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Dear Zeader,

This booklet summarises the scientific activitifthe Research Institute for Solid
State Physics and Optics in 1998.

Our Institute was founded by the Hungarian Acadeifrfyciences in 1981 as part
of the Central Research Institute for Physiocs1992 we became an independent
institute with the name : "Research Institute folidState Physics".

On the 1st January, 1998 the Crystal Physics Ladagyreof the Hungarian
Academy of Sciences joined our Institute as a pfathe reorganization process of
the academic institutes and at the same time theenaf the institute has been
changed to "Research Institute for Solid State iekyand Optics”. In this way our
Institute has three new departments: Nonlinearumahtum Optics, Crystal Physics
and Crystal Technology.

The main profile of the Institute is to do basisearch in the fields of theoretical
and experimental solid state physics and mates@énce, including metal physics
and liquid crystal research, theoretical and expenital optics, including laser
physics and the interaction of light with matteur@xperimental research activity is
connected to unique methodologies based on largeredium sized facilities like
X-ray diffraction, NMR-, Mdssbauer-, and optical esproscopies and neutron
scattering experiments at the KFKI Research Reactor

Some of our research (R & D) activities are mouesely related to applications,
first of all in the fields of optical thin films,aker applications, crystal growing
technologies and metallurgy.

The major part of our research activity is finanbgdhe Hungarian Academy of
Sciences and the National Research Fund throughosiupg individual projects
(OTKA). The participation of our research groupsimernational projects has
become more and more significant in supportingresearch.

International cooperation plays an important raiethe scientific work of our
research groups. We have living contacts with atgramber of research institutions
and universities. In more than half of our publicas there are foreign co-authors
indicating the significant role of these contacibe different EU, ESF, COST,
NATO and other international projects play a rapidcreasing role in our research
activity. It is expected that the share of thesmueces in our budget will increase
with the evolution of the integration process of ocountry.

Our Institute has been taking part traditionallygmdual and to a larger extent in
postgradual education. Details of this activity al® given in this booklet.

An important measure of our results is the numbidesceentific publications in
high quality international journals: we have pulbbid more than 170 papers in



international journals and conference proceediigs number of publications (per
scientists) is similar to that in the previous gear

The year 1998 has been a "year of changes" inféheflthe Institute, the director
has changed too, since the former director ProfbBid Krod undertook a position
in the new Hungarian Government.

| hope that this Annual Report gives useful infotiora to the reader. To help to
get in contact directly to our scientists, thiokiet contains their E-mail addresses
too. Our WEB-page may serve further informatiotht® reader.

Budapest, December 1, 1998
’ ’
Gdnos Kolldr

Director



Key figures

Permanent staff of the Institute: 154 employees. stdistribution:

a) by professions:

14%

H
O scientists f

8%

H engineers
M technicians/assistants
Bl administrators

66%

b) by scientific titles/degrees:

B member of Hungarian
Academy of Sciences

M doctor of science (Dr.
habil.)

Ocandidate of science
(Ph.D.)

B university doctor

c) by ages:
40
351
under 30 years 307
M 30-40 years 251
W40-50 years % 20 Al \ i
B50-60 years 157 | o




Financial management
a) Sources of operation costs:

5 3% 14%

%
H

OMTA (Hungarian Academy of
Sciences)

B OTKA (Hungarian Scientific
Research Fund)

Mforeign (international) grants

B OMFB (National Committee for
Technological Development)

Bothers (incl. contracts)

IEIEIE
S

66%

b) Distribution of expenditures:

Owages and salaries

22%

M overhead, labour
(health service, etc.)

B overhead, other
(energy, etc.)

H consumables

costs)

investments 13%
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A. STRONGLY CORRELATED SYSTEMS

J. Sélyom, G. Fath, O. Legeza, K. Penc, A. Rakosg|dtar, F. Woynarovich,
A. ZawadowskKi

Low dimensional magnetic models. —We considered the properties of finite
isotropic antiferromagnetic Heisenberg chains &#i/2, 1, 3/2 spins, when a weak
magnetic field is applied on a few sites. It waswh that except for th8=1/2 case
uncompensated spins appear at the ends of the dherdecay of this magnetization
has the same character as the decay around thebeetisites. For the critical, half-
odd-integer spin models the exponent of this deeay found to be 1/2, while the
exponent of the spin-spin correlation functiomisl. We also analysed the behavior
of Haldane-gap antiferromagnets in the oppositat,lim strong magnetic fields.
While the low-energy physics of the conventional ggin-1 Heisenberg model in its
magnetized regime is described by one incommeressddit mode, other systems with
somewhat perturbed coupling constants can possessharacteristic soft modes in a
certain range of the field strength. Such a two{oonent Luttinger liquid phase is
realised above the massive Haldane-gap phase,nageneral, above any massive
nonmagnetic phase, when the ground state exhibist sange incommensurate
fluctuations already in the absence of the field.

Most of these calculations used the density ma#normalization group (DMRG)
method. The accuracy of the method depends stramgtiie spectrum of the density
matrix. For special integrable quantum spin chaiodefs this spectrum can be
obtained analytically via the corner transfer neatsi(CTM). We have studied in detalil
the corresponding formulae of the CTM and the redudensity matrixp of the
DMRG for the transverse Ising chain and the uniaXdZ Heisenberg model.
Although these systems are integrable and thewrgtcstates are known, a direct
determination of the correspondipgis difficult. We have found that the spectra
obtained from DMRG calculation agree well with t6&M results, both in their
exponential form and in their predicted degenesmd®eviations occur only at the
lower end where finite-size and geometry effecéswasible. In this way we obtained
a simple and consistent picture of the density-ixafrectrum and its origin.

We continued studying the scaling limit of the afimensional XXZ Heisenberg
chain. It was found, that the limiting model (olpidl in two copies) possesses spin
1/2 massive particles having SU(2) symmetry, amdbmidentified with the massive
sector of the chiral Gross-Neveu model (what isSihee-Gordon chain at a special
coupling).

One-dimensional fermionic models. —We finished the study of the models defined
through the relativistic limit of the Hubbard chdip investigating the scaling limit of
the one dimensional attractive Hubbard model attlean half filling. Like in the half
filled band case, also this model possesses bottsimea and massless dressed
particles. However, unlike the half filled caselyothe massive particles are described
by Bethe Ansatz type equations, nevertheless tlesless excitations still fit into the
framework of a conformal field theory.

Theory of dissipative motion of heavy particles. —\We studied the low energy
physics of fast tunneling centers in metallic eonments. For strong enough

*Permanent position: Technical University of Buddpes



couplings to the environment these tunneling cendesplay an orbital Kondo effect
and give rise to a non-Fermi-liquid behavior. Thaler property is explained by
establishing a mapping of the tunneling center rmimdae multichannel Kondo model
via the renormalization group transformation coredinwith a 1/N expansion. The

case oM-state systems, the role of the splittings angbtesent experimental situation
were also discussed.

Other topics. — We also showed that the Schrddinger equatiorafomteracting
spinless electron gas in a nonuniform magnetid feeimits an exact solution in
Jastrow product form when the fluctuations in thegnetic field track the fluctuations
in the scalar potential. For tracking realizationa two-dimensional electron gas, the
degeneracy of the lowest Landau level persists tlaadtracking” solutions span the
ground state subspace. In the context of the @maatiquantum Hall problem, the
Laughlin wave function was shown to be a trackiatson. Tracking solutions for
screened Coulomb interactions were also construdtied resulting wavefunctions
were proposed as variational wave functions wittepially lower energy in the case
of non-negligible Landau level mixing than the Lhlig function.

Finally, propagation failure (pinning) of travelingaves was studied in a discrete
scalar reaction-diffusion equation with a piecewisear, bistable reaction function.

The critical points of the pinning transition, athé wavefront profile at the onset of

propagation were calculated exactly. The scalinh®fvave speed near the transition,
and the leading corrections to the front shape alks@determined. We found that the
speed vanishes logarithmically close to the ciifmant, thus the model belongs to a
different universality class than the standard Magumodel, defined with a smooth,

polynomial reaction function.

E-mail

Gabor Fath fath@power.szfki.kfki.hu

Ors Legeza olegeza@power.szfki.kfki.hu

Karlo Penc penc@power.szfki.kfki.hu

Attila Rakos rakos@power.szfki.kfki.hu

Jend Solyom solyom@power.szfki.kfki.hu

Karoly Vladar vladar@power.szfki.kfki.hu

Ferenc Woynarovich fw@power.szfki.kfki.hu

Grants

OTKA?® T 014443. Completely integrable 1-d systems (F.yhdoovich, 1994-

1997)

OTKA T 015870. Models of strongly correlated lowrginsional electron systems
(J. Sélyom, 1995-1998)

OTKA T 017128. Theoretical study of dissipative rntof heavy particles
(K. Vladar, 1995-1998)

MAKA 2 JF 555/95-B Unconventional behaviour of low-dinmienal magnetic and
electric systems (J. S6lyom, 1996-1999)

1 OTKA = Hungarian Scientific Research Fund
2 MAKA = US-Hungarian Joint Fund



Publications
Articles

A.l. G. Fath and P. B. LittlewoodMassless phases of Haldane-gap atiferro-
magnets in a magnetic fiel@hys. RevB 58, R1234 (1998).

A.2. O. Legeza and J. Sdlyom: Stability of the Hale phase in anisotropic
magnetic ladder®2hys. RevB 56, 14449-14455 (1997).

A.3. T.Antal, Z. Racz, A. Rakos, and G. M. Schiitisotropic transverse XY chain
with energy and magnetization curreRBys. Rev. 57, 5184 (1998).

A.4. G. zZarand and K. Vladar: Orbital Kondo effect from tunnelinmpurities.
International Journal of Modern Physidd, 2855-2900 (1997).

A5. G. Fath and S. B. Haleyinteracting electrons in magnetic fields: Trackin
potentials and Jastrow-product wavefunctidttsys. RevB 58, 1405 (1998).

A.6. G. Fath: Propagation failure of traveling wawe a discrete bistable medium.
Physica D116, 176 (1998).

A.7. O. Legeza and J. Sélyom: Response of finitle-SpHeisenberg chains to local
perturbationsPhys. Rev. Baccepted for publication

A.8. |. Pesché] M. Kaulkeé, O. Legeza: Density matrix spectra for integrable
models,Ann. Phys.accepted for publication

A.9. F. Woynarovich and P. ForgacsScaling limit of the one-dimensional
attractive Hubbard model: The non-half-filled bazase Nucl. Phys. B [FS]
(1998), accepted for publication

Book chapter

A.10. F. Woynarovich: Introduction to the coordimapace Bethe Ansatz and to the
treatment of the Bethe Ansatz equations.Liecture Notes for Physigsol.
498) eds.: Z. Horvath and L. Palla. Springer (199p) 151-203.

" The author is not a member of the Research Itstitn Solid State Physics and Optics staff



B. COMPLEX SYSTEMS
N. Menyhard, F. Igl6i, A. Sitd, P. Szépfalusy

The principal interest of this group is the thelmadtinvestigation of different aspects
of equilibrium and non-equilibrium statistical plhggsand quantum systems.

Phase transitions and critical behavior. —We have explored a new fundamental
relation between the statistical properties of aaloos diffusion in a random
environment and the critical and off-critical belwaw of random quantum spin chains.
Many new exact results are obtained from this spwadence including the space and
time correlations of surviving random walks and thstribution of the gaps of the
corresponding Focker-Planck operator. In turn wegehderived analytically the
dynamical exponent of the random transverse-figidgl spin chain in the Griffiths
region. We have continued the investigation -@mputer simulations- the so called
parity conserving phase transition (PC) in one disnen. In the non-equilibrium
kinetic Ising models the effect of critical fluetiions at the PC transition on the spin
system was found to result

1) that the Glauber-Ising process becomes non-Markcamal

2) that the universality class of the compact diregidolation of the spins changes
while the compact nature of the clusters remains.

Damage spreading has also been studied in diffepeetdimensional cellular
automata models.

Quantum systems.

a.) A work has been presented on semiclassical quaiotizand resonance in spin
tunnelling.

b.) The investigation ofjases in magnetic traps with Bose condensate been
continued. The relevant semiclassical behaviohefdlementary excitations has
been determined in detail. A dielectric formalisastbeen worked out for such
systems and has been used to calculate tha dawiimgexcitations. The results
are in agreement with experimental findings.

E-Mail:

Ferenc Igloi igloi@power.szfki.kfki.hu

Noéra Menyhard menyhard@ power.szfki.kfki.hu
Andras Sutd suto@power.szfki.kfki.hu

Péter Szépfalusy szepfalusy@Iludens.elte.hu

Grants:

OTKA T023642  Phase transitions in quasi-crystalseriodic and disordered
systems (F. Igloi, 1997-2000)

OTKA T17493 Theory of random processes and compdéxictures (P.
Szépfalusy, 1995-1998)

OTKA T14855 Phase transitions and spectral probfequantum systems (A.
Sitd, 1995-1998)

* Permanent position: Eétvos Lorand University, Buekt



OTKA T023791  Nonequilibrium phase transitions flenyhard, 1997-2000)
TET-F3/96 Critical behaviour of quasi-crystalseapdic and disordered
systems (F. Igloi, 1997-1999)

Publications

Articles

B.1. F. Igléi, D. Karevskiand H. Rieger Random and aperiodic quantum spin
chains: a comparative studyuropean Physical JournaB1, 513-517 (1998)

B.2. F. Igléi and H. Riegér The random transverse-field Ising spin chains and
random walksPhys. RevB57,11404-11420 (1998).

