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INTRODUCTION

The highlight of the year 1997 was certainly the production of neutrons at the new
spallation neutron source SINQ. From July to November, SINQ was operating for
typically two days/week and allowed the commissioning of four instruments at the
neutron guide system:

- the triple-axis spectrometer DrüchaL,
- the powder diffractometer DMC,
- the double-axis diffractometer TOPSI,
- the polarised triple-axis spectrometer TASP.

These instruments are now fully operational and have already been used for condensed
matter studies, partly in cooperation with external user groups. Five further instruments
are in an advanced state, and their commissioning is expected to occur between June
and October 1998:

- the high-resolution powder diffractometer HRPT,
- the single-crystal diffractometer TriCS,
- the time-of-flight spectrometer FOCUS,
- the reflectometer AMOR,
- the neutron optical bench NOB.

Together with the small angle neutron scattering facility SANS operated by the spallation
source department, all these instruments will be made available to external user groups
in the future. For further details about instrument parameters and performance we refer to
some recent publications*.

The first experiments performed at SINQ turned out to be quite encouraging. The neutron
fluxes at the sample positions are excellent and compare favourably with best European
medium flux sources. Corresponding reports are grouped together in the Chapter First
experiments at SINQ in order to exemplify the kind of neutron scattering investigations
that can now be performed at SINQ.

The majority of the work carried out by staff members of the Laboratory for Neutron
Scattering (LNS) in 1997 made use of neutron sources abroad. In addition, synchrotron
x-ray radiation has been increasingly used as a complementary method. We are very
much indebted to the following laboratories which generously offered beam time for our
research projects:

- Argonne National Laboratory, Argonne (USA),
- BESSY, Berlin (Germany),
- Forschungszentrum Jülich (Germany),
- Hahn-Meitner-lnstitut, Berlin (Germany),
- HASYLAB/DESY, Hamburg (Germany),
- Institute Laue-Langevin (ILL), Grenoble (France),
- IPNS, Argonne (USA),
- Los Alamos National Laboratory, Los Alamos (USA),

* New Instruments and Science around SINQ, PSI Proc. 96-02 (PSI, 1996), p. 15-153.
SWISS NEUTRON NEWS No. 11 (June 1997) and No. 12 (December 1997).
http://www 1 .psi.ch/www_sinq_hn/SINQ/instruments.html



- Rutherford Appleton Laboratory, Didcot (U.K.),
- Swiss Norwegian Beam Line, ESRF, Grenoble (France),
- Synchrotron Radiation Laboratory, Daresbury (U.K.).

We gratefully acknowledge the generous support obtained by science funding
organisations for part of our activities, particularly the

- Deutsches Bundesministerium für Bildung und Forschung,
- Schweizerischer Nationalfonds zur Förderung der wissenschaftlichen Forschung,
- Schweizerisches Bundesamt für Bildung und Wissenschaft.

The present Progress Report describes the scientific and technical activities obtained by
LNS staff members in 1997. It also includes the work performed by external groups at our
CRG instruments D1A and IN3 at the ILL Grenoble. Due to the outstanding properties of
neutrons and x-rays the research work covered many areas of science and materials
research as demonstrated by the reports following this introduction. Below we
summarize some results, which are believed to be of particular interest and importance.

High-temperature superconductors

• The relaxation rate of crystal-field excitations in the slightly underdoped high-Tc

superconductors HoBa2Cu4Os and Er2Ba4Cu7Oi4.92 was investigated by neutron
spectroscopy. There is clear evidence for the opening of an electronic gap (the
pseudogap) in the normal state far above Tc. An anisotropic s-wave gap can best
reproduce the strong energy dependence of the relaxation rate.

• The effect of Ce substitution on the magnetic excitations in Nd2-xCexCu04 was
studied by inelastic neutron scattering. A strong softening of the spin waves upon Ce
doping is observed, which creates a high spin-wave density-of-states at low
temperatures. This leads to giant Y=C/T values, i.e. Nd2-xCexCuO4 has to be
excluded as a prototype of a novel heavy-Fermion system.

Magnetism

• Neutron scattering measurements have been performed to investigate the magnetic
excitations of the spin-ladder compound KCUCI3. The strong dimerization between
the Cu2 + ions along the rungs has been established, which is responsible for both
the non-magnetic singlet ground state and a finite energy gap.

• The dispersion of the magnetic excitations in the Cu-0 compound Li2CuÜ2 has been
determined using DrüchaL and IN3. In contrast to being an ideal candidate for
studying 1D ferromagnetic correlations, the magnetic interactions are predominantly
3D antiferromagnetic.

• Weakly ferromagnetic and antiferromagnetic ordering was found by neutron
diffraction in the novel quasi-onedimensional cuprates Cao.83Cu02 and Sro.73CuC>2-

• First evidence for quasi-2D triangular antiferromagnetism of Er3* ions, forming a
honeycomb lattice, was obtained in the case of the rare-earth trihalogenides ErX3 (X
= Br,l) at low temperatures.



Structure and dynamics

• At the metal-insulator transitions of RNiO3 perovskites giant 16O - 18O isotope effects
of the order of 10 K were established by powder neutron diffraction, which appear to
be caused by Jahn-Teller polarons.

• For the first time the mechanisms of hydrogen diffusion within the grains and grain
boundaries has been studied on an atomic scale in nanocrystalline palladium by
quasielastic neutron scattering.

• Neutron diffraction experiments have been performed for the first time on an
undercooled metallic Co-Pd melt in a newly developed electromagnetic levitation
facility.

Multilayers

• The mechanical stability of non-polarising Ni/Ti supermirrors with four times the
critical angle of Ni has been dramatically improved by optimising the sputtering
conditions in such a way that stress and embrittlement are minimized and the
interface roughness is reduced.

• The concept of using remanent supermirror benders as spin selective devices has
been tested out on the cold triple-axis spectrometers TASP and DrüchaL using large
beams (20x50 mm2). The results show that the transmission and the polarisation of
the beams is excellent.

• Detailed investigations of the structural and magnetic profiles in FeCoV/Ce
multilayers using polarised neutrons and synchrotron radiation demonstrate that the
magnetic moments near the interfaces are reduced. These effects are due to the
reduced symmetry at the interfaces and/or a possible hybridisation of FeCoV with Ce.

Instrumental and support activities

• The second part of the first-generation SINQ instruments is progressing well, so that
commissioning is likely to occur by mid-1998.

We are pleased that all our efforts to realize a first-generation SINQ instrument park with
an excellent performance have now come to fruition. So let us thank all the people who
work at and around the LNS, on behalf of all the colleagues who have already profited
and will profit from these achievements. We are particularly thankful to our colleague
Willi Bührer who coordinated very efficiently the SINQ instrumentation. We all were
deeply moved when we heard of his unexpected death in November 1997. The fact that
Willi Bührer could experience the successful results of his efforts during the last few
months of his life, gives us some sense of satisfaction. We shall sadly miss his flair for
practical work, his scientific competence, and his great enthusiasm for neutrons.

Villigen, January 1998 P. Allenspach
B. Böni
P. Fischer
A. Furrer
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NEUTRON SCATTERING ON UNDERCOOLED METALLIC MELTS

L. Keller, D. Holland-Moritz*, Th. Schenk* and M. Koch
* DLR Köln and Ruhr-Universität Bochum

A new electromagnetic levitation facility was designed and installed on the powder diffractometer DMC at
the new spallation neutron source SINQ of the Paul Scherrer Institute. For the first time neutron scattering
experiments were performed on deeply undercooled metallic melts.

pyrometer;

UHV chamber!

i f f sample neutron diffraction pattern

Fig. 1: Schematic view of the experiment.

Undercooled melts are in a metastable state of matter.
The best way to achieve the state of a deeply un-
dercooled melt is containerless processing. This tech-
nique guarantees a complete avoidance of heteroge-
neous nucleation on container walls which otherwise
dominates the solidification behaviour of a melt.
Additionally, surface induced heterogeneous nucle-
ation is reduced by a considerable amount by pro-
cessing the melt in an ultrapure environment. [1]

Recently evidence for magnetic ordering in
undercooled Co-Pd melts was found [2]. Neutron scat-
tering is the method of choice for investigation of
structural and magnetic ordering phenomena. In col-
laboration with DLR, Köln, a new electromagnetic levi-
tation facility was designed for neutron scattering ex-
periments and installed on the powder diffractometer
DMC at the new spallation source SINQ. For the first
time neutron scattering experiments were performed
on deeply undercooled melts. Neutron diffraction data
of liquid Co-Pd melts were taken down to tempera-
tures of 210 K below solidification temperature. With
this facility maximum undercooling of 335 K were
achieved at temperatures of the melt close to the
Curie temperature. Based upon the experience ob-
tained from the first neutron scattering experiments on
levitation undercooled samples further neutron
diffraction studies are planned for summer 1998 by
employing an even more dedicated facility.

Fig. 2: The new levitation facility on the powder
diffractometer DMC at SINQ.

Fig. 3: A levitating liquid Co-Pd sample.

References

[1] For a review of containerless processing tech-
niques see:
D.M. Herlach, R.F. Cochrane, I. Egry, H.J.
Fecht and A.L. Greer, Int. Mater. Rev. 38, 273
(1993).

[2] D. Platzek, C. Notthoff, D.M. Herlach, G.
Jacobs, D. Herlach and K. Maier, Appl. Phys.
Lett. 65, 1723(1994).



MAGNETIC EXCITATIONS OF THE DOUBLE SPIN CHAIN SYSTEM KC11CI3

N. Cavadini, W. Henggeler, A. Furrer, H. Mutka (ILL Grenoble)
H.-U. GOdel (Uni Bern), K. Kraemer (Uni Bern)

We studied the magnetic excitations of KCUCI3 by inelastic neutron scattering. A magnetic excitation gap
as well as three-dimensional exchange correlations between the Cu2 + ions have been observed. These
features can be explained by a strong dimerization of neighbouring Cu 2 + ions, which prevents the system
from reaching a magnetically ordered ground state despite the three-dimensional nature of its magnetic
interactions. True quantum effects are suspected to play a role in the singlet to triplet dispersion relation,
due to the spin S=1/2 nature of the Cu 2 + ions involved.

Recent susceptibility investigations on monoclinic
KCUCI3 have shown interesting magnetic properties
which are due to the spin-1/2 interactions of the Cu2 +

ions [1]. These are disposed in CuClß octahedra
along double chains and are thought to be a
realization of a spin-1/2 ladder (Fig. 1). The strong
dimerization between spins along the rungs of the
chain is responsible for the non-magnetic singlet
ground state of the spin system, and for a finite
energy excitation gap. Both properties are quantum
effects typical of spin ladders [2].

Fig.1: The plane defined by the b and c axes of the
chemical unit cell, showing five Cu dimers. The
chains run parallel to the a axis (not shown).

The tow space symmetry of KCUCI3 can be ascribed
to the deformation of the ideal CuClß octahedra
building the chains. In turn, this can be interpreted as
a further evidence of the strong electronic interactions
in this system.

25.0 r
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Fig.2: Typical magnetic excitation of KCUCI3 (SINQ
on DrüchaL).

Spin wave measurements (Fig. 2) on a single crystal
have been performed for the first time to investigate
the low energy excitations and to determine the
nature and strength of the exchange coupling
parameters between the C u 2 + ions. Evidence for
three-dimensional magnetic correlations has been
found (Fig. 3).
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Fig.3: Singlet to triplet dispersion curves along the c*
and the a* direction, with respect to the
chemical unit cell (ILL on IN8).

The dominant role played by the Cu dimers, whose
clearest manifestation is the energy excitation gap
also results in the typical Q-dependence of the
intensity. Fig. 4 shows the energy-integrated intensity
for five different momentum transfers Q.

100.0

0.5 1 1.5 2 2.5 3 3.5

scattering vector Q [A-']

Fig.4: Inelastic powder measurements (ILL on IN3).
The line corresponds to the dimer structure
factor.

References:

1. Tanaka, H., Takatsu, K., Shiramura, W., and Ono, T.,
J. Phys. Soc. Jpn. 65, 1945 (1996).

2. Dagotto, E., Rice, T.M., Science 271, 618 (1996).



MAGNETIC EXCITATIONS IN Li2Cu02

M. Boehm\ S. CoadP, B. Roessli1, M. Zollikef, A. Zheludev1, and P. Böni1, 1Laboratorium für
Neutronenstreuung, Eidgenössische Technische Hochschule Zürich and Paul Scherrer Institut,
CH-5232 Villigen PSI, Switzerland, department of Physics, University of Warwick, Coventry,
England; 3Brookhaven National Laboratory, Upton NY 11973.

The dispersion of the magnetic excitations in LizCuO2 has been determined by means of inelastic
neutron scattering using the triple-axis spectrometers DrüchaL at SINQ and IN3 at ILL. The
results are interpreted in terms of a Heisenberg hamiltonian including uniaxiai anisotropy.

The study of the magnetic excitations in copper
oxides compounds has gained a lot of interest as
these cuprates have Cu-0 networks which are
related to the high temperature superconductors.
Li2Cu02 is a 3D-antiferromagnet with Neel
temperature TN=9 K [1]. The magnetic structure of
Li2Cu02 consists of ferromagnetic Cu2+ chains
propagating along the b-axis while ions related
through the translation vector (1/2,1/2,/1,2) have
opposite spins, as shown in Fig.1 [2].

J2

Fig. 1: Chemical and magnetic structure of LfeCuO2.

In order to determine the exchange constants in this
material, inelastic neutron scattering was performed
on a single crystal of volume 0.5 cm3 in the
temperature range 1.5 K < T < 20 K. The
experiments have been performed on the triple-axis
spectrometers DrüchaL at SINQ and IN3 at the
Institut Laue-Langevin, France. Spin-wave
excitations have been observed along the main
symmetry directions. The corresponding dispersion
curves are shown in Fig.2. The data are interpreted
within linear spin-wave theory using a Heisenberg
Hamiltonian including uniaxiai anisotropy.
Our experiment shows that although it had been
suggested that Li2Cu02 should be an ideal
candidate to exhibit 1D ferromagnetic behaviour at

high temperature, the magnetic interactions are
predominantly antiferromagnetic in this material.
The interchain interactions are found to be
comparable to the intrachain exchanges, making
Li2Cu02 a 3D-antiferromagnet.

0.00

Fig. 2: The open circles represent the measured
data, while the lines are calculations
according to the model. The gap at the
zone centre is explained by uniaxiai
anisotropy.

REFERENCES

[1] K. Shreedhar, P. Ganguly, Inorg. Chem. 27,
2261 (1988).

[2] F. Sapina, J. Ridriguez-Carvajal, M.J. Sanchis,
R. Ibanez, A. Beitran, D. Beltran, Solid State
Comm. 74, 779(1990).



SPIN WAVES IN THE DISORDERED FERROMAGNET FeM4CrM8

P. Böni and E. Jericha

High resolution inelastic neutron scattering has been used to determine the spin wave dispersion of the
diluted ferromagnet Fe^jCr^g. The spin waves become very broad as the momentum transfer is increased
beyond 0.1 A' indicating that the material is composed of ferromagnetically ordered clusters.

In the field of diluted magnetic systems, the problem of
re-entrant spin glasses has proven difficult to solve,
both experimentally and theoretically. FeM4CrM, is at
the borderline to becoming a spin glass and is there-
fore an ideal system to study the evolution of the spin
glass order in a diluted ferromagnet [1]. The purpose
of the present experiment was the determination of the
spin wave dispersion at 0.75 Tc.

The neutron scattering experiments on a poly-
crystalline ingot Fej34CrM6 were conducted on the cold
triple-axis-spectrometer Drüchal at the Swiss spalla-
tion source SINQ using a high resolution set-up with
fixed final energies E, = 2.55 meV and 4 meV and 20'
collimation before and after the sample and 40' colli-
mation before the detector resulting in an energy
resolution AE = 40 *teV and 85 neV (FWHM), respec-
tively.

Fig. 1 shows a constant-Q scan conducted at q = 0.05
A'1 showing that the spin wave peaks can be nicely
separated from the elastic intensity of the direct beam.
With increasing q, the spin waves move to higher en-
ergy and become very broad Fig. 2.
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Fig. 1: Energy spectrum of neutrons scattered from
Fe334Cr6S, at q = 0.04 A'1.

An analysis of the energy dependence of the spin
waves yields an energy gap A = 27 \ieV and a stiff-
ness D = 29 meVA2 (Fig. 3). The latter value is much
smaller than for pure Fe due to the dilution of Fe by
anti-ferromagnetic Cr [2].
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Fig. 2: Energy spectrum of neutrons scattered from
Fe334Cre(1(l at q = 0.10 A'1. The spin waves are strongly
damped.

The results indicate that the network breaks up irio
large ferromagnetic clusters. As a consequence of the
disorder of the moments, the spin waves with q > 0.1
A1 become heavily damped. In a future experiment we
shall investigate the critical scattering near Tc in more
detail and study the effect of disorder on the lifetime of
the paramagnetic fluctuations at Tc.
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Fig. 3: Spin wave dispersion in Fe334Cr66, for T
0.75Tc. The excitations become very broad above q
0.1 A1.

[1] S. M. Shapiro et al., Phys. Rev. B 24, 6661 (1981).
[2] M. F. Collins et al., Phys. Rev. 179, 417 (1969).



MAGNETIC EXCITATIONS IN Ni3AI

P. Böni, B. Roessli, F. Semadeni, and T. Chattopadhyay (ILL)

The low energy excitations in the weak itinerant ferromagnet Ni^AI have been investigated by means of
high resolution inelastic neutron scattering using the triple axis spectrometer TASP at SINO. The meas-
urements indicate that the dispersion of the spin waves is very steep because the magnetic moments are
not localised.

Weak ferromagnetism in ordered metals such as Ni3AI
has been the subject of experimental and theoretical
interest and controversy for many years. The key is-
sues have been the role of the collective spin-wave
and the incoherent single-particle (or Stoner) spin-flip
excitations, respectively, on the thermodynamic prop-
erties of these materials. NijAI is a particularly inter-
esting system because the magnetic moment is small
(0.075 \x^H\ atom) [1].

Neutron scattering experiments have been carried out
by Bernhoeft et al. [2] on extremely pure ingots of well
ordered Ni,AI. These measurements were restricted to
very small momentum, q, and energy transfers, E,
because of the poly-crystallinity of the sample. As a
consequence, it was not possible to characterise the
single particle excitations due to kinematical restric-
tions.

In order to overcome these problems we have first
characterised a single crystal NijAI. Fig. 1 shows a
rocking curve of our crystal, indicating a good mosaic-
ity of the sample. In particular, the intensity of the (1 0
0) Bragg peak is very strong indicating an excellent
ordering of the AI on the fee Ni lattice. Note that for a
disordered crystal the (1 0 0) peak is forbidden.
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Ü
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Fig. 1: Rocking curve of a NijAI single crystal.

In a next step we have investigated the inelastic scat-
tering near the forward direction and near the (1 0 0)
reflection. Fig. 2 shows two representative scans near
the Bragg peak. Spin waves can be observed down to
momentum transfers q = 0.0123 A'1. This extremely
low value could be reached because the end position

of TASP allows the mounting of a primary collimator
before the monochromator. Despite of not using the
large divergence of the supermirror coated neutron
guide, the intensity of the magnetic scattering is high.

E,=3meV 20-20-Be-Ni3AI-20-20 0.5Tc

(1.010 0 0)

q=.0.017SA
SINQ: TASP

-0.05 000 0.05

Energy (meV)

Fig. 2: Spin wave excitations in single crystal NijAI at
T = 20 K.

A fit of the data using a quadratic dispersion law E =
Eg + Dq2 yields E, = 0.023 meV and D = 220 meVA'.
The value for D is significantly reduced when com-
pared with pure Ni (D = 388 meVA*), whereas Eg is
similar [3]. In contrast, the values for polycrystalline
samples are significantly smaller, i.e. Eg = 2.5±0.5
jieV and D = 83±20 meVA* [2] indicating that our sam-
ple may contain more than 75% Ni.

The measurements show that the spin wave disper-
sion is very steep due to the itinerant nature of the
magnetic moments. Having a single crystal available
we can now proceed with an investigation of the sin-
gle-particle excitations that occur at larger q near (1 C
0). Until now, this was not possible because of kine-
matical restrictions in forward scattering experiments
on ingots.

[1] G. G. Lonzarich and L. Taillefer, J. Phys. C: Solid
State Phys. 18, 4339 (1985).
[2] N. R. Bernhoeft et al., Phys. Rev. B 28, 422 (1983).
[3] V. J. Minkiewicz et al., Phys. Rev. 182, 624 (1969).



INELASTIC SCATTERING IN NI SINGLE CRYSTAL

F. Semadeni, P. Böni, B. Roessli

Magnetic and nuclear excitations in the Ni itinerant ferromagnet has been observed by means of
high resolution inelastic neutron scattering using the triple-axis spectrometer TASP at SINQ. The
measurements show that the resolution of TASP can allow small q investigations, that are needed
for confirming new features predicted by mode-mode coupling theory.

In isotropic ferromagnets the ordered phase
presents two magnetic modes that contribute to the
magnetic scattering cross section, namely the spin
wave mode and the longitudinal excitations. Mode-
mode coupling theory predicts for the longitudinal
susceptibility a crossover from Lorentzian behaviour
1/(q2+K2) to 1/(xq) for q - * 0 [1].

In order to test the quality of our new 58Ni crystal, a
rocking curve as been measured at a Bragg position.
The mosaicity of the sample is 30' for the full width at
half maximum.

Polarised neutron scattering would allow to measure
the longitudinal fluctuations. Preliminary measure-
ment done on TASP showed that the resolution
allows to reach the small q values needed to see the
theoretically predicted crossover. Fig. 1 shows an
inelastic scan that has been done at room
temperature, near the ( 1 1 1 ) Bragg peak, with a
longitudinal momentum transfer of q = 0.138 Ä1. The
experimental data has been fitted using a theoretical
cross section including a spin wave term as well as an
acoustic phonon term. According to the results
obtained by Minkiewicz et al. [2], we fixed the spin
wave stiffness at a value of 400 meV A2.

E, = 8 meV open-20-Ni-20-20 Room Temperature

The shoulder that can be seen on the left side of the
LA phonon peak can be explained as TA phonon
that contribute to the scattering via the coarse vertical
Q-resolution.

As shown in fig. 2, in the small q range at room
temperature, magnetic and nuclear contributions
overlap in the inelastic cross section. The phonon
dispersion in Ni is given in [3].

I

Fig. 1 : Spin wave and phonon excitation in Ni single
crystal at room temperature and q = 0.138 A"1.

Fig. 2 : Spin wave and phonon dispersion curves
for Ni at room temperature.

Future experiments are planned in the region of 0.95
T c (Tc = 631K). In this temperature range the spin
waves are renormalised, this means that the energy is
shifted to smaller values, whereas the damping is
increased. As a consequence, it will be possible to
separate magnetic and nuclear scattering more
clearly.
The hydrodynamic regime is within the q-range that
can be reached by TASP. By means of polarised
neutrons it will be possible to measure the crossover
of the longitudinal susceptibility, which has not been
seen before.

REFERENCES
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MAGNETIC PROPERTIES OF NEW QUASI-ONE-DIMENSIONAL OXIDES

G.I. Meijer (IBM Rüschlikon+ETH Zürich), W. Henggeler, L Keller (LNS, PSI),
M. Willemin (Uni Zürich), J. Karpinski (ETHZuerich), C. Rössel (IBM Rüschlikon)

Magnetic susceptibility, torque anisotropy, and neutron diffraction were measured on the novel quasi-one-
dimensional cuprates Ca083CuO2 and Sr07fiuO2. These cuprates are substantial hole doped with 0.34
and 0.54 holes/Cu for the respective Ca and Sr compound. Surprisingly, these quasi-1D materials exhibit
long range magnetic ordering at T-10K despite their substantial hole doping. Weak-ferromagnetic and
antiferromagnetic ordering is found for the respective Srand Ca compounds.

Recently, ladder-like compounds consisting of
coupled Cu-0 chains have been studied intensively.
Theoretically it is predicted that hole doped even-leg
ladders might become superconduct ing.
Superconductivity with Tc -12 K is indeed found under
high pressure P- 3GPa in the doped compound
Sro.*Ca13.6Cu2404,8 (14,24) containing two-leg ladders
and one-dimensional CuO2 chains1.
We have investigated the magnetic properties of new
low-dimensional spin systems that are closely related
to the (14,24) materials. These materials, Ca083CuO2

and Sr073CuO2, are synthesised at high oxygen
pressure2. They have an incommensurable structure
consisting of CuO2 chains separated by Ca or Sr
planes. The compounds are highly hole doped, with
-0.34 holes/Cu in Ca083CuO2 and -0.54 holes/Cu in
Sr073CuO2, i.e., one third respectively one half of the
Cu ions in the CuO2 chain is non-magnetic. We
observe a broad maximum in the susceptibility which
might originate from a dimerization gap in the spin
chains. These quasi-1D materials exhibit magnetic
ordering at T-10K despite their substantial hole
doping. Weak-ferromagnetic and antiferromagnetic
ordering is found for the respective Sr and Ca
compounds.

In order to investigate the antiferromagnetic ordered
state we have performed angle-dependent torque
measurements on a high-quality single crystal of
Ca083CuO2 The temperature dependence of the
torque (Fig. 1a) allowed to determine the ordering
temperature (T=12.2K) and the orientation of the easy
axis (a-axis). Whether this AF ordering is of long
range character cannot simply be inferred from our
torque-data. Therefore we performed neutron powder
diffraction experiments on the diffractometer DMC at
SINQ on our Cao.83Cu02 and Sr073CuO2 samples in
order to find magnetic Bragg peaks. For both
compounds we found a magnetic reflection which we
could index as (0 1/2 1) in Ca083CuO2 and (1 1/2 1) in
Sr073CuO2, i.e., a doubling of the unit cell in the
direction along the CuO2 chains. The neutron pattern
of Ca0B3CuO2 measured at different temperatures is
shown in Fig. 2. The temperature dependence of the
(0 1/2 1) reflection is displayed in Fig 1b.
The finite neutron intensity at T>12K might be due to
a structural dimerization of the chains. A detailed
determination of the magnetic structure of the two
compounds is in progress.The finding of additional
neutron intensity at half-integer indices together with

the appearance of torque, both at the same
temperatures, gives conclusive evidence for long
range anti-ferromagnetic ordering. Our findings make
these two compounds the first highly hole doped
cuprates with long range magnetic order.

0 5 10 15 20

Temperatur« (K)

Fig.1. (a) Temperature dependence of the torque
amplitude for rotation of H about the a-, b-, and
c-axis. (b) Temperature dependence of the (0
1/21) neutron peak intensity.

o

9

30 40 50 60 70
20 (degree)

80

Fig. 2. Neutron diffraction pattern (A^4.209Ä)
measured at different temperatures.
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NEUTRON DIFFRACTION STUDY OF CMR COMPOUND La0.85Cao.15Mn03
P. Fischer, M. Gutmann, L Keller

A. Balagurov, V. Pomjakushin (JINR, Dubna)
E.Antipov, O.Dyachenko, M.Lobanov (MSU, Moscow)

Crystal and magnetic structures of Lao.s5^a0.15^n<^3 were studied by using DMC/SINQ and
HRFD/IBR2 instruments. The sample undergoes a ferromagnetic transition below 180K. The magnetic
moment of the manganese ion amounts to 2.9 ßß at T=25K.

Present experimental data do not permit an
unambiguous interpretation of the magnetic state of
La-|_xAxMnO3. In general, the ordered state can be
considered as a canted antiferromagnet, which has a
non-zero spontaneous magnetic moment, or as an
inhomogeneous phase separated state being a
mixture of ferromagnetic and antiferromagnetic
regions. This experiment is a part of joint ^SR
(Proposal RA9720) and neutron diffraction activitiy on
studying magnetic ordering in CMR perovskites. The
aim of the experiment was to determine parameters of
the magnetic ordering in this particular sample which
was also measured by jxSR. A series of CMR
compounds has been studied by |xSR prior to the
experiment on DMC. This sample has exhibited very
unexpected magnetic properties according to |j.SR.
That's why we have undertaken the neutron diffraction
study to have complementary information on long-
range magnetic ordering necessary for further data
analysis.
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Fig.1: Neutron powder diffraction patterns measured
at 200K.

Diffraction patterns were obtained on the
complementary DMC (d-spacing range 1.8-6Ä,
resolution Ad/d=1%) and HRFD (d-spacing range 0.7-
2.5Ä, resolution Ad/d=0.1%) instruments. Crystal
structure refinement has been done with the HRFD
data and then was used for refining the magnetic
structure with the DMC data. The sample crystallizes
in the Pnma space group with lattice parameters
a=5.473, b=7.745, c=5.504Ä at 200K. Figure 1 shows
typical diffraction patterns measured at DMC and
HRFD. Data analysis was carried out using the
FULLPROF and MRIA programs for DMC and HRFD
data, respectively. Atomic positions were fixed when
refining the DMC diffraction patterns. The onset of
ferromagnetic ordering was observed at Tc=180K.
Figure 2 shows two spectra at the temperature just
above Tc and at 25K: a ferromagnetic contribution is
clearly observed at low temperature. The ordered
magnetic moment of Mn-ions refined from the DMC
pattern at 25K was 2.86(1 0)|AB-
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Fig. 2: Diffraction patterns at 200K and 25K. Intensity
of the peaks around 40' and 55* is increased due to
ferromagnetic ordering.



