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Dear Reader,

| am glad to hand you over the third volume of yearbook of the Research Institute
for Solid State Physics of the Hungarian Academ$agnces. Our aim has been to
get you acquainted with some of the recent resfiltgir Institute.

The staff of our departments continues to be inlto a large extent, in basic
research in theoretical and experimental solicegphtysics, in materials sciences, in
the interaction of light with matter and in lasdrypics. Part of our research is of
applied character centered mainly around our dgtiki materials sciences and laser
development and applications.

In spite of our mounting financial difficulties féel satisfied with our achievements.
The level of our publication activity remained &fdye. The reflection of the scientific
community has also been positive as seen e.g. thenresults of the evaluation
conducted by the Hungarian Academy of Sciencey #ad year since we came out
from it as one of the highest ranked institute.

After a long period of reconstruction the ResedRaactor is fully operative at our
site. The utilisation of this gathered significambmentum. An increasing number of
measurements have been carried out with domestiméernational partners.

International co-operation has always been androoed to be a significant tool in our
research. In addition to our traditional bilatecaloperation we are happy to report
our increased presence in the research progranfrttesBuropean Union and NATO.

We have a continued interest in high education,niyaat the EO6tvos Lorand
University and at the Technical University Budapésit in limited volume at other
universities, too. In the frame of this activityewperate a solid state physics and an
optics laboratory for the praxis of undergradudtelents in addition to regular and
voluntary courses and doctoral research training.

May | hope that this booklet will be a useful témlget acquainted with the work and
achievements of our research teams.

Budapest 1 December, 1996.

Aod ot P

Norbert Kro6
Director






Key figures
Permanent staff of the Institute: 130 employees. stdistribution:

a) by professions:

15%
7%

13%

O scientists

O engineers

M technicians/assistants
M administrators

b) by scientific titles/degrees:

HEMmember of Hungarian
Academy of Sciences

Mdoctor of science (Dr.
habil.)

Ocandidate of science
(Ph.D.)

Cuniversity doctor

c) by ages:

A 33

under 30 years
[M 30-40 years |
[140-50 years % 20-
B 50-60 years 15+
over 60 years 101

=l




Financial management
a) Sources of operation costs:

OMTA (Hungarian
Academy of Sciences)

i 11%
O O'ITKA.(!—Iungarlan 2704 0
Scientific Research
Fund)

[Mforeign (international)
grants .
B OMFB (National 6% G
Committee for O
Technological /
Development) 11% 46%

B others (incl. contracts)

b) Distribution of expenditures:

Owages and salaries 28%

M overhead, labour
(health service, etc.)

O overhead, other
(energy, etc.)

M consumables f
Sothers (inc. ravel ....nn||||||N|\|“N“““ ||||WH|
costs) i |||

B investments
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A. STRONGLY CORRELATED SYSTEMS

J. Sélyom, G. Fath, O. Legeza, K. Penc, K. VlaBakVoynarovich, A.
ZawadowskKi

Low dimensional magnetic models— Recently several new materials have been
discovered in which the localized magnetic momantscoupled in a way resembling
ladders. The energy spectrum and the behaviolmresttsystems depends strongly on
the value of the spin and the number of legs ofl#aeler. We studied the phase
diagram of such ladder models using the densityrisnaénormalization group
(DMRG). Firstin a rather technical work we hatecked the accuracy of the DMRG
procedure on the example of the Ising model insivarse field, as the simplest
guantum mechanical spin problem, and have shownthewo-called truncation error
is related to the real error in the energy valu&gh this background we have
determined the phase diagram of a two leg laddatetnmcluding also plaquette
couplings, and have found indication for the existeof several different massive
phases.

One-dimensional fermionic models— We investigated in detail the model defined
through the relativistic limit of the one dimensabrattractive Hubbard model. This
model possesses both massive and massless drassedgpwhich are described just
like the particles in the Hubbard chain, by Bethes&tz type equations. We analysed
the eigenstates of the system. We have found Heatfimiting model has higher
symmetry than the original Hubbard chain; it acgsiin addition also the chiral
symmetry. We determined the scattering propertiethe particles, and also the
conformal properties of the field correspondinght® massless sector. All these results
confirm, that the scaling limit of the Hubbard aihaan be identified with the chiral
invariant Gross-Neveu model.

