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Dear Zeader,

It is my pleasure to hand over the Annual Reporthenactivities of the Research
Institute for Solid State Physics and Optics in@00

Our institute was founded by the Hungarian Acadeifn§ciences in 1981 as part of
the Central Research Institute for Physics. In 1982 became an independent
institute with the name: "Research Institute folice&tate Physics”. In 1998 the
Crystal Physics Laboratory of the Hungarian AcadeofiySciences joined our
institute as a part of the reorganization procésh@academic institutes and at the
same time our name has been changed to "Reseatithtenfor Solid State Physics
and Optics".

The main profile of the institute is to do basisaarch in the fields of theoretical and
experimental solid state physics and materialsnseiencluding metal physics and
liquid crystal research, theoretical and experimkeaptics including laser physics
and the interaction of light with matter. Our experntal research activity is

connected to unique methodologies like X-ray ddfien, NMR-, Mdssbauer-, and

optical spectroscopy and neutron scattering exmerisiat the KFKI Research
Reactor.

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

In 1999 our institute, together with the KFKI Atarienergy Research Institute, the
KFKI Research Institute for Particle and Nucleay$ts and the Research Institute
for Technical Physics and Materials Science esthetl a new organization, the
KFKI Condensed Matter Research Centre (CMRC), aepto co-ordinate in the
KFKI Campus the research activity in the field @ihndensed matter physics and
applications. Twelve Working Groups belong to thentte, covering a broad
spectrum of condensed matter research. In 2000FK&-CMRC became aCentre

of Excellencé within the 3" Framework Programme of the European Union.

Our research activity is financed by the Hungaraademy of Sciences and by
national and international research funds likeHbegarian National Research Fund
(OTKA) through supporting individual projects. Sindungary has joined the EY'5
Framework Programme, the international co-operatias become even more
important for the scientific work of our researcbugps. We have living contacts with
a great number of research institutions and unitvess In more than half of our
publications there are foreign co-authors indiaatihe significant role of these
contacts. The different EU, ESF, COST, NATO anceothternational projects play
a rapidly increasing role in our research actiVitys expected that the share of these
resources in our budget will increase with the etroh of the integration process of
our country.



Our institute has been taking part traditionallygradual and to a larger extent in
postgradual education. Details of this activity algo given in this Annual Report.
We have published more than 200 papers in hightguaternational journals and

conference proceedings. The number of publicati®ssmewhat larger than that in
the previous years.

The conventional structure of our Annual Reporhdormed during the last years
has been slightly changed in 2000. Two projecthérfield of liquid crystal research
have been joined together with the name “Liquidt&@lsy (Project G). At the same
time in the field of laser physics we have statted new projects: “Femtosecond
lasers” and “Metal optics” (Project N and O).

May | hope that this booklet gives useful inforroatto the reader. The key figures
help you to get a general overview of our institasea whole. The Annual Report
contains the e-mail addresses of our scientisistbomake it easier to get in contact
with them directly. For further information pleagsit our WEB-page.

Budapest, December 1, 2000
z ’ Z Z‘Z ’

Director






Key figures

Permanent staff of the Institute: 165 employees. stdistribution:

a) by professions:

Oscientists
mDengineers
mtechnicians/assistants

W administrators

69%

b) by scientific titles/degrees:

mmember of Hungarian
Academy of Sciences

[ doctor of science (Dr.
habil.)

B8 Ph.D (candidate of
science)

[N RN
(NN
|

Buniversity diploma

c) by ages:

28

30 (7]

under 30 years

H=

N
(@)

M 30-40 years

77

040-50 years 11

@50-60 years

Oover 60 years




Financial management
a) Sources of operation costs:

OMTA (Hungarian Academy
of Sciences)

O OTKA (Hungarian
Scientific Research Fund)

m European Union

B OM (Ministry of Education)

69%
Bothers
b) Distribution of expenditures:
Owages and salaries
13% 13%

moverhead, labour (health It

service, etc.) 6% Eeas
Doverhead, other (energy, H

etc.) g
8consumables 15%
mothers (incl. travel costs)

15% 38%

@minvestments



Structure of the Research Institute

for Solid State Physics and Optics
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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 studied general spin ladders composed
of S=1/2 spins coupled along the rungs, diagonalhg by plaguette interactions.
The massive ground state of the conventional twdddder bears close resemblance
to the Haldane state of the spin-1 chain. We argo@dever, that in case of a ladder
one can define two kinds of Haldane states. Botthese possess some kind of
topological long-range order, but the two sectoefed in topological quantum
numbers, and hence in order parameters. The twaldgipal sector is necessary
separated by a phase transition: one cannot meveytem from one state into the
other in a smooth way. The type of the phase ttiansiwas analyzed by the method
of Abelian bosonization. Conclusions were also kbdcnumerically using the
density-matrix renormalization group (DMRG) algbnt, which provided a
convenient tool to compute topological (string)@rgarameters in the ground state.

We analyzed the onset of incommensurabilities ataitwe VBS point of the S=1

bilinear-biquadratic spin chain. We proposed a s&ngffective field theory, which

was capable of reproducing all known properties tbé commensurate-

incommensurate transition at the disorder poird ¢loreover, our theory predicted
another special pointqg, distinct from the VBS point, where the Haldang ga
behaved singularly. The ground state energy demgity found to be an analytic
function of the model parameters everywhere, inagigathat the commensurate-
incommensurate transition is not a phase transitidghe conventional sense.

We constructed for the first time a spin-1 modelaoochain, which has an exactly
solvable threefold degenerate ground state. Thengrstate wave function breaks
translational symmetry, thus we have trimerizatixgited states cannot be obtained
exactly, but we could determine a few low-lying sri®y using trial states, among
them solitons.

We are examining the behaviour of the extremly (fL/N)) energy excitations of
the XXX Heisenberg chain. Strong indications wevand that the size of these
excitations is of the order of the chain length.

Fermionic models. —In 1995 a momentum-space approach of the DMRG mdetho
was developed by Xiang et al., and the ground stagegies of the Hubbard model
were evaluated. As a conclusion, it turned out, the accuracy of the new method
was worse than the real space version, which deliagéurther application in a great
extent. We have developed a new code for the mamespace version of DMRG
and reproduced White's results for molecules upit@0 orbitals. Various additional
modifications have been included to increase thei@hcy of the method and for the
studied system the relative error fell betwee®-108. This novel approach may give
a new impetus to solve interacting fermion model®me and two dimensions, as
well as in ladder like compounds.

We have investigated the single-particle spectmattions and the density response
of a two-band Emery model in the strong couplinmitliusing analytical and
numerical tools. The model describes the almostl idee-dimensional Cu-O chains

" Permanent position: Budapest University of Techgpland Economics



in the SrCu@ and SsCuGs; compounds. We have shown that the low energy hole
carriers are the one-dimensional analogs of the@iRice singlets, and the physics
is similar to the one-band Hubbard model. The spkftinctions also resemble very
much to that of the Hubbard model, with additiomadight reduction near the
Brillouin zone boundary. This is in agreement vattperimental findings.

The transition metal compound Bay/shows a wide variety of exotic and yet not
well understood features: lowering the temperatilvepad metal becomes insulator
with no sign of ordering and presumably with a ggap at 70 K. A second transition
follows at 30 K, where some kind of long-range orde established. Applying
pressure, the temperature of the metal-insulaémsttion decreases, and eventually
vanishes at 20 kbar. Near the quantum critical tpoion-Fermi-liquid (NFL)
behaviour is observed with T*25 This is one of the very few observations of NFL
behaviour in compounds witd electrons. The mostly experimental work, with
theoretical input from our side, was done in a ela®llaboration with the
experimental physicist at the Technical Universitly Budapest and EPFL in
Lausanne.

Theory of dissipative notion of heavy particles— We examined the electron
scattering on two level systems in amorphous samdigctiors. The infrared
divergencies arising in the theory are not compfeteomalous to those at the orbital
Kondo-effect of metallic case but the TLS-electomupling transforms similarly to
a strong fixed point.

E-Mail
Gabor Fath fath@szfki.hu
Ors Legeza olegeza@szfki.hu
Karlo Penc penc@szfki.hu
Attila Rakos rakos@szfki.hu
Jert Solyom solyom@szfki.hu
Karoly Vladar vladar@szfki.hu

FerencWoynarovich fw@szfki.hu
Alfréd Zawadowski zawa@phy.bme.hu

Grants

OTKA! T 017128 Theoretical study of dissipative motidrheavy particles (K.
Vladar 1995-2000)

OTKA T 022607 Completely integrable quantum chdfsWoynarovich 1997-
2000)

OTKA T 030173 Theoretical study of magnetically aalectrically low-
dimensional models (J. S6lyom, 1999-2002)

OTKA F031949 Effect of magnetic field on the beloawf quantum spin chains
(G. Fath, 2000-2003)

OTKA F 032231  Study of coupled spin and fermion ishawith the density
matrix renormalization method (O. Legeza, 2000-2003

OTKA D32689 (postdoctoral) Spin and orbital ordgrn frustrated vanadium oydes
and sulphides. (K. Pencz, 2000)

! OTKA=Hungarian Scientific Research Fund



Conference proceedings

A.14.J. Solyom: Phase diagram of spin ladder nwdeld the topology of short
valence bonds. InProc. Open Problems in Strongly Correlated Electron
System&NATO ARW, Bled 2000, accepted for publication

A.15.K. Penc, W. StepharSpin-charge separation in theGu0; and SrCu@chain
materials. In:Proc. Open Problems in Strongly Correlated Elect&®ystems
NATO ARW, Bled 2000, accepted for publication

A.16.P. Fazekas, H. Bergel. Forr§, R. Gadl, |. Kézsmarki, G. Mihaly, M.
Miljak*, K. Penc, F. ZamborszkyNon-magnetic Mott insulating phase and
anomalous conducting state in barium vanadiumlpisde. In: Proc. Open
Problems in Strongly Correlated Electron SysteM&TO ARW, Bled 2000,
accepted for publication



B. COMPLEX SYSTEMS

N. Menyhard, F. Igloi, R. JuhdszA. Suf, P. Szépfalusy

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

Phase transitions and critical behaviour. —We have studied the non-stationary
guantum relaxation of the Ising spin chain in askaerse field of strength Starting
from a homogeneously magnetized initial state tfstesn approaches a stationary
state by a process possessing quasi long rangelat@ns in time and space,
independent of the value lofIn particular the system exhibits ageing (or latkme
translational invariance on intermediate time sgal@though no indications of
coarsening are present.

We have investigated, mostly numerically, the psscA+A- 0, B+B - 0 with
exclusion between A and B in one dimension. Thdirsggroperties (critical
exponents) have been found to exhibit marked dewistfrom those of standard
annihilating random walk and dependence upon thialiconditions (density and
composition) has been established and demonstogtbidh precision simulations.

We have investigated properties of transient chaos chain of dissipative two-
dimensional maps, in particular in the criticaksta

Quantum systems. —For one dimensional Haldane gap antiferromagnets we
proposed a simple effective field theory capableepfoducing all known properties

of the commensurate-incommensurate transition eadtborder point. We showed
that the ground state energy density and the pairelation function at fixed
distances vary analytically through this transitiarhich is, therefore, not a
conventional phase transition.

We studied the ground state of the hard-core Baségpin-1/2 XY model) on regular
lattices in arbitrary dimension. We proved thatwse function in coordinate space
is strongly nonuniform and derived an approximajgression for it. We gave upper
and lower bounds on the ground state energy, amargument for Bose-Einstein
condensation in the ground state.

We have worked out a model including exchange mseE® for Bose-condensed
gases in traps and determined the frequency angidgraf the excitations.

The dielectric formalism was generalized for theecaf spinor condensates; the
density fluctuation and different spin density ¢éattons have been determined.

E-Mail:
Ferenc Igloi igloi@szfki.hu
Rébert Juhasz juhaszr@sol.cc.u-szeged.hu
Néra Menyhard menyhard@szfki.hu
Andras St suto@szfki.hu

Péter Szépfalusy psz@galahad.elte.hu

" Ph.D. Student (University of Szeged)
** Permanent position: Lorand Eétvos University, Btk



GRANTS
OTKA T023642  Phase transitions in quasi-crystajsgriadic and disordered

systems (F. Igloi, 1997-2000)

OTKA T023791  Nonequilibrium phase transitions (Neyhard, 1997-2000)
OTKA T029552  Study of atomic systems (P. Szépfala999-2002)
OTKA T030543  Mathematical study of systems of quanspins and particles

(A. SUB, 1999-2002)

DAAD-MOB 2000/47 Disordered quantum spin systemdd®i, 2000-2001)

Publications
Articles

B.1.

B.2.

B.3.

B.4.

B.5.

B.6.

B.7.

B.8.

B.9.

G. Palagyi C. Chatelain B. Berché and F. Igl6i: Boundary critical behaviour
of two-dimensional random Potts modédtsir. Phys. JB13, 357-367 (2000)

H. Rieger, R. Juhasz and F. Igloi: Critical exponents ofd@n XX and XY
chains: Exact results via random walksir. Phys. JB13, 409-412 (2000)

P. Lajkdé and F. Igl6i: Correlation length - exponent redatifor the two-
dimensional random Ising modé&hys. Rev. B1, 147-152 (2000)

F. 1gl6i, R. Juhasz and H. RiegegRandom antiferromagnetic quantum spin
chains: Exact results from scaling of rare regidfisys. Rev. B1, 11552-
115568 (2000)

Y-C. Lin", N. Kawashim3 F. Igl6i and H. Riegér Numerical renormalization
group study of random transverse Ising models ie amd two space
dimensionsProgress in Theor. Phys. (Supdl38 479-488 (2000)

D. KarevskKi, L. Turban and F. Igléi: Conformal profiles in the Hilhorsasw
Leeuwen modell. Phys A33, 2663-2673 (2000)

F. Igléi and H. Riegér Long range correlations in the non-equilibrium
quantum relaxation of a spin chaithys. Rev. Let85, 3233-3236 (2000)

N. Menyhard and G. OdorNonequilibrium Kinetic Ising Models - Phase
Transitions and Universality Classes in one dimamdBrazilian Journal of
Physics 30, 113-133 (2000)

G. Odor and N.Menyhard: Critical behavior of annihilatirapndom walk of
two species with exclusion in one dimensiéthys.Rev. E61, 6404-6414
(2000)

B.10. J. Reidl A. Csordds R. Grahamand P. Szépfalusy: Shifts and widths of

collective excitations in trapped Bose gases detextn by the dielectric
formalism.Phys.Rev. £1 043606-1-043606-10 (2000)

B.11. Z. Kaufmannh and P. Szépfalusy: Transient chaos and criticalestin

generalized Baker maps. Stat. Phys101, 107-124 (2000)



B.12. P. Szépfalusy and G. SzirmdProperties of excitations in systems with a
spinor Bose-Einstein condensa®ys.Rev. A1, 051604-1-051604-4 (2000)

B.13. Z. Kaufmann A. Németh, and P. Szépfalussy: Critical states of transient
chaosPhys. Rev. B1, 2543-2550 (2000)

B.13. A. SU#: Nonuniform ground state for the Bose gasPhys. A: Math. Gen
accepted for publication

B.14. J. Hajduand P. Szépfalusy: On the production of entrophiwithe concept
of incomplete description of sta#nnalen der Physjlaccepted for publication

Seealso A.5.
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C. ELECTRONIC STATES IN SOLIDS
J. Kollar, P. Fazekas, K. ltai, A. Kiss, |. TéitB. Ujfalussy, A. Viroszték L. Vitos

We have implemented a new method, caldTO (exact muffin-tin orbitals) to
calculate the electronic structure of bulk solidd aurfaces and combined it with our
full charge density techniquin this way we have developed an accurate amnexft
technique to describe the electronic states in éaxngystems. We have used the
method to perform calculations fpalladium clustersto show that below a critical
size the high surface energy anisotropy stabiliresicosahedral multiply twinned
particle structure against the fcc single crystélisdel structure calculation supports
the appearance of ferromagnetic order for non-aliggjraphic icosahedral
symmetry with a small (0.1{1s) magnetic moment per atom. These results allow us
the interpretation of recent experimental findifigarophys. Lett.38, 195, (1997)]
that small free palladium clusters exhibit spontarseferromagnetic order.