B.3. E. Carlon and F. Igléi: Density profiles, Casimir amplitudasad critical
exponents in the two dimensional Potts model: aithematrix renormalization
study.Phys. RevB57,7877-7886 (1998)

B.4. F. Igléi, P. Lajkd, W. Selké and F. Szalmia Boundary critical behaviour of
two dimensional random Ising modelsPhys A31, 2801-2814 (1998)

B.5. B. Berchg P-E. Berchg F. Igl6i and G. Palagyi The McCoy-Wu model in
the mean-field approximatiod. Phys A31, 5193-5202 (1998)

B.6. F. Igl6i, D. Karevski and H. Riegér Comparative study of the critical
behavior in one-dimensional random and aperiodidgrenments.European
Physical JournalB5, 513-517 (1998)

B.7. J-C. Anglés d'Auriacand F. Igl6i: Level statistics of multispin-coing
models with first and second order phase transtiBhys. RevES8, 241-246
(1998)

B.8. F. Igléi and H. Riegér Anomalous diffusion in disordered media and rando
guantum spin chain®hys. RevES8,4238-4241 (1998)

B.9. N.Menyhard and G.OdoNon-Markovian persistence at the parity-conserving
point of a one-dimensional non-equilibrium kinelscng model.J. Phys. A:
Math. Gen30,8515-8521 (1997)

B.10. G. Odor and N. Menyhard: Damage spreading for one-dimeasio
nonequilibrium models with parity conserving phdsensitions.Phys.Rev
E57,5168-5177 (1998)

B.11. N. Menyhard and G. OdorCompact parity-conserving percolation in one-
dimensionJ. Phys. A: Math. Gen31,6771-6781 (1998)

B.12. M. Fliessér A. Csordds R.Graham and P. Szépfalusy: Classical quasi-
particle dynamics in trapped Bose condensd®ys.RevA56, 4879-4889
(1997)



B.13. A. Csordéds R. Grahamand P. Szépfalusy: Semiclassical wave functioas an
energy levels of Bose-condensed gases in sphgreathimetric traps.Phys.
Rev A56,5179-5182 (1997)

B.14. A. Csordds R. Graham and P. Szépfalusy : Quasi particle excitations and
dynamic structure functions of trapped Bose-conafess in the WKB-
approximationPhys. RevA57, 4669-46851998)

B.15. Gy. Beng P. Szépfalusy: Dielectric formalism and dampirfgcollective
modes in trapped Bose-Einstein condensed g&ss. Rev. A58, R3391-
3394 (1998)

B.16. J.L. van Hemmérand A. Siitd: Semiclassical quantization and rescaan
spin tunnelling.J. Phys. A: Math.Gen31, 1-15(1998)



C. ELECTRONIC STATES IN SOLIDS
J. Kollar, P. Fazekas, K. ltai, |. Tittd, B. Ujfalsy, A. Viroszték, L. Vitos

We have prepared a review about our recently deeeliwlll charge density scheme
and published it in the Springer Series LectureeNla Physics. Using this technique
we have established a databassunface energiedor low index surfaces of 60 metals
in the periodic table. The data may be used amaistent starting point for models
of surface science phenomena. The calculated suréaergy anisotropies are
compared with other density functional theory ressahd applied in a determination
of the equilibrium shape of nano-crystals. We hased our first-principles database
in conjunction with the concept of vicinal surfatceslerive the energies of formation
of mono-atomic stepsand corresponding kinks on close-packed surfamtganfbcc
andfcc transition metals. The entries in the databadsevdbr a direct calculation of
the energies of a number of important steps. Ferd¢imaining steps and for all the
kinks the energies of formation have been estimiated pair potential expansions of
the entries in the database. Furthermore, usingéheconsistent jellium model of
metal surfaces we investigated the accuracy ohabeu of semi-local kinetic-energy
functionals. Based on this study, we propose a lsingme parameter Pade's
approximation which reproduces the exact Kohn-Searface kinetic energy over the
entire range of metallic densities.

A theoretical model based on the screened KKR (Hga-Kohn-Rostoker) formalism
is developed for studying the exchange interaciwbntwo semi-infinite layers
separated by a non-magnetic metallic spacer lagehns either pure metal or binary
alloy. A first application of the model for pure Gipacer layer show excellent
agrement with experiments, for (100) and (11l)efeacWe also developed a
numerical implementation of method of stationanagdto perform the necessary
Brillouin zone integrations. In the employed asyatigt analysis, the relation of the
bulk spacer Fermi surface and the periods and dagrgdithe OEC across the spacer
emerged in a natural and transparent way. The dpptication of the model in the
OEC (Oscillatory Exchange Coupling) between two l&yers separated by a Cu
spacer layer are quite satisfactory and promisanduture applications for either pure
metallic or disordered alloy spacers.

A review has been prepared about electronic orgeghenomena in orbitally
degenerate systems, as part of the Lecture Note&lectron Correlation and
Magnetism (see particularly the Chapters 3, 5,n8, Bl). Apart from yielding the
most promising candidate for a lattice fermion mode ferromagnetism (the
degenerate Hubbard model with the inclusion of amtiomic exchange), the
consideration of orbital degeneracy offers the ibidgy of novel ordering
phenomena. In d-electron systems, an interplayhlofad and spin (and possibly also
charge) order has been shown to lead to the dgzzhMariety of field-induced
phenomena in manganites with colossal magnettaeses. In f-electron systems,
spin and charge degrees of freedom cannot beatedabut we can ask whether the
order parameter is dipolar, or quadrupolar. & @dosely related question whether the
indirect inter-f-shell interactions are derived rfrodirect exchange (leading to
customary RKKY) or hybridization (which can givesalhigher-order couplings).

* Permanent position: Technical University Budapest
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In the past year we investigated the effect of dgmn the strength of the electron-
phonon coupling inigh temperature superconductors We concluded that the
buckling of the Cu@ planes in the cuprates as well as the strongreleghonon
coupling of theBig phonon are both due to the electric field acrbegtanes induced
by atoms with different valence above and below.d&termined the electron-phonon
coupling strength from the Raman spectra of varimysrates, which correlate well
with reported sizes of buckling, but appear to amtelate with the critical
temperatures of the samples. This finding lends@&srsupport for the electronic origin
of high temperature superconductivity.

The Raman spectra of the high materials in the normal state, in the low infrared
energy range was interpreted. We have shown,libaggectra can be described using
causality arguments, without any model dependenatnpeters. The measured spectra
can be fitted by one functions, by the energy ddpetrelaxation rate, without any
further adjustable parameters. The obtained rat@xaate is highly linear both in
temperature and in frequency. The appearenceegbsbudogap state shows up as
the change in the slope of this relaxation rateuad the energy 300ch

E-Mail:

Patrik Fazekas pf@power.szfki.kfki.hu
Kazumasa ltai  itai@power.szfki.kfki.hu
Janos Kollar jk@power.szfki.kfki.hu
Istvan Tuttd tutto@power.szfki.kfki.hu
Balazs Ujfalussy bu@power.szfki.kfki.hu
Attila Virosztek viro@power.szfki.kfki.hu
Levente Vitos  Iv@power.szfki.kfki.hu

Grants

OTKA T16740 Electronic states in complex structu(eslids, surfaces and
interfaces) (J. Kollar, 1995-1998)

OTKA T020030 Interacting electrons in low dimensofA. Virosztek, 1996-
1999)

OTKA T23390 Ab initio study of the structural sthtyi of solids and surfaces
(J. Kollar, 1997-2000) )

OTKA T022609  Ab initio studies of magnetic thidniis (B. Ujfalussy, 1997-
2000)

OTKA T025505  Competition of ferromagnetism with het collective
phenomena in the lattice models for electrons é2ekas, 1998-
2001)

OTKA T019045  Collective excitations in unconventbsuperconductors

) (I. TOttd, 1996-1999)

TET -D52/96 Raman scattering in unconventional szgueductors ( I. Tatto,
1997-1999)

ESF Network Program Electronic structure calcutai@. Kollar, 1998-2002)

Publications
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Articles

C.1.

C.2.

C.3.

C.4.

C.5.

C.6.

C.7.

L. Vitos, J. Kollar and H.L. SkriverLDA versus GGA: full charge density
study of the atomic volume of the light actiniddsurnal of Alloys and
Compounds271-273 339-341 (1998)

L. Vitos, A.V. Rubahn H.L. Skrivef and J. Kollar: The surface energy of
metals.Surface Sciencéll,186-202 (1998)

L. Vitos, H.L. Skriver and J. Kollar: Kinetic energy functionals studiey
surface calculation®hys. RevB 57, 12611-12615 (1998)

T. P. DevereauxA. Virosztek, A. Zawadowski, M. OpelP. F. Miiller, C.
Hoffmann, R. Philipp, R. Nemetschék R. Hackl, A. Erly, E. Walkert, H.
Berger and L. Forrd: Enhanced electron-phonon coupling and its iratee
to high Tc superconductivitySol. State Commut08,407-411 (1998)

L. Vitos, A.V. Ruban H.L. Skrivef and J. Kollar: The energetics of steps on
transition metal surfaceBhil. Mag.(1998), accepted for publication

L. Vitos, H.L. Skriverand J. Kollar: The formation energy for steps kiméts
on cubic transition metal surfac&urface Science@ccepted for publication

B. Ujfalussy, N.N. LathiotaKis B.L. Gy®6rffy’, J.B. Staunton Asymptotic
behavior of the oscillatory exchange coupling asraioy spacers: a first
principles approactPhil. Mag, accepted for publication

Book, book chapter

C.8.

C.9.

12

P. Fazekas: Lecture Notes on electron coiwaland magnetism. Series in
Modern Condensed Matter Physics, Vol. 5, World Sidie (Singapore), pp.
1-777 (1998)

J. Kollar L. Vitos and H.L. SkriverFrom ASA towards the full potential.
Lecture Notes in Physics, Springer Serascepted for publication



D. NON-EQUILIBRIUM ALLOYS

l. Vincze, J. Balogh, L. Bujdosé, D. Kaptas, T. Eeyy L.F. Kiss, Gy. Mészaros, B.
Sas, E. Svab

SQUID Magnetometer. —With the considerable financial support of the Nial
Commitee for Technological Development (OMFB) a Quan Design produced
MPMS 5 SQUID magnetometer was set up in our laboyatThe magnetometer
operates in the 1.8-400 K temperature and in tbeTOexternal magnetic field range
permitting magnetization measurements with/ Bdnu sensitivity. It enables us to
measure the magnetic moment of a 5 mm x 5 mm x 4404) Fe layer with 1 %
accuracy. Besides the studies of various amorplaodsnanocrystalline samples
described below, several cooperations ranging fileenstudies of different highcT
materials to the investigation of high spin-lowrsgiansformations were initiated. A
part of this work is carried out in the frame oé tRrench-Hungarian Scientific and
Technology Project (BALATON F-24/97), which alsmdinced the purchase of an
external device control board for the magnetometer.

Amorphous and and granular nanocrystalline systems— Amorphous

Fex(BiyZry) alloys being important as the residual amorphaumatrix in
nanocrystalline Fe-Zr-B-Cu systems, were prepaya@pid quenching from the melt
between 8y<0.55. The iron magnetic moment determined *bye Mossbauer
spectroscopy and magnetic measurements shows &paated initial increase when
Zr is substituted for B. This behaviour, togethethwithe uncommon crystallization
sequence is attributed to the highly attractiverBaZeraction.

The magnetic behavior of nanosize ferromagnbtic granules embedded in an
amorphous tissue (i.e., partially crystallizecsoZe;B:2Cui amorphous alloy) was
studied by°’Fe Mossbauer spectroscopy. The results are compdtiedthe bulk
counterpartsbcc-Fe and amorphous # 625710375 Size dependent enhancement of
the Curie point of the nanosize amorphous phaseneasbserved. At temperatures
well above the Curie poimf the amorphous phase superparamagnetic relaxation
the bcc crystallites is observed opening new possibiliiesstudy the anisotropy
energy of nano-size ferromagnetic grains.

A critical overview is given for the hyperfine paraters of iron atoms in the
nanocrystalline grain boundaries studied for iranacrystallites prepared by different
methods: ball-milling of iron powder, partial crgiization of Fe-Zr-B-Cu amorphous
ribbons and vacuum evaporation of Fe-B polycriisamultilayers. Careful analysis
of the spectral contribution of the possible impeas and the chemical mixing at
interfaces reveals that no specific grain boundantribution can be separated in the
Mdssbauer spectra when the grain size is in the 2Zyh range. The results indicate
that excluding chemical effects the hyperfine feelof iron atoms in the grain-
boundary are very close to those in the bulk anddéauer spectra of different
nanocrystalline iron samples can be understoodowiteupposing a nanometer sized
region of the grain boundary with very distortedisture

Neutron scattering. — The short-range order of BZrso metallic glass was studied
by neutron and X-ray diffraction. Two types of mbckculations were used: the force
algorithm and the iterative procedure based oBtra-Green equation and molecular
dynamics using calculated partial pair potentidlgood agreement with experimental
structure data has been achieved. All three papi@l correlation functions and
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structure characteristics were obtained. It walkemied that the fraction of Zr atoms
around Be atoms is considerably higher than theageeatomic fraction of Zr and
there must be a number of cavities larger tharatbmic sphere of Be.

Dynamic neutron radiography was applied for plaegearch by visualizing and
analysing the transport of heavy elements Gd, Sth(dssolved in RO) in bean
leaves. The Gd distributed in the main and lateasicular systems during the first
60 minutes, then there was a penetration into nkerdostal tissues. The Sm was
transported from the initial drop in the directiohlateral tissues possibly involving
cell walls and intercellular space. As regards Cavement in the course of 30
minutes, it occurred longitudinally in the main vei

E-mail:

Imre Vincze vincze@power.szfki.kfki.hu
Sara Judit Balogh baloghj@power.szfki.kfki.hu
Dénes Kaptés kaptas@power.szfki.kfki.hu
Tamas Kemeény kemeny@power.szfki.kfki.hu
Laszlé Ferenc Kiss  kissl@power.szfki.kfki.hu
Gyorgy Mészaros meszaros@power.szfki.kfki.hu
Bernadette Sas sas@power.szfki.kfki.hu
Erzsébet Svab svab@power.szfki.kfki.hu
Grants

OTKA T 020624 Photon- and electron-spectroscopiclys of the interfaces of
layer structures (J. Balogh, 1996-1999)

OTKA T 020962 Formation and magnetic propertiegnular structures (T.
Kemény, 1996-1998)

OTKA I/7 T017129 Metastable systems investigatedéytron scattering (E. Svab,
1995-1998)

OTKA T 022413 Atomic and magnetic structure ofnosystems and interfaces
(I. Vincze, 1997-1999)

BALATON F-24/97 Periodic system in random field @®as, 1998-1999)

OTKA 1/7 T017129 Metastable systems investigatediéytron scattering (E. Svab,
1995-1998)

Publications
Articles
D.1. J. Balogh, L. Bujdos6, D. Kaptas, T. Kemémg.al. Vincze: The role of

impurities in the crystallization of ball-milledreorphous alloysMaterials
Science Forun69-272 63-67 (1998).

D.2. T. Kemény, L. K. Varga, L. F.Kiss, J. Balogh, Pusztai, L. Téthand I.
Vincze: Magnetic properties and local structur&efZr-B-Cu nanocrystalline
alloys.Materials Science Forun269-272 419-424 (1998).(see also J.3.)

D.3 L.K. Varga, D. Kaptas and T. Kemény: Soft magneanocrystalline powder

obtained by mechanical grindingaterials Science Forun269-272 731-736
(1998) (see also J.9.)
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D.4. J. Balogh, Z.E. HorvathT. Pusztai, T. Kemény and I. Vincze: Absence of
evidences of decomposition of Beduring mechanical grinding?hys. Rev
B57, 29-32 (1998).(see also E.8.)

D.5. T.Kemény, J. Balogh, |. FarkaB. Kaptas, L.F. Kiss, T. Pusztai, L. Totind
I. Vincze: Inter-grain coupling in nanocrystallirsoft magnetsJ. Phys.:
Condens. Mattet0, L221-227 (1998). (see also E.9.)

D.6. I. Vincze, T. Kemény, D. Kaptés, L.F. Kissdah Balogh: Nanostructures,
disordered ferromagnetism and spin glaskgperfine Interactiond13 123-
134 (1998).

D.7. A.Bohonyey, G. Huhn, L.F. Kiss, A. Lovas , |. GerbcsEffect of metalloid
substitution on the reversible structural relaxatd Fe-Ni-B(-P, Si) metallic
glassesJ. Non-Cryst. Solid832-234 490-496 (1998) (see also J.1.)