Theory of dissipative motion of heavy particles— We studied the low temperature
behaviour of two level systems (TLS) interactinghnihe conduction electrons in
amorphous metals. To approach the temperaturerrégiow the Kondo temperature
we generalized the model to electron spin degeresrdd; > 2. The solution of the

scaling equations written Nfz order confirmed that the only stable fixed poihthe

system is equivalent to the Kondo-model of spin @@reover we found the limits of
this equivalency. We also studied what conditioaa make a commutative TLS
model— not showing Kondo-effect in simple casesto be non-commutative. The
asymmetry of the electron band even in leading rorithe splitting of the levels in
higher orders result in logarithmic divergenciethie couplings, which were originally
invariant in the scaling.

E-Mail:

Gabor Fath fath@power.szfki.kfki.hu
Ors Legeza olegeza@power.szfki.kfki.hu
Karlo Penc penc@ power.szfki.kfki.hu
Jend Sélyom solyom@ power.szfki.kfki.hu
Kéroly Vladar vladar@ power.szfki.kfki.hu

Ferenc Woynarovich  fw@ power.szfki.kfki.hu

* Permanent position: Technical University of Budsipe



Grants

OTKA?! 1/4 T4473. Low dimensional interacting electonsteyns and magnetic
models

OTKA T 014443. Completely integrable 1-d systems

OTKA T 015870. Models of strongly correlated lowrginsional electron systems

OTKA T 017128. Theoretical study of dissipative rantof heavy particles

Publications*

Articles

A.1. O. Legeza and G. Fath: On the accuracy otitmsity matrix renormalization
group method. Phys. ReB53, 14 349 (1996).

A.2. F. Woynarovich: Massive particles in the reiatic limit of the non-half-filled
1D attractive Hubbard model. J. PhgR9, L37 (1996).

A.3. K. Penc, H. Shiba, F. Mila’ and T. Tsulagoshi Ferromagnetism in muilti-
band Hubbard models: From weak to strong Coulorpllseéon. Phys. Rev.
B54, 4056 (1996).

A.4. K. Penc, K. Hallberg F. Mila’ and H. Shiba Shadow band in the one--
dimensional large U Hubbard model. Phys. Rev. [Z&t1390 (1996)

A.5. Z. DomanskKi R. Lemanski and G. Fath: The asymmetric Hubbard model on
a two-dimensional cluster. J. Phys.: Condens. M8&ite261 (1996)

A.6. O. Ujsaghy, A. zawadowski and B.L. Gydrffy Spin-orbit induced magnetic
anisotropy for impurities in metallic samples adueed dimensions: Finite size
dependence in the Kondo effect. Phys. Rev. Rét2378 (1996)

A.7. G.Zarand A. ZawadowskiTheory of two-level systems and their role in point
contacts. PhysicB218 60-63, (1996).

A.8. O. Legeza, G. Fath and J. Solyom: Phase diagrh magnetic ladders
constructed from a composite-spin model. Phys. B&8, (1966) (accepted
for publication)

A.9. F. Woynarovich and P. ForgacsScaling limit of the one-dimensional
attractive Hubbard model: The half-filled band cad¢uclear Physics.
(accepted for publication)

A.10. G. Zarandand K. Vladar: Low temperature dynamics ofNarflavor two level
system in a metal: Equivalence with thechannel Kondo model in the {42
order. Physical Review Letters. (accepted for maibion)

1OTKA = Hungarian Scientific Research Fund

" The Annual Reportontains publications appeared or accepted bpubéshers
in the period 1 December 1995-30 November 1996

" The author is not a member of the Research Itstitw Solid State Physics staff



A.11.W. Stephanand K. Penc: Dynamical density-density correlaion one-
dimensional Mott insulators, cond-mat/9609231. PHyev.B 54, Decl5
(1996) (accepted for publication)

A.12.T.P.Devereaux A.Virosztek, and A. Zawadowski: Multiband electio
Raman scattering in bilayer superconductors. PiResv. B 54, (1996)
(accepted for publication)

Conference proceedings

A.13.K. Penc, F. Milaand H. Shiba Spectral function of One-Dimensional
Strongly Correlated Electrons. IRroceedings of the Pacific Conference on
Condensed Matter Thegryournal of the Korean Physical Society (Proc.
Suppl.)29, S85-S91 (1996).

