been
demonstrated that the acceleration of such clusters
with tandem accelerators is possible [1,2]. It offers the
possibility of depositing very large amounts of energy
in a small volume near the surface of solids (see also
the following contribution).

To produce negative ions for the injection into the
accelerator, CM powder was hammered into a hole of
a copper target of our high current cesium sputter ion
source. The mass range of the analyzing magnet can
be extended to nearly 800 amu by reducing the ion
energy from its normal value of 40 keV to 15 keV.
Figure 1 shows an ion source mass spectrum. A
current of up to 200 pA C^' was obtained. Also
fragments with an even number of carbon atoms can
be seen down to Cu. In the low mass range small
carbon clusters with their characteristic odd even
staggering and above 145 amu their combination with
Cs occur. In contrast to a graphite target, the
monomer is supressed with respect to C2.

200 400 600
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Figure 1: Low energy mass spectrum from a COT target

The charge exchange at the high voltage terminal of
the accelerator is made via collisions with a stripper
gas. The gas pressure has to be low so that the
clusters do not break up, but high enough to ensure
the charge exchange. To reduce the possibility for
collisions outside the stripper good vacuum in the
whole system is essential. A titanium sublimation

pump at the high voltage terminal prevents the stripper
gas from entering the acceleration tubes. The
transmission was measured as a function of the gas
flow of argon or nitrogen to the stripper tube. From this
the cross section for collision induced fragmentation
could be determined to about 8 • 10'5 cm2, the
geometrical size of the cluster ions. The cross section
for the charge exchange are in the order of 10'6 cm2.

35 40 45
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Figure 2: Transmission as function of the high energy
deflector voltage

A 15° electrostatic deflector downstream of the
accelerator was used for an energy per charge
analysis. For charge state q=+1 the intact cluster can
clearly be distinguished from fragments which have a
different energy to charge ratio. A transmission of
about 10"3 has been obtained for C^*. In case of higher
charge states an additional total energy measurement
is necessary (see following contribution). For Cj*
such a measurement has shown an interference of
about 10% of Cx\ Figure 2 shows the transmission as
function of the deflector voltage. Similar to the
spectrum at low energy, fragment peaks belonging to
clusters with an even number of carbon atoms can be
seen down to C42\ At deflector voltages below 3/4 of
that of the Cm' peak additional peaks of clusters with
charge state q=+2 appear. Optimizing the system for
Cj' leads to a transmission of 1.5 • 10"4 and thus,
offers the possibilty to reach a higher total energy.
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ENERGY LOSS OF HIGH ENERGY FULLERENES

F. Ames and M. Suter ( ETHZ); M. Döbeli and L Scandella

MeV Cm cluster ions were implanted into mica. The resulting tracks were imaged by atomic force
microscopy and were compared to those from the impact of single atomic high energy ions. Also pulse
height defects in the response of a silicon solid state detector to the impact of clusters has been studied.

In a track of an MeV atomic cluster particle the
individual energy deposits of the cluster constituents
add up to extremely nigh values of the total energy
loss per track length. In case of CM at about 10 MeV,
the electronic energy deposition of a lead nucleus at 1
GeV can be reached. But in contrast to GeV particles,
the CM clusters deposit their energy into a much
narrower volume, due to the reduced range of
secondary particles. This results in a deposited energy
density that cannot be obtained by any mono atomic
particle at the maximum of its stopping power.

Figure 1 AFM image of mica irradiated with Cm at 15
MeV

For the investigation of energy deposition near
the surface of solids by atomic force microscopy
(AFM), mica is prefered because of its very flat and
regularly layered structure. It has been irradiated with
Cw* at 7.5 MeV, and Cw

2t at 11.25 MeV and 15 MeV.
Before irradiation the mica was freshly cleaved. The
irradiated area was about 25 mm2 and the dose
applied between 1.5 • 109 and 2.5 • 109 cluster ions
per cm2. At this dose the mean distance between
single cluster impacts is about 0.2 ^m. The differential
energy deposition for single carbon atoms at the
surface of mica can be calculated by the program
TRIM. We assume that the energy loss of the whole
cluster is the sum of the energy deposited by its
constituents. Thus, for 15 MeV CM a differential
electronic energy loss of 37 keV/nm can be reached.

In case of C ,̂ at 15 MeV, big hillocks with a height
of 5.5 nm can be seen. Single atomic iodine ions at 77
MeV (dEBlet/dx = 13 keV/nm) cause hillocks of about
1.5 nm height. The measurements at different

energies indicate that there is a threshold for the
formation of such hillocks around an electronic energy
deposition of 10 keV/nm. To see the exact behavior at
higher energy and possible differences in cluster and
single ion impacts at the same energy loss further
measurements are necessary. Novel effects along
cluster tracks have already been observed in metals
[1].
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Figure 2: Response of a Si detector to the irradiation
with fullerenes

The total energy of the fullerene ions has been
measured with an ion implanted silicon detector with a
dead layer of 500 Ä Si equivalent. For comparison,
also a spectrum obtained from C6 was recorded. A
pulse height defect in the detector response can be
seen for all cluster beams. The measured energy is
around 40 % of the electronic energy deposition
(dEelecU) for CJO and CM whereas for the small clusters
the measured pulse height is about 90 % of the
expected one. No effect in cluster energy can be seen.
The pulse height defect can be explained by
incomplete charge collection or recombination within
the detector, caused by the high ionization density or
by an increased energy loss within the dead layer.
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DETECTION OF STABLE TRACE ELEMENTS WITH ACCELERATOR SIMS

R.M. Ender, M. Suter (ETHZ); M. Döbeli, P.W. Nebiker and H.A. Synal

Accelerator Secondary Ion Mass Spectrometry is a very promising technique for detection of trace
elements in ultrapure materials. Compared to classical SIMS it has two major advantages: (1) Molecules
break up in the tandem accelerator leading to a pure atomic mass spectrum. (2) Thanks to their high
energy particles can be identified unambiguously. The setup for this new technique is almost completed.

Accelerator SIMS tests performed in 1992 [1] with an
existing sputtering chamber have produced very
promising results concerning the detection of trace
elements in pure materials. However, it has also been
shown that the major problem of this technique is
contamination of the sample in the sputtering
chamber. This effect especially reduces the
detectability of elements contained in stainless steel
(Fe, Cr, Ni, Mo). A new UHV sputtering chamber
equipped with a focused Cs sputter gun has therefore
been designed to improve detection limits [2].

The Cs sputter gun and the secondary ion
extraction have been investigated in several tests. The
complete system (including ion optical components
such as lenses, steerers and a 90° spherical
electrostatic deflector) is now ready for adaptation to
the tandem accelerator.

Figure 1:150 x 150 urn8 image of a Au grid on a Si
wafer.

The Cs sputter gun is equipped with an ExB filter
and a 1° beam bend for neutral particle suppression
leading to a pure Cs ion beam. The ion energy is
variable between 15 and 3 keV. With different
apertures it is possible to select the beam spot size
and the corresponding current. These parameters can
be optimized for different applications such as bulk
analysis, depth profiling and imaging. For the
determination of the focus the Cs beam has been
rastered over a target consisting of a Au grid clamped

to a Si wafer. The net beam current was measured on
the target and plotted against beam position (Fig 1).
With this method we have shown, that at an energy of
10 keV a 400 nA Cs beam can be focused to a spot
with 150 u,m diameter. For imaging it is also possible
to focus 5 nA to 10 \im diameter.

The negative secondary ion extraction (Fig 2) is
realized with a cylindrical acceleration lens with four
electrodes accelerating the ions to 40 keV for the
injection in the tandem accelerator. The aperture in the
first electrode has a diameter of 10 mm. Like all
components in the target region the electrodes are
plated with a 20 u.m thick layer of pure gold to reduce
the background level of all other elements. Thus the
detection limits will mainly be determined by the
negative secondary ion yield of the elements and
should in most cases be below 10s.

Figure 2: Acceleration lens for secondary ion
extraction.
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LOW ENERGY FOCUSED ION BEAMS

P.W.Nebiker, M. Döbeli; ft Mühle (ETHZ)

The performance of the PSI/ETH focused ion beam (FIB) system has been improved to produce ion
beams of very low energies down to40eV with a reasonable spot size of i\im at 200eV.

Finely focused ion beams allow the structuring of
surfaces of materials, e.g. semiconductors, in the
micron und submicron range. One limiting factor is the
crystal damage induced by keV ions, which seriously
affects the electrical and optical properties of
semiconductors and, hence, puts severe restrictions
on the applicability. The most promising way to reduce
these damages is to use low energy ions [1]. Low
energy ions have a smaller penetration depth into the
semiconductor and the energy loss per depth is
reduced. Eventually, the defect production will drop to
zero, if the ion energy is below the displacement
energy of the target atoms. In this case, structuring of
the surface is still possible by chemically assisted
processes or by direct deposition.

The FIB system of the PSI/ETH, which is based on a
liquid metal ion source (LMIS), has been slightly
modified for beam energies below 1keV. A schematic
view of the FIB column is shown in figure 1.
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Figure 1: Schematic view of the PSI/ETH focused ion
beam column.

To produce low energy focused ion beams one cannot
simply extract the ions at low voltage because the
focusing properties of electrostatic lenses are very
poor for low energy particles due to increasing effects
of aberration. Therefore, the ions are first accelerated
to a suitable voltage, i.e. a few keV, to obtain a good
focus and later decelerated again. In the present work
low energy ions are produced by extraction of the ions
at a voltage of 4kV which is the lowest voltage for our
setup at which stable extraction is possible with a

reasonable focus of the beam. No post-acceleration is
used. For lower beam energies the target is raised to
the required retarding voltage (up to +4kV) for
deceleration down to energies close to zero. Since the
target is now at a positive potential, it is no longer
possible to detect the emitted secondary electrons and
use the signal for focusing of the ion beam. Therefore,
a new setup, which is shown in figure 1, was designed
to allow focusing by imaging a grid in transmission
mode. The ion beam is scanned across a copper
mesh, which is at the same height and retarding
potential as the sample to be irradiated. Behind the
grid, the transmitted ions are accelerated again to a
slanted piece of brass which is at a slightly negative
potential. The generated secondary electrons are then
detected by a channeltron and the output signal is
used for imaging the mesh. A transmission image of a
1000 mesh copper mask scanned with an ion beam at
an energy of 40eV is shown in figure 2. A AuSi LMIS
was used with a total beam current of 200pA.
Measuring the lateral resolution from a profile plot of
the digitized image leads to a beam size of
approximately 3um at 40eV and 1 urn at 200eV.

Figure 2: Transmission image of a 1000 mesh copper
mask scanned with an ion beam at an energy of40eV.

Future work will concentrate on the measurement of
sputter yields and deposition rates at low energies, the
investigation of chemically assisted processes as well
as the improvement of the ion optical properties of the
retarding stage of the focusing column.
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INVESTIGATION OF DAMAGE IN SILICON INDUCED BY FOCUSED ION BEAMS

P.W. Nebiker, M. Döbeli

A focused ion beam (FIB) system with a liquid metal ion source (LMIS) has been used to irradiate
monocrystalline silicon with various ions (Ga, Si, Au, Äu clusters) at energies from 60keV down to 100eV.
The reflectivity at 785nm wavelength and laser induced, modulated reflectivity have been used to
characterize the optical properties of the samples. Irradiation at energies below 1keV results in a three
orders of magnitude lower defect production in comparison to higher energies.

The structuring of semiconductor surfaces with
finely focused, high intensity ion beams (FIB) is a
major area of interest for in-situ and maskless
fabrication. For future application it is necessary to
understand the production of the crystal damage
induced by the keV ion beams. A systematic
investigation of the influence of projectile mass and
energy on the amount of produced damage has been
undertaken [1].

Monocrystalline silicon has been irradiated at
different energies (60keV down to 100eV) with

fluences from 1010/cm2 to 1016/cm2. To date, Ga, Si,
Au and Aun ions have been used. A structure size of
approximately 20um by 20um has been chosen to
facilitate optical measurements of the produced
defects in the semiconductor. Reflectivity at normal
incidence at wavelength 785nm and laser induced,
modulated reflectivity [2] have been used for
characterization of the optical and surface properties
of the samples after irradiation. The method has been
chosen because it is highly sensitive to radiation
damage at the surface and has a spatial resolution
below 5um.

The reflectivity of a semiconductor changes after
irradiation with ions due to two effects: The ions
generate crystalline damage, eventually up to
amorphization and, therefore, the index of refraction of
the material is changed. Furthermore, the ions are
implanted in.the substrate and, therefore, change the
optical properties of the semiconductor. The reflectivity

R for silicon irradiated with Au+ ions versus fluence at
different energies is plotted in figure 1.
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At a beam energy of 30keV an abrupt increase in
reflectivity occurs at the amorphization threshold
which points to a phase transition in the crystal. The
higher reflectivity is due to the higher refractive index
of amorphous silicon (n=3.9, k=0.1) compared to
crystalline silicon (n=3.7, k=0.01). The penetration
depth at this energy is 32nm. For lower ion energies
down to 100eV the abrupt increase in reflectivity
disappears because the penetration depth of the ions
decreases to 2nm at 100eV. Thus, the thickness of the
amorphous layer becomes too shallow to be detected
by the 785nm laser light. Furthermore, the
amorphisation threshold increases with lower
energies. The remaining smooth increase in reflectivity
is attributed to the implantation of gold into the crystal.

In figure 2 the modulated reflectivity is plotted

versus energy for silicon irradiated with Si+ ions with a

fluence of 1013/cm2. With increasing number of point
defects in the crystal the modulated reflectivity
increases to a saturation at a beam energy of
approximately 2 keV. This behaviour is explained by a
saturation of the defect density.

10° 10'
Energy (keV)

Figure 2: Beam energy dependence of the modulated
reflectivity of silicon after self-ion irradiation.
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Figure 1: Reflectivity of silicon irradiated with Au+ ions
at different energies.
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IN SITU OBSERVATION OF THE TIP SHAPE OF AuGe LIQUID METAL ION
SOURCES USING A HIGH VOLTAGE TRANSMISSION ELECTRON MICROSCOPE

W. Driesel (MPI für Mikrostrukturphysik Halle); R. Mühle (ETHZ)

A AuGe liquid metal ion source was observed in situ in a 1 MeV transmission electron microscope. The
formation of a field stabilized liquid cone, the change in the cone shape as a function of ion emission
current, spatial shifts of the liquid cone, and microdropiet emission were investigated.

Liquid metal ion sources (LMIS) have found extensive
use as ion sources of high brightness in focused ion
beam (FIB) systems. The tip shape and the change of
the cone under ion emission is of great theoretical
interest for understanding the particle emission
processes involved and it is very important for ion
optical calculations.

Experimental

A AuGe LMIS was fit into a special tip holder at the
end of an insulated feedthrough and placed together
with an extraction electrode in the object plane of a
high voltage transmission electron microscope
(HVTEM) with an acceleration voltage of 1 MV. The tip
holder allows to heat the tip and supply it with the
required extraction voltage Uext with respect to the
extraction electrode, and to measure the emission
current l0. The distance between emitter tip and
extraction electrode was about 1.5 mm. The ion
source was operated at a pressure of less than 5*10'5

Pa. The emitter temperature was set slightly above
360°C, the liquidus temperature of the eutectic AuGe
alloy. Images of the emitter tip by shadow projection
were taken using photo or video recording with a
lateral resolution of about 20 nm.

Results

The current-voltage characteristics of the AuGe LMIS
can be approximated by a straight line with an
extinction voltage Ux of 6.16 kV and a slope of 142
uA/kV. To observe changes in the shape of the liquid
metal surface on the tungsten tip, the extraction
voltage was increased in small steps from zero up to
the threshold voltage Ulh for Taylor cone formation.
Below Ulh the shape of the tip is spherical with a tip
radius of 7 urn. When U,h is reached, the liquid alloy is
pulled out by electrostatic forces which compete with
surface tension forces to form a shape like an
ellipsoid, which immediately changes into the Taylor
cone (Fig.1). The height of the Taylor cone was
determined to 2.8 urn. With increasing extraction
voltage the cone becomes stable and a jet on the apex
of the cone is formed. The experiments show that an
increase of the extraction voltage is not only
compensated by an increase of the jet length L and
the jet diameter D, but also by a decrease of the cone
half-angle a. Fig. 2 shows the AuGe cone with jet at

an emission current of 95 uA. In a certain current
region the experimental values of L, D and a can
roughly be fitted by straight lines. In the investigated
current region of i0 up to 95 uA, the jet length L
increases up to 3 |xm, the jet diameter up to 170 nm
and the cone half-angle decreases from 49° to 40°.
The microdropiet emission was also investigated and
compared with other experiments.

Figure 1: Shape of the emitter tip coated with liquid
AuGe with Taylor cone formation.

Figure 2: Shape of the liquid cone with jet at an
emission current of 95 uA
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INVESTIGATIONS OF Au AND AuSi LIQUID METAL ION SOURCES

R. Mühle and D. Germann (ETHZ); M. Döbeli (PSI)

The temperature behaviour ofAu and AuSi liquid metal ion sources has been investigated.

Liquid metal ion sources (LMIS) are the key element in
focused ion beam (FIB) systems. Using alloys as
source feed materials (SFM) a broad variety of singly,
doubly and sometimes triply charged and also
molecular ions can be produced. AuSi alloys are the
basis for many ternary SFM. Detailed investigations
are necessary to find the optimum working conditions
for the ion source. The temperature behavior must be
known in order to realize a stable ion emission and a
high source lifetime.

Experimental

The ion source consists of a tungsten needle, spot-
welded to a tungsten hairpin and a Au extraction
electrode at a distance of 1 mm. Needle and hairpin
are wetted with the SFM forming a drop between the
legs of the hairpin as reservoir. In these experiments
Au and a eutectic AuSi alloy were used with Tm=1064
and 363°C, respectively. The temperature was
measured with a two color pyrometer from outside the
vacuum chamber. The SFM is melted by a constant
heating current lh trough the hairpin. The heating
voltage Uh between the legs of the hairpin was
measured simultaneously.

Results

In order to determine the minimum source temperature
heating curves were recorded, e.g. the temperature of
the drop and the heating voltage between the legs of
the hairpin were measured as a function of time for a
constant heating current. In Fig.1 the heating curve of
a Au LMIS for lh= 6.9 A is shown. At point A the drop is
completely molten. Similar curves are obtained for the
time dependence of Uh.

1100

800 1000 1200

time / s

Figure 1: Heating curve of a Au LMIS for a constant
heating current of 6.9 A.

According to theoretical considerations [1] the
extraction voltage should decrease with increasing
temperature for a constant emission current. This is
connected with a decrease of the surface tension of
the SFM with increasing temperature. In Figs. 2 and 3,
the relative change of the extraction voltage with the
temperature of a Au and a AuSi LMIS for a constant
source current of 10|iA is shown. The behavior of the
Au LMIS corresponds to the theory, but the AuSi LMIS
behaves completely different. This was found also for
alloy compositions different from the eutectic one.

99.3
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Figure 2: Temperature behavior of a Au LMIS at a
constant source current.
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Figure 3: Temperature behavior of a AuSi LMIS at a
constant source current

Reference
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PRASEODYMIUM ALLOY ION SOURCE FOR FOCUSED ION BEAM
IMPLANTATION IN SUPERCONDUCTORS

F. Machalett and P. Seidel (Universität Jena); R. Mühle (ETHZ); P. Nebiker

The emission characteristics of a AuSiPr liquid alloy ion source for focused ion beam implantation of
praseodymium ions in high-Tc superconductors has been investigated.The ternary alloy shows a low
melting point and a low vapour pressure. We have measured the emission current stability, the current-
voltage characteristics and the mass spectrum.

We developed a AuSiPr Liquid Metal Ion Source
(LMIS) which can be used in a Focused Ion Beam
(FIB) system with mass separator for the modification
of thin superconducting films. Superconducting-
normal-superconducting (SNS) like junctions can be
produced by the modification of superconducting thin
film bridges by particle irradiation. It has been shown
that ion beam irradiation of bridges in a thin line across
the bridge can produce Josephson junctions which are
very stable in time [1]. This result is based on
weakening the superconductivity by ion beam damage
which can be easily controlled by variation of ion
energy and dose of e.g. Au or Si ions. FIB implantation
of Pr ions in small, well defined regions of
superconducting films or bridges could be used for
their chemical altering. The replacement of the rare
earth element Y in the YBaCuO superconductor by the
other rare earth element Pr suppresses the
superconductivity considerably with increasing Pr
concentration [2].

Experimental

The ion source consists of a tungsten needle emitter
which is wetted with a liquid AuSiPr alloy and an
extraction electrode with a hole diameter of 1 mm at a
distance of 0.92 mm. The composition of the ternary
alloy Au^Si^Pr, (atomic percent) was selected on the
basis of a ternary phase diagram geometrically
constructed in the Au-rich corner using the binary
border systems Au-Si, Si-Pr and Pr-Au. The melting
properties of the alloy were determined by differential
thermal analysis (DTA). The mass spectrum of the
emitted ions was determined in the FIB system at PSI.
For the measurement of the source temperature a
two-color pyrometer was used.

Results

The DTA measurements show phase transitions at
373°C, 498°C and 670°C. We have operated the
source at a temperature of 50-100°C above the
liquidus temperature of 670°C in order to be sure that
the alloy is completely molten on all parts of the
source. The emission current fluctuation was below
2% at a pressure of 10'5 Pa. The current-voltage
characteristics for a source temperature of 750°C
shows a threshold voltage of 6.53 kV and an extinction

voltage of 6.37 kV. The mass spectrum of the AuSiPr
LMIS for a total source current of 10 |iA is shown in
Fig. 1. The intensity of Pr2* and Pr3* ions is sufficient
for FIB implantation experiments. The following
relative peak particle currents in decreasing order
have been found (Au+:100%): Au*(100), Au2*(26.52),
Au,*(8.01), Pr*(5.16), Au,*(4.05), Si2*(1.40). Si*(0.84),
Pr*(0.79), Au3

2*(0.76), Au/(0.36) and Au5*(0.34).
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Figure 1: Mass spectrum of the AuSiPr LMIS at a total
source current of 10 \iA. The numbers on the peaks
represent the following ions: 1:Siz% 2:Si\ 3:Pr*\4:Pr2t,
5:Au2\ 6:Au\ 7:Au*\ 8:Au2\ 9:Au3\ 10:Au;, 11:Au5\
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TIME-OF-FLIGHT SPECTROMETER WITH AN ULTRA-THIN DIAMOND-LIKE
CARBON FILM

M. Döbeli; n.M. Ender (ETHZ); V.K. Liechtenstein (Kurchatow Institute, Moscow)

The performance of a Time-of-Flight spectrometer used in heavy ion backscattering spectrometry has
been improved by replacing the conventional carbon foil used in the start detector by an ultra-thin
diamond-like carbon film of 0.6 \ig/crrf. The energy resolution is not only improved for heavy ions, but even
the values for low energy He surpass those obtained with surface barrier detectors by far.

Time-of-flight (ToF) spectrometers are used for the
detection of ions and neutral particles of a few MeV in
cases where solid state detectors have disadvantages
as e.g. for the detection of heavy ions. For slow
particles the resolution of a ToF system is often limited
by energy straggling in the start detector. Since
energy straggling increases approximately linearly
with the ion mass, good resolution can be expected for
slow, light ions, such as He, in a velocity range where
the timing resolution of the system is not crucial. Once
the resolution of a ToF spectrometer is reduced to a
few keV, acceleration and deceleration of the ions by
electrical fields in the start and stop detectors ('tandem
effect') become important. By reducing energy
straggling and avoiding the tandem effect a significant
improvement of the spectrometer performance can be
expected. The motivation of the present work was
therefore to investigate and to improve the limits of the
ToF energy resolution for 4He particles in an energy
range often used in Rutherford Backscattering (RBS).

In our set-up [1] the start signal for the ToF
measurement is produced by the secondary electrons
released from a diamond-like carbon film of only 0.6
H.g/cm2 prepared at the Kurchatow Institute in Moscow.

shielding

Figure 1: Start detector

The start foil as well as the entrance to the stop
detector have been set to ground potential to avoid the
influence of the charge state of the particle ('tandem
effect1).
Significant improvements of the energy resolution of
the system have been obtained especially at low
velocities. The energy resolution measured for 'He,

16O and z8Si ions below 1 MeV agrees well with the
calculated energy straggling in the carbon foil.
Representative measured values (FWHM) are 2 keV
for 4He at 250 keV, 7 keV for 16O at 600 keV and 9 keV
for 28Si at 600 keV. Without final optimization, the
detection efficiency of the start detector was between
50% and 65% depending on the mass and energy of
the particles.

The results obtained for "He below 2 MeV
indicate that ToF detectors offer an attractive
alternative to solid state detectors even for He RBS.
For energies below 1 MeV the resolution of the
spectrometer surpasses the one of a state-of-the-art
conventional detector by far.
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Figure 2: Measured resolution for He ions. The solid
line is a prediction taking into account several
contributions affecting the detector resolution.

The good agreement of the measured resolution with
the predicted values demonstrates that we thoroughly
understand the spectrometer performance. As figure 2
shows an appreciable improvement of the resolution
could be obtained by reducing the geometrical flight
path spread in the spectrometer.
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THIN LAYER ANALYSIS WITH RBS AND ERDA

M. Döbeli, B. Maisenhoelder

The characterization of siiiconoxynitride thin films serves as an example for the fully quantitative analysis of
the elemental composition and thickness of thin layers by MeV ion beams.

MeV particle beams are particularly suited for
materials analysis because of their interaction with
matter [1]. During the bombardment of a sample,
elastic and inelastic scattering, nuclear reactions and
electromagnetic excitation take place. From the
number of observed events per incident beam particle
the material composition can be deduced. Analysis is
often straightforward and completely quantitative. As
an example, we present some results of the analysis
of siiiconoxynitride (SixOyNz:H) thin films. These films,
grown by Plasma Enhanced Chemical Vapor
Deposition (PECVD), can be used as waveguides for
Integrated Optical (IO) devices such as sensors [3].
Waveguide losses depend on the deposition
parameters. RBS and ERDA have been used to
determine the stoichiometry of films grown under
different conditions and to correlate the optical
properties with their composition.

Rutherford Backscattering (RBS):

RBS is the most frequently used MeV ion beam
analysis method. It relies on the fact that the energy of
an elastically backscattered particle depends on the
mass of the target atom and on the depth at which the
scattering took place [1]. This allows to profile the
elemental composition of the sample close to the
surface. All elements from Be to U can be detected,
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Figure 1: RBS spectrum of a siiiconoxynitride layer.
The measurement reveals the composition and
thickness of the film.

though the sensitivity depends largely on the
combination of elements and the sequence of layers in

the target. RBS is best suited for the detection of
heavy elements on light substrates. Sensitivities
between 10 and 10'4 monolayers can be reached. The

accessible depth for profiling is a couple of |im with a
depth resolution of 1 to 10 nm at the sample surface.
The precision of the results is of the order of 1%.
Fig. 1 shows an RBS spectrum of a SixOyN2:H film
grown on a carbon buffer layer on a Si wafer. The
carbon buffer layer was only used to facilitate the RBS
measurement by reduction of the backscattering
signal from the Si substrate.

Elastic Recoil Detection Analysis (ERDA):

If light elements in heavy substrates or elements
lighter than the incident beam particles have to be
analyzed (e.g. hydrogen profiling) the recoiling target
atoms or the forward scattered projectiles must be
detected in a grazing angle geometry. In order to avoid
interferences between forward scattered and recoiling
particles, absorber foils have to be employed. ERDA is
one of the few fully quantitative hydrogen profiling
methods.
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400 200 depth / nm

Figure 2: Hydrogen profile obtained by ERDA for the
same siiiconoxynitride film.
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FRACTIONATION OF RARE EARTH ELEMENTS BETWEEN
SOILS AND PLANTS

A Wyttenbach, L Tobler, V. Furrer(PSI)

The elements La, Ce, Nd, Sm, Eu, Tb, Yb and Lu have been determined in needles of individual spruce
trees and in the pertinent soils by neutron activation analysis. For needles of age class 5 the
concentration ratio plant/soil is about 5 • 1O3. A great fractionation between soil and plant is observed for
Ce, and smaller fractionations for the other REE. Moreover some elements show different fractionations in
the individual trees.

The rare earth elements (REE) form a group of
chemically similar elements, what is due to their simi-
lar ionic radii and electronic configurations. Under the
conditions prevailing during pedological and physio-
logical processes, their oxidation state is +3; only Ce
may occur as Ce*4. Nevertheless there are slight dif-
ferences in the chemical properties between the
REE+3, which are mostly connected to the small con-
traction of the ionic radius with increasing Z. Whether
the slight differences entail a fractionation of the indi-
vidual REE in the processes involved in their uptake
from the soil into the plant has remained largely un-
clear [1], Fractionation has been reported for Ce with
some accumulator plants, and this has been attributed
to the oxidation-reduction cycle for Ce. For the other
REE effects are usually said to be insignificant or
nonexisting.

These latter findings are at variance with prelimi-
nary results obtained during the investigation of the
biodynamics of the REE in spruce trees [2]. It was
therefore decided to investigate the REE in individual
trees and in the soil of their rooting zones. This was
done for 6 Norway spruce trees in the experimental
forest at Chaneaz. Since the REE concentrations in
spruce needles are extremely low (down to the 0.1
ng/g range), determinations were done by neutron
activation analysis with a group separation of the
REE. Eight out the 14 stable REE could thus be
measured with sufficient sensitivity.

Results showed that the involved soils are very
uniform; the distribution of the REE in the soils is
practically identical to that in the upper continental
crust. REE concentrations in needles of a given age
class were uniform within a tree, but differed between
trees, which is probably due to the different transpira-
tion rate of the trees. In addition to differing concen-
trations it was also found that in many cases the ratio
between 2 REE was not constant between trees;
there usually also was a difference in the ratios
between trees and their soils. Some examples for
these effects are shown in Fig. 1. These observations
clearly show that there is a fractionation of the indi-
vidual REE between the soil and the plant, and that
the fractionation often is not the same for the indi-
vidual trees. Not unexpectedly largest effects are
found with Ce (Fig. 1 D), but REE that occur in the +3
oxidation state only also show highly significant
effects (Fig. 1 A.B.C).

(A) Sm/Eu (B) Eu/Tb

IV VI II III V I IV VI II III V I

(C) La/Sm Ce/Sm

iv vi in v i VI IV III II i

Figure 1: Ratios of two REE in needles (") and in soils
(o) at the 6 places I to VI. It should be noted that the
order of the places in 2 D is different from that in 2
A,B,C. Analytical reproducibility [± s(x)] is indicated by
the error bars.

Figure 2 gives the ratio plant/soil (the so called
concentration ratio CR) as obtained from the mean of
all 6 investigated places. It may be seen that CR is
not constant for the various REE. The curve has a
maximum for Tb and significantly lower values for the
lighter and the heavier REE, thus again demonstrating
the fractionation of the individual REE. The uptake of
Tb into plants is greatly favoured with respect to the
other REE. It may be further seen that CR for Ce is
well below its expected position between CR(La) and
CR(Nd). Ce therefore has a strong negative anomaly
in the plant with respect to the soil, what probably is
due to the fact that Ce is present in the soil partially
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as Ce*4, an ion whose uptake is repressed relative to
the uptake of the REE+3. The full data from these ex-
periments will be published separately [3].
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Figure 2: Mean concentration ratio plant/soil for
spruce needles of age class 5.
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A NEW GAS-JET AND NEUTRON ACTIVATION ANALYSIS SYSTEM AT SINQ

L Tobler, E. Lehmann, B. Eichler, D.T. Jost, D. Piguet, A. Türler, A. Wyttenbach (PSI)
andH.W. Gäggeler(Univ. Bern & PSI),

A gas-jet system and a fast pneumatic transfer system for neutron activation analysis will be installed at the
spallation neutron source SINO. A description of these two facilities is given.

Neutron activation analysis (NAA) and the gas-jet
technique with fission products are two well-
established methods for radiochemical research. Due
to the final shut-down of the research reactor
SAPHIR, presently these methods cannot be applied
at PSI.

Therefore, in order to be able to continue research
with these techniques, both facilities will be trans-
ferred to the new spallation neutron source (SINQ),
which is presently under construction [1].

The principle of the gas-jet system is based on the
production of short-lived fission products in a target
chamber, containing thin (< 1 mg/ cm2) targets of 235U.
A gas-jet carrier gas, loaded with transporting aerosol
particles (KCI, graphite), enters the chamber, where
the fission products are adsorbed to these particles. A
continuous, fast transportation of the fission products
to the experimental set-up in the laboratory takes
place through a thin capillary [2].

Neutron activation analysis is still a very sensitive
analytical method for many elements and allows non-
destructive, multi-elemental analysis of solid samples,
which is favourable in many cases. The neutron acti-
vation technique has broadest application only if the
samples can be transported to the irradiation facility
by a fast transfer system, because many products of
the (n,y) - reactions are short-lived. NAA has a wide
range of applications, for example in aerosol chemis-
try, biological studies, environmental research and
material sciences [3].

While the two applications have different beam re-
quirements, it is possible to combine both facilities in
the same neutron beam line (no.60) of the SINQ. The
different parts of the two facilities are under develop-
ment and construction at PSI.

The gas-jet system consists of three individual tar-
get chambers with a total of six ^ U foils. The cham-
bers are situated in the outer part of the neutron beam
line. A shutter will be installed in front of the target
chamber system in order to be able to reduce the
neutron flux and the fission rate. The estimated ther-
mal neutron flux in the target chamber closest to the
neutron source will be about 109 n / (cm2 -s), whereas
the flux in the third chamber will be about a factor of
two lower. Capillaries of different diameters and dif-
ferent materials will be available for the transportation
of the fission products. The transport distance from
the source to the chemistry laboratory (in building
WBGA) has a length of about 60 m, resulting in a
transport time of the aerosols of about 10 seconds.

The irradiation position of the rabbit system will be
in the middle of the thimble-shaped neutron tube in-
side the moderator tank. The expected thermal neu-
tron flux at this position will be about 1-1013n / (cm2-s).

In the inner part of the SINQ the transportation of
the sample containers will be made with He. Outside
the SINQ facility the transportation medium will be
changed to pressurised air. The transportation tubes
of the transfer system from the neutron source to the
laboratory follow the same path as the gas-jet capillar-
ies. The resulting transport time of the samples will be
less than 10 seconds.

Another pneumatic transfer system will be installed
in the same neutron beam line for the Division of Ra-
diopharmacy. This system has its irradiation position
at a higher neutron flux (> 1014 n / (cm2 -s)) and will be
used for long-time irradiations for the production of
radionuclides with high activities.
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MULTIELEMENT DETERMINATION WITH HIGH RESOLUTION INDUCTIVELY
COUPLED PLASMA MASS SPECTROMETRY (HR-ICP-MS)

T. Döring, H.W. Gäggeler (Uni Bern & PSI), M. Schwikowski (PSI)

HR-ICP-MS helps to perform trace multielement analysis for samples where matrix problems prevent the
determination or where the concentration is below the detection limit of other methods.