D.8. A. Lovas, L.F. Kiss, B. Varga, P. Kamasa, &ldjh, |. Bakonyi: Survey of
magnetic  properties during and after amorphous-crgstalline
transformationJ. Phys. IV (France, Pr2/291-2981998) (see also I.4. and
J.4)

D.9. F. Sommér T. Tarnoczi, K. RusséwA. Cziréki, L.F. Kiss, L.K. Varga, |.
Bakonyi: Preparation, structure and physical prigeof Fe-, Co- and Ni-rich
melt-quenched ribbons containing Zr or Hf. Part T¥ermal stability: DSC,
TEM and thermomagnetic studies. Metallkde 89, 256-266 (1998) (see also
I.6. and J.6.)

D.10 Gy. Mészaros, L. Almasy, E. Svab, L. Csdddzsi: Neutron diffraction study
of frozen Fe(ClQ). solutions.Materials Science Forup78-281,732-737
(1998) (see also K.4.)

D.11.M.l. MendeleV, S.N. Ishmaey F. Hajdu, Gy. Mészéaros, E. Svab: Partial
structure correlations in amorphousdNasz. J. Non-Cryst. Solid240, 35-42
(1998)

D.12 D. Kaptas, T. Kemény, J. Balogh, L. Bujdosdk.LKiss, T. Pusztai and
I. Vincze: Magnetic properties of melt-quenched grhous FgBi.yZry)
(O<y<0.55).J. Phys.: Condens. Mattéaccepted for publication).

D.13. M. Balaskg F. Kérosi', E. Svab, |. E6rddghA novel type epithermic neutron
radiography detecting and imaging systeRuclear Instr & Methods A,
(accepted for publication)

D.14.F. Korosi, M. Balaskd, E. Svab: A distribution pattern of cadmium,
gadolinium and samarium in Phaseolus vulgaris plagtassessed by dynamic
neutron radiographyuclear Instr & Methods Aagccepted for publication)

D.15 J. Téth, L.F. Kiss, E. Toth-Kadar, A. Dinia/v. Pierron-Bohnés I. Bakonyi:
Giant magnetoresistance and magnetic properties elettrodeposited
Nig1Cuio/Cu multilayersJ. Magn. Magn. Mateaccepted for publication) (see
also 1.11.)
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D.16 T. Kemény, D. Kaptéds, J. Balogh, L.F. Kiss, Ausztai and |. Vincze:
Microscopic study of the magnetic coupling betweamoscale phases in a
nanocrystalline soft magnet. FPhys.: Condens. Matte(accepted for
publication)

D.17 J. Balogh, T. Kemény, I. Vincze, S. Szalih Beké and J. T6th: Comment
on the “Grain boundary structure and magnetic bienaa nanocrystalline
ball-milled iron”. Phys. Rev(accepted for publication)

Conference proceedings

D.18.M. Balaskd E. Svab, G. Endrdczi A. Péter, |. Szikra: Radiography
investigations combined with vibration diagnostaosd acoustic emission in
the development of refrigerators. Froc. 7th European Conference on Non
Destructive Testing (ECNDT'9@}d. B. Larsen, Copenhagen) (1998) pp.1088-
1093

D.19. M. Balaskg E. Svéab, I. CserhatiCombined dynamic neutron radiography
and thermovision in development of absorption-tggggregators. IrProc. 7th
European Conference on Non Destructive Testing (BC8B)(Ed. B. Larsen,
Copenhagen) (1998) pp.1564-1570

D.20.K. Léazar, L.F. Kiss, S. Proniér G. Onyestyak and H.K. Beyer. Iron
nanoparticles in X and Y zeolites prepared by radocwith NaNs. In:
"Mdssbauer Spectroscopy in Materials Science”, Béfitember 1998, Senec,
Slovak RepublidNATO ASI, ed.: M. Miglierini (accepted for publiaganh)

D.21.K. Krezhov, P. Konstantinoy E. Svab, Gy. Mészaros: Neutron diffraction
investigation of cationic distribution in RC03xO4 spinels. In:Proc. 6th
European Powder Diffraction Conference, 22-25 Augu$998, Budapest
(accepted for publication)

D.22.S.N. IshmaéyZ.V. Lisichkin', A.V. Puchkov, V.A. Semenoy, E. Svab, G.F.
Syrykh': Neutron study of dynamic atomic correlations imoaphous isotopic
Ni-B alloys. In: Proc. 6th European Powder Diffraction Conferen@@-25
August, 1998, Budapest (accepted for publication)

D.23. M.I. Mendeley, S.N. Ishma€y F. Hajdu, Gy. Mészaros, E. Svab: Short-range
order in Be-Zr metallic glass. IProc. 6th European Powder Diffraction
Conference22-25 August, 1998, Budapest (accepted for pulidichat

D.24.M. Balaskd E. Svab: Characterization of segregation by dyoamutron
radiography. In:Proc. International School and Symposium on Physics
Materials Science - Modification and Characteripati of Materials using
Nuclear Methods (ISSPMS'98)aszowiec, Poland, 13-19 September 1998
(invited) (accepted for publication)

Other

D.25.B. Sas, F. Portierl. Puha, S. Meszards N. Hegman, K. Vad, B. Keszé€j,
F.Williams': "Pulse measurements of the vortex dynamics"Warkshop on
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high Tc superconductors, thin films and applicas@md vortex dynamics, 27-
29 Oct., 1997. Tours, Frande French)
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E. X-RAY DIFFRACTION

G. Faigel, G. Bortel, L. Granasy, K. Kamaras, Gz@syi, S. Pekker, T. Pusztai,
M. Tegze

Alkali fullerides. — The fullerenes are closed shell molecules contgiminly
carbon atoms. The most abundant among them is ghm@ecule. Fullerenes can
form a large variety of compounds with elementstber molecules. In the group of
AxCso compounds (A=K,Rb,Cs x=1,3,4,6) there are materath very interesting
properties. Among them many superconducting masefCeso) with remarkably
high critical temperature were found. In the last fyears the polymeric forms of
alkali Geo salts became the center of interest. The suggestithe solid state ionic
(2+2) cycloaddition polymerization of singly chadggilleride ions in AGo (A=K,
Rb, Cs) salts established a new class of fulleer@vatives. This initiated an
extensive study of their structure, of the mechandd their formation, and of the
thermodynamic and the most important physical amehgcal properties of these
phases. After finding the answers to most of tfevalguestions, we could go further
and produce polymers with different bonding confegions and with different
dimensionality. We found several stable phasebl asdNaRbGCso and NaCso. The
first one is a singly bonded linear, while tr
second is a single bonded two dimensiot
polymer. The stability of these phases was a
predicted by our quantum chemici
calculations, in which we analyzed the stabili
of various 1D and 2D polyanions with 1, 2 ar
4 sp carbons connected by either (2+
cycloadduct or by single bonds. W
determined the structure and bondi
configuration of the N#&Cso from x-ray
powder diffraction using Rietveld analysi
This salt has a reversible phase transformai
to the monomeric phase at 500 K, and it is 1
only metal among its &so analogs.

X-ray holography with atomic resolution. —
In holography, the scattered radiation is mix
with a reference wave and the resulti
interference pattern is recorded. The hologr:
contains both the intensity and the phe
information and the 3 dimensional image of tl
object can be reconstructed. The mc
important limitation of this imaging techniqu
is the spatial resolution, which is given by ti
wavelength and/or by the source size. Using
rays for hologram forming and the atoms of t
sample as sources or detectors atOMigssel(a) and standing wave (b) lines of
resolution can be achieved. We were the first NiO single crystal .

to demonstrate experimentally the feasibility ofay- holography with atomic
resolution on SrTi@ We also worked on the closely related Kosseklared standing
waves. We have shown that it is possible to detexte patterns using external X-
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ray excitation. Further it was demonstrated thaicstiral parameters can be obtained
from these patterns (see figure).

Nucleation theory. — We compared the predictions of the latest nassital
theories of crystal nucleation with experiments sinichiometric oxide glasses
(substances for which the most reliable data aeelable to date). The positive
temperature coefficient of the interfacial free rgyeemerging from experiments is
reproduced by only a phenomenological diffuse fata theory we proposed, and
by a semiempirical density functional model basadaopiecewise parabolic free
energy-order parameter relation. It has been detrated that the temperature
dependence of the interfacial free energy is exg¢hgisensitive to the form of the free
energy functional, and that the piecewise parabwiadel predicts unphysically
broad interfaces (30-50 molecular diameters). Timicates that further work is
needed until a fully satisfactory molecular theofyrystal nucleation is developed.
Furthermore, we performed a systematic study of tmperature and size
dependence of surface tension of the liquid-vaptariace. It has been shown that
the Tolman-length, a parameter that describes itee dependence of the surface
tension, is positive for small droplets, decreasiis increasing size, and tends to a
negative value for macroscopic drop, implying thiaé widely used Tolman-
correction is inadequate for typical liquid phaselei. We performed Monte Carlo
simulations to investigate transformation kineticging nucleation and anisotropic
growth processes (see figure). We have shownlteatransformation is slower than
predicted by the Johnson-Mehl-Avrami-Kolmogorov rabdnd in the case of pre-
existing nuclei it is reasonably described by theamfield approach of Birnie and
Weinberg.

|

L Ve L’A
Snapshots of a Monte Carlo simulation for steadyestucleation and random elliptical growth
anisotropy.
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Laszl6 Granasy grana@ power.szfki.kfki.hu
Katalin Kamaras kamaras@ power.szfki.kfki.hu
Gabor Oszlanyi go@ power.szfki.kfki.hu
Sandor Pekker pekker@ power.szfki.kfki.hu
Miklés Tegze mt@ power.szfki.kfki.hu
Tamas Pusztai pusztai@power.szfki.kfki.hu

19



Grants

OTKA F020027  X-ray studies of anisotropic and matkd structures (G.
Oszlanyi, 1997-2000)

OTKA T022041  X-ray holography (M. Tegze, 1997-2P00

OTKA T025139  Theoretical investigation of the dgmes of nucleation and
growth processes (L. Granasy, 1998-2001)
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E.1. L. Granasy, P. F. JameBlucleation in oxide glasses: comparison of theory
and experimen®roc. R. Soc. (London) 464, 1745-1766 (1998).

E.2. L. Granasy, T. WangP. F. Jamés Kinetics of wollastonite nucleation in
Ca0.SiQ glassJ. Chem. Phy$08 7317-7326 (1998).

E.3. T. Pusztai, L. Grandsy: Monte Carlo simulaioof first-order phase
transformations with mutual blocking of anisotragig growing particles up
to all relevant order$2hys. Rev. B7, 14 110-14 118 (1998).

E.4. G. Oszlanyi, G. BaumgartneG. Faigel, L. Granasy, L. FofroPolymer-
monomer phase transition in }Go.Phys. Rev. B8, 5-7 (1998).

E.5. S. Pekker, G. Oszlanyi, G. Faigel: Structauré stability of covalently bonded
polyfulleride ions in ACeo salts.Chem. Phys. Let282, 435-441 (1998).

E.6. S. Marchesini M. Belakhovsky, A.Q.R. Baron, G. Faigel, M.Tegze, P.
Kamp : Standing waves and Kossel line patterns in thestre determination.
Solid State Communicatiph05,685-687 (1998)

E.7 T.Gog, R. A. Eisenhowér R. -H. Menk, M. Tegze, G. LeDuc Multiple,
Energy, X-ray Holography with Atomic Reslolutiod. Electron Spectr. Rel.
Phen.92, 123-129, (1998).

E.8 J. Balogh, Z. E. HorvathT. Pusztai, T. Kemény, I. Vincze: Absence of
decomposition of E® during mechanical grindind?hys. Rev. 57, 29-32
(1998) (see also D.4.)

E.9 T.Kemény, J. Balogh, |. FarkaP. Kaptas, L.F. Kiss, T. Pusztai, L. TGth

Vincze: Inter-grain coupling in nanocrystalline tsahagnets.J. Phys.:
Condensed MattetO, L221-1L227 (1998) (see also D.5.)
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E.10. K. Kamaras, S. Pekker, L. ForrD.B. Tanner. Infrared and optical spectra of
polymerized AGo fullerides.Chem Phys. LetP95,279-284 (1998)

E.11. S.P. Collins R.J. Cernik B. Fell, C.C. Tang, N.W. Harris, M.C. Miller",
G. Oszlanyi: Station 16.3: a high-resolution singigstal diffraction facility at
the SRS Daresbury. Synchrotron Rad, 1263-1269 (1998)

E.12. L. Granasy: Nucleation: free energy of srolal$ters. Invited for special issue
of Int. J. Non-Equilibrium Processin@ccepted for publication.

E.13. L. Granasy: Semiempirical van der Waals/Cdliilard theory: the size
dependence of the Tolman-lengihChem. Physaccepted for publication.

E.14. G. Faigel and M. Tegze: X-ray holograpRgport on Progress in Physics,
accepted for publication

E.15. M.C. Millef, G. Oszlanyi, K.S. Ackroyd C. Marshall, S.P. Collin§
D. Laundy, R.J. Cernik PINCER: a portable data-acquisition program based
on a command language interpreterAppl. Cryst.accepted for publication

E.16. G. Faigel: Holography with Resonant QuaHtgerfine Interactionaccepted
for publication

E.17.V.C. Long, J. L. Musfeldt, K. Kamaras, A. Schildegr W. Schiitz. Far-
infrared study of the Jahn-Teller distortedsoCmonoanion in &b
tetraphenylphosphoniumiodidehys. Rev. Baccepted for publication.

Conference proceedings

E.18. L. Granasy, S. Jordéry. M. Reaney, W. E. Leé, P. F. Jamés Crystal
nucleation in oxide glasses (invited talk). Broc. of the XVIIith International
Congress on Glass, San Francisco, 198#lished on CD by The American
Ceramic Society.

E.19. S. Pekker, G. Oszlanyi, G. Faigel: Total gnaralculations of polyfulleride
ions. In: Proc. Conf. on Molecular Nanostructures, Kirchbery. by H.
Kuzmany, J. Fink, M. Mehring and S. Roth, World.Stibl. Company 1998,
pp. 306-309.

E.20. G. Oszlanyi, G. Faigel, G. Baumgartner Forrd: Two-dimensional polymer
structure of N&Ceo. In: Proc. Conf. on Molecular Nanostructures, Kirchberg,
ed. by H. Kuzmany, J. Fink, M. Mehring and S. Ratgrd Sci. Pub. Company
1998, pp. 343-347.

E.21. K. Kamaras, L. Forrp Y. Ilwasa, J.L. Musfeldt: Infrared studies on &
polymers. In:Proceedings of the 1997 fall Meeting of the MatisrResearch
Society Boston, 1998.

Book

E.22 L. Vannay, A. Toth, F. Fulop, M. Mezey, G. Bortel, A. Jakli, L. Granasy:
Fizika laboratoriumi gyakorlatok + Il. (Physics laboratory practices-lIl.)
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Jegyzet. Budapesti M(szaki Egyetem, Természet-atsadlalomtudomanyi
Kar, 1998. (in Hungarian) (see also G.19.)