As another application of the method, the presdependenstructural properties

of ScAlOs perovskite have been determined. Based on dbeinitio ground state
parameters the Debye model was used to computghibrgon contribution to the
total free energy. We have found that the ScAf@rovskite has orthorhombic
structure at 0 K and ambient pressure. This stradgistable relative to the cubic
perovskite structure up to pressuresl@00 GPa and temperatures[é800 K. The
present results support the experimentally obsearedogy between ScAland
MgSiOs perovskites.

In the field of the general development of the dgrianctional theory, we have used
the Airy gas model of the edge electron gas to tcools an exchange-energy
functional that is an alternative to those obtained in thealldensity and
generalized-gradient approximations. Test calcoati for rare-gas atoms,
molecules, solids and surfaces show that the Aas/fgnctional performs better than
the local-density approximation in all cases anitiebehan the generalized-gradient
approximation for solids and surfaces.

We continued the development of the theory of thealled Polymorphous Coherent
Potential Approximation (PCPA). In spite of the seiss of the PCPA in the structure
of random substitutional alloys, it does not trde charge transfers and related
quantities properly. A new PCPA theory was developdich allows a proper
treatment of the charge transfers. It was succigdksted for CuzZn and CuPd
alloys. By applying the methodology of spin-dynasnige are trying to find the long
debated ground state of the fcc FeMn and hypothlefiic Fe, by using the world
largest supercomputers.

At ambient pressure, the strongly correlated $gtem BaVSundergoes a phase
transition from a bad metal to a non-magnetic Mosiulator at Ty =69K. Tw
decreases under pressure or in an external madiedtic The insulating phase is
fully suppressed atcI=20kbar. BaV$ offers the opportunity to study the nature of
the non-Fermi liquid states, which are adjacera $pin-gapped Mott insulator.

We have made extensive susceptibility, resistivipd magnetoresistivity
measurements on single crystal samples ofsBawd discussed the nature of the
metal-insulator transition, and of the exotic cortthg and insulating states of either

* Permanent position: Budapest University of Techggland Economics
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side of the phase boundary. At p = 1bar, the badlnsecharacterized by a critically
diverging resistivity and a susceptibility whichassentially that of uncompensated
d-electron spins. At pzp the resistivity follows ¥2°for 1K < T < 40K. The behavior
is somewhat similar to that of nearly antiferromeigmn systems, but it cannot be
interpreted solely in terms of antiparrallel sporrelations: the non-magnetic nature
of the insulator requires the consideration ofdHstal degrees of freedom. We find
that suppressing the insulator state is synonyrtmaappressing the spin gap.

A new method was proposed to calculate the inframedl the Raman spectra of
cuprates at the normal state from the measuredemission spectra. Using the
measured one particle spectral function and a phenological effective interaction
coming from the exchange of paramagnetic fluctuatiave find a self-consistent
method to calculate the two particle correlationdiions.

We have investigated thdrequency dependent conductivity of both
superconductors and spin density waves(SDW). We calculated the optical
conductivity of SgRuQs, which is thought to be a p-wave superconductoe W
identified strong impurity scattering as a poss#warce of finite density of states at
the Fermi surface even in the superconducting.stdte have also determined the
microwave conductivity of an SDW in the presencergiurity scattering, and found
reasonable agreement with experiment.

We have established the theory wiconventional SDW by working out the
thermodynamics and the optical properties of tixtesn. Our results are expected to
be relevant in a number of cases, when a robusnhtiti/namic phase transition is
observed, but the order parameter can not be foyrmbnventional means (hidden
order).

E-Mall
Patrik Fazekas pf@szfki.hu
Kazumasa ltai itai@szfki.hu
Janos Kollar jk@szfki.hu
Istvan Tutb tutto@szfki.hu

Balazs Ujfalussy  bu@szfki.hu
Attila Virosztek viro@szfki.hu
Levente Vitos Iv@szfki.hu
Annamaria Kiss amk@szfki.hu

Grants

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

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

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

OTKA T019045  Collective excitations in unconventbrsuperconductors (l.
Tatt6, 1997-2000)

ESF Network program: Electronic structure calcofasi (J. Kollar, 1998-2002)

DAAD-MOB 2000/18 Spectroscopical properties of aips (I. Tuth, 2000-2001)

12



Publications
Articles

C.1.

C.2.

C.3.

C.A4.

C.5.

C.6.

C.7.

C.8.

C.9.

L. Vitos, B. JohanssonJ. Kollar and H.L. Skrivér Local kinetic-energy
density of the Airy gaPhys. Rev. &1, 052511-1-4 (2000)

J. Kollar, L. Vitos, B. Johanssoand H.L. Skriver. Metal surfaces: Surface,
step and kink formation energigsys. stat. sol. ()17, 405-418 (2000)

L. Vitos, H.L. Skriver, B. Johanssdrand J. Kollar: Application of the exact
muffin-tin orbitals theory: the spherical cell apgpimation.Comp. Mat. Sci.
18, 24-38 (2000)

L. Vitos, B. JohanssanH.L. Skriver and J. Kollar: Stability of fcc (110)
transition and noble metal surfac€amp. Mat. Scil7, 156-159 (2000)

H.L. Skriver, A.V. Ruban, J.K. Norskov, L. Vitos and J. Kollar: Steps, kinks
and segregation at metallic surfadesog. Surf. Sci64, 193-198 (2000)

L. Vitos, B. Johansson]. Kollar and H.L. Skrivér Exchange energy in the
local Airy gas approximatiorRhys. Rev B2, 10046-10050 (2000)

L. Vitos, B. Johanssonand J. Kollar: Size-dependent paramagnetic-
ferromagnetic phase transition in palladium clustehys. Rev. B1, R11957-
60 (2000)

B. Ujfalussy, J.S. FaulkrieN.Y. Moghadarih G.M. Stock§ and Y. Yan{'
Calculating properties with the polimorphous cohére potential
approximationPhys. Rev. B1, 12005 (2000)

N.N. Lathiotaki§ B.L. Gyorffy’ and B. Ujfalussy: First principles Asymptotics
for the Oscillatory Exchange Coupling in Co/Cu/GqX00), (110) and (111)
orientationsPhys. Rev. B1, 6854-6865 (2000)

C.10. M. Opel, R. NemetschekC. Hoffmann, R. Philipp, P.F. Millef, R. Kack,

|. Tutts, A. Erb, B. Revaz, E. Walker, H. Berget, L. Forré: Carrier
relaxation, pseudogap and superconducting gamim i cuprates: A Raman
scattering studyPhys. Rev B1, 9752-9774 (2000)

C.11.B. Déra, A. Virosztek and K. MakiOptical conductivity of the p-wave

superconductor SRuQs Physica C341-348 775-776 (2000)

C.12. A. Virosztek, B. Dora and K. MakiMicrowave conductivity in spin density

waves.Ferroelectrics,accepted for publication

C.13. B. Magyari-Kope, L. Vitos and J. Kollar: Ahitio study of structural and

thermal properties of ScAKperovskitePhys. Rev. Baccepted for publication

C.14. P. Fazekas: Spin and Orbital Order in ItineFerromagnetsoundations of

Physics accepted for publication
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Books, book chapters

C.15. J. Kollar L. Vitos and H.L. SkriverFrom ASA towards the full potential, in
Electronic Structure and Physical Properties ofdSolThe Uses of the LMTO
Method.Lecture Notes in Physic§35 Ed. H. Dreysse, Springer, pp 85-113
(2000)

Seealso A9, A.10, A.16.
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D. NON-EQUILIBRIUM ALLOYS

l. Vincze, J. Balogh, L. Bujdosé, D. Kaptas, T. Eey L.F. Kiss

Structure and magnetic properties of nanocrystallie soft magnets— Recently,

a class of nanocrystalline alloys with compositlemsCai4Zr;B4sCu has been de-
veloped, which are capable of operating at higeemeratures and have good soft-
magnetic properties. They are promising as highpeature magnetic applications,
e.g. as rotors in electric aircraft. We performegystematic study of slightly different
composition nanocrystalline alloys with higher Fe-&ntent [(FexCox)9oZr7B-Cur
(0=x<0.6)] and, consequently, with higher saturation medigation, which is one of
the key intrinsic magnetic properties. The nandatiise alloys were prepared by a
heat treatment up to the first crystalline stagéhefrespective amorphous ribbons.
The nanocrystalline state and the grain sizes efriAnosize ferromagnetiacc
precipitates embedded in the ferromagnetic residaabrphous phase were
determined by X-ray diffraction and it was foundttthe about 25 nm grain size did
not change significantly with composition. Co wasefprentially partitioned to the
residual amorphous phase, and boe grains were accordingly enriched by Fe
according to the®’Fe Mossbauer spectroscopy results. The room-tetupera
coercive field measured by a superconducting quanioterference device
magnetometer increased with the Co addition, wiscittributed to the increasing
magnetostriction constant in line with the behawifmund in bulk Fe-Co alloys. In
our samples the largest saturation magnetizatitmmwodest increase of the coercive
field was found for concentrations between 7EesZr;B.Cu1 and
Fes3Co7Zr7B2Cui, and the Curie point .

of the residual amorphous phase is es- 8nmAg/25nmFe/8nmAg trilayer
timated to be the highest for this latter | i perp
composition, which seems to be optimal
for high-temperature soft-magnetic
applications. 0.2}

Magnetoresistance of Ag-Fe multi-
layers. — By studying the
magnetoresistance of trilayers,
containing a single magnetic layer it i
possible to separate the contribution &f
a single interface. The trilayer and Of
multilayer samples were prepared on Si
single crystal substrate at room
temperature by vacuum evaporation in 10
a base pressure of 10 Pa.
Magnetoresistance curve of an (as
deposited) 8 nm Ag \ 25 nm Fe \ 8 nm
Ag trilayer measured in parallel,
transversal and perpendicular magnetic ,,—, , . . . . | |
field alignment up to 12 T magnetic -10 5 0 5 10
field is shown in the figure (a).//Rand B(T)

Ro show similar and rather unusual magnetoresistance measured at 4.2 K for three
magnetic field dependence in the highdifferent magnetic field alignments as indicated
field region. (The two curves are shifted in the figure.

-0.4 F
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relative to each other because of a small anisotropgnetoresistance below 0.2T.)
The equal decrease of the parallel and the trasalemagnetoresistance and the
absence of saturation up to 12 T magnetic fieldlmayet been observed on a single
ferromagnetic Fe layer. On the other hand the clikp shape of the
magnetoresistance curve and the extremely higinatett field is typical of the giant
magnetoresistance (GMR) in granular systems. Magesistance of a Fe-Ag sample
which has a [2.6 nm Ag+0.2 nm Fehominal layer structure is shown in the figure
(b). In this sample the thin Fe layers are notiooioius and it shows characteristics
of a granular system, e.g. it is superparamagmética blocking temperature around
40 K. The observed magnetoresistance of the trilagenple (a) is attributed to a
granular interface structure. By heat treatingdhmple at adequate temperature the
nonequilibrium granular interface alloy decompoaed the normal (positive) high
field magnetoresistance is observed. The existeoicea granular interface
magnetoresistance raises the question how this temrelated to the
magnetoresistance arising from interlayer couphngpse of multilayers. Our studies
demonstrated that the granular interface contabutis dominant in Fe/Ag
multilayers. By investigating Cr/Fe/Cr trilayerswas also shown that the granular
interface magnetoresistance is not restricted tiguible elements.
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E. X-RAY DIFFRACTION

G. Faigel, G. Bortel, L. Granasy, Z. Jurek, K. Kaag G. Oszlanyi, S. Pekker, T.
Pusztai, M. Tegze

Fullerenes and their compounds. -The fullerenes are closed shell molecules
containing only carbon atoms. The most abundantngntieem is the € molecule.
Even in the simplest form (ie. solids of pureg)CCso is not fully understood.
lllumination of the fcc pristine § by intensive light results in a phototransformatio
This was the first case when intermolecular linkaféhe fullerene molecules was
proposed. Now it is well established that the bogdif Go molecules in this material
occurs through [2+2] cycloaddition. Beside the plm@nsformation non-ambient
conditions can also lead to new polymer phasesrdar to map the phase diagram
of Ceo polymers we made model calculations based on tyeqwsictional theory.
These theoretical works were extended by far-ieftaribrational studies of high-
pressure-high-temperaturgg@olymers and thedgdimer. Further, we have worked
out the production of phototransformedoGn gram quantities and isolated its
cycloadduct dimer component in spectroscopicalkedarm. Besides the dimer we
extracted a mixture of soluble higher oligomerarfrthe raw photopolymer. The
separation and purification of the oligomers arpriogress.