Since 1985 ICP-MS instruments with quadrupole
mass filters are commercially available and exten-
sively used in multielement determinations at trace
levels. The advantages of mass spectrometry, such
as better detection limits (see Table 1) and the pos-
sibility to determine isotopic concentrations makes
ICP-MS superior to e.g. ICP-OES.

Nevertheless, one disadvantage of quadrupole
based ICP systems are the spectral interferences.
Besides isobaric interferences (2MHc/04Pb) and inter-
ferences from multiply charged ions the most impor-
tant interferences are formed from two or three atomic
molecule ions, which originate from the plasma
(C,Ar,H,O,N) or from major matrix constituents
(S.CI.N). Strong spectral overlap from molecule ions
like ArCT, ArAr*, ArhT, ArCI*. CIO* for instance
prevents the trace analysis of some elements like Ca,
K, Cr, Ti, V, Fe, Co, S, P, Cl, As.

For practical reasons we consider the mass
range from 6 to 81 atomic mass units (amu) as the
mostly influenced by spectral overlaps.

Our recently installed HR-ICP-MS, the Finnigan
MAT Element, is based on a new double focusing
magnetic field analyser and an electrostatic analyser
in reverse Near-Johnson geometry. The sample intro-
duction is performed by a free running Meinhard
nebulizer and a Scott-type spray chamber cooled at
+3°C. Ionisation takes place in a 27-MHz inductively
coupled plasma. After passing the sampler and skim-
mer cones the ions are accelerated with 8 kV. Due to
the curved ion path no photon stop is necessary,
which is used in quadrupole based systems, leading
to a very high ion transmission. The instrument is
working in three standard resolution modes (m/Am =
300,3000 and 7500). Over 90% of molecule ion inter-
ferences can be resolved with this mass resolution.

As an example, Fig. 1 shows the spectrum from
the chloride determination in a graphite sample after
dissolution in cone. HNOJ/HJSO,. Two molecule ions
disturb the determination of the nominal mass 35:
MSH and 18O16OH. They were separated from the
mass of 35CI with the high resolution mode (R=7500).
A computerised tool was developed to identify such
interferences by the distances between the masses
using a database of interferences. The ^Cl peak
could also be determined via the 37CI peak using the
known 3SCI/37CI isotope ratio.

Table 1 shows the detection limits (3o criterion)
for some selected isotopes used under the distinct
resolution conditions compared with detection limits

from ICP-OES. Note that higher resolution results in a
loss in sensitivity.
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Figurei : Spectrum of an acid solution ( 4% H2SO4/
16% HNO3 ) . To separate 3sCl from 3>S'H a mass
resolution > 5200 is required.

Table 1: Limits of detection (LOD) under similar con-
ditions

LOD HRICP-MS (ppt)
Resolution = 300

X206-208Pb(5);
111Cd(50);238U(0.5);
209Bi(1);138Ba(<10);
175l.u(<10);23Na(150);
79Br(50);
Resolution = 3000

56Fe(20); 59Co(<10);
48Ti(30);66Zn(10);
65Cu(10);44Ca(100);
58Ni(10);55Mn(10);
52Cr(<10);51V(<10)
Resolution = 7500

39K(800); 75As(50);
35CI(20000)

LOD ICP-OES (ppb)[1l

Pb(10);Cd(0.5);Ba(0.1);
Bi(10);Lu(0.6);Na(2.0);
Br(500000)

Fe(1);Co(2);Ti(1);
Zn(1);Cu(1);Ca(0.2);
Ni(0.3); Mn(0.3); Cr(1);
V(2)

K(20);As(15);CI(-)

For K, Cl, Ca, Pb, Br and Na the LOD is influ-
enced by the laboratory blank and does not neces-
sarily characterise the detection limit of the instru-
ment.
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DETERMINATION OF BLACK CARBON IN SNOW SAMPLES

V. Lavanchy, H.W. Gäggeler(Univ. Bern&PSI), U. Baltensperger(PSI) and

The sensitivity of our optical analyzer devoted to the analysis of black carbon (BC) on 0.2 \im pore size
Nuclepore filters could be significantly improved, decreasing the detection limit to 0.15 \xg C per sample.

We developed an optical analyzer measuring the
attenuation of a light beam due to black carbon [1].
Technical modifications improved the intensity of the
light beam with the result of a lower signal to noise
ratio. To minimize the noise of the clean filters, the
attenuation of the filters is determined at the same
spot before and after the filtration. This procedure
proved to be better than to measure the difference in
the attenuation of the sample spot and a clean part of
the same filter.

It is planned to apply the method to the determi-
nation of black carbon in ice cores. First experiments
performed with Nuclepore filters (0.2 um pore size)
yielded good results with a detection limit of 0.15 u.g
C. However, the filtration time was very high (45 min
for a 30-ml sample), jeopardizing the potential of the
method for a rapid screening technique. Therefore,
other filter materials (two cellulose nitrate membranes
(Sartorius and Schleicher & Schuell (S&S), both 0.1
urn pore size) and quartz fiber filters were included in
the investigation.

First, the filters were examined for the repro-
ducibility of the attenuation of the clean filters. Best
reproducibility was found for cellulose nitrate mem-
branes, followed by the quartz and the Nuclepore
filters.

Calibration was performed by preparing suspen-
sions of a commercial soot (FW-2, Degussa) with
milli-Q water. Figure 1 shows the result for three dif-
ferent filter types. From the slopes of the straight lines
the absorption coefficient o can be determined, yield-
ing values of 5.9 ± 0.33, 8.6 ± 0.5, and 13.5 ± 1.2.
m2/g for the Nuclepore, Sartorius, and S&S filters,
respectively. Apparently, the cellulose membranes
behave different to the Nuclepore filters, which will be
discussed below. The experimental errors were com-
parable for all filters, with about 15% at 1 u.g C.

Snow samples from the Grenz^letscher, Monte
Rosa area (sampled on 2.6.94) were analyzed using
all filters types. Filtration times were reduced by a
factor of two with the cellulose membranes, and the
filters were easier to handle. The results of these
measurements are shown in Fig. 2. It can be seen
that a certain sample size gives similar attenuation
values on all filter types. However, with the calibration
of Fig. 1, black carbon concentrations of 99 ± 13, 48 ±
5, and 28 ± 5 u.g C/kg result for the Nuclepore, Sar-
torius, and S&S filters.

Most probably, this result is due to a different be-
havior of the calibration soot and the snow soot on the
filters. The FW2 soot is probably characterized by
small particle sizes and therefore penetrates into the
membrane filters. In this case, multiple internal reflec-

tions enhance the optical absorption [2] of the soot
particles. In contrast, the soot particles in the snow
sample seem to be larger and are therefore situated
on top of the filter resulting in similar attenuation val-
ues for all filter types.
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Figure 1: Calibration of the optical analyzer with soot
suspensions filtered on different filter types.

0 5 10 15 20 25 30 35
weight of snow [g]

Figure 2.: Measurements of snow samples filtered on
different filter types.

Former measurements of the same snow, where
a calibration with a thermal method was performed
[1], yielded a black carbon concentration of 98 ± 5 u.g
C/kg. The new value from the Nuclepore filters is very
close to this former value, corroborating the above
hypothesis. More investigations will be carried in order
to achieve a better match of the behavior of the cali-
bration soot and the snow samples.
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A HISTORICAL DEPOSITION RECORD OF SULPHATE, NITRATE, AND
CHLORIDE FROM A HIGH-ALPINE GLACIER

A. Döscher, M. Schwikowski, S. Brütsch, ft Keil and U. Baltensperger (PSI),H. W. Gäggeler,
U. Schotterer (Univ. Bern & PSI), H. Bürki (Univ. Bern)

An ice core from a high-alpine glacier (Colle Gnifetti, Monte Rosa massif, 4450 m a.s.L, Switzerland) was
used to reconstruct the airpoliution history of Central Europe.

Sulphate and nitrate concentrations in Greenland
ice cores have increased since the beginning of the
industrial age, due to emissions of the precursor
gases SO2 and NOXI which were presumably domi-
nated by US emission sources. On the other hand,
high-altitude glaciers in the Alps are assumed to re-
flect more directly the anthropogenic emissions of
pollutants in Europe.

A 109 m long ice core was recovered during an
ice core drilling campaign in 1982 at Colle Gnifetti
(4450 m a.s.l.) [1]. The top 70 m were cut into 2.5-5
cm long samples and were analysed for the most
important acidifying species sulphate and nitrate as
well as for chloride.

Figure 1 shows the concentrations of sulphate
determined in 1150 samples representing the core
length of 60 m. Taking into account the measured
densities, this corresponds to 43.5 m water equiva-
lent. The time scale is defined by distinct stratigraphic
markers such as historically well-known Saharan dust
events in 1901/02, 1936/37 and 1977 (identified yel-
lowish layers accompanied by high concentrations of
calcium), the atomic bomb horizon in 1963 (identified
by tritium measurements) and volcanic eruptions
(identified by high sulphate concentrations accompa-
nied by high sulphate to calcium ratios). An independ-
ent dating by 210Pb (included in Fig. 1) corroborates
the time horizons until 1900.

One can observe the increase of high concentra-
tions of sulphate as a function of time. The short time
variability between high and low concentrations shows
the seasonally of the atmospheric aerosol caused by
the seasonality of the atmospheric stability. During
summer high concentrations of atmospheric aerosols
are found even at the highest sites in the Alps, result-
ing from convective mixing of planetary boundary
layer air. During winter these high-alpine sites are
decoupled from regional aerosol sources due to in-
creased atmospheric stability.

In order to estimate the begin and the end of the
increasing concentrations the data from Fig. 1A were
logarithmized resulting in Fig. 1B. Figure 1B clearly
shows an increasing trend for sulphate from 1870 to
about 1965. For nitrate an increase from 1930 to
about 1965 was obtained from corresponding graphs,
whereas the mean chloride concentration did not
show a trend [2].

In order to estimate factors of increase between
the "pre-industrial" and "industrial" time period, repre-
sentative time periods were defined and a variance

analysis between the two groups was performed.
Between the two time periods 1815-1865 and 1965-
1981 the mean sulphate concentrations increased by
a factor of 5.8±0.9 and the mean nitrate concentra-
tions by a factor of 2.3±0.3. These data show clearly
that the history of air pollution can be reconstructed by
analysing high-alpine ice cores.
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Figure 1'.Evolution of the sulphate concentrations from
an ice core in normal (A) and logarithmic scale (B).
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A HISTORICAL DEPOSITION RECORD OF AMMONIUM
FROM A HIGH-ALPINE GLACIER

A. Döscher, M. Schwikowski, S. Brütsch and U. Baltensperger (PSI)
H. W. Gäggeler, U. Schotterer (Univ. Bern & PSI), H. Bürki (Univ. Bern)

An ice core from a high-alpine glacier (Colle Gnifetti, Monte Rosa massif, 4450 m a.s.L, Switzerland) was
used to reconstruct the history of ammonium concentrations.

Historical records of ammonium deposition are
very scarce, compared to measurements of nitrate
and sulphate. Some observations concerning ammo-
nium are:
1) Ammonium concentrations in central Greenland

showed no overall anthropogenic increase, except
for spring where a doubling over the last 40 years
was observed. This can be explained by the influ-
ence of Eurasian sources [1,2].

2) Relatively constant levels of ammonium in precipi-
tation were reported for Rothamsted, UK, for the
period 1880 to 1980 [3].

3) An increase of ammonium deposition was ob-
served for the period 1950 to 1974 at several sta-
tions of the European atmospheric chemical net-
work, which was most pronounced for sites close
to central Europe [4].
An ice core from a high-altitude glacier in the Alps

was used to reconstruct the historical ammonium
depositions over Europe. Previous analyses of nitrate
and sulphate demonstrated the good quality of this
archive. Results for sulphate concentrations and dat-
ing of the core is summarised in [5].

Figure 1A shows the concentrations of ammonium
determined in 1308 samples representing a core
length of 70 m. Taking into account the measured
densities, this corresponds to 52 m water equivalent.
One can observe an increase of ammonium concen-
trations for modem times. The short time variability
between high and low concentrations is caused by the
pronounced seasonality due to the specific topogra-
phy [5].

In order to determine the trend of the ammonium
concentrations with time, 10-year averages were cal-
culated (Fig.1B). These 10-year averages consider to
a greater extent the development of the high concen-
trations, which correspond to summer precipitation.
The factor of the increase between the pre-industrial
time period (older than 1870) and 1970-1980 is about
3 (Fig.1B). We assign this trend to anthropogenic
ammonia emissions. Superimposed in Fig. 1B are
estimated anthropogenic ammonia emissions in
Europe for the period 1870 to 1980, indicating an
increase by a factor of two [6]. The agreement be-
tween our measurements and the estimated ammonia
emissions is reasonable taking into account that the
emissions are averaged values for the whole of
Europe.

Furthermore, logarithmizing the data from Fig. 1A
revealed one more interesting detail. We observed

two different developments: 1) The high ammonium
concentrations increased from about 1870 to about
1960. 2) The lowest concentrations (winter precipita-
tion) did not show an increasing trend. This is proba-
bly caused by the special seasonality of the ammonia
emissions, which are low during winter.
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Figure 1: Evolution of the ammonium concentrations
from an ice core (A). The time markers indicate
(radio) chemical signals found from atomic bombs,
Saharan dust and vulcanic eruptions. Comparison of
averaged concentrations of ammonium and emissions
of ammonia for Europe (B).
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CHEMICAL MASS BALANCES IN MIXED PHASE CLOUDS

M. Schwikowski, U. Baltensperger, S. Brütsch, R. Keil(PSI), H.W. Gäggeler(Univ. Bern&PSI)
and O. Poulida (Ispra)

Aerosol, cloud water and snow samples were simultaneously collected during snowfall at the high-alpine
site Jungfraujoch in order to quantify in-cloud scavenging of chemical species via the calculation of mass
balances.

For the removal of pollutants from the atmo-
sphere, precipitation is the most important process on
a global scale. One of the two main paths of precipita-
tion formation involves the growth of ice crystals at the
expense of cloud droplets in mixed-phase or cold
clouds (Bergeron-Findeisen theory). In order to study
scavenging processes of chemical species in precipi-
tating clouds, high-elevation mountain sites are par-
ticularly suited since they are within the cloud during
most of the precipitation events. The high-alpine re-
search station Jungfraujoch, Switzerland (3450 m
a.s.l.) was chosen as a suitable site for the investiga-
tion of interactions between aerosol particles, cloud
droplets and ice crystals.

In the framework of the EUROTRAC subproject
ALPTRAC, in-cloud field experiments were carried out
in April/May 1992 and in October/November 1993.
Altogether, 10 snowfall events were investigated with
a time resolution of 0.5 to 2 h for the chemical meas-
urements. During the snowfall events, aerosol, cloud
droplet and snow samples were simultaneously col-
lected for subsequent chemical analysis of ammo-
nium, calcium, chloride, magnesium, nitrate, sodium,
and sulphate. In addition, the cloud liquid water con-
tent (LWC) and the mass concentration of ice crystals
in air (ice water content, IWC) were measured [1]. By
this method, chemical mass balances between aero-
sol, cloud and ice phase could be obtained for the
measured species. This is a new approach in order to
understand overall air to snow scavenging efficien-
cies. In contrast to the conventional method of calcu-
lating scavenging ratios, where the concentration of a
species in the deposited snow is related to the con-
centration of the respective species in the surrounding

140

air [2], our concept allows to directly link the different
phases in the same air parcel.

To illustrate this new approach, the mass concen-
trations of sulphate in the three phases are shown in
Fig. 1 for two snowfall events. The mass concentra-
tion of sulphate in cloud water, e.g., is the mass of
sulphate contained in the cloud water of one cubic
metre of air. It is assumed that the aerosol sampler
collects interstitial aerosol as well as cloud droplets
whereas the cloud water collector samples only cloud
droplets [3]. Ideally, the cloud mass concentration of a
species should therefore not exceed the aerosol mass
concentration. The difference between both on
21.10.93 represents the uncertainty of the method.
The two events exhibit a few main features that were
generally valid for all events. 1. The mass concentra-
tions in all three phases can increase during the event
due to convection and entrainment. 2. The chemical
mass balance calculations revealed that only 47% of
the total sulphate mass was associated with the snow
(average of 8 events). 3. The overall snow scavenging
efficiency is rather low at such a high alpine site.

References
[1] Schwikowski et al., in: Transport and Transforma-

tion of Pollutants in the Atmosphere, P.M. Borrell
et al. (eds.) SPB Academic Publishers, Den Haag,
p. 1221 (1994).

[2] Baltensperger et al., in: Precipitation Scavenging
and Atmosphere-Surface Exchange, Hemisphere
Publishing Corpor., Washington, p. 483 (1992).

[3] Baltensperger et al., in: Transport and Transfor-
mation of Pollutants in the Atmosphere, P.M. Bor-
rell et al. (eds.) SPB Academic Publishers, Den
Haag, p. 973(1994).

600-

500-
Aerosol
Cloud
Snow

6:00 12:00 18:00 24:00

Figure 1: Sulphate mass concentrations in the three phases aerosol, cloud water, and snow during two snowfall
events on Jungfraujoch (left: 11.11.1993 and right: 21.10.1993).
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210Pb MEASUREMENTS AT THE JUNGFRAUJOCH

H.W. Gäggeler(Univ. Bern & PSI), D.T. Jost, U. Baltensperger, E. Rössler(PSI)

Monthly mean activity concentrations of 2l0Pb were determined at the Jungfraujoch from January 1991-
February 1995. The data exhibit a well pronounced seasonality similar to the one found for the total aero-
sol surface area and radon decay products at this site. The mean activity concentration of 2l0Pb is
240 [iBq/m3. This value is roughly a factor of three lower than at nearby low-altitude sites.

2l0Pb is a decay product of radon and often used
for nuclear dating of environmental archives such as
glacier ice cores [1]. The knowledge of its activity
concentration at high-alpine sites is therefore highly
desirable.

Since 1989, a device similar to the epiphanio-
meter is used to continuously determine the activity
concentration of the particle bound radon (220Rn) de-
cay products [2]. This device collects ambient air at
an average flow rate of about 4 l/min. Once every
month the particle filter (Nuclepore) is removed, trans-
ported to PSI and stored for one year. During this time
the secular equilibrium between the long-lived aerosol
borne 2l0Pb (T1/2 = 22.3 y) and its grand-daughter
nuclide 210Po (Tm = 138.4 d) is reached. Then the
filters are measured with surface barrier or PIPS de-
tectors for the 5.3 MeV a-line of 210Po.

Figure 1: Monthly mean activity concentrations of
210Pb in air at the Jungfraujoch.

Figure 1 shows the monthly mean activity con-
centrations of 210Pb between January 1991 and Feb-
ruary 1995. The activity concentrations exhibit a well
pronounced seasonality with maxima usually in
August. As already observed for the total aerosol
surface area [3] and the short-lived radon decay
products [2], this seasonality can be explained by
convective transport of air from the planetary
boundary up to trie Jungfraujoch during the summer
period. Our data are in contrast to theoretical
estimates, where the vertical distribution of the activity
concentration of this nuclide has a maximum at an
altitude of about 2 to 4 km [4], i.e. in the free
troposphere. It was speculated, that the discrepancy
between measured (see also [5]) and calculated verti-
cal distributions of this radionuclide might be caused
by shorter residence times than the assumed 7.2 days
used in [4].

The average activity concentration of 210Pb in air
at Jungfraujoch for the time period 1991 -1994 is 240
uBq/m3. Figure 2 shows the weekly mean activity
concentrations of 210Pb in air of Fribourg and

Oberschrot (close to Fribourg) and of Mte Ceneri [6].
The estimated average values are about 600 and 800
u.Bq/m3for the two locations, which is a factor of 2.5 to
3.3 higher than at the Jungfraujoch.
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Figure 2: Weekly activity concentrations of2l0Pb in air
at Fribourg/Oberschrot and at Mte Ceneri [6].

Quite often the behaviour of 210Pb in the atmo-
sphere is compared to that of sulfate. Both species
have gaseous precursors, radon and SO2l with com-
parable atmospheric life times. The release functions
from the earth surface (radon) or from the
anthropogenic emission sources (SO2) have no or
only a weak seasonal variability. It is interesting to
note that the ratio of the atmospheric aerosol sulfur
(i.e. mainly sulfate) concentrations between Payerne
and Jungfraujoch is 2.8 (for the years 1992 and 1993)
[6] and thus very similar to the 210Pb difference
between Fribourg and the Jungfraujoch.
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LIQUID WATER CONTENT OF HIGH-ALPINE CLOUDS

U. Baltensperger, DJ. Jost, M. Schwikowski (PSI), S. Nyeki (PSI & Essex-Univ.)

Long-term measurements of the cloud liquid water content at the Jungfraujoch show no significant
seasonal variation, giving evidence for smaller cloud droplets during summer when aerosol concentrations
are higher.

Anthropogenic aerosol particles acting as cloud
condensation nuclei (CCN) are believed to increase
the number concentration of cloud droplets, thus
decreasing the mean droplet size at a constant liquid
water content, increasing cloud albedo and affecting
the global radiative balance significantly. The actual
value of this indirect effect of radiative forcing by
aerosols is however associated with a large
uncertainty, and few measurements of the relevant
parameters are available. These facts call for more
detailed research on the aerosol - cloud relationship.

The high-alpine site Jungfraujoch, Switzerland
(3450 m asl) is very well suited to investigations of
this kind. Long-term aerosol measurements by means
of an epiphaniometer showed that the aerosol
concentrations are typically a factor of ten higher in
summer than in winter, due to enhanced thermal
convection [1]. In addition, in-cloud scavenging
experiments were performed, during two different
seasons (April/May, 1992 and October/November,
1993). These experiments showed that the formation
of a cloud was often accompanied by a nearly
complete elimination of the accumulation mode
particles (0.1-1 urn) indicating that a large fraction of
this particle size range was activated. The same
observation was true regarding selected chemical
species. As an example, the fraction of activated
sulfate was often close to 1, and no dependence on
the sulfate concentration was found [2].

Thus, the question arises, whether the seasonal
variation of the aerosol concentration results in a
seasonal variation of the droplet size in clouds. In
order to address this question, long-term
measurements of the cloud liquid water content
(LWC) were performed by a particulate volume
monitor (Gerber, PVM). Figures 1 and 2 show the
variations of LWC and cloud frequency and the LWC
frequency distributions, respectively, averaged over
each month since April, 1995. Obviously, there is no
significant seasonality and no significant correlation
between LWC and cloud frequency (r2 = 0.2).
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Figure 1: Seasonal variation of the median LWC and
cloud frequency.
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Figure 2: Frequency distributions of the cloud liquid
water content for each month between April and
November, 1995.

The median LWC for the whole time period
(0.093 g m"3) is very similar to the value obtained for
fogs and low clouds of the Swiss plains (0.09 g nrf3)
[3]. As a consequence, higher aerosol concentrations
on the Jungfraujoch during summer are most probably
associated with smaller drop sizes, corroborating the
impact of anthropogenic aerosols on cloud albedo.
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THE MEASUREMENT OF CLIMATICALLY IMPORTANT AEROSOL PARAMETERS
AT THE JUNGFRAUJOCH HIGH-ALPINE RESEARCH STATION

S. Nyeki (PSI & Essex Univ., UK), U. Baltensperger, S. BrQtsch, D. T. Jost, M. Schwikowski (PSI),
I. Colbeck (Essex Univ., UK)

Aerosol chemical and physical parameter measurements at the Jungfraujoch have been conducted to
determine the precise period when the site is influenced by convectively transported boundary layer air or
by the free troposphere.

Since July 1995 an ongoing aerosol field
campaign at the Jungfraujoch high-alpine research
station (3454 m) has been measuring climatically
important aerosol parameters. These include the
continuous measurement of (i): the total and backward
light scattering coefficient (integrating nephelometer),
(ii) black carbon concentration (aethalometer), (iii)
particle number concentration (condensation nucleus
counter) and (iv) the surface concentration
(epiphaniometer).

One aspect of this study has concerned the
transport of polluted boundary layer air by convection
to the site during the spring-summer months. The
precise determination of the diurnal time periods is
important for the inclusion of free tropospheric aerosol
data into global databases. In past studies using an
epiphaniometer it has been demonstrated that from
about April - September, the site is often influenced by
boundary layer air between 11:00 - 01:00 (Local
Standard Time, LST) while between 01:00 -11:00 the
site is in the free troposphere [1].

Analysis of the data sets from each instrument
used in this campaign support the idea of two distinct
diurnal time periods. Figures 1 and 2 illustrate the
diurnal variation in the aerosol black carbon and
number concentrations respectively for the indicated
months.

Dxij Ti«in Hoars (LSD

Figure 1. Diurnal variation of the aerosol black carbon
concentration. Monthly averages.

The curves illustrate that the above time periods
are generally apDlicable for the black carbon
concentration, while the CNC concentration attains a
minimum between about 02:00 - 09:00. The apparent
difference is probably not significant, given that the
definition of the maxima and minima are difficult to

determine due to the prevailing weather conditions
and due to the limited data set available.

With the approach of autumn the absolute values
are seen to decrease in both Figures, indicating the
decreasing influence of convectively transported air to
the site. In fact September values approach those
experienced in winter months and are more
representative of background tropospheric values with
respect to their absolute magnitude and their diurnal
variation.

Daily Ti i» in Hoon (LST)

Figure 2. Diurnal variation of the aerosol Number
concentration. Monthly averages.

Further insight into the aerosol species
responsible for the diurnal variations was given by the
collection of filter samples from July - September,
matching the periods 11:00 - 01:00 and 01:00 -11:00.
Cation and anion analyses (all major ions) were
conducted by ion chromatography and preliminary
results indicate the predominance of ammonium
sulphate aerosol throughout the duration of the
campaign. All measured chemical species illustrated
elevated concentrations from 11:00 - 01:00 as
opposed to the 01:00 - 11:00 period, although to
differing degrees. Furier in-depth analysis should
allow the identifica'oi. of likely sources (i.e.
anthropogenic and/c. atural) and help in
understanding the transport processes involved.
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VERTICAL TRANSPORT OF ATMOSPHERIC POLLUTANTS TO THE
JUNGFRAUJOCH

M. Lugauer, U. Baltensperger, M. Furger, D. T. Jost, M. Schwikowski (PSI)
and H. W. Gäggeler (Univ. Bern & PSI),

Aerosol measurements are used to identify atmospheric transport processes to a high alpine site.
In summer, high aerosol concentrations at the Jungfraujoch can often be attributed to convection.

Alpine topography influences the vertical mixing
of aerosols and gaseous trace species in the lower
troposphere significantly. This work focuses on the
vertical transport of pollutants forced by thermally
driven, convective wind systems. Starting point of our
investigation is a now eight-year long time series of
aerosol data measured by the epiphaniometer [1] at
the high alpine research station Jungfraujoch, situated
at 3454 m a.s.l. in the Swiss Alps.

In our first investigation we analysed statistically
aerosol data of different measuring techniques. The
epiphaniometer signal is proportional to the Fuchs
surface of the aerosol. During field experiments the
chemical aerosol composition was determined. We
investigated the correlation between the sum of the
sulfate, nitrate and ammonium concentrations and the
epiphaniometer data. The high correlation coefficients
(Table 1) corroborate that sulfate and nitrate salts are
an important part of the aerosol detected with the
epiphaniometer. Another correlation analysis was
done with epiphaniometer data and the total number
concentration of aerosol particles with a diameter
d>0.1 urn measured with an optical particle counter
(LASX). Again the high correlation supports the
assumption that the main part of the atmospheric
aerosol at the Jungfraujoch lies in the accumulation
mode (0.1-1 urn). Aerosol particles in this size range
are suitable tracers for tropospheric transport pro-
cesses on a time scale up to 5 days.

The epiphaniometer has a time resolution of 30
minutes. Hence transport processes with a daily cycle
like convectively induced vertical mixing can be
resolved easily. We anticipate that local convection is
the process responsible for seasonal and daily fluc-
tuations in the aerosol concentration of one order of
magnitude, as can often be seen in the epiphaniome-
ter signal [2].

In order to corroborate this hypothesis we used
the convection model ALPTHERM [3]. This model
makes use of the fact that the intensity of convection
and therefore the upper height of the convective layer
depends strongly on the atmospheric conditions of a
specific day and additionally on the underlying topo-
graphy h(x,y). In Fig. 1 we see three temperature and
dewpoint profiles as simulated by the model. Each
pair of curves correspond to the structure of the lower
troposphere at 16 CET on 19.06.89 above the to-
pography of different regions. At this day the upper
limit of the mixing height is marked by the strong gra-
dient in the dew point profile (marked by arrows) and
a less pronounced temperature inversion. Obviously

Table 1: Correlation Coefficient between different
aerosol parameters

Mar 90
Jan/Feb 91
Apr/May 92
Oct/Nov 93

Total

r(epi.ions) (N*)

0.79 (51)
0.91 (35)
0.83 (77)
0.78 (85)
0.86 (248)

r(epi.LASX)
(N*)

0.77 (46)
no data

0.91 (75)
0.78 (59)
0.89 (180)

N*: number of common observations
the mixing height in the Aletsch region (south of the
Jungfraujoch) is higher than in the Interlaken region
(north of the Jungfraujoch). The Payeme profiles
show the mixing height above the Swiss plains.
Therefore pollutants originating in the Wallis valley
can be mixed higher than in the region north of the
Jungfraujoch. Whether the Jungfraujoch will have
"clean" air from the north or a "polluted plume" from
the south depends then on the horizontal wind field at
this level.
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curves) profiles calculated for 16 CET on 19.06.89.
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FIELD STUDY OF VEHICLE EMISSION FACTORS IN A ROAD TUNNEL

E. Weingartner (PSI & ETHZ), C. Keller, W. A. Stahel, H. Burtscher (ETHZ) and
U. Baltensperger (PSI)

Within the framework of the EUROTRAC subproject GENEMIS, continuous measurements of aerosol
emissions were performed in the Gubrist tunnel, a 3'250 m long freeway tunnel near Zürich from 20.9 to
26.9.1993. Reasonable emission factors were found for diesel engines. This was not the case for the
gasoline engines, due to the dominance of the diesel emissions. Moreover, changes of the aerosol
characteristics were observed due to aging effects during the residence time in the tunnel.

The first measuring station was located about
100 m after the tunnel entrance, where freshly emitted
particles were measured. The second station was
located 100 m before the tunnel exit, where a mixture
of fresh and aged particles was present. Because of
the one-way traffic, the wind field was produced by
car movements only. In the sampling lines at the
tunnel entrance and exit an impactor removed all
particles with an aerodynamic diameter >3u.m. Then,
the following quantities were continuously measured:
• particle mass concentration (PM3)
• concentration of particle bound polycyclic aromatic

hydrocarbons (PPAH)
• Fuchs surface (FS)
• black carbon mass concentration (BC).
In addition, aerosol size distributions were measured.

Besides these aerosol measurements, several
methods to determine the traffic composition were
applied [2], which allowed to determine emission
factors for certain vehicle categories and speed
classes by linear regression. The results (see Table 1)
clearly show that the particulate emissions are almost
completely produced by diesel vehicles. The PM3
data from diesel engines obtained in this study agree
fairly well with values determined by other authors in
tunnel measurements and at engine test benches.
These are mainly heavy duty vehicles because the
amount of diesel passenger cars is very low. Negative
emission factors are estimated for PM3 and BC
produced by gasoline powered vehicles.

Furthermore, the changes of the characteristics
of combustion aerosols during their residence time in
the freeway tunnel were investigated. Typical aging
effects of combustion aerosols in the atmosphere are
adsorption or desorption of semi-volatile material on
or from the particle surface [1], restructuration and
aggregation processes, as well as degradation of
particle bound volatile material as for example
polycyclic aromatic hydrocarbons (PAH). These
processes change the physical and chemical
properties of the particles. Figure 1 illustrates that
during weekdays a BC to PM3 concentration ratio of
about 0.5 was obtained at the tunnel entrance and a
ratio of approximately 0.3 at the tunnel exit. This
means that about twice as much material is adsorbed
on the particle surface at the tunnel exit compared to
the tunnel entrance. During the weekend we
measured lower ratios, which means that the fraction
of adsorbed material was higher. This is due to

another car mix during the weekend compared to the
weekdays, because on Sunday less heavy duty
vehicles pass the tunnel.

Table 1. Emission factors and error estimates

PM3
gasoline

diesel
BC

gasoline
diesel
PPAH

gasoline
diesel

FS
gasoline
diesel

Emission
factor

-0.84
313.0

-1.77
98.0

0.010
2.70

18.7
411.0

Standard
error

1.36
12.1

0.58
6.8

0.036
0.30

25.8
141.0

[mg/km]
[mg/km]

[mg/km]
[mg/km]

[mg/km]
[mg/km]

[arb. units]
[arb. units]

1.25

1.00

2^0.75
O
00

0.50

0.25

0.00
12:00 12:00 12:00 12:00

Figure 1: Temporal variation of the black carbon (BC)
to PM3 concentration ratios at the tunnel entrance
(triangles, freshly emitted aerosols) and exit (circles,
aged aerosols).
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PRESSURE DROP ACROSS FIBER FILTERS

E. Weingartner (PSI & ETHZ), P. Haller (AC-Laboratorium Spiez), H. Burtscher (ETHZ) and
U. Baltensperger (PSI)

Glass fiber filters are often used as gas cleaning devices. As a filter removes particles from a gas stream,
the initial pressure drop across the filter increases. As a result of pressure drop limitations of the exhaust
fan, the flow rate through the filter will decrease. This is of serious concern if, for example, the air outside
of a shelter has to be cleaned from toxic or radioactive particles. Earlier, the pressure drop as a function
of the deposited mass was measured in two field experiments by collecting either a rural aerosol or an
aerosol emitted from a quarry [1], Here, we present data from a laboratory study with combustion particles
emitted from a diesel engine.

The exhaust, gas of a diesel engine was fed into
a smog chamber (95 m3) where the aerosol was
diluted with dry air. To prevent condensation of water
onto the particles the temperature of the exhaust pipe
was >100°C. Inside the smog chamber a fan made
sure that the aerosol was well mixed with the dilution
air. By humidifying and cooling the air in the smog
chamber it was possible to generate a dense fog. The
particle mass cc centration was measured with a
tapered element oscillating microbalance (TEOM)
operating at 50°C. In addition, size spectra were
continuously measured with an SMPS system
(differential mobility analyzer combined with a
condensation particle counter). The pressure drop
was measured on circular test filters (H14 quality) with
an exposed surface of 20 cm2. The flow rate of 106
l/h through the filters was regulated with flow
controllers. Three identical sets of filters were tested
simultaneously. The SMPS and pressure drop
measurements were always performed at ambient
temperature (20°C).