MAGNETIC ORDERING OF Mn IN THE CMR COMPOUNDS Lao.35Pro.35Ca0.3Mn03 AND

M. Gutmann, P. Fischer, L Keller
A. Balagurov, V. Yu. Pomjakushin (JINR, Dubna)

N. A. Babushkina (RRC Kl, Moscow)
A. R. Kaul (Moscow State University)

On DMC/SINQ we have observed ferromagnetic ordering of the Mn3+ ions in Lao.35Prn.35Can.3MnO 3
with Tc=200 K. The saturated magnetic moment of Mn is 3.4(1) \IQ. NO Pr ordering was observed.

La0.35Pr0.35Ca0.3MnO3 crystallizes in the
orthorhombic space-group Pnma with lattice
parameters a=5.479(5) A, b=7.729(7) A, and
c=5.482(5) A (at 10 K, DMC) and exhibits a colossal
magnetoresistance effect below the ordering
temperature of the Mn ions. The goal of this
experiment was to determine the magnetic ordering in
this compound. Roughly seven grams of powdered
sample were measured on DMC in the temperature
range between 10 K and 200 K, using a closed-cycle
He refrigerator. A typical data collection time of 1 hour
per temperature was sufficient. Summing up all data
at 10 K which totals 8 hours did not significantly
improve the results. Fig. 1 shows typical diffraction
patterns obtained on DMC at 200 K and 10 K.
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Fig.1: Neutron powder diffraction patterns
La0.35Pr0.35Ca0.3MnO3 a t 2 0 0 K (a) a n d 1 0 K (b)-
Note the strong intensity increase of some nuclear

of

peaks due to ferromagnetic ordering of the Mn
sublattice.
Data analysis was carried out using the program
FULLPROF. The chemical and magnetic structures
were simultaneously fitted, but only the lattice
parameters and the magnetic moment were refined.
The magnetic moment is parallel to the (a, c)-plane as
is expected. The results of the magnetic refinement
are displayed in Fig. 2. No signature of Pr ordering
was found.
Crystallographic positions were used from data
obtained with the high-resolution Fourier
diffractometer (HRFD) at the Frank Laboratory of
Neutron Physics in Dubna (Russia). 'Due to an
overlapping range of accessible d-spacings the
information gained from both instruments is highly
complementary. This range extends between
0.7<d<2.4 A for HRFD, thus allowing a precise
determination of structural parameters, while for DMC
this range is 1.8<d<8.2 A at X^2.5616 A which was in
this case optimally suited for our purpose. The onset
of ferromagnetic ordering is observed at 200 K. The
saturated magnetic moment amounts to 3.4(1) u.g.

3.5 n

cd

0.0
200 250100 150

T[K]
Fig. 2: Ordered magnetic moment of Mn 3 + in
'-a0.35Pr0.35^a0.3^lnO3 a s a function of
temperature. The magnetic moments order parallel to
the (a, c)-plane.
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MAGNETIC PROPERTIES OF NdPdAI

L Keller, A. Dönni (NRIM Tsukuba), F. Fauth and H. Kitazawa (NRIM Tsukuba)

Magnetic phase transitions of the ternary intermetallic compound NdPdAI with hexagonal ZrNiAl type
crystal structure were investigated by means of specific heat and neutron diffraction experiments on the
powder diffractometers DMC at SINQ and D1A at the ILL. The triangular coordination symmetry of the
magnetic rare-earth atoms on site 3f gives rise to geometrical frustration and leads to incommensurate
antiferromagnetic structures. NdPdAI shows two magnetic phase transitions at TN . I = 5 K and TN,2 = 4 K.
The magnetic propagation vector shows a pronounced temperature dependence above T N 2 and' locks in
to k = [1/4, 0, x], x = 0.444, below T N 2-

The ternary intermetallic compounds RXAI (R = rare
earth, X = Ni, Pd) adopt the ZrNjAI-type crystal struc-
ture (hexagonal space group P62m). The triangular
coordination symmetry of the magnetic R atoms on
site 3f gives rise to geometrical frustration. A common
feature for the Nickel compounds RNiAl (R = Tb, Dy,
Ho) [1] is the existence of at least two magnetic phase
transitions at T1 and T2, which scale by T2 : T1 = 1 :
2. For T2 < T < T1 the ordered moments of the frus-
trated R(2) atoms appear strongly reduced below the
values of R(1) and R(3). Below T2 the R(2) moments
change the magnetic propagation vector and acquire
the same size as the other moments. The heavy-
fermion compound CePdAI [2] orders below TN = 2.7
K with an incommensurate antiferromagnetic propa-
gation vectork = [1/2, 0 T ] , T = 0.35, and magnetically
ordered moments at Ce(1) and Ce(3) coexist with
frustrated disordered moments at Ce(2). These inter-
esting results have motivated us to extend the study
of magnetic properties to the isostructural compounds
PrPdAI and NdPdAI.

3000

2500
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NdPdAI, T = 1.5 K :

20 80 100

Fig. 1 : Refinement of the neutron diffraction pattern
of the magnetically ordered NdPdAI at T = 1.5 K.

Powder neutron diffraction experiments of
NdPdAI were performed on D1A at the ILL in
Grenoble, France, in the paramagnetic state (T = 8 K)
and at T = 1.5 K and on DMC at SINQ for intermediate
temperatures. The refinement of the paramagnetic
diffraction pattern confirms the hexagonal ZrNiAI-type
structure: space group P62m, Z = 3, with Pr on the

3f sites, Pd on the 1a and 2d sites and AI on the 3g
sites. The Pr atoms form a triangle in the a-b plane.

NdPdAI (see Fig. 3) undergoes magnetic phase
transitions at T N , I = 5 K and at TN,2 = 4 K. The mag-
netic propagation vector shows a pronounced tem-
perature dependence above TN,2 and locks in to the
value k = [1/4, 0, x], T = 0.444, below TN,2- The inte-
grated neutron intensity of the strongest magnetic
Bragg peak, however, does not exhibit a distinct
anomaly at TN,2- A more detailed determination of the
magnetic structures of NdPdAI, including group theo-
retical symmetry analysis considerations, is in
progress.

Fig. 2: Integrated neutron intensity (upper frame) and
peak position (lower frame) of the strongest magnetic
(1/4, 0, t) reflection and specific heat for NdPdAI.
Magnetic phase transitions at T N , I = 5 K and at TN,2
= 4 K are indicated by dashed lines.
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MAGNETIC STRUCTURE OF PrPtAI

L Keller, A. Dönni (NRIM Tsukuba), F. Fauth and H. Kitazawa (NRIM Tsukuba)

Magnetic properties of the ternary compound PrPtAI with TiNiSi-type structure have been investigated by
powder diffraction experiments on the cold neutron powder diffractometer DMC of SINQ and on D1A at
the ILL. PrPtAI shows magnetic order below TQ = 5.8 K corresponding to the magnetic space group
Pnm'a' with ordered Pr moments of 1.00(7) \IQ.

Members of the ternary rare-earth platinum alumi-
nides RPtAI crystallize in the TiNiSi-type structure [1].
First magnetic susceptibility measurements [1] on
PrPtAI revealed ferromagnetism below the Curie tem-
perature TQ = 8 K. A group theoretical symmetry
analysis [2] of possible magnetic configurations for the
case of space group Pnma, site 4c and k = 0 yields
eight one-dimensional irreducible representations.
Therefore, for PrPtAI one can expect to observe mag-
netic structures with a ferromagnetic component
parallel to the a-axis, the b-axis or the c-axis.

Polycrystalline samples of PrPtAI were synthe-
sized by arc-melting stoichiometric mixtures of the
pure elements in an argon atmosphere and annealed
at 900°C for 5 days in high vacuum. X-ray diffraction
measurements confirmed the presence of the TiNiSi-
type crystal structure (Pnma with only 4c sites occu-
pied) and there were no detectable impurity phase
contributions. Neutron diffraction experiments were
performed at the new spallation neutron source SINQ
on DMC (X = 2.5616 A) and at the Institute Laue-
Langevin on D1A (X = 1.9114 A). The diffraction data
was analyzed by Rietveld method with the program
Fullprof [3] using the neutron scattering lengths pub-
lished by Sears [4] and the magnetic formfactors in
dipolar approximation.
PrPtAI has a non-magnetic crystalline-electric field
(CEF) ground-state singlet separated by 21 K from
the first excited state CEF singlet and magnetic
exchange interactions are strong enough to induce
long-range magnetic order.
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The refinement of the D1A neutron diffraction pattern
of magnetically ordered PrPtAI is shown in Fig. 1. The
unit cell contains four magnetic Pr atoms. Nearest Pr-
Pr neighbors form chains parallel to the b-axis and
second-nearest neighbors form chains parallel to the
a-axis. Magnetic Bragg peaks can all be indexed with
the propagation vector k = 0. A simultaneous refine-
ment of crystal structure and magnetic structure was
performed at 1.5 K in the scattering angle range 10° <
20 < 114°. Best fit was obtained with the magnetic
space group Pnm'a'. In this space group for site 4c
the magnetic moments lie in the ac plane with a fer-
romagnetic component along a and an antiferromag-
netic component along c. The magnetic structure of
PrPtAI is illustrated in Fig. 2. The thermal variation of
the ordered moment as measured on DMC gives rise
to a second-order phase transition with an ordering
temperature of 5.8 K and a saturation moment of
u.(Pr) = 1.00(7) |XB- The results of this investigation will
be published in [5].

Fig. 1: Observed, calculated and difference neutron
diffraction pattern of the magnetically ordered PrPtAI
atT = 1.5K.

Fig. 2: Magnetic structure of PrPtAI. The ordered Pr
moments are perpendicular to the b-axis.
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STRUCTURE AND ANTIFERROMAGNETIC ORDERING IN Dy2Pd2ln

P Fischer, F. Fauth, L Keller, M. Gutmann; E. Bauer (Univ. Wien); M. Giovannini (Univ. di Genova); E.
Suard (ILL)

By means of neutron diffraction investigations the chemical structure and magnetic ordering of the
intermetallic rare-earth compound Dy2Pd2ln was investigated.

1 INTRODUCTION

The series R2Pd2ln of rare earths R crystallizes with
tetragonal Mo2FeB2 structure [1] and shows
interesting, partially anomalous magnetic properties.
This motivated us to start neutron diffraction
investigations on such compounds.

Measurements of specific heat, magnetic suscepti-
bility and electrical resistivity measurements on
Dy2Pd2ln indicate magnetic ordering below a Neel
temperature of approximately 12 K.

2 POWDER NEUTRON DIFFRACTION
INVESTIGATIONS ON D1 A/ILL

Because of essential neutron absorption by Dy
Dy2Pd2ln powder was filled under He gas
atmosphere into a V double cylinder of 8 mm inner
and 10 mm outer diameter and height of
approximately 5 cm. For structural studies at low
temperatures neutron diffraction patterns were
recorded at 20 K in the paramagnetic state and at 1.5
K in the antiferromagnetic state on the high-resolution
powder neutron diffractometer D1A at ILL, using
neutrons of wavelength X. = 1.9113 A.

Tab. 1: Refined structural parameters of
atT = 20K.

atom site

In: (2a)

Pd: (4g)

Ge: (4h)

X

0

0.3704(3

0.1642(1)

y

0

0.8704(3)

0.6642(1)

z

0

0

0.5

B[A2]

0.7(1)

1.KD
0.4(1)

3 SEARCH FOR MAGNETIC Dy ORDERING ON
DMC/SINQ

In order to search for magnetic ordering neutron
diffraction measurements were performed on
Dy2Pd2ln by means of DMC at a cold neutron guide
of SINQ at 1.8 K and 20 K with neutron wavelength '*
= 2.5616 A. Due to high neutron absorption about 4
hours were measured per temperature. The resulting
difference neutron diffraction pattern is shown in Fig.
2. The narrow additional Bragg peaks, which were
also observed on D1A at 1.5 K, clearly indicate the
presence of long-range antiferromagnetic Dy ordering
inDy2Pd2ln at 1.8 K.

Dy2Pd2In, 20 K, D1A, 1.9113 Ä
i it i i it M i i i in i m in i i i i ii iti ii mini» mil i ii mi it

10 30 50 70 90 110 130 150

Fig. 1: Observed (absorption corrected), calculated
and difference neutron diffraction patterns of
Dy2Pd2ln at T = 20 K.

Fig. 1 illustrates the neutron diffraction pattern of
Dy2Pd2ln in the paramagnetic state at 20 K. In
agreement with ref. [1] this compound was found to
crystallize according to space group no. 127, P4/mbm
with lattice parameters a = 7.6439(2) A and c =
3.6804(1) A at 20 K. Corresponding refined positional
and temperature factor parameters are summarized in
Tab. 1.

1500
Dy2Pd2In, 1.8 K, DMC, 2.5616 A

I I 111 I I 111 I 11 I • I 1 Ml tl HI I I I I III 1 I M III Ml

10 20 30 40 50 60 70 80 90

Fig. 2 Observed magnetic [difference 1(1.8 K) - l(20
K)], calculated [profile matching] and
difference neutron diffraction patterns of
Dy2Pd2ln, measured on the cold neutron
powder diffractometer DMC at SINQ.

First profile matching fits resulted in approximajely
equal fits for a general vector k and for ic =.
[1/4,1/4,1/2].

[1] F. Hulliger, and B. Z. Xue, J. Alloys Comp. 215,
267(1994).
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BULK MAGNETIC MEASUREMENTS AND NEUTRON DIFFRACTION
INVESTIGATIONS OF CRYSTAL STRUCTURE AND Nd MAGNETIC ORDERING IN

F.C.C.

A. Dönni (Niigata Univ.); P. Fischer, F. Fauth, L Keller; Y. Aoki, H. Sato (Tokyo Metropolitan Univ.);

T. Komatsubara fTohoku Univ.)

Specific heat measurements indicate three phase transitions for Nd3Pd20Ge& atT = 1.8 K, 1.4 K and
0.53 K. By means of neutron diffraction investigations the crystal structure was refined at 10 K, and
evidence for magnetic Nd ordering below 1.8 K was obtained.

1 INTRODUCTION

With respect to possible competition between
quadrupolar and magnetic ordering the novel
intermetallic compounds R3Pd20X6 ( x = Ge, S i) a r e

particularly interesting. Ce3Pd2oGe6 ' s s u c n a

Kondo-lattice system [1]. Therefore we started both
bulk magnetic and neutron scattering experiments on
the similar

2 BULK MAGNETIC PROPERTIES

The measured magnetic specific heat of
Nd3Pd2oGe6 is illustrated in Fig. 1 which indicates
three successive phase transitions at 1.8 K, 1.4 K
and 0.53 K. Also magnetic susceptibility shows a
magnetic transition around 1.8 K.

1 1.S 2
Temperature [K]

Fig. 1 : Temperature dependences of magnetic
specific heat and of integrated magnetic
neutron intensity, measured on DMC with
4.2 A neutrons, for Nd3Pd2oGe6-

3 CRYSTAL STRUCTURE

On D1A at ILL, Grenoble high-resolution neutron
diffraction measurements were made on a
polycrystalline sample of Nd3Pd2oGeß at 10 K and
1.4 K, using neutrons of wavelength X = 2.4829 A.

crystallizes in space the cubic group
Fm3m, No. 225. The lattice parameters at 10 K and
1.5 K were determined as a = 12.3837 A and 12.3826
A, respectively. The N d 3 + ions are distributed on two
sites: (4a), 0,0,0 and (8c) 1/4,1/4,1/4. In Tab. 1 the

refined atomic positional parameters are summarized
for the temperature of 10 K.

Tab. 1: Structural parameters of Nd3Pd2fjGe6 a t T
= 10 K. Temperature factors B = 0.0(3) A 2

atom site

Pd1: (32f)

Pd2: (48h)

Ge: (24e)

X

0.3833(1)

0

0.2683(2)

y
0.3833

0.1751(1)

0

z

0.3833

0.1751

0

4 MAGNETIC ORDERING

The D1A neutron diffraction measurements performed
at 1.4 K showed significant intensity increases of
weak Bragg peaks such as (1,1,1), (3,1,1) and (3,3,1),
compared to 10 K. This indicates magnetic Nd
ordering according to ic = [0,0,0] with antiferro-
magnetically coupled (1,1,1) planes.

250ft
Nd Pd Ge , DMC(SINQ), 4.2 Ä

3 2 0 6 __

36 38

26 fi

Fig. 2: Temperature dependence of DMC neutron
diffraction pattern of

Additional high intensity neutron measurements were
performed at SINQ on DMC with cold neutrons of
wavelength 4.2 A. The corresponding temperature
dependence is illustrated in Figs. 1 and 2. The onset
of magnetic Nd ordering is clearly seen and confirms
a transition temperature of 1.8 K.

[1] J. Kitagawa, N. Takeda, M. Ishikawa, Phys.
Rev. B 53, 5101 (1996).
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SUPMIRRORS WITH ENHANCED REFLECTIVITY AND LIFETIME

M.Senthil Kumar, P.Böni and D.Clemens

Neutron supermirrors based on Ni/Ti multilayers have been developed for use at large critical angles.
Mirrors containing 600 to 1200 layers (m = 3.65 to 4.2) have been fabricated by tuning the deposition
parameters in such a way to achieve high reflectivity and durability. Reflectometric measurements were
carried out on TOPSI at SINQ. The average interfacial roughnesses of the mirrors have been deduced
from the simulated data.

Ni/Ti supermirrors are of great importance in order to
achieve appreciable flux gain in neutron guides and
focusing devices. The critical angle of reflection 0c of
the mirrors is defined as 6C = m 0?' (where 6?' is the
critical angle of a single Ni film and m is a positive
number). As the required number of layers is
proportional to m', large care should be taken for
optimising the deposition conditions in order to control
the physical parameters such as stress, embrittlement
and reflectivity.

Because the layers sputtered in pure Ar yield
low reflectivity, we have sputtered the Ti layers in pure
Ar and the Ni layers in partial pressures of Ar and air
for improving the reflectivity [1]. Consequently, the
lifetime of the layers has been considerably reduced
due to the development of stress and embrittlement.

As a first step towards finding a solution to
these problems, low-stress regions have been
identified by studying the stress variation in multilayers
as a function of the air flow for Ni layers [2]. During
this study, an interplay between stress and
embrittlement has been noticed.

After a detailed analysis, we have succeeded to
prepare several supermirrors with m ranging from 3 to
4.2, by setting the sputtering parameters for the low-
stress conditions. These mirrors contain 600 to 1200

m

0.8-
<B
O
C

2 0.6-
£
I 0.4-

0.2-

0.0

m - 3.65, N - 600
O Reflectance
A Reflectivity

o = 9A

o

0.0
0.00 0.02 0.04 0.06 0.08 0.10

Q [A-1]

Fig. 1: Experimental and simulated reflectance and
reflectivity of a supermirror with m <= 3.65 on
float glass.

layers depending on their m values. All these mirrors
have long lifetimes. The neutron reflectometry data of
m = 3.5 (600 layers) and 4.05 (900 layers)
supermirrors are shown in Figs.1 and 2. The
reflectance (defined as the ratio of the reflected to the
incident intensity) and the reflectivity (square root of

1.0

m - 4.05, N = 900
0 Reflectance
O Reflectivity

o= 11.5A
11.5 A

0.0-
0.00 0.02 0.04 0.06

Q [A-1]

Fig. 2: Experimental and simulated reflectance and
reflectivity of a supermirror with m = 4.05 on
float glass.

the reflectance) are plotted in this figure. Solid and
dashed lines are the simulations based on the design
structure of the multilayers. All the interfaces are
assumed to have constant roughnesses for the
simulations. The slight discrepancy between the
experiment and the simulations, close to öc , is due to
the fact that the layers closer to the substrate are
smoother.

In conclusion, a dramatic improvement in the
fabrication of supermirrors having more than 500
layers (m > 3) has been achieved. These new mirrors
are not only useful for reflecting neutron beams of
larger divergence but also for reflecting thermal
neutrons of shorter wavelength range.

References

[1] P. Böni, Physica B 234-236 (1997) 1038.
[2] M.Senthil Kumar, P.Böni, S.Tixier and D.Clemens,
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INFLUENCE OF Ce-DOPING ON THE MAGNETIC EXCITATIONS OF Nd IN
Nd2-xCexCu04

W. Henggeler, B. Rössli, A. Furrer;
Japan Chatten! (ILL Grenoble), P. Vorderwisch (HMI Berlin)

We study the effect of Ce-substitution on the magnetic excitations of Nd in Nd2-x CexCuO4 by inelastic
neutron scattering. A strong softening of the spin waves upon doping is observed, due to a decrease of
the Cu-Nd exchange field at the Nd site. Consequently a high spin-wave density of states is created at low
energies, which leads to giant y=C/T-values at low temperatures. This indicates that the novel heavy-
fermion behavior in these compounds is mainly due to magnetic correlations of the Nd ions.

The Nd2-xCexCu04 compounds have attracted
considerable interest due to the observation of both
superconducting [1] and heavy-fermion like [2]
properties. The linear specific-heat coefficient has
been reported to be as large as 4 J/K2 per mole Nd
(for x=0.2) at low temperatures. It is commonly
assumed that this heavy-fermion like behavior arises
from the interaction of the Nd moments with the
strongly correlated electrons in the copper-oxide
planes [see e.g. 3], while the Nd-Nd exchange is
usually considered to be unessential. We showed
however in previous papers [see e.g. 4] that for x=0
the rare-earth exchange coupling is of similar size as
the Nd-Cu exchange interaction

I .0

10

x=0

'*V***'*'|\

0.0 0.20 0.40 0 6 0 0.80
Energy Transfer |mcV]

Fig.1: Energy spectra of neutrons scattered from
Nd2-xCexCu04 (xt=0, 0.09, 0.15, 0.18) at
50 mK for O=(0 0 1.5).

Concerning the spin-waves in Ce-doped samples,
only preliminary results have been presented so far.
We therefore performed inelastic neutron-scattering
experiments on doped crystals with different Ce-
concentrations. We used the spectrometer V2
installed at the reactor BER2 of the Berlin Neutron
Scattering Center (BENSC) and the spectrometer
IN12 installed at the Institut Laue-Langevin, Grenoble.

In Fig. 1 we present the results of the experiments at
a temperature of 50 mK at Q=(0 0 1.5). It is obvious
that there is a significant softening of the spin-wave
excitations upon Ce-doping. This softening originates
from the reduction of the Nd-Cu exchange field at the
Nd-site. This reduction is easily explained by the
decrease of the Cu magnetic moment due to the
doping of electrons into the copper-oxide planes. In
Fig. 5 the calculated -y^C/T-values for different Nd-Cu
exchange fields hcu a r e compared with the
experimental results of Brugger et al.2 . The calculated
y-value for hCu=0.38 meV at 0.1 K is 2.7 J/K2 per mole
Nd, which only slightly lower than the observed value
for x=0.15 (-3.4 J/K2 per mole Nd). We therefore
conclude that the novel heavy-fermion behavior is
mainly due to magnetic correlations of the Nd ions.

T[K]

Fig.2: Specific-heat coefficient Y=C /T . Symbols
correspond to experimental data of Brugger et
al2 : • : x=0, O: x=0.1, A! X=0.15 , X: X=0.2 .
The lines show calculations described in the
text: —: hCu=0.52 meV, : hcu=0-42 meV,
— : hcu=0.38 meV .
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LOCAL STRUCTURE OF Nd0 88Ce012LaCu04^ (5=0, 0.032) STUDIED BY PULSED
NEUTRON PAIR DISTRIBUTION ANALYSIS

M. Gutmann, P. Allenspach
D. Louca, T. Egami (University of Pennsylvania, Philadelphia)

Y. S. Badyal (IPNS, Argonne)

The local structure of two samples NdgQgCen f^aCuO^ß (5=0, 0.032) originating from the same batch
were investigated using pulsed neutron diffraction. The reduced sample was superconducting <Jc=20 K)
while the as -prepared sample is non-superconducting. Data were collected between 10 and 50 K for each
sample. Deviations from the average structrure are clearly evidenced. In particular features involving
oxygen ions show a clear temperature dependence.

N d 0.88^ e 0.12 L a C u O 4 becomes an n-type
superconductor with Tc=20 K when subjected to a
vacuum anneal. Originally one batch of 20 g was
produced. One part was left as-prepared (non-
superconducting) the other was deoxygenated
resulting in a loss of 0.032(4) oxygen per formula unit
and a T c of 20 K. The extracted oxygen content was
determined according to a method described in [1].
Neutron diffraction was carried out on the time-of-
flight diffractometer GLAD at the Intense Pulsed
Neutron Source (IPNS) in Argonne (USA). Data up to
Q=40 A'1 were collected at 10, 20 ,30 , 40, and 50 K
for each sample. Additional data sets were collected
to correct the raw data for instrument and sample
environment (DISPLEX) background. The incident flux
was measured using a solid vanadium rod. From the
corrected and normalized structure factor S(Q) the
pair distribution function (PDF) was directly obtained
by Fourier transforming I(Q)=Q(S(Q)-1). A typical
example of I(Q) is shown in Fig.1.

-10 3015 20
Q [A-i]

Fig. 1 : Scattering function I(Q)=Q(S(Q)-1) for
N d 0 .88 C e 0 .12 L a C u O 4 -8 f r o m d a t a t a k e n a t 10 K. The
PDF is directly obtained by a Fourier transform of this
data.

The PDF is a real-space representation of the local
atomic arrangement. Information on the local structure
can be obtained from the short to intermediate range
(beyond 20 A). PDF's at 10 K and 40 K for both
samples are displayed in Fig. 2. It was found earlier in
the similar compound Nd-| 835Ce0.165ClJO4-8 t n a t

the average structure results from a mixture of an
undistorted and a heavily distorted region in the ratio
40:60 [2]. The undistorted region has flat square-
planar CuO2-planes while in the heavily distorted
region the oxygen ions are displaced out-of-plane
causing a local buckling.

0.30

0.25 h

11 I I M M I . . 1 , I . , , , , , , ,

2 3 4 5 6 7 8 9 10
r[A]

Fig. 2: PDF's of reduced and unreduced
Nd0 .88C e0.12L a C u O4 at 10 K and 40 K. The 40 K
data are shifted upwards by 0.2 A"3.

In the present data several features in the reduced
sample show a strong temperature dependence which
is less pronounced in the non-superconducting
sample. For example at 4.1 A., 6.0 A, 6.5 A, and 7.6
A. These features involve O(1)-O(2) and Cu-O(1)
pairs. We note that differences between the reduced
and unreduced sample become less pronounced
beyond 12 A. A more detailed analysis of the data is
in progress.

[1] P. Meuffels, B. Rupp, and E. Pörschke, Physica C
156(1988)441.

[2] S. J. L. Billinge and T. Egami, Phys. Rev. B 47
(1993)13486.
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EXAFS study of Nd0 88Ce012LaCu04^ (5=0, 0.032)

M. Gutmann, P. Allenspach
M. Tischer (HASYLAB/DESY, Hamburg)

Accurate Cu K-edge EXAFS spectra on reduced and unreduced NdQßßCeQ f^.aCuO4 were measured
in the temperature range between 4.2 and 200 K. Our main interest was focused on the bond-angle
distribution of the collinear Cu-O-Cu scattering path in the CuO£-planes. In a preliminary analysis
scattering paths up to 4 A were included leading to the conclusion that the bond angle of the Cu-O-Cu
path is essentially 180'.at least in the unreduced sample. However a more accurate analysis is needed
due to significant contributions from more distant Cu-Cu and Cu-Rare Earth shells.

Superconductivity with a maximum Tc of 27 K in Nd2.
xCexCuO4 is only observed after removal of a small
amount of oxygen. The need for such a reduction step
is not well understood at present. An earlier study of
the local structure by means of pulsed neutron pair
distr ibut ion analysis in superconducting
Nd1835Ce0165CuO4.5 revealed a mixture of two
domains [1 j . One domain is characterized by square-
planar (undistorted) CuO2-planes, in the other domain
the oxygen ions are slightly displaced out-of-plane
from their average positions resulting in a local
buckling. The size of the distorted regions was
estimated to be about 6 A [1]. Such distortions were
not observed in non-superconducting Nd1 8Ce02CuO4

[2]. Our primary interest was therefore whether such
distortions are also present in Nd0 88Ce012LaCu04

which is close to the upper stability limit of the T'-
phase structure [3].
Initially 20 g of Nd0 88Ce012LaCuO4 were prepared
via a sol-gel route [4J. This batch was divided into two
sub-batches of equal amount. One sub-batch was left
as-prepared (non-superconducting) the other was
subjected to an additional vacuum anneal at 860'C
which resulted in an oxygen loss of 0.032(4) per
formula unit. The latter sample is superconducting
with Tc=20 K as determined from ac susceptibility
measurements. The extracted amount of oxygen was
determined according to a method described in [5].
Accurate Cu-K edge EXAFS data were recorded at
the beamline E4 (EXAFS II) at HASYLAB in the
temperature range from 4.2 to 200 K. Data at 4.2 K for
the reduced and unreduced sample are shown in Fig.
1. For the data analysis we chose the GNXAS method
which is able to provide information about bond-angle
distributions [6], Paths up to a cut-off of 4 A were
included. In particular, our interest is focused on the
collinear Cu-O-Cu path which contributes significantly
to the EXAFS-signal due to the focusing effect of the
intervening oxygen ion [7]. This scattering path is
most sensitive to a possible buckling of the CuO2-
planes. Our preliminary results indicate that in
unreduced Nd088Ce012LaCuO4 there are no
deviations from the 180* bond-angle of the collinear
Cu-O-Cu path. For the reduced sample no conclusion
for the definitive size can be drawn in the present
stage of data analysis. As can be seen from the
Fourier transform in Fig. 1 the deviation between data
and fit in k2x(k) is mostly due to higher frequency

contributions (Cu-Cu and Cu-Rare Earth) which were
not included in this fit. Also a possible double electron
excitation channel as proposed in [7] was not yet
considered in the present analysis. A more detailed
analysis is currently in progress.