X-ray holography with atomic resolution - In holography, the scattered radiation
is mixed with a reference wave and the resultingrference pattern is recorded. The
hologram contains both the intensity and the phrdsemation and the 3 dimensional
image of the object can be reconstructed. The nmogortant limitation of this
imaging technique is the spatial resolution, whechiven by the wavelength and/or
by the source size. Using x-rays for hologram foigrand the atoms of the sample
as sources or detectors, atomic resolution canchesed. We were the first to
demonstrate experimentally the feasibility of x-réwplography with atomic
resolution in 1996. To make this technique usablpractice further developments
are necessary. First of all the data acquisitiore thas to be decreased. Therefore we
implemented this method at synchrotron sources f@sulted in measuring times in
the range of minutes. The second problem is theamisotropic resolution in earlier
measurements. We solved this by the extensioredidtogram to the full solid angle
using the measured symmetry information of the Kbssd standing wave line
patterns. A further limitation is the capability mhaging heavy atoms only. This
comes from the low scattering power of the lightnas.. After holographic
reconstruction, the strength (or brightness) oftioens are proportional to the square
of their atomic number (Z) and also with where r is the distance from the central
atom. Therefore to see an atom with low Z or béangthe holographic oscillations
have to be measured with much higher precision ith@anevious works. We solved
the above problem and demonstrated experimentalgapability of imaging light
atoms. An example is shown in Fig.1.
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Fig.1. The holographically reconstructed 3D imageNs and O atoms in a NiO
sample (left panel), and selected atomic planekesame sample (right panel).

Theory of phase transformations.[] We investigated vapor condensation and
freezing in the framework of continuum models ahgier dynamics calculations.

Starting from an exact gradient transcription & gerturbative density functional
theory of homogeneous vapor condensation, we pegpoan analytical
approximation that reproduces the density profifel dree energy of critical
fluctuations to high accuracy. For a broad varietysubstances, the new method
predicts nucleation rates that are orders of madaitloser to experiment than those
from the classical approach.

A quantitative test of the kinetic Turnbull-Fisherodel has been performed by
numerically solving the master equations that diesdhe time evolution of cluster

population. Evaluating the kinetic and interfag@atameters from nucleation data on
oxide glasses, we calculated the macroscopic groatiess and compared with

experiments. We demonstrated the inadequacy obstopic kinetic parameters in

describing macroscopic growth, a finding that coutd be explained by either the
curvature dependence of the interfacial free energlge self-consistency correction
for the cluster free energy.

Nucleation and growth of stable and metastable gghéigve been studied in the
framework of Cahn-Hilliard type theories relying two and three-well free energy-

order parameter relationships composed of thresbpéas. Analytical solutions were

presented for the free energy of critical fluctaas and the growth rate. In the case
of metastable solidification, it has been found #iaove a bifurcation temperature

the interface is layered; a metastable layer is\sated between the initial and the

stable phases. Above this temperature, two solsitiexist, one with a sharper

interface and another with an extended metastalyker,| of which the latter has a

larger free energy. Below the bifurcation pointlyothe metastable phase is able to
nucleate directly from the liquid.

In cooperation with team H, we investigated the aiyit response of dendritic
solidification to spatially homogeneous time-peitodorcing. Our phase-field
simulations indicate that the frequency of dendsiide-branching can be tuned by
oscillatory pressure or heating and that besidesitte-branching mode synchronous
with external forcing, modes which oscillate witghrer harmonic frequencies are also
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present with perceptible amplitudes. These rekalte been confirmed by experiments
performed on liquid crystals. We explored binarycleation and growth in the
framework of the phase-field theory (Fig. 2).

Fig.2. Snapshots of two-dimensional isotropic phHesd simulation of
crystallization in an ideal binary alloy. The picas from left to right correspond to
initial compositions x = 0.2, 0.5, and 0.8, where fc —¢) / (@ —¢s), while ¢ and
csare the liquidus and solidus compositions, reggelt. The gray tones indicate the
local composition (black and white correspond tee tholidus and liquidus
compositions, respectively). Note the depletiorezamound particles and the non-
spherical shapes at the late stages evolving dubdanteraction of the diffusion
fields of individual particles.
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F. ELECTRON CRYSTALS
G. Kriza, P. Matus, L. Németh, I. Pethes, B. Sas

Dissipation in high-critical-temperature supercondiwctors. —In classical Type |l
superconductors, the main source of dissipatiothénpresence of high transport
currents has been demonstrated to be the motioAbokosov vortices. The
experimental hallmark of this mechanism is the BardStephen law predicting a
vortex-motion resistivity proportional to the magnoe field. In highT
superconductors, experimental evidence for the &areéStephen law is restricted to
a small high-temperature portion of the supercondggart of the temperature—
magnetic field phase diagram. We have studieddaimpérature- and magnetic field
evolution of the voltage—current characteristicsBiaSr.CaCuOsg single crystals
using short current pulses. We find that at lowgenatures, in the vortex solid phase,
the differential resistance saturates at high osreat a value which is both
temperature and magnetic field independent, inpslcantrast with the Bardeen-
Stephen law. We consider the effects of fluctuatiohthe superconducting order
parameter between the superconducting planes aedd®d quasiparticle states in
d-wave superconductors in order to interpret thrpigsing result.

Pseudogap in quasi-one-dimensional metals— Thermal fluctuations in highly
anisotropic metals are strongly enhanced comparebeir isotropic counterparts.
Precursor fluctuations of low-temperature correlatates are observed over a broad
range of temperature. The fluctuating order patameauses a depletion of the
density of states near the Fermi energy, a sitnatiten described as the opening of
a “pseudogap.” We have studied the magnetic subdéptand nuclear spin-lattice
relaxation rate in the high-temperature “normald &mw-temperature charge density
wave states of the quasi-one-dimensional compouia8d).l. Both quantities are
strongly temperature dependent in the normal phadehe singularity at the three-
dimensional ordering is much weaker than predidigdnean field theory. We
ascribe these finding to the opening of a pseudogdimbove the CDW temperature.
The temperature dependence of the pseudogap tissitifieom the data. The absence
of a Hebel-Slichter type coherence peak in the gihaensity wave phase is also
explained by the pseudogap in the normal phase.
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G. LIQUID CRYSTALS

A. Buka, L. Bata, E. Benkler, T. Borzsonyi, N. EBeFodor-Csorba, A. Jakli,
l. JAnossy, E. Szabo, T. Toth-Katona, A. Vajda

Synthesis and miscibility studies. —A deuteration procedure was developed for
the preparation of a monomeric liquid crystal (g)2methylbutyloxycarbonyl)-
phenyl]-4-n-(10-undecenyloxy)benzoate-d(MBUB-d2). Molecular dynamics
studies of this compound B# NMR showed an unusual behaviour, the tumbling
motion of the molecules was quicker than their spig.

D

CH,"CH(CH,)9O @ COO @COOC H,CHC,H;5
|

D CHs
MBUB-d,

A compound with higher deuterium content, MBUB-dias also prepared in larger
qguantity for the synthesis of new deuterium laleklighiral liquid crystalline
polysiloxanes possessing smectic @hase in a wide temperature range (-
15 °C — +60 °C). Their orientational order was determined #y NMR
spectroscopy.

The phase sequences of a new chiral homologousss€@m n/m) (S)-[4-n-
alkyloxybenzoyloxyphenyl]-4’-[(2-n-alkyloxy)propigioxy]benzoate were deter-
mined by polarizing microscopy and DSC. All membsi®wed enantiotropic N
and SmC mesophases with a spontaneous polarization a®utnC/cni. The

compounds were used for preparing room temperanaatiotropic ferroelectric
binary mixtures.

Pattern formation. — Oscillatory shear induced instabilitieSlow precession of
the director has been generated by elliptic shg@alrexd to a homeotropically oriented
nematic above the electric bend Fréedericksz tians{FT). The character of the
accompanying non-linear waves changes from difeugiase waves to dispersive
ones exhibiting spirals and spatiotemporal chadkseaBT is approached from above.
An exact solution of the flow alignment equatiogtires the observed precession
and predicts its reversal for non-flow-aligning erals. The FT transforms into a
Hopf bifurcation opening the way to understandwia&e phenomena.

Nematic - smectic B interfacBhase-field calculations performed in two dimensio
(2D) and experiments on thin (quasi-2D) liquid ¢ay$ayers show that the frequency
of dendritic side-branching can be tuned by sgatiadmogeneous time-periodic
forcing (i.e., by oscillatory pressure or heatinlg)has been demonstrated that in
addition to the side-branching mode synchronouk external forcing as emerging
from the linear Wentzel-Kramers-Brillouin analysisodes that oscillate with higher
harmonic frequencies are also present with pergepamplitudes.

Viscous fingeringLateral undulations have been observed in theefggt the air
nematic interface by periodically switching on aoif the electric field, which
reorients the nematic and thus changes the vigcdhi¢é surface tension and its
anisotropy (mainly enforced by a single groove the cell). These undulations
correlate with the switching frequency, as webthath tip velocity oscillations which
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is maximal at the smallest curvature. The oscdlaiappear to be decoupled from
spontaneous (noise-induced) side branching. Wdudathat the lateral undulations
are generated by successive relaxations betweehnitimg patterns controlled by
the change in the anisotropy. This scenario isiooefl by numerical simulations in
the linear geometry, using a phase field mode&fosotropic viscous fingering.

Electrohydrodynamic instabilitiesA periodic structure (prewavy pattern) appears
below the onset of electroconvection in a homeatadly aligned nematic liquid
crystal. It is characterized by periodic modulatminthe director in the xy-plane,
which can be distinguished from electroconvectiattggns with modulation in the
xz-plane. The phase diagram of the instabilityhia frequency-voltage plane, the
voltage and frequency dependence of the azimutketion angle and the wavelength
of the prewavy pattern were determined. This prgwaattern always evolves into
chevrons above the onset of convection. The wag#teaf the chevrons and the
orientation of their alternating zigzag rolls degem the director distribution of the
prewavy pattern.

Non-linear optics. — Optical

reorientation of nematic liquic

crystals was measured in the preser

of various isomerizable dyes. Th R —
anomalous angular dependence of 1 /
reorientational  nonlinearity  wa:
observed for three different dye

dopants. In order to extend th
accessible angular range in the
measurements, a new technique w
developed, which made possible

measure the amplification of thelnversion wall forming a loop generated
optical torque in planar cells. The by alaser beam  in anematic liquid
method is based on optical generatiogrystal cell. The director rotates by 180°

of inversion walls in liquid crystal across the wall.

cells.
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H. METAL PHYSICS

K. Tompa, I. Bakonyi, M. Bokor, Cs. Hargitai, Gaslanda, L. Péter, J. Téth,
E. Téth-Kadar

Metal-hydrogen systems— In the'H NMR study ofZr y(Ni1-xCux)1y-H amorphous
alloy-hydrogen systems several NMR characteristiesnely the low-temperature
(“rigid-lattice”) spectrum shape and second mom@mt), and the spin-spin ¢J
relaxation time, have been measured and interpréteske results show local fields
originating from a few proton neighbours, contraxy the “lattice gas™like
continuous hydrogen distribution model. The analysi the CPMG echo-train
amplitude and 7 demonstrates the partition of hydrogen into audifile and a
trapped component in disordered systems, and tter lane correlates with the
abundance probability of Zr-poor tetrahedra. Therpretation of the other NMR
parameters, that is, the spin-lattice relaxationeti(T1)) and the line shift terms
(Knight shift and chemical shift) is in progressdahe expected conclusions will
reflect the electronic structure of these metallistems.

High purity PdixAgx (x=0.1; 0.2 and 0.35) alloys prepared in our labany were
charged with hydrogen, and the in-situ-NMR specirinand T relaxation time and
electrical resistivity measurements were continaed partly published on this fcc
crystalline alloy system which is considered as @eh material representing a
chemically disordered system for the hydrogen gm®raaterials. The in-situ
resistivity and NMR measurements give a unique cdéor the investigation of non-
equilibrium hydrogen charging, discharging anduifbn processes, in addition to
the common equilibrium measurements. The two coniynesed charging methods,
namely the gaseous and electrolytic methods wezd. Both kinds of experiment
were carried out under equilibrium and non-equilibr conditions, too. As a first
illustration, the H-content measured by NMR duridgarging and discharging
processes and the charging/discharging rate awensimoFig. 1.
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Figure 1. Time dependence of hydrogen chargingrigpgles) and discharging

(down triangles) of PgbAg.1 at T = 353 K. Open symbols: charging and
discharging rates.
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As a second illustration, the resistivity changermythe two processes is shown in
Fig. 2. The resistivity decrease during the firsttpf H charging and the hysteresis
of that during a charging-discharging cycle seembd a good challenge for the
complete understanding of the non-monotonic tingeddence.
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Figure 2. Resistivity change during the chargind)Xand discharging (-J)
processes in a Pd-Ag-H alloy

Transition metal complexes — An extensive analysis of thel and'%F NMR line
shapes of [M(1-ethylH-tetrazoley](BF4). compounds (M = Fe or Zn) was carried
out between room temperature and 2.2 K and theltsestere interpreted in
connection with conclusions based on spin-latiétaxation time T1) measurements.
Irregular behavior ofH data was found in the temperature range 70 KD-KL2hat
suggests the presence of a phase transition imgphaiolecular group reorientation-
type motions becoming active/inactive. An analggi$; data of this ethyl and of the
similar methyl complexes provided thermodynamicadah the molecular group
reorientation type motions present in certain terajpee regions and on the electron
spin relaxation for the iron complexes.

Hydrogen in steel. — This work is related to an industrial test apgliin
characterization of enamel-grade steel plates poidhe enameling procedure. The
conventional test is based on an electrochemicahgation technique and the
observation of hydrogen at the exit side of theanHowever, this standard test is
known to fail if the sample contains some alloyielgments (Ti, B etc.), if the
thickness of the sheet is very small or large, Bbe aim of our work is to elaborate
a procedure that is reliable for essentially gty of steel samples used in the enamel
industry nowadays, and makes it possible to detexrthe diffusion coefficient of
hydrogen and the trap concentration with a singkeasarement. Besides the
experimental work, we deal with numerical simulatio elucidate the effect of traps
on the experimental permeation curves.