Figure 1 shows the pressure drop across the
filter as a function of the mass loading of these filters
for two different conditions (i.e. for dry conditions
(smog chamber temperature T = 20°C and relative
humidity (RH) <80 %) and for a fog condition (T =
12°C and RH > 100 %). The corresponding mass
concentrations measured with the TEOM were 8.4
and 9.6 mg/m3, respectively.

Obviously, the pressure drop for a given mass
loading was lower (by 25%) for particles which passed
through a cloud cycle than for particles which did not
experience high RH. This may be explained by a
restructuration of the aerosol particles. Figure 2 gives
two typical number size distributions and illustrates
that particles that passed through a humidification
cycle become smaller. This restructuration is more
distinct for larger particles (d>200 nm) and is due to
the non-spherical, fractal-like structure of these
aggregates. Condensed water in small angle cavities
causes the aggregates to collapse [2], which leads to
a smaller pressure drop across the filter. This is also
illustrated by the comparison with the field
experiments: for a given mass loading, the pressure
drop by the diesel particles was 4 times higher than

**•for the rural aerosol and 10 times higher than for the
quarry aerosol.
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Figure 1: Pressure drop across the filter vs. mass
loading. Two series of measurements are shown. In
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dense fog in the chamber (circles). At a mass loading
of 3.8 mg the fog generation was stopped (triangles),
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Figure 2: Size spectra of a dry aerosol (triangles) and
an aerosol subjected to a cloud cycle (circles).
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HETEROGENEOUS REACTION OF 13NO2 WITH CARBON AEROSOLS

M. Kalberer, H.W. Gäggeler(Univ. Bern & PSI), K. Tabor, Y. Parrat, E. Weingartner, D. Piguet,
E. Rössler, D.T.Jost, A. Wrier, U. Baltensperger (PSI),

The interaction of I3NO2 with different carbon aerosols was investigated. "N was produced at the Philips
cyclotron of the PSI. The sticking coefficients obtained from the aerosol experiments are a factor of 100 to
1000 smaller than the one resulting from bulk experiments with the identical carbon material indicating the
importance of in situ investigations.

Nitrogen oxides, mainly produced in fuel com-
bustion, are involved in many processes relevant for
atmospheric chemistry. NO2 and NO are together with
VOC's responsible for high tropospheric ozone con-
centrations during summer smog situations. Nitrogen
oxides also play an important role in the ozone deple-
tion processes in the stratosphere.

The reaction of nitrogen oxides with solid sur-
faces and in particular with rfal aerosol particles are
not well known.

For this study 13N was produced at the Philips
cyclotron of PSI in the nuclear reaction 16O(p,cc)13N.
After the target chamber the 13N species were re-
duced to 13NO over molybdenum. The "NO was
transported in a polyethylene tube to the chemistry
laboratory, where it was oxidised to NO2 over CrO3.

The aerosol was produced with a spark
discharge generator or with a brush generator. After a
coagulation chamber the aerosol passed a differential
mobility analyser (DMA) where a mondisperse size
cut was selected. The mondisperse aerosol was
mixed with the 13NO2. After a defined residence time in
the reaction chamber the different gaseous reaction
products as well as the particle-bound 13N were
measured. The aerosol passed several selective
traps, where the following compounds could be ana-
lysed separately, simultaneously and on-line:
HNO3(g), NO2(g), NOy (adsorbed to aerosol particles)
and NO(g). Behind each trap a 7-spectrometer meas-
ured the ß*-decay of the decaying 13N (TI/2=9.96min).

From the ratio of the particle-bound 13N activity
and the total 13N activity (which was measured prior to
the mixing with the aerosol) the attachment coefficient
of NOj to the investigated aerosol can be derived.
With a monodisperse aerosol of a known diameter,
the sticking coefficient can be calculated from the
attachment coefficient.

Figure 1 shows the sticking coefficients as a
function of the aerosol diameter [1]. Two different
kinds of carbon aerosols were investigated. Within the
experimental uncertainties there was no difference in
the sticking coefficients of NO2 to the 'spark dis-
charge' aerosol (pure carbon electrodes) and the
'brush generator' aerosol (FW2, amorphous carbon,
Degussa).

Figure 1 also shows the result from bulk ex-
periments with FW2 [2]. The sticking coefficients ob-
tained from the aerosol experiments are a factor of
100 to 1000 smaller than the one resulting from the

bulk experiments. Most probably this difference is
explained by the fact that in the bulk experiments the
interaction time between NO2 and the surface of the
solid phase was underestimated.
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PRODUCTION OF NH4CI AND (NH,)2SO4 AEROSOLS AND INTERACTION
WITH IODINE

M. Kalberer, H. W. Gäggeler (Univ. Bern & PSI), B. Eichler, R. Dressier, U. Baltensperger (PSI),
S. Hübener (FZ Rossendorf)

NH4CI and (NHJ2SO4 aerosols were produced by an evaporation condensation process and introduced
into a gas-jet system at the accelerator of the Forschungszentrum Rossendorf (FZR), Germany. The ad-
sorption of iodine to these two atmospherically relevant aerosols and their desorption as a function of
temperature was investigated.

Halogens are of great interest in atmospheric
chemistry. Natural and anthropogenic halogen com-
pounds play a key role in the ozone depletion
processes in the stratosphere. • Whereas the relevant
gas phase reactions are well known the heteroge-
neous interactions of gas phase molecules with solid
or liquid surfaces are still not well understood.

In an earlier study [1] iodine and bromine adsorp-
tion to graphite and silver aerosols was investigated.
The present work focuses on the adsorption of iodine
to NH4CI and (NH4)2SO4 aerosols, which belong to the
main components of the atmospheric aerosol. To get
an aerosol with a constant particle concentration and
size distribution the corresponding salts were pressed
to pills of 10mm diameter and 3mm height. 2 - 3 pills
were heated in a glass tube in a tubular oven, at a
temperature of 200°C and 240°C for NH4CI and
(NH4)2SO4, respectively. Under these conditions aero-
sol distributions and concentrations could be kept
constant over several hours with a mean diameter of
about 200nm and 100nm for NH4CI and (NH4)2SO4,
respectively, and a particle concentration of 106 par-
ticles/cm3 for both aerosols.

The aerosols were introduced into the gas-jet
system at the U-120 cyclotron of the FZR. In the tar-
get chamber iodine was produced as a fission product
of an uranium target which was irradiated with neu-
trons. The neutrons were produced in the nuclear re-
action 9Be(d,n)10B.

Iodine adsorbed to aerosol particles as well as in
gaseous form was transported through a polyethylene
capillary from the target chamber to the laboratory.
The iodine activity was measured on a glass fiber filter
positioned on a Ge-detector using the 1313-keV line
of 136I. To determine the fraction of the iodine not
adsorbed to the aerosol particles, a silver coated
quartz tube was put in line prior to the detector. The
gaseous iodine adsorbed quantitatively to the wall of
the tube, whereas the particulate fraction passed
through the tube to the detector. 70% of the measured
iodine activity was adsorbed to the NH4CI aerosol
particles, and 87% to the (NH4)2SO4 aerosol particles.

To determine the desorption of iodine from the
aerosol particles, the silver-coated quartz-tube was
heated in a modified gaschromatographic oven. The
desorption time in the oven was 10s. Figure 1 shows
the desorption curves for NH4CI and (NH4)2SO4

aerosols. In order to correct for the variability of the

experimental parameters such as the beam intensity,
all values were normalised to the 94Sr activity, which
absorbs strongly to the aerosol particles. For the
NH4CI experiments this normalised activity was set to
one for room temperature. For the (NH4)2SO4

experiments the average of the datapoints between
room temperature and 100°C was normalised to one.
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Figure 1: Desorption of iodine (3el) from NH4CI
(D)and(NH4)2SO4( B)aerosols.

In the experiments with NH4CI aerosol the ad-
sorbed iodine activity decreased continuously with
increasing temperature. Above about 140°C the iodine
was quantitatively desorbed. The iodine desorption
from (NH4)2SO4 aerosol particles showed a different
behaviour: only above a temperature of 100°C
desorption was observed. The apparent increase of
the relative activity between 20°C and 100°C, is most
probably due to unknown experimental errors, so that
we assumed a constant value over this range.
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CROSS SECTION MEASUREMENTS FOR THE PRODUCTION OF 10Be AND XC\ IN
THE ATMOSPHERE

Y. Parrat, W. Hajdas, U. Baltensperger (PSI), H.W. Gäggeler (Univ.Bern & PSI), H.-A. Synal, P.W. Kubik,
M. Suter(ETHZ) andJ. Beer(EAWAG)

Cross sections of the reactions wsN(p,X)'°Be and '°Ar(p,XfBCI were measured by irradiation of gas
targets, Different energy dependencies were observed for the two excitation functions, which could
explain the fluctuations of the 10Be/BCI concentration ratios observed in Greenland ice cores.

Cosmic rays produce long-lived radionuclides in
the atmosphere by interactions of protons and
neutrons with nitrogen, oxygen (for 10Be), and argon
(for ^Cl). The long half-lives of '"Be (1.5-106 years)
and 36CI (3.0-105 years) make them very useful for a
wide range of applications e.g in geophysics,
hydrology or solar physics.

For dating applications, these nuclides are not very
suitable since their production rates are not constant
due to modulations of the galactic cosmic ray flux by
the solar activity. Moreover, the production by low
energy solar cosmic rays could become important
during sporadic solar flare events. In order to improve
the dating of ice cores from Greenland, attempts were
made to measure the '"Be/^CI ratio [1] which should
be independent of the cosmic ray flux variations.
However, these ratios were not constant, which was
assigned to different atmospheric transport
processes: after production, 10Be is attached to
aerosol particles, whereas ^Cl presumably forms
gaseous HCI.

Different energy dependences of the reaction
cross sections are another possible reason for the
observed fluctuations of the '"Be/^CI ratio. In this
context, a calculation of the production rates of both
nuclides through galactic and solar cosmic rays is of
great importance. Different models for reaction cross
sections are available such as preequilibrium decay
models [2] or spallation models [3].
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Figure 1: Cross sections of the reaction 40Ar(p,XfsCI.

However, production rate calculations carried out
with spallation models do not agree with worldwide
measured deposition rates, which results in an urgent
need for measurements of these reaction cross
sections.

Therefore, we developed a gas target technology
in order to irradiate argon and nitrogen samples. The
cross sections for the production of 36CI and 10Be are
presented in Figures 1 and 2, respectively. The
results for the reaction W5N(p,X)'°Be are in good
agreement with cross sections obtained by irradiation
of solid Si3N4 targets [4, 5], showing that the gas
target method is suitable. The excitation function of
the reaction 40Ar(p,X)36CI shows two maxima; the first
one, at an energy of about 20 MeV corresponds to the
(p.ntx) reaction, whereas the second one corresponds
to an uncorrelated emission of two protons and three
neutrons.
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Figure 2: Cross sections of the reaction u/lsN(p,X)'°Be

Due to the low energy of the solar cosmic rays, the
high cross section obtained at 20 MeV for 36CI could
be of great importance. Since the threshold energies
of the reactions 14-15N(p,X)10Be and l6J7'18O(p,X)10Be are
too high for a significant 10Be production through solar
cosmic rays, the variability of the "Be/^CI ratio could
not only be caused by different atmospheric transport
processes, but also by different production channels.
This assumption has to be verified with a production
rate calculation using the measured excitation
functions.
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FIRST ON-LINE GAS CHEMISTRY OF ELEMENT 106 (SEABORGIUM)

A. Türler for a LBNL Berkeley - University Bern • FLNR Dubna - GSI Darmstadt - TU Dresden - Chalmers
University of Technology Göteborg • GH Kassel - ITS and LLNL Livermore - University Mainz -

University Oslo - FZ Rossendorf• JAERI Tokai - PSI Villigen collaboration

For the first time the chemical properties of element 106 (Sg = seaborgium) were successfully studied
using the On-line Gas Chromatography Apparatus (OLGA III). Under conditions optimized with carrier-free
activities of the lighter homoiogues Mo and W, the nuclides 265Sg and 266Sg were identified after the
chemical separation of seaborgium oxichlorides. In addition, the half-lives of 265Sg and zceSg were
measured for the first time.

As a member of a large international collaboration
to study the chemical properties of Sg at the GSI
UNILAC accelerator in Darmstadt, the group "Heavy
Elements" of the Labor für Radio- und Umweltchemie
contributed one of three experimental approaches.
The PSI On-line Gas Chemistry Apparatus (OLGA)
was the first and so far only technique which allowed
to chemically isolate single atoms of Sg in the form of
volatile Sg-oxichloride molecules and detect the char-
acteristic decay properties of the studied nuclides.

Conditions for an isolation of Sg were optimized
by studying the Chromatographie behavior of homolo-
gous Mo- and W oxichlorides with SOCI2/CI2 and
O2/SOCI2/Ci2 as chlorinating agents. Short-lived Mo-
isotopes were produced from a 235U fission target at
the U-120 cyclotron at the Forschungszentrum
Rossendorf, whereas short-lived W-isotopes (165W -
169W) were produced in the 20Ne on 152Gd reaction at
the PSI PHILIPS cyclotron. At both facilities a He/C-
jet was used to rapidly transport the reaction products
to the chromatography apparatus. The volatility of the
Mo compound indicated the formation of MOO2CI2 for
which an adsorption enthalpy (AHa

ofn) of -90 kJ/mol
was measured, while W formed the less volatile com-
pound WO2CI2 (AHa°0") = -100 kJ/mol). It was dem-
onstrated (i) that for isothermal temperatures above
275 CC retention times are less than 10 s, and (ii) that
the separation from group 4 (HO and group 5 (Ta)
elements is good.

In a first experiment at the GSI UNILAC accelera-
tor a 248Cm target (= 950 ng/cm2) was bombarded
with 121 MeV ^Ne ions. The OLGA was operated at
isothermal temperatures between 300°C and 400°C.
As reactive agents 100 ml/min CI2 saturated with
SOCI2 and 2 ml/min O2 were added. Spontaneous
fission decays and a-decays were registered with the
GSI Rotating Wheel Multidetector Analyzer ROMA. In
the ROMA system, the separated activities were de-

posited on thin polypropylene foils (30-40 u.g/cm2) at
the periphery of a 64-position wheel. Every 10 s, the
wheel was stepped to move the collected activity
between 7 pairs of PIPS detectors. Due to geometric
limitations the detector pairs were two wheel positions
apart and the wheel was moved two positions at the
time. All events were registered in an event-by-event
mode. Due to a long-lived contamination from 212Po in
the 8.8 MeV region, where a-decays of 265Sg are
expected, the significance of the observed event
chains had to be improved. Therefore, we imple-
mented a mother-daughter recoil mode for ROMA. In
this mode every second position on the wheel remains
empty. Whenever an a-particle with the decay energy
of 265Sg or 266Sg (between 8.5 and 9.0 MeV) was
detected in a bottom detector, it was assumed that
the daughter nucleus, 261Rf or 262Rf recoiled out of
the KCI deposit on the polypropylene foil into the top
detector. Such an event initiated the daughter search
mode by causing a single step. In this mode the
sources were removed from the detector pairs and
empty positions were moved in-between. The system
waited for 2 min for the decay of the daughter
nuclides, before the parent mode was resumed.

In Tab. 1 all event chains attributed to the decay
of 265Sg or 266Sg are summarized. Two correlations
observed in the daughter mode allowed the clear
identification of 265Sg. In addition, one very significant
triple correlation was observed in the parent mode.
Furthermore, a clear signature for the decay chain
266Sg ->262Rf was registered.

From the observed a-decays we obtain (68%
confidence interval (c.i.)) for

2 6 5Sg: T1/2 = 7.1!2
856 s and c = 270^ fg pb, and for

2 6 6Sg: T1 /2 = 34+1
1|3 s and a = 5 0 ! } ] 5 pb.

Table 1:265,266sg events observed after chemical separation with OLGA I

E1
JMeV)

8.86
8.84
8.85

8.56

dt1

(s)

2.8
27.3
0.6

48.9

E2
(MeV)

8.38
8.13
8.30
SF

dt2

(s)

31.0
53.3
48.4
2.8

E3
(MeV)

8.05

-

dt3

(s)
14.8

-

Mode

MD
MD
MD

Decay assignment

265Sg_>261Rf_>257No

265S g->261R f o r257N o
265Sg->261R f o r257N o

266Sg_>262Rf

Isothermal Temperature.

400 °C
300 °C
300 °C

400 °C
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STUDIES OF Mo-OXICHLORIDES AS HOMOLOGUES OF ELEMENT 106

A Türler, B. Eichler, DJ. Jost, R. Dressler, D. Piguet(PSI), H.W. Gäggeler(Univ. Bern&PSI)
S. Hübener, M. Boettger, M. Grantz (FZ Rossendorf)

In preparation for an experiment to study the chemical properties of element 106 (Sg = seaborgium) using
the On-line Gas Chromatography Apparatus (OLGA III), experimental conditions were optimized with
short-lived carrier-free activities of the lighter homoiogue element Mo.

Vapor pressure curves measured for macro-
scopic amounts give a good relative measure of the
volatility of compounds. In Fig. 1 the vapor pressure
curves of the monoatomic gas over the respective
solids for Mo- and W-chlorides and oxichlorides are
shown [1,2]. For Mo the compound MOO2CI2 has the
highest volatility, whereas the pure chloride M0CI5 is
not stable at higher temperatures and decomposes. In
contrast to WCI6, the compound M0CI6 is not stable.

100 150 200 250 300
Temperature [°C]

350 400

Figure 1: Vapor pressure curves of group 6 chlorides
and oxichlorides.

Short-lived Mo isotopes were produced from a
235U fission target at the U-120 cyclotron at the For-
schungszentrum Rossendorf. At the U-120 cyclotron
neutrons can be produced in the reaction 9Be(d,n)10B.
A He/C aerosol gas-jet was used to rapidly transport
the reaction products to the chromatography appara-
tus. Two different chlorinating systems were tested.
Namely, 300 ml/min O2 which was saturated with
SOCI2 vapors at room temperature and 100 ml/min
O2 with traces of HCI (0.5-15 ml/min). The PSI tape
system was used to subsequently step the separated
activities in front of a HPGe detector where the char-
acteristic y-rays of Mo isotopes were registered. In
this manner long-lived activities were suppressed. The
nuclides 58.8-s 104Mo and 35.6-s 105Mo were identi-
fied after chemical separation.

With the mixture O2/SOCI2 as reactive gases, the
yield curve shown in Fig. 2 was measured. The vola-
tility of the Mo compound indicated the formation of
MOO2CI2 for which an adsorption enthalpy (AHa

0^) of
-90 kJ/mol was measured. This value was in agree-
ment with an earlier measurement [3]. The absolute
chemical yield could not be determined, due to the
fact that the pressure in the target chamber could not
be maintained, when the unseparated activities were

collected directly on the tape system. Pressure differ-
ences in the target chamber greatly affected the range
of fission products in He and thus the transport effi-
ciency.

100 •

80 -

60

2

5
I 40

CD
CC 20 -

'MoCr,a = 58.8 s), 68.8 keV

- 90 kJ/mol
(Monte Carlo model)

100 400150 200 250 300 350
Temperature (°C)

Figure 2: Yield curve measured for Mo-oxichloride
with OsfSOC^ as reactive agents.

With O2/HCI as reactive gases, about 3 times
higher yields were observed at 350cC isothermal tem-
perature. When measuring the yield curve, the yield
slowly decreased, but even at 100°C 104Mo and
105Mo were still clearly identified. Obviously a different
Mo compound was formed. We attributed this
behavior to a chemical transport reaction, which
previously had been described in the literature [4]. It
appeared as if in the reaction with HCI a volatile
intermediate species of the form MoC^C^-^O was
formed.

Apparently, the chemical yield in the O2/SOCI2
system was rather low (< 20%). The low yield was at-
tributed to the formation of SO3 droplets in the reclus-
ter chamber which significantly interfered with the re-
clustering process and also the deposition of the ac-
tivity on the tape. This problem could only be solved in
subsequent studies by using CI2 saturated with SOCI2
and traces of O2 as reactive gases.
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ON-LINE GAS CHROMATOGRAPHY OF TUNGSTEN OXICHLORIDES

M. Gärtner, H.W. Gäggeler (Univ. Bern & PSI), R. Dressier, D.T. Jost, B. Eichler, A. Türler (PSI),

Short-lived nuclides of Hf and W, which are homologues of elements 104(Rf) and 106(Sg) were utilized to
investigate the possibilities of their separation using OLGA III.

Thermodynamic predictions indicate that Sg
should form a stable, volatile oxichloride complex [1],
similar to the homologue WO2CI2. In order to study the
chemical properties of Sg in the gas phase, it was es-
sential to optimize the chemical separation procedure
using short-lived W nuclides. In our gaschromato-
graphic separation the following Doints are of crucial
importance:
• The chemical procedure has to ensure the forma-
tion of a single, stable compound, which is not sensi-
tive to small variations of experimental parameters.
• The procedure has to guarantee an efficient forma-
tion of the oxichloride. At the same time samples suit-
able for high resolution a- spectroscopy should result.
• In order to clearly identify Sg after chemical sepa-
ration, Rf isotopes should also be retained in the
chemistry. Therefore, a possibility to separate Hf from
W should be explored.

Short-lived W nuclides were produced in the
^GdfNe.xn)166"16^ reaction at a beam energy of 153
MeV at the PSI PHILIPS cyclotron. Simultaneously,
short-lived Hf nuclides were formed in cc,xn reactions.
The reaction products were rapidly transported to the
OLGA set-up by means of a He/C gas-jet. The follow-
ing parameters were studied:
1.) Clj/SOCL, as reactive agents: Literature data [2]
indicated that with a mixture of O^SOCIj the com-
pound WO2CI2 was readily formed. However, long
term stable yields could not be achieved. We ob-
served a condensate in the recluster chamber attrib-
uted to the formation of SO3 droplets, which drastically
reduced the a-resolution. Therefore, the chlorinating
system 100 ml/min Cl2 saturated with SOCL, was
tested. No additional O2 was added since O2 impuri-
ties were present due to diffusion processes through
the capillaries.

150 200 250 300
Temperature [°C]

350

Figure 1: Yield curve for 19.9-s I67W.
The reaction oven was operated at 950°C. High

yields were observed at > 300°C (Fig. 1). An adsorp-
tion enthalpy of -100 kJ/mol was deduced from an
analysis with the Monte Carlo model.
2.) Variation of the O2 content with CL/SOCL, as re-

active agents: The reaction oven was operated at
980°C and the iso-thermal temperature kept constant
at 350 °C. The yield of W remained almost independ-
ent of the O2 concentration, whereas Hf was retained
at O2 flow rates of > 60 ml/min (Fig. 2). However, due
to the mentioned disadvantages of O2, the variation of
the O2 concentration is not suitable to separate Hf
from W.

>

I
20 40 60
O2-FI0W [ml/min]

Figure 2: Yield of ICBW and iesH as function of added O2.

3.) Variation of the reaction oven temperature:
With 100 ml/min CL/SOCI2 and at an isothermal tem-
perature of 350°C the temperature of the reaction
oven was varied (Fig.3). While the yield of W in-
creased slowly with temperature, Hf was completely
retained up to 875 °C. At higher temperatures the Hf
yield increased to reach maximum yields at about
975°C. Presently, it is not clear whether at these tem-
peratures a different species is formed or if a chro-
matography takes place on the quartz wool plug.

800 850 900 950
Temperature [°C]

1000

Figure 3: Variation of the reaction oven temperature.
The chlorinating of short-lived W nuclides with

CL/SOCI2 produced a compound which was volatile at
300°C. The yield was not sensitive to variations of the
O2 concentration and the reaction oven temperature.
A separation from the group 4 element Hf can be ac-
complished at reaction oven temperatures < 900°C.
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ISOTHERMAL GASCHROMATOGRAPHY OF SHORT-LIVED HF ISOTOPES AND
ELEMENT 104 IN CHLORINATING CARRIER GAS

B. Eichler, A. Türler, DJ. Jost, R. Dressier (PSI), M. Gärtner, H.W. Gäggeler (Univ. Bern & PSI)

Based on thermodynamic state functions retention times of Hf and element 104 were calculated in the
case of the simple adsorption of the tetrachlorides and the case of a complex adsorption involving a
substitution process with oxygen in the carrier gas. The influence of oxygen concentration in the car-
rier gas was demonstrated for 'ssHf.

Reliable predictions of the processes involved in
the gaschromatographic separations of short-lived
isotopes are very important for the planning of such
experiments, since retention tinies can differ by or-
ders of magnitude for seemingly similar experimental
conditions. Hf is a homologue of element 104. Its
gaschromatographic transport reactions were there-
fore studied as preparation of a planned experiment
with element 104.
Depending on the oxygen concentration in the chlo-
rinating carrier gas the transport processes are [1]:

MCl4(g)<=>MCl4(ads) (1)

MCl4(g) + /2O2(g) <=> MOCl2(ads) + Cl2(g) (2)
The thermodynamic data used to calculate retention
times are given in Table 1.

Table 1: Thermodynamic constants for the adsorp-
tion of Hf and element 104.

1.6 1.8 2.0 2.2 2.4

Inverse Temperaure [K'MO1]

2.6 2.8

Elem
Hf
104
Hf
104

Reac

(D
(1)
(2)
(2)

AH
-86.6
-97.9
-68.2
-68.4

AS [J/molK]
-166.7
-167.3
-81.0
-82.9

Figure 2: Calculated retention times for element 104
with different O2 carrier gas concentrations: • 0
ml/min (104CI4 ),O 1 ml/min, Ü 5 ml/min, A 10
ml/min, V 25 ml/min, O 50 ml/min, • 700 ml/min
(104ocl2)

Experimentally the column temperature at which
50% of the activity reach the exit of the column
(equals a retention time of one half-life) can easily be
determined (Fig. 3). For '65Hf (T1/2 = 76 s) and a car-
rier gas composition of 1 l/min He, 0.1 l/min CL, satu-
rated with SOCI2 and 20 ml/min O2 the 50% tempera-
ture was 387°C. The predicted temperature for these
conditions is 348°C. The temperature for the simple
HfCI4 would be 200°C. This result shows that in this
case a complex reaction is involved in the gaschro-
matographic process. A similar behavior was found
earlier for Zr [2].

Inverse Temperakjre [K'u10'l

Figure 1: Calculated retention times for Hf with differ-
ent O2 carrier gas concentrations: 9 0 ml/min
(HfCIJ.O 1 ml/min, O 5 ml/min, A10 ml/min, V 25
ml/min, O 50 ml/min, A 100 ml/min (HfOCIJ.

Retention times in Fig. 1 and 2 were calculated
assuming a carrier gas composition of 1 l/min He and
0.1 l/min Cl2with O2 added in the range from 0 to 100
ml/min. Both elements show, especially at high tem-
peratures, much higher retention times for the com-
plex adsorption process (reaction 2) than for the
simple adsorption of the tetrachloride.
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Figure 3: Gaschromatographic yield of <esHf as a
function of column temperature with a carrier gas
composition of 1 l/min He, 80 ml/min Cl2 and 20
ml/min Oz
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GAS PHASE CHEMISTRY OF POLONIUM CHLORIDES

M. Gärtner, H.W. Gäggeler (Univ. Bern & PSI), A. Häberli (Univ. Bern), A. Türler, B. Eichler (PSI),

The behavior of 218Po in our gaschromatography system OLGA III was investigated using different
chlorinating agents. Several volatile Po species of different volatility were observed. It was not possible to
identify the chemical composition of these compounds solely based on the observed volatility.

In gaschromatographic studies of transactinides,
Po isotopes, which are formed as a by-product in the
production reactions, are a serious contaminant, since
they decay with a energies similar to the transactinide
nuclides. Similarly to the transactinides, Po forms
volatile chlorides and possibly also oxichlorides and is
thus not retained in the chromatography column. The
goal of these investigations was to extend our know-
ledge about the behavior of Po in our gas chromato-
graphy system under the same conditions as in ex-
periments with transactinides.

Two Po chlorides are known in the literature [1]
to exist in macroscopic amounts: PoCI2 and PoCI4. In
the gaschromatographic process the following inter-
actions are possible:

(1)PoCI2{g)
(2)PoCI4(g)
(3)PoOCI2(g)
(4)PoCI4(g)
(5)PoCI4(g) +

PoCI2{ads)
PoCI4(ads)
PoOCI2(ads)
PoCI2(ads) + CI2(g)

(6)Po(g) + 2HCI(g)
!O2(g) <->PoOCI2(ads) + CI2(g)

PoCI2(ads) + H2(g)
From the variety of possible compounds and re-

actions the relation between measured adsorption
enthalpy (AH,0™) and the Po species cannot be estab-
lished directly. Even for compounds such as PoCI4,
adsorption enthalpy values in the literature [2], [3]
range between -69 kJ/mol and -120 kJ/mol.

The experimental set-up described in a previous
contribution [4] was slightly modified:
• The M2Rn source was flushed with 100 ml/min He.
• The hold-up vessel, where the decay of ̂ Rn ap-

proached secular equilibrium with 218Po, was in-
creased to 13.81.

• CsCI aerosols were used as recluster material.
The behavior of Po was studied under the follow-

ing conditions:
1.) No addition of reactive agents:
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A very volatile Po species with AH^ = -85 kJ/mol
was observed. This value is in agreement with data
for the volatility of Po in elementary form [5].
2.) HCI, purified from traces of O2 with activated char-
coal at 900°C and with graphite strips in the reaction
oven:
A Po species with AH°m = -98 kJ/mol was observed,
in agreement with an earlier measurement under the
same conditions. Due to the absence of O2 an as-
signment to reactions (1), (2) or (6) is conceivable.
3.) HCI with traces of O2:
A less volatile Po species with AH°m = -119 kJ/mol
was observed. Possible assignments would be reac-
tions (3) or (5). However, the existence of an oxichlo-
ride has not been confirmed in the literature.
4.) Cl2 saturated with SOCI2 with traces of O2:
A Po-species with AH*7* = -125 kJ/mol was observed,
close to an earlier measurement with O./SOCI2 [4].
The variation of the O2 concentration had no effect on
the volatility of this compound. Possible reaction types
are (3) or (5), but also (4). The reduction of PoCI4 with
SO2 has been described in the literature [1].

Clearly further studies are required to interpret
the current results.
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Figure 1: Relative
yields of Po chlo-
rides: symbols are
measured, dashed
lines are calculated
with Monte Carlo
model.

50 100 150 200 250
Temperature [°C]

300 350 400



70

THERMOCHROMATOGRAPHY OF HEAVY ACTINIDES AT HIGH TEMPERATURES

St. Taut, S. Hübener (FZ Rossendorf), B. Eichler (PSI), H.W. Gäggeler (Univ. Bern & PSI),
M. Schädel, E. Jäger, W. Brüchle (GSI Darmstadt)

Adsorption enthalpies of Cf, Es and Fm on several metals were derived from thermochromatographic
measurements carried out at high temperatures.

The fact that macroscopic sublimation enthalpies
generally correlate with their adsorption enthalpies,
which can be derived from thermochromatographic
deposition temperatures, opens the opportunity to
search for quantitative data with this method even for
the last actinides, which are available only in amounts
for atom-at-a-time chemistry.

The experimental setup used in this work provides
high temperatures, which were not obtainable until
now. Thus, in preparation of future experiments with
elements beyond Fm, a series of thermochroma-
tographic data from earlier experiments [1] could be
completed.

For our experiments we used a commercial gradi-
ent oven with 1600 K at the starting position. The col-
umns with an inner diameter of 4 mm, were inserted
in a Ta support tube inside the oven. To prevent
oxidation of this tube it was flushed with He from out-
side. He was also used as carrier gas with a velocity
of 30 cm/s.

The actinides under study were obtained from the
heavy actinide fractions of Sg chemistry experiments,
carried out at the UNILAC accelerator of the
GSI Darmstadt using the 2<8Cm + ̂ Ne reaction. [2]

A nitric acid actinide solution was evaporated in a
Ta boat and a small piece of La was added as a re-
ductant. The boat was brought in the starting position
and after 30 min the experiment was ended.

The nuclide distribution along the thermochroma-
tographic column was determined off-line by alpha
counting.
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Figure 1 shows a typical chromatogram: the acti-
vity distribution of 253Es and 255Fm on a V column. To
derive the adsorption enthalpy from the deposition
temperature the program TECRAD [3] was used.

Using the semi-empirical Ml EDEMA method it is
possible to calculate adsorption enthalpies theoreti-
cally [4]. Tab. 1 summarizes the experimental depo-
sition temperatures, deduced experimentel and calcu-
lated adsorption enthalpies [4].

Table 1: Deposition temperatures, sublimation and
adsorption enthalpies of actinides; * 2 peaks

Actinide

C1

Es

Fm

Column

Nb
Ta
V
Mo
Nb
Ta
V
Mo
Nb
Ta
V
Mo

Deposition
Temp. [K]

1360
1378
1180
1274
1180
1337,1162*
1142
1274
1142
1162
1103
1142

Adsorption Enthalpy [kJ/mol]
This Work

-343
-348
-299
-322
-299
-338, -294*
-289
-322
•289
•294
-280
•289

LH./1/

•290

-270
-2£0

-290

Calc. M(ll)/4/

-297
•361
-340
-339
-228
-294
-274
-274
-224
-280
-263
-262

Figure 1: Thermochromatogram of2S3Es and*ssFm on
a V column.

As expected, the deposition temperatures of Cf, Es
and Fm differ from each other reflecting the tendency
from metallic tri- to divalency in the second part of the
actinide series. Thus, both chemical separation and
characterization is possible. Cf exhibits on Nb and Ta
a position between the trivalent and bivalent actinides.
Surprising is its rather low adsorption enthalpy on V in
comparison with Nb and Ta. In contrast to results
obtained by direct measurement of vapor pressures
[5] we can clearly see differences in the metallic
properties of Es and Fm, especially on Mo.
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MONTE CARLO SIMULATION OF REACTION GAS CHROMATOGRAPHY OF
GROUP 6 ELEMENTS

A. Vahle, S. Hübener (FZ Rossendorf), R. Dressler, B. Eichler, A. Türler (PSI)

The Chromatographie transport of group 6 elements in the 02-Hz0(s/Si0m system was described by a
Monte Carlo model which allows to calculate elution yield curves. Standard enthalpies can be determined by
comparison of these curves with exp erimental data.