Fig. 1: a)Experimental (dots) and fitted (lines) Cu K-
edge spectra of unreduced (8=0) and reduced
(5=0.032) Nd0 8 8Ce0 1 2LaCu04 .5 at 4.2 K. b) Fourier
transformed of the data shown in Fig. a) for the
unreduced sample at 4.2 K

[1] S. J. L. Billinge et al., Phys. Rev. B 47 (1993)
14386.
[2] S. J. L. Billinge, PhD thesis, University of
Pennsylvania 1992.
[3] Y. T. Zhu et al., Phys. Rev. B 49 (1993) 6293.
[4] R. F. Jardim et al., J. Alloys and Compounds 199
(1993)105.
[5] P. Meuffels et al., Physica C 156 (1988) 441.
[6] A. Filipponi et al., Phys. Rev. B 52 (1995) 15122.
[7] A. Di Cicco et al., Physica C 258 (1996) 349.
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PROBING THE SYMMETRY OF THE PSEUDOGAP IN UNDERDOPED HIGH-
Tc SUPERCONDUCTORS BY NEUTRON CRYSTAL-FIELD SPECTROSCOPY

J. Mesot, G. Bmger, A. Furrer; H. Mutka (ILL)

The temperature dependence of the relaxation rate of crystal-field excitations in the slightly underdoped
HoBa2Cu4O8 and Er2Ba4CuyOu.92 high-temperature superconductors has been investigated by means of
neutron scattering measurements. Our data show clear evidence for the opening of an electronic gap in the
normal state. The relaxation behavior appears to be extremely dependent upon the energy at which the
susceptibility is being probed, and the main observed features can be best reproduced by considering an
anisotropic s-wave gap function.

In spite of the large amount of work produced during
the last 10 years very little is known about the nature
of the pairing interaction in high temperature
superconductors (HTSC). Much information can be
obtained by studying the formation of the energy gap
A, since it causes changes of the low excitations
density of states.

The gap can be studied in a very efficient way by
measuring the relaxation rate of crystal field (CF)
excitations since both quantities are via the local
susceptibility x'i*®) [1].

We present here measurements obtained for the
underdoped samples Er2Ba4Cu7Of5 and
HoBa2Cu4Oe, with Tc=89 and 82 K, respectively. The
two samples have the first and strongest CF
transitions located around 10 and 1 meV,
respectively, thus allowing us to probe %"("©) in two
well separated energy windows.

The measurements have been performed at the ILL
on IN5 (for /«co<2 meV) and IN3 {»<•>= 10 meV)
between 2 and 300 K. As expected for a
superconductor, we observe a clear drop (see Fig.
1a) of the reduced linewkJth Tchfi'N for T«TC l where
TN is the normal state calculated linewidth [1].
Surprisingly, the deviation from the normal behaviour
starts around T* = 200 K » T<j, suggesting that the
superconducting condensate forms already well
above Tc. This important result is supported by
ARPES measurements [2] showing evidence for a
pseudogap in the normal state of underdoped high-
Tc superconductors.

Even more interesting is the observation that the
temperature evolution of r A / r N depends distinctly
on the energy ftco of the CF transition (see Fig. 1a). In
the following we use a simple expression relating the
susceptibility in the normal and in the
superconducting states [3]:

where (1)

k
if *D>2|Ak(T)|
if «<D<2|Ak(T)|

A|< is the k-dependent gap function and the
integration was performed for a t'-altered Fermi surface
[4]. We assumed a BCS temperature dependence for
the gap amplitude, where Tc has been replaced by T\

It is clear from Eq. 1 that an isotropic s-gap function
can be excluded since, except for T= T*. no significant
energy dependence of T^ is expected.

The situation changes drastically if one considers d-
wave [4] or anisotropic s-wave [5] gap functions, since
a strong energy dependence of rcn is anticipated.
Actually, it turns out that an anisotropic s-wave gap
(see insert in Fig. 1b) can best reproduce the salient
features of the temperature dependence of the
linewidths measured for both the Er247 and the
Ho124 samples [6] (see Fig. 1b).

100 200 300
Temperature (K)

o.o

Figure 1 (a): Observed r^/T,,. The filled circles and
open squares refer to the ftro«1 meV and 10 meV CF
transitions, respectively, (b): calculated r^/r^, for
A©«1 meV (solid line) and 10 meV (dashed line) CF
transitions, in the case of an anisotropic s-wave gap
function

[1] A. T. Boothroyd etal., PRL77 (1996) 1600.
[2] H. Ding et a/., Nature 382 (1996) 51.
[3] J. Mesot et al., J. of Superconductivity 10 (1997) 623.
[4] D. J. Scalapino, Physics Reports 250 (1995) 329.
[5] S. Chakravarty et al.. Science 261 (1993) 337.
[6] J. Mesot et al., submitted toPRL.
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LOW-TEMPERATURE SPECIFIC HEAT OF Er2Ba4Cu7015.s

G.Böttger, P. Allenspach;
A. Dönni (Dept. of Physics, Tohuku University, Sendai, Japan);

Y. Aoki, H. Sato (Dept. of Physics, Faculty of Science, Tokyo Metropolitan University, Japan)

The magnetic ordering of Efi+ ions in Er2Ba4Cu7Ois.s (8=0.7 and 5=0.08) has been studied by low-
temperature heat capacity measurements. The Neel temperature T/v of Er2Ba4CuyOis.s is almost
independent of the oxygen concentration (TN=0.54 K for 5=0.08 and TN=0.50 K for 5=0.7). While the
specific heat data of E^Ba^uy014.92 can be interpreted with an anisotropic 2D-lsing model, the specific
heat data of E^BajCu-fOu.Z can only be understood by assuming two different types of magnetic
clusters to be present in this sample.

In the /?2Ba4Cu6+nOi4+n-s fa m i |y (R=most rare earth
elements and Y; n=0, 1, 2; 0<8<1) the R-R distance
along the a- and ^-direction is about 3.9 A, while the
distance along the c-direction is three times larger.
Although the large separation between the R ions
along the o-axis should favour two-dimensional (2-D)
ordering, also three-dimensional (3-D) ordering of the
Er ions has been reported, e.g. in Er-123 [1] and Er-
247 [2]. Since a transition from 3-D- to 2-D-order of
the Er ions can be achieved by oxygen removal in Er-
123 [1], we expect a similar behaviour for Er-247 upon
oxygen depletion. An investigation of the dependence
of the magnetic order upon S in Er2Ba4Cu7Oi5-s is of
special interest because Er-247 is expected to be the
only compound among the R-247 compounds with a
3-D ordering of the rare-earth ions. Motivated by this
fact, we have performed low temperature heat
capacity measurements in order to study the magnetic
ordering in Er2Ba4Cu7O-i5-5.
Polycrystalline Er2Ba4Cu7Oi5-§ samples with 5=0.7
and 6=0.08 were prepared by polymerised complex
synthesis [3]. Single phase quality of the samples has
been verified by X-ray and neutron powder diffraction.
The superconducting properties have been
characterised by the DC magnetic susceptibility
measurements in an applied magnetic field of 0.01 T.
Specific heat measurements have been performed
down to 90 mK in an Oxford 3He/4He dilution cryostat
using a semi-adiabatic heat-pulse method.
The low-temperature specific heat data for
Er2Ba4Cu7O-|4.92 are displayed in Fig. 1. The Ne"el
temperature 7 N = 0 . 5 4 K has been derived from the
specific heat anomaly, which is typical for long-range
magnetic ordering. In order to analyse the specific
heat data of Er-247 we applied an anisotropic 2D-
Ising model. The specific heat of Er2Ba4Cu7Oi4.92
could very well be interpreted by an anisotropic 2D-
Ising model. The anisotropy of the magnetic coupling
in the (a, b)-plane turns out to be Ufc/Ji 1=14 From the
magnetic structure determined by neutron diffraction
[2] it is known that the coupling of the Er3+ ions along
the a-axis is antiferromagnetic (i.e., J<0), whereas it is
ferromagnetic along the fc-axis (i.e., J>0), thus we
have given the opposite signs to J-\ and J2 in Fig. 1.
The specific heat data of Er2Ba4Cu7Ou.3 could not
be explained by an anisotropic 2-D-lsing model.
Therefore we introduced a model which treats the

sharp peak at TN=0.50 K and the broader peak above
TN separately. We applied a 2-D-lsing cluster model
to the sharp peak at TN which marks an ordered
phase similar to the long-range ordered phase in
Er2Ba4Cu7014.92- This model is able to reproduce
the sharp peak at TN using a cluster of 20 x 20 Er3+
ions and the same coupling parameters as found for
Er2Ba4Cu7014.92- For the analysis of the broad peak
we assumed to have isolated magnetic chains of Er3+
ions of finite length. The best result has been
achieved by using a chain of 20 ions and a coupling
parameter ^£=0.12 meV. Superimposing the results of
these fits gives a good agreement with the measured
specific heat data (Fig. 2). The volume fractions of the
Er3+ ions belonging to the clusters and to the chains
turn out to be ~25% and -75%, respectively.
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Fig. 1: Magnetic specific heat for Er2Ba4Cu7014.92 •
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Fig. 2: Magnetic specific heat for
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STRUCTURE AND CRYSTAL-FIELD EXCITATIONS IN Dy2Ba4Cu7O15^ (8< 0.6)

G. Böttger, M. Zolliker, F. Fauth

The structural parameters of Dy2Ba4CujO-\s-8 (5=0.05 and 5=0.53) have been determined by neutron
powder diffraction at 10 K. The low-energy crystal-field transitions of the Dy3+ ions in Dy2Ba4CuyOis-s
(Dy-247) have been measured on the triple-axis spectrometer IN3 at the ILL (Grenoble, France). A first
consideration of the data shows that the crystal-field interaction in Dy-247 is a mixture of the crystal-field in
Dy-123andDy-124.

A striking feature of the compounds belonging to the
ft2Ba4Cii6+n0i4+n-8 family ( f l=most rare earth
elements; n=0, 1, 2; 0<5<1) is the coexistence of
superconductivity and magnetic ordering of the R
sublattice at low temperatures. Although the magnetic
and superconducting properties of two members of
this family, namely the RBa2Cu4Oß (R-124) and the
flBa2Cu3O7-5 (ff-123) compounds, have been
studied extensively, relatively little is known about the
magnetism and the superconducting properties,
especially the charge distribution in the super-
conducting CuO2 planes, in the /?2Ba4Cu7Oi5-s (R-
247) compounds. The fact, that the Fß+ ions in f?-123
and /?-124 are surrounded by two electronically
equivalent CuO2 planes while in R-247 two
electronically inequivalent CUO2 planes can be found,
makes R-247 particularly interesting.
Polycrystalline Dy2Ba4Cu7O-|5-5 samples with 6=0.05
and 8=0.53 were prepared by polymerised complex
synthesis [1]. Single phase quality of the samples has
been verified by X-ray diffraction. Neutron diffraction
experiments at 7=10 K have been performed at the
high-resolution powder diffractometer D1A (^=1.911 A)
at the ILL (Grenoble, France). The crystallographic
structure of Dy2Ba4Cu7Oi5-5 was refined on the
basis of the space group Ammm. The corresponding
structural parameters are given in Table 1. As can be
seen from Table 1, the occupancy of both the single
chain 0(8) position and the 'off-chain1 0(9) position is
50% in Dy2Ba4Cu7O-i4.95- This means that the 0(8)
oxygen shows a strong tendency to partially disorder
onto the O(9) sites. Since this sample shows a rather
high 7c=91 K we conclude that the misorientation of
the single chains is of minor importance for the
superconducting transition temperature as already
reported in Ref. [2].

Table 1 : Selected structural parameters for Dy-247.

a [A]
b[A]
c[A]
l/[A3]

0(8) occ.
0(9) occ.

Dy2Ba4Cu7Oi<

3.8331(2)
3.8693(2)
50.462(5)
748.41(8)
0.50(2)
0.50(2)

1.95 Dy2Ba4Cu7014.47
3.8430(2)
3.8658(2)
50.584(4)
751.48(8)
0.18(2)
0.32(2)

ILL (Grenoble, France). A copper monochromator with
a (111) scattering plane and a curved pyrolithic
graphite analyser with a (002) scattering plane were
used. The measurements were performed in the
energy loss configuration with a fixed analyser energy
of 13.7 meV. In order to avoid higher order
contamination of the neutron beam, a graphite filter
has been inserted in the outgoing neutron beam. The
Dy2Ba4Cu7Oi5-g samples were enclosed under He
atmosphere into a hollow cylinder made of AI to
minimise the absorption. The measured energy
spectrum is shown in Fig. 1 for Dy2Ba4Cu7Oi4.95.
The lines are the results of a preliminary fit by
Gaussian peaks.

5 10 15
Energy Transfer [meV]

20

Fig. 1: Energy spectrum of neutrons scattered from
at 7=10 K and 0=1.9 Ä-1.

The inelastic neutron scattering experiments were
performed on the triple-axis spectrometer IN3 at the

A comparison of the crystal-field (CF) spectra of Dy-
247 with Dy-124 [3] and Dy-123 [4] shows that the
energies of the CF transitions A, C and D in Dy-247
are in between Dy-124 and Dy-123. Only the
transition B is slightly shifted to lower energies. The
intensity ratios of the CF transitions are almost the
same for all three compounds. At this preliminary
state of the data analysis this leads us to the
conclusion that the crystal-field interaction in Dy-247
is a mixture of the crystal-field contributions of the
123- and the 124-block. That appears very logical,
since from a structural point of view Dy-247 is a
stacking of 123- and 124-blocks along the c-axis. A
further and more detailed data analysis is in progress.

[1] P. Berastegui etal., J. Appl. Phys. 73 (1993) 2424.
[2] P. Berastegui et al., J. Solid State Chem. 127

(1996)31.
[3] B. Roessli etal., Z. Phys. B 91 (1993) 149.
[4] P. Allenspach etal., Phys. Rev. B 39 (1989) 2226.



21

COMPARISON OF QUENCHED AND ROOM-TEMPERATURE ANNEALED ErBa2Cu306+x

(x=0.40, 0.58, 0.85)

M. Gutmann, P. Allenspach, F. Fauth, A. Furrer, and M. Zolliker
E. Suard (ILL, Grenoble)

Samples of ErBa£CugOj were quenched right after high-temperature vacuum annealing into liquid
nitrogen to obtain oxygen contents 6.40, 6.58 and 6.85, respectively. The structure of ErBa2CugOß+Xf

x=0.40, 0.85 was compared before and after annealing at 70'C. No oxygen exchange between the chain
sites O(4) and 0(5) are found. Additionally the .lowest lying crystal-field (CF) excitations were compared
in neutron spectroscopy data before and after annealing at 70 'C but no significant change was found.

It was observed earlier that quenching Y B a 2 C u 3 + x

after high-temperature vacuum annealing into liquid
nitrogen leads to lower values of Tc compared to
slow-cooled samples [1]. This effect is most
pronounced near the tetragonal to orthorhombic
phase transition (x~0.4) and disappears gradually
towards the 90 K plateau. Room-temperature
annealing of quenched samples resulted in a
relaxation of the initial Tc towards the value of the
corresponding slow-cooled sample on a time scale of
typically a few days. It was early proposed that
oxygen ordering in the chains is responsible for this
effect. However neutron diffraction experiments
revealed no significant changes in the occupation of
the intra-chain and inter-chain sites in tetragonal
samples [2]. Therefore, a local oxygen ordering was
proposed. In this picture chain fragments order locally
during room-temperature annealing in order to
maximize the amount of twofold coordinated Cu ions
thereby maximizing the charge transfer to the CuO£-
planes. A study of CF excitations in ErBa2Cu3Oe+x

revealed three electronically different phases
corresponding to undoped, intermediately doped and
highly doped regions [3]. Therefore, it was suspected
that a redistribution of the spectral weight of these
phases should occur in the CF spectra.
Three samples of ErBa2Cu3Oe+x were quenched
from 700'C, 750'C and 480*C into liquid nitrogen to
obtain x=0.40, 0.58 and x=0.85, respectively.
Diffraction data for x=0.40 and 0.85 were obtained on
the powder diffractometer D1A and CF spectra from
all samples were measured on the triple-axis
spectrometer IN3 at ILL (Grenoble). The samples
were first measured in the quenched state. Then they
were annealed at 70'C for one hour - which is
sufficient for a complete relaxation of Tc - and
measured again. A typical diffraction pattern is shown
in Fig. 1. The structural parameters after the quench
and after annealing are summarized in Table 1. As
was observed earlier the unit cell contracts with
annealing. The occupation numbers of the inter-chain
O(5) and intra-chain 0(4) sites remain constant within
experimental errors. For the x=0.40 sample the
contraction in b direction is smaller than parallel to a
consistent with [2]. The opposite is observed for the
x=0.85 sample.

The inelastic measurements did not reveal significant
changes neither in the intensities nor in the peak
positions of the lowest-lying CF levels, indicating that
the effect of local oxygen ordering is smaller than
10%.
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Fig. 1: Neutron powder diffraction pattern of annealed
ErBa2Cu306 4O .

Table 1: Structural parameters after quenching and
after annealing at 70'C for one hour for the two
samples with x=0.40 and 0.85.
x=0.40 After quench After anneal
a
b
c
n(O(4))
n(O(5))

x=0.85
a
b
c
n(O(4))
n(O(5)

3.8354(2)
3.8619(2)
11.7392(6)
0.37(3)
0.03(3)

3.8108(2)
3.8783(2)
11.6566(7)
0.78(3)
0.06(3)

3.8323(2)
3.8616(2)
11.7318(5)
0.35(3)
0.05(3)

3.8108(2)
3.8767(3)
11.6564(7)
0.79(3)
0.06(3)

[1] B. W. Veal et al., Phys. Rev. B 42 (1990) 6305.
[2] J. D. Jorgensen et al., Physica C 167 (1990) 571.
[3] J. Mesot et al., Phys. Rev. Lett., 70 (1993) 865.
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NEUTRON POWDER DIFFRACTION STUDY OF Ca SUBSTITUTED
SUPERCONDUCTORS Er07Ca038a2Cu3Oy

A. Podlesnyak, A. Mirmelstein, E. Mitberg (Institute for Metal Physics, Ekaterinburg GSP-170, Russia);
F. Fauth

The possibility of synthesising phase of composition Er,.xCaxSa2Cü3Oy with a large quantity of a calcium
has been examined for x>20%. The analysis of the neutron diffraction pattern showed that we have been
able to produce nearly single phase material for x-0.3.

, 2 *
The partial substitution of rare earth ion R3* by

Ca" in RBa2Cu3Oy compounds turn out to be
especially interesting. Firstly, Ca doping leads to an
overdoping of 1-2-3 phase which cannot be reached
by oxygen non-stoichiometry alone [1]. Secondly, in
distinction to the carrier doping with increasing of
oxygen content, additional carriers introduced by Ca
doping only appear in the Cu-O layers [2]. Thus, the
deeply overdoped regime through Ca incorporation
has great advantages for crystalline electric field
experiments.

The polycrystalline sample with nominal
composition Ero7Cao3Ba2Cu3Oy has been prepared
from homogenized mixture of Er2O3, CaCO3, BaCO3

and CuO. The mixture was calcinated several times
at increasing temperatures of 850-950 °C with
intermediate homogenization.

The neutron diffraction measurements were
performed at the Institute Laue-Langevin (Grenoble)
using the D1A powder diffractometer (X=1.9112 A).
The neutron powder diffraction pattern was recorded
at room temperature in a 28 angular range
8°<2@<156° with 28 step 0.05°. At present
preliminary analysis of the experimental data have
been done only. The observed neutron-diffraction

pattern and the Rietveld refinement profile for this
sample are shown in Fig. 1. The structure was refined
using the profile refinement program FullProf (3|.
Isotropie temperature factors have been assumed
for all atoms in order to keep the number of fitting
parameters at a reasonable level. The structure has
been refined in the Pmmm space group (a=3.839,
0=3.869, c=11.709 A). Refinement of the occupation
factor of the oxygen sites yielded y = 6.83. Note, that
the disagreement between observed and calculated
peak intensities (especially around 20-90°, detected
in the present work as well in ref. [1]), probably could
be described by taking into account some atom
displacements from the ideal positions. Further
analysis is in progress.

REFERENCES
[1] G. Böttger, I. Mangelschots, E. Kaldis et al, J.

Phys.: Condens. Matter 8, 8889 (1996).

[2] K. Widder, D. Berner, J. Munzel, et al, Physica
C 267 254 (1996).

[3] J. Rodriguez-Carvajal, Physica B 192, 55 (1993).
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TWO TYPES OF MAGNETISM IN THE MAGNETIC SUPERCONDUCTOR TmNi2B2C
U. Gasser, P. Allenspach, and A. Furrer

Crystal electric field (CEF) excitations of the Tm3+-ion in TmNi'211B2CX (x = 0.75, 0.85, 1.00, 1.10, and
1.20) have been measured by inelastic neutron scattering (INS). The results were compared with findings
from p+SR- and Mössbauer-experiments performed by other groups.

INS- and u+SR-experiments are in good agreement
for HoNi2B2C and ErNi2B2C [1], but the results on
TmN^BgC are contradictory: In neutron experiments a
magnetic moment of 4.3 u.ß was foud well below the
ordering-temperature TN = 1.5 K [2], while a magnetic
moment of 0.1 u.ß which is present up to 30 K was
measured by u.+SR [1,3,4]. From Mössbauer
spectroscopy it is known that small and large
magnetic moments coexist in TmNiaE^C. The ratio of
the two phases was found to be sample dependent.
Mulders et al. have proposed a model to explain the
coexistence of two types of magnetic moments and
the inability of fi+SR-experiments to detect the big
moments of 4.3 u.ß [5]. They argue that Tm-ions near
a carbon vacancy carry a small magnetic moment of
about 0.1 JLIB whereas the large magnetic moment (4.3
U-B) is present on Tm-ions with all four nearest
neighbour carbon ions. The carbon vacancies modify
the CEF at the Tm-site and therefore influence the
magnetism of the 4f-shell. The inability of the u+SR
technique to detect the large Tm-moment can be
explained with this model: Despite the unoccupied
carbon sites, CeRu2Si2 has the same chemical
structure as TmNi2B2C, and from fi+SR experiments
it is known that the \i+ occupies the empty carbon site.
Therefore it is most probable that the carbon site in
TmNi2B2C is prefered by the n+ if it is empty. This
would mean that n+SR experiments are much more
sensitive for Tm-ions next to carbon vacancies which
are present in most samples.
In order to learn more about the coexistence of two
different magnetic moments in TmNi2B2C we have
prepared TmNi211B2Cx samples with different initial
carbon contents (x = 0.75, 0.85, 1.00, 1.20). The
samples were prepared at PSI by standard arc
melting technique [6]. CEF spectroscopy
measurements were performed for all samples on the
triple axis spectrometer IN3 at ILL (Grenoble, France).
If the carbon vacancy model is correct and if not all
carbon sites are occupied, there should be CEF
transitions in addition to the ones of the 4.3 u.B-phase.
From the measurements (Fig. 1) and from the CEF
parameters it can be seen that the observed CEF
spectra change only very little when x is changed from
0.75 to 1.20. Like in our previous work [7,8] only the
CEF transitions of the 4.3 u.B-phase are observed.
For a more detailed analysis of the coexistence of the
two kinds of magnetic moments in TmNi2B2C
Mössbauer spectroscopy data of the same samples
will be very useful. These measurements will be
performed by Mulders et al.
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NEUTRON SPECTROSCOPY DATA OF DyNi2
11B2C AND Ybo.iLuo.9Ni211B2C

P. Allenspach, U. Gasser, and A. Furrer

Neutron scattering experiments have been performed for DyNi2
11B2C in the paramagnetic and in the

magnetically ordered state as well as for Ybo.iLuo.9Ni211B2C in order to study the magnetic properties.
The crystal electric field (CEF) splitting and the ground state of the Dy*+-ions were derived from the data.
In order to check the reliability of the model, the magnetic susceptibility in the paramagnetic temperature
range and the magnetic moment in the ordered state were calculated. In Ybo. 1l.uo.9Ni211B2C no magnetic
scattering intensity was identified in the investigated energy range.

There is a great variety of commensurate and
incommensurate magnetic ordering of the R3+-
sublattice in Rf^E^C for the different rare earths.
Furthermore superconductivity coexists with magnetic
order for R = Dy, Ho, Er, and Tm and heavy fermion
behaviour is observed in the case of R = Yb. Both,
DyNi2B2C and YbNiaE^C are of special interest: For R
= Dy the critical temperature for superconductivity is
lower than the Neel temperature. In the cases of R =
Dy, Ho, Er, and Tm a scaling of the superconducting
transition, temperature Tc with the de Gennes factor
(gj — l ) • J(J +1) was observed. From this scaling
a Tc higher than 10 K is expected for the Yb
compound. However, heavy fermion behaviour and no
superconductivity or magnetic order is observed.
In order to understand the magnetic properties of
RNJ2B2C, information about the states of the unclosed
fl3* 4f-shell carrying the magnetic moment is needed.
These states are essentially determined by the CEF
which causes a splitting of the 4f-shell states of the
free ion.
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Fig. 1 : Neutron spectra of DyNi211B2C and Ybo.r
Luo.gNi211B2C taken on the triple axis instrument IN3
(ILL, Grenoble). The full lines represent the CEF
profile fits for R = Dy. The 1.8 K-line was obtained by
using the CEF parameters listed in ret. 4 and a
molecular field of (2.21 T, 2.21 T, 0 T).

Neutron CEF spectroscopy measurements for
DyNi211B2C are shown in Fig. 1. The observable CEF
transitions result in a broad feature around 15 meV.
This is not sufficient to extract the CEF-parameters by

fitting the neutron cross-section to the measured data.
Therefore the CEF parameters obtained for /WJ2B2C
(R = Ho, Er, and Tm) were extrapolated to R = Dy and
then adjusted to the measurement shown in Fig. 1
[1,2]. This CEF model was tested by calculating the
magnetic susceptibility in the paramagnetic
temperature range and by determining the magnetic
moment in the ordered state by a mean-field
calculation [4]. As can be seen from Fig. 2, the results
are in good agreement with the experiment.
From experiments with other compounds it is known
that the CEF splitting may be observable in heavy-
electron compounds. From our CEF model we expect
CEF transitions to occur at about 8 meV and 24 meV
in the case of R = Yb. As shown in Fig. 1, no clear
CEF transitions were found below 35 meV in
Ybo.iLuo.9Ni2

11B2C. The most probable explanation
for the absence of observable CEF-transitions is line
broadening due to strong hybridization of the 4f-bands
with the conduction bands.
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QUASI 2-D ANTIFERROMAGNETIC ORDER IN ErBr3 AND Erl3

K. Krämer, H.U. Güdel (Uni v. Bern); B. Roessli, F. Fauth, P. Fischer; M.T. Fernandez-Diaz (ILL)

ErBrß and Erl^ undergo a phase transition towards a quasi two-dimensionally ordered antiferromagnetic state
below = 300 mK. The k-vector[1/3,1/3, 0] and the magnetic structure are the same for both compounds. This
is the first example of a 2-D honeycomb lattice with magnetic moments oriented in the x-y plane.

ErBr3 and E1I3 both crystallize in the BÜ3-type layer
structure with space group R-3. The Er3* ions form a
honeycomb lattice with short Er-Er distances within
the layer and much longer ones along the stacking
axis. The lattice constants at 1.5 K are a=7.0052(2),
c=18.8930(9) and a=7.4026(2), c=20.602(1) A for
ErBr3 and Erl3, respectively. The magnetic structures
were determined on the D1B spectrometer of ILL from
powder samples cooled down to 20 mK in a dilution
cryostat. Below 500 mK magnetic Bragg peaks appear
which can be indexed with a k-vector of [1/3, 1/3, 0].
The difference diagrams, see Fig. 1, show asymmetric
magnetic peaks hkO which are typical for a two-
dimensional ordering within the x-y plane. A closer
inspection reveals the presence of weak peaks with I *
0 which give rise to slight modulations on the right
hand side of the strong hkO peaks. The magnetic
structure can be described by a stacking-fault model
with a correlation length of only 14 A along the c-axis,
a distance that corresponds to three layers. A pure
2-D model yields slightly worse results. The magnetic
structure consists of two sublattices, see Fig. 2, with
equal moments of about 5 \IQ/EI^+. Each Er3* has
three next neighbours with phase differences of 0°,
+120° and -120°. The structure can be described by
two triangles, one having a clockwise the other an anti-
clockwise spin orientation.

The magnetisation, see Fig. 3, shows an unusual,
almost linear rise with saturation below 180 mK. The
shape of the magnetic peaks is quite different for
ErBr3 and EM3, as can be seen from Fig. 4. The width
at half maximum for EM3 is 1.5 that of ErBr3 despite
almost equal peak heights and ordering temperatures.