Metastable metallic phases— Differential scanning calorimetry (DSC) and X¢ra
diffraction measurements (XRD) were performed onedt-quenched FReNisgP14Bs

amorphous alloy in order to study the influencaiffierent heat treatments (linear
heating and isothermal annealing). In both cakesamorphous-crystalline transition
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was found to take place in one step and a nanadligst state consisting of fcc-
(Ni,Fe) and (Ni,Fe)P,B) phases formed. Since the enthalpies reledsedg the
amorphous-nanocrystalline transformations were sgmlar in both cases, it can be
concluded that the linear heating and the isotheemaealing of the as-quenched
amorphous state yield energetically similar staié®e X-ray diffraction results, on
the other hand, showed that the average grainvsizees after the nucleation and
growth process are by a factor of 2 larger in tecf linear heating. It is well known
that an assembly of fine grains exhibits a contitbuto the total stored energy
originating from the grain boundary region. Thisamg that the smaller the average
grain size, the larger the total grain boundarygye.e., isothermal annealing would
have been expected to result in a larger energaset than during linear heating,
under the usual assumption of constant specifiengbmundary energy. The
discrepancy described above can be eliminatedKiygtanto account the difference
in the microstructures developing during the défd@rheating routes. Previous studies
including TEM investigations have revealed thatthe case of the Ni-P binary
system, isothermal and linear heating result inmetely different microstructures
with different grain boundary energies. The mianestiure formed during isothermal
annealing is characterized by the well-known bashelped crystallites containing an
ordered and oriented lamellar structure on a nammseale. On the other hand,
linear heating results in a homogenous random maatifcc-Ni and tetragonal BR-
type grains with a high grain boundary energy af thi-NisP and NsP-NisP
interfaces. The results of the present study sedndicate a similar situation for the
crystallization of the NbFesoP14Bs amorphous alloy as well.

Metallic multilayers. — Direct-current plating, pulse-plating, two-pulsafohg and
reverse-pulse plating were used to produce elegpragited Co-Cu alloys and Co-
Cu/Cu multilayers under galvanostatic control framelectrolyte containing CoS0
and CuS@. Atomic force microscopy, X-ray diffraction andatrsmission electron
microscopy were used to study the sample struetndemorphology. Direct-current
plating resulted in a GeCus alloy with nearly equal amounts of fcc and hcpgasa
while all pulsed-current methods yielded multilas/erith fcc structure. Giant
magnetoresistance (GMR) behavior was observeimtiitilayers with a maximum
MR ratio of about 9 % as measured at 8 kOe. Thpesb&the MR curves and the
magnitude of the GMR were very similar, regardle$ghe sign of the current
between the Co-deposition pulses. The resultswdtstral studies also confirmed the
formation of a multilayer structure for each pulsaldctrodeposition mode. The
conclusion was that the spontaneous exchange agatitween Co and E&uis
responsible for the formation of a pure Cu layeegreunder reverse-pulse plating
conditions. The GMR of the multilayer deposits @ased with increasing bilayer
number, due to the deterioration of the microstrietis the deposit grew.
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|. METALLURGY AND MAGNETISM

L.K. Varga, A. Kakay, P. Kamasa, G. Konczos, Gy. KoVagsA. Lovas™, J.
Padar, L. Pogany, F.I. Téth, B. Varga®, |. Varga ™"

Soft magnetic nanocrystalline alloys— In an effort to have a better understanding
the structure — properties relationship in soft n&ig nanocrystalline alloys, we
have developed a new model to simulate the expatatig observed temperature
evolution of the initial susceptibility in the cded ferromagnetic state of
nanocrystalline alloys. An extension of the randamsotropy (Herzer) model was
used by taking into account two new anisotropy terbesides the magneto-
crystalline term of the nanograins: the non-avergdpcal anisotropy of the residual
amorphous matrix and the magnetostatic energyngrisom the difference between
the saturation magnetizations of the two phases.fifst term decreases while the
latter term increases as the measuring temperapm@aches the Curie temperature
of the amorphous phase, giving rise to a minimurthe overall anisotropy and a
corresponding maximum in the permeability (Hopkimgeak). It could be shown
that the Hopkinson peak, which is progressivelyndmd off and displaced to lower
temperatures as the nanocrystallization proceatishe perfectly described by using
the amount of the crystalline phase as determiryegulantitative X-ray diffraction
(XRD), the only fitting parameter being the effeetidemagnetizing factor of the
nanograins.

In investigating the role of the residual amorphaonatrix in determining the
temperature dependence of soft magnetic propedidarge (more than 300 K)
increase of the decoupling temperaturg()Twas found with increasing crystalline
fraction in Nanoperm type alloys (Fig. 1). Thisinscontrast to the Finemet alloys
where T2"varies by a few tens of Kelvin only around theyoral, as-cast amorphous
Tc value when the amount of crystalline fraction mereased by appropriate
annealing.
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Using these fundamental results, a nhanocrystdliioien core was developed, tested
and applied as a common mode choke. At presentar@epreparing the mass
production of these cores. This work was centeredral the tasks of our NATO
Science for Peace program aimed at preparing saffngtic hanocomposites for
audio and radio frequencies.

Scanning electron microscopy. —In performing materials research studies, the
laboratory’s facilities have been developed infthilowing areas: (i) a new sample
preparation method has been introduced enablintp usvestigate the magnetic
domain structure of polycrystalline samples by SHWN), the ion beam sample
thinning system was applied to biological sampled @i) the X-ray microanalysis
measurements were extended to glass furnace t@gyniolvestigations.
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J. NEUTRON SPECTROSCOPY IN CONDENSED
MATTER

L. Rosta, L. Almasy, M. Avdeev, S. Borbély, L. Ckdtlzi, A. Len, E. Rétfalvi, L.
Riecsanszky, Gy. Térok

The Neutron Spectroscopy Department is one of @d@otatories of the associate
Institutes forming the Budapest Neutron Centre cioiperates the 10 MW Budapest
Research Rector (BRR) and its experimental faeditin the KFKI site. This modern
neutron source is open for the domestic and interma user community and serves
various tasks, such as basic and applied researghyisics, chemistry, biology,
materials science, as well as commercial utilisedéind education. For neutron beam
measurements different types of horizontal charsrelsvailable: seven thermal and
two fast neutron channels; a tangential beam tabees for the cold neutron guide
system. Our Department on one hand operates segratimental stations located
on the above beam-lines, on the other hand prowdesces for external users to
perform experiments and exploit the obtained resuitt year 2000 a major step in
upgrading of the experimental possibilities was endthe installation of a cold
moderator was performed for expanding our condensster research possibilities
for the highly demandedold neutronregion. This liquid hydrogen cold neutron
source has been assembled and commissioned. Fonphaved transportation of
the neutron beams a major part of the neutron gaydeem was replaced by modern
optimised supermirror guides. Besides this majostrument development
programme, various scientific experiments were deted by the local staff and in
collaboration with national or foreign users comingm university, industrial or
other research laboratories.

We operate at BRR a pine-hole collimation type $raable scattering (SANS)
instrument and a triple axis spectrometer (TAShhastalled on neutron guides. The
installation of another TAS instrument is under waya thermal neutron beam. Our
activity related to neutron scattering is base@msally on experiments performed
on the above spectrometers, some special studieeMer, were performed at other
neutron source facilities e.g. at ILL-Grenoble, HBérlin, FLNP (Russia), PSI
(Switzerland) or LLB Saclay (France) where we tpakt in the construction of the
Spin-Echo spectrometer (MESS).

The scientific activity of our team is focused dmee major topics in condensed
matter research, namely the investigation of stimecand dynamics diquids (e.qg.
various solutions, anisotropic fluids, biologicalded liquids)soft materials(gels,
polymers, surfactants etc.) as well as materiadpgties ofsolids (metals, alloys,
composites etc.). A considerable effort of our taaralso devoted to fundamental
problems of neutrons as well as the developmeneofron scattering techniques.

Liquids. — Binary and ternary liquid mixtures were studidsmall-angle neutron
and X-ray scattering, the two main components bamter (heavy water) and an
organic solute (pyridine, 2-,3-, and 4-methyl pyres, acetonitrile and
tetrahydrofurane), and the third components weneowa chloride salts in the
aqueous solutions of methylpyridines. In the threeyponent solutions the influence
of the different cations on the size of the imnbdiy region and the critical
exponents were investigated. The expansion or thekage of the immiscibility
loop could not be simply related to the change sihgle parameter, the size or the
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charge of the cation. For the binary solutions theerimentally determined

characteristic parameters of the nonideal mixinfpe concentration and density
fluctuations were compared to the results of thelynamical calculations using the
Kirkwood-Buff theory. The use of an additional ekpeentally accessible parameter
- the correlation length — made it possible to wbaformation about the structure
of the liquid around the solute, the estimationth@ microscopic structure of the
liquid around the solute and the solvent molecakewell.

Three component ferrofluids based oreCD were investigated at different

concentration values. The results showed a strapgritlence of the aggregate
structure, in particular width of surfactant sheltgl the rate of the solvent penetration
into these shells, on the concentration of ferrdigas in the fluids.

Soft materials. —The investigation oferrogelson the base of chemically cross-
linked PVA with attached mono-domain magnetite ipa$ was continued. The
dynamical properties of this system were studiechéytron spin-echo technique.
Two kind of internal motions were observed: thetfione is that of the polymer
chains forming the gel, the second one is the laticih of the magnetite particle
aggregates confined in the gel network. In pardiculthis latter motion is
characterised by the following values: the raditithe particle aggregates i
nm, the frequency and amplitude of the oscillatiaresw~0.6710%° 1/s and a~1nm,
respectively (at T=343 K).

An interesting feature of poly(N-vinylcaprolacta@@®VCL) that the polymer chains
can form coil or globular shape aggregates in watdution. We have studied by
SANS and NSE this coil-globule transitioficE32°C) in D.O-solution C=0.5wt%,
massM=1[10°). The increasing temperature enhances the inienaof the chain
units and it makes the coils to be collapse@dic. Our inelastic neutron scattering
experiments featured the anomalies of PVCL dynammear the coil-globule
transition: stretched oscillations of the internageliscattering function were derived
from the memory effects and chain tension relaxakip the segmental motion. In
contrast to the expected dynamics of damped oBoills in collapsed coil-chains,
high amplitudes of molecular motion in globules &vegcorded as a consequence of
the breaking of water hydrogen bonds under themacti neighbouring amide groups.
It means that water plays a role of a good lubtidan chain fragments in the
globules, while in the coilsT&Tc) the water with its more regular structure lowers
the chain mobility. In conclusion, our SANS and N&ia support the concept of the
role of a giant water effect in the formation ohggy phase in PVCL.

Star-like poly(styrene) chains grafted teo@ere also studied by SANS and NSE
below glass transition (I'P4 °C). We found that in the stars the polymer laams
are not condensed on the fullerene surfaces, bytale spread away from theoC
core. We have also observed, that the interactitmtie fullerene was slowing down
the diffusion B-relaxation) of chain units in the arms at T= -2 °C (< Tg) and
their relaxation time achieves 10-68 (an order of magnitude higher than in free
PS-chains). In coexistence with these slow prosassthe stars and PS we observed
also a fast oscillation (periodsns) in the correlation functiod-felaxation). As a
result, this leads again to a dynamical model basestretched oscillations.

Solids. — Nuclear radiation induces important changes in rtherostructure of
metallic components of nuclear power plant andaes$ereactors, influencing their
mechanical properties. We have carried out SANSeex@nts on samples of
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irradiated reactor vessel material of VVER-440 tymactors and heat-treated
samples of this material. In our measurements niegfiredd was applied for viewing
the magnetic structure effects of the materidlse difference in nanostructure

between the irradiation and heat treatment caseclgagy observed

SANS studies of several diamond powders showedtrdlotal organization of these
powders on the nano level. Under the static presgprto 1000 MPa significant
changes in the fractal network, as well as in tharacter of the pore surface, were
observed.

As a promising field for industrial applicationse\wave started SANS investigations
of various kind of cements. The structure of a nemif cements used in reactor
constructions was studied to detect the effectifbérént precipitates on the fractal
organization of these cements. Another cementihilagerial group was studied.
Dried sediments from the Tisza riverbank were itigeted as a part of the
environmental protection programme for Tisza. Taetal structure of these cements
was revealed.

Fundamental research using thermal neutron scatteng. — Thanks to the wave-
properties of thermal neutrons various interferepbenomena can be studied.
Among others, we have been investigating standiage® generated as a result of
interference of the incident and reflected neutmaves above a flat surface
specularly reflecting from them. This standing waegries information about the
surface structure of the deposited magnetic anenmagnetic surface layer systems.
Such standing waves can be observed e.g. by uatigar reaction provided in one
of the layers containing nuclei strongly absorbmagutrons. At present we have
manufactured a proportional counter which serveshe registration of the nuclear
reaction products appearing after the neutron-cagnd in which the sample can be
embedded. This counter can detect conversion eftectemitted by Gd and-
particles emitted by Li. The gas-amplification pegges of the detector was
measured and optimized.

Another interference effect is the observation @bnac resolution neutron
holography. Since the wavelength of the thermaltnoes is comparable with the
inter-atomic distance in the crystals in principle modulation of the scattered
intensity from a point-like neutrons source congaime full information of the three-
dimensional arrangement of the surrounding the ceowtoms. This effect was
demonstrated for photoelectrons and X-rays. We lsaveed out an estimation of
the feasibility of a similar experiment using thatmeutrons. It was shown that there
are several approaches for the realisation of amcbxperiment and the success of
the experiment is not beyond the present techhimghtions. These considerations
were presented at international conferences aratided in an article submitted for
publication in Europhysics Letters, the correspogdiexperiments are being
prepared, as well.

Developments in neutron scattering techniques— In order to maintain a high-
level experimental research capacity at modeshéiah frames, we devote special
efforts to enhance neutron beam intensity and devearious neutron scattering
instrument components. The application of areactiete in TAS technique and tests
of a time of flight monochromator diffractometeeararts of one of our EU projects.
Various beam-forming components are also under |dpreent. A new type,

multibeam collimator for our SANS equipment, a ngeneration of velocity

selectors (multiblade) are being constructed. Weordinate also a large-area

43



multiwire detector project. In the frame of the &oean Polarized Neutron Initiative,
a polarization setup has been developed for neugfbectometry, including Mezei-
and solid state flippers as well as research rsschout on a micro-focusing polarized
neutron device and a magnetic analyser. Electrogtagfield computations and
design of field tailoring devices are in progresgnvisage polarization and focusing
of neutron beams.
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K. NEUTRON SCATTERING

E. Svab, P. Jovari, L. #zeqgi, Gy. Mészaros, L. Pusztai, Z. Somogyvari

Nanocrystalline materials. — Magnetite and doped hexaferrites play important
roles in many applications, i.e. in permanent mé&gner in microwave devices.
These materials show new propertie<

when prepared on a nanoscale size
particles. In order to find the
correlation between magneti
properties and structural paramete!
we have undertaken a systemai [
neutron diffraction study on severe
specimens with different grain size
prepared by chemical coprecipitatio
method. Crystalline and magneti Lot oot e

structure refinements were performe . ) i ’
on doped t_)arlum hexaferrite, Neutron diffraction pattern and Rietveld
BaF@o.LassTio 19 samples. refinement of nanocrystalline
Crystall_ographlc parameters wer BaFeo .o geTiosO10

refined in space group Bfmc while

magnetic moment values were determined in the Gompe ferrimagnetic
arrangement. The platelet shape of the grainsanatiracteristic size of 14 nm along
the c-axis was also determined from the observdd><thiependent broadening of
diffraction peaks.