A.14.0. Ujsaghy, A. Zawadowski: Spin-orbit induced magnetic amispy for
impurities in metallic samples: finite size depemekein the Kondo effect in
mesoscopic samples. IRencontres de Moriondanuary 20-27, 1996



B. COMPLEX SYSTEMS

N. Menyhard, F. Igloi, A. Sitd, P. Szépfalusy

The principal interest of this group is the themadtinvestigation of different aspects
of equilibrium and non-equilibrium statistical plhgs

Classical systems and phase transitions. Fhe Ising model (IM) and directed walk
(DW) are among the most studied problems in latgiedistics. The IM is a standard
model for magnetic or liquid-gas phase transitihsreas the DW is used to describe
linear fluctuating objects such as directed polysr@rinterfaces in two-dimensional
systems. We have observed a hitherto unnoticedeotion between IM and DW in
two-dimensional layered lattices. We have shown the complete solution of the
DW provides all the necessary information to obtam thermodynamical properties
and correlation functions of the IM. For self-siamil (aperiodic, hierarchical)
distribution of the couplings exact renormalisatgrmoup study has given the result
that the critical properties of IM and DW are gawsat by two different fixed points
of the same RG transformation.

In non-equilibrium phase transitions of kinetimigimodels in one dimension a novel
phase transition of the kink system was found eaflom an Ising-like absorbing state
to an active state. At this transition point thiéical properties of the underlying spin
system have been investigated now by numericallations. Not only its dynamics
was found to differ from that of the Glauber-Isitage but also its statics: some of the
static exponents of the Ising model are influenbgdthe presence of the non-
temperature driven phase transition, while Fislsmading law proved to remain valid.

An extension of expansion theorems for correlafimetions at high temperatures and
low fugacities in classical continuous systemsradgng via an unstable interaction
has been done. A toy model for crystallization &las been presented.

Classical and quantum chaos— We have continued the investigation of transient
chaos near the intermittent state of permanent sclaaw have shown that the
correlation functions exhibit unusual scaling proies.

We have studied properties of Bose-condensed gaseps and determined, in the
semi-classical region, the density-density coriretatunction measurable by inelastic
light scattering.

Quantum systems.— A work has been presented on the tunnelling of the
magnetisation in the presence of an alternatingnetagfield, showing that this latter
can only hamper the magnetisation.

E-Mail:

Ferenc Igloi igloi@ power.szfki.kfki.hu
Andras Sutd suto@ power.szfki.kfki.hu

Nora Menyhard menyhard@ power.szfki.kfki.hu
Péter Szépfalusy szepfalusy@ludens.elte.hu

* Permanent position;: E6tvés Lorand University, Baags



Grants:

OTKA T12830 Critical behaviour of low-dimensiongistems
OTKA T17493 Nonequilibrium phase transitions andatit phenomena
OTKA T14855 Phase transitions and spectral probfequantum systems

Publications

Articles

B.1. F.Igléi and L. Turban Common trends in the critical behaviour of Isamyl
directed walk models. Phys.Rev.Letté&is1206-1209 (1996)

B.2. F.Igloi and P. Lajkd: On the critical temptewra of non-periodic Ising models
on hexagonal lattices, Z.Phy&99, 281-283 (1996)

B.3. F. Igl6éi and F. Szalma: Interface fluctuaiam a hierarchical lattice. Phys.
Rev.E54, 1106-1110 (1996)

B.4. F. Igléi and P. Lajké: Surface magnetisatimmd surface correlations in
aperiodic Ising models. J. Phys29, 4803-4814 (1996)

B.5. A. Sutd: Low density expansion for unstabléeiactions and a model of
crystallization. J.Stat.Phy€32, 1541-1573(1996)

B.6. L. Lustfeld and P.Szépfalusy: Correlation functions on thedéodine of
transient chaos. Phys.Rét53, 5882-5889 (1996).