(0

c
O
Ü
c
ol _

* - »

<D

c

1/3 1/3
•

\

0

2/3 2/3 0

t r Uo

4/3-

2/3 5/3 0

• observed

4/3 0

1/3 7/3 0

/ 5/3 5/3 0

T
0

T
50 two theta

Fig.1: Difference diagram 20 - 800 mK for EM3 (D1B,
X = 2.5 A) showing the magnetic contributions.

\
</\> A

\ / \

Fig.2: Magnetic structure of ErBr3 and Erl3.

fe.o

o-

® _

ErBr3

© ©

T

0 250 500 750 T/mK

Fig.3: Temperature dependence of the magnetisation
of ErBr3 derived from the (1/3 1/3 0) peak intensity.

T
/m

K
 o

I 
I 

i 
i 

I 
i 

i 
i

2 5 0 -

O —

1
• i i i • i • i i i

i

\1
Erl3

• i • • i i i i • i •

13 15 17 12 14 16

two theta two theta
Fig.4: Contour plots of the (1/3 1/3 0) peak of ErBr3
and EH3. The lines are equidistant at 2000 counts.



26

INCOMMENSURATE MAGNETIC ORDERING IN ErCI3

K. Krämer, H.P. Andres, H.U. Gudel (Univ. Bern); P. Fischer; T. Hauss (HMI, Berlin)

ErCIs crystallizes in the AICI3 type structure and undergoes a phase transition towards a three-dimensionally
ordered antiferromagnetic state below 350(5) mK. From a single crystal the k-vector is determined to be
(2/3,0,-0.098(1)) in space group C 2/m. Within the layer type structure the Er3+ ions form a distorted
2-D honeycomb lattice which is comparable to those in ErBr^ and Erlß.

ErClß crystallizes with the AICI3 layer type structure in
the monoclinic space group C 2/m. The layers are
parallel to the (a,b)-plane. The Cl" ions form a distorted
cubic closest packing in which the Er3"1" ions occupy
2/3 of the octahedral voids of every other halide layer.
This results in a distorted 2-D honeycomb like
arrangement of the Er3"1" ions. The Cr-Er^-CI" layers
are comparable to those in ErBr3 and EM3 which both
crystallize in the BÜ3 type structure. However, the layer
stacking along the c-axis is different for the AICI3 and
BÜ3 type structures and gives rise to a different next
nearest neighbor geometry.

In the 1996 annual report of the LNS we presented
results obtained from a powder sample of E1-CI3 [1].
The paramagnetic structure was determined at 1.5 K
at the D1A diffractometer of ILL. Temperature
dependent measurements were done in a bottom
loading dilution cryostat between 60 mK and 1 K on
the D1B spectrometer of ILL. Magnetic Bragg peaks
were observed and indexed on the basis of a k-vector
of (2/3,0,0).
Recently a single crystal of ErCl3 was investigated at
the V1 spectrometer of HMI and gave additional
information on the magnetic structure. Unfortunately
the cold source of the HMI was not operational during
our measuring time. Thus the neutron flux at long
wavelengths was strongly limited. Nevertheless
magnetic Bragg peaks could be detected. Their
positions in reciprocal space are shown in Fig. 1
together with those of some nuclear peaks as
reference. Fig. 1 immediately shows the presence of
an additional, incommensurate component of the
k-vector along c*. The k-vector is (2/3,0,-0.098(1)) in
the C-centred monoclinic Bravais lattice.
The temperature dependence of the magnetization of
ErCl3 was determined between 44 and 400 mK. Fig. 2
shows the square root of the normalized peak
intensity of the strongest magnetic Bragg peak
(2/3,0,-0.098). According to this measurement the
Neel temperature is 350(5) mK which is slightly higher
than previously reported values of 310 mK from
magnetic susceptibility [2] and 330 mK from powder
neutron diffraction [1].

The magnetic structure determination is still in
progress. First results suggest that the magnetic
moments are oriented within the (a.b)-plane with a
small component along the c-axis.
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NUCLEAR AND MAGNETIC STRUCTURE OF THE GMR COMPOUNDS
Ndo.7Bao.3-ySryMn03 (y<0.2)

F. Fauth, E. Suard (ILL), F. Millange, C. Martin (Laboratoire CRISMAT, Caen)

We have determined by means of neutron diffraction the nuclear and magnetic structure of the GMR systems
Ndo.7Ba03.ySryMn03 (y<0.2). For all the compositions, there is no structural transition within temperature range
1.5K to 300K and the nuclear space group remains orthorhombic. However, whereas the space group is Pnma for
all the strontium doped compounds (y*0), the pure barium doped compound has Imma space group. The magnetic
structure of the Nd0_7Ba03MnO3 compound also differs from the strontium doped compositions. In the pure barium
doped compound we observe an antiparallel ordering of the Nd and Mn magnetic moments.

The perovskite systems A^A^-aMnC^ where A is a
trivalent lanthanide and A1 a divalent alkaline metal
are intensively studied because of the interplay
between structural, magnetic and transport properties.
In almost all these compounds a ferromagnetic-
paramagnetic and a metal-insulator transition appear
at coinciding temperatures T"c and TMI- These
temperatures strongly depend on both the electronic
doping x and the A-site ionic radius.

Here, we report a systematic neutron diffraction study
performed in the perovskite system Ndo.7Bao.3-
ySryMnO3 (y<0.2). Samples were prepared and
characterized (resistivity, magnetic susceptibility and
magnetization measurements) at the Laboratoire
CRISMAT in Caen. Neutron experiments were
performed at the ILL on the high-resolution powder
diffractometers D1A (y*0) and D2B (y=0) and on the
high-flux powder diffractometer D1B.

The most interesting aspect related to the nuclear
structure of Nd0.7Bao.3.ySryMn03 (0<y<0.2) concerns
the evolution of the structural parameters as function
of the average radius of the A site cations. As
expected from the higher size of Ba-ion radii
compared to Sr and Ca, we observe in Ndo.7Bao.3-
ySryMnO3 a linear increase of the unit cell volume
when increasing <ra>. However, a drastic change in
the a parameter behaviour is observed depending
whether calcium or barium is substituted to strontium
in Nd0.7Sr03MnO3 (Fig.1). In contrast to the other
compositions which have Pnma space group, the pure
barium doped compound cristallizes in an
orthorhombic structure with Imma space group. In all
the measured compounds, no structural transition has
been observed in the temperature range 1.5-300 K.

Concerning the magnetic structure, different features
depending on the A site ionic radius are observed in
the system Ndo.7Bao.3-ySryMn03 (Fig. 2). At the
lowest measured temperature (1.5 K), we clearly
observe in Ndo.7Ba0.iSro.2Mn03and Nd0.7Ba0.3MnO3
a ferromagnetic ordering of both the Mn and Nd
magnetic moments. However, the Mn and Nd
moments are parallel and antiparallel in the first and
the later case, respectively. In compounds with
intermediary strontium content, the magnetic
contribution from Nd moments almost disappears.

Results about this systematic neutron study will be
published soon. Further details about the nuclear and
magnetic structure of Ndo 7Bao 3MnO3 can be found in
Ref. 1.
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ELASTIC AND INELASTIC NEUTRON SCATTERING IN HoBaCo2O5

F. Fauth, E. Suard (ILL), V. Caignaert (Laboratoire CRISMAT, Caen)

By means of elastic neutron diffraction, we have studied the nuclear and magnetic structure of the compound.
HoBaCo^Ds Up to 375 K, the nuclear structure remains orthorhombic with space group Pmmm. Below Tc=345 K,
the Co magnetic moments order antiferromagnetically. AtT~170K, an anomaly in the unit cell volume is observed.
We have also performed preliminary inelastic neutron scattering (INS) experiments inorder to observe the
crystalline-electric-field (CEF) excitations.

The oxides LnBaC02Os+x (Ln=Pr,Nd,Tb...) have for
x=0 a nuclear structure similar to YBaCuFeOs [1].The
structure can be described as layered perovskites
characterized by an ordering of the oxygen vacancies
and of the lanthanides and barium cations. Reported
to the original perovskite cell, the structure involves
the doubling of a cell parameter in one direction (ap x
ap x 2ap). For x=1, the structure is composed by
cobalt atoms in octahedral environment and can
therefore be related to the giant magnetoresistive
materials RMnC>3. Recently, it has been showed that
the LnBaCo2O5.4 (Ln=Eu, Gd) compounds exhibit a
giant magnetoresistive transition [2].

Here, we report elastic and inelastic neutron
scattering experiments performed in the compound
HoBaCo2C>5. The sample was prepared at the
Laboratoire CRISMAT in Caen. Neutron diffraction
experiments were performed at the ILL on the high-
resolution powder diffractometer D1A with wavelength
1.9 Ä. INS measurements were performed on the
triple-axis spectrometer IN3 with fixed final energy
Ef=13.7 meV and Ef=4.8 meV. Energy spectra were
measured up to the maximal energy transfer of 30
meV.

As we can see in Fig.1, the nuclear and magnetic
structure appears to be strongly correlated. Above
Tc=345 K, in the paramagnetic region, the nuclear
structure can be considered as pseudotetragonal.
Below Tc, the Co ions order antiferromagnetically with
the magnetic moments aligned along the a axis.
Between Tc and -170 K, both the Co magnetic
moments and the orthorhombic distortion increase.
This can be attributed to the preferred orientation
induced by the alignments of Co magnetic moments.
At -200 K, the observed volume anomaly suggests
the occurrence of a structural transition. One possible
explanation for this effect could be the ordering of
Co2+ and Co3+ ions. Indeed, refinements of the data
by using the same model in all measured temperature
range become worse at low temperatures. Up to now,
all attempts (particularly by doubling the nuclear cell in
the a direction) used to consider the above mentioned
effect did not lead to a better solution. In order to
discriminate between different possible models, new
diffraction experiments on G6.1 in Saclay with higher
wavelength and similar resolution is already planed.

INS experiments allowed to determine unambiguously
at least 6 CEF excitations (Fig.2). However, this may
be not sufficient to completely determine the CEF
Hamiltionan which contains 9 parameters. In a first
step, data analysis will be performed by assuming a

higher local symmetry and by considering a point
charge model. Data analysis is still in progress.
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THE DOUBLE NATURE OF THE ErNiSi2 MAGNETIC STRUCTURE

P. Schobinger-Papamantellos (ETHZ), K. H. J. Buschow (Univ.Amsterdam); F. C. Wilkinson, F. Fauth
and C. Ritter (LNS, ILL)

The magnetic phase diagram of the ErNiSi2 compound (CeNiS'12 type) has been studied by neutron
diffraction and magnetic measurements as a function of temperature (TN = 3.4 K). Two types of magnetic
ordering could be observed which are associated with the wave vectors q-i =( 1/2,0,0), and qz = (qx,qy,qz).
The collinear AFqi phase is only stable below 1.8 K. Above 1.8 Kbya first order transition a second
set of magnetic reflections appears, associated with the wave vector q2, with temperature dependent
length and orientation. At 1.8 K qx= 0.1262(3), qy= 0.022(2) and qz = 0.2273(3) r.l.u. . This structure
dominates the HT region T > 2.2 K. It corresponds to a sine wave modulated structure with an amplitude
of 5.33 ßB and is polarized along b. In the intermediate region 1.8 K- 2.2 K the two phases coexist.

Ternary rare earth (R) compounds of composition
RMX2, where M is a 3d element and X a metalloid (Si,
Ge, Sn), have the CeNiSi2 type of structure (Cmcm
space group) and form a large family of compounds
with a considerable variety of magnetic behaviours
that are presently investigated by several authors [1].
In previous investigations concerning the RNiSi2
series the light rare earths (R = Nd, Pr) [2] were found
to order ferromagnetically with the easy magnetization
direction along the shortest direction, i.e. the c axis.
By contrast, the R = Tb and Ho compounds [3a,b]
were found to display between 1.5 K and TN different
types of uniaxial antiferromagnetic order along c,
associated with the wave vectors q 1 = (0,0,0) for the
former and q 2 = (0,1,0) for the latter. The present
paper refers to the magnetic structure of the
antiferromagnetic ErNiSi2 compound, which will be
shown to display a more complex behaviour.
Neutron diffraction experiments were carried out on a
powder sample of ErNiSi2 in the temperature range
1.5 K - 10 K. The data were collected with the D1A
and D1B diffractometers at ILL, Grenoble, with
wavelengths of 1.9076 A and 2.52 A, respectively.
The step increment in 20 were 0.05 deg. and 0.1 deg.,
respectively. The refined parameters in the para-
magnetic state, given in Table 1 and Fig. 1, confirm
the type of structure of ref. [1].

a) LT magnetic ordering T < 1.7K :With the exception
of two peaks at low 26 angles all magnetic reflections
can be indexed with the wave vector q 1 = (1/2,0,0).
The refinement led to a collinear Er moment
arrangement, see Figs. 1 and 2.

Tab. 1: Refined structural parameters of ErNiSi2 at
10K and in and the magnetically ordered
state at 1.5 K with wave vector q1=(1/2,0,0).
S.g. Cmcm.

Compound
Parameter
yEr at 4c:(0,y,1/4)
yNi at 4c
ySii at 4c
ySi2 at 4c

HzErlM-B]

a[nm]
b [nm]
c[nm]
Rn. Rmt%]
Rwp, Rexp[%]

ErNiSi2
10K
0.1056(2)
0.3239(1)
0.4598(3)
0.7493(3)
-

0.39248(1)
1.64723(4)
0.39201(1)
4.6,-
16, 12.8

1.5 K
0.1055(2)
0.32408(5)
0.45964(15)
0.74930(14)
7.60(4)
0.39238(1)
1.64758(3)
0.39195(1)
2.97, 5.7
16, 8.4

satellites dereases abruptly while a new set of
satellites q 2= (qx.qy.Qz) arises at the cost of the first
set. The corresponding structure is a 3-D amplitude
modulated structure with the Er moments polarized
along b. The wave vector length and orientation are
strongly temperature dependent.

•
If

f

> i

s
it

$

rt

M

I«
e

0

10 K
•

•

1

1 Jo
o fl

— I I "

r- if5
; ii ~

l l
_ i

M 1

~^J i

•

11 1

I

w

o o

5 Si
- - -

•JaJi
1 1 1

t 1 1

.» i.

• —

•-ri -
: d l :
l 1 1JX1

i ii n i

.5K

IS«
F"

1 SU
SB
1 iy

pyi I I n i
ni II in i

JL

I
t

r-

Sll

1.

• 1-

I f f ,
-: = f
1 ll
.UMinn iiniiii ii i im min •

* 6 0 *

ri r«
«Ä

1

1

Iw

1/
1

H

ill
1 II 1 1 Mill

IMIIIfllMII

1
J1

kuii
• M i l l I I

, 1 ,•

i
1 tin 111 m

tint • • ( IMIK fitii wiaaa

»fci^Lr-ilil*

JU1.SKI75A

' —

I i I I I

1 I I I 1 It III Illl III

1

I till 1 II fl Uli IW
•nil»« mminaam

-

•

w
 TI

11 -

"

I

«'

Wv1 11 _

in 1
J .

I
60 2 6

Fig. 1: Refined neutron patterns of ErNiSi2 at 10 K
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SPIN WAVE DISPERSION IN CuFe2O4

B. Roessli1, M. Boehm1*, L Capogna3, A. Krimmel4, and T. Chattopadhyay3,1 Laboratorium für
Neutronenstreuung, Eidgenössische Technische Hochschule Zürich and Paul Scherrer Institut, CH-
5232 Villigen PSI, Switzerland; Technische Universität Graz; Institut Laue-Langevin, 38042
Grenoble, France; Experimentalphysik V, Universität Augsburg, D-86135 Augsburg.

The spin-wave dispersion in spinel CuFe2O4 has been investigated by means of inelastic neutron
scattering. The spectrum of the magnetic excitations consists of two spin-wave branches separated
by 32 meV at room temperature. The temperature dependence of the spin-waves have been
measured in the temperature range 300 K< T< 700 K.

CuFe2O4 is a mixed spinel containing Cu on both
tetrahedral and octahedral sites [1]. If annealed in
air below 760 °C, CuFe2O4 undergoes a tetragonal
distortion at the transition temperature T, due the
cooperative Jahn-Teller effect which tends to distort
the octahedrons to lift the degeneracy of the doubly
degenerate ground-state of the Cu2+ ions. The value
of the transition temperature Tt depends critically on
the number of the Cu2+ occupying the octahedral
sites. It has been established that below a nominal
concentration of 0.8 Cu2+ ions per formula unit,
CuFe2O4 is cubic at room temperature (space group
Fd3mm). We performed inelastic neutron scattering
experiments on a CuFe2O4 single crystal of cubic
symmetry (a=8.39 A, Tc=730 K) to determine the
spin wave exchange interactions in this material.
The experiments were performed on the triple-axis
spectrometers E7 at the Hahn-Meitner Insitut in
Berlin and IN3 at the Institut Laue-Langevin in
Grenoble. The dispersion of the magnetic
excitations can be explained using a Heisenberg
Hamiltonian with nearest-neighbourg exchanges.

CuFeO
2 4

LU

Fig.1

'-1 -0.5 0 0.5 1
[q,0,0] [r.l.u.] [q.q.O] [r.l.u.]

Measured and calculated dipersion curve at
T=590 K yielding a nearest-neighbour
exchange J=1.2 meV.

The large splitting between the two spin-wave
branches is explained by the different magnetic
moments (S=1/2:Cu2+ and S=3/2:Fe3+) in the two
sublattices.

_• • • • i • • • • i • • • • i • • • • i • • • •_

0
200 300 400 500 600 700

T[K]
Fig. 2:The open circles represent the temperature

dependence of the gap in the energy
spectrum between the two dispersion curves.
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ANISOTROPIC EXCHANGE COUPLING IN THE KEGGIN DERIVATIVE
rn D2O

HP. Andres and H.U. GQdel (Uni Bern), JM Clemente and E. Coronado (Uni Valencia),
H. Büttner and G. Keariy (ILL), M. Zolliker

A potycrystalline sample of Ke[Co2(D2O)(W11O39)]*n D20 has been investigated by inelastic neutron
scattering. Magnetic dimer excitations were observed and the energy-splitting pattern resulting from the
exchange coupling within the Co2* dimer was successfully modelled with an anisotropic effective
Hamiltonian.

The title compound, a modification of the
well-known twelve tungsto Keggin structure, consists
of two inequivalent Co2* ions, one in octahedral and
the other one in tetrahedral oxo coordination. [1]
Whereas the ground state of the tetrahedral ion can
be approximated as a a spin-only s = 3/2, we expect an
anisotropic situation with an effective s = 1/2 for the
ground state of the octahedral partner.

20 g of the fully deuterated title compound was
prepared according to ref. [1]. We performed
experiments on the time-of-flight spectrometer IN6 at
ILL with cold neutron wavelengths at various tempera-
tures. The INS spectra at temperatures T = 1.7, 10 K
and 30 K obtained with an incident neutron
wavelength of 4.1 A are depicted in Figure 1. They
reveal the region up to 3.8 meV on the
neutron-energy loss side. At 1.7 K we observe a cold
inelastic transition, labelled /, at 1.15 meV. An
increase of the temperature to 10 and 30 K is
concomitant with the appearance of a hot transition,
labelled a, at 3 meV and a decrease of the scattering
intensity of transition /. On the neutron-energy gain
side both these transitions are observed at elevated
temperatures. The temperature dependence of the
two bands labelled /' and a' on the gain side is in
excellent agreement with the assignment of a cold
and hot transition / and a, respectively. To observe
transitions above 3.8 meV we performed an
experiment with thermal neutrons of X = 2.44 A, on
the triple-axis instrument IN3 expanding the available
region on the neutron-energy loss side to 8 meV. The
measured spectrum at 1.5 K and a Q value of 1.3 A'1

is depicted in Figure 2. The experimental resolution of
0.8 meV on IN3 enabled the observation of three
overlapping cold transitions II-IV at 4.1, 5.84 and 7.40
meV, respectively.

From the presented experimental data we derive
the energy-splitting pattern; 0, 1.15, 4.1, 5.84 and
7.40 meV. The derived splitting immediately shows us
the importance of anisotropy, as the deviation from a
Heisenberg picture is significant. Therefore we used
the anisotropic effective Hamiltonian:

H = ̂ JIS^S^ + 7 j ( S ^ + S^Szy)) (1)

to fit the energy levels. The best reproduction of the
energy pattern was found with J = -2.24 meV and r\ =
0.35. The energy-splitting pattern calculates then: 0,
1.05, 4.19, 5.25 and 7.11 meV. Considering the

experimental inaccuracy of the two highest-energy
levels the agreement is excellent.

I

- 2 0 2 4
energy transfer [meV]

Fig.1: INS spectra recorded on IN6 at X = 4.1 A
for temperatures T = 1.7,10 K and 30 K, respectively.
The peaks are labelled at the bottom of the Figure.

'2
I

T i r
4 5 6 7
energy transfer [meV]

Fig.2: INS spectrum obtained on IN3 at X = 2.44
A, Q = 1.3 A"1 and T = 1.5 K. The dotted and solid
lines represent a deconvolution into three Gaussians.

References:
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STRUCTURE AND MAGNETIC EXCITATIONS IN THE SPIN CLUSTER

HP. Andres and H.U. GOdel (Uni Bern), F. Fauth and M. Zolliker

A polycrystalline sample of \Mn^2O^2(O2CCDz)^(p2OU]*CD3COOD''4D2O has been investigated by
elastic and inelastic neutron scattering. The diffraction diagram agrees with x-ray data and the observed
inelastic transitions are assigned according to a previously proposed exchange-coupling model.

The nuclear structure of the title compound,
which will be abbreviated by Mn12 in the following, was
first determined by x-rays. [1] The Mn1 2 clusters are
packed in a centered tetragonal crystal lattice (14) and
each cluster contains a tetrahedral core of Mn4+ ions (s
= 3/2) surrounded by 8 high spin Mn3+ ions (s = 2) as
depicted in Figure 1.

Fig.1: View of the core of a M n ^ cluster in which
only the metal atoms and the bridging oxygen atoms
(small circles) are shown. The Mn4+ ions are shaded.

15 g of the deuterated title compound was
prepared according to ref. [1]. A neutron diffraction
measurement was carried out on the D1A spectro-
meter at ILL, using the incident wavelength X. = 2.99 A
to check the sample. The diffraction diagram at T = 1.5
K is shown in Figure 2. The relative positions of the
nuclear Bragg peaks are satisfactorily indexed within
the tetragonal space group I 4, as seen at the bottom
of Figure 2. The intensities of these nuclear
reflections are not yet fully analysed due to an
incomplete know-ledge of the Deuterium positions
from the x-ray structure. [1]

We performed a preliminary inelastic experiment
on the triple-axis instrument IN3 at ILL with thermal
neutrons of X = 2.36 and 2.44 A . The inelastic
neutron scattering spectra obtained with an incident
neutron wavelength of 2.44 A at temperatures of 1.5,
10 K and 20 K are depicted in Figure 3. At 1.5 K the
spectrum is dominated by an inelastic transition at 2.7
meV on the neutron-energy loss side. An increase of
the temperature to 10 K and 20 K is concomitant with
the appearance of a shoulder around 1.8 meV, a
decrease of the scattering intensity of the peak at 2.7
meV and an increase of the inelastic scattering
intensity on the neutron-energy gain side.

Further experiments under higher resolution will
be needed to make assignments. We note our
preliminary data are at variance with those reported in
the literature. [2]

ii i! i! nun minium0 -

Fig.2: Diffraction diagram obtained on D1A at X =
2.99 A and T = 1.5 K. The relative positions of the
nuclear Bragg peaks are indexed within the
tetragonal space group 14 on the bottom of Figure.

sL
tn

8
c
8
<D
C

-+-
"•©"
•••X"

1.5
10
20

K
K
K

I
li Ä_

it J* ^*

\
-2 0 2

energy transfer [meV]

T
4

Flg.3: INS spectra recorded on IN3 at X = 2.44 A
for temperatures T = 1.5, 10 K and 20 K, respectively.
The dotted lines are guides to the eye.

References:

[1] X. Lis, Acta Cryst. B 36, 2042 (1980).
[2] M. Hennion et al., Phys. Rev. B 56, 8819 (1997).



33

GIANT 160 - 180 ISOTOPE EFFECT ON THE METAL-INSULATOR
TRANSITION OF RNiO3 PEROVSKITES (R = RARE EARTH)

M. Medarde (LNS), P. Lacorre (Lab. Fluorures, Le Mans), K. Conder (ETHZ), F. Fauth and A. Furrer (LNS)

The observation of unusually large, positive and rare-earth dependent 16O -iaO isotope shifts in the metal-
insulator transition temperature TMI of RNiO3 perovskites is reported (ATMI < +10.3 K). The results clearly
indicate that the mechanism of the transition involves a strong electron-lattice interaction. A simple model
based on the existence of Jahn-Teller polarons in the metallic state is used to account for the evolution of
ATMI along the series.

RNiO3 perovskites (R = 4f rare earth) have attracted
considerable attention since the discovery of a
temperature-driven metal to insulator transition for
the members of the series with R * La [1J. Since this
phenomenon is extremely rare in oxides, a great
deal of work has been done in order to understand
the driving mechanism (still controversial) of the
electronic localization [2].

In this work, we have investigated the effect of the
oxygen isotope mass on the transition temperature
T M I . We have found a positive, rare-earth
dependent isotope shift for all the studied
nickelates (see figures 1 and 2), the largest
measured value being +10.3 K (for Lao.iPro.gNiC>3)
[3], [4]. As far as we are aware, larger isotope shifts
have only been observed in the Curie temperature
of hole-doped magnetoresistive manganites [5], but
both the sign and the dependence of the isotope
shift with the size of the rare earth ion were
opposite. These results clearly indicate that the
mechanism of the metal-insulator transition involves
a strong electron-lattice interaction, the Jahn-Teller
effect of the orbitally-degenerated Ni3 + ions being
the most likely origin for it. Moreover, the good
agreement between the observed isotope shifts
and a simple model based on the existence of Jahn-
Teller polarons in a charge-transfer system (see
Figure 2 and references [3] and [4] for details) gives
strong qualitative and quantitative support to the
polaronic scenario already suggested for other
perovskite-related oxides containing Jahn-Teller
transition metal ions, such as magnetoresistive
manganites [6] or superconducting cuprates [7].

[1 ] P. Lacorre et al., J. Solid State Chem. 91, 225
(1991).

[2] M. Medarde, J. Phys.: Condens. Matter 9, 1679
(1997).

[3] M. Medarde et al., submitted.

[4] M. Medarde et al., to be published in Physica B

[5] G.-M. Zhao et al., Nature 381, 676 (1996).

[6] J.M. de Teresa et al., Nature 386, 256 (1997).

[7] G.-M. Zhao et al., Nature 385, 236 (1997).
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Fig. 1: Temperature dependence of a) the unit cell
volume and b) the Ni + magnetic moment across
for PrNi O3 and PrNi O3.
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CRYSTALLOGRAPHIC AND MAGNETIC STRUCTURE OF 1 5 3EuNi03

M. Medarde (LNS), P. Lacorre (Lab. Fluorures, Le Mans), F. Fauth (LNS), V. Trounov (Gatchina)

153
A detailed structural and magnetic study of EUN1O3 has been performed by means of neutron powder
diffraction. In contrast with PrNiÖ3 and A/C/MO3 , the metal-insulator transition temperature in this
compound is different from the Nöel temperature (T/w = 480K, TN ~ 220K), but the magnetic structure
appears to be the same than in the former compounds. This finding allows to reject a magnetic origin for
the M-l transition, which was proposed in previous studies due to the coincidence of TM, and TN for PrNiÖ3
andNdNiO3.

100 200 300 400 500

Fig. 1: a) Average Ni-0 distances and b) average
superexchange angles Ni-O-Ni versus temperature for
the RNiC>3 series. The value of the superexchange
angle is strongly dependent on the rare earth size
whereas the smooth increase of dNi-o just reflects the
evolution of the electronegativity of the rare earth ions
along the 4f series (from 1.10 for Lato 1.17 for Sm).

The refined Ni-0 distances and Ni-O-Ni angles for
153EuNiO3 fit very well into the systematics already
established for Ni perovskites (see figure 1 and
reference [1]). Most interesting is the finding of the
same magnetic structure already observed for the
compounds with R = Pr and Nd (k = (1/2 0 1/2)).
This feature lead us to speculate that the orbital
ordering responsible for the magnetic ordering is a
characteristic of the insulating state of the RNiO3

series [2].

[1] M. Medarde, J. Phys.: Condens. Matter 9,
1679 (1997).

[2] J. Rodrfguez-Carvajal et al., Phys. Rev. B 57,
456 (1998).
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Fig. 2: Temperature dependence of the Ni magnetic
moment for the RNiC>3 series. For 154Sm and 153Eu (TMI
> Tisi) the experimental points follow a Brillouin-type
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suddenly interrupted due to the occurrence of the M-l
transition.
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CRYSTAL STRUCTURES OF LnBaCuO2
11BO3 (Ln = La and Nd)

E.M. Kopnin, H. Schwer, J. Karpinski (ETHZ), C. Chaillout (CNRS, Grenoble),
G. Böttger, F. Fauth (LNS-PSI)

The crystal structures of LnBaCuO2B
11O3 (Ln - La and Nd) were studied by neutron powder

diffracton. Their structures are closely related to superconducting cuprates and contain ordered BO3

groups alternating with cation layers.