Others

E.23. L. Granasy: Diffuse interface theory of natien: Comparison with
experiment and density functional calulations. Adst Booklet.72nd ACS
Colloid & Surface Science Symposium, June 21-248,1Pennsylvania State
University.

E.24. L. Granasy, F. Igl6i, P. F. Jame8rystal nucleation in liquids and glasses:
Comparison of non-classical theories with experimahstract Booklet72nd
ACS Colloid & Surface Science Symposium, June 21298, Pennsylvania
State University

E.25. G. Faigel: Szinkrotronsugéarzas és alkalmaf8yachrotron radiation and its
applications)Fizikai Szemld8, 74-77 (1998) (in Hungarian)
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F. CHARGE- AND SPIN-DENSITY WAVES
G. Kriza, I. Pethes and G. Mihdly

Non-Fermi-liquid behavior in anisotropic metals. — Our understanding of metals
lies on the concept of Fermi liquid. In certainsatropic metals, however, this
concept fails fundamentally. A notable exampléesquasi-one-dimensional organic
conductor (TMTSFEPFe. If cooled in a moderate magnetic field of a teslas, this
material undergoes a resistance minimum whereagniains metallic without
magnetic field. We have performed detailed magestistance studies on this
compound in order to determine the characterisaigmatic field of the crossover from
the metallic to the insulating behavior. We haliamed the highly unexpected result
that no such a field exists: the excess resistdneeto the magnetic field follows a
power law as a function of the strength of thedfiel

Nuclear magnetic relaxation in charge-density waveystems.— We have studied
the nuclear magnetic relaxation in charge-densayeM CDW) systems and showed
that the relaxation is dominated by the collecpiase excitations of the CDW. We
pointed out that the relaxation can be described fmamework common to both
charge- and spin-density waves.
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lldiké Pethes pethes@power.szfki.kfki.hu

Gyorgy Kriza kriza@power.szfki.kfki.hu
Gyorgy Mihaly mihaly@wigner.phy.bme.hu
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OTKA TO23786 NMR investigation of collective elemtic states in organic
conductors (G. Kriza, 1997-2000)

OTKA-NWO (The Netherlands): Electronic correlatidnsalkali metal fullerides
(A. Janossy, G. Kriza, 1995-1999)

Publications

Articles

F.1 S.E.Brown,W.G. Clark; F. Zdmborszky,B. J. Klemme,G. Kriza, B. Alavi,
C. Merlic,” P. Kuhns, and W. Moulto: *3C NMR measurements of the high-
magnetic-field low-temperature phase of (TMTIHHs. Phys. Rev. Let80,
5429 (1998).

F.2 S.E.Brown,B. Alavi,” W.G. Clark] G. Kriza, C. Merli¢, and F.Zamborszky
High-field NMR studies of (TMTTEPF. Synth. Met. (accepted for
publication).

* Permanent position: Institute of Physics, TecHnibdversity, Budapest
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G. LIQUID CRYSTAL RESEARCH
L. Bata, N. Eber, K. Fodor-Csorba, A. Jakli, E. 8@aA. Vajda

Study of ferroelectric liquid crystals. — We showed evidences for field induced
tilted and horizontally zigzagging layer structuoésmectic liquid crystals containing
achiral banana-shaped molecules, and gave a divaiexplanation for the observed
field-induced-uniform-racemic ground state.

We observed that by suitable electric field treattag¢he entire smectic film of bent-

core molecules can be reversibly transferred toatlir racemic state. Dielectric,

electro-optical and polarization current measuremenlicate that the synclinic states
have minimum free energies and that the antifeetBet state is very weak, especially
in the chiral state.

Rheology of pyramidic liquid crystals. — We have measured the shear elastic
modulus and the viscosity values of a pyramidiailiccrystal both normal and parallel
to the columnar axis. The observations can be tgtiakly explained by temporary
entanglements between the side chains of the bbaped molecules.

Optical alignment of smectic liquid crystals— It was shown that the light-induced

realignment of the director configuration can p&r&n a nematic-smectic A phase
transition and cause rearrangement of the smeuters within the illuminated area.

The ratio between the azimuthal anchoring strengphihie photosensitive and rubbed
polyimide plates is estimated

Silica aggregates in smectic liquid crystals— Neutron scattering measurements on
smectic liquid crystal dispersions containing siliparticles with various surface
properties indicate that the stability of the meyncorrelates to the number of OH
groups on the silica surfaces. These observatiopsyithat, with fine-tuning of the
OH content of the silica surfaces, various typesiemory devices can be designed.

Synthesis of liquid crystals.— Deuterium labelled double bond containing chiral
liquid crystals have been prepared and investigdéder polymerized giving chiral
ferroelectric liquid crystals. Their behaviour wasestigated either by X-ray ofH
NMR spectroscopy.

New achiral bent shaped molecules derived fromanimn acids were also prepared
containing more than three benzene rings in tmie. Their mesophase behaviour
was established by optical microscopy and diffeaéscanning calorimetry.

Some new ferroelectric mixtures have also beenstigeted. New chiral compounds
have been developed either as additives in theeabuxtures or for polymerization
to have new ferroelectric polymeric liquid crystals
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Pi

. INSTABILITIES AND NONLINEAR PHENOMENA

IN LIQUID CRYSTALS

A. Buka, T. Borzsonyi, D. Goldschmidt, I. Jano3sy,6th-Katona

Pattern formation:

28

Oscillatory shear induced instabilities. FFhe precession of the director was
generated by elliptic shear and high frequency llasary compression in a
homeotropic nematic liquid crystal layer in thegmece of a destabilizing electric
field. The precession frequency was found ordemmadnitude smaller than that
of the external driving shear. Its dependence enathplitude and frequency of
the shear is in accordance with the predictionshef linear calculations. The
voltage dependence is non-monotonous, and needseacomplex description.
The spatiotemporal behavior of the system leatisstéormation of spiral patterns.

Nematic - smectic B interface— Experiments and numerical simulations
concerning the influence of the heat diffusion atigpy have been extended to a
new geometry (homeotropic smectic B in planar nahaln this system the
surface tension anisotropy is much smaller thaage of planar alignment of both
phases. The surface tension and kinetic anisosopae been estimated by
numerical simulations based on the phase-field iIn@#sides the experimental
and numerical methods it has been shown analyidatit a crystal in an
environment with anisotropic heat diffusion coa#fit grows faster in the
direction of the low heat diffusion (BD||, see figures).
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An experimental evidence has been given that thkynmduced aging, observed
in investigated substances is caused by the aisgthere, and its effect on the
pattern formation has been described.

Viscous fingering. — a radial Hele-Shaw cell geometry, the influenéehe
effective viscosity (tuned by an applied electield) on the morphology and
dynamics of the nematic - air interface has begop®d as a function of the excess
pressure.

Electrohydrodynamic instabilities. —Experiments have been carried out in
nematics with homeotropic alignment where the edégtdrodynamic instability
occurs after a bend Freedericksz transition. Thesttold of the convection, the
wave number at onset, and the threshold for thesitran between order and
disorder in the presence of a stabilizing magrfetid agree with theory. Whereas



in the oblique-roll range the behavior of the clatien time of the disordered state
in the normall-roll range at zero magnetic fielwis no dynamics below well
defined valuees of the reduced control parameter, in contrasthteotetical
predictions. Ates one has reproducibly a continuous and reversiblesition to a
dynamic state. We attribute these features to fiearance of chevronlike
structures.

Non-linear optics:

— Laser-induced effects in liquid crystals. Fhe enhancement of light induced
reorientation was studied in the presence of dsfesying trans-cis isomerization.
The enhancement factors of the trans and cis fovere determined separately;
the former isomer exhibited a large negative, wthkelatter one a large positive
factor. This behaviour was related to the chanfifsecshape of the dye molecules
during trans-cis transitions.
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|. METAL PHYSICS

K. Tompa, |. Bakonyi, M. Bokbr J. Garaguly, Cs. Hargitai, Gy. Lasanda,
T. MareK™ , L. Péter, J. Toth, E. Toth-Kadar

Metal-hydrogen systems. —n the study of amorphous alloy-hydrogen systems lo
temperature (“rigid lattice”fH NMR spectrum shape and second momen) (Mve
been measured 4r y(Ni,_, Cu, )1-H ternary amorphous alloys of different hydrogen
contentat & x<33 at%Cuandy =33, 50 and 67 atZb concentrations using
FID and solid-echo pulse sequences. The line sbapéde described by the Harper-
Barnes function with continuously changing exponerthe function of the hydrogen
content. The second moment-hydrogen concentrasitm(es seen in the figure below)
can be fitted by a power function of 3/4 exponeérite interpretation shows an
inhomogeneous hydrogen distribution and local §eddginating from a few proton
neighbours.
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15 + I
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The carefully measured amplitude of MEMG echo-train, the gas-chromatographic
and prompt gamma activation analysis data of theessystem give different values
for the hydrogen content in the "motional narrowistte, demonstrating the partition
of hydrogen in disordered systems, proving thataflahe hydrogen take part in the
diffusion process.

In-situ-NMR, electrical resistivity and positronrahilation measurement were started
on PdosAgo-H crystalline alloy, on a model material representiagchemically
disordered system for the hydrogen storage. Tls#tinNMR measurements realised
first in the world in a hydrogen storing metal gueique chance for the investigation
of hydrogen charging, discharging and diffusiongesses.

" Ph.D. student (E6tvds University) supported alseHeyHAS and the Soros Foundation Hungary
** Ph.D. student (E6tvos University) supported alseHeySoros Foundation Hungary
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Transition metal complexes— Continuing the study of transition metal comgex
19 and B NMR spectra and spin-lattice relaxation times wereasured and
interpreted in [Zn(ptz)(BFa4)2 (ptz = 1n-propyl-1H-tetrazole) and in [Fe(pt)BF4)2
between room temperature and 2.2 K. The charattsrif the molecular motions of
the BR ion and CHgroup were evaluated . Similarly to the proton RIksults, clear
signs of presence of high-spin staté*fiens at low temperatures were detectetffin
and!'B NMR parameters. Additionally, static magnetizatioeasurements were done
in the whole temperature range, and the low teniperaesults, contrary to the high
temperature ones can not be described by a Brillfuriction.

Metastable metallic phases— Recently, we have reported that, for the first tiee
single-phase, fully nanocrystalline alloy could greduced directly from the melt:
for a sufficiently high cooling rate, the melt-qudimg of a HfiNis, alloy resulted in
a nanocrystalline HfNistructure without any detectable other phasesxpioring
the factors governing nanocrystalline-forming api{NFA), we should look for alloy
compositions where we can expect a high rate ofdga@mous nucleation. Evidently,
this should occur at stoichiometric compositionke Tstoichiometric composition
ensures that the compound formation can occur wittloe necessity of a phase
separation, i.e., long-range atomic rearrangemarttse melt and, therefore, it can
proceed homogeneously throughout the whole vol@begiously, the more stable is
the compound, the stronger is the driving forceit®formation while cooling the
melt. Accordingly, the applied cooling rate shotgdhain below the critical cooling
rate for amorphous phase formation)(but still sufficiently high to prevent grain
growth in order to retain the nanocrystalline st&t& a given alloy composition, this
lower critical cooling rate is denoted aswhere the subscript refers now to the
formation of nanocrystalline state. By considerangtoichiometric composition and
a homogeneous nucleation of the compound cryssilfitom the melt, the grain
growth is governed by atomic diffusion. In alloysmgposed of atoms with
significantly different diameters, the diffusion ohe component may be strongly
hindered and this fact may effectively block furtiggain growth of the developed
nanocrystalline state. In such cases, the apitat cooling rates in the rangg <

r < r.. may strongly promote the formation of a nanociisastate. Exceeding the
critical cooling rate ., is necessary in this scheme in order to effegtipedvent grain
growth by not allowing sufficient time for atomiaffdsion. According to the
discussions above, prospective candidates exhgbitigh NFA by melt-quenching
can be alloy compositions of stoichiometric compiaiiormed by elements of
differring atomic radii. This new way of producimgnocrystalline alloys directly
from the melt

() opens up the possibility of preparing nanotajme alloys at previously
unaccessible compositions;

(i) can yield large quantities of bulk, porositge nanocrystalline alloys;

(i) will facilitate the interpretation of resultsn various physical properties of
nanocrystalline alloys since this technique coulakenavailable samples with a
single phase present.

Metallic multilayers — Electrodeposited Ni-Cu alloys and nanoscale@®likg/Cu
multilayers were produced by direct-current platamgl pulse-plating, respectively.
The room-temperature electrical resistivity andrin@ower were investigated for the
Ni-Cu electrodeposits as a function of compositiand for the NjiCwd/Cu
multilayers as a function of the constituent magnetnd non-magnetic layer
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thicknesses. For the multilayers, the calculatsastgity values obtained in a parallel
resisitance model based on bulk resistivities & #fublayer materials remained
significantly below the experimental data althotiggy approached towards them with
increasing sublayer thicknesses. The main origithefobserved discrepancy lies in
the nanoscale multilayer structure. Namely, it hagen well documented in the
literature that in thin films of similar thicknessas the sublayers in our multilayers, a
significant surface scattering of electrons caratlyeenhance the electrical resistivity
beyond the bulk values and the same should hapigenaa the interfaces in the
multilayer structure. The importance of these ¢ffex exemplified by the fact that for
multilayer series with a constant Cu thickness lbdbua 1 nm, the experimental
resisitivity data exceeded the parallel resistanoéel by about a factor of two even
for dvi-cu @s high as 10 nm. The experimental thermopowerwlate found to be more
negative than by simply taking a volume averagefbulk values of the constituent
sublayers. An increased surface scattering effegtitbe responsible also here for the
difference although it is hard to make even a tptahe estimate at present to take into
account the influence of surface scattering onntlo@ower of nanoscale multilayer
films. On the other hand, the present study indtat diffrence in sensitivity of the
electrical resistivity and the thermopower to scefacattering processes as manifested
also in the relatively good agreement of calculated measured thermopower values
for magnetic layer thicknesses where the parakttance model was still well below
the experimental data.
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1.20. K. Tompa: Nuclear magnetic resonance in geases. InNuclear Methods in
Mineralogy and Geology. Techniques and Applicatideds. A. Vértes, S.
Nagy and K. Sivegh (Plenum Press, New York, 1998)251-284
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1.22. M. Bokor, K. Siivegh K. Tompa, A. Vértes Hidrogéntarolé Pd-Ag 6tvozet
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(abstract). InProc. Xllith International Conference on Eye ResbafParis,
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J. METALLURGY AND MAGNETISM

L.K. Varga, A. Kakay, P. Kamasa, G. Konczos, A. LoVgs]. Padar, L. Pogany,
F.l. Téth, B. Varga™, |. Varga™*