12000 | b B
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Atomic structure parameters and sublattice magmetiments for nanocrystalline
magnetite FeOs specimens were determined using the Rietveld esfent of
neutron diffraction spectra. The sublattice magaiton at the octahedral sites of the
spinel structure decreases with decreasing gra-svhile it remains practically
constant at the tetrahedral sites. The existenemaadncies at the cation position is
supposed.

Structural materials. — Knowledge of atomic structures afrconium alloys,
serving as fuel claddings, as well as of their ldehk have basic importance because
the mechanical properties (e.g. embrittlement) deépen the micro- and atomic
stucture. Several Zr1%Nb cladding tubes with déferhydrogen content up to
13894 ppm were measured by neutron diffractionthedspectra were analysed by
Rietveld method. The patterns of the pure Zr1%Né&cspens could be described
well in terms of hexagonai-Zr (P&@/mmc), while the existence of other phases is
evident for the hydrated samples. The transformatiba-Zr into cubic d-ZrH»
(Fm3m) with increasing hydrogen content could bgeobed, while a small amount
of tetragonaly-ZrH (P4/n) was also detected for each hydrated sample.ldrge
incoherent scattering of hydrogen indicated théedBht hydrogen content of the
samples. Large texture effects were observed infing the Bragg intensities and
leading to difficulties when performing an accurgtentitative phase analysis.
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Temperature controller units (mass-produced for the industry) were tested inrorde
to detect the origin of their defective functionifthe flow of propellant fluid in the
sensor, in the capillary and in the membrane wasalized by dynamic neutron
radiography. The effect of the applied technololgmacesses on the crystalline
structure of the membrane was analysed by neuifsaafion. The coexistence of
ferrite (@-phase) and austenitgghase) was identified in the material. As an effec
of pressing, recrystallization from the F@Phase to the BC@-phase was observed
that may lead to formation of internal stresses/@ndislocations, that can cause
fragility of the membranes.

For stress investigationsbinary alloys (F&Cus, CwsFes, and CysPhs) were
produced. After heat treatments the existence offhase systems was established
for each sample by neutron diffraction and by negabphic measurements. Due to
the difference in the linear thermal expansion ficehts of the components,
dislocations are present at the phase boundaiyeomatrix and of the precipitated
phase leading to the development of internal sdrain

Liquid and amorphous systems— All accessible structural properties lafuid
water and (high- and low-densitymorphous icehave been compared in detail.
Based on partial structure factors and pair caiicelgunctions and particularly, on
various cosine distributions of bond angles, guggested that the instructive view
of liquid water as a mixture of the two forms of@aphous ice is too simplistic.

Large structural models diquid and amorphous seleniumthat were consistent

with the most up-to-date X-ray and neutron diffractresultshave been constructed

by Reverse Monte Carlo modelling. First, the dgnsitthe amorphous phase had to
be clarified: we found the value of 0.034 A the irmspropriate, which is half way

between the values that had most frequently beet piviously. Via the extensive

use of different kinds of coordination constraintg, were able to show that already
close to its melting point (around 550 K), liquid &ay form only very short chains

(up to Nnax=8), whereas close to the critical point, liquidca® be considered as an
atomic liquid (although one with a very low firsbardination number). For the

amorphous phase, the existence of long chaing£M000) was found possible, as it
is obvious from the Figures below. Moreover, it @@g that any structural model
with exactly twofold coordinated Se-atoms (e.gm&mbered rings) may work

amorphous selenium.
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are not consistent with the experiment within its
errors while chains up to N=8 are.
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L. INTERACTIONS OF INTENSE LASER FIELDS
WITH MATTER

Gy. Farkas, S. Varro, I. Banyasz and K. Mocsar

Experimental studies of interactions of intense sho laser pulses with metal
surfaces.— Our former principle to generate strong, extreshert, attosecond
duration (10" s) light pulses based on high harmonic generatias been
successfully verified in the literature. To extehid principle for production of strong
attosecond pulses in the X-ray range, we realizedd Bxperiments in which
picosecond Neodymium-laser pulses have induced semisof strong electron
pulses, ion pulses and XUV pulses of extreme wpbesa from illuminated metal
cathods, in the presence of high outer electrastitid. The obtainable very short
XUV pulses are promising in high time and spac®lkesl investigations and in
different medical applications.

Theoretical study of laser — matter interaction. —By considering a laser-induced
oscillating double layer along the surface of aahahd its action on an electron of
the metal, we have explained our recent experirheasalts on electron emission
from gold cathodes irradiated by mid-infrared ldgght ( of wavelength up to 22m

) in the MW/cnf regime. The theoretical formulae obtained reftoatellently back
all the characteristics of the measured photo@asimamely the unexpectedly wide
above threshold spectrum, the very high absolueatiand the intensity dependence
of the total current.

The above-mentioned laser induced double layer mgistes also a satisfactory
interpretation of our recent experimental resutisoerning the generation of strong
X-ray pulses at metal surfaces in the presencestdtec electric field.

A new phase operator of a quantized mode of thatiad field has been constructed
whose mathematical properties have been thorowmidjysed. Based on the exact
solutions of the Schroédinger equation of the systemsisting of an electron plus a
mode of the quantized radiation field Gaussianregieal photon — electron states
have been constructed. These states satisfy theerunphase minimum uncertainty
relation.
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M. LASER PHYSICS

K. ROzsa, G. Bano, L. Csillag, Z. Donkd, P. Hartma?. Horvath, Z.Gy. Horvath,
M. Janossy, K. Kutasi, P. Mezei, Ké&z

Atmospheric pressure glow discharges— The shape of a glow discharge operating
between two copper plate electrodes was investigatair at atmospheric pressures.

The shape of the discharge was found to dependgiyron the air pressure. The

cross-section of the discharge was not constangdlte discharge axis, it decreased
or increased from the cathode to the anode depgwdithe air pressure. A relatively

narrow pressure range was observed, where theaglggeshape was cylindrical. This

phenomenon is caused by the different pressurendepee of the cathodic and

anodic current densities, which violate the sintjalaw because of the occurrence
of dissociative recombination of molecular ionghe applied pressure ranges.

Gas laser studies. —Connected to the development of novel high-voltagated
metal-ion lasers spectroscopic measurements wergectcaut on different high-
voltage hollow cathode discharge arrangementsairnef the work was to find the
most favorable geometry that would provide us tigadst pumping rate of the laser
transitions. As in most cases metal ion laserpanmgped by charge transfer reaction
between noble gas ions and metal atoms. High deoisiioth species is needed for
efficient laser action. The metal vapor in heatgsef tubes is produced by thermal
evaporation, thus it is advantageous to suppressphttering of cathode material
(copper in the recent experiment). We measuredntieasities of He-1l and Cu-I
transitions that are correlated to the correspang@iarticle densities. Based on the
results the new type ‘flat anode hollow anode-cdéhdischarge was chosen for the
final applications in which high helium ion denségd low concentration of copper
atoms was found. Utilizing the experimental datateée zinc ion laser tube (with
stainless steal cathodes) was designed, prelimmagasurements are planned for the
beginning of the next year.

Gas discharge research— A self-consistent model of helium glow dischesgvas
developed. The model is expected to be valid from pressures up to several
hundred millibars. The aim of these studies wasbserve how the molecular helium
ions become important in the discharge at highesgures and to identify the
important source and loss processes of atomic aolcolar ions at different
pressures. We have also carried out an experinmehtezorded the voltage-current
characteristics, as well as light emission spgaticuding helium molecular bands)
of the discharge at different pressures and difteseparations of a plane-parallel
electrodes.

Research on multidimensional lasers— In order to simulate naturally occurring
laser materials, such as living organelles, haviagdomly distributed highly
scattering and emitting microstructures, a nonsita$ point-source like three-
dimensional random interference pattern (RIP) miaser ensemble emission was
realized by coherent random interference patteritaion. The results of our
experiments enabled us to distinguish the obsened phenomenon from the
classical amplified spontaneous emission. The mdbtesholdless appearance of
laser emission indicates the operation of indepetindecrolasers. In microlasers
which occur in nature we expect to find a compietaialogous process, whereas in
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nature precisely adjusted laser mirrors are haualind, biological specimens often
possess coarse structure.
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N. FEMTOSECOND LASERS
R. Szigcs, P. Apai, S. Lako

Optical thin-films in femtosecond laser systems— Continuing our research
started in 1993, dispersive dielectric mirrors wedeveloped for different
femtosecond laser systems such as: (a) novel,eamksputtered (IBS) multi-cavity
Gires-Tournois mirrors (MCGTI) for mode-locked, rnoir-dispersion-controlled,
sub-100-fs tunable or low-pump-threshold, sub-134fsapphire lasers, (b) IBS
chirped mirrors for broadly tunable cw and mode&xtKi:sapphire lasers and (c)
ultrabroadband chirped mirrors for optical parametamplifiers (OPA) in
collaboration with R&D Lézer-Optika Bt., HungaryndMLD Technologies, USA.
The MCGTI mirrors exhibit reflectivities R > 99.97&mnd negative group delay
dispersion of -50-1 f over a bandwidth of 56 THz. The design of MCGTI
mirrors was obtained by needle optimization. Dispe properties of MCGTI
mirrors originate from coupled resonances in mldtjg2 cavities embedded in the
layer structure. Alternatively, the design of odtrabroadband chirped mirrors
developed for the OPA system was obtained by ouelrgpatial frequency domain
optimization technique. The mirrors exhibit higtileetivity and a constant group
delay dispersion over 210 THz and 140 THz, respelsti supporting sub-5-fs pulse
generation in the visible with the OPA laser systanit at the University of Tokyo.
This OPA provides the shortest laser pulses eveiredd in the visible spectrum
with a pulse duration of 4.7 fs.

Physics of mode-locked, femtosecond pulse Ti:sapphi lasers. — In
collaboration with Philipps Universitat Marburg, i@&ny, phase properties of
interference filters were discussed from the aspétheir use for phase-error-free
wavelength separation of femtosecond laser pulseslifrafast laser spectroscopy
applications. It was found that high efficiency wéangth separation can be achieved
by reflective intracavity filters built in femtoseied pulse laser or parametric
oscillators.

Phase conjugation. —Phase conjugation of spectrally broad femtosecasér|
pulses was demonstrated by spectrally dispersiagptiises in a photorefractive
BaTiOzs crystal using our mode-locked Ti:S laser oscil@ocooperation with ICTP
Trieste, Italy. Chirp of the phase conjugated fesatmnd laser pulses was measured
relative to the chirp of the incident pulse, and troup delay was found to be a
smooth function of frequency.

Second-harmonic generation. —A synchronously pumped, mirror-dispersion-
controlled ring oscillator has been built in oundaatory for high efficiency second-

harmonic generation of broadband femtosecond |asises delivered by a mirror-

dispersion controlled Ti:sapphire laser. We obs#rae 800% increase in the
conversion efficiency relative to the single pasaversion when the cavity length
was adjusted to fit the repetition rate of laser.

Continuum generation. — In collaboration with Bell Laboratory of Lucent
Technologies Inc. (USA), and researchers from P(R&cs, Hungary) and SzTE
(Szeged, Hungary), femtosecond pulse white lighitinaum was generated in

" PTE=University of Pécs
** SZTE=University of Szeged
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microstructure optical fibers using 1-10 nJ, 8®.15 pulses from our tunable
Ti:sapphire laser. We investigated spectral intgresnd phase of the continuum as
the function of laser parameters (energy, centealelength, chirp and bandwidth of
the laser pulse) and as the function of fiber Ieny¥e found that the continuum
slightly chirped when exiting the fiber: we measur@n interferometric
autocorrelation trace corresponding to a 19 fsepwisen the spectrum corresponded
to approximately 9 fs transform limited pulses.
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O. METAL OPTICS

Z. Szentirmay, A. Hoffmann, N. Kro0, Z. Lenkefi

Optical investigation of fullerene films.— A high vacuum (8.0* Pa) source was
constructed for € sublimation. Thin films of 36-620 nm thickness werepared
with condensation rates between 0.8-5.1 A/s on rmnperature (40 °C) and heated
(140 °C) BK-7 glass substrates. The complex optigakectric function of fullerene
films were determined with an optical multichanrelalyser (OMA-4) based
attenuated total reflection (ATR) reflectometethe 400-850 nm wavelength range
at room temperature and laboratory environmentsnuBaneously, surface
morphology of the samples (average rms roughnegditade and grain size) was
determined with an atomic force (AFM) microscopewias found that slowly
evaporated, evaporated onto hot substrate, or higrevaporated and post-annealed
films show very high rms roughness amplitudes (@p48 nm). The enhanced
roughness had drastic influence on the optical \iehaf fullerene layers. The shift
of &r andej can not be explained by scalar theories.

Optical behavior of hydrogenated Pd films— Pd films of 35 nm thickness were
evaporated on BK-7 glass substrates-#07 Pa pressure with 5 A/s rate. In the first
time, we determinated the change of its complexedigc function under the
influence of dry, 4N pure hydrogen gas of 1 baspuee with our ATR reflectometer.
The absolute value of both andei decreased in hydrogenated samples, where 0.7

d=35nm

= =Pd+H,

T T T T
400 500 600 700 800 900
A [nm]

Changes in the complex dielectric function of an8bthich Pd film under
the influence of 4N pure hydrogen gas of 1 bar gures
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H/Pd atomic ratio is expected. This change wasséiMe. DC electric resistivity was
also determined, and reversibly increasing filmistesties were found in b
atmosphere. Evaluation of the dielectric functibsamples resulted in a decreasing
plasmon energy (6.295.25 eV) and decreasing relative specific dendiglectrons

of conductivity (£2-0.7).

Thermoluminescent (TL) emission spectra— An OMA-4 based, multichannel
spectrometer was constructed with photon-countamgiivity for determination of
emission spectra of TL materials in the wavelemgttye 380-850 nm. The setup was
tested with 0.6-1.2 Gf-irradiated, polycrystalline ADs:C tablets. Heating rate was
5°C/s, maximum temperature 300°C, exposition time. 30 spectra were taken
during 1 min of linear heating cycle. It was fouhét the carbon doped aluminium
oxide has two emission bands at 420 and 520 nnthagiow maximums at 191 and
217°C, respectively. No emission was found abov@rés.