The oxyborates LnBaCuO2BO3 (Ln = La-Gd) have a
layered structure similar to Sr2CuO2CO3 [1]. It contains
two perovskite-like segments including (CuO2) layers
and triangular (BO3) groups which are stacked along
the c-axis. In contrast to oxycarbonates, all attempts to
induce superconductivity in oxyborates were without
success. Possible reasons for this failure might be an
unsufficient carrier concentration or a distortion of
(CuO2) layers. With neutron diffraction measurements
we checked this hypothesis and refined structural
details of these compounds. Because of the strong
neutron absorption of natural B we prepared
LnBaCuO2BO3 (Ln = La and Nd) using a 11B-
containing precursor.
Data were collected at the ILL in Grenoble on the
powder diffractometer D1A, X = 1.9114 A at 293 K for
NdBaCuO2BO3 and at 1.4 K and 293 K for
LaBaCuO2BO3. The tetragonal symmetry was con-
firmed with unit cell parameters a = b = >/2 a ^ = 5.525
A and c = 2 a,», = 7.443 A. X-ray and neutron powder
diffraction mesurements suggested several models [2
- 4] with different ordering of anion groups and cation
atoms. We checked structure models in space groups
P4/mbm, P4bm, P42,2, and P4". By TEM we did not
find any further superstructure and probable space
group were P4bm or P4/mbm. The best agreement
between observed and calculated diffraction data (Fig.
1) was achieved with space group P4bm: the refined
model (Fig. 2) contains alternating layers of Ln and Ba

atoms separated by CuO2 and BO3 planes. The borate
groups, which were expected to be disordered, have a
fixed orientation at 1.4 K as well as at 293 K. No
differences have been found between La and Nd
LnBaCuO2BO3. Detailed structure refinements are in
progress now.

Nd

Fig. 2 Crystal structure of LnBaCuO2BO3.
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CRYSTAL STRUCTURE OF T* PHASE LaHoo.75Sro.25CuO3.88

E.M.Kopnin, H.Schwer (ETHZ), G. Böttger, F. Fauth (PSI-LNS),
E.V.Antipov (Moscow State University).

The crystal structure of T* phase LaHoo.75Sro.2sCuO3.aa was refined using neutron powder diffraction
data. The oxygen vacancies were localized in the fluorite fragment of structure. This can be a
reason for the absence of superconductivity in this phase.

Superconducting layered cuprates usually contain
"perovskite" and "rock-salt" structural units, some of
them include also a "fluorite" fragment. The simplest
structure of this type are T*- phases with the
composition (La,R,M)2Cu04.x (R = Sm-Lu,Y; M = Sr
and Ba).
This structure contains always oxygen vacancies
which may be localized in various crystallographic
sites. The filling of these vacancies during annealing
at high oxygen partial pressure results in a hole doping
and phases with R = Sm, Eu and Gd exhibit
superconducting properties [1]. Similar phases which
contain smaller rare-earth elements did not show a
transition to a superconducting state. It was proposed
that the main reason for the different properties of T*
phases is connected with the distribution of oxygen
vacancies [2]. In Sm and Gd-containing phases these
vacancies are located in the rock-salt block [2,3]. This
neutron diffraction experiment was done in order to
check the crystallographical site of oxygen vacancies
in Ho-containing T* phase.
The measurement was performed at the ILL Grenoble
on the powder diffractometer D1A at X = 1.9114 A and
at room temperature. The crystal structure was refined
to x2 = 2.4 using the FULLPROF program package.
The observed and calculated neutron diffraction
pattern is shown in Fig.1. The oxygen content of this
phase was found to be 3.88(1) which is in excellent
agreement with iodometric titration data. The refined
structure model is shown in Fig. 2. La atoms are
disordered in the crystal structure: they are mixed with
Ho atoms in the "fluorite" blocks and with Sr atoms in

the "rock-salt" units. The hypothesis about localization
of oxygen vacancies in "fluorite" fragment of
LaHoo.75Sro.25CuO3.88 [2] was confirmed.

Ho/La

La/Sr

Fig. 2 Crystal structure of LaHoo.75Sro.25CuO3.88-
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CRYSTAL STRUCTURES OF LnBaCuO2
11BO3 (Ln = La and Nd)

E.M. Kopnin, H. Schwer, J. Karpinski (ETHZ), C. Chaillout (CNRS, Grenoble),
G. Böttger, F. Fauth (LNS-PSI)

The crystal structures of LnBaCuO2B
11O3 (Ln = La and Nd) were studied by neutron powder

diffracton. Their structures are closely related to superconducting cuprates and contain ordered BO3

groups alternating with cation layers.

The oxyborates LnBaCuO2BO3 (Ln = La-Gd) have a
layered structure similar to Sr2CuO2CO3 [1]. It contains
two perovskite-like segments including (CuO2) layers
and triangular (BO3) groups which are stacked along
the c-axis. In contrast to oxycarbonates, all attempts to
induce superconductivity in oxyborates were without
success. Possible reasons for this failure might be an
unsufficient carrier concentration or a distortion of
(CuO2) layers. With neutron diffraction measurements
we checked this hypothesis and refined structural
details of these compounds. Because of the strong
neutron absorption of natural B we prepared
LnBaCuO2BO3 (Ln = La and Nd) using a 11B-
containing precursor.
Data were collected at the ILL in Grenoble on the
powder diffractometer D1A, X = 1.9114 A at 293 K for
NdBaCuO2BO3 and at 1.4 K and 293 K for
LaBaCuO2BO3. The tetragonal symmetry was con-
firmed with unit cell parameters a = b = V2 a^ = 5.525
A and c = 2 a^ = 7.443 A. X-ray and neutron powder
diffraction mesurements suggested several models [2
- 4] with different ordering of anion groups and cation
atoms. We checked structure models in space groups
P4/mbm, P4bm, P42!2, and PT. By TEM we did not
find any further superstructure and probable space
group were P4bm or P4/mbm. The best agreement
between observed and calculated diffraction data (Fig.
1) was achieved with space group P4bm: the refined
model (Fig. 2) contains alternating layers of Ln and Ba
atoms separated by CuO2 and BO3 planes. The borate

groups, which were expected to be disordered, have a
fixed orientation at 1.4 K as well as at 293 K. No
differences have been found between La and Nd
LnBaCuO2BO3. Detailed structure refinements are in
progress now.

Nd

Fig. 2 Crystal structure of LnBaCuO2BO3.
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STRUCTURE STUDY OF THE "1212" AISr2Ero.7Cao.3Cu207.y

A. Podlesnyak, A. Mirmelstein, E. Mitberg (Institute for Metal Physics, Ekaterinburg GSP-170, Russia);
E. Khlybov (Vereshchagin High-Pressure Physics Institute RAS, Troitsk, Moscow reg., Russia);

F. Fauth, P. Fischer

The crystal structure of a polycrystalline sample with nominal composition AISr2Er07Ca03CuO7.y has been
studied using neutron powder diffraction. The general structural futures are similar to those found for the
parent compounds AISr2ErCu2O7.y. The profile refinement indicates considerable structural disorder.

In spite of much experimental work, the
phenomena of the metallic state and the occurrence
of superconductivity under the doping remains
unclear. It is generally accepted that the Tc is a
function of the carrier concentration within the CuO2

planes which can be varied by different methods.
Thus, it is not surprising that the investigation of the
substitution effects for various cations in the
perovskite-like compounds is of great interest.

The parent compound AISr2RCu207.y is not
superconducting and reveals different types of
magnetic behavior depending on the R element [1]. A
highly interesting feature, namely the occurrence of
the superconducting state, may be achieved by partial
substitution of trivalent R ions by divalent Ca.

A still nonsuperconducting, polycrystalline
sample with nominal composition AISr2Er07Cao3Cu207.y
was obtained by annealing well homogenised
mixtures of the appropriate oxides Er2O3, AI2O3, SrO
and CuO at a temperature of 1300 K. The neutron
diffraction measurements were performed at the
Institute Laue-Langevin (Grenoble), using the D1A
powder diffractometer (X = 1.9112 Ä). The neutron

powder diffraction pattern was recorded at T = 2 K in a
26 angular range 8O<29<156° with 26 step 0.05°. The
structure was refined using the profile refinement
program FullProf [2]. The observed neutron-
diffraction pattern and the Rietveld refinement profile
for this sample are shown in Fig. 1. The present
preliminary refinement has been done assuming the
P4/mmm space group (a = 3.848 A, c =11.098 A).
However, this refinement shows a great degree of
disorder in the structure and, moreover, possible
existence of a chemical or magnetic superstructure,
reflected in (i) additional weak lines which could not be
uniquely identified as impurities; (ii) high values of the
temperature factors of oxygen atoms; (iii) large
disagreement between observed and calculated peak
intensities. Further analysis is in progress.
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NEUTRON POWDER DIFFRACTION STUDY OF TISr2NdCu207.y AND
TIBa2TmCu207.y WITH 1212-TYPE OF STRUCTURE

A. Podlesnyak, A. Mirmelstein (Institute for Metal Physics, Ekaterinburg GSP-170, Russia);
E. Khlybov (Vereshchagin High-Pressure Physics Institute RAS, Troitsk, Moscow reg., Russia);

F. Fauth.

The crystal structure of the polycrystalline samples with nominal composition TISr2NdCu207.y and
TIBa2TmCu207.y have been studied using neutron powder diffraction. No magnetic ordering has been
found down to 2 K.

Compounds with the general formula M-A-R-Cu-
O (M = Tl, Hg, AI, Ga ; A = Sr, Ba ; R = rare earth)
have received considerable attention because of their
structural relationship to the 1-2-3 superconductors.
Some of them with Tl and Hg turn out to be
superconductors, other reveal magnetic transitions
with different types of behavior. Khlybov et al.
reported that at low temperatures phase separation on
the superconducting and paramagnetic insulating
phases in TISr2NdCu2O7.y is observed [1]. With
increasing of the external magnetic field the
superconducting phase is destroyed but field-induced
antiferromagnetic phase arises. On the other hand,
probably, there is ferromagnetic ordering in
TIBa2TmCu2O7.y at 15-19 K [1]. Thus, it would be
interesting to compare the structure of these
compounds.

The polycrystalline samples were obtained by
annealing well homogenised mixtures of the
appropriate oxides M2O3, R2O3, SrO BaO2 and CuO
during 4 -24 hours at temperatures 840 -1080 K. The
neutron diffraction measurements were performed at

the Institute Laue-Langevin (Grenoble) using the D1A
powder diffractometer (X=1.9112 A). The neutron
powder diffraction patterns were recorded at T=2 and
100 K in a 20 angular range 8°<20<156° with 2©
step 0.05°. The structure was refined using the profile
refinement program FullProf [2]. As example the
observed neutron-diffraction pattern and the Rietveld
refinement profiles for one of these samples
(TISr2NdCu2O7.y) are shown in Fig. 1. According to
ref. [1] there is a sharp peak in the ac-susceptibility at
15-19 K in TIBa2TmCu2O7.y which corresponds to
ferromagnetic ordering. In the present work we did not
observe any traces of magnetic transition from 100 K
down to 2 K. Most probably, the magnetic ordering in
these compounds arise in the system of the Cu-spins.
Further analysis is in progress.
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DEUTERIUM DISTRIBUTION AND ORDER-DISORDER PHASE TRANSITIONS IN
THE LAVES PHASES HfTi2D4, ZrMo2Do.9 and ZrCr2Do.7

P Fischer, F. Fauth.A. Skripov, V. N. Kozhanov (Institute ofMetal Physics, Ekaterinburg)

Neutron diffraction investigations prove preference of D for e sites in case of HfTi2D4 and yield evidence
for order-disorder phase transitions below room temperature in the other compounds.

1 INTRODUCTION

C15 type Laves compounds AB2 (space group
Fd3m) may absorb considerable amounts of
hydrogen. We started high-resolution neutron
diffraction investigations on a polycrystalline sample
of HfTi2D4 with rather large lattice parameter a = 8.1
A at room temperature, in order to test the model of
Somenkov and Irodova of a critical lattice parameter
dependence around 7.7 A to 8 A of the hydrogen
distribution [1], implying preference of g sites for
smaller values of the lattice parameter.

2 DEUTERIUM DISTRIBUTION IN HfTi2D4

The measurements were performed on D1A at ILL,
Grenoble at room temperature. As may be seen from
Fig. 1, excellent agreement of observed and
calculated neutron profile intensities are obtainded on
the basis of space group no. 225 with refined lattice
parameter a = 8.0791(2) A. Indeed the deuterium
atoms are distributed mainly on sites (32e):
(0.26684(9),0.26684,0.26684) and only about 25 %
on sites (96g): (0.066(1 ),0.066,0.8872(9)).

of temperature. An example of the results is shown in
Fig. 2 for ZrCr2Dn.7 at room temperature. Profile
refinements yielded the lattice parameter a =
7.2922(1) A for this compound at room temperature
and clear preference of g sites (similar in the Mo
compound). Superstructure peaks due to deuterium
ordering were observed for ZrCr2Drj.7 and
ZrMo2Do.9 (Fig. 3) below 150 K and 293 K,
respectively.

ZrCr2D0 ?, 293 K, 1.9113 Ä

2 3000
HfTiD , 293 K, 1.9113 Ä Fig. 2:

JLUJLJLUJL-JV.

20 40 60 80 100 120 140 160
26 n

Fig. 1: Observed, calculated and difference neutron
diffraction patterns of HfTi2D4 at room
temperature.

3 ORDER-DISORDER PHASE TRANSITONS
IN ZrMo2Do.9 AND ZrCr2Do.7

With respect to hydrogen-induced anomalies in the
heat capacity of C15-type ZrC^Hx (ZrC^Dx) [2] and
similar effects observed in NMR and quasielastic
neutron scattering experiments, neutron diffraction
measurements were made on D1A on powder
samples of ZrMo2Drj.9 and ZrCr2Do.7 as a function

Observed, calculated and difference neutron
diffraction patterns of ZrCr2Do.7 at 293 K.

ZrMo2D0 ,, 1(2 K) -1(293 K), 1.9113 A

Fig. 3: Difference neutron diffraction pattern cf
ZrMo2Do.9 between 2 K and 293 K-
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(1997).
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STRUCTURE OF Zr(V0.5Ni0.5)3 AND Zr(Vo.5Nio.5)3Dx (0 £ x < 6)

A. Züttel(Univ. Fribourg); F. Fauth, P. Fischer

Neutron diffraction was performed on a Zr(Vo.sNin.5)3 alloy sample and on a deuterated Zr(Vo.sNio.5)3Dx (0<x<
6) sample. The refined phase composition was found to be (Zro.gVo.i)(Vo.35Nio.65)2Di.8. Deuterium mainly
occupies the 96g sites (A2B2).

1 LAVES PHASES

AB2 Laves-phase compounds (e.g. ZrCo2, Z1V2) can
be tailored in a wide range by substitution of a part of
the A (e.g. Zr, Ti, Hf) or B (e.g. V, Cr, Mn, Fe, Co, Ni)
elements. The alloys of technical importance
crystallize as either hexagonal C14 or cubic C15 Laves
phases and in a number of cases are allotropic [1]. In
the C15 Laves phase (struc. type: Cu2Mg, Pearson
symb.: cF24, s.g. Fd-3m, No. 227) the A atoms
occupy the 8a positions (x, y, z = 0.125, occ. = 1) and
the B atoms occupy the 16d positions (x, y, z = 0.500,
occ. = 1). The number of general positions is 192.

A detailed study of the system Zr(Vo.25Nirj.75)a (1 £ a
< 4) [2] has shown, that this system crystallizes in a
pure C15 Laves phase for (2.5 < a < 3.5), whereas
other additional phases were observed for a < 2.5 and
a > 3.5. The lattice parameter (a) decreases with
increasing a in the range of (2.0 < a < 3.5) according
to the equation a[A] = 6.938 + 625.7exp(-3.588a).
Since the pure C15 Laves phase (AB2 phase) was
observed for overstoichiometric compositions, we
assume that vanadium atoms partially occupy A-sites.

2 EXPERIMENTAL SETUP ON D1A AT ILL

Neutron diffraction was performed on an alloy sample
of Zr(Vo.5Nio.5)3 and on the Zr(Vo.5Nio.5)3Dx (0 < x <
6). The wavelength of the neutron beam was set to
1.911 A. Approximately 20g of the samples were used
for the neutron diffraction experiment. The vanadium
cylinder (diameter = 1.5 cm) was used for the alloy and
a stainless steel cylinder for the deuteride. The
measurements were carried out at room temperature
(T = 298K). The absorptioncoefficient ln(l/lo) = -2-ur
was found to be pr = 0.389.

3 STRUCTURE OF Zr(V0.5Ni0.5)3
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Fig. 1: Neutron diffraction pattern for the
Zr(Vo.5Nio.5>3 alloy sample.

The Zr(Vo.5Nio.5)3 alloy sample consists of three
phases:

1) Cubic C15 Laves phase (83.5%), s.g. = Fd-3m, a
= 7.0854Ä, refined phase composition
(Zr0.9Vo.i)(V0.35Nio.65)2- Rß = 2.5 %.

2) Hexagonal C14 Laves phase (15.5%), s.g. =
P63mmc, a = 5.020Ä, c = 8.190Ä, Rß = 13.0 %.

3) Zr7Niio solid solution (1%), s.g. = Aba2, a =
9.226Ä, b = 9.190Ä, c = 12.318Ä, Rß = 51 %.

The x2 of the fit shown in Fig. 1 is 1.5.
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Fig. 2: Neutron diffraction pattern for the
Zr(Vo.sNio.5)3Dx deuterided sample.

The major lines in Fig. 2 originate from the stainless
steel cylinder. Two phases of the deuterided sample
are identified:
1) Cubic C15 Laves phase (86.5%),s.g. = Fd-3m, a

= 7.5352Ä, refined phase composition
(Zro.9VO.i)(VO.35Nio.65)2Di.8. Rß = 17 %.

2) Hexagonal C14 Laves phase (13.5%), s.g. =
P63mmc, a = 5.040Ä, c = 8.126Ä, Rß = 104 %.

The x2 of the fit shown in Fig. 2 is 7.6.

Site B [A2l
D-i (96g) 0.06763 0.06763 0.8693 3.838 0.1362
D2(32e) 0.09095 0.09095 0.0905 3.838 0.0126

Tab 1: Site occupation by deuterium in the
Zr(Vo.5Nio.5)3Dx sample.

4 DISCUSSION

Vanadium partially occupies 8a sites, and allowes
therefore the formation of a Laves phase in the
Zr(Vrj.5Nio.5)3 alloy system. Deuterium mainly
occupies the 96g sites (A2B2).
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STRUCTURE OF Zr(V0.29Ni0.7i)3 AND Zr(V0.29Ni0.7i)3Dx (0 £ x £ 6)

A. Züttel (Univ. Fhbourg); F. Fauth, P. Fischer

The Zr(Vo.29Nio.7i)3 alloy is a single phase (s.g. is Fd-3m, a = 6.9729 A) sample with the refined phase
composition (Zro.76^o.24)(vO.25N'O.75)2- Vpartially occupies da sites. Deuterium mainly occupies 96g positions.
No magnetic ordering was found at low temperatures, neither in the alloy nor in the deuterided sample.

1 LAVES PHASES

A detailed study of the system Zr(Vo.25Nin.75)a (1 S a
< 4) [1] has shown, that this alloy system crystallizes in
a pure C15 Laves phase for (2.5 < a < 3.5).

2 EXPERIMENTAL SETUP ON D1A AT ILL

Neutron diffraction was performed on a single phase
sample of Zr(Vo.29Nirj.7i)3 alloy and on the
Zr(Vo.29Nio.7i)3Dx. The wavelength of the neutron
beam was set to 1.911 A. Approximately 20 g of the
samples were used for the neutron diffraction
experiment. The vanadium cylinder (diameter = 1 cm)
was rotated during the measurement at room
temperature. The absorption coefficient ln(l/lrj) = -2-u.r
was found to be fir = 0.3. Additional measurements
were carried out at lower temperatures down to 1.5K.

3 STRUCTURE OF Zr(Vo.29Nio.7i)3

The Zr(Vo.29Nio.7i)3 alloy sample was found to be a
single phase with s.g. Fd-3m, lattice parameter a =
6.9729 A and refined phase composition
(Zro.76Vo.24)(VO.25Nio.75)2- Rß = 2.6 % and %2 = 11 •
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Fig. 1: Neutron diffraction pattern for the
Zr(Vo.29Nio.7i)3 alloy sample.
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Fig. 2: Neutron diffraction pattern for the
Zr(Vo.29Nio.7i)3Dx sample.

No structural phase transition or magnetic ordering
was observed at lower temperatures (100K, 1.5K).

Since the sample could not be rotated in the cryostat,
slight intensity misfits were observed in the low
temperature diffraction pattern. The compound
Zr(Vo.29Nio.7i)3Dx has a lattice parameter of a =
7.1169A and the refined phase composition
(Zro.76Vq.24)(Vo.25fMio.75)2Do.9- Rß = 5.7 % and %2 =
17.2. Neither magnetic ordering nor an ordering of
the deuterium atoms could be observed at lower
temperatures (200K, 100K, 2K).

Site x y z R rA2l occ.
Di(96g)
D2 (32e)

0.06824
0.07240

0.06824
0.07240

0.87109
0.07240

0.500
0.500

0.0334
0.0025

Tab 1: Site occupation by deuterium in the
Zr(Vo.5Nio.5)3Dx sample.

The dependance of the lattice parameter on the
temperature is shown in Fig. 3.

CO

100 200 300
TFK]

Fig. 3: Lattice parameter (a) of the cubic C15 Laves-
phase as a function of temperature (T). Filled
and unfilled circles correspond to the
deuteride ans alloy, respectively.

4 DISCUSSION

The Zr(V*o.29Nio.7i)3 alloy sample was found to be a
single phase (s.g. Fd-3m, a = 6.9729 A). V partially
occupies 8a sites, and the refined phase composition
is (Zro.76Vo.24)(vO.25Nio.75)2- Deuterium mainly
occupies 96g positions. No magnetic ordering was
found at low temperatures, neither in the alloy nor in
the deuterided sample.
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INTERACTION BETWEEN WATER AND FRAMEWORK IN ZEOLITE NA-X

S. Riemann, J. Felsche (Fakultät für Chemie, Universität Konstanz); L. Keller

Additionally to the known unusual behaviour of the cubic lattice parameter a0 in the temperature between
293 K and 623 K of zeolites with structure-type FAU an unexpected maximum of the lattice parameter can
be observed at about 180 K coinciding with a phase transition of the included water molecules. Powder
neutron diffraction experiments at 10 K, 150 K and 200 K were earned out in order to get information
about possible differences of the interactions between framework and non-framework species and also to
complete former obtained data at 273 K and 363 K.

The structure of the investigated zeolite NaX (FAU)
(Na94 5(Alw.5Si97 5O384] 290 D2O (space group Fd3)
can be described as a diamond-like arrangement of
sodalite-cages connected by oxgen bridges. Beside
two smaller cages (ß-cage, hexagonal prism) the
structure contains one type of larger cage (super-
cage, 12-13 A in free diameter) with pore openings of
8-9 A. Within these cages the charge balancing cati-
ons and water moleclules are located. Upon heating
an unusual behaviour of the cubic lattice constant a0

compared to other porous alumosilicates was ober-
served by Luger and Felsche [1]. X-ray diffraction
experiments between 110 K and 290 K revealed a
maximum of the lattice constant a0 at about 180 K
unknown up to now (Fig. 1). DSC- and 'H NMR-
experiments indicate a phase transitions occurring in
this temperature range [2].

To get further informations about the structure at
temperatures below and above this phase transition
(additional to X-ray single crystal data) powder neu-
tron diffraction experiments at 10 K, 150 K and 200 K
were performed on diffractometer D1A at the Institut
Laue-Langevin at Grenoble, France. The zeolite
sample was synthesized in the H2O-form, dehydrated
in vaccuo and rehydrated with D2O.

In all three diffraction patterns a broad peak around
39' 28 (d = 2.83 A) could be observed, indicating the
appearence of liquid-like water molecules even at
very low temperature or amorphous ice inside the
super-cage, respectively. The refined lattice parame-
ter show a similar trend as the data obtained by X- ray
diffraction differing only in absolute values(10 K: a0. =
25 034(2) A; 150 K: a0. = 25.046(2) A; 200 K: a0. =
24980(2)A).

2496 -
150 300 450 600 900 1050

Temperature I K

Fig. 1: Temperature-dependent variation of lattice constant
of zeolite NaX (X-ray data).

The structure refinements revealed four cation and
eight water positions at all three measured temperatu-
res. The largest differences between the refined data
for 150 and 200 K consist of changes of positional
and thermal parameters of the water molecules
especially inside the super-cage causing the observed
behaviour of the lattice constant.
References
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Reaction Co-ordinates in SNP

J. Schefer, B. Delley

Th. Woike, M. Imlau, Crystallography,, University at Cologne, Germany

Different explanations are used to explain the long lifetime of metastable states in sodiumnitroprusside. The
first way is an 9(f bending of the NO-bond in the metastable state, the second one an exchange of the
oxygen and nitrogen atoms in the NO-bond (which can be regarded as an 18(f bending). We compare both
models with EXAFS measurements, with vibrational spectroscopic results and the data found by Mössbauer
spectroscopy. At least we propose a potential scheme for all three states (GS, MS, and MSJ extracted from
absorption and thermodynamic data to explain the electronic and energetic rearrangement and the
population dynamics.

Long-living metastable states are of fundamental
interest for information storage and investigations of
the correlation amongst electron density, chemical
bond and structural behavior. If the lifetime is long
enough, structural analysis and determination of the
electron density can be performed. As an example,
single crystals of sodiumnitroprusside (SNP,
Na^FefCN^NOl^HjO) can be transformed into two
extremely long-living metastable states MS, and MS,,
with a lifetime greater than 10t0 s at temperatures
below 200 K (MS,) and 150 K (MS,,), respectively. This
is of special interest as such systems can be used for
holographic data storage yielding storage densities of
u p t o i TByte/cm3[1].

Up to date, we could only observe small structural
changes with population of the metastable states, e.g.
published in [2] for MS, and in [3] for MS,,. These
changes could be brought into relation to the observed
spectroscopic data [4] by a pseudo di-atomic potential
[5] only dependent on the position of the two involved
atoms in the oeriodic table.

New models got proposed in the meantime, assuming
significant change in the structure and by this a long
searched explanation for the stability of the metastable
states. One model used for MS, is an exchange of the
nitrogen and oxygen atoms in the NO-bond, going
from Fe-N-0 to Fe-O-N, and for MS,, a bending of the
NO-bond by 90°, based in principle on the
interpretation of anomalous temperature factors of the
N and O atoms. However, published data show this
only for related systems [6]. According to the authors it
exists also in the SNP-system [7]. As such changes
would be in agreement with our present calculations
using a local spin density functional [8], we decided to
re-investigate the existing neutron data using the new
models. This is motivated especially, as the oxygen
and nitrogen scattering lengths are rather different
(9.36 fm and 5.803 fm, respectively).On the other
hand, if the NO-bond would be bent by 90°, this should
be easily detected in the neutron data as the
scattering is done on the nucleus and not on the

electron shell. The details are discussed in [3] and [8].
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Fig. 1:
Model with
inversion of
NO as re-
action co-
ordinate.

Fig.2:
Model with
relaxed
bonding pro-
perties.

Fig. 3:
Energy scheme for the
model with relaxed
bonding properties as
reaction co-ordinate.
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EXPLORATORY INVESTIGATION OF THE TEMPERATURE DEPENDENCE OF THE
K2Na[Ag(CN)2]3 STRUCTURE BY HIGH-RESOLUTION NEUTRON AND

SYNCHROTRON X-RAY DIFFRACTION

P. Fischer, F. Fauth; Ph. Pattison (SNBL, ESRF, Grenoble); B. Lucas (Univ. of Queensland, Brisbane,
Australia); H. Patterson (Univ. of Maine, U.S.A.)

Complementary neutron and synchrotron X-ray diffraction studies yield evidence for anomalous
temperature dependencies of lattice parameters of K2Na[Ag(CN)2]3 .

1 INTRODUCTION

Based on X-ray single crystal measurements a layer
type crystal structure with symmetry corresponding to
space group P-31m was published for the inorganic
compound K2Na[Ag(CN)2]3 with linear N-C-Ag-C-N
groups by Zabel et al. at room temperature [1].

Optical investigations such as photoluminescence and
Raman spectra, which were recently performed on
this compound at the laboratory of H. Patterson,
indicated the occurrence of a structural phase
transition at temperatures around 80 K.

Therefore complementary high-resolution neutron and
synchrotron X-ray diffraction investigations were
started on D1A at ILL, Grenoble and on the powder
instrument of SNBL at ESRF, with the aim to
understand the anomalous optical properties of
K2Na[Ag(CN)2]3.

2 NEUTRON DIFFRACTION

First neutron diffraction measurements made on D1A
at ILL, Grenoble with 1.911 Ä neutrons indicate a
phase transition (a, b splitting, see Figs. 1 and 2)
already around 200 K and an anomalous increase of
lattice parameter c with decreasing temperature,
similar to TIAu(CN)2- Apart from essential preferred
orientation problems with fixed specimen the room
temperature structure [1] appears to be (with rotating
sample) approximately correct (Rß = 6 %).