Gas Chromatographie techniques have proven to
be well suited to study kinetics and thermodynamics
of desorption-adsorption processes of trace amounts.
For this reason isothermal on-line gas chromatogra-
phy is a favored technique for studying the chemical
properties of the heaviest elements available only in
quantities of single, short-lived atoms. However, the
data of chromatography experiments cannot provide
direct evidence of the species involved and hence the
basic processes determining the Chromatographie
transport. Indirect evidence is possible, if data pre-
dicted on the base of thermodynamic arguments and
model calculations correspond with experimental re-
sults.

Model calculations by the Monte Carlo method
have been applied to simulate the transport of volatile
species through a gas Chromatographie column for
the case of reversible adsorption as basic process
[1,2]. Experimental data like the elution yield of iso-
thermal gas chromatography and thermochroma-
tograms were reproduced very well.

The Chromatographie transport of group 6 ele-
ments in the O2-H2O(g/SiO2(s)-system is governed by
the surface reactions dissociative chemisorption and
associative desorption as the main processes (M =
Cr, Mo, W):

MO2(OH)2M

diss. chemisorption

ass. desorption
(1)

For this kind of chromatography we use the term
reaction gas chromatography in order to distinguish it
from „normal" gas chromatography characterized by
the transport of species with the same chemical state
in the adsorbed and gaseous state [3].

In Monte Carlo simulations of chromatography
the different kind of basic processes has to be consid-
ered by properly defining the adsorption residence
time xa. In the case of reversible adsorption xa is de-
fined by the Frenkel equation and the period of oscil-
lations of the adsorbed species perpendicular to the
surface T0 has to be entered as variable [1,2]. In the
special case of reaction gas chromatography of group
6 elements in the 02-H20(g/SiO2(s) system Ta is de-
termined mainly by the kinetics of the rate controlling
associative desorption reaction and the collision prob-
ability of water molecules with the adsorbate, respec-
tively. We define ta by a Frenkel-type equation and
operate with a pseudo-period of oscillations t0" evalu-
ated approximately from Eq. (2):

_ ^ M c^(MO3) _
(2)

The term was obtained presuming that the volatile
species MO2(OH)2 is desorbed immediately, t, = taas, p

= 1 atm and —
dd Q

»1.1

Values of x0* can vary immensely. However, they are
higher than those of T0 (10'12 -10'14 s).
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Figure 1: Relative elution yield of 1MW as a function of
the column temperature in isothermal on-line gas
chromatography: experimental data and calculated
yield curves
p(H2O) = 780 Pa, vo(He) = 11miri', vJOJ = 0,51min1

The solid line was calculated by the Monte Carlo
method assuming transport via reaction (3) with

& °= -41
p ()

1 andAH°dlssMs = -41 kJmol1.
The dashed lines were calculated by the Monte Carlo
method assuming reversible adsorption with LbfaisMs

= -180 kJmof' to -240 kJmof' in steps of 10 kJmor'.

In Fig. 1 experimental elution yields of 169W are
compared with results of Monte Carlo simulations.
The dashed lines were obtained for different values of
AH°ods presuming reversible adsorption. None of these
curves can reproduce the experimental data. The
solid line was calculated assuming that tungsten is
transported via reaction (3):

1t,= retention time, M = mol mass of the transported species in the
gaseous phase, R = gas constant, T = Temperature, cM (MOJ =
standard concentration of MO3 in the adsorbed state = 2,67910™ cm2, c,,,
(H2O) = concentration of H,0 in the gaseous phase, AS'W«„ =
standard entropy of dissociative adsorption, AH'asiM1 = standard
enthalpy of dissociative adsorption, t^, = total adsorption residence
time
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WO2(OH)2(9) «-> WO3(aas) + H2O(g, (3)

The shape of this calculated yield curve repro-
duces the experimental data very well. AH°aiit6s was
determined to be -41 kJ'mol"1 in reasonable agreement
with the value of -25 ± 31 kJmol"1 expected for
reaction (3) from thermodynamic considerations.

The elution yield depends less on column tem-
perature than in the case of reversible adsorption. For
this reason a significant increase of the elution yield
can be only obtained if the temperature is strongly
increased.

An increasing partial pressure of water in the
carrier gas resuiis in an increase of the elution yield,

too. The retention time will be lowered due to the
rising number of effective collisions.
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ON-LINE SEPARATION OF SHORT-LIVED W FROM Ta, Hf AND LU BY
ADSORPTION ON ION EXCHANGERS FROM AQUEOUS AMMONIA SOLUTION
D. Schumann, R. Dressier, St. Taut, H. Nitsche (TU Dresden), Z. Szeglowski, B. Kubica (IFJKrakov),

L Guseva, G. Tikhomirova (RAN Moscow), A. Yakushev, O. Constantinescu, M. Constantinescu, Dinh
Thi Lien, V. Domanov, Y. Oganessian, V. Brudanin, I. Zvara (JINR Dubna), H. Bruchertseifer (PSI)

We developed an on-line system to separate short-lived W from Ta, Hf, Lu using adsorption on ion exchangers
in aqueous ammonia solution.

Subgroup VI elements form oxo-anions in alkaline
solution [1], in contrast to subgroup IV and V ele-
ments and lanthanides, which hydrolyze under these
conditions. This might be of interest for fast on-line
separation of element 106 from heavy actinides and
element 104. It was shown that Ta, Hf and Yb adsorb
on Wofatit KPS by more than 95% from ammonia
solution, while W passes through the column without
sorption [2]. For application of this system in expe-
riments with element 106 the decontamination factor
must be increased. We improved the chemical sepa-
ration procedure by saturating the cation exchanger
with La(OH)3 for better adsorption of the hydroxides
and tested this system in on-line experiments at the
U-400 cyclotron (JINR) with various concentrations of
NH3.

Short-lived W isotopes were produced by the
reaction: 144/147Srn(24Mg,xn)164-169W. The apparatus
used for chemical separations was described earlier
[3]. A flow rate of 2 ml was used.

DOWEX50x8 and DOWEX1x8, respectively,
(200-400 mesh, 80 mg) were filled in teflon columns
(size 4x15 mm). The cation exchange column was
washed with 6 M HCI, 2 M HCI, H2O (to neutrality),
0.1 M La(NO3)3l H2O, 0.01 M NaOH to precipitate the
lanthanium hydroxide onto the cation exchange
column and H2O. Finally both coumns were preequili-
brated with ammonia solution (2.5-10.0 vol.%).

The y-spectra of the cation and anion exchange
columns using 5 vol.% NH3 aq. solution as eluent for
the separation of short-lived W nuclides from Hf, Ta
and Lu are shown in Fig. 1. 166W (T-|/2=18.9s,
125.8 keV), 168W (T1/2=52s, 178.7 keV) and 169W
0*1/2=76 s, 169.2 keV) were found on the anion ex-
change resin only. 164/165VV (T1/2=5.8 s/5.2 s) could
not be identified because their y-rays are unknown,
but their daughters i64/i65-ra were observed only on
the cation exchange resin. It means that 164'i65\/y
decayed completely during the transport to the chemi-
cal setup and Ta is completely adsorbed on the
La(OH)3 saturated cation exchange column. The non-
observation of 164Hf (T1/2=11.4s, 122.1 keV) and
165Hf (T1/2=75 s, 180.0 keV) on DOWEX 1x8 - these
two isotopes are only found on DOWEX 50x8 - con-
firms this result and, furthermore, indicates that Hf is
quantitatively separated from W by sorption on the
first column. Taking into account the detection limit of
in Y-spectra of the second column we calculated a
decontamination factor of >5102 for Hf. Ta and Hf
detected on the anion exchange resin (168Ta, 166Ta,
i67Hf| i68Hf> i66Hf) a r e d e c a y products of the corre-
sponding W isotopes, which passed the first column

without sorption. From the peak at 78.8 keV
(i66Hf/i66Lu) w e calculated a partition of 166Hf (and
166W, respectively) between the two columns of
DOWEX 50x8 : DOWEX 1x8 as 4:1. This, taking into
account the half-life of 166W (18.9 s), yields about
40 s for the transport time from the target chamber to
the first column. Therefore, the decay products of
164/165W could not be observed on the second co-
lumn, as already mentioned above. Hence, the pro-
cedure used in the present experiments is suitable
only for isotopes with half-lives longer than 10-15 s.

Variation of the NH3 concentration (2.5-
10.0 vol.%) did not change the results of separation.

4XC0

'Hill

20CO

13X0

1CC0D

SCO

0

TED

«CO

310

DO/VEX 50V*8
5 vol.% NH,
wcSm(!4Mi|,xn)W

XD 1 9 SCO . 3 J 33}

energy [keV]

XD 190 230 20 3D 3D «0

energy [keV]

F/gwe f; y-spectra of the cation and anion exchange
column, solution containing 5 vol.% NH3 aq.
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SORPTION BEHAVIOUR OF U AND Th ON CATION AND ANION EXCHANGE
RESINS FROM HCI/HF CONTAINING AQUEOUS SOLUTIONS

D. Schumann, M. Andrassy, H. Nitsche (TU Dresden), A. F. Novgorodov (JINR Dubna),
H. Bruchertseifer (PSI)

The dependence ofsorption of U and Th on cation andanion exchange resins was studied In HCI/HF con-
taining aqueous solutions.

Development of chemical separation systems for
element 106 requires model experiments for the
separation of subgroup VI elements from subgroup IV
ones and lanthanides. Cation exchange from HCI/HF
solution was shown to be suitable to separate Mo and
W from Zr, Hf and lanthanides [1]. This chemical
system was successfully applicated in on-line
experiments with short-lived W, Hf and Lu isotopes
[2,3]. Due to relativistic effects similarities of the
chemical properties of the heavy elements with the
corresponding actinides can be expected, too. There-
fore, for further chemical experiments with element
106 it would be useful to take into consideration also
the behaviour of U and Th. In the present work we
investigated the sorption behaviour of 232U and ^ ^ h
on ion exchangers from HCI/HF solutions under the
conditions used in [1]. The studies were carried out
under stationary conditions. Experimental details are
given in [1].

The suitable concentration interval for the sepa-
ration of subgroup VI elements from IV ones and lan-
thanides was determined to be 0.05-0.1 M HCI/

For Th fluorides the complex stability constants
are in the same order [4] as for Hf and Zr, so, a simi-
lar behaviour can be expected.

4.5

4.»

3.»

3.»

2.5

2.0

1.5

IgD

<b HCI [M]

Figure 1: Ig D values of Th and U on the cation and
anion exchange resin as a function of HCI concentra-
tion at I.Oxm3 M HF.

In Fig. 1 the Ig D values of U and Th as a function
of the HCI concentration in the presence of 10"3 M HF
are plotted. Th behaves like a typical tetravalent
element. It is sorbed on the cation exchange resin
over nearly the whole range of investigation, only at
HCI concentrations over 1.0 M a slight decrease is ob-
served, due tc partial formation of chloride or mixed
fluoride/chloride complexes. Tho sorption behaviour
on the anion exchange resin supports this result.

U shows strong sorption up to HCI concentrations
of -0.5 M, which not necessarily must be expected if
a neutral species is assumed. Its non-sorption on the
anion exchanger refers to formation of a cationic
compound.

0.0001 0.001 0.01

<flHF[M]

Figure 2: Ig D values of Th and U on the cation and
anion exchange resin as a function of HF concentra-
tion at 0.1 M HCI.

The influence of the HF concentration on the
sorption behaviour at several concentrations of HCI
was studied in detail. Fig. 2 shows as an example the
Ig D values of U and Th on DOWEX 50x8 and
DOWEX 1x8 in dependence on the HF concentration
with 0.1 M HCI. It can be seen that only at HF concen-
trations higher than 0.01 M desorption of U from the
cation exchanger takes place. This behaviour does
not coincide with the calculations using literature data.

Following, in the concentration intervals
lO^-IO-SMHF and 10"2-1.0MHC! U cannot be
separated from Th by cation exchange. U shows
complete different properties in comparison to those
of W and Mo under these conditions [1], while Th
behaves like a typical tetravalent element similar to Hf
and Zr. Therefore, in the case, that element 106 must
be expected to behave like U in these solutions, then
this chemical system will not be applicable for fast on-
line experiments aimed to identify element 106 due to
its chemical properties, because it will be sorbed
completely onto the cation exchange column.
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THE BEHAVIOUR OF CHLORIDES OF RADIONUCLIDES IN GAS ADSORPTION
CHROMATOGRAPHIC PROCESSES WITH SUPERIMPOSED

CHEMICAL REACTIONS

B. Sichler (PSI)

Depending on the thermochemical stability of gaseous species the gas adsorption Chromatographie
process can be a complex reaction. In this contribution thermochemical relationships are derived describ-
ing the dissociative, the associative and the substitutive adsorption.

The usual description of the transport mechanism
in thermochromatographic columns assumes that the
chemical state of the species in the volatilisation,
transport, and deposition process remains un-
changed:

MCIx(g)»MCIx(ads)
Possible types of reactions for processes which are
superimposed on the gas adsorption Chromatographie
process are:
• dissociation: MCI» (g) <=> MCIX.| (g) + ^Cl2 (g);
• association: MCI, (g) + *iCI2(g) « MCUi (ads), and
• substitution: MCIx(g) + h O2(g) <=> MOCI*.2(ads)+Clj(9).

For thermoctromatographic processes with su-
perimposed chemical inactions, a connection between
the experimental parameters and the thermodyna.mic
state functions (AHindex; ASindM) of the simple or com-
plex adsorption process is given by:

t • v •g-f(c)

a • T° • exp
AS.index

Depending on the type of reaction the following
relations hold for f(c):

index = ads: f(c) = (1 cm)'1;

(cCl, '~"1/2

index = diss ads: f(c) = —

index=subst ads: f(c) =

(c°Cl2(g))"2-lcm

(cCI2(g))

(c°Cl, (g)) ,1/2

etc. with c and c°: concentration and standard concen-
tration of gaseous species.

The comparison of measured data from adsorp-
tion Chromatographie experiments with thermocherni-
cal model calculations for various basic processes of
the Chromatographie transport allows the determina-
tion of the type of adsorption reaction which governs
the Chromatographie process.

The behaviour of carrier-free radionuclides of
elements Pu, Ce, Ru, Co and Cr in thermochroma-
tographic experiments with pure chlorinating carrier
gas can be described as dissociative adsorption of
chlorides in higher oxidation states.

The gas adsorption Chromatographie transport of
Zr with oxygen and chlorine containing carrier gas

was shown to be a substitutive adsorption process.
Figure 1 shows the theoretical deposition temperature
of carrier-free Zr from the gas phase in thermochro-
matographic experiments under different conditions.

Table 1: Types and state functions of gas adsorption
Chromatographie processes in chlorinating carrier
gases and corresponding thermodynamic values for
AH and AS.

Element

Pu

Cr

Ru

Ce

Co

Zr

Chloride

PuCL,

CrCL,

RuCU

CeCU

CoCl3

ZrClV
ZrOCl2

Index

diss ads

diss ads

diss ads

diss ads

diss ads

subst ads

•AHjndjx

(kJ/mol)

79.38

45.00

63.76

(147)

86.48

(63.93)

•ASindc,

(J/mol K)

101.72

(66.64)

64.52

(106.9)

89.59

(79.02)
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Figure 1: Influence of carrier gas composition on the
deposition temperature ofZr in a temperature gradient
tube.

If experiments involving a substitutive adsorption
mechanism are planned (for example with Hf or ele-
ment 104) the chlorine and oxygen concentrations
must be well defined. Vice versa the knowledge of the
type of reaction and the composition of the carrier gas
is of eminent importance for the interpretation of ex-
perimental results with short-lived isotopes of the 4.
group IV elements and of transactinides.
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ADSORPTION BEHAVIOUR OF RADON ON ICE

B. Eichler (PSI)

The adsorption enthalpy of radon at zero coverage on an ice surface was experimentally determined to be
(-19.60 + 1.3) kJ/mol. The adsorption entropy was calculated with the model of mobile adsorption: (-170.5
J/mol K). For the temperature function of the dimensionless equilibrium constant of adsorption we ob-
tained: log K = (1024± 68)/T(K) -(8.9± 0.7).

The adsorption behaviour of radon at low tem-
peratures may be important in connection with me-
teorological and glaciological processes or the re-
frigerating technique.

For the determination of the enthalpy of adsorp-
tion we have used low temperature thermochroma-
tography [1]. Figure 1 shows a scheme of the device.

moss flow controls*

iz* column

Figure 1: Experimental device for low temperature
thermochromatography.

The temperature gradient along the column is
produced by a brass tube. One of the ends is "heated"
with a circular flow of alcohol at -10 °C. The other end
is "cooled" with liquid nitrogen.

PTFE-tubes (i.d. = 6 mm) were used as columns.
As stationary phase ice spheres were filled in these
tubes. The spherical ice particles were prepared by
freezing of water drops (0.7 mg each) in liquid nitro-
gen.

As 220Rn-source we have used the emanation
from a 232U-sample. 220Rn (T1/2 = 55.6 s) was fed with
the carrier gas (He: 10 ... 200 ml/min) from the
"heated" end into the column for 120 min.

The radon deposition temperature was deter-
mined by measuring the activity distributions of non-
volatile daughter and grand-daughter nuclides 212Pb
and 212Bi.

Figure 2 shows the temperature profile and two
distributions of 220Rn in the column obtained with a He
gas flow rate of 100 ml/min.

From experimental parameters and the deposi-
tion temperatures we calculated the differential molar
enthalpy of adsorption on the ice surface to be:

AHa= (-19.6+1.3) kJ/mol
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Figure 2: Distribution of220Fin in the ice column.

Figure 3 shows the experimental deposition
temperatures and the theoretical functions AEi*(x) =
f(TD) for selected values of AHa (15... 25 kJ/mol).
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Figure 3: Results from toermochromatographic experi-
ments and theoretical curves.
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ADSORPTION OF "NO AND i3NO2 ON ICE

B. Eichler, P. Zimmermann, D.TJost, U. Baltensperger (PSI), M. Kaiberer,
H.W. Gäggeler (Univ. Bern & PSI)

The adsorption behaviour of I3NO and I3NO2 on an ice surface was estimated by low temperature
thermochromatography. Adsorption enthalpies of -25.8+1.0 and -33.8+0.8 kJ/mol were obtained for NO
and NO2l respectively.

In order to investigate the interaction of nitrogen
oxides with ice surfaces, experiments with ice col-
umns [1] were performed using gas adsorption chro-
matography in a temperature gradient. 13N was pro-
duced in the reaction 16O (p,a) 13N.

A gas target consisting of a mixture of 80 ml/min
He and 20 ml/min O2 was bombarded at the PSI
PHILIPS cyclotron with 1.7 uA of 13-MeV protons.
The reaction products were reduced to NO using a
molybdenum converter. The target gas mixture and
the NO were transferred through a 2 mm i.d. capillary
to the thermochromatography device [2,3]. A mixture
of NO and NO2 was produced from NO by partial oxi-
dation with chromium trioxide soaked with phosphoric
acid.

As stationary phase ice spheres of about
0.55°mm diameter were used in teflon tubes. The ice
columns had been stored at -20°C for about 100 h.
With this treatment a recristallisation of the ice and a
covering of the inner surface of the teflon column with
ice by sublimation was achieved.

The carrier gas containing NO and NO2 was fed
into the Chromatographie ice column for 20 min. Then
the column was removed from the gradient tube,
closed at both ends and put into a bath of liquid nitro-
gen to freeze the distribution of the deposited gase-
ous species. The measurement of the y-activity was
performed with a collimated Geiger-Müller counter in
15 mm steps along the column.

300

250-

Temperature (K) A (%)

Column length (cm)

Figure 1: Distribution of l3N-labelled species in the ice
column.

Figure 1 shows an example of the distribution of
"NO and "NO2 in the ice column. No indication of a
fast irreversible reaction of the species with ice was
found. The existence of clear, sharp peaks points to a
reversible adsorption process on the ice surface.

For the estimation of the adsorption enthalpies of
gaseous species by thermochromatography it is nec-
essary to calculate the adsorption entropy. The model
of mobile adsorption required to estimate the vibra-
tional frequency v0 of the adsorbed species. As a first
approximation we used the equations of Lindemann
and Madelung-Einstein [2]: voicc = 3 • 1012 s"1.
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Figure 2: Results of thermochromatographic experi-
ments with ice columns C NO: 17 NCh: 5 measure-
ments.

Figure 2 shows the experimental deposition tem-
peratures of the species as a function of experimental
parameters and calculated values of entropies of ad-
sorption (AEi*(x)). The solid lines are theoretical func-
tions (log AEi*(x) f (TD) for selected values of -AHa

(22.5 to 40.0 kJ/mol). This procedure yields the values
shown in Table 1.

Table 1: Adsorption data NO and NO2 on ice

Species

NO

NO2

Number of
measure-

ments

17

5

Depos
ition

tempera-
ture [K]

132+6

17214

Adsorption
entropy
[J/Kmol]

-161.26

-161.93

Adsorption
enthalpy
[kJ/moll

-25.8±1.0

-33.8+0.8
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ADSORPTION OF CARRIER-FREE RADIOACTIVE ISOTOPES OF IODINE ON SOLID
SURFACES

B. Eichler, U. Baltensperger(PSI), M. Kalberer, H.W. Gäggeler(Univ. Bern&PSI),
N. Trautmann, K. Eberhardt, A. Nähler, M. Mendel (Univ. Mainz)

The adsorption behaviour of carrier-free radioactive isotopes of iodine on silver, graphite and quartz was
investigated with gas adsorption chromatography. The mass transport is described either as a chromato-
graphy of stable atoms or as dissociative adsorption of hydrogen iodide as a function of the gas compo-
sition.

The adsorption of radioactive iodine on solid
surfaces is of great importance for regular operation
of nuclear power plants but also for hasard scenarios.
The adsorption behaviour of the iodine radioisotopes
is determined by the composition of the gas phase,
the nature of the surface and the temperature. These
parameters determine the chemical speciation of the
iodine.

The adsorption experiments were carried out with
carrier free 133I which was produced by irradiating an
uranium target at the TRIGA reactor of the University
of Mainz, Germany. The fission products were trans-
ported with a gas-jet system (helium, graphite aero-
sols) from the irradiation chamber to a filter.

Glass fibre filters and smell portions of activated
charcoal were used as samples for the gas adsorption
chromatography. Silver coated quartz grains, graphite
grains in a quartz tube and empty quartz tubes were
used as solid phase. The carrier gas was either argon
with 3% hydrogen or nitrogen with 20% oxygen.
These conditions simulated reducing and oxydizing
atmospheres as well as different materials such as
concrete (SiO2), combustion aerosols (graphite) and
an efficient iodine trap (silver). The distribution of the
133I activity in the temperature gradient oven is shown
in Figure 1. Table 1 shows the calculated adsorption
entropies and the adsorption enthalpies which were
derived from the measured deposition temperatures in
the Chromatographie experiments and the calculated
ASaas. As basic processes for the iodine transport the
elementary form (in a carrier-free experiment as free
atoms [1]) may be considered (AHads, ASMs) or the dis-
sociative adsorption [2] (AHdi5Mdtl ASa,ssaJ according to
the following equilibrium

Hl(g) <=> 1/2Hz(g) + U

In the presence of hydrogen the latter process is
probably the most important path. These experiments
also give evidence for the presence of other species
(at about -95°C), such as methyl iodide.

0 20 40

Lflntfi) of in« quaiu bibe In ft« ovon [OT]

Figure 1: Iodine deposition in a temperature gradient
oven.

References
[1] B. Eichler, V.P.Domanov, Report JINR P-12- 7928,

Dubna, 1974.
[2] B. Eichler, F.Zude, W.Fan, N. Trautmann,

G.Herrmann, Radiochim. Actaßl, 81,1993.

Table 1: Adsorption entropies and enthalpies of iodine on different materials and in different atmospheres.

solid phase

Ag/SiO2

Ag/SiO2

SiO2

SiO2

graphite

carrier gas

H2(3%), Ar
O2(20%), N2

H2(3%), Ar
O2(20%), N2

H2(3%), Ar

deposition
temperature [K]

993
893
493
383
673

ASgds
[J/mol*Kl

—
-161.705

..
-165.591

-

AHgds

[J/mol*K]
—

-197.470
.-

-90.780
~

ASdiss,ads

[J/morKl
-121.137

~
-124.048

—
-143.547

AH(jiss,ads
[J/mol*K]

-178.950
-

-90.550
—

-128.720
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VOLATILIZATION OF NUCLEAR REACTION PRODUCTS FROM MOLTEN
METALLIC TARGETS

B. Eichler, R. Dressier (PSI)

The differential molar enthalpies of volatilization of all metallic elements (microcomponents) from 38 mol-
ten metals (targets) were calculated on the base of the MIEDEMA-model. Particularly the problem of
volatilization of spallation products from molten Pb- or Bi targets in spallation neutron sources are dis-
cussed.

The volatility of pure elements is a periodic func-
tion of their atomic number. The differential molar
enthalpy of solutionsof metallic elements in a metallic
target melts is also a periodic function of Z. The dif-
ferential molar enthalpies of volatilization of the ele-
ments from molten targets were characterized by the
superposition of these functions.

The knowledge of the periodic properties is the
basis for the solution of metal-chemical problems in
the conception, construction and handling of molten
metal targets.

We have calculated these enthalpies on the ba-
sis of the MIEDEMA-model as a function of the elec-
tronegativity, the electron density at the WIGNER-
SEITZ-cell-boundaries, a hybridization term for p-d-
metal-combinations, and a term for the transmutation
of non- or semimetals in the metallic state.
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Figure 1: Differential molar enthalpies of volatilization
of the elements at infinite dilution from Pb and Bi tar-
get melts.

As example, Figure 1 shows the values of the
standard enthalpies of sublimation of the pure ele-
ments (squares) and the differential molar enthalpies
of volatilization of elements at infinite dilution
(column).

The matrix metal melts are Pb and Bi. These me-
tals have eminent importance as liquid metal cooling
as well as target material for a spallation neutron
source [2]. The knowledge of the behaviour of the
foreign elements produced in liquid targets is of rele-
vance for the normal operation and in the event of a
failure of the target.

If the column of the element Z in Figure 1 is
lower than the level line of Pb or Bi2, then this element
can be volatilized from the target melt. If the column is
higher, a selective volatilization from the melt is im-
possible.

Hg (Z=80), Tl (Z=81) and Po (Z=84) are charac-
terized as important volatile metallic heavy spallation
products.

Figure 2 shows the differential molar enthalpy of
volatilization of Polonium from all other metallic melts.
On the basis of these data the element yttrium (Z=39)
was proposed as an efficient getter metal for volatile
polonium.

Po

Figure 2: Differential molar enthalpy of volatilization of
polonium from metallic melts.
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SOLUTION ENTHALPIES OF METALS AND AMALGAMS IN LIQUID MERCURY

R. Dressier, B. Eichler (PSI)

The solution enthalpies of metals and amalgam in liquid mercury were evaluated using the Miedema
model.

One part in the ESS project to construct a spalla-
tion neutron source with a liquid mercury target is to
investigate the interactions of mercury with other
metals. It is important to know the solubility of metals
in mercury to predict the corrosion of construction
materials either by mercury flow or by the formation of
hard amalgam grains inorder to make statements
about the safety requirements of this target system.

For only a few metals experimental data are
available, compiled from several authors in [1].

We get the following well-known equation of
solubility from the thermodynamically equilibrium

condition: | n ( x ) = £ § _ | ! i (1)

where x is the mole fraction of the dissolved compo-
nent, AS and AH are the entropy and enthalpy change
by dissolution, T is the absolute temperature and R is
the universal gas constant.

In a first step we neglect the small entropy
change and investigate only the temperature depend-
ant part of equation (1). We can replace AH by a
highly diluted solution AH" (the partial enthalpy of
solution at infinite dilution).

Niessen et al. [2] presented a semiempirical
model to calculate enthalpies of formation of solid and
liquid metal alloys. With this model we calculated the
quantity ART for binary alloys of all metals with mer-
cury. The results are plotted in Fig. 1 with open dia-
monds. If the value of AH" i? less than zero this indi-
cates the formation of intermetallic compounds with
mercury i.e. amalgams. In the case of large negative
values we omit this data from the graph, because this
represents an unrealistic behaviour, and we discuss
this case later.

15 0 - 1

D) 10 0 -

O 50 -

E
2

» e
O c
<S> c

xp .
a Ic .
a Ic .

d :
in
a

) ta s
e t a l s

m a l g a m s

To compare these values with experimental data
we derived AH~ as a regression coefficient for equa-
tion (1) in the temperature interval from 300 K to
600 K (450 K is the working temperature of the tar-
get). These are plotted in the graph with solid
squares.

Only the metals of the V - VIII subgroup dissolve
in mercury without the formation of amalgams. The
calculated values for the fourth period are in reason-
able agreement with the experimental data.

However, these are only a few of the metals in
the periodic system. For all other metals, especially
the heavy spallation products (Z>80) we cannot calcu-
late the solubility in this simple manner. Our approach
is to assume that the solubility of these metal alloys
always coexists with a solid amalgam part. Evidently
these are the mercury richest amalgams for a liquid
metal target. Then we can replace AH by

where AHF is the enthalpy of formation of the mercury
richest solid amalgams and AH^, is the enthalpy of
solution of amalgams in mercury.

We also calculated the quantity AHF with the
Miedema model, and plotted AHMl in the graph with
open circles.

A comparison shows that all values are in good
agreement with the experimental data (except In, Sb,
Te and Tl, Pb, Bi). The lantanoide elements as heavy
spallation products exhibit an especially good correla-
tion between experimental and calculated data.
References
[1] C. Guminski: "Metals in Mercury" Vol 25; in: IAEA-

solubility data series; Ed.: A.S. Kertes; Pergamon
Press, Oxford 1985.

[2] A.K. Niessen et al.: CALPHAD 7 (1) 51 (1983).

1 0 2 0 3 0 4 0 5 0

2
6 0 7 0 8 0 9 0 1 0 0

Figure 1: Solution enthalpies of metals and amalgams in liquid mercury.
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INTERACTIONS OF HEAVY METAL VAPOUR WITH DIFFERENT CARRIER GASES

P. Auer, B. Eichler, S.Stucki (PSI), H. W. Gäggeler (Univ. Bern & PSI)

The idea of sustainable development with respect to waste incineration is to produce a maximum of useful
energy and solid residues which can be used as secondary raw materials. Ecologically the re-use of in-
cinerator ashes is feasible if they are free of hazardous heavy metal compounds. The separation of heavy
metals from waste requires knowledge of their behavior during the incineration process. This work investi-
gates the gas phase of heavy metals (Cu, Cd, Pb, Zn and Cr) and their most relevant compounds (oxides
and chlorides).

Incineration reduces the volume and the reactiv-
ity of municipal solid waste and has therefore become
the preferred treatment method. Toxic heavy metals
are not destroyed by incineration and are the main
reason for ecological problems arising from depositing
the incineration residues. Eliminating the heavy
metals from the soil residues of the incineration
process, would lead to two advantages: On one hand,
the decontaminated residues could be re-used, e.g.
as filling material for constructions, and on the other
hand, the heavy metal fraction could be recycled to
metallurgical plants. A large fraction of the predomi-
nant heavy metals in waste are volatilized in the in-
cineration process. A better understanding of reac-
tions and phase changes of such vapors is crucial in
optimizing incineration processes with respect to
metals separation.

Experiments have been carried out in a thermo-
chromatographic laminar tube. The temperature
ran-jes from 0°C up to 1000°C with a more or less
constant gradient. The gas flow enters the tube on the
hot side, where samples of heavy metal compounds
evaporate and get transported by the gas flow along
the tube to lower temperatures, where species con-
densate along the walls of the tube, depending on the
equilibrium between condensed and evaporated
compounds. The condensation temperatures allow to
identify the species, whereas the deposition form
depends on the diffusion rate from the centre of the
tube to the wall.
The deposition form may be predicted by using both,
the partial pressure, calculated for pure species from
[1], and equation (1) for the transport to the wall.
Equation (1) (with NGz=(n/4)-NRe-Nsc-(D/L),
NRe=v-d/v, Nsc=v/D, D=diffusion coefficient, v=gas
speed, L=length, d=diameter, v=kinematic vicosity)
yields the deposited fractions at the end of a finite
segment of the laminar tube for a defined diffusion
coefficient and a defined laminar flow regime [2].

5,78n 30.5-n
C — C iü M

w out A er to /i NGZ i rMO-1 /-> ^GI I
Cw-C i n ( 1 )

In addition to this deposition model, chemical equilib-
rium was calculated for each segment of the tube.

Different carrier gases (N2 containing O2, H2, HCI
and/or H2O), as well as different educt species
(metals, oxides and chlorides) were used. As an av-
erage, heavy metal samples of 5-105 moles were

used. In order to detect smallest quantities of aerosols
that may have formed, educts were marked by radio-
active isotopes. Quartz-glass or alumina tubes were
used alternatively.

Using equation (1), combined with equilibrium
data, the experimental results can be fitted. Figure (1)
shows the deposition of the chlorides of Pb, Cu(l) and
Zn. Standard deviation between the experiment and
the model is about 5%.
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Figure 1: PbCI2, CuCI and ZnCI2 with 88.2% N2, 9.8%
O2, 2% H2O and 0.001% HCI.

Calculated and measured results did not always
agree. Different deposition rates were measured for
some compounds in different tubes, like e.g. metallic
zinc which is known to form, with quartz, the very
stable Willemite (2ZnOSi02).

Data from this kind of experiments may be impor-
tant for understanding the behaviour of the heavy
metals in more complex systems as will be investi-
gated in the near future.
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NEUTRON SCATTERING; INTRODUCTORY REMARKS

A. Furrer

The Laboratory for Neutron Scattering (LNS) is a joint venture between the Eidgenössische
Technische Hochschule Zürich (ETHZ) and the Paul Scherrer Institut Würeniingen/Viiligen (PSI).
According to the laboratory's designation neutron scattering constitutes the main research area. Neutron
scattering measurements provide information at an atomic level on the static and dynamic properties of
condensed matter. By virtue of the weakness of the neutron-matter interaction, the information is
undisturbed by the neutron probe and, in some instances, the information is obtainable in no other way. A
corollary of the weak neutron-matter Interaction is that neutron scattering experiments are intensity limited,
thus they can only be performed with use of efficient neutron sources. The contributions following this
introduction describe some of the work carried out in 1995.

The year 1995 was the second year in the long history
of neutron scattering in Switzerland in which the Swiss
user community did not dispose of a national neutron
source due to the shut-down of the reactor Saphir at
PSI in December 1993. The experimental activities of
the LNS had therefore to take place exclusively at
foreign neutron sources. Fortunately, with the
resumption of the operation of the high-flux reactor at
the Institute Laue-Langevin (ILL), Grenoble, we have
now regular access to neutron scattering instruments
at the ILL since February 1995 in the framework of a
"collaborative research group". This enables high-
quality experiments in the fields of powder neutron
diffraction (instrument D1A) and triple-axis
spectroscopy (instrument IN3).