Soft magnetic nanocrystalline alloys. —¥We have continued the systematic study of
both Finemet (Fes.CrSiisB/Nb,Cuw, with x =0, 6, 8, 10, 12 and y =1, 3, 5) and
Nanoperm (Fg.Zr-,B.Nb,Cu, with x = 2,4,6,8,10,12 and y=0, 3.5) type soft
magnetic nanocrystalline alloys. By comparativéiahpermeability ) and low field

dc magnetization (M measurements, it is demonstrated that the two-psgstem
(bcc nanograins and residual amorphous phase) shee@guence of magnetic phase
transformations as a function of temperature. Belbe/ Curie point of the initial
amorphous state, a rounded Hopkinson peak is oidenvthe initial permeability
versus temperature curve. Below this Hopkinson peh& bcc nanograins are
pertfectly coupled through the ferromagnetic amogghmatrix. Above it, however,
the bcc nanograins are gradually decoupled asnttreasing temperature gradually
surpasses the Curie temperatures of all the cayplimorphous spacers with slightly
differring chemical compositions. The weakened tiogresults in an increase of the
effective crystalline anisotropy which affects #ile magnetic characteristics: the
material becomes gradually hardened, i.e,. thecoaefield starts increasing and the
initial permeability decreasing; the domain stametchanges from wide domains to a
pattern of small irregular domainsbove the Curie point of the amorphous matrix,
the coupling between the nanograins is not comgleieerrupted but still persists to
the next temperature interval characterized byupegerromagnetic” state. In this
state, a residual coupling exists which can besegtrchange or dipolar or both and it
depends sensitively on the annealing conditioas,an the crystalline fraction. At a
given fraction, i.e., at a given distance betweke grains, the strength of the
interaction decreases with increasing temperatuegtal the simultaneous decrease of
magnetization in the bcc nanograins until thermaérgy dominates and the
magnetization behaviour becomes superparamagmtithis transition (Ty), the
system is again magnetically soft and a second peake initial permeability
thermogram can be observed. The magnetization ¥éesuperature curve, however,
shows no specific feature at;Tand disappears at a higher temperature called
superparamagnetic-paramagnetic transitiog) (Which is dependent on the applied
d.c. field. This TFp transition temperature will coincide with the Gutemperature of
nanograins at very large measuring field only. drailg of new two-phase (or even
better, monophase, if possible) nanocrystallinérsaignetic materials is necessary to
increase the Jof the matrix responsible for the ferromagnetioging between the
bcc nanoparticles and to prepare in this way newenads applicable at high
temperatures as well. The applicability of Cr-dopatemet alloys for magnetocaloric
effect is under investigation.

Metal-hydrogen systems. —A feasibility study of the reversible storage ofllhggen
in intermetallic alloys has been prepared for thendsarian Branch of LINDE
Company (Répcelak). It is concluded that for reldesstorage in small sparklet for
fuel cell applications, an ABtype alloy in nanocrystalline state is an appateri

" Ph.D. student (E6tvds University) supported byNfeistry of Education
** Permanent position: Technical University of Budstpe

¥ Ph.D. student (Technical University of Budapest)

" Ph.D. student (Technical University of Budapesppsuted by the HAS
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choice. An equipment was proposed based on masméter and constant pressure
regulator in order to perform absorption and desomginetic tests under isothermal
and isobaric conditions.

Scanning electron microscopy (SEM) studies— The most significant result was
the development of a new attachement for thesinyation of domain movement in
soft magnetic materials. This new attachment ig &dblshow the domain movement
on metallic ribbons and on the same sample materma can measure in-situ the
histeresys loop and permeability of the sample.afanlysis of ion distribution in
arbuscular micorrhysas was made on dry fungi sasviplé for more realistic results,
there is a need for developing a new techniquesdctioning. Morover, the real ion
distribution can change during the sectioning psecand, therefore, the samples
should be frozen and kept cooled during sectiobythinning. The sample thinning
will be performed by a newly purchased ion millgugn which is now being installed
in the laboratory. This ion milling equipment wélso be used for preparing TEM
cross-sectional samples of magnetic multilayergniBcant development has been
achieved recently in the laboratory hardware aritiveoe used for the evaluation of
SEM experimental results (qualitative and quantatevaluation of electron
microsonde spectra for the chemical analysis of fhyers and evaluation and
archiving of the electron microscopic pictures).

Development of a digital phase-sensitive detector- Based on the digital signal
processing (DSP) technique, a digital phase seasdetector (DPSD) has been
developed and built. This type of instruments idedy used in research by applying
continuous-wave modulation where a major requirdrnseto detect small-amplitude
modulated signals immersed in noise.The new insgtninhas already found an
application in Auger Electron Spectroscopy and Ibesn installed at the Research
Institute for Technical Physics and Materials Sceerof the HAS. The high
performance of the DPSD was verified in severakeotmeasurements including:
thermomagnetic measurements, nuclear and electreegnetic resonance
spectroscopy, spectrophotometry and nondestrutestang.

Development of magnetoresistance measuring equipnten- since the discovery
of the so-called "giant" magnetoresistance, thaseleen a large interest, both from
practical and fundamental point of view, in devéhog a general-purpose technique
for the measurement of magnetoresistance of miagmmtmagnetic metallic
multilayers. The magnetoresistance is mostly meaksury applying four point
contacts to the sample. However, with this techaithe measurement often suffers
from the shunting effect of the metallic seed andfwver layers, unless the multilayer
can be removed from the substrate which cannot dxéornmed for very thin
multilayers. In order to circumvent these problems have designed and constructed
an equipment for the contactless electronic measeme of resistance for routine
testing which can provide considerable advantages the standard technique. By
placing the sample into the coil of a marginal baswr which is operated at the
resonant condition, changes in the impedance cfdhgle can be measured, similarly
to a conventional AC impedance measurement, ascidn of the magnetic field.
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K. NEUTRON SCATTERING IN CONDENSED
MATTER

L. Rosta, L. Almasy, S. Borbély, L. Cser, T. GrBsdovari, L. Kdszeqi,
E. Rétfalvi, L. Riecsanszky, Gy. Torok

The Budapest Research Reactor— Our Institute is one of the three associates of
the Budapest Neutron Centre operating and usindleh&W Budapest Research
Reactor (BRRn the KFKI site. This modern neutron source - wtth unique
possibilities in Central Europe - is open for tikernational user community and
serves various tasks, such as basic and appliedrogsin physics, chemistry, biology,
materials science, as well as commercial utilisaéind education. For neutron beam
measurements different types of horizontal chanaesavailable: seven thermal and
two fast neutron channels; a tangential beam taebhees for the neutron guide system.
The Neutron Physics Department on one hand opesatesal experimental stations
located on the above beam-lines, on the other peowldes services for external users
to perform experiments and exploit the obtainedltesin 1998 nearly 40 experiments
were completed by the local staff and in collaboratvith national or foreign users
coming from university, industrial or other resdataboratories.

We operate at BRR a pine-hole collimation tygeall angle neutron scattering
(SANS) instrument and #iple axis spectrometefTAS) both installed on neutron
guides. A new reflectometer is in use since thermagg of 1998. The installation of
another TAS instrument anddacircle materials test diffractometéas been started
on thermal neutron beams. Our activity related &utron scattering is based
essentially on experiments performed on the abgertsometers, some special
studies, however, were performed at other neutoance facilities e.g. at Saclay
(France) where we shared the construction of the-Epho spectrometer (or at HMI
Berlin, FLNP Dubna, IRI Delft).

Our team is mainly interested in condensed maé#search: the investigation of
structure and dynamics bfuids (e.g. various solutions and anisotropic fluidsyl an
soft materialsas well as material propertiessaflids(like metals, alloys, composites
etc). In the followings a few examples of this aityi will be shortly described.

Liqguids. — The small angle scattering investigation mdlymer solutionshas
substantial impact on chemical, pharmaceuticalstrguWe have studied a particular
system, the interaction between EO-PO-EO typedclhtopolymer Pluronic F68 and
perdeuterated o-xylene in agqueous solutions. Thg@ene is a selective solvent for
the poly(propylene oxide) middle block. The meamasts revealed that the
interaction between the polymer and the additivenqote the temperature induced
aggregation of polymer molecules. The effect depardthe polymer concentration,
temperature and on the additive-to-polymer moldioraand shows a saturation
behaviour with increasing amount of o-xylene.

Results of neutron diffraction experiments havenb@edelled by the reverse Monte
Carlo (RMC) method applied to microscopic invediigas on the structure gimple
molecular liquids(CS, Cse). This work has revealed that orientational datren
vanishes if the distance of molecules is greaten #A, that is angular correlation
exists only between nearest neighbours;-T&ramethyluregTMU) mixtureshave
also been studied by neutron diffraction. Accordioghe model structures obtained
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by RMC the formation of contact TMU pairs is sigogint in the solutions
investigated.

Structural transitions were studiedfinzen ferrous perchlorate solutiouenching

a liquid solution typically gives rise to metastaklblid phases, which can transfer to
more stable states via ageing, heating or othecepiires. In a previous work
guenched ferrous perchlorate was investigated ubidgsbauer-effect. A phase
transition was found, where the frozen amorphouspsa before the crystallisation
passes through a viscous-like state. By small-amglggron and X-ray scattering, and
neutron diffraction the different structures wegsed, the existence of an amorphous
(viscous) re-entrant phase was clearly demonstrameda model of the process is
constructed, which allows to explain the experirakrésults.

The dynamical behaviowf various ferrofluidsvere investigated by the use of neutron
spin-echo technique. The interference between tisiear and magnetic scattering
allowed to separate the molecular diffusion andgpi& dynamics. It was found a
strong density fluctuation neae=20°C and H=0, induced by critical spin diffusion.
The temperature variation of the self correlationction

Gs(T,q,t) = exp[-dDIt/1)PM] at momentum transfer g = 0.07An the time interval

t = 0.5 - 40ns reveals strong influence of magrféictuations on the mobility of the
system. Using isotopic labelling strong influendedipole forces on the motion of a
particle was observed. It resembles the segmegitatation in a polymer chain. On
the other hand, the pair correlation reveals @dih character.

Soft materials.— Magnetic phase ordering farrogelsunder applied field was also
studied. A new cross linked polymer compound (hgeip containing fine F©s-
grains has been investigated by neutron scattevWg have studied the nanoscale
structures of these ferrogels synthesised in a etagfield and without a magnetic
field. By means of polarised neutron scatteringsieedied the self-assembly of the
particles under the influence of the magnetic fi€den in a weak field (H~650e) the
ferrogel showed strong spatial correlation of tlagtiples; a strong field (H~4kOe)
induced slow growth of the interference effect.

The influence otyclic thermal treatmemtear the first order phase transition on the
supramolecular structure of Cwas studied by neutron diffraction and small angle

scattering. The fragmentation of surface structatéise scale of ~10nm was observed.
From the small-angle neutron scattering data tineesponding fractal dimension was
determined. The fractal dimension value dependb@stage of the thermal treatment.

Interpenetrating network baspdlymer membrandsave great interest in the food and
pharmaceutical industry. Neutron scattering stuad\ysoch materials was carried out
by using the small-angle scattering technique. dit@ined results confirm the high
thermal stability of membranes. Two characterist@les of pores in membranes were
found (=30 nm and ~2 nm size) being responsibléiigin filtering properties of this
molecular sieve.

Solids.— The results of systematic measurements usirgptopic SANS method
on a series of dopeingstenrods and wires revealed quantitative information o
average deformation of potassium bubbles duringtieemomechanical treatment
procedure, namely the proper ratio of numbersarigdted ellipsoids and spheres can
be assigned to the given steps of the treatment.

The apparent grain size of millenocrystalline tungsten-carbide powdsamples
determined by SANS is significantly greater, coneglaio results of measurements by
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other methods, because the SANS method also reeadsirface of agglomerates of
closely packed grains. The rate of decrease ofnatesurface during sintering was
investigated on WC-Co hard metal samples. It isthyoto note that, similarly to
findings by others, no drastic internal surfacerease was observed at 1330 °C
temperature, the bulk melting point of Co basedlinig phase indicating that in
nanostructure the melting of binding phase bedisslawer temperature.

Internal stressmeasurements were performed in Saclay. The magrg@gmme in this
field is the stress investigations on the grainfatawies. In the last period we extended
our investigations to non-ambient temperaturesa Aist step the measurements were
started at above room temperature. The main task twadetermine how the
temperature variation influences stresses on thie goundary.

Surface and layer structurtudies were primarily related to the start-uprapen of

a preliminary reflectometer assembly installed omeatron guide. Valuable results
were obtained in porous silicon samples, a surfaper of about 30 nm was found.
The layer thickness seems to coincide with the dianrange of the tubular pores of
the sample and thus the surface layer may bewtdiio the roughness caused by the
craters of the tubular pores. Another study reweateuctural changes inséfulleren
deposited layers. The samples were annealed and cdineparison of the
reflectogrammes before and after annealing shoaistiie annealed layers are much
smoother, their thickness appears to be more honeogss.

Instrumentation development.— In order to maintain a high level experimental
research capacity at modest financial frames, wetdespecial efforts to enhance
neutron beam intensity and develop various newdcattering instrument components.
The major current development at BRR is the irstialh of a cold moderator for
expanding our condensed matter research possbifitir the highly demandexbld
neutronregion. The main component of the liquid hydrogasid Neutron Source
have been manufactured and purchased. We areteeadgemble the CNS system at
the beginning of next year. For the improved trangtion of the neutron beams
multilayer neutron optical elements (e.g. superong)y are developed in collaboration
with a small business company equipped with a larggnetron sputtering station.

On the spectrometer development side the followxamples are worth mentioning.
To provide monochromatic beams in the long wavdlengnge we have developed
and patented a multidisc typelocity selectarThe upgrading of its construction is in
progress now. On the detection side we have lawhahgrogram for equipping our
instruments with multiwire gas chamlaeea detectorsvith the proper electronic and
data acquisition system.

Meetings. —Since 1993 the Neutron Physics Department orgamesgglarly an
international autumn meeting either with workshbpracter (to initiate, for instance,
a topical project or instrument construction) artfaining purposes. This year the title
was ,International School and Symposium on Small-an§leattering” and the
meeting was held from™o 11" October in the resthouse of the Hungarian Academy
of Sciences at Matrahaza. More than 50 participaetsrly the half from Hungary and
the rest from abroad (16 countries), attended tketig. Seven invited lectures was
delivered by internationally reknown experts of #raagle scattering tecnique. These
lectures covered the basic ideas of the methodtarapplications in different fields
of sciences. Moreover, short lectures were heldhieyparticipants presenting their
own results. One should note that the major path®fttendies was young scientists,
graduate and Ph.D. students, mainly from Hungary.
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The annual meeting of tHaternational Scientific Advisory Counaf the Budapest
Neutron Centre took place on the 10th of Octolievak started with an open session
by a scientific lecture on the use of neutron secatg in biology given by P. Timmins
(ILL Grenoble). The Council - among others - enédrwith satisfaction the succesful
multidisciplinary use of our SANS machine and ®tegson the importance of the
upgrade of the neutron guide system in conjunctiith the cold source installation.
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L. INTERACTIONS OF INTENSE LASER FIELDS
WITH MATTER

Gy. Farkas, S. Varr6 and Zs. Papp

Experiments with strong lasers on electrons in mets. — We have observed
electron emission from gold cathodes irradiatedrig-IR (up to 12 microns) laser
light, in the MW/cnt intensity range. The emission has low index ofnlimearity
(close to 6, for a ratio of the work function taetphoton energy close to 50), and
electrons are emitted with unexpectedly wide spectof energies up to several eV.
It is the first time that such an observation hasromade under conditions which are
completely free from any heating effect. Our reswierify those strong field QED
predictions according to which electron-electrord aglectron-phonon collisions
change the high order coherence properties of phdton processes in metals.