, , D1A, 1.9114 A

100 150 200 250
T[K]

Fig. 2: Preliminary temperature dependencies of the
lattice parameters of K2Na[Ag(CN)2]3-

3 X-RAY DIFFRACTION AT SNBL

Test measurements performed at SNBL prove for
K2Na[Ag(CN)2]3 excellent sample quality with perfect
resolution, see Fig. 3. Based on these data already at
room temperature an orthorhombic unit cell is in better
agreement with the peak positions than the trigonal
model of ret. [1].
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Fig. 1: Temperature dependence of the neutron
diffraction patterns of K2Na[Ag(CN)2]3-

Fig. 3: SNBL diffraction pattern compared to D1 A.
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STRUCTURE OF Pd-CLUSTERS

A. Züttel (Univ. Fribourg), Ch. Nützenadel, G. Schmid; F. Fauth

We investigated the structure of Pd-clusters with 5-shells by means of X-ray diffraction and neutron diffraction.
The X-ray diffraction pattern of the Pd clusters shows broad but well defined diffraction lines. However, the
neutron diffraction pattern is dominated by the background, which originates from the ligands (Phenantroline).

1 Pd-Clusters

Large clusters samples (= 1g) of some noble
elements, e.g. Pd, with a narrow size distribution can
be synthesized [1] by the reduction of the metal-ions
with hydrogen gas in a solution of Pd"-Acetate. A
ligand shell (Phenantroline) stabilizes the clusters and
prevents the clusters from agglomeration. The
structure of clusters can be interpreted in terms of
closed shell models. Clusters are relatively more
stable if the number of atoms in clusters with an
icosahedral geometry is a magic number (13, 55,147,
309, 561, 923, 1415, 2057...) [2]. An icosahedron
consists of 20 faces, 30 edges and 12 corners. The
smallest member of the clusters with icosahedral
geometry is observed for N = 13, one interior atom
with two pentagonal caps. The number of nearest
neighbors in an icosahedron is larger than in a fee
lattice; that's the reason for its stability. The
icosahedron can be constructed from 20 slightly
distorted fee unit cells, whose faces are (111) planes
and which share common vertex. The interatomic
spacing is not uniform in an icosahedron. This leads to
a built-up of mechanical stresses, so that for large N (N
> 1500) the fee lattice becomes favored.

N13 "55

n = 2
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Fig. 1 : The serie of Mackay-clusters with a icosa-
hedral structure (n shells and N atoms).

2 EXPERIMENTAL SETUP ON D1A AT ILL

Neutron diffraction was performed on a 5g Pd-cluster
sample. The wavelength of the neutron beam was set
to 1.911 A. Approximately 5 g of the samples were
used for the neutron diffraction experiment. The
vanadium cylinder (diameter = 1 cm) was rotated
during the measurement at room temperature.

3 STRUCTURE OF Pd-CLUSTERS.

Bulk Pd crystallizes in a face centered cubic (fee)
structure (s.g. Fm-3m, No. 225) with the lattice
parameter a = 3.8874 A. The X-ray diffraction pattern
of the clusters shows well distinguishable peaks.
However the peaks are very broad due to the small
size of the clusters (the diameters of the clusters are:
5-shell 2.5 nm, 7-shell 3.37 und 8-shell3.82 nm). The
diffraction lines of the clusters are at the same 20-
angle, indicating that even the structure of the 5-shell
cluster is very close to the structure of bulk Pd.

120

Fig. 2: X-Ray diffraction pattern of Pd-clusters 5-
shells (top), Pd-clusters 7/8-shells (middle) and bulk
Pd powder (bottom).

0 20 40 60 80 100 120 140
28 [°]

Fig. 3: Neutron diffraction pattern of Pd-clusters (5-
shells, d = 2.5nm) and calculated positions for the
diffraction lines of bulk Pd.

4 DISCUSSION

The X-ray diffraction pattern of the Pd clusters shows
broad but well defined diffraction lines. However, the
neutron diffraction pattern is dominated by the
background, which originates from the ligands
(Phenantroline).
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The Mechanism of Hydrogen Diffusion in Nanocrystaliine Palladium Studied by QENS

S. Janssen
H. Natter, R.Hempelmann (Univ. Saarbrücken)

By means of quasielastic neutron scattering (QENS) for the first time the microscopic mechanism of hydrogen
diffusion within a nanocrystaliine metal has been investigated. It could be shown that the diffusion consists of
two processes, namely a slow diffusion within the nanocrystaliine grains that is already known from coarse
grained PdH and, secondly, a rapid diffusion process within the grain boundaries of the structure that is an
inherent property of a nanocrystaliine metal and is not observed in the coarse grained reference material.

Polycrystals with a strongly reduced grain size down
to the nanometer range are called nanocrystalline
materials. Due to the large fraction of atoms located in
disordered domains like grain boundaries this new
class of matter exhibits interesting physical properties.

Coarse grained Palladiumhydrid is one of the most
extensively studied metal-hydrogen systems, see e.g.
[1]. On the other hand the nanocrystalline pendant
macroscopically shows up an enhanced H-solubility
and diffusion coefficient.

The present study therefore aimed to investigate the
microscopic nature of the diffusion process in
nanocrystalline PdH by means of QENS. By the
combined use of backscattering and time-of-flight
techniques a broad dynamical range of four orders of
magnitude in energy transfer could be covered (108

s"1<co<1O12s"1). The diffusion process was
investigated dependent on temperature, H-loading,
grain size, and preparation technique [2].

The upper part of the figure to the right shows the
obtained quasielastic linewidths as a function of Q
from a backscattering instrument (BSS, FZ Julien).
The solid and dashed lines denote a description of the
data with the parameters known from H-diffusion
within coarse grained PdH which is described by the
Chudley-Elliot jump model. As one can see these
backscattering data are fairly well represented. The
attributed diffusion process within the nanocrystalline
domains is hence almost identical to the one found in
polycrystalline PdH. The lower part of Fig.1 on the
other hand shows a typical result obtained from the
TOF-spectrometer IN5/ILL. A significant line
broadening is observed which is not visible for the
polycrystalline reference material. The data were
simultaneously (all 8 Q-values) fitted with a diffusion
and trapping two state model [3]. The proper
description of the data implies that the rapid process
is due to a fast jump diffusion over H-interstitials
within the disordered grain boundaries. This fast
process (500 times faster than in polycrystalline PdH)
is hindered by H-traps which could be ascribed to
Oxygen-impurities from the preparation process.
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Fig. 1: Obtained quasielastic line width from
backscattering (upper part) and typical time-
of-flight spectra simultaneously fitted with the
two state model (lower part).
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HIGH-RESOLUTION NEUTRON DIFFRACTION STUDY OF THE
SUPERCONDUCTING HEUSLER ALLOY YbPcfeSn

A. Dönni (Niigata Univ.); P. Fischer, F. Fauth; Y. Aoki, H. Sugawara, H. Sato (Tokyo Metropolitan Univ.)

Bulk magnetic measurements and structural studies by means of powder neutron diffraction were
performed on the cubic Heusler superconductor YbPd2Sn at2K and 10 K.

1 INTRODUCTION

We intend to investigate by means of elastic neutron
scattering the magnetic Yb ordering of the special
superconductor YbPd2Sn. In this class of compounds
to our knowledge only for E_rPd2Sn a basic magnetic
structure corresponding to k = [1/2,1/2,1/2] has been
published [1].

As a first step we investigated the crystal structure of
YbPd2Sn at low temperatures.

2 BULK MAGNETIC PROPERTIES

We have prepared a large amount (> 10 g) of
annealed polycrystalline YbPd2Sn material, and no
impurity phase has been observed by x-ray powder
diffraction.
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1 : Magnetic phase diagram illustrating the
antiferromagnetic (AF) and superconducting
(SC) phase for our YbPd2Sn sample.

The magnetic phase diagram of the cubic Heusler
compound YbPd2Sn, is shown in Fig. 1 [2].
Superconductivity (Tc = 2.3 K) coexists with
antiferromagnetic order below T N = 0.21 K (Fig. 2).
Reentrant behavior in a magnetic field H = 0.05 T
implies competition between superconductivity and
antiferromagnetic correlations.

3 NEUTRON DIFFRACTION

By high-resolution neutron diffraction YbPd2Sn was
investigated on D1 A, ILL, Grenoble at 2 K and 10 K in
the superconducting and nonsuperconducting states,
respectively. Apart from AI lines presumably
originating from parts of the sample container, the
neutron diffraction patterns prove single phase quality
of the sample, as is illustrated in Fig. 3. The crystal
structure corresponds to space group Fm3m. Yb, Pd

and Sn occupy the special sites (4a), (0,0,0); (8c),
(1/4,1/4,1/4) and (4b), (1/2,1/2,1/2), respectively.

1.5 2.5
Temperature [K]

Fig. 2: Temperature dependence of the zero-field
specific heat C of our YbPd2Sn sample.

The 10 K and 2 K neutron diffraction patterns are
almost identical, yielding within error limits the same
lattice parameter a = 6.4347(1) A .

YbPd2Sn (+ Al), 2 K, D1A, 1.9112 Ä

Fig. 3: Observed, calculated and difference neutron
diffraction pattersns of YbPd2Sn.
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PROPERTIES OF REMANENT SUPERMIRROR BENDERS

P. Böni, D. Clemens, Senthil Kumar M., and T. Reif (Forschungszentrum Jölich)

Polarising supermirror benders have been characterised on various spectrometers at the spallation source
SINO. The results show that the benders yield an intense neutron beam with a polarisation P = 0.94 in a
field of 200 G. Even in the non-homogenous magnetic field of the earth, the benders can be operated as
spin selective devices yielding a beam with P = 0.79.

Supermirrors composed of layers Fe0SOCo04,V002/Ti:N
are an efficient means to polarise neutrons by total
reflection when magnetised. The critical angle of re-
flection is large for neutrons with the spin parallel to
the magnetisation M within the plane of the mirror and
small for the spin anti-parallel to M.

Using anisotropic sputtering conditions it is possible to
induce an anisotropic stress distribution within the lay-
ers that in turn leads to an easy axis of magnetisation
along the axis with the largest tensile stress due to
magnetostriction. As a result of the remanence of -40
G, FeCoV mirrors polarise neutrons even in zero or
small anti-parallel external magnetic fields.

In order to polarise neutron beams having a large
cross sectional area we have assembled neutron
benders consisting of curved stacks of supermirror
coated glass having a thickness of 0.2 mm. The re-
flection angle of the coating was 8 =0.3°A., where X is
the neutron wavelength in units of A. Fig. 1 shows the
excellent transmission T of a 290 mm long bender as
measured on DrüchaL T is reduced at small X due to
the forced bending of the glass plates.
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Fig. 1: Transmission of a short bender as measured
with DrüchaL. The solid line shows results of a Monte-
Carlo calculation.
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Fig. 2: The divergence of the transmitted beam is
slightly reduced with respect to the direct beam.

Finally, we have determined the polarisation P of the
transmitted neutron beam for various experimental
configurations (Fig. 4). First, we measured P with the
benders in the remanent state and the guide fields
reduced from 45 G to 10 G yielding P = 0.79. This
rather low value is due to the non-uniformity of the
earth's magnetic field and the stray fields around the
benders. In a second step we measured the polarisa-
tion of focusing benders that were kept magnetised in
a field of 200 G, yielding P = 0.94.
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Fig. 3: Uniformity of the transmission of a focusing
bender in the vertical direction.

In a next step we have measured the divergence of
the direct neutron beam and the beam after being po-
larised by the bender. Fig. 2 shows that the diver-
gence of the transmitted beam (X = 2.61 A) is only
slightly reduced from 1.41° to 1.17°. The beam is de-
flected by 1.34°. A similar experiment with X = 5.5 A
shows that the divergence is increased from 1.53° to
1.63°. These results are in agreement with predictions.

The very thin glass plates are kept aligned with re-
spect to each other by means of vertical AI spacers.
Fig. 3 shows that the uniformity of a bender is rather
homogenous over a beam height of 120 mm.

Clearly, the remanent neutron benders that we devel-
oped for SINQ have an excellent transmission, large
divergence, high polarisation, and are easy to handle.
They can be used as spin selectors as well.

Bender 2

Detector

Fig. 4: Experimental set-up for measuring the polari-
sation efficiency of benders.
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INTERFACIAL ROUGHNESS PROPERTIES OF Ce/Fe MULTILAYERS FROM
DIFFUSE X-RAY REFLECTIVITY

S. Tixier, D. Mannix (Univ. Liverpool), P. Böni, W.G. Stirling (Univ. Liverpool),
G. H. Lander (EITU), andM. Horisberger

Interfacial roughness in sputtered Ce/Fe multilayers was investigated by means of diffuse x-ray scattering
measured at the absorption edge energies of the materials. Fine details like the lateral and vertical
correlation lengths or the root mean square roughness of the two types of interfaces (Ce/Fe and Fe/Ce)
are obtained.

Ce/Fe multilayers grown by magnetron sputtering
were studied by diffuse x-ray scattering. Fine details of
the interfacial roughness were obtained by measuring
at energies close to the absorption edges of the
materials and in particular close to the CeL,,, edge. The
measurements were performed at Daresbury
Synchrotron Radiation Source (UK).

Fig. 1 shows transverse scans from a Ce/Fe
multilayer. The diffuse intensity was measured at the
3* Bragg peak and between the 2nd and the 31* peaks.
The data is fit using the distorted wave born
approximation (DWBA) [1].
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Fig. 1 : Transverse diffuse scans from a Ce/Fe
multilayer (crosses) and fits (lines) using the DWBA.
Note that the broadening of the specular peak has not
been accounted for in the model.

The specular peak is broadened due to the
presence of lateral structures in the samples caused
by plasma instabilities during the growth. The
interfacial roughness is found to be partially correlated
from one interface to another and a vertical correlation
length 4, of 850Ä corresponding to about half of the
total thickness of the film is obtained. Only an upper
limit of 200Ä can be determined for the lateral
correlation length as the diffuse scattering extend to
the geometrical limit of the measurement (Fig. 2). By
carefully fitting the dynamical features seen in the

diffuse scans (side peaks in Fig. 1), it was possible to
show that the Ce/Fe and the Fe/Ce interfaces have a
similar root mean square roughness of about 5Ä.

Using the parameters determined by means of
transverse and longitudinal diffuse scans a contour
map of the reflected intensity was calculated. The
diffuse scattering is concentrated in sheets through
the Bragg peaks due to the presence of correlated
roughness. Dynamical effects, greatly enhanced at the
CeLm edge energy, form streaks through the Bragg
peaks.
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Fig.2 : Calculated contour map of the reflected
intensity from a Ce/Fe multilayer using the DWBA.

The calculated contour map resembles very
closely the measured one and all the features of the
diffuse scattering can be explained within the DWBA.
However in this coplanar geometry the lateral
correlation length, being very small, could not be
obtained exactly and scaling exponents characterising
the type of growth could not be fit with a good
confidence. To answer these specific questions
complementary diffuse scattering studies in the non-
coplanar geometry similarly to what was presented in
[2] for a different material combination are needed.

[1] V. Holy and G. T. Baumbach, Phys. Rev. B 49,
10668(1994).
[2] S. Tixier, P. Böni, H. Van Swygenhoven, and M.
Horisberger, LNS annual report 1996
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X-RAY AND NEUTRON REFLECTIVITY FROM Ce/FeCoV MULTILAYERS

S. Tixier, D. Mannix (Univ. Liverpool), P. Böni, W.G. Stirling (Univ. Liverpool),
G. H. Lander (EITU), and M. Horisberger

Ce/FeCoV multilayers grown by magnetron sputtering exhibit perpendicular magnetic anisotropy for an
individual layer thickness of FeCoV below 15Ä. X-ray and neutron reflectometry have been employed in
order to characterise the structural and magnetic properties of the samples. A good accuracy in the
structural model parameters is obtained by fitting the x-ray reflectivity at different energies and in particular
close to the absorption edge energies of the materials. Polarised neutron reflection data are fit using the
structural model obtained from x-ray reflectivity and allow an accurate determination of the FeCoV
moments. FeCoV atomic planes close to the Ce interfaces are found to display a reduced moment.

Ce/FeCoV multilayers grown by magnetron sputtering
exhibit perpendicular magnetic anisotropy for an
individual layer thickness of FeCoV below 15Ä [1]. X-
ray and neutron reflectometry have been employed in
order to characterise the structural and magnetic
properties of the samples with various bilayer
thickness A. An example of which is presented here
for A=84Ä.

X-ray measurements were performed at
Daresbury Synchrotron Radiation Source (UK) and
neutron studies were conducted at ISIS, Rutherford
Appleton Laboratory (UK).

X-ray reflection was measured at different
energies and in particular close to the FeK and CeLm

absorption edges in order to increase the scattering
contrast between the layers. A simultaneous fit of the
data using the optical formalism and the kinematic
theory at low (<0.15Äf) and large qz (>0.15Ä'),
respectively, was performed (Fig.1). Thanks to this
procedure a good accuracy in the determination of the
structural model parameters was obtained.

U R2372 : [Ce(47Ä)/FeCoV(37Ä)]20

Fig. 1 : X-ray reflection curves (crosses) and fits
(lines) from a Ce/FeCoV multilayer at 10keV, 7.1 keV
(-FeK edge) and 5.7keV (~CeLm edge).

Furthermore the scattering length density of the
different materials was determined at various energies
and used in the fit of diffuse scattering experiments.
Indeed, close to the Ce edge a very high scattering
contrast leads to the appearance of dynamical effects
such as extinction which broadens the first order

Bragg peaks (Fig.1, 5.7keV). Dynamical effects were
taken advantage of in diffuse scattering experiments
allowing fine structural details to be determined [2].

Fig. 2 shows polarised neutron reflection curves
from the multilayer considered previously. The
measurement were performed at a temperature of 4K
and under a magnetic field applied in the plane of the
layers. The data were fit using few free parameters as
the structural model obtained from x-ray reflectivity
was essentially kept. The FeCoV moments were
obtained.

0.0

Fig. 2 : Neutron reflectivity curves (points) and fits
(lines) from a Ce/FeCoV multilayer with the incident
neutrons polarised parallel to the applied magnetic
field (+) and anti-parallel (-). For clarity the (-) curve is
shifted down by an order of magnitude.

FeCoV atomic planes close to the Ce interfaces
are found to display a reduced moment. A change in
the symmetry of the interfacial atoms as well as a
possible hybridisation of the FeCoV atoms with Ce are
responsible for this reduction. Interface anisotropy is
believed to play an important role in the perpendicular
magnetic anisotropy and further work is in progress in
order to determine the influence of interfacial stress on
the anisotropy.

[1] S. Tixier, D. Mannix, P. Böni, W.G. Stirling, and
G. H. Lander, Physica B 234-236, 473 (1997).
[2] S. Tixier, D. Mannix, P. Böni, W.G. Stirling, and
G. H. Lander, PSI annual report 1997.
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Ni/Ti MULTILAYER MONOCHROMATORS FOR NEUTRON REFLECTOMETERS

D. Clemens, R. Siebrecht, P. Böni, M. Hornberger, andA. Schreyer

Multilayer monochromators are an adequate alternative to crystal monochromators if restricted geometries
or resolution requirements govern the instrumental possibilities. An interesting option is the simple
conversion of a white beam time-of-flight (TOF) reflectometer into a constant wavelength reflectometer by
the insertion of a multilayer monochromator. This concept is faced to be realized on the new neutron
reflectometer AMOR at SINQ.

1. Introduction
Although white beam TOF reflectometry offers some
advantages over the constant wavelength (CW) or
•0-2$ mode there are experiments that prefer the
latter. Notably the high efficiency of Mezei type spin
flippers in combination with a good polarizer results in
near to optimum conditions if one performs polarized
neutron reflectometry. Continuous neutron sources
can be used to work with both, TOF and CW mode,
alternatively.

2. Considerations on Multilayer Monochromators
In the case of CW reflectometry the resolution Aq/q is
governed by

2(A?)2

q1

(Ad)2

with a contribution for the wavelength uncertainty
resulting from the band of acceptance of the
monochromator and the angular contribution as
defined by the slits. Hence, since the best condition is
to have equal contributions from both terms in the sum
one has to use a monochromator with AMX=Aq/(j2q).
The maximum as well as the integrated reflectivity R in
a Bragg peak of a multilayer with a bilayer spacing D
is proportional to the square of the contrast of the
scattering length densities of the two constituents as
well as of the square of the number of repeated
periods N. On the other hand the peak width goes with
1/Afrn where m is the Bragg order [1]. As total
reflection from the mirror gives rise to neutrons of
unwanted wavelength care has to taken to avoid
passing these neutrons to the sample. In this respect it
is helpful to produce a multilayer for which the Bragg
peak will appear at larger angles, i.e. small D.

3. Experimental
Ni/Ti is a material combination with high contrast and
can be produced with excellent interfaces by
sputtering. FeCoV/Ti:N is used for polarizing
monochromators and bandpass mirrors. We grew
several multilayers and took their reflectivity spectra
on ADAM at ILL. The FWHM for a Ni/Ti structure with
N=Z25 and D=5 nm shown in Fig. 2 is fitted to give
Ai3/tf=AA/k=1.2% Diffuse scattering and a relatively
poor peak reflectivity (R~20%) are challenges to be
overcome for an application in a reflectometer, e.g.,
AMOR. Less layers cause less interface roughness
and a low FWHM becomes possible at higher R.
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Fig. 2. First order peak of a Ni/Ti multilayer as measured on ADAM
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FigA: Principal setup of a fixed wavelength and a time-of-flight reflectometer
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X-RAY REFLECTIVITY MEASUREMENTS OF Ni/Ti MULTILAYERS

M.SenthilKumar, P.Böni, S.TixierandM.Horisberger

Ni/Ti multilayers have been investigated in order to study their interfacial properties and to improve the
reflectivity. Bilayer samples have been prepared by DC magnetron sputtering under different conditions.
X-ray specular and diffuse scattering measurements have showed a remarkable improvement in the
interface roughness when sputtering the Ni layers in an Ar/air mixture. These studies have helped us to
improve the performance of neutron supermirrors.

The nature of the interfaces of Ni/Ti multilayers plays a
crucial role in determining the reflectivity of the
multilayers. The reflectivity of these multilayers is low
due to large interface roughness and interdiffusion.
Because these multilayers are used as supermirrors in
neutron optical devices for achieving flux gain, the
modification of the interfaces in order to improve the
reflectivity is essential. By utilising x-ray and neutron
specular reflectivity as well as diffuse scattering
techniques, the modification of the interface structures
can be studied [1].

Samples were prepared by sputtering the Ti
layers in pure Ar and the Ni layers in partial pressures
of Ar and air for improving the reflectivity. Bilayer
samples of [Ni(50Ä)/Ti(50Ä)], sputtered at different air
flows clearly demonstrate a substantial change in the
interface structure as confirmed by x-ray reflectivity
measurements [2]. Figure 1 shows the x-ray specular
reflectivities of two samples, (a) prepared in pure Ar
and (b) in an Ar/air mixture. A remarkable change in
the reflectivity, as evidenced by the intensities of the
first superlattice peaks, is seen.

The x-ray diffuse scattering data also exhibit
similar features. Figure 2 shows the diffuse scattering
data of sample (b) in the form of contour map with qz

versus q/qz representation. This representation helps
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Fig. 1: X-ray specular reflectivity data of the bilayer
samples prepared (a) in pure Ar and (b) in Ar/air
mixture for Ni layers.

maintaining a regular grid when transforming from real
to reciprocal space. From the figure, the diffuse
sheets through the superlattice peaks (Holy bananas),
specular reflections (along qz) and Yoneda wings are
clearly seen. The presence of correlated roughness is
indicated by the Holy bananas. The superlattice
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Fig. 2: Contour map of the x-ray diffuse scattering
data of sample (b).

peaks in the region of specular reflection are visible up
to the third order.

Changes in neutron reflectivity analogous to the
x-ray measurements were made on supermirrors
prepared under identical sputtering conditions used for
the bilayer samples. Both x-ray and neutron
measurements suggest that there is a drastic change
of the microstructure resulting in smoother interfaces.
Since the performance of neutron supermirrors relies
upon the specular reflectivity region, a significant
improvement is achieved.
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10668
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(submitted)
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INVESTIGATION OF MULTILAYER MIRRORS WITH SYNCHROTRON RADIATION

H. Grimmer, D. Clemens, M. Hohsberger, U. Staub,
H.-Ch. Merlins, F. Schäfers (BESSY, Berlin)

Multilayer structures for the soft x-ray range were designed as normal incidence mirrors or as linear
polarizers at the Brewster angle. Their reflectance was measured with special emphasis on the absorption
edges of the multilayer materials. The measurements not only revealed pairs of reflectance peaks at the L
edges of Ti, V and Ni, which can be explained by the spin-orbit splitting of the p levels, but also a pair of
reflectance peaks at the K edge of carbon.

The multilayer structures were produced by sputter
deposition on silicon wafers and consisted of alter-
nating layers of W/C, W/Ti, Ni/Ti or Ni/V. They were
designed for high reflectivity either at an incidence
angle close to normal (© « 85°) or at the Brewster an-
gle (0 » 45°) for wavelengths close to the absorption
edges of C (284 eV), Ti (454 eV) or V (512 eV). The
reflectance of these mirrors for soft x-rays was
measured with the UHV three circle reflectometer at
the BESSY beamline PM-4.

Fig. 1 gives the reflectance of a W/Ti multilayer
mirror with a 3 nm layer of AI on top to protect the
underlying layers against corrosion. The layer thick-
ness was designed to give high reflectance at close to
normal incidence for photon energies E at the Ti L-
edge. Spin-orbit splitting leads to slightly different
binding energies L« for 2p</? and Lm for 2p^ electrons.
Below the L edges the reflectance R increases with
increasing E due to increasing contrast between the
real parts of the refraction indices of W and Ti, above
the L edges R drops rapidly due to the increase in the
imaginary part of the refraction index of Ti.

2- \
©=85'

1- 75 bilayers W/Ti
AI surface layer
period 1.40 nm

445 450 455 460 465eV

Fig. 1: Reflectance in % at the first Bragg peak as a
function of the photon energy E in eV. Notice that the
angle © varies simultaneously with E such that
Esin(©) remains constant.

Fig. 2 gives the reflectance of a Ni/V multilayer mirror
designed for high reflectance at the Brewster angle

for photon energies E at the V L-edge. Notice that the
reflectance R behaves in the same characteristic way
at all 3 L-edges shown in Figs. 1 and 2.
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Fig. 2: See caption of Fig. 1.

Fig. 3 shows the reflectance of a W/C multilayer
mirror designed for high reflectance at the Brewster
angle for energies at the C K-edge. In this case the
reason for the double peak structure is different: the
first reflectance minimum (at 285 eV) is due to a r*
resonance, the second (around 300 eV) to o*.
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Fig. 3: See caption of Fig. 1.
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NEW DEVELOPMENTS IN THE SPUTTERING LABORATORY

M.Horisberger, H.Grimmer, M.Pepin, J.Schumacher, M.Simmonds, P.Böni

The sputtering equipment has been moved to new laboratory rooms. The successful production of
supermirrors and other thin film applications is continuing. Some auxiliary devices have been added to
improve the performance.

In spring this year our sputtering plant Z600 was
relocated from the east to the west side of the campus
(Fig. 1). In the new laboratory rooms we are
successfully continuing the production of supermirrors
and polarizers for neutron spectrometers. Many thin
films and multilayers are being coated for PSI groups
or other laboratories. Particularly we are now able to
coat substrates with metals such as Ti, AI, Nb, Si., etc
and their oxides or nitrides over large areas.

Fig.1: A hole in the Diorit wall was necessary to take
the sputtering machine from its old site.

A small sputtering plant TIPS! having one single
chamber was built recently for coating substrate
dimensions up to 10x10 cm* (Figs. 2 and 3). The
attached software allows the production of multilayers

Sputter-chamber

-Targeis

consisting of up to 9999 layers and also stationary
sputtering i.e. coating without moving the substrate. It
is foreseen as an experimental as well as a regular
production equipment. It is also equipped with a liquid
nitrogen trap and a mass spectrometer that allows us
to improve and to control the vacuum conditions.

Fig.3: The sputtering plant TIPSI with the electronics
and the recipient.

Using this plant, several X-ray mirrors (Fig. 4) and
multilayers have been coated. Presently we are
improving the sputtering conditions for a variety of
applications.

Gas inlets

Fig.2: Schematic diagram of the TIPSI.

Fig.4: X-ray reflectivity of a [Ti/Ni]1S0 bilayer sample with
a d-spacing d = 2.53 nm.
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STATUS OF THE SINQ HIGH RESOLUTION POWDER DIFFRACTOMETER HRPT
FOR THERMAL NEUTRONS

P. Fischer, M. Koch, R. Thut, J. Schefer, M. Brändle; N. Schlumpfetal., G. Agardi

Essential progress has been made concerning the monochromator shielding including the shutter insert
for the monochromatic beam, the vertically focusing wafer type Ge monochromator and with respect to
the prototype multidetector.

1 MONOCHROMATOR

The monochromator shielding of HRPT including the
shutter insert for the monochromatic neutron beam
has been finished and tested successfully.