The main topics of the research carried out in 1995
include:
• High-temperatue superconductivity

(determination of structural and electronic proper-
ties related to superconductivity);

• materials research (superionic conductors,
zeolites, permanent magnet materials, hydrogen
storage systems, optical storage systems, etc.);

• magnetism (determination of magnetic structu-
res and interactions);

• structural research (structure dependence
upon temperature and pressure);

• multilayers (supermirrors, polarizers, investiga-
tions of the structural coherence, magnetic
anisotropy, etc.).
Besides these research activities the staff

members of the LNS are also involved in planning and
realizing the instrumentation for the spallation
neutron source SINQ which is expected to be
taken into operation in late 1996 at PSI. Due to the
technical characteristics of SINQ particular emphasis
will be put on the utilization of cold neutrons. Optimum
transportation of cold neutrons will be essential. For
this purpose Ni/Ti supermirror guides have been
produced on an in-line DC magnetron sputtering
facility with great success: reflectivities of 90% are
reproducibly achieved at twice the critical angle of
natural nickel. In addition, this facility is now
increasingly used to produce a variety of multilayer
systems for systematic studies of their fundamental
properties.

The scientific and technical reports
following this introduction constitute only a
minor part of the laboratory's activities in
1995. It is intended as an exemplary description of
some ongoing projects in order to reflect qualitatively
the standard of research performed at the LNS, but
may not yet contain the final conclusions of the
analysis. In this context we mention with pleasure the
continuing interest of outside users to strengthen the
interaction with the LNS that has now extended
through several years. This is essential to maintain as
well as to further develop the fruitful scientific
environment and competence around the LNS in view
of the start-up of the spailation neutron source SINQ
at PSI in late 1996.

A detailed Progress Report is available on
request [1],

Reference
[1] Neutronen-Streuung, Progress-Report 1995
(LNS-181, ETHZ & PSI, 1996).
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DISPERSION OF THE r6
(1)-r6

(2) Nd CRYSTAL FIELD EXCITATION IN Nd2Cu04

W. Henggeler, and A. Furrer;
T. Chattopadhyay (ILL Grenoble), B. Roessli (ILL Grenoble) collaborating

We performed inelastic neutron scattering experiments to determine the dispersion of the r6*1) - TQW -
Nd crystal field excitation in Nd2CuO4. Our results can very well be described within the random phase
approximation model. This allows a direct determination of the exchange coupling constants between the
Nd ions. The superexchange interactions mediated by the oxygen and copper-oxygen layers turn out to be
significantly stronger than the in-plane exchange between the Nd ions.

2 4 has been recognized to be the parent
compound of both superconducting and heavy-
fermion materials. Upon doping with Ce and
subsequent annealing in reducing atmosphere,
superconductivity is achieved in Nd2-xCexCuO4-5 for
0.13<x<0.18 with a highest Tc of -22 K [1]. For
x>0.18, the system becomes a normal metal. For
x=0.2 and temperatures T<0.3 K, the system shows a
specific heat linear in temperature with a huge
Sommerfeld coefficient and a corresponding large
effective mass, indicating heavy fermion behavior [2].

The investigation of the exchange interactions plays a
key role in the understanding of this heavy fermion-
like behavior and both the interplay between
superconductivity and antiferromagnetism. One
approach to determine the coupling constants is a
measurement of the dispersion of the crystalline
electric field (CEF) excitations in the paramagnetic
state. We therefore performed inelastic neutron
scattering experiments to determine this dispersion
for the r^) - r6<2) CEF transition at -21 meV.

The experiments were performed on the triple axis
spectrometers IN8 and IN3 at the high flux reactor of
the Institute Laue-Langevin (ILL) at Grenoble. On IN8
we used a Cu111 monochromator and PG002
analyzer, both vertically bent. In the case of IN3 we
used a vertically bent Cu111 monochromator and a
horizontally bent PG002 analyzer. The sample was
mounted in an ORANGE He cryostat and kept at a
temperature of 4 K. This temperature is well above
the Nd ordering temperature of ~1.5 K.

To describe the data we made use of the random
phase approximation (RPA) model [see e.g. 3] . In this
model, the excitations are given by the following
expression:

E(q)=[A2-2M2A(J(q)+IJ'(q)l)]1/2

where A is the crystal field splitting, M the transition
matrix element, and J(q) and J'(q) the Fourier
transformed coupling constants between ions of the
same and of different sublattices, respectively.
The + sign corresponds to acoustic, the - sign to
optical branches. The scattering intensity of the two
branche is proportional to 1±cos(q) with q=tr-j where
t: reciprocal lattice vector, r: vector connecting the two
sublattices and j=arctan(lm(J'(q)/Re(J'(q))).

In Fig 1 we show the measured dispersion. The lines
correspond to the fitting with the random phase
approximation model. Moreover, the line drawn in Fig.

2 corresponds to the calculated intensity, which also
describes the data very well. This allowed us to
directly determine the coupling constants between the
Nd ions.
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Fig.1 Measured dispersion at 4K. The lines
correspond to RPA model calculations.
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Fig.2: Measured intensity of the acoustic branch,
normalized to the total magnetic scattering.
The line corresponds to the RPA model
calculation.
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CRYSTAL FIELD EXCITATIONS IN LaNd1.xCexCuO4

M.Gutmann, P. Allenspach, G.Böttger, A.Furrer, J.Mesot, S.Rosenkranz, and M.Zoiliker;
R.S.Eccleston (ISIS)

The crystal field splitting of the ground state multiplet 4lg/2 of Nd has been observed in inelastic neutron
scattering experiments for a serie of electron-doped superconductor samples with chemical formula
LaNdi.xCexCuO4 withx=0, 0.05, 0.1, 0.15, and 0.2.

The degeneracy of the ground state multiplet 4 l 9 / 2 of Nd
is partially lifted by the crystal field created by the
neighbouring ions. In the case of tetragonal symmetry
five Kramers doublets appear (Fig. 1) which can be
observed in an inelastic neutron scattering experiment.
The splitting is very sensitive to the electronic charges
of the surrounding neighbouring ions and to the local
symmetry.

i

t

t

i

r6(»
Fiq.1: Levelscheme for the crystal field splitting of Nd in

a tetragonal field.

In the case of LaNd-j.xCexCuO4 the average crystal
structure is tetragonal. The Nd sees mainly the charges
of the Cu and O ions which form square planar sheets.
Ce occupies the same crystallographic site as Nd and
adds an electron to the CuO2 plane. This produces
locally a different charge distribution. The local doping
state corresponds to two different sets of peaks in the
spectra: A is assigned to the undoped and B to the
doped regions (Fig. 3). The excitation at 90 meV which
corresponds to the highest transition is shown in Fig. 2.
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}.2: The highest transition r6(
1)-»r6(

3) observed at the
time-of-flight spectrometer MARl at ISIS. A4 and B4

correspond to undoped and doped regions respectively.
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Fig. 3: IN3-spectra at 8 K. The transitions A denote
locally undoped and the transitions B locally doped
regions, x is according to LaNd1.xCexCuO4.



87

CRYSTALLINE-ELECTRIC-FIELD IN THE INFINITE-LAYER

A.Podlesnyak, AMrmelsteln, Institute for Metal Physics, Ekaterinburg GSP-170, Russia;
S.Rosenkranz, W.Henggeler and A.Furrer, ETHZ & PSI, CH-5232 Villigen PSI, Switzerland.

The large scale sample of the nominal composition Sro.isNd0.a2pu02has been prepared by new synthesis
method from the low pressure phase of SrCuO2 and NdCuO2 as starting materials. Crystalline-electric-
field (CEF) excitations have been measured using inelastic neutron scattering up to 40 meV of energy
transfer.

There have been considerable efforts to study
the CEF interaction in the LnBazCu3Ox (Ln - rare
earth) compounds by inelastic neutron scattering
(INS) experiments which provide direct evidence for
the charge-transfer processes [1]. Nevertheless, due
to the low symmetry of the CEF potential and the
rather complicated structure of the 1-2-3 systems
often some approximations have to be introduced
towards a quantitative understanding of the CEF
parameters. It is evident that the more simple
structure of the infinite-layer (IL) compounds is highly
favorable for the understanding of the
superconducting mechanism of the copper-oxide
high-Tc compounds. Therefore, we have initiated a
series of INS experiments on IL compounds.

The infinite-layer compounds of the (Sr,Ln)CuO2

family have been prepared by new method synthesis
from low pressure phase SrCuO2 and NdCuO2 as
starting materials [2]. This method provides an ability
to obtain nearly single-phase large scale IL samples
which are suitable for the neutron diffraction and
neutron spectroscopy experiments.

INS measurements were carried out on a triple-
axis spectrometer IN-3 at the ILL, Grenoble. The
constant-Q mode of operation was realized with fixed
analyzer energy £a=14.9 meV. Measurements were
done in the temperature range 10 K < T < 150 K and
for the scattering vectors Q1=2.55 A'1, Q2=3.2 Ä"1 for
E < 25 meV and E > 25 meV, respectively.

Sr1.xLnxCuO2 crystallize in a tetragonal lattice
with space group P4/mmm. The ten-fold degeneracy
of the ground state J multiplet \ l 2 of the Nd3* ions is
split by the CEF into five Kramers doublets r f ^ . An
example of the low energy spectra observed for
Sro.82Ndo.isCu02a\ 1ÜK are shown in Fig.1. There are
two well resolved inelastic lines of magnetic origin at
energy transfer Ei~20A meV and Ef-ZSA meV. We
can interpret these lines in terms of CEF interactions
which correspond to F ^ —> F ^ transitions from the
ground state to excited levels, since none of the
excited CEF states are sufficiently populated at 10 K
and their temperature dependences are governed by
Boltzman statistics.

A straightforward interpretation of the observed
energy spectra is made difficult due to the absence of
high energy transitions measurements. As repeatedly
demonstrated [1] the CEF interaction in the copper-
oxide perovskites is essentially governed by the
nearest-neighboring oxygen polyhedra around the Ln-
site. For the IL phase this is a tetragonally distorted

cube with Nd-O distances of about 2.6 Ä, similar to
the compounds NdBa^UsO* with an orthorombically
distorted coordination polyhedron and Nd-O distances
of about 2.4 A. For NdBa^UsOj the CEF interaction
was observed at 0. 12, 20, 36, and 116 meV [3, 4],
and the F ^ —> F$ ^ transition was found to be by far
the strongest ground state excitation. We therefore
expect for the IL phase of Sro.s2Nd0.i&Cu02 a similar

10 20 30

Energy transfer [meV]

Fig.1. Energy spectra of neutron scattered from
Sr0.82Ndo.isCu02 at T=10K.

CEF splitting pattern as for WdBa2Ci/3O7 , slightly
shifted to lower energies due to the larger Ln-O
distances.

Thus, we have been able to get preliminary
results on low energy CEF transition associated with
the Nd~"A ions in Sr0.a^iä0.iaOuO2. At present we are
trying to improve the large-volume IL production
process by taking care of more homogeneous
conditions during the high-pressure synthesis. Further
inelastic neutron studies are in progress.
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INFLUENCE OF Ca DOPING ON STRUCTURAL AND PHYSICAL PROPERTIES OF
ORTHORHOMBIC RBa2Cu307^

G.Böttger, F. Fauth, P. Fischer; K. ConderandE. Kaldis (ETHZ)

The influence of Ca doping on structural and physical properties of a series of polycrystalline samples with
the composition Ri.xCaxBa2CuQO7.s (R=Y, Er; 0<x<0.2) were investigated by neutron and X-ray
diffraction, oxygen content determination and magnetic measuren.ants.

Ca doping in the high-temperature superconductor
RBa2Cu3O7-5 modifies the structure and the
electronic properties. The structural and physical
properties of a series of polycrystalline samples with
the composition Ri.xCaxBa2Cu3O7.5 (R=Y, Er;
0<xs0.2) were investigated by neutron and X-ray
diffraction, oxygen content determination [1] and
magnetic measurements. Neutron diffraction experi-
ments were performed on instrument D1A at the ILL.
Y-123 samples were prepared by standard solid state
reaction whereas Er-123 samples were synthesized
by a sol-gel method. The superconducting transition
temperature Tc was determined from standard ac
susceptibility measurements (Fig. 1). The super-
conducting transition temperature decreases as the
Ca content increases.
The substitution of R by Ca could be verified by
Rietveld refinements of both neutron and X-ray
diffraction data. The Ca incorporation in the ortho-
rhombic phase leads to a change of the lattice para-
meters and consequently to an almost linear change
of orthorhombicity. The increase of c-lattice parameter
with increasing Ca content is a structural conse-
quence of the replacement of the Y3 + (r=1.02 A) /
EI-3+ (r=1.03 A) by the larger Ca2+ (r=1.14 A). The b-
axis contracts as a function of Ca substitution due to a
decrease of the O(4)-occupancy. The lower occu-
pancy of the O(4)-position (chain oxygen) is in good
agreement with the decrease of orthorhombicity and
oxygen content with increasing substitution level. A
starting occupancy of the 0(5)-position corresponding
to the decreasing orthorhombicity explains the slow
increase in a. The most significant changes of atomic
parameters have been found for the Ba atom, which is
shifted away from the basal plane with increasing Ca
content. Systematic changes of the bondlengths
Cu(1)-0(1) and Cu(2)-O(1) (Fig. 2) due to shifts of the
apex oxygen 0(1) towards the CuO2 plane are
observed. As in our case the divalent Ca ion replaces
the trivalent R ion, we find an expected decrease of
the oxygen content. Moreover we observed that the
determined oxygen content of Yi.xCaxBa2Cu3C7.5
samples with x>4 % is higher than expected. The
positive difference of calculated and observed oxygen
content suggests the generation of additional holes.
Thus doping with Ca 2 + at the R site enhances the
hole carrier concentration in the CUO2 planes which is
directly related to the superconductivity and thus

overdoping the material. Moreover the oxygen content
decreases as the Ca-concentration increases which is
in good agreement with results reported in ref. [2].

0.0235

60 80
Temperature [K]

Fig.1: Magnetic measurement of Tc of a poly-
crystalline Ero.96Cao.04Ba2Cu3O6.92
sample prepared by a sol-gel method.

2.295
- » • Cu(2)-0<])[A](neuirondau)

8 12 16

Ca content [%]

20

Fig.2: BondlengthsCu£}O(1)of Yi-xCaxBagCugOTs at
1.5 K as a function of the Ca content.

[1] e. g. K. Conder, S. Rusiecki, E. Kaldis, Mat.
Res. Bull, 24, 581 (1989).

[2] C. Greaves and P. R. Slater, Supercond. Sei.
Technol., 2, 5(1989).
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CRYSTAL ELECTRIC FIELD SPLITTING OF R3+-IONS IN RNi2B2C (R=Ho,Er,Tm)
U. Gasser, P. Allenspach, F. Fauth, W. Henggeler, J. Mesot, S. Rosenkranz, P. Vorderwisch, A. Furrer

Inelastic neutron scattering has been employed to study crystalline-electric-field (CEF) excitations of the
tetragonal compounds HoNi2B2C, ErNi2B2C and "

In the magnetic superconductors RNJ2B2C (eg. R =
Dy, Ho, Er, Tm, space group I 4/MMM [1]) super-
conductivity coexists with magnetic ordering of the
rare earth magnetic moments (Table 1). In the case
of HoNi2B2C two magnetic phase transitons are
observed, and there is evidence for a direct
interaction between superconductivity and magnetic
ordering. This interaction leads to nearly reentrant
behaviour at 5K as can be seen in Figure 1. In
ErNi2B2C a similar but less obvious behaviour is
observed.

Table 1: Magnetic properties and critical temperatures
of RNipBpC (R = Ho, Er, Tm) [21

into account from the start. We succeeded to find a
set of CEF-parameters that is consistent for the three
rare earth elements investigated in this study. This
parameter-set also accounts for macroscopic
properties (eg. magnetic susceptibility, specific heat
or entropy) of the compounds in question.
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Figure 1: Temperature-dependence of the upper
critical magnetic field HC2 for HoNi2B2C and
ErNi2B2C. The lines are guides to the eye. [2]

Inelastic neutron scattering experiments were
performed on IN3 (ILL, Grenoble, France) and FLEX
(HMl, Berlin, Germany) in order to determine the
CEF-splitting of the rare earth ions and their magnetic
ground-state. The CEF-hamiltonian is determined by
the point symmetry of the rare earth lattice-site
(4/MMM) and takes the form HCEF = B$O$ +
B%O$ + Bi0% + B$O$ + B$O%. As the effective
valences of the Ni-, B- and C-ions are not known, a
starting-set of B™ -parameters for a fit to the data
cannot be calculated accurately. As the surrounding
of the rare earth lattice-site is far from cubic, it is not
possible to simplistically begin the fit with only two
parameters for an assumed cubic surrounding. All
five parameters (ß£, ß$, B\, B%, B%) have to be taken
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Figure 2: CEF-fits to the measurement data
(calculations with consitent parameter-sets, data from
IN3). a) ErNi2B2C, b) HoNi2B2C, c) TmNi2B2C

References
[1] M. Buchgeister et al., Materials Let. 22 (1994) 203
[2] H. Eisaki et al., Phys. Rev. B 50 (1994) 647



90

NEW COMPLEX, IONIC AND METALLIC METAL DEUTERIDES

M. Bortz, F. Gingl, B. Huang, K. Yvon (Univ. de Genäve); P. Fischer and M. Zolliker,
V. A. Yartys', I. Yu. Zavaliy (Karpenko Physical-Mechanical Institute, Lviv, Ukraine)

In our effort to synthesize new compounds for
hydrogen storage we have discovered the following
metal deutendes:

I. M4Mg4Co3D19 (M s Ca, Yb) [1 ] , Ca4Mg4Fe3D22

type, cubic, FA 3m, a = 6.6809(2)/6.6591 (1) A, Z = 1.
II. BaMg2FeD8 [2], SrMg2FeD8 type, trigonal, P3m1,
a = 4.5683(4) A, c = 6.9163 A, Z = 1.

III. KjjZnD,, [3], ß-KgSC^ type, orthorhombic, Pnma, a
= 7.7579(4)A, b = 5.8631(3)A, c = 10.2813(5) A, Z=4

IV. I^ZnDs [4], Cs3CoClstype, tetragonal, 14/mcm,
a= 7.5819(4) A, c= 11.1671(5) A, Z = 4

V. Ba2Mg3D10 [5], Ba2Ni3F10 type, monoclinic, C2lm,
a= 17.950(7) A, b = 5.856(2) A, c= 7.869(3) A,
ß= 111.88(3)°, Z = 4.

VI. Zr6FeAI2D10 [6], new type, hexagonal, P62m,
a = 8.1354 A, c = 7.0940(6) A, Z = 4.
Compounds I-IV are complex transition metal
deutendes which contain square-pyramidal [CoDs]4"
(Fig. 1), octahedral [FeHe]4", and tetrahedral [ZnH4]

2'
(Fig. 2) 18-electron anions, respectively, whereas V
is a saltlike, and VI a metallic deutende (Fig. 3). Their
volume efficiencies for hydrogen storage range
between 52 and 107 g/l, and their weight efficiencies
between 1.5 and 4.2 wt.% H. The dissociation
temperatures of III and IV are in the range of 580-620
K at 1 bar hydrogen pressure. VI absorbs hydrogen
at room temperature and is of potential interest as a
hydrogen getter. All crystal structures have been
solved ab-initio from X-ray and neutron powder
diffraction data (DMC).

Acknowledgments: This work was supported by the
Swiss Federal Office of Energy and the Swiss
National Science Foundation.
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(a)
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Fig. 1. Structure slabs of M4Mg4Co3D19(M= Ca, Yb)
centered at z = 0 (a) and z = 1/2 (b), both viewed
parallel to th fourfold axes.

Fig. 2. viewed approximately along b.

Fig. 3. hexagonal ZreFeAI2D10 viewed along c.
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STRUCTURE ANALYSIS OF Ce(Mno.5Alo.5)2 AND Ce(Mno.5Alo.5)2Di.5

P. Spatz, K. Gross and L Schlapbach (Univ. Fribourg);
P. Fischer and F. Fauth

Using X-ray diffraction the intermetallic compound Ce(Mnn.5Aln.5)2 was found to crystallize- in the cubic
C15 Laves phase. Upon hydrogen absorption, a stable hydride phase with a capacity of 0.5 HIM is
formed. Increasing the hydrogen gas pressure from 10 mbar to 10 bar causes an additional absorption by
dissolution in the hydride phase of 0.4 HIM. After hydriding, no structural transformation was observed. To
study the structural properties, we performed neutron diffraction on this ternary intermetallic compound
and its deuteride. It was observed that the Mn and Al atoms are distributed randomly on the B sites In the
cubic C15 Laves phase of this AB2-type system. For the sample Ce(Mno.5Alo.5)2Di.5, deuterium was
found to occupy interstitial sites formed by A2B2 tetrahedra of 2 Ce and 2 Mn atoms.

Introduction
Metal hydrides for hydrogen storage applications
require inexpensive intermetallic compounds that
absorb large quantities of hydrogen under ambient
conditions.
From X-ray diffraction analysis we found that the
dominant phase of the ternary intermetallic compound
Ce(Mnn.5Alo.5)2 crystallyzes in the cubic C15 Laves
phase with the Fd3m structure. Hydrogen absorption
measurements of this ternary intermetallic compound
have shown that about 0.5 H/M is absorbed below 10
mbar at ambient temperatures. After having reached a
concentration of 0.5 H/M the equilibrium pressure
increases and an additional 0.4 H/M is absorbed by
the sample. The unit cell volume of the cubic Laves
phase for different values of H/M was determined
from a series of X-ray diffraction measurements. A
discrete lattice expansion of 3.6 vol.% is observed up
to a concentration of H/M=0.5. This is attributed to the
existence of a hydride phase (ß-phase). Above this
concentration the additional absorption of hydrogen
expands the lattice continuously. This is most easily
explained by the dissolution of hydrogen (y-phase)
into the hydride phase.
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n-Diffraction Experiment
The neutron scattering experiment was performed at
the ILL in Grenoble on the instrument D1A. Thermal
neutrons with the wavelength X=1.908A were used.
All measurements were made at room temperature.
For the predominant AB2 cubic C15 Laves phase, we
found that the AI and the Mn atoms are distributed
randomly on the B-s'rtes (16d positions) and, that the

ratio between the number of AI and Mn atoms in the
unit cell is 1.36. The calculated atomic occupation
numbers for the undeuterided sample are: 0.083 for
Ce on the 8a-positions, 0.070 for Mn and 0.096 for AI
on the 16d-positions. For the chi-square we obtained
7.80 and the resulting Bragg R-factor for the refined
cubic Laves Phase is 9.6%.
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For the deuterided cubic Laves phase, we found that
the D atoms are located in A2B2 interstitial sites (96g-
positions). The calculated coordinates are
x/a=0.08019, y/a=0.08019 and z/a=0.85709 and the
deuterium occupation number was calculated to be
0.127. This value is in good agreement with the
measured absorption capacity for the stable hydride
phase. Assuming that only Ce2Mn2 tetrahedra are
occupied, theoretical calculations of the available 96g-
positions also gives a deuterium concentration of 1.5
D per formula unit (0.5 D/M). The relative volume
expansion due to deuteration of the cubic
Ce(Mno.5Alrj.5)2 Laves phase was found to be 5.4
vol.%. The shortest and the largest distances between
two deuterium atoms are calculated to be 1.4975 A
and 2.8277 A, respectively. The chi-square was 6.14
and the Bragg R-factor was 16.5% for this calculation.
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SPIN FLUCTUATIONS IN EuS NEAR Tc

P. Böni, A. Hartmann, D. Görlitz (Uni Hamburg), M. Hennion (LLB Saclay), J. Kötzler (Uni Hamburg),
J.L. Martinez (CSIC Madrid), and B. Roessli (ILL Grenoble)

Using inelastic scattering of polarized neutrons near a Bragg reflection we have measured the dispersion
of spin waves with transverse and longitudinal polarization as well as the dynamics of the (parallel)
fluctuations along the magnetization direction. The transverse modes SS l q diverge near Tc. The
longitudinal modes 5SII q are suppressed due to the dipolar interactions.

Spin waves are the most important magnetic
excitations in ferromagnets because they are mainly
responsible for the vanishing of the magnetization M
at the Curie temperature Tc. Therefore, they have
been studied in detail in many systems. In addition, at
least close to Tc, there exist also parallel fluctuations,
i.e. spin fluctuations along the magnetization direction
M. They have been investigated only in a very few
selected (metallic) samples, namely Pd(10%)Fe [1]
and Ni [2].

In order to shed more light on the dynamics in
isotropic ferromagnets we have investigated the
magnetic fluctuations in the insulating Heisenberg
ferromagnet EuS at small q by means of polarized
neutron scattering.

Fig. 1 shows three typical scans at a reduced
momentum transfer q=0.16 A"1 that were performed
near the [200] Bragg peak in a vertical magnetic field.
All the spin flip scattering is due to spin waves,
whereas the non spin flip scattering is due to the
parallel fluctuations. Similar measurements have been
performed at several temperatures in different
magnetic fields close to Tc.

The results can be summarized as follows: The
parallel fluctuations are quasielastic and behave
similarly as the paramagnetic fluctuations when
approaching Tc. In particular the linewidth is roughly
proportional to q*-5. The spin waves show an
interesting behavior with respect to their polarization:
The intensity of the longitudinally polarized spin
waves (8S || q) is smaller than the intensity of the
transverse spin waves (8S 1 q) due to the strong
demagnetization effects in EuS. In contrast, effects
on the spin wave energy are small or even absent at
this temperature. The transverse spin waves diverge
at Tc and are responsible for the phase transition at
Tc. This situation resembles the behavior of the
transverse paramagnetic fluctuations in EuS, when
approaching Tc from above [3]. From the intensity
ratio it follows that the dipolar wave number is
qd=0.21±0.03 A"1.

The present results demonstrate clearly the strong
influence of the dipolar interactions on the spin
dynamics in insulating EuS. In Ni these effects are
small because gd=0.013 A'1 [4] is small. The two
systems are therefore ideally suited for determining
effects on the spin dynamics caused by i)
demagnetization effects and by ii) localization of the
magnetic moments.

E-=2.98meV 41.7-11 -EuS-37-40 T=15.0K

•0 t 0U 0 1

Energy (mcV)

Fig. 1: Constant Q-scans probing the magnetic
fluctuations with q=0.16 A'1 at 0.93 Tc. The spin flip
scattering is due to the transverse (a) and longitudinal
(b) spin waves. The non spin flip scattering is due to
the parallel fluctuations (c). The solid lines are fits to
the data, including the instrumental resolution
function.
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MAGNETIC STRUCTURE OF [Fe(d8-bpy)3][Mn2(ox)3]

S. Decurtins, H.W. Schmalle, R.Pellaux, R. Huber (Univ. Zurich);
P. Fischer (PSI), B. Ouladdiaf (ILL)

A polycrystalline sample with stoichiometry[Fe(dB-bpy)3)[Mn2(ox)3] (ox = C2O4?; bpy = 2,2-Bipyridine)
has been studied by means of neutron diffraction. The antiferromagnetic structure (TN= 13 K) of this
chiral, three-dimensionally linked transition-metal compound has been determined. This is the first
neutron scattering experiment on a novel class of supramolecular compounds [1,2].

The material which has been investigated is formed by
the interaction of manganese(ll)-ions and oxalate ions
as bridging ligand units. The existence of a magneti-
cally ordered phase could be suggested from magne-
tic susceptibility measurements [2] which revealed a
rounded maximum at about 20 K in the %M versus T
curve as well as a Weiss constant 0 of - 33 K in the
1/XM versus T plot. The measured nuclear neutron dif-
fraction patterns between 300 K and 1.8 K (D2B
(ILL.Grenoble), X= 1.593 A) are consistent with the
crystal structure which is described in either one of the
enantiomorphic pair of the cubic space groups P4332
/ P4-|32. The good agreement of observed and
calculated neutron intensities is illustrated with the
data of the paramagnetic phase (30 K).

60 SO 100
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No crystallographic phase transition could be detec-
ted and the lattice parameter shows the expected
thermal contraction: a = 15.427(2) A (300 K);
15.374(2) A (150 K); 15.359(1) A (100 K); 15.353(1)
A (60 K); 15.349(1) A (30 K); 15.348(2) A (1.8 K). Fur-
thermore, as anticipated, an increase of the intensities
due to long-range antiferromagnetic ordering of the
Mn2 + ions could be detected with a neutron diffraction
experiment performed in the temperature range from
30 K to 1.8 K (D1B (ILL.Grenoble), X = 2.5154 A). The
measured magnetic diffraction pattern (1(1.8 K) -1(30
K)) corresponds to a propagation vector K = 0.

The temperature dependence of the dominant
magnetic intensity (210) at 26 = 21.1° indicates an
ordering temperature TN = 13.0(5) K, in good agree-
ment with the magnetic susceptibility experiments.

The magnetic structure can be described in the
irreducible representation 14, which is derived from
the space groups P4332 / P4-(32. Thus, a two-
sublattice antiferromagnetic spin arrangement has
proven to occur.
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MAGNETIC PHASE TRANSITIONS OF TbPdAI

A. Dönni, P. Fischer, F. Fauth and M. Zolliker;
H. Kitazawa (NRIM Tsukuba)

TbPdAI crystallizes in an orthorhombic low-temperature modification (LTM) with TiNiSi-type structure and in
a hexagonal high-temperature modification (HTM) with ZrNiAI-type structure. Powder neutron diffraction
experiments on TbPdAI were started to investigate magnetic phase transitions of LTM and HTM samples.

The ternary compound TbPdAI is reported [1, 2] to
crystallize in an orthorhombic low-temperature modifi-
cation (LTM) with TiNiSi-type structure (space group
Pnma) and in a hexagonal high-temperature modifica-
tion (HTM) with ZrNiAI-type structure (space group
P62m).

Polycrystalline TbPdAI material was synthe-
sized by arc-melting stoichiometric mixtures of the
pure elements. LTM and HTM samples were then
obtained by annealing as-cast TbPdAI material at 900
°C and at 1050 °C, respectively. A magnetic suscep-
tibility experiment revealed that for both TbPdAI mod-
ifications, LTM and HTM, magnetic phase transitions
occur at T-) = 43 K and at T2 = 21 K. Powder neutron
diffraction experiments on spectrometers D1A and
IN3 at the ILL (Institute Laue-Langevin) at Grenoble,
France, were started to compare chemical and mag-
netic structures of LTM and HTM samples. An
interesting aspect is that geometrical frustration of the
magnetic Tb atoms is present in TbPdAI (HTM) with a
triangular lattice and is absent in the LTM material.

Results obtained for TbPdAI (LTM) are illus-
trated in Figs 1-3. The refinement of the paramagnetic
diffraction pattern measured at 90 K (Fig. 1) confirms
the TiNiSi-type chemical structure. Magnetic struc-
tures correspond to an incommensurate propagation
vector k-| = [0.27, 0.52, 0] below T1 = 43 K and to a
commensurate propagation vector k2 = [0, 1/2, 0]
below T2 = 21 K (see Figs. 2,3).
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Fig. 1: Observed and calculated neutron diffraction
patterns of paramagnetic TbPdAI (LTM) at
90 K. Vertical bars indicate scattering angle
positions of nuclear Bragg peaks.

20

16

12

I

fi
©
S

Fig. 2:

IN3: TbPdAI (LTM)

"MTMMff***^

T= 10 K

T= 20 K

I I I T= 30 K

« M«l

T=46 K

26 27 28 29 30 31

2-Theta [degrees]
32

2-Theta scans through selected incommen-
surate and commensurate magnetic peaks
[(0.73, 0.48, 1) at 27.2°; (0.73, 0.52, 1) at
28.0°; (1.27, -0.48, 1) at 29.2°; (1.27, 0.52,
1) at 30.0°; (1, 1/2, 1) at 30.8°] of TbPdAI
(LTM) at different temperatures.

14000

12000

"g10000

a 8000

g 4000

z
2000

0

IN3: TbPdAI (LTM)

(1. 1/2, 1)
(0.73, 0.48, 1)

10 20 30 40
Temperature [K]

50

Fig. 3: Temperature dependence of the integrated
neutron intensity of the magnetic peaks (1,
1/2,1) and (0.73, 0.48,1) of TbPdAI (LTM).



95

INTERMULTIPLET CRYSTAL-FIELD TRANSITIONS IN EuNiO3

S. Rosenkranz, U. Stauband A. Furrer;
R. Osborn (Argonne National Laboraroy, USA), P. Lacorre (Univ. LeMans, F)

and V. Trounov (Petersburg Nuclear Physics Institute)

Inelastic neutron scattering has been employed to study the crystalline-electric-field excitations of Eu3*
Ions in

The RNiO3 (R=rare earth) compounds are of
particular interest since they are one of the few
families of oxides showing metallic conducivity.
Moreover, these compounds show a metal-insulator
transition as a function of temperature [1], which could
be attractive for future industrial applications.
These compounds also show interesting magnetic
properties. At already elevated temperatures (TN
around 200 K) the Ni 3 + moments order three
dimensionally with an ordering vector k = (1/2,0,1/2)
[2]. For R = Nd and Sm an induced magnetic rare-
earth moment is observed at temperatures below 30
K due to the R-Ni exchange interaction, and for R =
Nd a hyperfine induced nuclear polarization was
observed at very low temperatures (T < 200 mK) [3].
A profound understanding of the low-temperature
magnetic properties requires a detailed knowledge of
the rare-earth wavefunctions, which can be achieved
by determining the crystalline-electric-field (CEF)
interaction at the rare-earth site. The most suitable
technique for an investigation of the CEF interaction in
optically opaque systems like the nickelates is
inelastic neutron scattering.
In previous experiments we have determined the CEF
energy splitting of R = Pr and Nd in RNiO3. However,
the low site symmetry of the rare-earth ions in these
compounds leads to 15 CEF parameters wich cannot
be unambiguously determined without further
constraints. The EuNiC>3 compound provides the
opportunity to focus on the second order CEF
parameters by measuring transitions from the J=0
ground state to the first excited CEF split J=1 multiplet
since to first order the higher CEF parameters do not
contribute to the splitting of the J=1 multiplet.
The single-phase character of the polycrystalline
sample was proved by x-ray and neutron diffraction.
In order to avoid the large neutron absorption cross
section of natural europium, the 153Eu isotope was
used. The inelastic-neutron-scattering experiments
were perfomed on the time-of-flight spectrometer
LRMECS at the pulsed spallation-neutron-source
IPNS of the Argonne National Laboratory, USA.
Fig. 1 shows normalized energy spectra with fixed
incoming energy Ej = 120 meV. All three transitions
from the ground state to the first CEF split J=1
multiplet (A, B, C) are well resolved. The magnetic
origin of the excitations is proved by the temperature
dependence.