We have demonstrated that a high energy X-ray fiedgy be generated by shining
laser light at grazing incidence on a gold targetreate a surface plasma by applying,
in addition, a strong static negative voltage toetal plate parallel to the gold target
at a small distance, such that the electrons asbqulback to the surface.With this
arrangement powerful X-ray radiation of about 2% keas been observed at shorter
wavelengths in the ns, ps and in the femtosecamgera

Theoretical study of interaction of strong laser felds and matter. — By
considering a laser-induced oscillating double lajeng the surface of a metal and
its action on an electron of the metal, we havevshitnat at moderate laser intensities
of some 18 Wi/cn? energetic electrons of a few 100 eV can be pradiuéis
explains our earlier experimental results withowgcessarily restoring to the
mechanism of Coulomb explosion, taking place dftercompletion of the ionization
process.

We have shown that at the interface between aspalte filled by laser radiation and

vacuum a considerable redistribution of the energieelectrons, either scattered or
ionized in the laser field, can take place. Onlthsis of results obtained the outcome
of the experiments on photon absorption by freetedas carried out long ago in our

institute can be explained.

By using the above-mentioned laser induced douerl model we were able to
explain the essential features of the generati@irohg X-ray pulses at metal surfaces
in the presence of a static electric field.

In the framework of the QED we have treated thedgoomotive (quiver) energy
conversion to final drift energy of a free electiateracting with a strong radiation
field. We have shown that a large amount of enar@y be transferred from the
radiation field to the electron resulting in italteration to high energies.

Concerning quantum optics, on the basis of a raarglecomposition of the photon
absorption operator we were able to define a heamjthase operator in terms of a
series convergent in norm in the whole Hilbert gpat a quantized mode of the
electromagnetic radiation.

E - mail
Gy0z06 Farkas farkas@power.szfki.kfki.hu
Sandor Varro vs@power.szfki.kfki.hu
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Phys. B: AtMol.Opt.PhysB31, L461-L468 (1998)
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M. LASER PHYSICS

M. Janossy, G. Bano, L. Csillag, Z. Donké, Sz.#&9rA. Hoffmann, Z. Gy.
Horvath, N. Krod, Zs. Lenkefi, P. Mezei, K. Rots&zalai, K. Szdcs, Zs.
Szentirmay

Gas laser studies. -We investigated ultraviolet and visible transitiarfishe cathode
sputtered helium - gold laser. On the 282 nm Atalhsition 100 mW laser power was
obtained in msec-long pulses. Our gain measurenséoised that this transition has
an exceptionally highs 50 %/m gain, significantly exceeding that measuneather
transitions (e.g. 692 nm) in Au-ll. The mode stuwetof the laser was studied on the
692 nm transition. We found that the laser operaj@sntaneously in a single
longitudinal mode. This results from the high homiegus (collision) broadening of
the spectral line due to the relatively high gasspures (10-20 mbar).

Plasma modeling. —The cathode region of glow discharge was investadty
computer modeling. We developed a hybrid model iwgdischarges which
combines the fluid description of ions and slowctiens with Monte Carlo simulation
of fast electrons. Our model made it possible tereine the discharge characteristics
(spatial distribution of particle densities, elecfield, particle fluxes) in a fully self-
consistent manner. We developed a molecular dymamsimulation program to
investigate the properties of one-component plas(easngly coupled Coulomb
systems). Using a new perturbation technique werohéed the transport coefficients
(heat conductivity and shear viscosity) for a widege of plasma conditions.

Electrolyte cathode atmospheric glow discharge (EL&D). — The pressure
dependence of cathodic current density was studiease of the ELCAD using an air
atmosphere, and in case of the metal cathode giseharge operating in air and
helium gas. Since, in case of the ELCAD, the plasegion above the electrolyte
cathode surface is saturated by water vapourdibharge can be considered to be
such a discharge, which operates isgOHvapour. Therefore, we can say, that our
measurements were performed in three differentsgamenely HO, N> and He. It is
also to be noted, that for an electrolyte cathddev glischarge, the ¥0* molecular
ions are the main particles taking part in the-se#ftaining mechanism.

In all three gases, the same deviation from thélaity law j = constOg could be
observed at and above medium pressures, whiclrilsusééd to the occurrence of the
dissociative recombination of positive moleculango Taking into account this
process, the pressure dependence of cathodic tuteesity could be determined,
from which the relationj = constld/ p resulted. On the basis of this deduction,
excluding the extreme electronegative gases, msdbkat the pressure dependence of
cathodic current density determined at high pressuhrough the dissociative
recombination of positive molecular ions and gitgrthe relationj = const[{/_p, can

be considered to be generally valid.

The gas temperature was calculated in the cathofiEce-dark space boundary layer
in the case of the ELCAD, taking into account timametrical charge transfer of the

H>O" molecular ions as a dominant collision. The gasprature was found to be
approximately 7000 K, which is in accordance witpberimental results.

Determination of surface roughness parameters on ralomly and periodically
corrugated surfaces.— The applicability of micromechanically or laser ated
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surfaces depends mostly on their surface paramaseh®mogenity, flatness, nano-
scaled corrugations etc. Atomic force microscopy¥NA, developed in the last
decade, is ideal for the experimental investigatibsurface roughness. Our principal
aim was to compare the roughness parameters otftdigeAFM and with a
conventional optical method on natural and artfigiroughened gold films.

The quality of a thin metal layer is characterizgdits optical parameters, e.g. the
complex dielectric function which can be determingg normal reflectometry,
ellipsometry, and if the metal allows surface plaemby attenuated total reflection
(ATR) spectrometry. However, since the natural awefroughness of the substrate
and of the layer may drastically influence the meed optical parameters,
information on surface roughness is of primary inignace for the preparation of any
kind of thin film device. In order to study the eft of surface roughness on the optical
properties of gold films, we performed ATR measueats on samples whose LiF
sublayers were of different thickness, obeyingedéht roughness structures.

Research on multidimensional lasers. —Fhe role of internal plasma mirror shells
appearing in a natural way in all gravitationallgnéined dense plasmas of stars
because of the fundamental optical properties abmphs has been investigated
theoretically. It was found that the effect of aos®nsitive, geometrically seperated
reflecting shells results in  a more abrupt limkrkdaing for light of shorter
wavelength than that of longer ones along the dianad observed disc of stars. The
solar photosphere strongly screens the phenometha inearest star, but the natural
existence of “mirrors” in cosmic objects is exetto strongly influence the spatial
light distribution of the recently discovered mdithensional “laser-stars”.

Photodynamic therapy.—In the field of photodynamic therapy of bacterial sedl
significant killing of Escherichia coli B cells under white light irradiation was
realised. Prior to the photoinactivation measurdaméine optimal conditions were
determined for photodynamic inactivation of the coli B cells. On the basis of
fluorescence emission spectra and introducing aplsinstatistical method the
concentration of fluorophors in solutions was deieed.

Neural system for real-time evaluation of spectra— A laboratory model was
realized to demonstrate the possibilities of nenstivork data handling of optical
information. Concrete applications of the experitaésetup for medical and drug
analysis are in progress.
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N. LASER APPLICATIONS

|. Kertész, P. Apai, A. Czitrovszky, P. Jani, A&9KM. Kods, S. Lako, Gy. Messing,
Said H. S. Mustafa, A. Nagy, B. Plosz, I. Pécsik

Solid state laser development— A high average power Nd:YAG laser was applied
for welding of aluminium at the Technical Univeys&tuttgart using our piezo-drivan
Fabry-Perot Q-switch. Our expectation was thaQkavitched mode is not adequate
to welding but the results are promising.

Luminescent properties of &dhave been studied using multistage up-conversion
excitation of Yb-Tm-Gd doped material. InGaAs laderde was used for pumping
and UV luminescence of Gd was observed in the 2@4r8n range. This proves that
the Gd* ion really can be considered as a potential lasefor UV lasers.

Optical measurement technique. —Experimental equipment for generation of
entangled two-photon field was developed. The imgneent of the parameters of the
system was achieved by using of constant fractisarichinators and a new data
evaluation. The rate of photon detection coinciéefor entangled photon pairs was
measured with 50ps time window.

The optic end electronic system was elaboratedsfandardless measurement of
guantum efficiency of avalanche photodiodes usiaphoton field.

Experimental equipment was developed for the measent of single-photon and
two-photon peaks in the photomultipliers for photmunting.

Experiments were carried out and software packages weveloped for the
simultaneous measurement of velocity and sizeasfometer size aerosol particles.

Dispersity, structure, composition and concentratibaerosol particles released from
simulant fuel rods was studied.

The measurement of size distribution of high terapee aerosols released from fuel
rods in the frame of EU CODEX AIT experiment wasfpaned. The concentration
of nuclear aerosols was measured withiA dghamic range at various stages of the
heating up to 220@C. The peaks of concentration corresponding tgtkexidation
and oxidation period were recorded using two ambqgparticle counters in different
sampling points of the facility. The evaluationtioé results was made using different
database programs.

Amorphous thin layers. 0 Our research work in this year was oriented tow#nds
investigations of amorphous carbon (a-C:H) and ahniés component, the graphitic
structures. The structural and macroscopic praggserelated to localized states in the
gap and near the band edges of amorphous carbofilthé were studied by several
methods.

The Raman investigations proved, that both chatiatiteRaman bands of graphite

originates from the samedz basic vibration mode of the graphite single ciySthe

G band corresponds to the normal zone-centre Ranoaess, where the momentum
transfer is small. The D band is an electron ekomtaenhanced resonance Raman
process, which shows a strong dispersion. We hapkaieed this dispersion by the

combined electron energy dispersion and phonoredsgm. According to the energy

of the exciting laser electron excitation takescplaand a phonon, with exactly the
same momentum is emitted, which phonon generageRaman shift of the scattered
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photons. The available laser energies are in the-boundary region of the Brillouin
zone of the graphite crystal. This gives the bwotha new structure investigating
method, where the Raman scattering supplies infiaomabout the high momentum
regions of the Brillouin zone as well, which wagyously investigated by neutron
scattering only.

Influence of nitrogen doping on photoluminescenoepprties of a-C:H layers was
demonstrated by studying sample series with diffeié concentrations. Small N
concentration quenches the light emission of a-l@yérs completely. By increasing
the N concentration new light emission appearsffierént energy range. This band
depends slightly on N concentration.

Spectral ellipsometry was applied to determinedpical constants of a-C:H layers
in the photon energy range of 1.5-4.5 eV. The a{@y/drs were deposited onto silicon
wafers by our decomposition method of methane imdio frequency (rf) glow
discharge process. Series of thin films were pegpay varying the negative self bias
(Us.p) in the range of -600 V <4}.<-200 V. The a-C:H samples in this series exhibit
transition in electrical and optical propertiesiwitecreasing optical gap from 1.3 eV
to 0.7 eV as the deposition voltage changes imahge of 200 - 600 V. The complex
dielectric function §(w) = &1(w) +iex(w)] and the complex refractive index
[N(w) = n(w) + ikw)] were determined for the samples. The most prooced changes

in optical constants and in bonding structure occear -500 V self bias. The
e2(w)spectrum exhibits a broad maximum which shiftewer energies by increasing
deposition self bias. The optical properties weglained in terms of electronic band
structure related to 3@mnd sp hybridised bonding states of carbon atoms and to
intermediate range ordering ofdponded sites.

In a co-operation we started to investigate thetd4@m surfaces with atomic force

microscope (AFM). Beside the precisely flat surfatéhe film we have found some
hemi-spherical structures, which seems to ressintiensive ion-implantation process
of the film formation, and seems to have a stromgewth tendency, than the film

itself. These are preliminary results, which wik lzontinuing, but the strongly

increasing interest towards the new carbon formatimake it worth to investigate in
more details.
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O. OPTICAL THIN FILMS

K. Ferencz, R. Szipbcs

Optical thin film structures in femtosecond laser gstems.— Continuing our
research started in 1993, dispersive dielectricarsrwere developed for different
femtosecond laser systems such as low-loss chirpgtbrs for mode-locked
Cr:LiSGaF, Cr:LiSAF lasers, broadly tunable cw amodelocked Ti:sapphire lasers,
as well as IR KTP based parametric oscillators amgh power femtosecond
amplifiers. Special ultrabroadband chirped mirrbesve been developed for pulse
compression experiments at the University of Grgaim the Netherlands and at the
Technical University of Vienna, Austria. The puthgration of the compressed pulses
is below 5 fs at both laboratories. Using the hpgiwer compressed pulses of the
commonly developed Ti:sapphire amplifier systemtkatithe TU Vienna, coherent
X-ray emission was detected from a laser inducegldsma in the water window.
The aim of the present development is generatioX-tdy radiation having higher
power, which makes it possible for practical apdi@ns such as X-ray microscopy
and microlithography. Special X-ray filter sets vkeveloped for these applications.

Other developments on optical coatings— Low loss dielectric mirrors have been
developed for hollow cathode copper and gold las@éte mirrors have been
successfully tested at the Department of Laser iBhyOur work on optical
waveguides deposited on optical gratings areistprogress for optical sensors used
for medical applications. We investigated the dffacsurface relief grating on the
morphology and waveguiding properties of the dapddlielectric layers. Transparent
electrodes were developed for porous silicon leghttters.
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P. GROWTH AND CHARACTERIZATION OF
OPTICAL CRYSTALS

|. Foldvari, L. Bencs, E. Beregi, V. Horvath, At&¢éK. Polgar, O. Szakacs,
Z. Szaller

Growth and study of nonlinear borate crystals. —The cyclic borates exhibit
excellent nonlinear optical (NLO) properties andliransparency range down to the
vacuum ultraviolet. Single crystals Bfbarium metaborate BaB-O4 (BBO) were
grown by the top-seeded high temperature solufior)(method. The quality of BBO
crystals were tested by optical microscopy and db&netching. The polarization
dependence of the Raman spectra of BBO crystadsmemsured and analyzed. All
the predicted external and internal vibration modese observed and assigned. A
correspondence between the lattice and free-rindesiwvas presented.

The huntite type double borates, KBIOs)s (where R*= Sc, Y, La, Lu, In, Bi and
M3* = Al, Cr, Ga, Fe, Sc), have good NLO parametedsthese crystals can easily be
doped with rear earths (e.g. Nd, Ga, Er) and ttimmsmetals (e.g. Cr) for building
microchip lasers. Spontaneous nucleation and tedesk flux methods were
developed to growttrium-aluminum borate -- YAl 3(BO3)4 (YAB) single crystals.
Undoped, Nd, Er and Cr doped YAB crystals were graRifferences were shown in
the lattice parameters and the morphological foonatamong the various doped
crystals. The composition, structure and qualitthef YAB crystals were tested by X-
ray diffraction, energy dispersive X-ray spectromescanning electron microscopy
and Fourier Transformation Infrared Absorption SpeEscopy.