Fig. 1 shows the mechanics of the new, vertically
focusing wafer type Ge (hkk) monochromator of
HRPT with (511) planes parallel to the plate surface.
Each slab with thickness 9.6 mm may be adjusted
with respect to three directions. The monochromator
was successfully oriented and tested on TOPSI and
Drüchal at SINQ (cf. Figs. 1 - 3).

HRPT Wafer Gc (511) Monochromator Slab,

max. mosaic (fwhm) = 0.223(3)°. U 1.7 A

•50.2 -30.0 -49.1 -»46 ' -49.A
co (degrees)

HRPT Wafer Ge (511) Mosaic Anisotropy
0.2*,

JO « f t ) S f c 100 120
Idegree»!

Fig. 1: 28.5 cm high, vertically focusing HRPT wafer
Ge monochromator (511).

HRPT Water G« Mon. (511), plate 7, \ . IM A

HRPT Wafer G . Mon. (311), plate 7, X > 1.9S A

Fig. 3: Gaussian mosaic distribution and anisotropy
of a single HRPT monochromator plate.

2 MULTIDETECTOR

The test results obtained on the final Cerca prototype
detector LCP-128 on TOPSI at SINQ with a 1 mm
wide neutron beam of wavelength X = 4.35 Ä are
excellent (Fig. 4) and prove the correctness of the
symmetric concept developped by E. Berruyer. The
characteristics resembles the one of a single detector.
The resolution is 3 %. Earliest in March 1998 HRPT
with large multidetector LCP-1600 and newly
developped electronics will be ready for first tests.
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Fig. 2: Rock scans of a HRPT monochrom, plate. Fig. 4: HRPT prototype detector characteristics.
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Single Crystal Diffraction Instrument TriCS

J. Schefer, P.Keller, M.Koch, R. Thut, H. Senn, G. Agardi, M. Lüthy

The new single crystal diffractometer TriCS (Triple Counter Single Crystal Diffractometer) is close to
completion. It will be installed at the thermal beam tube 42. The instrument is equipped with a Ge wafer
monochromator which has been successfully tested at SINQ. We present here first flux measurements of
the position 42/SINQ. Results of the microstrip detectors are presented in a second article within this report.

Fig. 1: Mounting of the monochromator lift outside of
the main shielding by B8/PSI. Electronics/electric:
N. Schlumpf, construction: G. Agardi.

6000

74.75 75.00 7525 75.50 75.75

»fi
Fig. 2: Rocking curve of a single Ge311-slab measured
at TOPSI/ SINQ using a perfect Ge-monochromator.

After completion of the monochromator mechanics
(Fig. 1) and testing of the individual slabs (Fig. 2), the
focusing Ge3,,-monochromator (Fig. 3) has been
installed at its final position and first beam tests (Fig.
4) were successfully performed using the former P2AX
spectrometer, as problems with the microstrip
detector have been localised, but could not be
corrected for within this accelerator cycle. The flux
measured with the high resolution Ge311-
monochromator using Au-foils is 5.7-10s n/cmVs/mA
focusing the beam to a height of 40mm (20mm is
possible if fully adjusted, yielding a first gain factor of
two). For flux comparisons: DMC at Saphir/
Ge31l/X=1.7Ä: 510s, DMC at SINQ/ C002A^2.56Ä:

5.3-10s. A second gain factor of two is possible for
measurements of e.g. magnetic structures, phase
transitions and superstructures when using a focusing
C^-monochromator instead of the high resolution
mode described here. Results of the present
microstrip detectors are given in a second article
within this report.

Fig. 3: Completed focusing TriCS monochromator with
9 slabs, each 12.5mm high. Mechanics designed by
M. Koch and R. Thut, Ge composite wafer crystals:
J.Schefer et al.

o «-©«- oo

JLJLJLJ

Fig. 4: First pattern of AI2O3 measured at the TriCS-
sample position 42/SINQ with the new Ge31,-wafer-
monochromator, X=1.15Ä. The recording is not
corrected for fluctuations of the source (present peak
current: 820uA).
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Neutron Microstrip Detectors for TriCS

J. Schefer, N. Schlumpf, M. Emmenegger, M. Koch, R. Thut, J. Egger

We are developing a new microstrip detector with 172 mm by 190 mm size. We present here the results of the
PSI 203 with the Schott S8900 microstrip plate using charge division readout. The detector is foreseen to be
installed as the first of three detectors at TriCS/SINQ. The detector is using an analogue electronic of PSI
especially adapted to the high capacities of this type of detectors.

Microstrip detectors are very promising for neutron
scattering experiments due to three facts: 1. The
plates can be produced industrially and copied at
moderate costs. 2. The gain is uniform due to the very
accurate geometrical arrangement of the stripes. 3.
The high voltage necessary is rather moderate (for
the PSI 203 +1000 Volt on the front and -400 Volt on
the backside). Charge division readout is the first
choice for this type of detectors as it is easy to
integrate directly a resistivity line into the design of the
microstrip plate itself.
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Fig. 1: Oscilloscope view of 4 of the 9 signals after
charge amplification. AV2 (1) and AV3 (2) are
connected to the front anode, AR2 (3) and AR4 (4)
are on the backside. The energy signal KV2 from the
front side is used here as a trigger of the other 4
signals. The scale of the oscilloscope is 5V7cm in the
vertical direction for all signals.
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Fig. 2: Energy spectrum using a partially moderated
AmBe-source. The voltages applied on the front side
are +1000 and +100 Volts, on backside we are
operating with -400 Volt.
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Fig. 3: Signal distribution on the four charge division
readouts used. The neutrons were collimated by lead
1 cm wide and 2 cm high. The amplification of the
three types of signals are not identical, but adapted to
the available amounts of charge in this layout.

A further change in order to overcome the problem of
the high capacities (4nF) of this type of design has
been proposed by Capeans et al [1]. It is possible to
remove the cathode from the front side which reduces
the amount of material on this side from approximately
512|tim/1000fim to 12fim/1000ujn and allows to use
glass substrates of 0.8 mm instead of 0.4 mm as used
in our design. Both changes will reduce the capacities
significantly and yield bigger signals, less noise and
shorter charge collection times.

AVI

AV2

AV3

AR2 AR3 AR4

I203 i Bidim-200

Fig. 4: Schematic drawing of the present and future
layout. KV2 (energy) is removed in the new ILL
design Bidim-200).

The new plate will be developed by ILL and be
available within 1998.

[1] M. Capeans et al.,CERN-PPE/97-61, subm. to NIM
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SINQ'S VERSATILE TWO-AXIS DIFFRACTOMETER FOR NEUTRON OPTICS AND
BEYOND

D. Clemens, M. Senthil Kumar, St. May, and P. Keller

The former test diffractometer which has been operated at PSI's SAPHIR reactor during the last years of
commissioning has been moved to SINQ and extended into a multi purpose two-axis diffractometer.
During this years operation of the source the instrument has already proven that it is of beneficial
importance for instrumentation activities and the developments in the multilayer group.

1. Introduction
The testdiffractometer was of decisive help for the
tests of the supermirror coatings for neutron guides as
long as it could operate on a thermal beam port at
SAPHIR. The need of such an instrument for the
developments initiated for the instrumentation of SINQ
led to the decision to reconstruct and improve the
diffractometer to be then operated on a cold neutron
beam position.

2. Instumental Design
Placed at the beam port of one of the standardized
monochromator shieldings at SINQ's guides a flat
HOPG monochromator feeds TOPSI with neutron
wavelengths between 0.175 nm and 0.612 nm.
Instead of the HOPG a Si-111 or Ge-220 can be used.
The instruments support is a aluminum frame that has
the flexibility to shorten the detector arm on which the
detector can be moved to any desired position. An
open geometry around the sample goniometer and on
the detector arm makes it possible to arrange
spacious equipment on the instrument. Polarized and
unpolarized reflectometric measurements and simple
crystallographic tasks are the domain of TOPSI as
well as it is a basis for tests and preliminary
measurements in the development of new
instrumentation concepts. The instrument is operating
since 7 August 1997. Unique possibilities exist for the
characterization of neutron optical coatings.

Fig. 1: A view from the detector side (black container). The sample position is
above the center of the platform that is situated between the detector and the
aggressively coloured monochromator drum.

TOPSI is comparable to the CRG instruments ADAM
and EVA at the ILL but currently lacks in flux by a
factor -10 (EVA) and -50 (ADAM), respectively.
Scheduled instrumentation upgrades like a cooled
Be-Filter and polarized neutron equipment will help to
overcome this gap. For further gains in the signal to
noise ratio a focusing monochromator and
modifications on the detector are envisaged. An
advantage of TOPSI is its versatility as it offers
enough space to install large additional
instrumentation on the frame. One example is a
multireflection table that -still during operation on
SAPHIR - proved to be a success in the supermirror
test series for SINQ's neutron guide coatings.
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Fig. 2 . Reftectometry data from a 300 bilayer Niffi multilayer. This figure
exemplarily shows the intensity range that is achievable without additional efforts.
As the quality of this PSI multilayer is very high three Bragg orders are visible.
Large granges are accessible. Here, 70 mrad = 4° 4 2.09 ran'.

3. Experimental
Important components of other SINQ spectrometers
have already been tested or aligned with neutrons on
TOPSI before being inserted into their native
instrument. Linear and x-y-detectors, crystal
monochromators, collimator packets for Fermi
choppers elements for polarized neutron setups have
been checked and used on the instrument.
Concerning research activities thin films and
multilayers will remain a dominant field as most other
diffractive work can be done better on dedicated
instruments at SINQ. On the multilayer side, important
work on stress free high-gc supermirrors within the
European XENNI project as well as measurements on
polarizers and multilayers have been carried out.
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NOB: CONCEPT FOR A NEUTRON OPTICAL BENCH AT SINQ

E.Jericha (PSI)

A neutron optical bench is planned to be installed as a second generation instrument at SINQ. The main
idea for the instrument is the realisation of a very flexible facility for perfect crystal neutron optics. Stage 1
of the implementation concept is presented.

Perfect crystal neutron optics is seen as a comple-
mentary addition to the instrumental programme at
SINQ. To cover a broad range of applications a very
flexible set-up is proposed where several experimental
configurations can be realised. The dedicated place
for the instrument is located at the cold neutron guide
1RNR12. A single monochromatic neutron beam is
deflected out of the neutron guide by a pyrolytic
graphite monochromator crystal. (The extraction of
several monochromatic neutron beams is considered
for upgrading.) The neutron beam is directed onto the
neutron optical table which rests on air pads and can
be rotated around the centre of rotation of the mono-
chromator crystal. Between the monochromator and
the optical table neutron polarizers or a chopper for
time resolved measurements can be foreseen. The
proposed layout of the instrument is illustrated in Fig.
1. Two positions of the optical bench are shown which
correspond to minimal deflection angle 28m = 30° (X =
1.74 A, E = 27.1 meV) and maximum deflection angle
28m = 140° (X = 6.30 A, E = 2.06 meV). In general the
width of the wave length spectrum reflected by a py-
rolytic graphite crystal (AX/X - 10* ... 10 s ) is 2 or 3
orders of magnitude larger than the width of the spec-
trum accepted by a perfect silicon crystal (AX/X - 10'5).
Thus, multiple usage of even a single extracted neu-
tron beam can be taken into consideration as well.

Fig. 2 shows 4 different experimental configurations
which are expected to be used on NOB. (a) Small an-
gle scattering camera for very high Q-resolution: the
sample is placed between two perfect silicon crystals
acting as monochromator and analyzer, respectively.
Different crystal shapes and neutron beam path geo-
metries are possible. A range 10s A"1 < Q £ 10"3 A'1 for
the scattering wave vector is expected. (Ref. [1-3]). (b)
Double Crystal Diffractometer (DCD): one crystal of
the DCD set-up is used as reference crystal at fixed
environmental conditions while the other represents
the sample crystal at variable conditions (temperature,
magnetic field, strain, impurities) characterizing e.g. a
phase transition. Very small lattice distortions can be
measured with a resolution of the order of 10** de-
pending on the crystal quality, (c) Neutron interfer-
ometry: depending on the stability (with respect to
temperature, vibration levels and mechanical stability
of the goniometers) of the neutron optical bench a
perfect silicon crystal interferometer set-up could be
realised. The sample can be put into one or both arms
of the Mach-Zehnder interferometer. Possible applica-
tions are described in [4]. (d) Resonator set-up: up to
now resonator set-ups have been objects of study in

their own right. Several configurations based on per-
fect silicon crystal mirrors are still to be investigated. A
sample position within a standing neutron wave field or
at least a sample to be traversed by the neutrons for
several times is indicated. For recent work on such a
system cf. [5].
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Fig. 1: Layout of the Neutron Optical Bench (stage 1).
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FAIL-SAFE SECONDARY SHUTTER FOR THE MONOCHROMATIC NEUTRON
BEAM OF HRPT AT SINQ

M. Koch, H. Wehrli, P. Fischer

A new fail-safe shutter system with diaphragms for the monochromatic neutron beam was installed for
the HRPT powder diffractometer at SINQ and successfully tested.

At the end of November 1997 a newly developped,
fail-safe shutter for the monochromatic neutron beam
was installed in the 90° plug of the HRPT neutron
powder diffractometer at the thermal neutron channel
41 of SINQ and successfully tested. It is illustrated in
Figs. 1 to 3.

Fig. 1: Mounting of the HRPT shutter.

Fig. 2: Front view of the HRPT shutter with optional
beam width reduction to optimize resolution.

Two rotors close the 60x240 mm2 beam area rapidly
by the force of a spring system in case of electrical
power failure or if one wants access to the instrument.

The neutron beam may be opened by means of air
pressure, and the positions of the shielding cylinders
are monitored by end switches. Mechanically the
precisely manufactored shutter works very well. In the
closed position of the shutter there are in the center
along the beam direction from the monochromator in
the first drum with diameter 120 mm 24 mm lead, 5
mm boron plastic, 1 mm cadmium, 5 mm boron plastic
and 25 mm polyethylene. The second drum contains
along the beam direction 25 mm lead, 2x5 mm boron
plastic and 25 mm lead.

Closest to the monochromator the neutron beam
width may be reduced by two diaphragms, consisting
of 5 mm boron plastic, 1 mm cadmium and 6 mm steel
(as seen along the beam from the monochromator).
The diaphragms may be positioned according to the
desired beam cross section accurately in the range
from 0 to 30 mm, as may be seen from Fig. 1. A
similar diaphragm system is in successful use at D2B,
ILL, Grenoble for the optimization of the resolution
function according to the experimental needs.

Fig. 3: Schematic top view of the HRPT shutter.

First tests of the closed shutter with SINQ operating
with a proton current of 830 \iA yielded from the point
of view of radiation shielding satisfactory results.
About 50 nS/h Y were detected for the closed shutter,
compared to 1500 u.S/h y for completely open beam,
measured at 3 cm from the shutter in the central
beam position (with a 30x5x0.6 cm3 steel scatterer at
the monochromator position and fully open beam from
the water scatterer of SINQ). Corresponding final
neutron tests are less critical (monochromatic neutron
beam) and will be made in June 1998.
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NEUTRON POWDER DIFFRACTION PATTERN OF DIFFERENT MICA SPECIES;
POTENTIAL MONOCHROMATOR AND ANALYZER MATERIAL FOR HIGH-RESOLUTION

SPECTROMETERS

P. Allenspach, M. Gutmann, F. Fauth

Mica which includes more than 30 natural species belongs to the silicate class of minerals and has a
typical d-spacing of 10 A along the c-axis. This large d-spacing and the layered structure (layers
perpendicular to c-axis) makes it interesting as a potential monochromator or analyzer material for low
monochromator/analyzer energies and high resolution.

Mica belongs to the silicate class of minerals of which
more than 30 natural species are known (best known
are: Muscovite, Biotite, Lepidolite, and Phlogopite).
The general chemical formula of mica is:
AB3C(Si,AI)3O10(OH,F)2 (A: Ba, K, Li, Na, orCs; B: Fe,
Mg, AI, Zn, Mn, Li, or V; C: AI, Be, Si, or B). The
natural micas are solid solutions of some of the above
mentioned elements at the positions A, B, and C and
form sheets perpendicular to the c axis with a typical
d-spacing of 10 A (001 or 002, depending on the
crystallographic space group used). While mica has a
long history of industrial and scientific use (electrical
isolation material for high temperatures, dielectrica in
condensers, X-ray and optical windows in cryostats,
X/2-plates in optics, and sample support for scanning
microscopy) only recently its possible application in
neutron scattering was investigated and mica has
been used or has been planned to be used as
monochromator (Los Alamos, PSI) or analyzer
material (ISIS, KENS, PSI) since. Despite this
increased interest in mica the neutron properties of its
individual members are still unknown and only
Muscovite has been used up to now.

We plan to build an IRIS-type inverted geometry time-
of-flight (TOF) backscattering instrument (called
MARS) at SINQ. As for IRIS the analyzers are
planned to consist of mica due to its large d-spacing.
Since the details of the construction of the instrument
depends vitally on the properties of the mica (5d/d,
mosaicity, d-spacing, relative intensity of the 00L
reflections) we gathered test samples of many of the
natural mica species. In addition, for a successful
application of mica in an instrument the background
has to be as small as possible.

First measurements have been performed on D1A
(ILL, Grenoble) on powder samples of Biotite,
Lepidolite, and Muscovite in order to get an idea
about the relative size of the 00L reflections and the
incoherent background. As can be seen in Fig. 1
these two properties are strongly depending on the
type of mica. Biotite seems to be much better suited
as a monochromator or analyzer material than
Muscovite, since the background is about two times
lower and the 002 reflection 3 times stronger. But for
instruments where the 004 reflection is used (which is
very often the case for IRIS) Biotite is not a good
candidate due to the absence of this reflection in this
material.

Further powder diffraction and single crystal
measurements are planned for these and other

members of the mica family in collaboration with
groups from ILL, ISIS, and NIST.
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Fig. 1: Neutron powder diffraction pattern of three
different species of mica.
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EXPERIMENTAL SETUP FOR THE GENERATION OF LIGHT INDUCED
SUPERCONDUCTIVITY

U. Gasser, P. Allenspach, M. Koch, R. Thut, and A. Furrer

The critical temperature of superconductivity (Tc) of RBa&u&e+x C" = Y, rare earth; 0.4<x<1.0) can be
increased by several Kelvins by irradiation with visible light. In order to detect an irradiation-effect in a
neutron experiment, a big amount of sample has to be irradiated. For this purpose an experimental setup
for the irradiation of powder-samples with light has been built.

It is a weflknown fact that the physical properties of
YBa2Cu3O6+x strongly depend on the oxygen
concentration x. For 0 < x < 0.4 YBa2Cu3O6+x is an
antiferromagnetic insulator while it is superconducting
for 0.4 < x <1.0. Experiments on thin layers of
YBa2Cu3O6+x have shown that Tc is increased by
several Kelvins when the sample is irradiated with
visible light [1]. The effect of irradiation on the electric
resistivity of a YBa2Cu3O6.6-sample is shown in Fig.
1. This effect is most striking when an insulating
sample with x = 0.4 becomes superconducting
because of irradiation. At room-temperature the Tc of
an irradiated sample decreases to its original value
within several hours. But at liquid nitrogen
temperature (77 K) the decay-time can be taken to be
infinite. This indicates that by irradiation with light a
metastable state is populated. Several models have
been developed to clarify the nature of this metastable
state. All these models involve a transfer of positive
charge into the superconducting CuO2-planes. Such a
charge transfer can be detected by neutron crystal
electric field spectroscopy, when a magnetic rare
earth ion on the Y-site is used as a probe: The
splitting of the ground state J-multiplet of the 4f-shell
can be measured by neutron scattering. This splitting
is caused by the charge distribution in the surrounding
of the rare earth ion and is therefore very sensitive to
a charge transfer to the CuO2-planes.
For the neutron experiment described above a sample
mass of about 30 g has to be irradiated. Two things
are crucial for a successful experiment: 1) To irradiate
a big fraction of the sample volume the sample should
consist of a very fine powder. A grain diameter of 1u.m
would be ideal. 2) The powder has to be cooled
continuously during illumination in order not to
depopulate the metastable state by heating the
sample with the light.
To overcome the second difficuly we have built an
apparatus for irradiation as shown in Fig. 2. The
ErBa2Cu3O6.6-powder is diluted in liquid nitrogen in a
special dewar which is closed by a plexy-glass lid.
Since irradiation times of up to several days will be
needed, an apparatus for automatic nitrogen refills is
needed. The liquid nitrogen with the powder is stired
with a propeller to avoid for sedimentation of the
powder. We use an Oriel 1000 W Xe arc lamp as light
source. To reduce the infrared part in the spectrum of
the lamp we use a water-filter. This is done in order
to minimize heating of the sample.
A test of the irradiation-setup will be the next step in
the realization of the experiment: A sample with
known T c and oxygen-content will be irradiated.
Measurements of the magnetic susceptibility before
and after the irradiation will be used to detect a
change in Tc and/or the magnetic behaviour.
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STORAGE OF MULTIPLE NEUTRON PULSES WITH PERFECT CRYSTALS

E.Jericha (PSI)
D.E. Schwab, M. Jäkel, ft Loidl and H. Rauch (Atominstitut Wien, ATI) and

C.J. Carlile (ISIS)

Up to now single neutron pulses from the pulsed neutron source ISIS have been stored between two per-
fect crystal plates with the neutron storage apparatus VESTA. We report now that multiple neutron pulses
of cold neutrons have been stored simultaneously for the first time. This represents an important step in
the development of an advanced beam tailoring tool ("neutrons on demand").

A layout of the instrument where the experiments have
been conducted is given in Fig. 1. Monochromatic cold
neutrons (X = 6.27 A) are reflected out of the white
spectrum of the IRIS beam line (1) at the pulsed neu-
tron spallation source ISIS by means of a pyrolytic
graphite crystal (2). Arriving at the silicon crystal mirror
plate (3) the neutrons' transmission probability is
changed due to their interaction with the magnetic en-
trance field (4). Without it the neutrons to be stored
would not be able to pass the crystal plate but get re-
flected. Being behind the first crystal plate within the
cavity the neutrons travel inside an uncoated glass
guide (5) and arrive at the second crystal mirror plate
(6). With no magnetic field present they are reflected
towards the first crystal plate where the short-pulsed
magnetic entrance field has already been turned off
and the neutrons are trapped inside the storage appa-
ratus. To release the stored neutrons from the cavity a
short-pulsed magnetic exit field (7) is switched on at
the second crystal plate. The transmission probability
for the neutrons is altered again to allow them to pass
the mirror plate and get registered at the detectors (8).
A high speed shutter (9, HISS) was installed recently
for efficient background reduction. The signal to back-
ground ratio is improved by several orders of magni-
tude for certain time channels. The background stems
from the fact that the spectral width of the neutron dis-
tribution reflected at the pyrolytic graphite crystal is
almost 3 orders of magnitude larger than that ac-
cepted by the perfect storage crystal. The detection of
multiple stored neutron pulses has only been made
possible after the installation of the HISS. Storage of
multiple neutron pulses has been proposed in [1-3].
The temporal distribution of a single stored neutron
pulse (FWHM » 140 us) mirrors the moderation proc-
ess for 6.27 A neutrons in the 25 K H2 moderator. The
temporal width corresponds to a spatial package
length of ~ 9.5 cm while the distance between the
crystal plates is about 1 m. Therefore, in principle, up
to 20 neutron pulses could be stored at the same time,
depending on the mechanism for neutron entry. The
TOF-spectrum for 3 neutron pulses stored simultane-
ously for the first time is shown in Fig. 2. The neutron
pulses entered the storage device 80 ms and left it 40
ms after each other while staying - 210 ms together.
This clearly shows the beam manipulation possibilities
in the time domain. The transmission probability for
neutrons through a crystal plate depends on the
strength of the magnetic gate field. Since the magnetic

entrance and exit pulses are generated from capaci-
tors only charged once, the transmission probability is
reduced from one neutron pulse to the next due to
inherent losses. Therefore the detected intensity de-
creases from pulse 1 to 3 in Fig. 2.

Fig. 1: Layout of the Viennese nEutron STorage Ap-
paratus VESTA. The numbers are explained in
the text.
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stored neutron pulses.
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S. Janssen
"FOCUS": A NEW TIME-OF-FLIGHT SPECTROMETER AT PSI
Seminarvortrag anl. "Physical Chemistry Round Table", LLB, Saclay, France, 1.12.97.

E. Jericha
NEUTRON SRORAGE WITH PERFECT CRYSTALS AT A PULSED SOURCE
LNS Vortrag (Seminar), 2.6.97.

E. Jericha
NEUTRONENSPEICHERUNG MIT PERFEKTKRISTALLEN
Auswahlvortrag für den Dr. Ernst-Fehrer-Preis, Technische Universität Wien, Austria, 4.11.97.

E. Jericha
NOB, KONZEPT EINER NEUTRONENOPTISCHEN BANK
2. Sitzung des Wissenschaftlichen Ausschusses der SINQ, 21.11.97.

E. Jericha, H. Rauch, C.J. Carlile, and M. Jäkel
STORAGE CONCEPTS FOR COLD NEUTRONS BY PERFECT CRYSTALS
Conf. Material Research Using Cold Neutrons at Pulsed Neutron Sources, Argonne, U.S.A., 25.-26.8.97.

E. Jericha, D.E. Schwab, C.J. Carlile, M. Jäkel, R. Loidl, S. Pascazio, and H. Rauch
STORAGE OF COLD NEUTRONS WITH PERFECT CRYSTALS
47. Jahrestagung der Österreichischen Physikalischen Gesellschaft, Wien, Austria, 22.-26.9.97.

E. Kaldis, G. Böttger, and Ch. Krüger
PHASE SEPARATION PHENOMENA IN OXYGEN- AND CALCIUM-OVERDOPED 123: EXISTENCE OF MORE
THAN ONE PHASE
5 t h International Conference: Materials and Mechanisms of Superconductivity - High-Temperature
Superconductors, Beijing, Republic of China, 28.2.-4.3.97.

E. Kaldis, K. Conder, Ch. Krüger, G. Böttger, J. Röhler, A.W. Hewat, E. Liarokapis, N. Poulakis, and D. Palles
LATTICE DISTORTIONS AS A FUNCTION OF DIPING IN OXYGEN OVERDOPED 123
5 t h International Conference: Materials and Mechanisms of Superconductivity - High-Temperature
Superconductors, Beijing, Republic of China, 28.2.-4.3.97.

L. Keller
NEW POWDER DIFFRACTOMETERS AT SINQ
Workshop on Advanced Neutron Powder Diffraction Instrumentation and Data Analysis Techniques, Toronto,
Canada, 22.8.97.

L. Keller, A. Dönni, H. Kitazawa, J. Tang, F. Fauth, and M. Zolliker
MAGNETIC PROPERTIS OF PrPdAI and NdPd AI
International Conference on Neutron Scattering, ICNS'97, Toronto, Canada, 17.-21.8.97.
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M. Könnecke
NXDICT: A DICTIONARY BASED APPROACH FOR READING AND WRITING NEXUS DATA
New Oportunities for Better User Group Software, Argonne National Laboratory, Argonne, U.S.A., 10-12.12.97.

M. Könnecke and H. Heer
SICS: SINQ INSTRUMENT CONTROL SOFTWARE
Data Aquisition Systems for Neutron Experimental Facilities, Danef, Dubna, Russia. 2.-4.6.97.

M. Könnecke and H. Heer
SICS: SINQ INSTRUMENT CONTROL SOFTWARE
New Oportunities for Better User Group Software, Argonne National Laboratory, Argonne, U.S.A., 10.-12.12.97.

M. Könnecke, P. Klosowski, and J. Tischler
NEXUS A PROPOSAL FOR A COMMON DATA FORMAT FOR NEUTRON AND X-RAY SCATTERING
Data Aquisition Systems for Neutron Experimental Facilities, Danef, Dubna, Russia. 2.-4.6.97.

M. Könnecke, P. Klosowski, J. Tischler, R. Osborn, F. Akeroyd, and N. Maliszewskyj
NEXUS A PROPOSAL FOR A COMMON DATA FORMAT FOR NEUTRON AND X-RAY SCATTERING
New Oportunities for Better User Group Software, Argonne National Laboratory, Argonne, U.S.A., 10.-12.12.97.

Manickam Senthil Kumar, P. Böni, and S. Tixier
ON THE STRUCTURAL PROPERTIES OF Ni/Ti MULTILAYERS
International Conference Surface X-ray and Neutron Scattering, Oxford, UK, 13.-17.7.97.

Manickam Senthil Kumar, P. Böni, S. Tixier, and D. Clemens
INVESTIGATION OF SPUTTERED Nt/Tt MULTILAYERS
International Conference on Neutron Scattering, ICNS'97, Toronto, Canada, 17.-21.8.97.

Manickam Senthil Kumar, P. Böni, S. Tixier, and D. Clemens
STRESS MINIMIZATION IN SPUTTERED Ni/Ti SUPERMIRRORS
International Conference on Neutron Scattering ICNS'97, Toronto, Canada, 17.-21.8.97.

J. Mesot, G. Böttger, and A. Furrer
SYMMETRY OF THE PSEUDOGAP IN UNDERDOPED HTSC: AN ENERGY DEPENDENT NEUTRON CRYSTAL-
FIELD SPECTROSCOPIC STUDY
Swiss Workshop on Superconductivity and Novel Metals, Les Diablerets, Switzerland, 30.9.-2.10.97.