Near-field optical study of grainy noble metal films. — Surface plasmons were
excited using the ATR technique with a Kr lasethim films of Ag and Au, having
small islands from Au and Ag, respectively. Emiasid plasmon-induced light was
studied with a scanning tunneling microscope (STing W or Au tips. It was
found that the quality of the STM picture (resabatiand contrast) is much better
when tips and layers were made of materials oéckfit chemical potential.
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P. LASER APPLICATION

A. Czitrovszky, P. Jani, |. Kertész, A. Kiss, MOK0A. Nagy, |. Pécsik, J. Toth, M.
Veres

Optical measuring techniques. —A new quantum optical measuring system based
on the generation of entangled photons was develfgpestandardless calibration of
the linear photon counting detectors at differepérating conditions. Using the
developed units - time-to pulse height converteid multichannel analyzers in the
investigation of photon statistics, a 2ps/chanasblution was achieved. A series of
different photomultipliers were measured and sebkbbbr future experiments.

A new measuring head for an airborne particle cerunas developed with increased
sensitivity, better signal/noise ratio and improw&dnal evaluation system. This
measuring head will be installed in the new pagticbunter which is under
development for measurement of aerosols releasadlfiWR fuel rods at 200C in

a large-scale nuclear accident simulation experirirethe frame of EU COLOSS
program.

The mechanical and electronic system of a diffeaéparticle mobility analyzer was
designed, produced and assembled.

A modelling of a forward-backward scattering aim®rparticle counter was

performed in collaboration with the Vienna UnivéysiThe scattering geometry,

illumination and detection conditions, appropridtga evaluation parameters were
determined. A new measuring unit for such device @esigned, constructed and
tested. The system has a number of benefits in ansgm with the previous airborne

particle counters.

Work in the field of integrated optical sensorsttoe revelation of laser radiation, its
presence and direction of propagation has beetedtar

Solid state laser development. —Fhe development and application of Er:glass laser
was continued. The optimization of the cooling systvas performed and increasing
the repetition rate was achieved.

In collaboration with GE LIGHTING Co., a cuttingctenology for combined W-Mo
coils was developed using a laser system basedNohY&AG laser. This technology
was optimized for different cutting conditions.

Amorphous thin layers. —A new technology was developed to prepare amorphous
carbon nano-particles. The speciality of this makes its non-graphitic character,
which of course can be induced by further thermakaling. This material has large
potential for practical application, like usingat the large surface super-capacitor.
This material can be prepared under different derl, so its structure, physical
and chemical properties can be varied. The morgjedbinvestigations showed nice
spherical shape of these particles in the 10-10@mameter range. These particles
aggregate into low-dimensional structures. Bondprgperties of carbon and
hydrogen atoms studied by infrared measurements #i@presence of $psf and
sp® hybridised carbon sites. The electronic strucexfaibits optical gap not smaller
than ~2eV, as it was determined from the photol@stence excitation spectra.
Effective light emission at room temperature ofstegarticles have also been
observed, when it was excited by optical photons.

67



The photoluminescence (PL) study of amorphous eafbeC:H) thin layers was
continued with the aim to understand the origin light emission and the
recombination mechanism. We have investigated tloadening of the visible
photoluminescence spectra of a-C:H layers at @iffeexcitation photon energies.
The wide PL spectra become asymmetric as the sggtiotons are in the emission
band. This experimental result proves that theadbeaing of PL spectrum is
inhomogeneous; it consists of several homogeneohsbhadened bands. This
behaviour can be related to the distribution ofctetmic levels through which
radiative recombination takes pace. We have inyatd the ultraviolet (UV)
luminescence, observed by us earlier on samplgmpeé at different conditions to
find correlation between UV light emission and stunal properties of the layers.
From the absorption measurements in the UV andleisegion we have determined
the optical forbidden gaps of these samples. Tinepanison of these data with the
results of infrared study we can make a conclusiaha small structural unit (3-6 A)
with conjugated double bonds, either in olefinroaromatic local configuration, can
be responsible for UV light emission.
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Q. OPTICAL THIN FILMS

K. Ferencz

Optical thin film structures in femtosecond laser gstems.— our research was
continued in development of dispersive dielectricons for different femtosecond
laser systems such as low-loss chirped mirrors made-locked Cr:LiSGaF,
Cr:LiISAF lasers, for broadly tunable cw, modelockedapphire lasers, IR KTP
based parametric oscillators and high power fenctos® amplifiers. Special
ultrabroadband chirped mirrors have been develofed pulse compression
experiments at the University of Groningen, thehgdands and at the Technical
University of Vienna, Austria. The pulse duratidrtlte compressed pulses is below
5 fs at both laboratories. Using the high power preased pulses of the commonly
developed Ti:sapphire amplifier system built at g Vienna, coherent X-ray
emission was detected from a laser induced He plastine water window. The aim
of the present development is generation of X-@diation having higher power,
which makes it possible for practical applicatisugeh as X-ray microscopy and
microlithography. Special X-ray filter sets werevdmped for these applications.

Other developments on optical coatings— Our work on optical waveguides
deposited on optical gratings is still in progréssoptical sensors used for medical
applications. We started basic experiments in natadical application of optical
waveguides. We investigated the effect of surfatiefrgrating on the morphology
and waveguiding properties of the deposited digtelztyers. Transparent electrodes
were developed for porous silicon light emitters.

Special interference filters were developed fohhsgnsitivity detection of protein
molecules elaborated by gene manipulation methods.
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R. 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. —New characterization methods
were developed and applied for the non-linBaBaB,Os (BBO) crystals. The
effective non-linearity, & for type | and type Il phase matched BBO crystase
determined by a room temperature absolute measuatemith an accuracy better
than 10%. The frequency conversion efficiency wasasared as function of the
deviation from the phase-matching direction. Thgudar bandwidths from these
experiments were modeled and interpreted.

A modified Michelson interferometric technique wapplied to determine all
components of the electro-optic (EO) tensor in BB&th this technique, high
accuracy can be achieved even with small valuéseoEO coefficients. The relative
sign of EO coefficients, the change of the sampteedsions due to the piezoelectric
effect, and the influence of the temperature ase ebnsidered.

The thermal parameters of the individual crystahg@#ds were determined in the
Y 203—B>03—Al 03 system and its subsystems. The sB@mation in the ¥Os—
B>Os subsystem is accompanied by exothermic heat sffacthe 700 — 1008C
range. Exothermic formation of 8,09 has been observed in the 900 — 1600
range in the BOz—AIl>03 subsystem. This compound decomposes 16BAD33 and
B-Oz between 1050 and 1151. Both the basic oxide mixtures and the two
intermediers from the subsystems produce the regustarting material of
YAl 3(BOs)s (YAB) for the crystal growth. above 115G.

Growth and study of stoichiometric lithium niobate crystals. — The effect of
growth conditions was investigated on the cryseafgrtion of stoichiometric lithium
niobate LINbQ prepared by the high temperature top seeded apligrowth
technique (HTTSSG) from K-containing flux. Flux cpasitions between 0.09-0.21
K20O/LiNbOs ratio were tested, and it was found that LINB@ms a eutectic system
with the KO (close to the 1:5 molar ratio ob® and LiNbQ). This composition is
considered as the solvent in the system. Stoichrenaystals with homogeneous
composition were grown from fluxes in the rangedf6-0.195 KO/LINbOs ratio.
The formation of the structural defects have beemened for different growth
directions. Facet developments occurred primarygatbe {01.2} pyramidal planes.
Close connection was found between faceted gromdhtlze appearance of domain
reversal.

Electric field induced periodic poling of 3 mm tkistoichiometric lithium niobate
was first reported. The suitable poling field (200nm) was 2 orders of magnitude
lower than in the congruent material, and 20 titoeg&r than in previously published
results on near-stoichiometric crystals.

Comparative studies of congruent and near stoickioenLiNbGz single crystals
using hyperfine interaction and ion-beam technicgleswv that the structure of the
congruent LINbQ@ cannot be completely described by the models asguomly Li
vacancies and Nb anti-sites. The additional defascation stacking inversions in
which the cation sequence coincides locally withlgenite-like LINbGs.
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The lattice-site location of Co ions has been daeiteed in congruent LiNb&doped
with Co by particle-induced X-ray emission combineith channeling techniques.
Co has been found to occupy exclusively Li site.

Growth and study of bismuth tellurite crystals. — Single crystals of pure and Er
doped BiTeOs were grown by the Czochralski technique.

The dependence of the four-wave mixing diffractiefficiency on the crystal
orientation, incident beam polarization and gratuegtor direction was analyzed.
Applying 532 nm write beams of a cw Nd:YAG lastre saturation diffraction
efficiency was above 40%n the optimum configuration ( G|| [100], P||[00&hich

is competitive to the best photorefractive crystalse stability of the written grating
under strong erase beam was better than that oéfdaence LiNb@samples. Using
13 Wicnt erase intensity for 8 minutes, the B:O; crystals conserved 11 % of the
starting diffraction efficiency while the LiINnly 0.3 %.

The first two-dimensional analog hologram was writin BeTeOs crystals (see
figure).

The energy levels of the crystal field transiti@rmsl their Stark components were
determined for B ions in BkTeOs. The temperature dependence of the occupation
of the non-zero Stark levels was analyzed. It viasve that the Ef ions occupy the
different Bi-sites in the crystal, which represpatturbed cubes of 8 and 7 oxygens.

Analytical spectroscopic investigation of oxide crgtals. —Multi-element graphite
furnace atomic absorption spectrometry (GFAAS) meéshare developed and
studied for the simultaneous determination of Cn, Mnd V dopants in bismuth
tellurite single crystals. Since the bismuth teteimatrix can be almost completely
evaporated in the graphite furnace at the optimaftygatment temperature, with a
multiple dosing and pre-concentration method adrigiensitivity is attained for the
determinations.

A novel method based on halogenation is developedte elimination of the
memory effects, which occurs during the GFAAS duateation of heavily
volatilized sample components such as Er, Nd depenthe refractory LINb®
crystals. Carbon tetrachloride was introduced hé&ographite furnace, and used with
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an optimized clean-out program. By this techniguegmplete removal of the sample
constituents was accomplished.
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R.3.

R.4.

R.5.

R.6.

R.7.

R.8.

R.9.

L. Bencs, O. Szakéacs, T. Kanfok. Varga, G. Bozsai. Determination of
chromium, molybdenum and vanadium dopants in bieneliurite optical
crystals by multi-element graphite furnace atomsaaption spectrometry.
Spectrochim. Act8 55, 883-91 (2000)

|. Foldvari, C. Deniz A. Péter, J. PetterF. Visinka: Bismuth tellurite - a new
material for holographic memoryOpt. Commun.177,105-109 (2000)

. Foldvari, A. Munoz | E. Camarillo, A. Pétet and R. Sosa'FBasic optical
absorption of Er in BiTeG:s single crystalsOpt. Mater.14, 137-44 (2000)

|. Foldvari, K. Polgar, A. Péter, E. Beregdats. Szaller: Growth and study of
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R.S. Klein, G.E. Kugel, A. Maillard’, K. Polgar: Absolute non-linear optical
coefficients of [ BaBOs crystals measurement by second harmonic
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G. SzenésF. Paszti A. Péter, A.l. Popdy E. Balanzat Tracks induced in
TeO: by heavy ions at low velocitieSlucl. Instr. Meth. Phys. Res. B56-167
949-53 (2000)

A. Boudrioua, P. Moretti, J.C. Loulergue K. Polgar: Helium ion-implanted
planar waveguide in Y-cut and Z-ggHBBO (BaB0O4). Opt. Mater.14, 31-39
(2000)
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Lu®, U. Happek A novel luminescent center in LiNB@r:Mg crystal. J.
Lumin 83-84,435-39 (1999)

R.11. E. Szilagyi T. Becze-Dedk L. Bottyan, A. Kocsonya, E. Koétai, D.L.

Nagy, A. Kling", G. Battistijg, N.Q. Khanh, K. Polgar: Lattice site
determination of Co in low doped congruent LiNiihgle crystal using PIXE-
channelingSol. State Commuf15 535-538 (2000)

R.12. P. Ney, A. Maillard’, M.D. Fontang K. Polgar: Accurate interferometric

method for the measurement of electro-optic coefiits: application to a
singlep-barium borate crystal. Opt. Soc. Am. B7,1158-65 (2000)

R.13. G.M. Salley, S.A. Basui A.A. Kaplyanskii, R.S. Meltzer, K. Polgar, U.

Happek: Chromium centers in stoichiometric LiNpO J. Lumin 87-89
1133-35 (2000)

R.14. A. Grisard E. Lallief, K. Polgar, A. Péter: Low field periodic poling thiick

stoichiometric lithium niobatelectronic Letters36,1043-44 (2000)

R.15. E. Beregi, A. Watterich, L. Kovacs, J. Madara Solid-state reactions in

Y203:3A1,03:4B,03 system studied by FTIR spectroscopy and X-ray
diffraction. Vibrat. Spectr22, 169-73 (2000)

75



R.16. Zs. Szaller, L. PopplL. Kovacs: Comparative study of bismuth tellusitey
infrared absorption spectroscopdy.Solid State Chert52, 392-96 (2000)

R.17. C. Bakyouya A. Boudrioua, R. Kremet, P. Moretti, J.C. Loulergug K.
Polgar: Implanted waveguides in borate crystalsBL3-BBO and LBO) for
frequency conversio®ptics Communaccepted for publication
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prepared by flux methoddvanced Matteraccepted for publication
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accepted for publication.