Growth and study of bismuth oxide based crystals— Bismuth tellurite - BiTeGs

is a novel nonlinear crystal with interesting plegsiparameters. The crystal structure
contains 18 % open oxygen positions and the coatidim varies between 5 and 8
around the different cation sites. The materiarefore, is an excellent host for several
dopants with segregation coefficients close toyurlihe most interesting feature of
the crystal is a long living (years) photorefraetisignal that developed in the four
wave mixing process without specific fixing.

Single crystals of pure and doped BtOs were grown by the Czochralski technique.
The specific method developed in our laboratorywesbl the problem of TeO
evaporation from the melt and the related compmsali changes. This was the first
published growth of optical quality BieGs crystals.

Strong photochromic effect was observed in the @pred By TeG; crystals. There was

a single absorption band in the as grown crystakipg at 434 nm (77 K data). This
band belonged to €rions in a perturbed octahedral ligand field atldtéice sites,
capturing an extra oxygen (chromate anion). Theéqahwomic effect is related to €r

— Cr** transition and resulted in a complex absorptiogcspm in the visible and
near infrared region. The fine structure of thé&*digand field spectra allowed us to
determine the local symmetry of the Cr ionsd|DThe temperature dependence of the
Cr°* production indicated that there was a thermaltivated step in the photochromic
process. The photochromic effect could entirelydwerted by thermal annealing (250
°C).

The polarized Raman spectra o B2G; crystals were determined and analyzed. The
temperature dependence of the spectra was followede 10 - 890 K range. No
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specific changes were observed that might be cktatesecond order phase transition.
It was shown that the 762 cniRaman line was very sensitive to detect the oiidat
status of the crystals. The oxidation of thelBiOs structure to BiTeGs begins above
500 °C and the process is complete at about 600H€release of the captured oxygen
is very slow at room temperature. Since during ghotlve crystal passes through the
temperature range where>BeG:s is stable, such a non-destructive test as to measu
the intensity of the 762 ctRaman line to detect the actual oxygen statuatiser
important.

A complex X-ray power diffraction (XPD), selectecka electron diffraction (SAED)
and differential scanning calorimetric analysis vagplied to determine the phase
transitions of another bismuth oxide - telluriumidex compound, BiresO:1. A
metastable cubic and a monoclinic {fA2 final structure were identified. A unique
multi-step transfer was observed from the cubitéomonoclinic phase. The first step
was the re-arranging of the cations. The internrggieoduct was a mixture of rutile
type TeQ and fluorite based BlexO7 . The ordering of the oxygen sublattice was a
separable final phase to generate the monocliniteBD11. The oxygen deficient
structures of the BTesO11 phasesnade this kinetic possible.

Growth and study of stoichiometric lithium niobate.— Lithium niobate LiNbQ is
one of the most widely used nonlinear crystals. i@t grown crystals of LINb®
show typical non-stochiometric character that caméscribed by excess Nb ions in
Li sites (antisite Nb). This kind of defect strugueduces some important physical
parameters of the crystals and, consequentlymitditheir applicability. There is a
worldwide effort to produce stoichiometric LiNhOrystals.

Stoichimetric LINbQ crystals were grown by a top-seeded flux methaetldped in
our laboratory. The composition and quality of drgstals were analyzed by the
absorption edge position method developed alsoun laboratory. The widest
observed transparency range and a recent testechlgan methods (Perturbed Angular
Correlation and lon Beam Channeling) showed thattéchnique has resulted in the
crystal composition closest to the given formulaeTependence of the: electro
optic (EO) coefficient was determined as a functdrthe crystal composition. The
non-monotone change i related mainly to the electro-mechanical contitut
The enhanced EO properties and the increasetmesgsto optical damages make the
stoichiometric crystals attractive for laser apgtions.

A key question for the application of doped LiNo@ystals is the actual lattice sites
of the dopants. Single and double doped congruiNih@s crystals were grown by
the Czochralski technique. It was shown that ble¢hcrystal composition and selected
co-dopants (e.g. Mg) modify the incorporation amggical characteristics of active
dopants.

Analytical spectroscopic investigation of oxide crgtals. —The matrix effect of the
host material is a major factor in the atomic apson spectroscopic (AAS) analysis
of the dopant in crystals. The stabilizer contagngolvent technique developed for
transition metals in BreGs was compared with solvent and direct analysis@#y |
(plasma spectroscopy). The sensitivity and repntlig of our AAS method was
shown to be competitive to the ICP and the dataiobd with the two methods were
the same within the error limit.

The following other crystals were grown for reséagiod development studies that are
not discussed above: lithium triborateiB 305 (LBO), lithium tetraborate Li2B4O7
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(LTB), cesium-lithium borate €sLiBsO10 (CLBO), paratellurite -TeOz, sillenites
-- Bi12GeOz2o , Bi12TiO20 and Bi12SiOz0, zinc tungstate -ZnWO4 and germano-
eulytine --BisGesO12.
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P.9. |. Foldvari, A. Péter, O. Szakéacs, A. Mundz Fnprovement in quality and
performance of photorefractive BeQ. J. Cryst. Growth1998, accepted for
publication

P.10. I. Foldvari, R.S. Klein G.E. Kugel and A. Péter: Oxygen equilibrium and its
detection in BiTeGs crystals by Raman spectroscopad. Eff. Def. in Sol.
1998, accepted for publication

P.11. I. Foldvari, A. Munoz F, E. Camarilld, A. Péter and O. Szakacs: Basic
spectroscopic properties of BeQs.Er single crystalsRad. Eff. Def. in Sol.
1998, accepted for publication

P.12. L.A. Kappers O.R. Gilliam, R.H. Bartram, . Foldvari and A. Watterich: A
study of optical and ESR radiation-induced absongtin TeQ single crystals.
Rad. Eff. Def. in Soll998, accepted for publication (see also Q.11.)

P.13. J.G. MarquésA Kling", J.C. SoarésM.F. da Silva, R. Vianden, K. Polgar,
E. Diéguez, F. Agullé-Lopez, Structural defects in congruent and near
stoichiometric LINDQ. Rad. Eff. Def. in Sqglaccepted for publication

P.14. E. Beregi, E. Hartmann, L. Malicsk6 and J.dMasz Growth and
Morphology of Nd3+, Ef* and C#* doped YAE(BOs)s Single CrystalsCrys.
Res. Techrnl998, accepted for publication (see also Q.10.)

P.15. R. Capelleftj I. Foldvari, A. Péter and L. SeravaliThe OH vibrational
spectrum in BiTeQ; single crystalsRad. Eff. Def. in Soll998, accepted for
publication

P.16. L. Grigorjeva D. Millers’, G. Corradi, K. Polgar and V. Pankratoinduced
optical absorption and relaxation process in LiNb®ad. Eff. Def. in Sql.
accepted for publication (see also Q.15.).
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Conference procceding

P.17. L. Kovécs, E. Beregi, K. Polgar and A. PEEIItR Spectroscopy of Borate
Crystals. IniProceedings of International Conference on SolateésCrystals,
12-16 October, 1998, Zakopane, Pola&PIE, accepted for publication (see
also Q.17.)

Book chapter

P.18. Foldvari I. and Péter A.: Kristalyoptika, Beetés a modern optikaba, szerk.
Richter P. 4. fej. Egyetemi jegyzet, Muegyetemadd, Budapest, 1998.
(Chapter 4. Crystal Optics. In: P. Richter, edtrdduction to modern optics,
University textbook, Technical University, Budapel298, in Hungarian)

Others:

P.19. E. Beregi, V. lzvekOy L. Kovacs, A. Péter and K. Polgar: FTIR
spektroszkopiai vizsgalatok borat kristdlyokon. T spectroscopic
Investigation of borate crystals, in Hungarian).Rroc. of Present and future
of physics in Hungary, Physicist's Meeting, GoddHaingary, 25-28 August,
1988,pp. 214-216. (see also Q.24.)

P.20. E. Beregi, E. Hartmann, L. Malicsk6 and Jd&tasz Nd**, EF*, ;s CE*-mal
adalékolt YAB(BOa)3 egykristalyok névesztése és morfologiaja. (Groarnhd
morphology of YAE(BOs)s single crystals doped with Rig Er* és C#*, in
Hungarian). InProc. of Present and future of physics in Hung®iyysicist's
Meeting, G6dollo, Hungary, 25-28 August, 1988, 217-218. (see also Q.21.)

P.21. G. Corradi, K. Polgér, L. Kovéacs: Ujabb peldfvak az idealist megkozelitd
szerkezetl LiNb® kristalyok kutatdsaban és alkalmazasdban. (New
perspectives in the R&D of LiNb{Qcrystals with nearly ideal structure, in
Hungarian). InProc. of Present and future of physics in Hung&yysicist's
Meeting, G6dolld, Hungary, 25-28 August, 19pB. 92-95. (see also Q.22)

P.22. T. Becze-DedkL. Bottyan, G. Corradi, L. Korecz D. L. Nagy, K. Polgar,
S. Sayed H. Spiering: A °’Co(EC}’Fe elektronbefogast kdvetden kialakulo
toltésallapotok  vizsgalata  Mg:LiNb&ban  emisszios  Mossbauer-
spektroszkopiaval. (Investigation of charge std@kwing >’Co(ECY'Fe
electron capture in Mg:LiNb®O by Mossbauer emission spectroscopy, in
Hungarian). InProc. of Present and future of physics in Hung&tyysicist's
Meeting, Godoll6, Hungary, 25-28 august, 19pB. 223-225 (see also Q.23.)
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Q. CHARACTERIZATION AND POINT DEFECTS OF
OPTICAL CRYSTALS

A. Watterich, G. Corradi, E. Hartmann, L. KovacsMalicskd, G. Mandula

Characterization of optical crystals. 0 The investigation of the morphology of
Nd®**, EP* and C#* doped YAK(BOs)4 single crystals showed that the simplest form
of a huntite type crystal consists of trigonal prssand rhombohedra. The YAB:Cr
crystals grown by top-seeded solution growth metsloowed a tabular habit, and

were bounded by well developed {0001} pinacoid @61} rhombohedron faces,
as well as by smal{220} rhombohedra, and a tif{t 102 facecould also be
observed. The prism faces had Miller indigels2Q and211Q . The other crystals
also showed the same forms with varying proportmfithe mentioned features.

Microscopy of crystal imperfections. The application of optical crystals in laser
devices requires the knowledge of the structurahatge processes induced by
irradiations. Using optical and electron microscopiethods we investigated the
micromechanisms of structural damage formationediby different types of optical
loadings on absorbing and non-absorbing singletaisysuch as Te) V20s and
LiNbOsz:Fe. It has been found that independent of ther lasedes the structural
damages in each crystal are initiated by the faonaif small voids originating most
probably from laser-induced vacancy aggregates.

The as-grown defect structure and composition of*Ntbped YA(BOs)s single
crystal has been studied by using optical microgcapd energy dispersive X-ray
spectrometry in a scanning electron microscope:paved to the melt composition an
excess Al incorporation has been established ierystal.

Point defects in ZnWO, and other oxide crystals.] ZnWOy is used in scintillator
detector applications, requiring, however, a baiteterstanding of the luminescence
process. Another interesting feature is the lowrstny of the ZnW@lattice, making
the study of point defects especially rewarding.LIrdoped ZnWQ (where the
presence of Liions enhances the incorporation of charge compiegsaH impurity
ions) different radiations produce a>tAtype electron center that is perturbed by an
OH ion. Simultaneously a Li-associated hole-type defealso produced for charge
compensation. In the presence of Mo as an impuaritgopant, similar OHion-
perturbed Mé" defects are created. In Tm-doped crystals the rdopabstitutes for
Zr?* in the diamagnetic T#i state. However, UV-illumination at 77 K creates
paramagnetic TAlions, and the observed §ymmetry indicates the presence of some
local charge compensation. Simultaneausly, thmithation also produces Tm-related
hole-type defects. All of these centers were chiareed and their models were
proven by ESR and electron nuclear double reson@BOR) spectroscopy.

Infrared spectroscopy of localized vibrations in oide crystals. O In sillenite

crystals (Bi2MO2o with M=Si, Ge, Ti) the localized mode of M@trahedra has been
studied using infrared absorption spectroscopy. Tledamental and higher
harmonics of the asymmetric tetrahedral vibratioaveh been detected in
polycrystalline and single crystal samples. Theaamwonicity of the mode has been
determined using the Morse potential model. Impsi{lm = P, S, V, Mn) occupying
tetrahedral sites in sillenites have also beentifieth by their specific tetrahedral
vibration. The presence of additional impurities naodified the stretching mode of
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hydroxyl ions and the multi-phonon transitions oftbthe intrinsic M@ and the ImQ@
tetrahedra.

Hydroxyl ions (OH) are often present in air-grown crystals. Thertshing vibration
has been extensively studied in a number of noailogtical crystals (e.g. cesium
lithium borate (CLBO), yttrium aluminum borate (YABithium triborate (LBO), and
potassium titanyl phosphate (KTP) crystals). Measwants with oriented samples and
polarized light were used to determine the directtd the OH dipole in the crystal
lattice.

Defect structure of LiNbOs. [0 Progress in the growth of stoichiometric LINHO
further increasing its application potential, reqdi the refinement of composition
characterization: the method based on the shtfie@fJV absorption edge was shown
to reach a unique value of the relative accura®yQ& mol %) for near stoichiometric
compositions. The two-parameter formula found Ifies talibration greatly simplifies
routine characterization.

Ti dopant is used for production of surface wavdgasiin LINbQ. Codoping with Mg
the Ti ion, normally incorporated on the Li siteasMfound to substitute for Nb. The
ESR signal of this Ti®>* center shows an enhanced dynamic Jahn-Tellert efifekits
vibronic coupling exceeds that of similar centeithwi® electron structure. Electron
transfer from the Ti>* center, resulting in Ni** polarons, has been stimulated by
low temperature illumination in the near UV regidine average energy difference of
the involved T1*** and NB5*#* shallow donor states has been estimated to béesmall
if the centers occupy Nb sites due to the presehéég. This explains the influence
of the Mg codopant on refractive index changes amadeguide performance in
LiNbO3:Mg crystals treated by Ti in-diffusion.

Photochromic studies have been carried out in ptoehiometric, congruent and
various double-doped congruent LiNp©rystals: the effect has been found to be
significant only in samples doped with Mg-Fe or Mg-Non-resonant microwave
absorption detected in double-doped crystals withdviZn as the first and Fe, Cr, or
Mn as the second dopant has been explained byotheafion of ordered metallic
chains.
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Gabor Corradi corradi@power.szfki.kfki.hu
Ervin Hartmann hartmann@power.szfki.kfki.hu
Laszlo Kovacs lkovacs@power.szfki.kfki.hu

Gabor Mandula mandula@power.szfki.kfki.hu
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OTKA T 026088 Fundamental processes of hologrexing in photorefractive
crystals. (L. Kovéacs, 1998-2001)

Portuguese-Hungarian Intergovermental S&T Projdet,11/97: Growth and
characterization of oxide crystals (G. Corradi 1993
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Articles

Q.1. L Malicsko: Structural laser damages in opticgstals J. Computer-Assissted
Microscopy9, 67-6 8 (1997).