J. Mesot, G. Böttger, A. Furrer, and P. Berastegui
TEMPERATURE DEPENDENCE OF CRYSTAL-FIELD TRANSITIONS IN CUPRATE SUPERCONDUCTORS
5 t h International Conference: Materials and Mechanisms of Superconductivity - High-Temperature
Superconductors, Beijing, Republic of China, 28.2.-4.3.97.

J. Mesot, G. Böttger, A. Furrer, and P. Berastegui
CRYSTAL-FIELD SPECTROSCOPIC EVIDENCE FOR A PSEUDOGAP IN THE NORMAL STATE OF
UNDERDOPED CUPRATE SUPERCONDUCTORS
5 th Summer School on Neutron Scattering - Cold Neutrons: Large Scales - High Resolution, Zuoz, Switzerland, 9.-
15.8.97.

J. Mesot, G. Böttger, A. Furrer, and P. Berastegui
TEMPERATURE DEPENDENCE OF CRYSTAL-FIELD TRANSITIONS IN CUPRATE SUPERCONDUCTORS
International Conference on Magnetism, Cairns, Australia, 27.7.-1.8.97.

A. Mirmeistein, E. Mitberg, E. Khlybov, P. Fischer, and A. Furrer
NEUTRON DIFFRACTION AND NEUTRON SPECTROSCOPIC STUDIES OF CRYSTALLINE ELECTRIC FIELD IN
AISr2LnCu207 (Ln=Y,Er,Ho)
International Conference on Neutron Scattering ICNS'97, Toronto, Canada, 17.-21.8.97.

H. Natter, M. Schmelzer, S. Janssen, and R. Hempelmann
NANOCRYSTALLINE METALS AND OXIDES LPULSED ELECTRODEPOSITION
96. Hauptversammlung der Deutschen Bunsen-Gesellschaft für Physikalische Chemie, Darmstadt, Germany, 8.-
10.5.97.

V. Nunez, A.T. Boothroyd, J. Reynolds, J. Penfold, S. Langridge, D.G. Bucknall, P. Böni, D. Clemens, and M.
Senthil Kumar
IMPROVEMENTS TO THE POLARISED-NEUTRON REFLECTOMETER CRISP
International Conference on Neutron Scattering ICNS'97, Toronto, Canada, 17.-21.8.97.
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A. Podlesnyak, A. Mirmelstein, V. Voronin, E. Mitberg, E. Khlybov, F. Fauth, M. Zolliker, P. Fischer, and A.
Furrer
NEUTRON DIFFRACTION AND NEUTRON SPECTROSCOPIC STUDIES OF CRYSTALLINE-ELECTRIC-FIELD IN
1212 AISr2LnCu2O7-x

XV International Workshop on the Applications of Neutron Scattering to Solid State Physics, Zarechny,
Ekaterinburg Region, Russia, 17.-23.3.97.

F. Schäfers, H.-Ch. Mertins, I. Packe, F. Schmolla, S. di Fonzo, G. Soullie, W. Jark, H. Grimmer, P. Böni, D.
Clemens, M. Horisberger, N.N. Salashchenko, and E.A. Shamov
EXPERIMENTAL MULTILAYER SURVEY IN THE VUV
Materials, Manufacturing, and Measurement for Synchrotron-Radiation Mirrors, SPIE Conference 3152, San Diego,
U.S.A., 30.-31.7.97.

F. Schäfers, H.-Ch. Mertins, I. Packe, F. Schmolla, S. Di Fonzo, G. Soullie, W. Jark, H. Grimmer, P. Böni, D.
Clemens, M. Horisberger, N.N. Salashchenko, and E.A. Shamov
EXPERIMENTAL MULTILAYER SURVEY IN THE SOFT X-RAX RANGE
Nanometer-scale Methods in X-Ray Technology, Lisbon, Portugal, 6.-9.10.97.

J. Schefer
UNTERSUCHUNG VON METALLHYDRIDSPEICHERN MIT NEUTRONENSTREUUNG
Veranstaltungsreihe Interdisziplinarität am PSI: Eine Herausforderung. Thema Mobilität. PSI Villigen, Switzerland,
17.3.97.

J. Schefer
STATUS OF THE PSI MICROSTRIP DETECTORS
Workshop Microstrip Detectors, PSI Villigen, Switzerland, 17.10.97.

J. Schefer, B. Delley, Th. Woike, and H. Grimmer
METASTABLE STATES OF SODIUMNITROPRUSSIDE Na2[Fe(CN)5NO] 2D2O
European Crystallographic Meeting EUCR 17, Lissabon, Portugal, 24.-28.8.97.

J. Schefer, S. Fischer, M. Böhm, L. Keller, M. Horisberger, M. Medarde, and P. Fischer
COMPOSITE GERMANIUM NEUTRON MONOCHROMATORS - RESULTS FOR THE TRICS
International Conference on Neutron Scattering, ICNS'97, Toronto, Canada, 17.-21.8.97.

J. Wagner, S. Janssen, M. Hirscher, P. Boesecke, and R. Hempelmann
GROWTH KINETICS OF NANOCRYSTALLINE CuTi BY MEANS OF TIME RESOLVED SAXS
96. Hauptversammlung der Deutschen Bunsen-Gesellschaft für Physikalische Chemie, Darmstadt, Germany, 8.-
10.5.97.

Th. Woike, U. Dörfler, G. Hoyer, M. Imlau, V. Angelov, and J. Schefer
OPTISCH ANGEREGTE METASTABILE ELEKTRONENZUSTÄNDE IN METALL-NITROSYLVERBINDUNGEN
15. Vortragstagung der Fachgruppe Photochemie, Cologne, Germany, 19.-21.11.97.

S. Tixier, P. Böni, Y. Endoh, B. Roessli, and G. Shirane
POLARIZATION DEPENDENCE OF THE MAGNETIC FLUCTUATIONS IN THE WEAK ITINERANT
FERROMAGNET MnSi BELOW Tc

International Conference on Neutron Scattering, ICNS'97, Toronto, Canada, 17.-21.8.97.

S. Tixier, P. Böni, and H. van Swygenhoven
NON-SPECULAR X-RAY REFLECTION FROM SPUTTERED Ni3AI/Ni MULTILAYERS
5 th Surface X-ray and Neutron Scattering (5SXNS), Oxford, U.K., 14.-17.7.97.
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SEMINARIEN UEBER NEUTRONENSTREUUNG

31.01.97 Or. Andreas Bill, Lawrence Berkeley National Laboratory, Berkeley, U.S.A.
UNCONVENTIONAL ISOTOPE EFFECTS IN SUPERCONDUCTORS

02.05.97 Danny Mannix, University of Liverpool, U.K.
X-RAY EXPERIMENTS ON ANTIFERROMAGNETIC ACTINIDES AND MAGNETIC MULTILAYERS

27.05.97 Dr. D.N. Aristov, Laboratoire Leon Brillouin, CE-Saclay, France, and
Petersburg Nuclear Physics Institute, St. Petersburg, Russia
THE INDIRECT RKKY INTERACTION IN THE NEARLY-NESTED FERMI LIQUID

02.06.97 Dr. Jan van Elp, ISA, Institute of Physics and Astronomy, Univ. of Aarhus, Aarhus, Denmark
SOFT X-RAY MAGNETIC CIRCULAR DICHROISM ON PARAMAGNETIC BIOINORGANIC
SYSTEMS

02.06.97 Dr. E. Jericha, Atominstitut der österreichischen Universitäten, Wien, Austria
NEUTRON STORAGE WITH PERFECT CRYSTALS AT A PULSED SOURCE

24.06.97 Prof. H. Oesterreicher, UCSD Department of Chemistry, La Jolla, U.S.A.
CELL VOLUME EXPANSIONS AND BULK SUPERCONDUCTIVITY AS A RESULT OF NEW O
INTERCALATION ORDER NEAR HALF FILLING IN RBa2Cu3Oy

19.09.97 Dr. Claude M.E. Zeyen, Institut Laue-Langevin, Grenoble, France
MULTI-PURPOSE DOUBLE CRYSTAL SPECTROMETER WITH DUAL POLARISED BEAM

19.09.97 Dr. Claude M.E. Zeyen, Institut Laue-Langevin, Grenoble, France
THERMAL NEUTRON SPIN ECHO THREE-AXIS SPECTROMETER WITH jieV ENERGY
RESOLUTION

03.10.97 Matthias Brändle, Laboratorium für Neutronenstreuung, ETH Zürich & PSI, Villgen PSI, CH
TESTS VON SPEKTROMETERKOMPONENTEN AUF DEM TESTSPEKTROMETER TOPSI AN
DER SINQ

09.10.97 Prof. Oscar Moze, Universita di Parma, Parma, Italy
CRYSTAL FIELD INTERACTIONS IN TETRAGONAL RCU4AI8 INTERMETALLICS

17.10.97 Jens Schumacher, Laboratorium für Neutronenstreuung, ETH Zürich & PSI, Villigen PSI, CH
DIE AUFLÖSUNGSFUNKTION DES DREIACHSENSPEKTROMETERS: DEKONVOLUTION VON
ANREGUNGSSPEKTREN

24.10.97 Dr. Niels van Dijk, CEA / Grenoble, France
NEUTRON EXPERIMENTS ON HEAVY-FERMION SYSTEMS AND LIQUID 3He

04.11.97 Dr. A. Mirmelstein, Institute for Metal Physics, Ekaterinburg, Russia
CRYSTALLINE-ELECTRIC-FIELD (CEF) SPECTRUM IN ErBa2Cu3O6+x VERSUS HOLE DOPING:
EVIDENCE FOR CHARGE ORDER IN THE CuO2 PLANES

12.11.97 Prof. P. Alekseev, Russian Research Centre "Kurchatov Institute, Moscow, Russia
NEUTRON STUDY OF EXCITATION SPECTRA FOR SOME Sm- AND Ce-BASED UNSTABLE
VALENCE SYSTEMS

16.12.97 Martha Lazzarini, Universita di Parma, Parma, Italy
NEUTRON POWDER DIFFRACTION INVESTIGATION OF THE MAGNETIC STRUCTURE OF Tb
SUBSTITUTED LaMn2Si2 INTERMETALLICS
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LNS-REPORTS

LNS-191 THE CRYSTAL FIELD IN RARE EARTH BASED HIGH-TEMPERATURE SUPERCONDUCTORS
J. Mesot and A. Furrer
August 1997

LNS-192 NEUTRONENSTREUUNG - ANNUAL PROGRESS REPORT 1997
Februar 1998
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VORLESUNGEN

Prof. Dr. A. Furrer

ETH Zürich, SS 97:

• Neutronenstreuung in der Festkörperphysik II

ETH Zürich, WS 97/98:

• Neutronenstreuung in der Festkörperphysik I

PD Dr. H. Grimmer

ETH Zürich & Universität Zürich, WS 97/98:

• Kristallographie I für Physiker
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WORKSHOPS

23.04.97 RNiO3 Perovskites

• M. Medarde, Laboratorium für Neutronenstreuung ETHZ & PSI
INTRODUCTION TO RND3 PEROVSKITES

• K. Conder, Laboratorium für Festkörperphysik, ETHZ
16o - 18o EXCHANGE IN NICKEUTES: COMPARISON WITH MANGANITES

• P. Lacorre, Laboratoire des Fluorures, University du Maine, France
TM.| ISOTOPE SHIFT AS OBSERVED BY DSC

• M. Medarde, Laboratorium für Neutronenstreuung, ETHZ & PSI
TM.| ISOTOPE SHIFT AS OBSERVED BY NEUTRON DIFFRACTION

• M. Medarde, Laboratorium für Neutronenstreuung ETHZ & PSI
IMPLICATIONS FOR THE MECHANISM OF THE METAL-INSULATOR TRANSITION

• J. Mesot, Laboratorium für Neutronenstreuung ETHZ & PSI
PRESSURE DEPENDENCE O F T M - | AND T O R

11.07.97 Neutron Backscattering

• CJ . Cariile, ISIS Facility, Rutherford Appleton Laboratory, Didcot, U.K.
THE BACKSCATTERING SPECTROMETERS IRIS & OSIRIS

• A. Heidemann, Institut Laue-Langevin, Grenoble, France
BACKSCATTERING AT THE ILL

• B. Alefeld, Forschungszentrum Jülich, Germany
THE BACKSCATTERING SPECTROMETER MUSICAL

• P. Allenspach, Laboratorium für Neutronenstreuung, ETHZ & PSI
THE BACKSCATTERING SPECTROMETER MARS

17.10.97 Microstrip Detectors

• K.M. Enevoldsen, Rise National Laboratory, Roskilde, Denmark
THE RIS0 NATIONAL LABORATORY MS-DETECTOR

• H. Larsen, Riso National Laboratory, Roskilde, Denmark
DIGITAL REAL-TIME PROCESSING OF NUCLEAR DETECTOR SIGNALS

• B. Guerard, Institute Laue-Langevin, Grenoble, France
DEVELOPMENT OF 2D MSGC DETECTORS AT ILL: LARGE AREA DETECTORS

• J. Uckelmann, Institute Laue-Langevin, Grenoble, France
APM (ANALOGIC POSITION MEASUREMENT)

• J. Schefer, Laboratorium für Neutronenstreuung, ETHZ & PSI
MSGC DETECTORS FOR SINQ AT PSI

• N. Schlumpf, Paul Scherrer Institut
MICROSTRIP DETECTORS DEVELOPED AT PSI

21.11.97 Powder Neutron Diffraction

• A.W. Hewat, Institute Laue-Langevin, Grenoble, France
HIGH-RESOLUTION POWDER NEUTRON DIFFRACTION

• J. Rodriguez-Carvajal, Laboratoire Leon Brillouin, Saclay, France
CHEMICAL AND MAGNETIC STRUCTURES

• A.M. Balagurov, Frank Laboratory of Neutron Physics, Dubna, Russia
HIGH-RESOLUTION REVERSE FOURIER TOF POWDER NEUTRON DIFFRACTION
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MITWIRKUNG IN WISSENSCHAFTLICHEN KOMMISSIONEN UND
GREMIEN

P. Allenspach

• Wissenschaftlicher Ausschuss der SINQ: Sekretär (seit 1995)

• European Neutron Scattering Association (ENSA): Assistant Secretary (seit 1997)

P. Böni

• Vorstand der Schweizerischen Gesellschaft für Neutronenstreuung: Sekretär (seit 1991)

• Projektkomitee "Neue Technologien für polarisierte Neutronen", Verbundforschung des
Bundesministeriums für Bildung und Forschung, BRD (seit 1994)

• Nutzerausschuss des Berliner Neutronenstreucentrums, Hahn-Mettner-Institut, Berlin, BRD
(seit 1995)

• ENSA Working Group "Neutron Optics": Convenor (seit 1997)

P. Fischer

• Scientific Committee of HRFD Neutron Diffractometer, Frank Laboratory of Neutron Physics,
Dubna, Russia (seit 1995)

• Forschungskomitee mSR, Paul Scherrer Institut, Villigen (seit 1996)

A. Furrer

• Vorstand der Schweizerischen Gesellschaft für Neutronenstreuung: Präsident (seit 1991)

• Internationaler Wissenschaftlicher Rat des Projektes "Spallationsneutronenquelle AUSTRON",
Wien: Vorsitzender (seit 1993)

• PSI Summer Schools on Neutron Scattering: Programme Chairman (seit 1993)

• Projektkomitee "Räumliche und zeitliche Korrelationen in magnetischen Materialien",
Verbundforschung des Bundesministeriums für Bildung und Forschung, BRD (seit 1994)

• Projektkomitee "Lokalisierung leichter Atome und Bestimmung von magnetischen
Ordnungszuständen in Strukturen neu synthetisierter Verbindungen aus dem Bereich der
Festkörperchemie", Verbundforschung des Bundesministeriums für Bildung und Forschung,
BRD (seit 1994)

• ISIS Scheduling Panel "Excitations", Rutherford Appleton Laboratory, Didcot, U.K. (seit 1995)

Neutron Sources Working Group of the OECD MEGASCIENCE FORUM (seit 1996)

• Round-Table on Neutron Sources, EC "Large Scale Facilities" Programme (seit 1996)

• Swiss Workshop on Superconductivity and Novel Metals: Steering Committee (seit 1996)

• International Conference on Neutron Scattering ICNS'97: Advisory Committee (1997)

• IAEA Technical Committee Meeting on Neutron Beam Research: Programme Chairman
(1997)
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A. Furrer (Fortsetzung)

• Expert Panel, Swedish Natural Science Research Council (1997)

• Executive Board of the European Neutron Scattering Association (ENSA): Chairman (seit
1997)

H. Grimmer

• Schweizerische Gesellschaft für Kristallographie: Editor SGK Newsletter (seit 1997)

H.Heer

ENSA Working Group "Software" (seit 1995)

S. Janssen

• FRM-II Instrumentierungsgruppe "Inelastische Streuung mit mittlerer Energieauflösung" (seit
1995)

• ENSA Working Group TOF devices" (seit 1995)

J. Mesot

• Subcommittee "Structural and Magnetic Excitations" of the Scientific Council, Institute Laue-
Langevin, Grenoble (seit 1996)

• FRM-II Instrumentierungsgruppe "Inelastische Streuung mit hoher Energieauflösung" (seit
1995)

J. Schefer

• ENSA Working Group "Monochromators" (seit 1995)
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FORSCHUNGSKONTRAKTE

V. Aksenov, Y. Ossipyan, M.V. Lomonosov, B.P. Konstantinov, V. Trounov, V. Somenkov, F. Bourse,

P. Fischer

Structure investigations of novel materials by the method of high-resolution neutron diffraction

INTAS-RFBR Projekt No. 95-639,17.12.96-16.12.98

P. Böni

EU-TMR Network XENNI (The 10-Member European Network for Neutron Instrumentation)

BBW-Forschungsprojekt Nr. 95.0531,1.1.96-31.12.99

P. Böni, H. van Swygenhoven, P. Buffat, H.K. Grimmer

Nanoscaled artificial multilayers synthesized by magnetron sputtering: Structural coherence

NF-Forschungsprojekt Nr. 2000-049328.96, 1.4.96-31.3.98

A. Furrer

Cooperation in Science and Research with CEEC/NIS (1996-1998):

5th Summer School on Neutron Scattering

NF-Projekt Nr. 7CO 51587,1.7.97 - 31.12.97

A. Furrer

SQUID-Magnetometer

ETHZ-Kredit Nr. 0-43-720-97, 1.10.97 - 30.9.98

A. Furrer, P. Allenspach

Experimente an der Neutronenquelle des Hahn-Meitner-Instituts, Berlin

BBW-Projekt Nr. 96.0436, 1.4.97 - 31.12.97

A. Furrer, P. Böni

EU-TMR Network PECNO (Perfect Crystal Neutron Optics)

BBW-Forschungsprojekt Nr. 96.0263,1.4.97 - 31.12.99

A. Furrer, P. Böni, P. Fischer, P. Allenspach

R'EQUIP: SQUID Magnetometer

NF-Projekt Nr. 2160-051594.97,1.10.97 - 30.9.98
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A. Furrer, P. Fischer, P. Allenspach

Magnetic Neutron Scattering from Superconducting Materials

NF-Forschungsprojekt Nr. 20-45173.95, 1.4.96 - 31.3.98

A. Furrer, A. Junod, B.N. Goshchitskii, E. Khlybov

Cooperation in Science and Research with CEEC/NIS (1996-1998): Institutional Partnership

NF-Projekt Nr. 7IP0501621.7.97 - 31.12.98

R. Hempelmann, S. Janssen

Aufbau eines zeitfokussierenden Flugzeitspektrometers für kalte Neutronen an der Spallationsquelle

SINQ des Paul Scherrer Institutes in Villigen

BMBF-Projekt Nr. 03-HE4SA2-2,1.4.95-31.3.98

S.Janssen

Kontrastvariierte Neutronenkleinwinkelstreuung an anorganischen Kolloiden

DFG-Projekt Nr. Ja 842/1-1 & 1-2, 1.7.97-30.6.2000

H.J. Scheel, H.J. Hug, H.K. Grimmer

Preparation and magnetic studies of isolated pinning defects in a structurally perfect matrix of YBCO

NF-Projekt Nr. 2100-046126.95, 1.4.96-31.3.99

A. Schenck, A. Balagurov, A. Zakharov, P. Fischer

ßsR and neutron diffraction study of phase separation phenomenon in HTSC and related compounds

NF-Projekt Nr. 7SUPJ048473, 1.9.96-31.8.98
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MITARBEITERVERZEICHNIS

Neutronenstreuung:

Röntgenstreuung:

EDV:

Elektronik:

Konstruktion:

Mechanik:

Sekretariat:

Doktoranden:

Diplomanden:

Praktikanten:

P. Allenspach
P. Böni
W. Bührer
D. Clemens
F. Fauth
P. Fischer
A. Furrer
W. Henggeler
S. Janssen
E. Jericha
L. Keller
S.K. Manickam
M. Medarde
J. Mesot
B. Roessli
J. Schefer
M. Zolliker

H. Grimmer

H. Heer
M. Könnecke

A. Isacson

L Holitzner
P. Keller

P. D6carpentrie
S. Fischer
M. Horisberger
M.Koch
R. Thut

D. Castellazzi

G. Böttger
U. Gasser
M. Gutmann
F. Semadeni
S. Tixier

M. Böhm, TU Graz
N. Cavadini, ETH Zürich

T. Bonelli, ETH Zürich
M. Brändle, ETH Zürich
N. Cavadini, ETH Zürich
M. Graf, ETH Zürich

(t November 1997)

(am ILL Grenoble)

(Univ. Saarbrücken)
(ab Juli 1997)

(bis September 1997)
(bis September 1997)
(ab April 1997)

(am ILL Grenoble)

(Univ. Saarbrücken)

(am ILL Grenoble)

(ab Oktober 1997)

(ab September 1997)
(ab Oktober 1997)

(Februar und Mai 1997)
(Juli bis September 1997)
(Februar 1997)
(Februar 1997)

J. Schumacher, Univ. Mainz (August bis Oktober 1997)
T. Speck, ETH Zürich (Februar 1997)
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ZUM GEDENKEN AN DR. WILLI BÜHRER

Lieber Willi,

Am 3. November 1997 habe ich Dich an unserer monatlichen Laborversammlung
überrascht: Ich durfte Dir die Leistungsprämie 1997 des LNS-ETHZ überreichen, in
Anerkennung Deiner kompetenten Projektleitung bei der Installierung der SINQ-Instrumente
für Neutronenstreuung, die Du mit grösster Effizienz und überdurchschnittlichem Engagement
ausgeführt hast. Es war auch kein Wunder, dass gerade Dein Spektrometer, das "DrüchaL"
(Drüachsigs am ehalte Leiter) als erstes am 1. Juli 1997 fertiggestellt und betrieben werden
konnte. Das haben wir alle am 9. Juli 1997 mit Stolz und Genugtuung gefeiert (siehe Bild).
Inzwischen hat Dein "DrüchaL" schon viele innovative Resultate erbracht, worüber in
wissenschaftlichen Zeitschriften schon bald zu lesen sein wird. Neben Deinen
Managementaufgaben in der Instrumentierung warst Du aber in erster Linie ein hoch motivierter
Forscher, und Du hast unser Jahresmotto "Jede(r) lernt im Jahre 1997 etwas Neues" ernst
genommen: Am 4. November hast Du Dich zusammen mit Urs Staub und einem
Gastwissenschaftler zu einer Reise an die ESRF in Grenoble aufgemacht, um am dortigen
Synchrotron erste Erfahrungen in einer Dir neuen Technik zu gewinnen. Vorausschauendes
Planen war schon immer Deine Stärke, und kurz vor der französischen Grenze habt ihr Halt
gemacht, um das Auto aufzutanken, denn in Frankreich war ja die Lastwagenblockade im
Gange. Du solltest Dein Ziel nicht mehr erreichen. Beim anschliessenden Kaffee geschah das
Unfassbare: Dein Herz hörte plötzlich auf zu schlagen. Auch die sofortigen Bemühungen
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Deiner Kollegen und des Notarztes konnten Dir nicht mehr helfen. Du bist von uns gegangen,
unerwartet, im Zenith Deiner beruflichen Tätigkeit, in Deinem 60. Altersjahr.

Ich lernte Dich vor vielen Jahren zu Beginn unseres Physikstudiums an der ETH Zürich
kennen. Im Jahre 1964 hast Du das Diplom als Physiker erlangt und anschliessend an Deiner
Dissertation in der Delegation für Ausbildung und Hochschutforschung unter der Leitung von
Prof. W. Hälg am damaligen EIR gearbeitet. Im Jahre 1969 wurde Dir von der ETHZ die
Doktorwürde verliehen. Seither hast Du hier in Würenlingen/Villigen mit Leib und Seele als
Neutronenstreuer gewirkt. Dabei kamen Dein umfassendes Wissen und Deine Kreativität für
wegweisende Arbeiten in der Gitterdynamik und in der instrumenteilen Entwicklung voll zum
Tragen. Als im Jahre 1984 das LNS gegründet wurde, war es für mich klar: Du musstest mir als
stellvertretender Leiter in meiner Aufgabe beistehen, aus dem LNS das zu machen, was es
heute ist: Ein international viel beachtetes Zentrum der Neutronenstreuung, das schon
Hunderte von Gastwissenschaftlern angezogen hat. Sie alle kamen ans LNS nicht nur wegen
der exzellenten Experimentiermöglichkeiten, sondern vor allem, weil sie den Kontakt mit Dir
suchten. Es war für alle stets ein Erlebnis, mit Dir zusammen zu experimentieren und dabei von
Deiner grossen Erfahrung und Deiner sprichwörtlichen Intuition profitieren zu dürfen.

Ganz besonders lag Dir die Ausbildung der Doktoranden, Diplomanden und
Praktikanten am Herzen. Du hast Dutzende von ihnen in Deiner ganz persönlichen Art in die
Geheimnisse der Neutronenstreuung eingeführt, um sie zu kritischen und
verantwortungsbewussten Nachwuchsforschern zu erziehen. Deine Vorträge waren stets ein
Leckerbissen. Du hast es wie kein zweiter verstanden, die physikalischen Phänomene aus den
komplizierten Formalismen ihrer mathematischen Beschreibung herauszuschälen und
anschaulich darzustellen, gepaart mit humorvollen Einlagen und Überraschungseffekten. Denn
Du wusstest, Physik ist eine trockene Materie, und Du hast sie uns auf Deine Weise
verständlich gemacht.

In der Freizeit standen Familie und Sport ganz im Zentrum Deiner Interessen. Im
Orientierungslaufen hast Du in Deiner Jugendzeit internationale Erfolge erzielt, eine
Familientradition, die nun Dein Sohn Thomas erfolgreich weiterführt, was Dich stets mit grosser
Genugtuung erfüllt hat. In den vergangenen Jahren hast Du an den traditionellen Atomiaden
dem Sportclub des PSI in verschiedenen Disziplinen zu Medaillenehren verholfen. Deine
Familie hat sich am Leben des LNS stark engagiert. Gerne erinnern wir uns an die von Deiner
leider früh verstorbenen Gemahlin Jacqueline liebevoll organisierten Jahresschlussfeiern des
LNS in der Waldhütte von Endingen. Auch Deine Tochter Jos6fine war für das LNS stets
hilfsbereit zur Stelle, insbesondere im letzten Jahr bei der Organisation der 1. Europäischen
Konferenz über Neutronenstreuung in Interlaken mit 700 Teilnehmern, die ohne Deine
kompetente Mitarbeit nicht so reibungslos abgelaufen wäre. Dein Wirken war eingebettet in
Familie, Beruf und Sport, und Du hast diese drei Reiter Deines Lebens zu einer echten
Symbiose gebracht.

Nun bist Du nicht mehr unter uns. Wir sind sehr traurig und tief bewegt. Wir haben mit Dir
nicht nur einen hervorragenden Neutronenstreuer mit internationaler Ausstrahlung und
Anerkennung verloren, sondern vor allem einen stets hilfsbereiten, lieben Kollegen und
Freund. Du hast bei der Entwicklung des LNS und der Neutronenstreuung nicht nur Spuren
hinterlassen, sondern sie mit Deiner Persönlichkeit geprägt und Akzente gesetzt, die in
Deinem Sinne bestehen bleiben werden. Dafür danken wir Dir von ganzem Herzen. Wir werden
Dich stets in bester Erinnerung behalten.

Villigen, 7. November 1997 Albert Furrer



91

Oben: Morgenessen in einer Autobahnraststätte
auf dem Weg ans ILL (ILL-Exkursion, 1988).

Links: Willi mit einem eben erstandenen - stark
riechenden - Edamer (Amsterdam, 1996).

Oben: Die Zusammenarbeit vom LNS mit dem
Team des Budapest Research Reaktors wurde
massgeblich von Willi anlässlich des LNS-
Besuchs in Budapest (1994) initiiert.

Rechts: Jacqueline und Willi Bührer waren stets
bereit, gesellschaftliche Anlässe des LNS zu
organisieren und zur Unterhaltung an diesen
beizutragen (70. Geburtstag von Prof. W. Hälg,
1987).
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LNS BILDERBOGEN Bilder der Neutronenleiterhalle (1.12.1997)

Dreiachsen Spektrometer DrüchaL.

Neutronenleiterhalle mit
TASP, DMC, TOPSI und
DrüchaL (von vorne nach
hinten).
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