Second order CEF parameters have been determined
from the present work. The calculated energy levels

A = 34.7, B = 45.5 and C = 63.5 meV are in excellent
agreement with the observations.
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Fig. 1: Normalized energy spectra of neutrons
scattered from EuNiO3.
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HIGH PRESSURE NEUTRON DIFFRACTION STUDY OF THE METALLIZATION
PROCESS IN NdNiO3

J. Mesot, Ml. Medarde, S. Rosenkranz, P. Lacorre (Univ. Le Mans), W.G. Marshall (Univ. Edinburgh), J. S.
Loveday (Univ. Edinburgh), S. Klotz (Univ. Paris 6), G. Hammel (Univ. Paris 6), S. Hull (ISIS)

The modifications of the crystallographic structure associated with the decrease of the metal-insulator
transition temperature with external pressure have been investigated by means of neutron powder diffraction
up to 85 kbar.

The charge-transier oxides RNiC>3 (R=rare earth)
exhibit a very sharp metal-insulator (M-l) transition
whose critical temperature T^-i is controlled by the
size of the rare-earth ion [1]. Thus, whereas LaNiO3
remains metallic, TM-I = 130, 200, 400 and 480 K was
observed for R=Pr, Nd, Sm and Eu, respectively.
Resistivity measurements under hydrostatic pressures
(up to 15 kbar) have been reported for some
members of the R-series [2], [3]. The most interesting
results of these experiments can be summarised as
follows:

a) TM.| decreases with pressure

b) 3TM-I /3p shows a high value of -4.2 K/kbar

c) 3TM-I /3p is the same for all studied nickelates

This last feature seems to indicate that a common
structural and/or electronic parameter is controlling
the evolution of TM.| with pressure. The first neutron
diffraction experiments performed on PrNiC>3 up to 5
kbar indicated that a small diminution of the bond
distance d^j-o and a simultaneous increase of the Ni-
O-Ni superexchange angle 9 occurs under pressure
[4]. A less distorted structure would be then stabilized
under external pressure.

This curious behaviour is in strong disagreement with
the pressure evolution of the superexchange angle
observed in other isostructural perovskite systems

Thus, at high pressure, the structure of the metallic
LaNiO3 is stabilized.

In order to confirm these results we have performed a
series of high pressure experiments on NdNiÜ3 using
the Paris-Edinburgh high-pressure cell[7]. Data were
collected on the diffractometer Polaris at the ISIS
spallation source at the Rutherford Appleton
Laboratory (U.K.) using tungsten-carbide anvils. A
pressure range of 15 - 85 kbar (as determined from
the previously measured equation of state) was used.
As a result of careful shielding, the collected spectra
are free from contaminant scattering. The spectra
shown in Fig. 1 are corrected for attenuation due to
the pressure cell and the background is substracted.
The solid lines of Fig. 1 are the result of a Rietveld
refinement using the program GSAS [8].

As shown in Fig. 2 our results fully confirm the former
ones obtained at low pressures [4]: the Ni-O-Ni angle
increases strongly under pressure. More impressive is
the observation of a phase transition from
orthorhombic to rhombohedral at about 40 kbar.
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Fig. 1: Results of a Rietveld refinement obtained at 25
and 85 kbar.
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LONG-RANGE ORDER IN EQUIATOMIC NiTi

W. Bührer1, M. Zolliker1-2, R. Gotthardt3,a ndL Bataillard3

1 Labor für Neutronenstreuung ETHZ&PSI
2 Institut Laue Langevin, Grenoble

3 Institut de Gönie Atomique, EPF Lausanne

The effect of different heat treatments on polycrystalline material of nearly equiatomic NiTi has been
investigated by neutron diffraction. 'As received' wires show very broad line widths in the diffraction
diagram. A first annealing strongly improves the crystalline order, and after a second annealing a
degree of long range order r\=0.86 is obtained.

The equiatomic inter metallic alloy NiTi undergoes near
0 C a martensitic phase transition with a shape memory
effect. In addition, above the temperature of the
martensitic transition Ms, anomalies have been ob-
served in electrical resistivity, in internal friction, by x-ray
and electron diffraction, and by neutron scattering [1,2].
These effects - the so-called premartensitic effects -
were explained by additional phase transitions.
The phase diagram of nearly equiatomic NiTi is rather
unusual: depending on preparation and history of the
sample, a different transition behaviour is observed on
cooling: (i) austenite (Pm3m) - R-phase (rhombohedral)
- martensite (P2-|/m); (ii) austenite -SL-phase - marten-
site; or (iii) direct transition austenite - martensite. In ad-
dition different martensitic phases are reported (again
depending on heat treatment).
Neutron scattering experiments (IN3, ILL) have been
performed on 3 samples of NiTi wire material of different
thermal history: (i) as received, (ii; aged at 900 C and
quenched, and (iii) aged at 900 C, quenched and an-
nealed at 500 C.

The 'as received' material shows very broad diffraction
lines (Fig. 1), presumably due to residual internal strain.
The result of the 1st heat treatment was a considerable
narrowing of the line widths of the diffractogram (Fig. 1),
to be interpreted as due to a better crystalline quality of
the sample. The 2nd heat treatment brought another
slight improvement, mainly observed in the intensity
ratio of the Bragg lines (even versus odd (h + k+l));
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in other words the annealing process improved the long
range chemical order of the alloy.
We performed a quantitative analysis of the data by a
least-square fit of calculated and observed integrated
intensities (Fig. 2). We obtained a degree of long-range
order r|=0.86 for the sample after the 2nd heat treat-
ment. This value is slightly above the best reported
values (TI=0.82 [3]); however our result is preliminary
because on the one hand the parameters of the fit
(scale factor, individual Debye-Waller factors and occu-
pation number of atomic sites) are highly correlated, and
on the other hand the number of observable Bragg
peaks in a powder diagram is limited. Therefore experi-
ments on single crystals are scheduled.
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Fig. 2: Integrated intensities of powder lines after 2nd
heat treatment; "even" and "odd" refer to (h + k + l) ; the
line represents the fit (r|=0.86).

[1] O. Mercier, P. Brüesch, and W. Bührer, Helv. Phys.
Acta53,243(1980)

[2] M. Müllner, G. Herget, M. Keil, G. Eckold, J. Suck,
W. Weber, and H. Jex, Proc. Europ. Conf. on
Martensitic Transformations, Bochum, p. 115 (1989)

[3] I. Lotkov, priv. commun., Int. Conf. on Martensitc
Transformations, EPF Lausanne (1995)

Fig. 1: Neutron diffractograms of polycrystalline NiTi
wire material, k=1.17 A; 1st heat treatment considerably
improves the crystalline quality.
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SINGLE CRYSTAL NEUTRON DIFFRACTION INVESTIGATIONS OF THERMAL
MOTIONS IN K2PtCl6 AT 295K and 380K

J. Schefer
D. Schwarzenbach (Univ. Lausanne) and G. Mclntyre (ILL) collaborating

By means of neutron diffraction the crystal structure and thermal motions of the ions in f.c.c. K2PtCle
[1,2] were investigated in the temperature range from 20 K to 295 K, extending the analysis to an-
harmonic terms. Associated with PtClß octahedra librations the Cl ions vibrate mainly perpendicular
to the Pt-CI bonds. This thermal motion and also the isotropic thermal vibrations of the metal ions
increase essentially with temperature, resulting in an isotroyic thermal expansion.

Within experimental accuracy anharmonicity seemed
to be of minor importance in the investigated tempera-
ture range from 20K to 295K [1]. The results of the
structural refinement are summarized in table 1. As
may be seen from the anistropically refined displace-
ment parameters, the Cl atoms vibrate mainly per-
pendicular to the Pt-CI bond. Whereas the stretching
vibration Pt-CI is only increased by approximately
20% from 20 K to 98 K, the vibration perpendicular to
this bond is almost doubled as illustrated by the ßy
parameters. This also confirmed by the Cl-CI-bond
lengths within the PtClß-ion and the Pt-C! bond length,
which do not change significantly.
Refinements including anharmonic terms beyond the
third order parameters do not yield better agreement
factors as shown in table 1 for 295K. The ß„ parame-
ters of Pt and Cl are small, close together and are
increasing with rising temperature (ß),(CI)=ß11(Pt) for
all temperatures), whereas ß22 of the chlorine atom,
mostly related to a rotation, is a factor of 3 larger, but
also increasing linearly with temperature.

Table 1: Structural parameters for space group

Fm-3m, no. 225 of K2PtCl6 as a function of tempera-
ture. Agreement values Rwp and R|, R F concerning
weighted profile and integrated neutron intensities and
structure factors, respectively. Rexp = statistically ex-
pected value. >

Table 2: Selected interatomic distances in K2PtCl6
[A]. In the estimated standard deviations (given within
parentheses, referring to the last digit) the error of the
neutron wavelength is not included.

temperature [K]
K-CI
K-Pt
CI-CI
CI-CI (RCIß-ion)
Cl-Pt (PtClR-ion)

380K
3.4676(4)
4.2438(4)
3.6521(7)
3.2780(7)
2.3179(5)

295K
3.4579(5)
4.2320(6)
3.638(3)
3.269(2)
2.312(2)

120K[2l
3.4262(1)
4.1942(1)
3.5750(7)
3.2742(7)
2.3152(5)

temperature [K]
K-CI
K-Pt
CI-CI
CI-CI (PtClß-ion)
Cl-Pt (PtClR-ion)

98
3.4226(8)
4.1898(10)
3.571(3)
3.271(3)
2.313(2)

22
3.4181(1)
4.1843(1)
3.568(3)
3.265(3)
2.309(2)

20
3.4159(5)
4.1819(6)
3.555(3)
3.274(3)
2.315(2)

References
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[2] R. Restori et al., Z. Naturforschung
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temperature
sample / instrument

wavelength X

a

K:8c:ß11=ß22=ß33

Y123

Pt:4aßn=ß22=ß33

Cl: 24e (x,0,0)

P11

ß22=ß33

Y111

Y122=Y133

RF,RI

RWFIRWD
Rpxn

[Ä]

[A]
[10-5]

[10-5]

[10-5]

X

[10-5]

[10-5]

[10-5]

[10-5]

380 K
SC/ILL (D9)

0.7023(1)

9.8007(10)

976(11)

57(18)

421(3)
0.23618(9)

444(4)

1082(4)

0(4)

•21(3)

0.027
0.021

295 K
SC/ILL(D9)

0.7023(1)

9.7733(13)

756(20)

17(33)

276(6)
0.2365(2)

305(7)

834(8)

-17(7)

-21(5)
0.033
0.022

295
poly/DMC

1.0863(2)

9.7502(4)

644(31)

-80(145)

262(13)
0.2362(2)

324(19)

848(15)

-104(55)

-70(28)
0.064
0.108
0.072

9.7500(4)

627(30)
0

261(13)
0.2368(1)

336(19)

838(15)

0

0
0.069
0.108
0.072

98
SC/BNL

1.0462(1)

9.6760(20)

332(12)

22(18)

180(7)
0.2390(2)

213(8)

441(6)

-5(10)

-1(5)
0.055
0.052

22
poly/DMC

1.0863(2)

9.6632(2)

148(15)

-48(53)

58(7)
0.2389(2)

54(10)

196(7)

-8(27)

-59(11)
0.058
0.084
0.058

20
SC/BNL

1.0462(1)

9.6576(15)

197(14)

-7(20)

97(7)
0.2397(2)

172(9)

262(6)

-6(12)

4(5)
.044
.032
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HIGH-RESOLUTION POWDER NEUTRON DIFFRACTION EVIDENCE FOR
STRUCTURAL PHASE TRANSITION IN Cs3Er2l9

P. Fischer, A. Dönni and W. Marti; K. Krämer (Univ. Bern), H. U. Güdel (Univ. Bern), M. Wickleder (Univ.
Bern), T. Vogt (BNL), D.E. Cox (BNL) and Th. Hauss (HMI)

Below room temperature the hexagonal Er dimer compound is found to transform to a chemical structure
with low symmetry which may be described at 5 K by a triclinic unit cell similar to the hexagonal one, but with
lattice parameters a = 8.283 A,b = 8.286 A, c = 20.971 A,cc = 90.2°, ß = 91.6° and y= 120°.

From single crystal X-ray investigations at room tem-
perature the rare-earth compound Cs3Er2lg is known
to crystallize with hexagonal chemical structure corre-
sponding to lattice parameters a = 8.3799 Ä, c =
21.176 A and space group P63/mmc [1]. The struc-
ture contains bioctahedral (E^lg)3" groups with Er
dimers oriented parallel to the c-axis.

With respect to magnetic Er ordering at low
temperatures it was important to investigate the tem-
perature dependence of the crystal structure.
Therefore neutron diffraction measurements were
performed at room temperature and at 5 K on a pow-
der sample of Cs3Er2lg by means of the high-resolu-
tion neutron diffractometer at Brookhaven National
Laboratory (BNL).

Fig. 1 proves single phase quality of the sample
and confirms at room temperature the structure model
of ref. [1] with lattice parameters a = 8.384 A and c =
21.184 A.

On the other hand Fig. 2 illustrates the drastic
change of the neutron diffraction pattern on cooling
which indicates at least one structural phase transi-
tion. Similar observations were also made by means of
neutron diffractometer V1 at HMI, Berlin, with 4.6 A
neutrons (at T = 80 K, Fig. 3), by X-ray diffraction and
optical measurements. The profile refinements made
by means of program Fullprof [J. Rodriguez-Carvajal]
and based on space group Pi indicate for the tem-
perature of 5 K a triclinic unit cell similar to the hexag-
onal one, but with lattice parameters a = 8.283 A, b =
8.286 A, c = 20.970 A, a = 90.2°, ß = 91.6° and y =
120°.

Similar differences in peak shapes were also
observed by synchrotron X-ray diffraction at
Brookhaven National Laboratory (Fig. 4).
Reference
[1] H. M. Artelt and G. Meyer, Z. Krist. 203, 284-

285 (1993).
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LATTICE DYNAMICS OF Fe5O-AI5o at 20 C

W. Bührer1, M. Zolliker 1>2, and G. Vogl3
1 Labor für Neutronenstreuung ETHZ&PSI

2 Institut Laue Langevin, Grenoble
3 Institut für Festkörperphysik, Universität Wien

Lattice dynamics of Fe^gA/so has been determined by coherent inelastic neutron scattering. The dispersion
curves are analysed with a Born-von Karman model extending up to 3rd nearest neighbours.

Calculating phase stability of more-component solids or
defect concentrations in solids means minimising the
free enthalpy, and therefore it is mandatory to know the
potential energies of the atoms in the field of their
neighbours as well as the entropies. Considerable
progress in calculating energies has been achieved
quite recently by help of ab-initio electron theory [1]. But
equally important for minimising the free enthalpy is the
knowledge of the entropy. For binary metallic systems
what often is not available is the vibrational contribution
to the entropy. This information is urgently needed for
calculating defect formation energies and thus to
explain e.g. the high diffusivities from first principles.
We performed coherent inelastic neutron scattering
experiments on the triple axis spectrometer IN3 (ILL).
The experimental results determined at 20 C are
displayed in Fig. 1. The data have been fitted with a
Born-von Karman model with interactions extending to
the 3rd nearest neighbours. The derived phonon density
of states g(w) is shown in Fig. 2. Acoustic and optic
modes are separated by a gap around 30 meV. The
eigenvector-weighted densities of states of Fe and of AI
in FeAl show that the lighter aluminium predominantly
.noves in the high frequency optic mode region.

10 20 30
frequency (v) [meV]

Fig. 2: Phonon densities of states of FeAl, Fe in FeAl,
and AI in FeAl; calculated with the 3rd nearest
neighbour Born von Karman model.

[1] A. Seeger and M. Faehnle, in 'Computer aided
innovation of new materials II', ed. M. Doyama et al.,
Elsevier 1993
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Fig. 1: Phonon dispersion curves of FesoAlso along high symmetry directions measured at 20 C.
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FeCoV-Ti:N SUPERMIRRORS ON ABSORBER COATINGS

D. Clemens, P. Bönl, M. Horisberger, H. Grimmer, and H. Van Swygenhoven,
W. Hahn (KFA Julien) and F. Klose (HMI Berlin) collaborating

In order to apply FeCoV-Tv.N neutron polarizing multilayer structures that have been developed in our
laboratory to multichannel bender devices an additional antireflection film has to inserted between the
multilayer and the substrate. It serves to minimize the proportion of neutrons in the unwanted spin state
that is still reflected from the multilayer-substrate interface if no antireflection film is present. We
succeeded to find an appropriate absorber coating made by co-sputtering of Ti and Gd with an optimized
thickness dgbs= 50 nm.

Last year we developed a thin film multilayer structure
capable of polarizing neutrons with high efficiency
even when the mirror is in its remanent magnetization
state which can be maintained at ßcoerc s -5 mT. For
this we combined Fe050Co048V002 with Ti, reactively
sputtered with properly chosen amounts of N2. Using
a 150 layer supermirror coating, a |+)-reflectivity of
fll+> = 87% at i3c = 2.1 • tfc(Ni) can be achieved. In an
external field of S=-4 mT applied antiparallel to the
in-plane magnetization of the film we measured a
polarization of P>90% due to /=?!-> s 4% between
q=0.15nm~'i and q=0.5nm~'i [1,2].

multiples ol oc(Ni)
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Fig.1. Reflectivity curve and polarization of a
polarizing supermirror (R1285) in Sexl = -4 mT.
Fe0MCo048V002-Ti:N, 150 layers.

In order to equip their instrument for diffuse neutron
scattering DNS and the neutron spin echo
spectrometer NSE with polarizers and analysers our
collaborators at the Forschungszentrum (KFA) Julien
aimed at focussing multichannel benders in which
polarization takes place by enforced, multiple
reflection from these magnetized FeCoV-Ti:N
supermirrors [3]. To minimize the remaining |-)-
reflectivity at q-values up to 0.14 nm"1 which is due to
total reflection from the glass surface, a Ti:Gd
antireflection film has been deposited (co-sputtering)
as first layer between the glass substrate and the
supermirror structure. The polarizer coatings were
prepared at PSI in a commercially available DC
magnetron sputtering system [4]. The necessary
amount of Gd in the antireflection film and the film
thickness has been determined from a series of

samples having thicknesses of 30 nm, 50 nm, and
70 nm. The alloy composition has been varied by
co-sputtering Ti with an increasing amount of Gd.
Neutron reflectivity measurements revealed that a
50 nm Ti:Gcl film that was sputtered with the highest
Gd fraction gives a sufficiently good suppression of
the |->-signal.

multiples of 0c(Ni)
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Fig.2. Polarized neutron reflection from a 150 layer
Feo.5oCoo.48Voo2'Ti:N supermirror (R1875) on a 50 nm
antiref/ecting Ti:Gd sublayer supported by a 0.2 mm
glass substrate, Soxt = 22.5 mT.

First tests of the assembled multichannel bender
polarizers confirmed that the mirrors can be saturated
in the relatively low fields of ~ 25 mT (see Fig 2).
Final testing and installation is foreseen for early
1995.
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MAGNETIC ANISOTROPY IN THIN FILMS Fe50Co48V2

P. Böni, D. Clemens, H. Grimmer, W. Hahn (KFA Jüiich), M. Horisberger, and A. Vananti

By choosing anisotropic sputtering conditions we have produced thin films FesoCo4ßV2 that exhibit an
anisotropic magnetization distribution within thepiane of the film due to magnetostriction.

Multilayers consisting of magnetic and
nonmagnetic layers can be jsed to polarize neutrons
because the scattering contrasts are different (or
neutrons with up |+> or down |-> polarization when the
layers are magnetized. The ideal polarizer has i) an
excellent |+> reflectivity, ii) a low |-> reflectivity, and iii) a
large remanent in-plane magnetization [1] thus
allowing to use the polarizer as a spin selective device.

We have grown 1000 A single FesoCo48V2 films
by means of DC-magnetron sputtering in order to
study the dependence of the inplane magnetization
on the sputtering conditions. The structure and the
strain of the films has been characterized by means of
x-rax diffraction. In addition, we have determined the
stress of the films by measuring the deformation of the
Si substrates using a profilometer. The magnetic
hysteresis curves were measured by using SQUID
and MOKE (magneto optic Kerr effect).

- 2
<JII

Fig. 1;' Stress in polar coordinates. o\\ is the stress
along the moving direction.

In a first step we confirmed that isotropic sputtering
conditions, i.e. a fixed substrate placed below a
circular target, yield isotropic stress and magnetization
within the plane of the film. In a second step we varied
i) the angle of incidence of the sputtered particles, ii)

the velocity of the substrate below the magnetron
target, and iii) the sputtering pressure. For all samples
we determined the stress a and the magnetization.

Fig. 1 shows that aj_ > a|| > 0 for a low sputtering
pressure of pAr = 0.75 jibar and using a substrate that
was moved below a rectangular target. This result
shows that the stress is tensile and is largest
perpendicular to the moving direction. Indeed, x-ray
diffraction confirms, that the lattice spacings are
largest along o±.

Fig. 2 shows the remanent magnetization MQ

normalized to the saturation magnetization Ms as
determined by MOKE. Clearly, the remanence is
strongest along the direction with the largest tensile
stress, ax, i.e. perpendicular to the moving direction
of the substrate.

(MO /MS)A

(M 0 /M s ) „

Fig. 2: Remanence in polar coordinates. Mo is largest
along the direction with the largest tensile stress.

The results can be summarized as follows. Oblique
incidence sputtering conditions can be used to
enhance the stress in a particular, well defined
direction within the plane of the film. Hence, due to
magnetostriction the magnetization becomes
anisotropic within the plane.

[1] D. Clemens, P. Böni, H.P. Friedli, R. Gottel, C.
Fermon, H. Grimmer, H. Van Swygenhoven, J.
Archer, F. Klose, Th. Krist, F. Mezei, and P.
Thoma, Physica B 213 & 214, 942 (1995).
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STRUCTURAL COHERENCE OF Ni3AI/Ni MAGNETRON SPUTTERED
MULTILAYERS

S. Tixier, P. Böni, H. Van Swygenhoven and M, Horisberger

We have studied the effects of deposition parameters on the structure of NijAI/Ni magnetron sputtered
multilayers. We have shown the influence of the Ar pressure on the mosaicity of the grains and the
influence of the base pressure on the stuctural coherence.

The magnetron sputtering technique is well suited
for the growth of amorphous or polycrystalline thin
films or multilayers. Nevertheless, it has been shown
recently that structural coherence could be obtained
with this technique for different systems and across
several layers [1]. The structural coherence as well
as the roughness profiles influence drastically the
physical properties.

We have studied the influence of deposition
parameters such as the Ar pressure and the base
pressure (pressure before sputtering) on the
structure of magnetron sputtered multilayers. The
structural characterisations were performed by high
angle and asymmetric X-ray diffraction as well as by
reflectivity measurements.

Multilayers composed of 40 bilayers of Ni3AI and
Ni each 50Ä thick ([Ni3AI(50Ä)/Ni(50Ä)]40) were grown
for different deposition parameters. They were
deposited directly on a Si wafer covered by an
amorphous SiO2 layer.

For all the samples, the direction of growth is
[111]. The dense planes are therefore parallel to the
substrate. The average perpendicular lattice
parameter lays between the bulk lattice parameters
of Ni and Ni3AI. An increase in the perpendicular
compressive stress of the whole structure with
increasing Ar pressure has been observed. This has
already been shown for various sputtered thin films.

X-ray diffraction mappings have been realised
around the (111) reciprocal lattice point. They are
obtained by rotating the sample (co scan) from 5° to
40° while keeping the scattering angle (29) constant
for a value in the range 41° < 29 < 49°. They are
represented in reciprocal coordinates Qx.Qz (Fig. 1).

The main peak is the Bragg peak of the average
lattice parameter of the structure. It is spread out in
the co (~Qx) direction due to the mosaicity of the
grains. The FWHM of the peak in the Qz direction
gives, according to the Scherrer formulae, the crystal
coherence length perpendicular to the surface.

At low base pressure, it is greater than 350 A
being equivalent to 7 times the layers thickness. This
coherence allows superlattice peaks to appear on
both sides of the Bragg peak (Fig. 1a, 1b).

At high Ar pressure (Fig. 1b) the mosaicity has
strongly increased. This is explained by an increase
of the scattering of the target atoms by the neutral Ar
atoms with increasing Ar pressure.

At high base pressure, the coherence is of the
order of a few layers and superlattice peaks can

hardly be observed. It is the result of a slight
oxidation of the Ni3AI layer. It leads to smoother
interfaces and to a destruction of the coherence.

Fig. 1 : Contour plots of the diffracted intensity of X-
rays from multilayers around the (111) reciprocal
lattice point, (a) Low Ar pressure, (b) high Ar
pressure, (c) high base pressure.

[1] H. Van Swygenhoven, H. Grimmer, F.
Paschoud, M. Victoria, R. Hauert,
Nanostructured Mater., 4(4), 409, (1994).
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NANOSTRUCTURED N13AI LAYERS AND N13AI/N1 MULTILAYERS OBTAINED BY

MAGNETRON SPUTTERING

H. Van Swygenhoven, S. Tixier, H. Grimmer, F. Pachoud, M. Knauss (MPI Stuttgart), P. Böni and M. Victoria

Ni/il layers and M/V/M multilayers have been produced by magnetron sputtering. The samples hardness has
been measured by nanoindentation. We noticed an increase in hardness of the nanostructured Ni^l compared to
the bulk polycrystalline material.

The research in nanostructured materials and its
success in improving the ductility of ceramics has
motivated research in nanostructured intermetallic
compounds. It is expected that the deformation
behaviour of nanostructured materials is a grain
boundary diffusion controlled mechanism, which does
not involve movement of dislocations. This means that
materials which are brittle as coarse grained
polycrystals because of an insufficient number of
independent dislocation slip systems, can exhibit
ductility in the nanocrystalline form owing to diffusion
controlled deformation.

Ni3AI has an ordered cubic face centered structure
of the LI2 type in equilibrium up to the melting
temperature. However when synthesized by a
dynamical process which includes rapid solidification
from the melt or from the vapour phase, it can be
formed in a metastable chemically disordered form.
The presence of chemical order plays an important
role in the mechanical properties. We showed that it is
possible to produce nanostructured intermetallic Ni3AI
by DC-magnetron sputtering using a homogeneous
alloyed source. The layers were made on a Leybold
Z6OO DC system. The structure and the morphology
of the layers have been characterised by electron mi-
croscopy and x-ray diffraction.

The deposited Ni3AI layer is polycrystalline and
textured in the (111) direction. The lateral and per-
pendicular grain sizes are below 20 nm. Chemical
analysis revealed that the layer contains 26.5 ± 2 at%
AI when the Ni plus AI concentrations are assumed to

be 100. It is also demonstrated that chemical order is
present in the very small grained single layer.

Moreover Ni3AI/Ni multilayers have been pro-
duced by the same technique with single layer thick-
nesses ranging from 1.6 to 5 nm. The atomic planes
of Ni3AI/Ni multilayers are coherent across several
layers although the substrate is amorphous and no
special buffer layers are used. Other examples of
structural coherence in magnetron sputtered layers
have been observed in the TiH/Ni system.

The hardness of a single Ni3AI coating and of
multilayered coatings 20[Ni3AI(5nm)/Ni(5nm)] and
40[Ni3AI(2.5nm)/Ni(2.5nm)] have been measured by a
nanoindenter and compared with the hardness of the
coarse grained material. These measurements reveal
that there is a substantial increase in indentation
hardness in the nanostructured Ni3AI compared to the
bulk polycrystalline Ni3AI, as it is shown in fig 1. The
hardness decreases when thin Ni3AI layers are alter-
nated with pure Ni layers. The increase in hardness
resulting from reducing the grain size is an often ob-
served but not fully understood phenomenon. In our
case not only the grain size but also the presence of
chemical order plays certainly a significant role. In the
case of the multilayers the degree of structural coher-
ence will be important.

[1] H. Van Swygenhoven, H. Grimmer, F.
Paschoud, M. Victoria, R. Hauert, Nanostructured
Mater., 4(4), 409, (1994).

[2] H. Van Swygenhoven, P. Böni, F. Pachoud,
M. Victoria, M. Knauss, NANO94, Stuttgart, 1994.
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Fig. 1 : Load versus displacement and load versus time measured by nanoindentation.
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TUNGSTEN/CARBON MULTILAYER MIRRORS FOR SOFT X-RAYS

H. Grimmer, P. Böni, U. Breitmeier, D. Clemens, M. Horlsberger

Simulations of X-ray reflectivity data from W/C multilayers revealed thicknesses of the alternating layers that
differed from those expected from a statistical analysis of the variation of double layer thickness as a
function of the sputter parameters. The results indicate that a sequence of WCX/C layers is formed.

Single layers of W and C, respectively, were grown
by sputter deposition on Si wafers. The thicknesses
of these layers were determined by profilometry to be
255 nm and 258 nm, respectively. The thickness
increase was ßw = 1.416 nm and ßc = 0.248 nm per
passage of the wafer under the sputter target at a
velocity of 1 m/min (power 100 W for W, 150 W for C).

In order to produce periodic W/C multilayers, two
passages of the wafer under the C target with velocity
vc were followed by one passage under the W target
with velocity vw. This was repeated between 25 and
75 times. Seven multilayers were produced in this way
with different velocities vc and vw. Their periods d
were found by X-ray diffraction to lie between 2.4 and
3.1 nm. Assuming that d is a linear function of the
dwelling times of the wafer under the sputter targets,
fw=1/vw and fc=2/vc,

d = 'cfc. (D

a regression calculus gave the following result:

ß'w= 1.15110.016 nm, ß'c = 0.i972±0.0017nm,

if f is expressed in min/m. Notice that ß'w and ß'c are
about 20% smaller than ßw and ßCl respectively.
This indicates that the sticking probabilities of an
incident W atom is smaller on a carbon layer than on a
tungsten layer; similarly, an incident C atom is less
likely to be added on a W layer than on a C layer.

The intensities of the Bragg peaks of different
orders of the periodic layer structure give us
information about the thickness d w and dc=d-dv] of
the tungsten and carbon layers. The SUPREX
program was used to simulate the measured
diffraction spectra. Good agreement between
measured and simulated peak intensity ratios was
obtained for values of dw larger than the expected
values ß'wfw by amounts between 0.28 nm and 0.42
nm. It follows that dc is thinner by the same amount
than the expected value ßy c . A regression analysis
gave the following result:

(2)

ß"w = 1.300+0.037 nm, ocw = 0.207+0.034 nm.

We assume that part of the C atoms are
incorporated into the neighbouring tungsten layers,
forming tungsten carbide. This can explain the deficit
of 0.28-0.42 nm compared to the expected thickness
of the carbon layer. This deficit A approximately

corresponds to a monolayer of graphite and increases
with increasing thickness of the tungsten layer. We
expect that the true dependence of A on fw is not as
simple as the linear relationship obtained from (2):

A = ocw + (ß"w - ß'w) Aw = 0.207 + 0.149 tw.

The first order Bragg peak corresponding to the
multilayer periodicity leads to a reflectivity maximum at
close to normal incidence for soft X-rays with
wavelengths corresponding to the C Koc line (^=4.48
nm) and at glancing angles 0 between 1.5° and 1.9°
for CuKoc radiation (X=0.154 nm). While it has not yet
been possible to carry out the soft X-ray reflectivity
measurements at a synchrotron radiation centre on
these samples, the absolute reflectivities for CuKa
radiation were found to lie between 22 and 37%. It
should be stressed that we refer the reflected
intensity to the intensity of the primary beam, not to
the intensity of the beam reflected at glancing angles
in the range where total reflection is expected. This
alternative definition of 'absolute reflectivity' would
lead to even higher values than given above.

Diffraction of CuKa radiation by an X-ray mirror
consisting of 25 W/C double-layers, 'total' reflection
for glancing angles 9 up to 0.35°, first Bragg peak at 0
= 1.5°.

XPS measurements are under way to test the
hypothesis of carbide formation. Systematic series of
multilayers have been fabricated recently, in which the
sputter parameters were varied for only one of the two
types of layers. They will allow us to refine our picture
of layer growth, which is important for the fabrication of
high quality X-ray mirrors with prescribed properties.
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SPUTTERING METHOD FOR IMPROVING NEUTRON COMPOSITE GERMANIUM
MONOCHROMATORS

J.Schefer, M.Medarde, S.Fischer, R.Thut, M.Koch, P.Fischer, U.Staub, M.Horisberger, G.Böttgerand
A.Dönni

Composite germanium monochromators are in the beginning of their application in neutron diffraction. In
order to optimize their properties for high resolution neutron powder diffraction we significantly improved
the alignment procedure of the individual wafers used for building the monochromator plates, as we added
the tin necessary for soldering with a sputtering technique instead of tin foil spacers. Sputtering could also
be replaced by evaporation yielding similar results.

Germanium is a widely used material for neutron
monochromators, as it has both high scattering length
density and moderate absorption. However, it is also
known that the introduction of a defect structure ap-
propriate for an efficient neutron monochromator by
plastic deformation has turned out in the past to be a
severe problem, especially as an anisotropic mosaic
is necessary in order to use this crystal for a focusing
monochromator. This problem can be avoided by
stacked composite wafer monochromators as shown
byaBNLgroup[1].
In the first bending and flattening process, we fol-
lowed the method introduced by BNL [1]. Flattening
has proved to be the most difficult and essential step
in the whole bending procedure. We therefore have
chosen a 8 mm thick ceramic (MICAR™), which was
flattened to reach a parallelity of 20 u.m. Such plates
should be regularly tested for flatness and eventually
re-machined. The germanium was in direct contact
with the ceramic up to 870 °C. Results for a single
wafer after all flattening steps are shown in ref. [2].
In order to reach a uniform coating of the flattened
wafers, a magnetron sputtering technique (Leybold)
was chosen, using an in-house built tin target. The
goal of this step was to fix a uniform layer of tin di-
rectly to the wafers, allowing a precise alignment of
the individual wafers against each other, as the pack-
age is not disturbed by the soft tin foils. Additionally
the amount of tin can be reduced.

Figure 1: Cut through a test piece built of 24 germa-
nium wafers, sputtered with 2.6 u.m tin on both sides.
The distance from layer to layer is 0.4 mm.