Q.2. A. Watterich, L. A. Kappersand O. R. Gilliarit Paramagnetic centers in
ZnWQO4: Tm single crystalsSolid State Commua04, 683-688 (1997).

Q.3. L. Bencs, K. Raksanyi, O. Szakacs, L.KovacsWatterich and A. Péter:
Removal of iron, chromium and sodium impurities nirazinc tungstate
(ZNWGQy). J. Crystal Growth181, 455-458 (1997), (See also P.8.).

Q.4. S. Erdéi L. Kovacs, A. Petg J. Vandlik, P. D. Townsend F. W. Aingef:
Low temperature three-dimensional thermolumineseespectra of undoped
YVOg4 single crystals grown by different techniquésAppl. Phys82, 2567-
2571 (1997).

Q.5. R. Capelletti P. Beneventj L. Kovacs, A. Ruffini: FTIR Spectroscopy to
Monitor Impurities and Impurity-Interactions in [&ihite CrystalsBerichte der
Bunsen-Gesellschaft fir Physikalische Chedd, 1282-1285 (1997).

Q.6. A. Watterich and A. HofstaettetO-Lizn centers in Li-doped ZnW single
crystals characterised by ESR and ENDOR spectrgs&atid State Commun
105 357-362 (1998).

Q.7. A. Watterich, A. HofstaetterR. Wuerz, A. Scharmannand O. R. Gilliant
Mo®*-H and W*-H centres in ZnW®@®single crystals characterized by ESR and
ENDOR spectroscopy. Phys.: Condensed MattdrQ, 205-213 (1998).

Q.8. G. Corradi, I. M. ZaritsKiiA. Hofstaetter, K. Polgar and L. G. RakitinaTi>*
on Nb site: A paramagnetic Jahn-Teller center iouuan-reduced LiNb®
:Mg:Ti single crystalsPhys. Rev. B8, 8329-37 (1998) (See also P.6.).

Q.9. L. G. Rakiting B. D. Shaning G. Corradi, K. Polgar: Electron transfer
through ordered metallic chains in LINeEQVIg;Zn):Me(3d).J. Magnetism and
Magn. Mater.184, 238-240 (1998). (See also P.4.).

Q.10. E. Beregi, E.Hartmann, L. Malicsko, J. Maddr&Growth and morphology of
Nd*, EP* and C?#* doped YAK(BOs)s single crystalsCrystal Research and
Technologyaccepted for publication (Saéso R14.).

Q.11.L. A. Kappers O. R. Gilliam, R. H. Bartram, |. Foldvari, A. Watterich: A
study of optical and ESR radiation-induced absongin TeQ single crystals.
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Radiation Effects and Defects in Solidkcepted for publication (See also
P.12)).

Q.12. A. Watterich, L. A. KappersO. R. Gilliam: Sn-related paramagnetic defects
in UV-illuminated ZnWQ single crystals.J. Phys.: Condensed Matter
accepted for publication.

Q.13.P. Beneveriti B. Briaf, R. Capelletli M. Gospodinoy, L. Kovacs, E.
Mazocchi, A. Ruffini’: Electronic and vibrational levels of the photamhic
Mn in sillenites. Radiation Effects and Defects in Solidsccepted for
publication.

Q.14.G. Corradi, L. Kovacs and I. M. ZaritskiDptical absorption edge and some
shallow donor levels in LiNb®systems.Radiation Effects and Defects in
Solids accepted for publication.

Q.15.L. Grigorjeva D. Millers’, G. Corradi, K. Polgar and V. Pankratoinduced
optical absorption and relaxation process in LiNbRadiation Effects and
Defects in Solidsaccepted for publication (See also P.16.).

Conference proceedings

Q.16. A. Watterich, L. Kovéacs, E. Hartmann, M.T.rBaiec, B. Briaf: Complex
study of photo-induced defects in V-dopedi@#012. In: Proceedings of
International Conference on Solid State Crystalskapane, Poland, 12-16
Oct. 1998, SPIE,accepted for publication.

Q.17.L. Kovécs, E. Beregi, K. Polgar, A. PéterlR$pectroscopy of borate crystals.
In: Proceedings of International Conference on Solat&SCrystals, 12-16 Oct.
1998 Zakopane, PolandPIE, accepted for publication (See also P.17.).

Q.18. M. T. BorowieG H. Szymczak M. Zaleski, P. Kaczor, L. Adamowicz, J.
Strzeszewskj A. Watterich, L. Kovacs: Raman and IR spectrogcop
investigations of double tungstates. IfProceedings of International
Conference on Solid State Crystals, 12-16 Oct. 188Bopane, Polan§PIE,
accepted for publication.

Book chapters

Q.19.J. Gibéc E. Hartmann: Difftizio ionkristalyokban. lonos e¢gs. (Diffusion in
ionic crystals. lonic conductivity, in Hungariarih: Diffazié és implantacio
szilardtestekbenDiffusion and implantation in solids)ds.: J. Giber, J.
Gyulai, MOegyetemi Kiadd, Budapest 1997, pp. 21%-25

Q.20. E. Hartmann: Gyulai Zoltan. Intagyar Tudoslexikon A-tél Z-i@Biographies
of Hungarian scientists A-4Zn Hungarian, Ed. Ferenc Nagy, Better-MTESZ-
OMIKK, Budapest 1997. pp. 353-355.

Others
Q.21.E. Beregi, E. Hartmann, L. Malicsko, J. Madarasld®*, Er* és CF* -mal

adalékolt YAR(BOs)s egykristalyok ndvesztése és morfolégiaja (Growtild a
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morphology of N&', Erff* and CP" doped YALBOs)s single crystals, in
Hungarian). InPresent and future of physics in Hungary, Physgigieeting,
Go6dolld, 25-28 August, Godolld, Hungahyp98.pp. 217-218. (Sealso P.20.).

Q.22.G. Corradi, K. Polgar, L. Kovacs: Ujabb petafvak az idealist megkozelitd
szerkezetl LiNb® kristalyok kutatasaban és alkalmazdsdban (New
perspectives in the R&D of LiNb{crystals with nearly ideal structure, in
Hungarian). InPresent and future of physics in Hungary, Physgieeting,
GOdollo, 25-28 august, 1998p. 92-95 (See also P.21.).

Q.23.T. Becze-DeakL. Bottyan, G. Corradi, L. Korecz D. L. Nagy, K. Polgar,
S. Sayed H. Spiering: A °’Co(ECY}’Fe elektronbefogast kovetden kialakulo
toltésallapotok  vizsgalata  Mg:LiNbcban  emisszios ~ Mossbauer-
spektroszkopiaval (Investigation of charge stateowing °’Co(ECY’Fe
electron capture in Mg:LINb®O by Mossbauer emission spectroscopy, in
Hungarian). InPresent and future of physics in Hungary, Physgidieeting,
G0dollo, 25-28 august, 1998p. 223-225 (See also P.22.)

Q.24. Beregi E., Izvekov V.Kovécs L., Péter A., Polgar K.: FTIR spektroszkdp
vizsgalatok borat kristalyokon (FTIR spectroscopstadies on borate crystals,
in Hungarian). In:Present and future of physics in Hungary, Physgist
Meeting)Go6dolld, 25-28 August, 1998, pp. 214-216. (See BRI49.).

Q.25.L. Malicsko : Réteges kristalynbvekedés ésidezmenyei. (Layer-by-layer
growth of crystals and its consequences, in Huagarin:Present and future
of physics in Hungary, Physicist's Meeti@)dolld, 25-28 August, 1998p.
219-220.

Q.26.G. Mandula: Fotovezetés és fotorefrakcid Osett adalékolt LiNb®
kristalyokban. (Photoconductivity and photorefracti in doubly-doped
LINbO3 crystals, in Hungarian)Present and future of physics in Hungary,
Physicist's Meeting, G6dolld, 25-28 August, 1988 221-222.

Q.27.L. Malicskoé: Folyamat-indukalta kristalyhibakkidkristalyokban.(Process-
induced crystal defects in optical oxide crystayecial Transactions of the
University of Veszprénkd. by K. Kovacs. Invited review paper, acceptad f
publication.
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R. NONLINEAR AND QUANTUM OPTICS
P. Adam, P. Domokos, J. Janszky, Zs. Kis, T. BissSzabo, V. Szalay

Quantum state reconstruction I We continued our studies on methods to
reconstruct the quantum mechanical state of nasicildight fields. We proposed a
new scheme combining unbalanced and balanced horaatBtection. This scheme
has the advantage that quasiprobability distrimgtio phase space are scanned point-
by-point, adjusted by the first local oscillatoreWave calculated the analytic form of
the corresponding local sampling function. Our nuoa simulations suggest the
feasibility of the method.

Cavity quantum electrodynamics..] We showed that the use of a single atom allows
one to prepare an arbitrary photon number statek(Btate) in a high Q cavity. The
atom undergoes a controlled succession of intenastivith two cavity modes. One of
them contains a classical coherent field from whiehatom transfers photons, one by
one, to the initially empty second mode. The schearebe extended to prepare a
guantum superposition of the vacuum state with ekFspate, a highly non-classical
field. The feasibility of the proposed experimeasibeen verified for the case of a
microwave cavity interacting with circular Rydbeatpms. We showed, by means of
numerical simulation, that almost perfect threetphcstate can be generated at the
present state of art in experimental cavity QED.

We patrticipated in the realization of a neodymiuopeld silica microsphere laser, of
diameters in the range of 50-1ath. Following very low threshold observed at room
temperature (absorbed pump power of 200 nW), weecito operate the laser in a
cryogenic setup at 2K. Very high Q quality fact@r= 3[10°, has been preserved for
the whispering gallery modes of a H@n diameter microsphere immersed in a
superfluid Helium. The homogenous linewidth of thetive medium is radically
reduced at this temperature. Preliminary resultesimg at this temperature have also
been obtained as a first step toward a “thresheddbeser” regime. The quantum theory
of microlasers operating in the strong couplingmeghas been developed to give an
account for the anticipated thresholdless behaviour

Nonclassical field state§] A coherent-state representation of the Hilbert-spdche
harmonic oscillator is developed. The basis sesistéof the coherent states with real
parameter which are in an infinitesimal vicinity néro. Properties of star states
generated in a three-photon down-conversion progessnalyzed. It is shown, that
the absorption efficiency of these states in thpleeton processes is orders of
magnitude larger than that of the coherent light.

Nuclear motions in molecules. We have developed continuos contracted
distributed approximating functions for Feynmanhpattegration in real time. We
have shown how contracted Hermite distributed apprating functions can be
employed in solving vibrational eigenvalue probleM& have given a solution to a
more than 40 year old puzzle, the derivation acfnml axis system of molecules with
asymmetric top and asymmetric frame, in theoretiwallecular spectroscopy.
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R.3.

R.4.

R.5.

R.5.

R.6.

R.7.

P. Domokos, M. Brungl. M. Raimondand S. HarochiePhoton-number state
generation with a single two-level atom in a cavétyroposalEuropean Phys.
Journall, 1-4 (1998).

F. TreussartV. S. lichenko, J. F. Roch P. Domokos, J. HargV. Lefevré,
J. M. Raimondand S. HarocheWhispering gallery mode microlaser at liquid
He temperaturelournal of Luminescenc&’, 670-673 (1998).

S. Szabd, P. Domokos, P. Adam, and J. Jan€gherent-state representation
of an infinitesimal interval in phase spabPéys. LettA 241, 203-206 (1998).

J. Janszky, Z. Kis, and P. Adam: Star st&eschr. Phys46, 6-8 (1998).

V. Szalay, Contracted distributed approxingfumctions: Derivation of non-
oscillatory free particle and harmonic propagators-eynman path integration
in real time.J. Chem. Physl08 2847-2866 (1998).

V. Szalay and J. Ortigosdrhe internal axis system of molecules with one
large amplitude internal motiod. Chem. Phy<l09, 3911-3918 (1998).

T. Kiss, U. Herzogand U. Leonhardt Reply to 'Loss-error compensation im
guantum-state measuremeriglys. RevA57, 3134-3135 (1998)
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Rev. A accepted for publication.
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R.8. U. Leonhardf T. Kiss, and P. J. BardoffState reconstruction of wave packets
moving in time-dependent potentials and the excaeasf Wronskian pairsl.
Phys. A accepted for publication.

R.9. V. Szalay and S. C. Smiith Application of contracted distributed
approximating functions to solving vibrational eigalue problems]. Chem.
Phys, accepted for publication.

R.10. 1. Protsenko P. Domokos, V. Lefevig J. Haré, J. M. Raimond and L.
Davidovich: Quantum theory of a thresholdless lagiys. Rev. Aaccepted
for publication.

Conference proceedings

R.11. P. Adam, T. Kiss, and J. Janszky: Planniegetolution of time-dependent
oscillators. IniProc. of the Fifth International Conference on Segexd States
and Uncertanity Relations, Balatonflred, Hunga@®97, Eds. D. Han, J.
Janszky, Y. S. Kim, V.I. Man’ko, NASA/CP-1998-2083.998, pp. 189-194.

R.12. P. Adam, J. Janszky, S. Szabé, E. LigBsilations between input and output
states of integrated optical systems. Broc. of 5th Congress on Modern
Optics, Optika’98, Budapest, Hungaryds. Gy. Akos, G. Lupkovics, and A.
Podmaniczky, Proc. of SPIE vol. 3573, 1998, pp585-

R.13. Z. Kis, J. Janszky, P. Adam: Star statesditiiphoton processes. IRroc. of
5th Congress on Modern Optics, Optika’98, Budapkstngary Eds. Gy.
Akos, G. Lupkovics, and A. Podmaniczky, Proc. ofEStl. 3573, 1998, pp.
74-77.

Book

R.14. Csaszar Attifaés Szalay Viktor: Molekularezgések elméleti vitatg@a A
Kémia Ujabb Eredményei. (Theoretical study of molacvibrations, Progress
in Chemistry), Akadémiai Kiad6, 1998.

Other

R.15.V. Szalay and S. C. Sniith Application of contracted distributed
approximating functions to solving vibrational eigalue problems. P057
Book of Abstracts of The 2nd Australian Conferemced?hysical Chemistry,
University of Brisbane, Brisbane, 11-15 July 1998
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Graduate and postgraduate courses, 1998

— Theory of Magnetism I. (P. Fazekas, BRIE

— Theory of Magnetism II. (P. Fazekas, BME)

— Statistical physics (F. Igléi, JATE

— Thermodynamics and statistical physics (F. Igl&iTH)

— Advanced Solid state physics 1. (J. S6lyom, ERTE

- Advanced Solid State Physics Il. (J. S6lyom, ELTE)

— Advanced Solid State Physics Ill. (I. Tuttd, ELTE)

— Superconductivity (I. Tuttd, BME)

— Broken symmetry states in condensed matter (16T &t TE)
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