Conference proceedings
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(2000). (12' Chinese Conference on Crystal Growth, May 200@n§hai. Ed.
J. Minhua)

R.21. K. Polgar, A. Péter, L. Kovacs, Zs. SzallerBencs:, Modified physical and
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Crystals29, Suppl. 12 (2000). (1¥ Chinese Conference on Crystal Growth,
May 2000, Shanghai. Ed. J. Minhua)

R.22. E. Beregi, A. Watterich, J. Madargsd. Sztatisz K. Polgar: Solid state
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FTIR spectroscopy, X-ray diffraction and DTA methdd Synthetic Crystals
29, Suppl. 46 (2000). (1% Chinese Conference on Crystal Growth, May 2000,
Shanghai. Ed. J. Minhua)

R.23.L. Bencs, O. Szakacs, N. SzoboSz[@s. Ajtony, T. Kantof, G. Bozsai:
Irregular characteristic of the analytical curveisdertain elements with the use
of Perkin-Elmer SIMAA 6000 atomic absorption spenteter. In:Proc. 4"
European Furnace Symposium, Podbanské, Slovakize, 2000 Ed.: E.
Krakovska, Vienala, Kosice (2000) pp.81-84

R.24.L. Bencs, T. Kantar M. Kardos, O. Szakacs: Halocarbon assisted tHerma
purification step in graphite furnace atomic absorpspectrometry. InProc.
4™ European Furnace Symposium, Podbanské, Slovakie, POOQEd.: E.
Krakovska, Vienala, Kosice (2000) pp.63-66

R.25. L. Bencs, O. Szakacs, N. SzoboSz@s. Ajtony, T. Kantof, G. Bozsai:
Calibration curves obtained with the SIMAA 6000 gnde furnace atomic
absorption spectrometer, IRroceedings of the Z3Hungarian Conference on
Spectrochemistry, Zalaegerszeg, Hungary, June 28004-7. (in Hungarian)

R.26. O. Szakacs, L. Bencs, T. Kant@. Bozsai: Studies on the spectrochemical
determination of dopants in bismuth tellurite sengtystals, InProceedings of
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the 43¢ Hungarian Conference on Spectrochemistry, Zaleszggy, Hungary,
June 2000pp. 100-103. (in Hungarian)

R.27.L. Palfalvi, A. Péter, K. Polgar, J. Heblifig Investigation of the
photorefractive properties of LiNk@rystals. In*Kvantumelektronika 2000,
Proc. of the 4th National Symposium on QuantumtElacs (3 November,
200Q Budapest)Ed. S. Varré (SZFKI, Budapest 2000), P18 (in Hurayg

Books, book chapters

R.28. |. Foldvari, A. Péter: Growth and propertésBi.TeCs. In: Encyclopedia of
Materials: Science and Technologi{.H.J. Buschow, R.W. Cahn, M.C.
Flemings, B. llschner, E.J. Kramer, S. Mahajan .fedBergamon Press,
Amsterdam, Chapter: 6.5.43., accepted for pubboati

Seealso: K.7,,S.1,S3,,S8,S.10, S11.

77



S. CHARACTERIZATION AND POINT DEFECT
STUDIES OF OPTICAL CRYSTALS

A. Watterich, G. Corradi, E. Hartmann, L. Kovéacs,lengyel, L. Malicsko, G.
Mandula

Characterization of optical crystals.d A systematic study of the electrical
conductivity of BpTeGs single crystals has been carried out within a watege of
temperature and in different ambient atmospherneg usmpedance spectroscopy and
dc measurement. The single crystals are found tmiked conductors in which
electronic conduction and ionic conduction coexi$te conductivity of the crystals
along the [100] direction is much smaller than irections perpendicular to it. The
ambient atmosphere effects the electrical condgtiVhe Cr-doping increases the
conductivity in the [001] and [010] directions.

Microscopy of crystal imperfections. 1  Using optical and electron microscopic
methods the as-grown surface and inner microstreiadfi numerous YA(BOs)s
(YAB) single crystals grown from undoped and dogedh temperature melt
solutions have been inspected. Some minority intypeiements, such as Ca, Si and
Ti were found by electron beam microanalysis whitdly also play a role in the
formation of as-grown microdefects of YAB, besidlks flux and dopant elements
established earlier.

Point defects in ZnWQOs and other oxide crystals. O In the scintillator ZnWQ@
most of the known centres are impurity relatedZniVOs X-irradiated at ~15 K, an
intrinsic O centre has been identified by Electron Spin ResomakESR) and
Electron Nuclear Double Resonance (ENDOR) speatmswith principal g values
typical for this type of centres. Super hyperfis#ifF) interactions with host cations
like three W (two stronger and one weeker intecmsj and one Zn ions give
information about the geometry of the iOn: the hole resides at an oxygen which
has two nearest W and one Zn rather than at ther Gilwhich has two Zn and one
W as nearest neighbour ions. The defect becomesdtg unstable above 75 K.
The present Qcentre is an intrinsic defect because of its Iabisity and the lack of
any impurity related SHF interaction in its ESR&pem. Above 23 K broadening
of the ESR lines and averaging of the g valuesobserved which is explained by
thermally activated hopping of the hole betweenrgetgcally equivalent oxygen
positions. The activation energy of this reorieotais found to be 16+3 MeV.

Infrared spectroscopy of hydroxyl ions in oxide crgtals. I The spectroscopic
properties of hydrogen bound to a large varietgyithetic compounds like simple
oxides, perovskites, the LiNk@amily, kalium thyonil phosphate (KTP), sillenites
eulytites, borates, garnets, spinels etc. have beelewed using our own and
literature data. In almost all compounds the Oldtstr mode was found in the range
3200—3700 cr, with isotope replica of deuterium (2350—2750%gmand a few
examples of tritium (2050—2250 ¢t The fundamental vibration, the isotope
replica and the corresponding overtones were dextriwith an anharmonic
oscillator model. A nonlinear relation between #mharmonicity and the harmonic
frequency was found and interpreted using recewbrske order perturbation
calculations. An often pronounced temperature dégece of the stretch mode and
phonon coupling was discussed. Data for the strgjchkibration influenced by
additional weak or strong doping were presentedmidgtic defect models were also
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described and tested by means of light polarizatexternal perturbations like
pressure and electric field, and Raman scattenradyaed with the behavior-type
method.

Kinetics of the complex OHstretching vibrational band has been studiedriaaly
stoichiometric LINbQ crystal (Li/Nb= 0.99) between 40-12TC. The intensity of
the absorption band components at a given temperaanges with time suggesting
that protons migrate among different sites untiéythreach a thermodynamic
equilibrium. The exponential time constants and tweresponding activation
energies (&= 1.1+ 0.1 eV) were determined and compared with thoslesothermal
fixing process. The results obtained confirm tha hologram fixing process is
governed by proton migration in the crystal.

Investigation of point defects in LiNbGs single crystals.[0 Transient optical
absorption and luminescence induced by ionisingatimh has been observed in
congruent, stoichiometric, and Mg-doped LiNb@ short-lived infrared absorption
band near 1.0 eV can be attributed to intrinsi¢*Nimall electron polarons moving
via hopping motion, the process leading at low terapures to trapping mainly at
Nbyi antisite defects (absent in Mg-doped LiND©r to recombination with hole-
type polarons. As shown by comparison with simiesults in KNbQ, polaron
formation and recombination processes occur witiobium-oxygen complexes and
are only slightly affected by alkali ions. Er dogaedbOs crystals used for waveguide
production were investigated by ESR and opticadiiedted paramagnetic resonance
(ODMR) showing various slightly different incorpdian sites of the dopant. These
were also characterised by detailed optical absor@nd emission measurements
taken also in high magnetic fields leading to Zeermhifts and splittings of the
optical transitions.

Investigation of X-ray storage phosphorsl] ODMR and ESR studies were carried
out in E¥* doped BaFBr single crystals and fluorobromozirtemgass ceramics to
characterize the charge transfer and optical dimitgprocesses underlying X-ray
imaging applications of these materials. An ESRestigation of E¢f doped BaBr
single crystals and powders showed that*Bubstitutes for B4 and has the same
ESR parameters in BaBthan in the fluorobromozirconate glass ceramidss T
proves that the X-ray storage phosphor properfiiseanvestigated ceramic system
can be attributed to BaBEW?* inclusions.
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Luminescence of ferroelectric crystals: LiNb@nd KNbQ. Ferroelectrics
239, 241-250 (2000).

S.2. V. Dierolf, A. B. Kutsenko, C. Sandmann Th. Tréster, G. Corradi: High-
resolution site-selective optical spectroscopyané rearth and transition metal
defects in insulatorg. of Luminescencg&’-89 989-91 (2000).

S.3. T. Becze-DedkL. Bottyar, G. Corradi, L. Korecz D.L. Nagy, K. Polgar,
S. Sayed H. Spiering: >’Co Mossbauer emission study of LiNh®e:LiNbG
and Mg:LINbQ in various thermochemical reduction statés.Radioanal.
Nucl. Chem246, 33-37 (2000).

S.4. M. Wbdhleckg L. Kovacs: OH ions in oxide crystal€ritical Reviews in Solid
State and Materials Sciencexccepted for publication.

S.5. A. Baraldi, R. Capelletti, L. Kovacs, C. Mora FTIR spectroscopy of OH-
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S.8. G. Corradi, Th. Lingngr A. B. Kutsenkd, V. Dierolf, K. Polgar, J.-M.
Spaeth and W. von der OsténMagneto-optical studies of Erin LiNbOs.
Rad. Eff. Def. Solid2001, accepted for publication.

S.9. R.T. Williams, K.B. Ucef, H.M. Yochum, L. Grigorjeva, D. Millers’, G.
Corradi: Self-trapped electron and transient defdxsiorption in niobate and
tungstate crystalfkad. Eff. Def. Solidg001, accepted for publication.

S.10. L. Grigorjeva V. Pankratoy, D. Millers’, G. Corradi, K. Polgar: Transient
absorption and luminescence of LiNb@ud KNbQ. Ferroelectrics 2001,
accepted for publication.

S.11. L. Grigorjeva V. Pankratoy, D. Millers’, G. Corradi, K. Polgar: Relaxation
of electronic excitations in LINbO3 crystalerroelectrics 2001, accepted for
publication.

S.12. S. SchweizerG. Corradi, A. Edgarand J.-M. SpaethEPR of E&* in BaBr
crystals and fluorobromozirconate glass ceraniic®hys.: Condens. Matter
accepted for publication

S.13. M. A. Ellabbahn G. Mandula, M. Fally R. A. Rupp, L. Kovacs: Holographic
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fixing in photorefractive materialsApplied Physics Lettersaccepted for
publication.

Conference proceedings
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systems. In:Defects and surface induced effects in advancedvpkites,
Jurmala, Latvia, 23-25 Aug., 1998ds. G. Borstel, A. Krumins and D. Millers,
NATO Science Series, 3. High Technology, Kluver ékaPublishers,
Dordrecht, Boston, London, Vdl7, 1999, pp. 89-100.

S.15. H.M. Yochuriy K.B. Ucef, R.T. Williams, L. Grigorjeva, D. Millers” and G.
Corradi: Subpicosecond laser spectroscopy of liim-induced absorption in
KNbOs and LiNbQ. In: Defects and surface induced effects in advanced
perovskites, Jurmala, Latvia, 23-25 Aug., 19B8s. G. Borstel, A. Krumins
and D. Millers, NATO Science Series, 3. High Tedbgy, Kluver Akad.
Publishers, Dordrecht, Boston, London, VoI, 1999, pp. 125-138.

S.16. G. Mandula, K. Lengyel, L. Kovacs, M.A. Eleri, R.A. Rupp, M. Fally:
Thermal fixing of holographic gratings in nearlyoishiometric LINDQ
crystals. In:Proceedings of SPIHInternational Conference on Solid State
Crystals, Zakopane, Poland¢cepted for publication.

S.17. E. Hartmann: Electrical conductivity of noelar crystals. In:
“Kvantumelektronika 20007, Proc. of the 4th Natidn&ymposium on
Quantum Electronics (3 November, 20@udapest)Ed. S. Varré (SZFKI,
Budapest 2000), P17 (in Hungarian)
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S.18. Mandula G., Lengyel K., Kovéacs L., R. A. Rugd. A. Ellabban: Thermal
fixing of holograms and OH- ion absorption in ngastoichiometric LINbQ
crystal. In:*"Kvantumelektronika 2000”, Proc. of the 4th Natidr&ymposium
on Quantum Electronics (3 November, 20B0dapest)Ed. S. Varro (SZFKI,
Budapest 2000), P50 (in Hungarian)

Others

S.19. L. Grigorjeva D. Millers, S. Chernoy, V. Pankratoy, A. Watterich:
Luminescence and transient absorption in Znwéand ZnWQ-Fe crystals.
NATO Science Series, 3 High Techno)og901, accepted for publication.

S.20. E. Hartmann: Imre Tarjan (1912-2000)Cr Newsletter8, 29 (2000).

SeealsoR. 15, R. 16, R. 21, R. 22 and K.7
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T. NONLINEAR AND QUANTUM OPTICS

P. Adam, P. Domokos, J. Janszky, A. Karpati, Zs. KiKiss, M. Koniorczyk, Sz.
Szabo, V. Szalay

Laser-induced molecular dynamics.[] Resonant driving of certain electronic
transitions in diatomic molecules is shown to yietnllapses and revivals of the
electronic populations due to the quantized vibral motion of the nuclei. In
contrast to the usual Jaynes-Cummins model hereldatromagnetic field is not
quantized. We analyzed the properties of the \ilmat potentials, the frequency and
power of the classical driving laser field for whithis effect can be observed. We
have shown that the nonlinearity of the potentialyntead to a more pronounced
effect and we have found the reason for it.

Nonlocal quantum states and quantum teleportationl] We have investigated the
classical analogue of quantum teleportation: weehaxamined what happens to
Bennett's teleportation scheme, when the densitypmalements of the Einstein-
Podolsky-Rosen pair, which are off-diagonal on pridbasis, are reduced. By
setting these to zero, we have obtained the chlssite-time pad cypher, as a
classical limit of quantum teleportation. The retilut of the matrix elements by a
nonzero factor provides an interpolation betweendlassical and quantum cases.
We have demonstrated the reduction of the teleppamtéidelity on the behavior of
statistics and fidelity of a gedankenexperiment.

We have applied the correspondence between coejligaar maps and entangled
states for the classification of all finite dimemsal Bennett type teleportation
schemes applying pure states. We have obtainedessery and sufficient condition
of teleportation and state truncation for the eglieeh state and the joint measurement
involved in the scheme. The formulation of the dbad does not require a choice
of a basis on the Hilbert-spaces.