The coated wafers were afterwards aligned in a stamp
made of graphite and pressed with their long refer-

ence cut of 25 mm length to the graphite block ma-
chined to 0.02 mm precision, using an excentric bolt.
Afterwards, the whole package was heated in our
vacuum furnace (10s bar), loaded with 6 N/cm2 at
350°C, stabilized at 450°C for approximately 10 min-
utes and afterwards cooled within 3 hours with the
weight on the composite wafer package down to room
temperature. First test cuts (Fig. 1) with a diamond
saw show, that we can reach a stable monochromator
package in this way, which can be machined with
standard tools.
The typical anisotropic mosaic spread of a single wa-
fer and the anistropic mosaic distribution are shown in
ref. [2]. We show in Fig. 2 results from a first assem-
bly with tin sputtered wafers tested with neutrons. In
addition, we also could measure a Ge004 -reflection in
an off-centric beam geometry and therefore reached
the goal of changing the wavelength by turning around
the coaxis only. Further improvement of the technique
may be reached by using an improved bending tech-
nique as described by [3].

0.15

100 200 300

V l ]
Figure 2: Halfwidths of rocking curves (fwhm) of a
composite Germanium monochromators of 24 wafers
(9.6 mm thick) at different y-orientations.
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X-RAY DETECTION WITH Nb/AI/AIOx /Al/Nb TUNNELING JUNCTIONS

7/7. Nussbaumer, F. Finkbeiner, K. J. Weber, Ph. Lerch, A. Zehnder (PSI) and H.R. Ott(ETHZ)

A whole wafer fabrication procedure using selective etching of refractory materials to produce Nb- or
Ta/AI/AIOx /Al/Nb tunneling x-ray detectors is discussed. Fabrication aspects and preliminary results are
presented.

Our efforts aim towards the fabrication of a useful
X-ray detector using Giaever tunnel junctions. The
main experimental challenge is to collect the excess
charge released by broken Cooper pairs before
losses by diffusion and recombination of quasiparti-
cles (qp) dominate. Effective charge collection can
be achieved with a large tunneling rate combined with
a large qp trapping rate [1]. These requirements imply
"well-defined" trapping regions together with a leakage
free tunneling barrier of high transparency. It turns
out that these conditions translate into a delicate
technological problem. We use a variation of the
"whole wafer" selective etching process proposed by
Gurvitch [2] to fabricate Nb or Ta/AI/AIOx /Al/Nb de-
vices. We consider the following points: 1) The en-
ergy-gap A of the absorbing material should be uni-
form in order to limit unwanted trapping effects, and to
avoid a space dependence of the amount of released
excess qp. 2) For various absorbing materials, an
optimum qp population is obtained if the electronic
mean free path > 80 nm is obtained [3]. 3) We be-
lieve trapping is effective for a Al thickness above 400
nm [4]. 4) Diffusion losses can be minimised by con-
tacting the device with narrow leads. 5) The tunnel
barrier should be defect free. 6) The edges of the
devices should not electricaly short out the tunnel
barrier.

Our fabrication technique, started in fall 93, relies
on a single pump-down deposition sequence in UHV
(10"s mB) conditions. One type of devices is prepared
with a 200 nm thick film of Ta absorber another type
of devices uses Nb instead. Ta is e-gun deposited on
a R-plane oriented sapphire substrate kept at 600 "C
and resistance ratios > 50 are obtained. Sapphire was
chosen because its thermal expansion coefficient is
close to the one of Ta (and Nb) and because its
crystal structure favors the growth of Ta in the pre-
ferred (100) direction provided the surface mobility
during deposition is sufficiently high. Currently, Ta
films contain a mixture of (110) and (100) oriented
materials. For the A/b-absorber devices, fabrication
was optimized using Nb sputtered in 99.997 % argon
on substrates kept at room temperature. The resulting
Nb is polycrystalline (110) with limited resistance ra-
tios of ~ 4 to 7. Important problems related to the
stress of sputtered Nb films have to be mastered.
Following Imamura [5] we use the self-bias voltage
during sputtering as a feed-back parameter to stabi-
lize the sputtering power. The optimum argon pres-
sure required to obtain films with a minimum amount
of stress is determined in separate experiments, and
is checked periodically along the life of the sputter

target. Films under stress are not desirable for two
reasons: 1) stress release during fabrication can
damage the device 2) AFM-imaging our Nb films
showed that low stress polycrystalline Nb is smoother
than material including stress. This surface morpho-
logy affects the topography of the AI film, which in
turn, will affect the growth of the tunnel barrier. The
following sequence is used on both classes of de-
vices. The first AI layer (thickness ranging between 20
and 80 nm) is deposited by sputtering on samples
cooled below room temperature in order to avoid the
formation of islands. Samples are then transferred in
a load-lock chamber and the tunnel-barrier is grown
by thermal oxidation for an hour. We adjust the bar-
rier transparency with the Ox pressure in the cham-
ber. The temperature of the sample on its sample
holder is not monitored during this step, and is slowly
increasing from -10 °C to room temperature. The
samples are then transferred back into the sputtering
chamber, and the counter electrode of Al/Nb is de-
posited.

The geometry definition sequence can be
sketched as follows: samples are patterned through 2
lithographical/etching steps followed by 2 lithographi-
cal/lift-off steps in order to produce circular or quar-
tic shaped AI/AIOX /Al/Nb junctions on top of a Ta or
Nb absorber. Ta and Nb are reactively ion-etched in a
SFe/Ar mixture and AI is wet-etched. A layer of 400
nm thick thermally evaporated SiOx is lift-off deposited
on a limited area around the junction. Problems en-
countered with the adhesion and the resistivity of the
SiOx layer could be solved by the deposition of two
layers at differents rates and O2 partial pressure. We
remove impurities off the contact area, formed by =
10 x 10 \irri2 vias in the SiOx layer, with a gentle neu-
tral argon beam milling. A lift-off deposition of 5 U.H72

wide, =50 nm thick sputtered Nb wires produces
contact to the top of the junction. We observed a
significant increase in the sub-gap resistance R,s of
the junctions when the removal of the resist mask
defining the actual junction geometry is performed in a
plasma of oxygen. During this step, the edges of the
junction, together with the absorber surface are ex-
posed to the plasma. With the present technique, we
obtain devices with Rsg at T< 1K ranging between 10
to 300 k Q at Vbias = 0.5 mV for a barrier area = 40 x
40 \irrf and a barrier resistance Rn =10 - 20 Q.

Figure 1 shows the risetime vs collected charge
scatter plot obtained upon the irradiation of a = 1600
u/772 quartic shaped symmetric Nb/AI/AIOx /Al/Nb
junction ( 20 nm of AI) placed close to one end of a
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100 x 500 (im2 absorber. Rsg ~ 10 kQ., R„ - 10 Q.; 2
4/e = 2 mV and the temperature was kept at 550 mK.
The device was biased at 1 mV and connected to a
charge integrating amplifier kept around 5 K. The
noise of the test pulse is 104 electrons (e) and re-
duces to 7000 e if the device is replaced by a 10 / i i
cold resistor biased at 1 mV. The collected charge
due to x-ray events does not exceed 1.3 105 e. The
inset shows the pulse height histogram. An energy
scale is obtained by assigning the main peak in the
diagram to the Ka line of the 55Fe source. The second
peak consistently corresponds to the K"p line. No
change was observed if the temperature was kept at
900 mK.

The low energy resolution, = 600 eV, correlates
with the low collected charge. The effective qp loss
time is of the order of 1 u.s (channel 350 = 0.5 \is,
channel 400 = 1 \xs). This time is shorter than the
tunneling time of ~ 2 u.s calculated with our parame-
ters. Hence, most of the charge cannot be collected.
We measured a device having a 20 times larger sub-
gap resistance together with a similar barrier trans-
parency. As expected, the electronic noise was
lower, but we did not collect more charges. In a sub-
sequent experiment, we have etched away most of
the large absorber and did not collect more charges at
all. This fact, together with the moderate quality of
the Nb makes us believe that most of the detected
charge was due to events in the junction or its near
vicinity.

400

300 350 400 450

Rise time [# channels]

500

Figure 2: Pulse height histogram vs rise time.
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CURRENT LIMIT TO THE ENERGY RESOLUTION OF GIAVER TUNNEL
JUNCTIONS AS X-RAY DETECTORS

Ph. Lerch and A. Zehnder (PSI)

The working principle of superconducting tunneling X-ray detectors is sketched and reasons for the
current energy resolution limit are discussed.

Cryogenic detectors are detection devices involv-
ing complex physics and state-of-the art technology.
The basic concept is to work with quanta of excita-
t'ons which require much less energy than ionizing a
gas atom (=20 eV) or producing an electron-hole pair
in a semi-conductor (=1 eV). In a superconductor,
these excitations are called quasiparticles resulting
from broken Cooper pairs which have binding energy
in the meV range or athermal phonons with energies
in the same range. Operation at low temperature is
required in order to prevent spontaneous thermal
excitation of these quantas.

Our efforts aim towards the fabrication of a useful
X-ray detector using a superconductor - insulator -
superconductor (SIS) Giaver tunnel junction. The
working principle of the detector can be sketched as
follows: the energy of an incoming X-ray quantum
absorbed by the photoelectric effect in an electrode is
transfered, along a complex cascade of relaxation
processes, into athermal phonons within a few pSec.
These phonons further transfer, within a few nS, their
energy to the electronic system of a superconductor
resulting in the creation of a population of excess
quasiparticles. The energy transfer from the phonon
to the electronic systems is efficient because the De-
bye energy of a superconductor is much larger than
the energy e„ required to break a Cooper pair. The
number n, of broken Cooper pairs is given by E,/^, EY

is the energy of the absorbed X-ray, e„ is of the order
of the energy gap A of the superconductor [1] and is
1000 times smaller than the energy required to create
an electron-hole pair in a semi-conductor. Thus, one
expects =106 excess charges to be produced for
every absorbed keVo\ energy.

The goal is to convert a maximum of the initial
energy into excess quasiparticles, and the experimen-
tal challenge is to detect this excess charge before
recombination of quasiparticles into phonons or outdif-
fusion dominates. Early estimations of the expected
relative energy resolution obtainable with such SIS
detectors predicted 8E/E~(f e„ / EY)"2 « n,1ffl , » 5 e l /
for E7= 10 keV incident radiation. This prediction as-
sumed that excess charges obey Poisson statistics, a
Fano factor f < 1 and ^ ~ 1.7 meV [1]}. In experi-
ments with Sn/SnOK/Sn tunnel contacts [2,3] a reso-
lution of the order of 40 eV was obtained. To date,
best results obtained with much more robust and
thermaly recyclable devices of Nb/AI/A^O/AI/Nb have
shown a resolution of 30 eV [4]. In such a structure,
the Nb layer has the role of an absorber, where as
the AI, which has a lower energy gap, is used as

aquasiparticle trap [5]. The AI2O3 is the actual tunnel
barrier through which quasiparticles can tunnel, pro-
vided the device is voltage biased so as to present
empty electronic states for the quasiparticles trans-
ferred accross the barrier.
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Figure 1: Resolution as a function ofnx

In Fig. 1 we show 8E/E as a function of nx for
results representative of today's standard. Early re-
sults involving Sn-based devices are included as well.
The solid line has a slope 1/Vnx. The points tend to
cluster around this line, there are numerous devia-
tions, however, reflecting differences in device and
experiment specific parameters. Enhanced resolution
can be achieved if the collected charge increases.

Extrapolating the solid line in Fig.1 to 108 charges
corresponds to a resolution of 10 eV. A simple esti-
mation shows that this number is one order of magni-
tude larger than the total charge that one would obtain
if the energy of a 6 keV X-ray could be transferred
without any loss into excess quasiparticles: nx = 6
keV/A = 6 • 106 with A =1 meV. Given all the loss
mechanisms already identified, a charge multiplication
process [7] is known to be present under certain cir-
cumstances. This process does not affect resolution
significantly.

It is beyond the scope of this report to enter into
the details of the cascade of processes yielding an
excess charge population. Suffices to say that one
important resolution degrading channel is due to qua-
siparticle recombination during which a Cooper pair is
created together with a phonon. If the energy of the



111

resulting phonon is lower than 2 A, i.e. insufficient to
break another Cooper pair, the energy is lost. The
rate of this process depends on the energy of the
phonons and the quasiparticles, and on the electronic
mean free path (m.f.p) in the material as well as on
temperature [6].
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Figure 2: Relative resolution as a function ofRn A.

The decisive parameters for the signal to noise
ratio (the resolution) of a tunnel detectors are:
• the effective quasiparticle life time xo„ (including

the intrinsic life time and the losses) should of the
order of or longer than the tunneling time, (in the
\iSec range) otherwise recombination (and or
losses) win(s) the race, and the excess charge
cannot tunnel through the barrier. This parameter
is material dependent.

• the tunnelling time T, depends mainly on the
product Rn A where Rn are the resistance and A
the area of the junction respectively. The tunneling
rate, x,'' is a leading parameter since it determines
thecollected charge Qe„ for a given loss rate: Q =
Qox(''A,'' + xj in which Qo is the amount of charge
available for tunneling after the energy cascade.

• the dynamic resistance Rdo\ the device at the bias
voltage of operation neeris to be high in order to
match the input impedance of low noise charge
sensitive amplifiers.

In Fig. 2, we show the relative resolution as a
function of Rn A for recent data available in the litera-
ture. Again, some (explainable) spread is present but
theresolution gets better if the tunneling time x,« Rn A
decreases. The tunneling rate x, '1 can further be in-
creased by reducing the barrier thickness, a choice
that obliges us to face a delicate thin film synthesis
problem: reducing the tunnel barrier thickness, d^. «
Rn increases the defect density through the barrier,
which in turn reduces the dynamic resistance Rs of
the device. Thus making a device faster, is contradic-
tory with the high impedance requirement.

The use of superconducting electronics, namely
high bandwidth (MHz range) SQUIDs (supercon-
ducting quantum interference devices) that recently
became commercialy available will enable to read out
fast devices [8] without the large Rd condition imposed
by classical read-out schemes. We currently work on
an experimental set-up including two channels. A
block diagram of one channel of the experiment is
shown in Fig. 3. Provided Ro « Rd the current /„
flows mainly through the bias resistor R6 and
produces an almost ideal bias voltage V6 = /„ Rd

across the detector which is connected in serie with a
superconducting input coil with inductance Lc. For X-
ray detection, the bias voltage of the detector is fixed
at the desired value. An X-ray induced current pulse
created in the tunnel junction is accompagnied by a
corresponding flux pulse in the input coil «I», = LJX

which is sensed by the SQUID. The output voltage
of the SQUID is proportional to Me change in current
through the detector if the SQUID is operated in a
flux-locked feed-back mode, or if the signal is small.

bias

Sensor

SQUID
Readout ^S-^

Figure 3: Simplified block diagram of the current pulse
read-out using a SQUID amplifier
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FUVITA DETECTOR CALIBRATION

J. Bialkowski, R. Henneck, R. Martini, A. Mchedlishvili, A. Zehnder, (PSI)
O.H. W. Siegmund and S. Jelinsky (SPACE SCIENCES LABORATORY, BERKELEY)

We report the calibration of the FUVITA flight-model and spare-model detectors which was performed at
Space Sciences Laboratories, Berkeley in the wavelength range 912 <l< 1200Ä. Calibration included the
measurements of the spatial resolution, the image distortions, the absolute quantum efficiency and of the
transmission of the Indium filters. Preliminary results are presented. -

1. Introduction
FUVITA (Far Ultraviolet Imaging lelescope

Array) is a set of 2 telescopes to perform imaging in
the largely unexplored Far Ultraviolet (FUV) range
between 912 <, I <, 1200Ä [1]. It will be flown on the
Russian mission Spectrum-Fioentgen-Gamma (SRG)
and will close the gap between the UV instruments
and the soft/hard X-ray instruments. FUVITA will for
the first time image the FUV sky at a 10 arcsec level
over a 1.2° field-of-view with a limiting sensitivity of
m=19 for BO stars. The orbit provided by SRG will
allow for long, uninterrupted observations of up to
100ksec and thus enable us to study the time vari-
ability of faint objects. The density of FUV sources
will guarantee to observe objects for any pointing so
that FUVITA will always gather data also as a secon-
dary instrument (i.e. when prime time is given to some
other instrument). This means that FUVITA observa-
tions will always be part of a multi-wavelength study
for wavelengths between about 0.12Ä and 2800Ä (or
between 4eV and 100keV).

Within the FUVITA collaboration PSI provides the
central detectors with front-end processor and 32
Mbyte memory. In 1995 the two flight-model (FM1,
FM2) and one spare-model (PFM) detectors were fully
tested at PSI and calibrated at the Space Sciences
Laboratories at Berkeley. The following report de-
scribes the calibration and some preliminary results.
For more details on the mechanical and electronical
design of FUVITA see Refs. [2],[3].
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2. Detector Calibration
All three detectors were submitted to the same

procedure: after selection and conditioning of a proper
micro-channel plate (MCP) triplet the MCPs were
mounted in the detector and the general behaviour
(background, hotspots, electronic non-linearity, dead-
time, gain, flatfield) tested. Specific calibration meas-
urements were started by mounting a pinhole mask
(10 micron precision pinholes at 2mm spacing) di-
rectly on the front MCP and illumination by a Hg lamp.
Analysis of these measurements yielded information
on the spatial resolution as well as on image distor-
tions. Also, the optimum HV was selected in order to
provide the best resolution possible. Next, the pinhole
mask was removed and flatfield measurements were
performed with a Krypton lamp (1236Ä) in order to
study the overall pulseheight and relative efficiency
response. This was done with high statistics to search
for small-scale efficiency variations. In between,
measurements without illumination served to asses
the background behaviour. In the last step each de-
tector was illuminated locally (about 1cm diameter
beam spot) by a beam of monochromated light at
several wavelengths between 500Ä and 1200Ä and
the quantum efficiency determined absolutely.

FMl : IMAGE DEVIATIONS

Figure 1: Distribution of the spatial resolution of all
FM1 pinholes.
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Figure 2: Raw pinhole map of FM1. The deviations
from an ideal grid are shown by arrows.

The quantum efficiency over the whole area is then
obtained by combining this measurement with the flat-
field measurement. Finally the transmission of the
Indium filters was determined at 8 discrete wave-
lengths between 530Ä and 1216Ä.



113

3. Preliminary Results
In order to determine the spatial resolution the

pinhole mask measurements were analyzed using a
pinhole searching routine. Each pinhole intensity re-
sponse was fitted in x and y by one-dimensional
Gaussians and the square-root of the product of the
FWHM in x and y was defined as the intrinsic detector
resolution at the position of the pinhole. Fig.1 shows
the distribution of all FM1 pinhole FWHMs (covering
the whole field-of-view). The low-resolution tail is
clearly correlated with pinholes close to the detector
edge. The average resolutions (again over the full
area) are 65, 74 and 77 microns for FM1, FM2 and
PFM respectively. Here we have corrected for the
MCP channel spacing of 15 microns because in most
cases two or even three channels will be illuminated
by a 10 micron diameter pinhole. Since 68 arcsec
corresponds to 10 arcsec the specified goal of 10
arcsec has been essentially achieved.

IMAGE DISTORTIONS : FM1.FM2, PFM
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Analysis of and correction for the image distor-
tions are also based on the pinhole measurements.
Fig.2 shows the raw, uncorrected image for FM1,
revealing the fact that significant distortions mainly
appear close to the detector edge. This is also
demonstrated by the curves labelled 'uncorrected' in
Fig.3 which display the locally averaged distortions as
a function of radius. In order to correct for the distor-
tions we proceeded as follows: the pinhole centers
were compared to an ideal grid with 2mm spacing and
the deviation vectors for each pinhole determined.
The discrete deviation map obtained in this way was
then fitted by a 2-dimensional spline function. Thus,
arbitrary photon locations can then be corrected,
either photon by photon (most accurate but slower) or
using pixel correction maps for all photons located
within a small pixel. The latter can be done 'globally'
over the whole area with 1024 by 1024 pixels or within
a 'zoom' area with pixel areas as small as 1 by 1 mi-
cron2. The curves labelled 'corrected' in Fig.3 show
the result of a global correction applied to the original
pinhole image and analyzing the center deviations
after correction. The residual distortions have been
suppressed to a level which is below the 10 micron
positioning accuracy of the pinhole mask itself.

References:
[1] J. Bialkowski et al., Ann. Report PSI 1994, Sec-

tion 3A,p.110
[2] T.J.L. Courvoisier et al., Experimental Astrophy-

sics 4 (1993) 117
[3] A. Zehnderetal., SPIE 1344 (1990) 132

Figure 3: Locally averaged deviations from an ideal
grid for all 3 detectors, extracted before and after
applying the correction discussed in the text.
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MONITORING OF THE EARTH RADIATION BELTS WITH REM

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

Since now more than a year, two Radiation Environment Monitors from PSI are orbiting the earth. They
provide information about the high energetic particles trapped in the earth radiation belts.

Like in a magnetic bottle, charged particles with
energies above 200 keV are trapped in the earth
magnetic field and form the so-called radiation belts.
Two belts are distinguished: the inner and the outer
radiation belt. The inner belt consists mainly of
protons with energies up to a few hundered MeV and
the outer belt, of electrons with energies up to a few
MeV. The equatorial distance from the earth center to
the inner belt ranges from 1.2 to 1.8 earth radii and of
the outer belt, from approximately 3 to 6 earth radii.

These high energetic particles have caught the
attention of companies involved in space flight
because of their destructive effect on satellite
materials and equipment and their danger for
spacestation crews. A solid knowledge of the particle
fluxes and understanding of the variations is crucial
for the planing of adequate protections. One step
towards a better understanding is to make continuous
measurements of the radiation belt particles.

Since tho middle of 1994 two Radiation
Environment Monitors, REM [1] form PSI are
monitoring the high energetic proton and electron
fluxes on two particular orbits. One REM is orbiting
the earth aboard the UK satellite STRV-1B on a
nearly equatorial elliptical orbit, covering altitudes
between 300 km and 36000 km. It thus passes
periodically through both radiation belts. The second
REM is mounted on the outside of the manned
Russian spacestation MIR on a circular orbit at an
altitude of 400 km.

The trajectories and fluxes of the radiation belt
particles are mainly defined by the configuration of the
earth magnetic field. Whereas at low altitudes the
magnetic field is rather stable and well described by a
dipolar approximation, it is strongly influenced by the
solar wind pressure and the Inter Planetary Magnetic
Field at larger distances. This is the reason why the
outer belt is much more variable than the inner belt.

In Fig. 1 the count rates in the STRV-REM
electron detector, encountered at an altitude of 4.5
earth radii are plotted versus time. The vertical
dashed lines are equally spaced in time, with a period
of 26.5 days and shall help to guide the eye.
Two essential properties of the count rate curve can
be noted. First there exists a seasonal variation with
higher electron fluxes in fall and spring and low rates
during winter and summer. As second property we
note that the count rates periodically increase by up to
a factor 100. The count rate peakes can be grouped
into different series with constant delay of 26.5 days
between contiguous maxima. The peiod fits well with
the mean solar rotation period. The reason for these
periodic enhancements are fast solar wind streams
compressing the earth magnetosphere. The solar
coronal holes, from where fast wind streams originate,
have lifetimes of typically a few solar rotations. Thus
the different series of count rate peakes can be
understood as reaction of the magnetosphere to fast
solar wind streams originating from specific coronal
holes.

Jul94 Sep94 Nov94 Jan95 Mar95 May95 Jul95 Sep95 Nov95 Jan96

Figure 1: STRV-REM count rates versus time at an altitude of 4.5 earth radii. The vertical lines are equally spaced
in time with a period of 26.5 days, the solar rotation period.
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The MIR-REM measuremets are dominated by
high energetic protons in the South Atlantic Anomaly,
SAA. Due to the tilt and shift of the dipole axis of the
magnetic field relative to the earth rotation axis, the
magnetic field strength at the MIR altitude has a
minimum located above the Brazilian east cost. Protons
from the inner radiation belt, following the magnetic field
lines can penetrate in this region to low altitudes. In
Fig.2 contours of constant MIR-REM proton detector
count rates (bold lines) are plotted on a geographic
map. The ratios of the count rate levels are
25:20:15:10:5:2, starting at the innermost contour.
Overplotted are contours of constant B-field strength at
an altitude of 400 km (dashed lines). The labels are
given in nT.
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Figure 2: MIR-REM proton detector count rates (bold
lines) together with calculated B-field strength at an
altitude of 400 km (dashed lines).
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IRRADIATIONS OF THE SREM TELESCOPE PROTOTYPE AT THE PIF

W. Hajdas, N. Schlumpf and A. Zehnder(PSI)

Standard Radiation Environment Monitor SREM is a successor of the ESA-PSl-CIR Radiation Monitor
REM which always is successfully operating in space. The prototype of the SREM telescope was
constructed by the PSI workshop and tested at the Proton Irradiation Facility PIF. Experimental results
are compared with GEANT Monte Carlo simulations. The data will be used for final version of the device
to be produced by Oerlikon Contraves Space.

Standard Radiation Environment Monitor (SREM)
is an instrument for measurements of radiation condi-
tions in a wide range of spacecraft orbits. It is in-
tended to be a basic dose monitor for ESA satellites.
It represents a next generation of PSI/ESA-ESTEC
radiation monitors and will be manufactured Oerlikon-
Contraves in Zuerich. The device will be light and
minimum intrusive, however versatile and capable to
detect protons, electrons and heavy ions with a
coarse energy resolution. It will consists of two mod-
ules: a single silicon diode detector for determination
of total fluxes of protons and electrons and a set of
two silicon diodes arranged as a telescope. Direc-
tional sensitivity and utilization of the coincidence and
anti-coincidence logic will provide valuable spectros-
copy information in spite of the small number of avail-
able energy channels. Monte Carlo calculations were
performed at ESA-ESTEC to find the most suitable
geometry and materials for detector house and
shielding and to optimize degrader layers in front of
the Silicon diodes. A prototype of the telescope was
constructed at PSI - see Fig. 1. Two silicon detectors
(25 and 50 mm2 active area, 500 u,m thickness) are
built in an Al-Ta shielding. The task of the outer AI
layer (low Z material) is to effectively stop space
electrons with only minimum production of the
bremsstrahlung. The inner Ta shield with a high stop-
ping power efficiently protects the telescope against
protons coming from the side and stops the
bremsstrahlung photons.

Figure 1: SREM Telescope Prototype. Outer layer -
AI, inner layer - Ta, two detector suites with painted
black silicon wavers are visible.

The purpose of irradiations at the PIF was to
measure the response function of the telescope and

for a validation of Monte Carlo simulations for the
future data base. Protons energies covered the range
relevant for space proton spectra and were equal to
30, 50, 75, 100, 200 and 300 MeV. Exposures were
carried out at angles between the beam direction and
the telescope axis set from 0° to 180° in 30° steps.
The beam was uniform over the area of 6x6 cm2. The
scintillator detector (1 cm2) mounted close to the tele-
scope monitored the proton flux. CAMAC based elec-
tronics and the TANDEM data acquisition system
were used for data taking.
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Figure 2: Angular distribution of the count rates in the
backward detector for 100 MeV incident protons.
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Figure 3: Spectrum of the energy deposition in the
front detector for 100 MeV protons at CP.

Monte Carlo simulations of the experiment were
performed using the GEANT 3.21 code from CERN.
Geometry and materials of the telescope house and
silicon detectors were described in details in the com-
puter program. Experimental data are compared with
simulations in Fig. 2 for the backward detector count
rates. The energy spectrum from the front detector is
shown in Fig. 3. Two dimensional spectra of energy
loses AE at different energies of incident protons are
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shown in Fig. 4. Obtained results are used for the
optimized final version of the SREM telescope
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XMM-RGS DETECTOR HOUSING AND COOLING SYSTEM QUALIFIED

Knud Thomsen (PSI)

Based on an extensively tested PSI design Swiss industry has concluded the qualification model from the
XMM-RGS structural and thermal system. In the autumn of 1995 the foreseen qualification tests have
been successfully passed.

The X-Ray Multi-Mirror Mission XMM is one of
four "corner stone" missions to be launched by the
European Space Agency ESA around the turn of the
century.

The Reflection Grating Spectrometers (RGS) on
this space craft will achieve high energy resolution
and unparallelled sensitivity in the wavelength range
between 5 and 35 Angstrom. The instrument consists
of an array of reflection gratings placed in the con-
verging beam at the exit of two of the three X-ray
telescopes on the space craft. The cratings diffract
the light to arrays of charge-coupled CCD detectors
offset from the main telescope focal plane. A set of
nine CCD-chips is arranged in a stripe along the
Rowland circle for each RGS.

In an international collaboration established to
build the instruments PSI took over the resposibility to
provide the mechanical / thermal structure of the
camera head including the cooling system in the form
of a passive radiator.

Following the development of Bread Board Mod-
els BBM at PSI, which focussed on the detector
housing and on thermal issues of the cooling system,
an Electro Optical Model EOM has been built in Swiss
industry and successfully tested at the Panter X-ray
facility.

Figure 1: Principal sketch of the XMM-RGS mechani-
cal / thermal structure

Building on the extensive accumulated experi-
ence industry was able to resolve remaining design
issues, which were linked to a door mechanism for the
detector housing and to the structural shape of the
radiator.

The door mechanism shall open only once in
orbit, repeated operation on ground is possible by

means of dedicated ground support equipment. The
door mechanism has been built by CSEM. The re-
mainder of the structural and thermal system consist-
ing of the stand-off stucture, detector housing and the
radiator with connecting parts has been contracted to
Oerlikon Contraves.

Figure 2: Preparations for the thermal acceptance
tests of the complete system in the PSI cryo test
chamber

In the second half of 1995 all the parts came to-
gether and a complete Qualification Model of the
XMM-RGS camera head structural and thermal sys-
tem was assembled.

By definition, the qualification model is as close
as possible to the flight models. Only in case of prob-
lems changes between the qualification model and the
flight model are considered. The idea is to qualify a
design and then just duplicate it for the flight models.
"Qualification" means to exercise the hard ware at
levels of vibration and thermal swing, for example,
which clearly extend the requirements for the flight
units and thus gain confidence in the design. Later on,
flight hard ware is subjected to an "acceptance" test at
levels lower than qualification just to check for func-
tion and workmanship. Anything changed from the
qualification model to the flight model has to undergo
a new qualification program.

In the autumn of 1995 the XMM-RGS camera
head passed successfully the complete set of qualifi-
cation tests foreseen for this unit. Work in industry on
the two flight models has already started.
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CHROMOSPHERIC EVAPORATION AND CORONAL HEATING IN ACTIVE
STARS

M. Güdel (PSI), A.O. Benz (ETHZ), J.H.M.M. Schmitt(MPE, Garching, Germany), S. L Skinner
(JILA, Univ. of Colorado, USA)

First evidence for the Neupert effect in X-rays and microwaves is presented for an active flare star. It
suggests that chromospheric evaporation is a primary source of coronal heating during stellar flares.

Introduction
Numerous observations of solar and stellar

coronal flares have established the transient presence
of (a) very hot (> 107 K) plasma as observed in soft
X-ray ( 0.1-10 keV) or EUV ( 0.01-0.1 keV) emission,
(b) nonthermal, accelerated electron populations as
observed in hard X-rays between -20 keV and ~ 100
keV (not observable from stars due to sensitivity
limits), and (c) mildly relativistic electrons as
evidenced by radio emission at centimetric
wavelengths (routinely observable from stars). The
excellent temporal correlation between hard X-rays
and radio emission in solar flares suggests that both
electron populations are part of the same nonthermal
high-energy tail of the electron energy distribution,
frequently found to be a power-law distribution of the
form N(z) = NQE6, N being the number density of
electrons per keV at the energy e.

Different from the Sun, coronae of active stars
maintain hot plasma temperatures and a "quiescent"
nonthermal microwave component also at times of no
obvious flaring; this suggests that flare-like
mechanisms of particle acceleration and coronal
heating operate at all times in their coronae [1]. It was
shown that microwave and soft X-ray emissions are
similarly and linearly correlated both in quiescent
stellar coronae and in the time-averaged solar flares,
suggesting that the relevant mechanisms for
quiescent coronal emission from stars are similar to
solar flare mechanisms, and that flare heating is an
important contributor to the overall energy budget [2].

In a standard solar fiare model, a considerable
portion of the solar flare energy is released in the form
of fast (kinetic energies > 10 keV) electrons in the
corona. In closed magnetic loops, they travel toward
the magnetic footpoints in the chromosphere where
they emit hard X-rays as "thick-target"
bremsstrahlung. The mildly relativistic energy tail
emits gyrosynchrotron emission. The rapid deposition
of nonthermal kinetic energy causes an explosive
pressure increase in the chromosphere such that
heated material "evaporates" into the corona [3].

This "chromospheric evaporation" flare scenario
is observationally well supported for the Sun. The
most compelling evidence for significant heating by
nonthermal energy deposition is provided by the
"Neupert effect". It manifests itself in a close similarity
between the X-ray light curve (describing the
accumulated thermal energy in the hot plasma) and
the temporal integral of the radio light curve

(describing the total deposited energy). The radio/X-
ray Neupert effect has not been identified in stars
before, due to various circumstances. We report here
on the first detection of the Neupert effect in the
active M dwarf flare star UV Ceti, which is one of the
nearest stars known.

Foundations of the Neupert effect
Considering the transformation of kinetic energy

of accelerated electrons into thermal energy of the hot
plasma, the rate of change of the total thermal energy
in a plasma of volume V with electron density n is
determined by the influx of kinetic energy and
radiation, hence the energy equation

4
at

(1)

where y(T) is the total luminosity of a plasma
with unit emission measure (EM) at a temperature of
T. Here, FR denotes the observed microwave flux of
the electrons due to their gyrosynchrotron emission,
and the parameter a determines the proportionality
between FR and the rate of energy deposited in the
chromosphere by the same electron population.
Conductive losses have been neglected here; the
explosive increase of coronal electron density during
the chromospheric evaporation episode suggests that
radiation is the dominant loss mechanism. Introducing
the decay "constant" -z(t) = 3nkT/(rf\\i(T)), Eqn. (1)
becomes an ordinary, inhomogeneous linear
differential equation. For constant x and negligible
initial thermal energy, its solution is the convolution

E(t)=3nkTV=a f FK (z)e~("z)"dz (2)
Jto

The trivial formulation of the Neupert effect is
recovered by assuming x -> °° which is physically
implausible. Evidently, the correct Neupert effect
formulation employs energies rather than the easily
measurable light curves, since the radiative losses are
functions of Tand n themselves.