Nonlinear optical processesl] A general method is developed for analysing the
evolution of nonclassical light in complex two-modptical systems where linear
and nonlinear processes with quadratic Hamiltoncamstake place simultaneously
or successively. Analytic expressions are deriwedife output Wigner function and
the output photon number distribution for a geneosilerent-state superposition input
that can approximate any quantum state of lighth witigh degree of accuracy. As
an example, the evolution of amplitude squeezedt lig analysed in a nonlinear
coupler with degenerate and nondegenerate paramagetplification. It is shown that
all-optical switching can be realized in this syste

Cavity quantum electrodynamics and microlasers.] We proposed a new method
for detecting and monitoring the motion of a singlem in high Q optical resonators
based on the position sensitive dispersive coupindifferent field modes. Using

sufficient atom-field detuning the irreversible &wmn of the internal state and

external motion of the atom can be kept small atibwing for a fast and reliable

detection. As an implementation we discussed tise ch two counterpropagating
modes in a microscopic ring resonator with spatiltalized output coupler. The

analytical estimates yielding 100% signal contfastsuitable parameters are then
confirmed by numerical solution of the time dependequations for the coupled
atom-cavity dynamics.
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We showed that an ensemble of optically polarizablticles moving in the field of
a high Q multimode optical cavity can be cooledthia correlated dynamics of the
field and the particles motion. Using a large detgmetween the field and the atoms,
spontaneous emission plays a negligible role mdignamics. For the special case of
a two mode ring cavity and assuming small deviatioh the particles from the
potential minima, we found a rapid damping of tkater-of-mass motion and slow
damping for the relative oscillations.

Trapped atoms. [0 The preparation of dark nonlinear angular momentum
eigenstates of the motion of a trapped ion wasidersd. These states are entangled
states, hence they could be interesting in manlicgiens. In our scheme a dipole
allowed transition of an ion is driven by runningwe laser fields. Two laser fields
realize the angular momentum Hamiltonian, whil@iedtone sets an eigenvalue. It
is shown that pure angular momentum states carnobtained as dark states due to
the degenerate eigenvalue spectrum of the anguaremtum operators. Instead, the
degeneracy of the eigenvalue spectrum can be ramoyéaking into account the
nonlinearities arising from the non-vanishing Laicke parameter associated with
the laser-ion interaction. A further feature of #aleme that it leads to a dark state
which is roboust against some decoherence effestst avas demonstrated
numerically using quantum trajectory simulations.

Nuclear motion in molecules.lJ Correlation has been observed between the
experimentally determined harmonic frequencies amttarmonicity coefficients of
OH bond stretching vibrations in alkali halide, @sj and hydrate crystals. We have
shown that simple second order perturbation appration formulas can account for
the observed correlation and they can be usedtrothe shape of the stretching
potential and an estimate of the equilibrium lengthan OH bond in crystalline
environment. We have investigated the relationshgiween the so called
reconstruction method and a Baysian approach tstaart potential energy surfaces
of molecules. We have studied if the filter diag@adion method could be used to
resolve overlapping IR bands often encounteredlid state IR spectroscopy.
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Detection of nonclassical oscillations in phasecephy cascaded optical
homodyningLaser Physic40, 90-92 (2000).

P. Domokos, J. HargV. Lefévré, J. M. Raimond S. Harochg I. Protsenkq
and L. Davidovich Quantum theory of microlasers in the close-t@shold
regime.Laser Physic40, 42-47 (2000).

A. Karpati, P. Adam, J. Janszky, M. Bertolotsind C. Sibilia Non-classical
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Others
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Hungarian)
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EDUCATION

Graduate and postgraduate courses, 2000
Completely integrable many body systems, (F. Woyiah, ELTE)
Solid State Physics (J. Sélyom, ELTE)

Advanced Solid State Physics (J. Sélyom, ELTE)
Statistical physics (F. Igl6i, SZTE

Thermodynamics and statistical physics (F. Igl@TE)
Surface Magnetism (B. Ujfalussy, ELTE)

Electron Correlation and Magnetism |. (P. FazeBASE®)
Electron Correlation and Magnetism Il. (P. FazeBdE)
Advanced Solid State Physics lll. (I. TRtELTE)
Optical Properties of Solid State (I. TRItELTE)
Electronic States in Solids (J. Kollar, ELTE)

Metal Physics (J. Kollar, BME)

Solid state research | (I. Vincze, ELTE)

Amorphous and crystalline materials (P. De&&. Kugler and T. Kemény,
BME)

Modern theory of nucleation (L. Granasy, ELTE)
Macromolecules ( S. Pekker, ELTE)

Spectroscopy and materials structure (K. KamarBtg B

O O0o0doo0oo0ogogogogogogogogogog o ™

Methods in materials science (K.Kamaras, BME)

Infrared and Raman spectroscopy (K. Kamaras, BME)

Physics of liquid crystals and polymers (A. Buka &h Eber, ELTE)

Pattern formation in complex systems (A. Buka, ELTE

Liquid crystals as matrix materials for display mes (K. Fodor-Csorba, ELTE)
Nanophase metals: Magnetism and electrical trabgpdakonyi, ELTE)
Nanophase metals (I. Bakonyi, Tokyo Metropolitanvérsity)

Advanced material technology (G. Konczos, BME ahdE)

NMR spectroscopy (K. Tompa, BME)

Group theory in solid state research (G. Kriza, BME

O oO0Oo0oo0o0o0oQogogogogogogogogog d

Neutron scattering in condensed matter (L. Csel,E5L

3 ELTE= Lorand E6tvos University, Budapest
4s7TE= University of Szeged
5 BME= Budapest University of Technology and Econesni
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Computing in chemistry (L. Pusztai, ELTE)
Disorder in condensed phases (L. Pusztai, ELTE)
Applied Quantum Electrodynamics (S. Varré, P)TE

Selected Problems in Quantum Optics and Strongl F#éctrodynamics (S.
Varro, SZTE)

Optical methods in solid state physics (Z. SzerayniELTE).
Physics of Amorphous Matter I. (M. Kods and |. RKCSZTE)

Physics of Amorphous Matter Il. (I. Pocsik and Mds, SZTE)
Crystal Physics of Optical Materials (1. Foldvéi, Péter, BME)

Crystal Growth from the Melt (in: Crystalline andmdrphous Materials, K.
Polgéar, BME)

Growth, orientation and processing of nonlineariagptcrystals (in: Applied
Lasertechnics, K. Polgar, A. Péter, |. Foldvari, BM

Theories of Crystal Growth (L. Malicskd, BME)

Microscopy in Materials Science (L. Malicskd, BME)
Technical application of crystals (E. Hartmann, BM

The characterization of crystals ( E. Hartmann, BME

The generalization of crystallographic groups (Erthhann, ELTE)
Statistical quantum optics | (J. Janszky ELTE)

Statistical quantum optics Il (J. Janszky, T. KEEETE)
Thermodynamics and statistical physics (T. KissEPT

Quantum mechanics I-1l (P. Adam, PTE)

Numerical physics (P. Adam, M. Koniorczyk, PTE)

Laboratory practice and seminars
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Solid State Physics seminar (J. S6lyom, ELTE)

Laboratory for solid state physics, Preparation angtallization of metallic
glasses (l. Vincze, ELTE)

Infrared and Raman spectroscopy laboratory pradticéKamaras, BME)
Basic experimental physics (L. Granasy, BME)

Atomic and molecular physics laboratory, (K. KansafaLTE)
Experiments on liquid crystals (A. Buka, ELTE)

NMR spectroscopy (K. Tompa, ELTE and BME)

Superconductivity seminar (G. Kriza, BME)

6 PTE=University of Pécs
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0 Physical Chemistry Laboratory Practice (L. Pét&TIE)

0 Advanced solid state physics laboratory (I. PetliesMatus and L. Németh,
ELTE and BME)

[0 Neutron scattering (L. Rosta, BME)

[0 Neutron scattering and hands-on-training at BRR @ser, Gy. Toérok, E.
Rétfalvi, BME)

0 Neutron scattering in material research (L. Ragt&’)
Neutron detectors (E. Rétfalvi, BME)

O d

International graduate training in neutron scattgriL. Cser, Gy. Torok, M.
Avdeev, Hungarian-Austrian Fund)

Medical application of lasers (Z. Gy. Horvath; SGTHedical Laser Center)
Seminars on biophysics for medical students (KcSzSOTE).
Measurements in holography and metal optics (Zn®neay, ELTE)
Theoretical physics, seminar (P. Adam, PTE)

Thermodynamics and statistical physics (T. KissEPT

Quantum mechanics (M. Koniorczyk, PTE)

Quantum mechanics (A. Karpati, PTE)

O Oo0ooogoogogd

Elementary calculus and linear algebra (M. Konigkc2TE)

Diploma works

0 L.Németh (ELTE)?’Se NMR spectrum and spin-lattice relaxation indharge-
density wave phase of (Ta# (Consultant: G. Kriza)
K. Lengyel (ELTE): Thermally fixed holograms andsalption of OH ions in
nearly stoichiometric LiNb@crystal (Supervisor: L. Kovacs)

O A. Karpati (ELTE): Nonclassical states in complgtical systems (Supervisor:
P. Adam)

0 E. Furka (PTE): Numerical methods to solve the &dimger equation
(Supervisor: Zs. Kis)

Ph. D. students

Z. Jurek (BME): Atom resolution imaging of non-pmtic systems (Supervisor: Gy.
Faigel)

E. Benkler (Darmstadt University of Technology):oRfinduced modification of
intermolecular interactions and optically contrdllenaterials. (Hungarian
coadvisor: |. Janossy)

! ME=University of Miskolc
8 SOTE=Semmelweis Medical University, Budapest
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E. Szab6 (ELTE): Synthesis and properties of bansima@ped liquid crystals
(Supervisor: K. Fodor-Csorba)

L. Németh (BME): NMR study of low-dimensional meté&Consultant: G. Kriza)

A. Kékay (ELTE): Magnetic nanocomposites: modellirapd experiments
(Supervisor: L.K. Varga)

P. Matus (BME): NMR study of metals with correlatedectronic system
(Supervisor: G. Kriza)

I. Pethes (BME): Experiments on moving glasses ¢Bugor: G. Kriza)

B. Varga (BME): Study of phase transformationsapidly quenched micro- and
nanocrystalline alloys by magnetic measurementpdisor: A. Lovas)

I. Varga (BME): Magnetic domain contrast studiesl amage processing by SEM
(Supervisor: L. Pogany)

L. Almasy (ELTE): Investigation of liquid mixturedy neutron scattering
(Supervisor: L. Cser)

E. Rétfalvi (BME): Irradiation damage study of maés of technological
importance by neutron scattering technique (SuperviL. Rosta)

A. Len (ME): Small angle neutron scattering stuflgintered materials (Supervisor:
L. Rosta)

G. Vaspél (ELTE): Applied Neutron Optics (Supervida Cser)

Z. Somogyvari (BME): Magnetic and atomic structimgestigations by neutron
diffraction (Supervisor: E. Svéb)

K. Mocsar (BME): Production of superintense, uli@$ laser pulses and
investigation and interpretation of the new typealireear interactions of laser
light and matter (Supervisor: Gy. Farkas)

. Bano (SZTE): Metal-ion lasers (Supervisor: KzBa)

. Horvath (ELTE): Metal-ion lasers (Supervisor:Razsa)

G
P
P. Hartmann (ELTE): Elementary processes in gahdiges (Supervisor: Z. Donko)
K. Kutasi (PTE): Elementary processes in gas diggs(Supervisor: Z. Donkd)

K. Szcs (SOTE): Fluorescence imaging (Supervisor: Z. kByvath)

S

. Lakoé (SZTE): Nonlinear frequency conversion efnfosecond laser pulses
(Supervisor: R. Szifrs)

A. Nagy (ELTE): Investigation of the optical prope of airborne particles
(Supervisor A. Czitrovszky)
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Z. Lipp (BME): Laser Doppler velocimetry (Supervige. Jani)

M. Veres (BME): Physical Properties of Graphitic ri@an Nano-Structures
(Supervisor I. Pocsik)

F. Lhommé (Université de Metz): Study of the ingimand extrinsic defects in
lithium niobate doped with chrome (Hungarian cadiera K. Polgar)

K. Lengyel (JPTE): Study of OH- ion absorption inndinear optical crystals
(Supervisor: L. Kovacs)

M. Koniorczyk (PTE): Nonlocality in quantum opticalystems (Supervisor: J.
Janszky)

A. Kéarpati (PTE): Quantum phenomena in photoniadsgap structures (Supervisor:
P. Adam)

Dissertations

M. Tegze: X-ray holography (D.Sc., Hungarian AcagileshSciences)

L. Pusztai: Inverse methods for the evaluation amdrpretation of (liquid and
amorphous) diffraction data (D.Sc., Hungarian Acagef Sciences)

G. Palagyi: Phase transitions in inhomogeneous dilude spin models. (Ph.D.,
ELTE)

M. Bokor: NMR relaxation in Fe and Zn ionic crystg#Ph.D., ELTE)

P. Jovari: Neutron diffraction and computer simiokatstudies of molecular liquids
(Ph.D., ELTE)

L. Bencs: Study on graphite furnace atomic absonpgtiethods for the determination
of dopants in bismuth tellurite optical single ¢afs (Ph.D., ELTE).

P. Domokos: Cavity quantum electrodynamics (PhDIEL

Z. Kis: Nonclassical vibrational states (PhD, JATE)
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G. Fath, Bolyai Grant (1999-2002)

O. Legeza, Bolyai Grant (2000-2003)

K. Penc, Bolyai Grant (1999-2002)

K. Penc, OTKA post-doctoral grant D 32689

J. Solyom, Széchenyi Professorship (1999-2002)

F. Woynarovich, Széchenyi Professorship (2000-2003)
. 1gl6i, Széchényi Professorship (1997-2000)

D. Kaptas, Bolyai grant (1999-2002)

L. Granasy, Physics Award of the Hungarian Acadeimgciences (2000)
L. Granasy, Széchenyi professorship (1999-2003)

K. Kamaras, Széchenyi professorship (1998-2002)

G. Oszlanyi, Bolyai Grant (1998-2001)

T. Borzsonyi, Publication Award of the Researchitate for Solid State Physics
and Optics (2000)

A. Buka, Széchenyi Professorship (1998-2001)
G. Kriza, Széchenyi Professorship (1999-2002)

M. Bokor, Young Scientist's Award of the Hungaridwademy of Sciences
(2000)

L. Pusztai, Széchenyi Professorship (2000-2003)

Gy. Farkas, Principal Award of Physics of the Hurga Academy of Sciences
(2000)

Z. Donkd, Bolyai Grant (1998-2001)

R. Szi@cs, Bolyai Grant (1999-2001)

I. Foldvari: Széchenyi Professorship, (2000-2003)

L. Kovacs, Z. Gyulai Award, Roland E6tvés PhysiSaktiety (1999)
J. Janszky, Széchenyi Professorship (1998-2001)

P. Adam, Széchenyi Professorship (1997-2000)

T. Kiss, Bolyai Grant (1999-2001)

CONFERENCE

N

7" Central European Workshop on Quantum Optics, Baftited, 28. April — 1.
May, 2000 (80 participants)
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