The Neupert effect is further dependent on the
observed X-ray energy range. As the flare
temperature initially rises to large values, a large part
of the X-ray luminosity is radiated into harder portions
of the soft X-ray energies; these are the X-ray
bandpasses traditionally used for solar flare
observations. Soon after the initial heating, the
temperature decays rapidly and the fluxes in the
harder bands diminish quickly. In contrast, softer
bands are less temperature sensitive, and the X-ray
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luminosity becomes essentially a function of the
radiating emission measure. As the latter develops
after the initial explosive heating, the softest X-ray
radiation also gradually increases, reaching its peak
with a significant delay relative to harder emission.
These softer bands are traditionally used for stellar
observations. Rather than finding direct evidence for
the Neupert effect, we will observe a considerable X-
ray delay in the soft band used by X-ray satellites like
ROSAT or ASCA, beyond the "Neupert Effect".
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Figure 1: Evidence for chromospheric evaporation on
UV Ceti. The upper curve is the radio light curve. The
middle curve describes the X-rays as observed by
ASCA and ROSAT. The diamonds refer to photons
with energies above 2 keV. The lower panel indicates
the hardness ratio between photon count rates in the
[2,10] keV and the [0.5,2] keV intervals. The hardness
decrease during the flare indicates decreasing
temperatures. (From [A].)

Chromospheric evaporation on UV Ceti
We were awarded two -9 hr intervals of

simultaneous observing time for UV Ceti with the X-
ray satellites ROSAT and ASCA and with the Very
Large Array radio telescope in January 1995. Fig. 1
shows radio and X-ray light curves of a flare, and Fig.
2 compares them with a very similar solar flare event
after the latter's remodeling into the very soft
bandpass used by ROSAT (0.1-2.4 keV). While the
Neupert effect applies to the solar flare in the harder
(3-24 keV) bandpass, the softer ones shown here
both display a comparable delay. The similarity

between the solar and stellar flares is striking, and
suggests that similar mechanisms of energy
deposition and coronal heating, i.e., chromospheric
evaporation induced by nonthermal electrons, are at
work.
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Figure 2: Comparison of the stellar event (lower
panel) with a very similar solar event (with an X-ray
precursor) on the same time scale. The first peak
belongs to the radio observations, the more gradual
curve describes the X-rays. (From [4].)

We further found that the ratio of the total
energies radiated in the microwave and in the soft X-
ray bands is the same as the one determined for the
quiescent radiation of active stars. This provides
convincing evidence that the quiescent coronal X-ray
and radio radiations from active flare stars are fed by
processes that operate similarly to individual flares,
and thus that the heating of quiescent stellar coronae
is magnetic and flare-like.
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DARK MATTER IN THE UNIVERSE

P. Jetzer (PSI), M. Strässle (Univ. Zürich), E. Masso (Univ. Barcelona), F. De Paolis, G. Ingrosso
(Univ. Lecce), M. Roncadelli (Univ. Pavia), F. Rovetti, A. Treves (Sissa Trieste) and M. Urry (Space

Telescope Institute Baltimore) collaborating

We further developed our investigations on the problems of the nature and the detection of dark matter in
the halo of our Galaxy. In particular, we studied different models for the space and velocity distribution of
MACHOs in the halo and the implications on the expected number of microlensing events. Furthermore,
we explored another way to detect molecular clouds in the halo of the Galaxy through absorption lines
both in UV and optical bands, if these clouds make up a significant amount of the dark matter. We ana-
lysed also the variability of BL Lac objects, in particular of PKS 2155-304 in terms of tensing phonomena,
and the variation of X-ray pulsar periods in close binary systems.

At the end of 1993 the French collaboration
EROS and the American-Australian collaboration
MACHO announced the discovery of microlensing
events in the Large Magellanic Cloud (LMC) by
monitoring during some months several millions of
stars. These observations have been confirmed in the
meantime. An important question which arises is the
determination of the fraction of halo dark matter in
form of brown dwarfs or Jupiter-like objects (Jetzer
and Massö 1995a). Its solution relies both on obser-
vational data and on theoretical considerations. In
collaboration with F. De Paolis and G. Ingrosso we
studied different models for the space and velocity
distribution of dark matter of the halo of our Galaxy
(De Paolis, Ingrosso and Jetzer 1995b,c). In particu-
lar, we considered so-called Eddington and King-
Michie models, which include anisotropy effects in
velocity space and computed for each of them in a
self-consistent way the corresponding total amount of
dark matter in the halo. Assuming that the dark matter
is entirely in form of brown dwarfs or Jupiter-like ob-
jects we calculated for each model the expected
number of microlensing events and their average time
duration for an experiment monitoring stars in the
LMC. The main effect of including anisotropy is to
reduce the microlensing rate by about 30 % and to
increase, but only slightly, the mean event duration,
as compared to the standard halo model. We then
compared our results with the presently available ob-
servations in order to estimate the amount of dark
matter in the halo in form of brown dwarfs.

Together with F. De Paolis, G. Ingrosso and
M.Roncadelli we have recently proposed a scenario
for a baryonic dark halo, in which the formation of
brown dwarfs or Jupiter-like objects and H2 molecular
clouds in the outermost part of the halo naturally
arises. We already discussed various methods to test
our scenario, in particular that the clouds in the galac-
tic halo would produce a y-ray flux through the inter-
action with high energy cosmic ray protons. We ex-
plored a further possibility to discover cold halo clouds
through absorption lines both in UV and optical bands
towards LMC stars, which lie very close to a previ-
ously microlensed one (De Paolis, Ingrosso, Jetzer
and Roncadelli 1995d,e). In fact, although the metal-
licity of the clouds is expected to be very low, our

calculations indicate that some molecules do still have
optically thick absorption lines and hence these lines
will show up in the spectrum of stars located in the
LMC which lie on the line of sight of the clouds. We
find that the expected line width is rather narrow, ne-
vertheless it is within present technological capabili-
ties and should become feasible with a next genera-
tion of instruments.

Moreover, the Editor of the International Journal
of Modern Physics D invited us to write a review arti-
cle on this subject (De Paolis, Ingrosso, Jetzer and
Roncadelli 1995f), which we have completed in the
meantime.

In collaboration with A. Treves and F. Rovetti
from SISSA in Trieste and C. Urry from the Space
Telescope Institute in Baltimore we studied the pos-
sibility that some fast flaring phenomena observed in
BL Lac objects are due to microlensing (Jetzer,
Rovetti, Treves and Urry 1995g). BL Lac objects are
active galactic nuclei in which most of the observed
radiation comes from plasma moving relativistically
towards the observer. This radiation can be lensed by
massive objects which lie close to the line of sight.
Since the plasma, which acts as source in the lens
system, moves relativistically we had to modify the
equations which describe the lensing phenomenon to
take this fact into account. As an example, we fo-
cused on the bright well-studied object PKS 2155-304
and argued that solar-mass stars in an intervening
dwarf galaxy could cause the episode of fast achro-
matic variability observed in november 1991. In fact,
the observed duration of ~ 2 days and the repetition
time scale of - 200 days agree well with the corre-
sponding values we estimated in the framework of our
model.

With M. Strässle at the Institute of Theoretical
Physics cf the University of Zürich we continued to
work on the subject of the variation of X-ray pulsar
periods in close binary systems. In the framework of
the so called oblique rotator model we calculated the
accretion torque for an X-ray pulsar accreting matter
from a companion star as a function of the magnetic
inclination angle %• Already small variations in the
inclination angle x can explain the observed changes
in the pulsar period. A paper on this subject is in
preparation.
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Meeting Bereich 3A, PSI Villigen, 19.12.95.

G. Böttger, P. Fischer, E. Kaldis, and Ch. Krüger
Influence ofCa doping on structural and physical properties of MBa2 CU3 O-j.d (M = Y, Er)
16th European Crystallographic Meeting ECM 16, Lund, 6.-11.8.95.
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G. Böttger, P. Allenspach, F. Fauth, P. Fischer, A. Furrer, M. Guillaume, M. Gutmann, W. Henggeler,
J. Mesot, B. Roessli, S. Rosenkranz, and U. Staub
Elastic neutron scattering and\iSR investigations concerning structure and magnetic ordering in cuprate
superconductors and related systems
Workshop des Nationalen Forschungsprogrammes 30 "Hochtemperatur-Supraleitung", Baden-Dättwil,
Switzerland, 12.-13.10.95.

W. Bührer
Investigations of superionic conductors CuBr, U2S, and Ba2NH by elastic quasielastic, and inelastic neutron
scattering
College VI Seminar, ILL, Grenoble, 8.2.95.

W. Bührer
'Classical Instruments' for neutron scattering
Third Summer School on Neutron Scattering, Zuoz, Switzerland, 20.-26.8.95.

D. Clemens
Conceptional design of a flexible neutron reflectometer at 'SINQ'
4th International Conference on Surface X-Ray and Neutron Scattering, Lake Geneva, Wl, USA,
25.-30.6.95.

D. Clemens, P. Böni, H.P. Friedli, V'. Hahn, M. Horisberger, H. Van Swygenhoven, and A. Vananti
Remanent neutron mirrors
Third Summer School on Neutron Scattering, Zuoz, Switzerland, 20.-26.8.95.

D.CIemens
Das Neutronenreflektometer an der 'SINQ'
Seminar über Neutronenstreuung, Paul Scherrer Institut, Schweiz, 6.9.95.

D. Clemens
The 'SINQ' reflectometer project
ILL Reflectometry Workshop, Grenoble, France, 25.-26.9.95.

D. Clemens, P. Böni, W. Hahn. M. Horisberger, P. Schubert-Bischoff, and A. Vananti
Remanent multilayers for polarized neutron instrumentation
3rd Meeting of the International Collaboration on Advanced Neutron Sources (ICANS.XIII), Paul Scherrer
Institut, Switzerland, 11.-14.10.95.

D. Clemens
The neutron reflectometer at 'SINQ'
Workshop on a Neutron Reflectometer at the Budapest Neutron Center, Budapest, Hungary, 8.12.95.

A. Donni, P. Fischer, H. Kitazawa, A. Matsushita, T. Vogt, and M. Zolliker
NdPd2Al3: sample quality and antiferromagnetic structure
Third Summer School on Neutron Scattering, Zuoz, Switzerland, 20.-26.8.95.

A. Dönni, P. Fischer, H. Kitazawa, A. Matsushita, and T. Vogt
NdPd2Al3: Sample dependence and magnetic structure
Herbsttagung der Schweiz. Phys. Gesellschaft, St. Gallen, 7.9.95.

S. Faber, E. Fritscher, S. Janssen, and J. Prewo
Fraktale Strukturen - Charakterisierung mit verschiedenen Verfahren
Klausurtagung des SFB "Grenzflächenbestimmte Materialien", Wallerfangen, 20.-21.10.95.

P. Fischer
Elastic magnetic neutron scattering
Third Summer School on Neutron Scattering, Zuoz, Switzerland, 20.-26.8.95.
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P. Fischer
Investigation of magnetic ordering in condensed matter by means of neutron diffraction
Norvegian Seminar for Condensed Matter Physics and Chemistry, Rondablikk, 21 .-24.9.95.

P. Fischer
Status of the spallation neutron source SINQ and of the associated neutron scattering instrumentation
Seminar on Neutron Scattering, Institute for Energy Technology, Kjeller, Norway, 25.9.95.

A. Furrer
The spallation neutron source SINQ
European Neutron Scattering Association (ENSA) Meeting, Port d'Albret, France, 9.5.95.

A. Furrer
Neutron crystal-field spectroscopy in rare-earth based high-Tc superconductors: A local dynamical probe
Seminar an der Facultad de Cienciasy E.T.S.I.I., Universidad de Zaragoza, Spain, 22.5.95.

A. Furrer
Dispersion of magnetic excitations in transition-metal compounds
Seminar an der Facultad de Ciencia y E.T.S.I.I., Universidad de Zaragoza, Spain, 23.5.95

A. Furrer
Inelastic neutron scattering in cuprate superconductors: Evidence forinhomogeneous material properties
Zürcher Hochschul-Industrie Seminar "Materialforschung in der Hochtemperatur-Supraleitung", Zürich,
Switzerland, 23.6.95.

A. Furrer
Introduction to (magnetic) neutron scattering
Third Summer School on Neutron Scattering, Zuoz, Switzerland, 20.-26.8.95.

A. Furrer
Inelastic magnetic neutron scattering
Third Summer School on Neutron Scattering, Zuoz, Switzerland, 20.-26.8.95.

A. Furrer
Inhomogeneous materials properties of doped cuprate superconductors: Evidence from inelastic neutron
scattering
Seminar am Centre d'Etudes Nucleates de Grenoble, Grenoble, France, 27.9.95.

A. Furrer
Inelastic neutron scattering in cuprate superconductors: Evidence forinhomogeneous materials properties
Workshop des Nationalen Forschungsprogrammes 30 "Hochtemperatur-Supraleitung", Baden-Dättwil,
Switzerland, 12.-13.10.95.

A. Furrer
Neutronenstreuung in Hochtemperatur-Supraleitern: Evidenz für frustrierte Phasenseparation
Kolloquium am Physik-Institut der Technischen Universität Dresden, Germany, 14.11.95.

A. Furrer, J. Mesot, and W. Henggeler
Inelastic neutron scattering in cuprate superconductors: Evidence for inhomogeneous materials properties
Third International Workshop on "Phase Separation, Electronic Inhomogeneities and Related Mechanisms
for High-Tc Superconductors" Erice, Italy, 9.-15.7.95.

U. Gascer, P. Allenspach, F. Fauth, S. Rosenkranz, W. Henggeler, J. Mesot, and A. Furrer
Crystal electric field splitting of Fß+ -ions in RM2B2C (R=Ho,Er, Tm)
Third Summer School on Neutron Scattering, Zuoz, Switzerland, 20.-26.8.95.

U. Gasser, P. Allenspach, F. Fauth, S. Rosenkranz, W. Henggeler, J. Mesot, and A. Furrer
Crystal electric field splitting of F&+ -ions in HA//2Ö2C (R=Ho,Er, Tm)
Tagung der Schweiz. Phys. Gesellschaft, St. Gallen, 7.9.95.
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H. Grimmer, P. Böni, D. Clemens, H.P. Friedli, S. Tixier
Development of mirrors for soft X-rays
LURE, Orsay, France, 14.2.95

H. Grimmer
Geometrical approaches for the description of crystalline interfaces, 8 lectures (including exercises)
Autumn school 'Crystallography of interfaces and crystal defects' Güntersberge, Germany, 2.-5.10.95.

H. Grimmer
Streuung von Neutronen und Synchrotronstrahlung
Workshop, 'Oberflächenanalytik'.Paul Scherrer Institut, Villigen, Switzerland, 20.11.95.

M. Gutmann, P. Allenspach, W. Büher, F. Fauth, A. Furrer, J. Mesot, and M. Zolliker
Neutron scattering on La]Ndj.xCexCuO4
Herbattagung der Schweiz. Phys. Gesellschaft, St. Gallen, 7.9.95.

M. Gutmann, P. Allenspach, A. Furrer, J. Mesot, and M. Zolliker
Crystal field excitations in Laj Ndj .xCexCuÖ4
Third Summer School on Neutron Scattering, Zuoz, Switzerland, 20.-26.8.95.

M. Gutmann, P. Adenspach, A. Furrer, J. Mesot, and M. Zolliker
Crystal field excitations in La]Ndi.xCexCuO4
Gordon Conference on Superconductivity, Les Diabieters, 17.-22.9.95.

M. Gutmann, P. Allenspach, A. Furrer, J. Mesot, and M. Zolliker
Superconductivity in the electron doped system La\Ndi.xCexCuO4
Workshop des Nationalen Forschungsprgrammes 30 "Hochtemperatur-Supraleitung", Baden-Dättwil,
Switzerland, 12.-13.10.95.

W. Hahn, P. Böni, and D.Clemens
Focussing neutron polarizers
Third Summer School on Neutron Scattering, Zuoz, Switzerland, 20.-26.8.95.

W. Hahn, P. Böni, and D. Clemens
FokussierendeNeutronenpoIarisatoren
Deutsche Neutronenstreutagung '95, Reinstorf/Lüneburg, Deutschland, 18.-21.9.95.

R. Hempelmann, S. Janssen, A. Furrer, L. Holitzner, J. Mesot, M. Prager, and D. Richter
Focus: Projekteines räum- und zeitfokussierenden Flugzeitspektrometers für kalte Neutronen an der
Spallationsquelle SINQ des PS! in Villigen/CH
Deutsche Neutronenstreutagung '95, Reinstorf/Lüneburg, Deutschland, 18.-21.9.95.

W. Henggeler, R. Ecclestone, A. Furrer, M. Guillaume, and V. Trounov
Intermultiplet crystal-field transitions in SmBa2Cu3Ö7
Rencontres Franco-Russe, Col de Porte, France, 23.-26.3.95.

W. Henggeler, M. Adams, A. Furrer, M. Guillaume, and J. Mesot
Hcß+ single ion excitations in YQ^gHoQ^iBaiCuOj
Workshop on High-Tc Superconductors, Erice, Italy, 9.-15.7.95.

W. Henggeler, T. Chattopadhyay, A. Furrer, and B. Roessli
Dispersion of the GrfD-Grf2) Nd crystal field excitation in NdiCuÖ4
Third Summer School on Neutron Scattering, Zuoz, Switzerland, 20.-26.8.95.

W. Henggeler
Magnetic excitations of rare earth Ions in cuprate materials
Seminar at Max Planck Institut für PkS, Dresden, Germany, 2.11.95.
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L. Holitzner, E.G. Lierke
Acoustic-electrostatic hybrid levitator for liquid and solid samples
1995 World Congress on Ultrasonics, Berlin, Germany, 3.-7.9.95.

S. Janssen, J. Prewo, and J. Wagner
Neutronenkleinwinkelstreuung
Klausurtagung des SFB "Grenzflächenbestimmte Materialien", Wallerfangen, 20-21.10.95.

K. Leiter, I.S. Anderson, P. Böni, P.A. Buffat, D. Clemens, H.P. Friedli, and H. Grimmer
Structural and chemical characterisation ofNi/Ti multilayers with TEM
MRS Spring Meeting, San Francisco, U.S.A., 17.-21.4.95.

K. Leiter, I.S. Anderson, P. Böni, P.A. Buffat, D. Clemens, H.P. Friedli, and H. Grimmer
Structural and chemical characterisation of Ni/Ti multilayers with TEM
Congres Trinoculaire de microscopies electroniques, Lausanne, Switzerland, 26.-30.6.95.

W. Marti, P. Fischer, A. Furrer, C. Klemenz, M. Medarde, and S. Rosenkranz
Hyperfine-enhanced nuclear polarization in NdGaO3
Third Summer School on Neutron Scattering, Zuoz, Switzerland, 20.-26.8.95.

J. Mesot
Crystal-field excitations in high- Tc superconductors
Third Summer School on Neutron Scattering, Zuoz, Switzerland, 20.-26.8.95.

J. Mesot
High pressure neutron scattering experiments at continuous sources
International Conference on High Pressure Physics, Troitsk, Russia, 7.-9.9.95.

A. Murasik, P. Fischer, H. Rundlöf, R. Tellgren, and R. Troc:
Magnetic ordering in Yb2CuiOs by powder neutron diffraction
Powder Diffraction: 4th European Conf. EPDIC-4, Chester, UK, 10.-15.7.95.

J. Rodrfguez-Carvajal, P. Lacorre, M. Medarde, S. Rosenkranz, and V. Trounov
Neutron diffraction study of the magnetic structure and the metal-insulator transition in the perovskite
154
French-Russian Seminar, Col de Porte, France, 23.-28.3.95.

J. Rodrfguez-Carvajal and M. Medarde
Systematic errors and structural complexity in the Rietveld method
IV European Powder Diffraction Conference, Chester, England, 10.-14.7.95.

S. Rosenkranz, F. Fauth, P. Fischer, A. Furrer, M. Medarde, J. Mesot, and P. Lacorre
A neutron scattering investigation of the metal-insulator transition in the rare earth nickelates (RN1O3)
Seminar at Argonne National Laboratory, Argonne, USA, 5.12.95

S. Rosenkranz, F. Fauth, P. Fischer, A. Furrer, M. Medarde, J. Mesot, and P. Lacorre
A neutron scattering investigation of electronic and magnetic properties of the rare earth nickelates RND3
(R = Rare Earth)
Seminar at Texas Center for Superconductivity, Houston, USA, 11.12.95.

S. Rosenkranz, F. Fauth, P. Fischer, A. Furrer, M. Medarde, J. Mesot, and P. Lacorre
A neutron scattering investigation of electronic and magnetic properties of the rare earth nickelates RNiÖ3
(R = Rare Earth)
Seminar at National Institut of Standards and Technology, Gaithersburg, USA, 14.12.95.

J. Schefer
Stacked wafer monochromators for diffraction instruments at SINQ/PSI
International Workshop on Composite Monochromators, Alp Sellamatt, Alt St. Johann, Switzerland,
11.-13.6.95.



145

J. Schefer
Uneven sputtering: A new approach for Ge composite monochromators
International Workshop on Composite Monochromators, Alp Sellamatt, Alt St. Johann, Switzerland,
11.-13.6.95.

J. Schefer
Sputtering method for improving composite germanium monochromators
ICANS XIII, PSI Villigen, Switzerland, 11.-13.10.95.

J. Schefer
Instrumentation for neutron scattering at SINQ
Meeting Bereich 3A, PSI Villigen, 19.12.95.

J. Schefer, M. Koch, N. Schlumpf, and R. Thut
Microstrip detectors for single crystal diffraction at SINQ
International Workshop on Microstrip Gas Chambers, Lyon, 30.11 .-2.12.95.

S. Tixier
X-ray scattering on multilayers
Meeting Bereich 3A, PSI Villigen, 19.12.95.

S. Tixier, P. Böni, M. Knauss, and H. Van Swygenhoven
Deposition parameters during magnetron sputtering ofNi3AI/Ni multilayers
2nd International Symposium on Metallic Multilayers, Cambridge, U.K., 11.-14.9.95.

LABORATORY FOR ASTROPHYSICS

A.O. Benz, M. Giidel
Radio emission from dwarf novae.
Radio Emission from the Stars and the Sun. Barcelona, Spain, July 2-7,1995.

A.O. Benz, M. GQdel, J.H.M.M. Schmitt
Variability of UV ceti in radio and soft X-ray emission
Radio Emission from the Stars and the Sun. Barcelona, Spain, July 2-7,1995.

P. Bühler, L. Desorgher, A. Zehnder, L. Adams, E. Daly
Monitoring of the radiation belts with the radiation environment monitor REM
RB Workshop Proceeding, Brussels, October 1995.

F. Finkbeiner, Y.A. Peter, Th. Nussbaumer, A. Jaggi, Ph. Lerch, A. Zehnder, and H.R. Ott
Investigations on Nb- and Ta-absorber type Giaever tunnel junctions for X-ray detection,
Spring Meeting of the Swiss Physical Society, March1995.

F. Finkbeiner, Th. Nussbaumer, Ph. Lerch, A. Zehnder and H.R. Ott,
The influence of proximity effect on the quasiparticle collection
presented at the 6th Conference for Low Temperature Detectors, August 1995, Beatenberg, Switzerland.

M.Güdel, E.F. Guinan
The sun in time: Evolution ofcoronae of solar-type stars.
Proceedings of IUA Coll. 152, Berkeley, March 1995.

M.Güdel
Coronal microwaves from cool stars with intense X-ray emission (invited talk)
Radio Emission from the Stars and the Sun. Barcelona, Spain, July 2-7,1995.

M. Güdel, J.H.M.M. Schmitt
The radio triple castor A+B+C: Discovery of castor B's radio corona
Radio Emission from the Stars and the Sun. Barcelona, Spain, July 2-7,1995.
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M. GQdel, N.M. Elias II
A radio survey of peculiar emission-line algols
Radio Emission from the Stars and the Sun. Barcelona, Spain, July 2-7,1995.

M. Güdel, A.O. Benz, E.F. Guinan, J.H.M.M. Schmitt
The enigmatic FOV star 47 cas
Radio Emission from the Stars and the Sun. Barcelona, Spain, July 2-7,1995.

M. Güdel, A.O. Benz
Radio spectra of dMe and dKe stars
Radio Emission from the Stars and the Sun. Barcelona, Spain, July 2-7,1995.

M. Güdel, A.O. Benz, E.F. Guinan, J.H.M.M. Schmitt
Nonthermal microwave emission from F dwarfs: 71 Tau, a for, and open cluster/moving group membership
Radio Emission from the Stars and the Sun. Barcelona, Spain, July 2-7,1995.

M. Güdel, E.F. Guinan, S.L. Skinner
ROSAT/ASCA/VLA studies of solar proxies
Röntgenstrahlung from the Universe, Würzburg, Germany, September 25 - 29,1995.

M. Güdel, M. Kürster
Resolving binaries with ROSAT: AB Dor + Rst 137B.
Röntgenstrahlung from the Universe, Würzburg, Germany, September 25 - 29,1995.

M. Güdel, J.H.M.M. Schmitt
Coronal densities from X-ray rotational modulation
Röntgenstrahlung from the Universe, Würzburg, Germany, September 25 - 29,1995.

M. Güdel, E.F. Guiinan, S.L. Skinner, J.L. Linsky
The hot corona of YY mensae
Röntgenstrahlung from the Universe, Würzburg, Germany, September 25 - 29,1995.

M. Güdel, E.F. Guinan, S.L. Skinner
The sun in time: Coronal structuring and evolution.
The 8th Cambridge Workshop on Cool Stars, Stellar Systems, and the Sun. Florence, Italy, 3-6 October 1995.

M. Güdel
On radio emission and related X-rays in solar-like stellar coronae (invited talk).
Stellar Surface Structure. IAU Symposium # 176, Vienna, Austria, 9 - 1 3 October 1995.

W. Hajdas, L. Adams, B. Nickson, A. Zehnder
Proton irradiation facility (PIF) at PSI
4th European Conference on Accelerators in Applied Research and Technolgy, Zürich, 29. 8. - 2.9.1995.

W. Hajdas
RADECS95
3. Colloque Europeen RADECS 95, Arcachon, France, 18-22 September 1995.

Ph. Jetzer
Is the galactic Halo baryonic?
Seminar Observatoire de Paris, Frankreich, 3.11.1995.

Ph. Jetzer
Microlensing implications for Halo dark matter
Second workshop on "The dark side of the Universe: experimental efforts and theoretical frameworks", Rom,
Italy, 13.-14.November 1995.

Th. Nussbaumer, F. Finkbeiner, Ph. Lerch, A. Zehnder and H.R. Ott
Fabrication of Nb and TalAVAIOJAI/Nb tunneling junction X-ray detectors: a list ofprobiems,
presented at the 6th Conference for Low Temperature Detectors, August 1995, Beatenberg, Switzerland.
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LECTURES AND COURSES

LABORATORY FOR ION BEAM PHYSICS

Dr. M. Suter
ETH Zürich, WS 95/96:
• Kernphysik II, Wahlfachvorlesung

LABORATORY FOR RADIO- AND ENVIRONMENTAL CHEMISTRY

Dr. U. Baltensperger
ETH Zürich, SS 95:
• Aerosole (with PD Dr. H. Burtscher)

ETH Zürich, WS 95/96:
• Analytische Chemie V (with others)

Prof. Dr. H.W. Gäggeler
Universität Bern, SS95:
• Eigenschaften Schwerster Elemente
• Radiochemiepraktikum (with Dr. A. Türler)
• Seminar in anorganischer und physikalischer Chemie (with others)
• Kolloquium in Radio- und Umweltchemie (with Dr. M. Schwikowski), in collaboration with

Paul Scherrer Institut

WS 95/96:
Radiochemie
Radioaktivität und Umwelt
Interdisziplinäres Seminar "Klimadynamik - gestern, heute, morgen" (with others)
Seminar in anorganischer und physikalischer Chemie (with others)
Kolloquium in Radio- und Umweltchemie (with Dr. M. Schwikowski), in collaboration with
Paul Scherrer Institut

Prof. Dr. A. Wyttenbach
Universität Zürich, SS95:
• Einführung in die Radiochemie

LABORATORY FOR NEUTRON SCATTERING

Prof. Dr. A. Furrer
ETH Zürich, SS95:
• Neutronenstreuung in der Festkörperphysik II

ETH Zürich, WS 95/96:
• Neutronenstreuung in der Festkörperphysik I

PD DR. H. GRIMMER
ETH Zürich & Universität Zürich, WS 95/96:
• Kristallographie I für Physiker
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MEMBERS OF SCIENTIFIC COMMITTEES

LABORATORY FOR ION BEAM PHYSICS

Dr. M. Suter:
• International Organizing Committee ECAART Conference
• Editorial Board for J. of Trace and Microprobe Techniques

LABORATORY FOR RADIO- AND ENVIRONMENTAL CHEMISTRY

Dr. U. Baltensperger:
• Working group of chemical behaviour and analysis of aerosols within the European Aerosol Association,

chairman.
• Swiss committee of Global Atmosphere Watch.

Prof. H.W. Gäggeler:
Kommission zur Überwachung der Radioaktivität KUER, expert.
International Geosphere-Biosphere Program IGBP; Landeskomittee Schweiz.
Gletscherkommission der Schweizerischen Akademie der Wissenschaften SANW.
Radiochimica Acta, editor
Scientific Steering Committee (SSC) of EUROTRAC.
European Radiochemistry Conference Series: Advisory board member.

Prof. A. Wyttenbach:
• Editorial Advisory Board, Journal of Radioanalytical and Nuclear Chemistry.

LABORATORY FOR NEUTRON SCATTERING

Dr. P. Böni:
• Vorstand der Schweizerischen Gesellschaft für Neutronenstreuung (Secretary).
• Projektkomitee "Neue Technologien für polarisierte Neutronen", Verbundforschung des Bundes-

ministeriums für Forschung und Technologie, BRD.
• Nutzerausschuss des Berliner Neutronenstreuzentrums, Hahn-Meitner-Institut, Berlin, BRD.

Dr. W. Bührer:
• Subcommittee "Structural and Magnetic Excitations" of the Scientific Council, Institute Laue-Langevin,

Grenoble.

Dr. P. Fischer:
• Scientific Committee of HRFD Neutron Diffractometer, Frank Laboratory of Neutron Physics, Dubna,

Russia.
• European Spallation Source (ESS), Science Working Group "Solid State Chemistry".

Prof. A. Furrer:
• Vorstand der Schweizerischen Gesellschaft für Neutronenstreuung (president).
• Nutzerausschuss des Berliner Neutronenstreuzentrums, Hahn-Meitner-Intitut, Berlin, BRD.
• Neutron Experimental Selection Subcommittee "Physics", Rutherford Appleton Laboratory, Didcot.
• Internationaler Wissenschaftlicher Rat des Projektes "Spallations-Neutronenquelle AUSTRON",

Wien (chairman).
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• Instrument Subcommittee of the Scientific Council, Institut Laue-Langevin, Grenoble.
• Projektkomitee "Räumliche und zeitliche Korrelation in magnetischen Materialien", Verbundforschung des

Bundesministeriums für Forschung und Technologie, BRD.
• Projektkomitee "Lokalisierung leichter Atome und Bestimmung von magnetischen Ordnungszuständen in

Strukturen neu synthetisierter Verbindungen aus dem Bereich der Festkörperchemie", Verbundforschung
des Bundesministeriums für Forschung und Technologie, BRD.

• Scope Group "European Spallation Neutron Source" of the European Science Foundation, Strasbourg.
• Committee of the European Neutron Scattering Association (ENSA), vice-chairman.
• ISIS Instrument Beam Management Group (IBM-4), Rutherford Appleton Laboratory, Didcot, U.K.
• European Spallation Source (ESS), Science Working Group "Solid State Physics and Magnetism".

Dr. H. Heer:
• ENSA Working Group "Software".

Dr. S. Janssen:
• FRM-II Instrumentierungsgruppe "Inelastische Streuung mit mittlerer Energieauflösung".
• ENSA Working Group "TOF devices".

Dr. J. Schefer:
• Subcommittee "Crystal Structures" of the Scientific Council, Institut Laue-Langevin, Grenoble.
• ENSA Working Group "Monochromators".

LABORATORY FOR ASTROPHYSICS

PD Dr. Ph. Jetzer:
• Associazione Specola Solare Ticinese, chairman.
• Associazione Istituto Ricerche Solari Locarno, chairman.

Dr. M. Güdel:
• International Astronomical Union (member of several commissions).
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HIGHER DEGREES AWARDED

St. Baumgartner: Title of thesis:
Kosmogene Radioisotope im Pleistzän des Summit-Grip-Eiskerns
Laboratory for Ion Beam Physics (ETH Zürich)

Thesis advisors:
Prof. Dr. Imboden (EAWAG)
Prof. Dr. B. Staufer (Universität Bern)
Dr. J. Beer (EAWAG)

F. Finkbeiner: Title of thesis:
Entwicklung supraleitender Tunneldioden als Strahlungsdetektoren für die
hochauflösende Röntgenspektrometrie
Laboratory for Astrophysics (PSI)

Thesis advisors:
Prof. Dr. H.R. Ott (ETHZ)
Dr. A. Zehnder (PSI)
Dr. Ph. Lerch (PSI)

M. Frank: Title of thesis:
Rekonstruktion von spätquartären Umweltbedingungen mit den natürlichen
Radionuklioden130Th, '"Be, atPa und23SU: Eine Untersuchung von Tiefseesedi-
menten aus dem östlichen Sektor des antarktischen Zirkumpoiarstromsystems
University of Heidelberg

Thesis advisor:
Prof. A. Mangini (Universität Heidelberg)

J . Hauenstein: Title of thesis:
Herstellung von Mikrogramm-grossen Kohlenstoffproben für die Bestimmung
des '"C-Gehaltes sowie Untersuchung von fossilen Pollen und polarem
Gletschereis
University of Berlin

Thesis advisors:
Prof. Dr. Th. Stocker (Universität Bern)
Dr. J. Beer (EAWAG)

W. Marti: Title of thesis:
Strukturelle, optische und spektroskopische Untersuchungen von Seltenen-Erd-
Perowskiten RGaO3 (R=La, Pr, Nd) und NdBa2Cu307^
Laboratory for Neutron Scattering (PSI)

Thesis advisors:
Prof. Dr. A. Furrer (PSI)
P. Fischer (PSI)
Dr. H. Schmid (Universite de Geneve)



R. Rösel:
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Title of thesis:
Langlebige kosmogene Radionuklide in Meteoriten: Produktion, Simulation und
radiochemische Bestimmung
Universität Köln, Germany

Thesis advisors:
Prof. Dr. H.-U. Schuster (Universität Köln)
Prod. Dr. G. Stöcklin (Universität Köln)
Dr. U. Herpers (Universität Köln)

M.J.M. Wagner: Title of thesis:
Mittelschwere Radionuklide: Neue Nachweismethoden und Anwendungen
Nickel-59, Zinn-126 undlod-129
Laboratory for Ion Beam Physics (E TH Zürich)

Thesis advisors:
Prof. Dr. J. Lang (ETHZ)
Dr. M. Suter (ETHZ)
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