B.7. A.Csordas R.Grahamand P. Szépfalusy: Off-resonance light scatterimm
Bose condensates in traps. Phys.Ré&4, R2543-2546 (1996)

B.8. N. Menyhard and G. OdoPhase transitions and critical behavior in one-
dimensional non-equilibrium kinetic Ising modelgwbranching annihilating
random walk. J.Phys.A. (accepted for publication)

B.9. JL. van Hemmén and A. Siitd: AC-hampered tunnelling of the

magnetisation. J. Phys.:Condensed Matter (accéptguiblication)



C. ELECTRONIC STATES IN SOLIDS
J. Kollar, P. Fazekas, |. Tiittd, B. Ujfalussy, Arogztek, L. Vitos

We have developedfall charge-density techniqueto evaluate total energies from
the output of self-consistent linear muffin-tin dats (LMTO) calculations in the
atomic-sphere approximation (ASA). The Coulomb gpés calculated exactly from
the complete, nonspherically symmetric charge dgnsdefined within
nonoverlapping, space-filling Wigner-Seitz cellse texchange-correlation energy is
evaluated by means of the local density approxinatir the generalized gradient
approximation applied to the complete charge-dgnaitd the ASA kinetic energy is
corrected for the nonspherically symmetric chargesity by a gradient expansion.
The technique retains most of the simplicity anel tbmputational efficiency of the
LMTO-ASA method, and calculations of atomic volunaesl elastic constants of the
4d elements show that it has the accuracy of fuleptal methods.

Using this technique we have carried out a calmnatfor the equilibrium atomic
volumes of thea-phase light actinide metals using LDA and GGA exae-
correlation energy functional. The deviation betwdbe experimental and GGA
values is less than 1%. The comparison of the laD4 GGA results show that the
unexpectedly large atomic volume fofPu can be ascribed to the presence of low
coordinated sites in the structure where tiedectrons are close to the onset of
localization and the charge density is very lowthre interstitial region. In this case
the LDA is not able to describe properly the exg®norrelation effects, while the
accuracy of the GGA is satisfactory for this systeswell.

We studied thenagnetic properties of surfaces and interfacedy performing fully-
relativistic spin-polarized local spin density aditions. For Au covered Co
monolayer on Au(111) - in very good agreement witperiments - we obtained the
enhancement of perpendicular magnetic anisotroyfaaction of the Au coverage.
The relation between the orbital magnetic momeigaaropy and the band energy
anisotropy was also studied and compared to thdighiens of tight-binding model
calculations.

An extensive study of the magnetic anisotropy elesrgVIAE) of the high-moment
ferromagnetic phase of fcc Fe/Cu(001) over- aneriayers were carried out in terms
of the fully relativistic spin-polarized Screenedrknga-Kohn-Rostoker method.
Independently of the film thickness, for free suda the orientation of the
magnetization was found to be in-plane, while fapmed films a perpendicular
magnetization is predicted up to a switching thessrof 5 Fe monolayers. Based on
an analysis of layer-resolved anisotropy energtesvas shown that the main
contribution to the MAE arises from the Fe layetts Fe/Cu interfaces. Particular
features of the MAE’s with respect to the numbecay layers as well as to the film
thickness can be viewed in terms of the interfdeyddridization between Fe and Cu.
By using the coherent-potential approximation titerdiffusion between the substrate
and the magnetic film was found to reduce the MA&nahtically.

We have developed a theory of sound propagatiguasi one dimensionatharge-
and spin-density wave materialdased on an improved version of electron-phonon
coupling, which enabled us to study the effecths tormation and sliding of the
density wave condensate on the propagation of wasound modes. We have shown
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that only the transverse sound wave polarized lgatalthe chains does couple to the
moving condensate.

We extended our theoretical description of theted@c Raman scattering imigh
temperature superconductorsto the case when several bands cross the Feraij lev
which includes the bilayer cuprates. Although tlarfan response in thefchannel

is the sum of the single band contributions andxang term, we have shown that the
latter is negligible for the materials in question.

One of the major outstanding problems of many-bibeyry is to find the simplest
physically relevant lattice fermion model which sisatinerant ferromagnetism in

an extended range of the parameters. We invedfigdateo promising classes of
models: single-orbital Hubbard models on non-Bravkittices with triangular
plaguettes, and generalized Anderson latticesitierecase, the stability of eventual
ferromagnetic order is decided by the competitiathvgtrongly correlated non-
magnetic states, such as the collective Kondo.dtaleowing a recent suggestion by
Muller—Hartmann, we studied the extent of the feragnetic phase of the triangular
double chain, using exact diagonalization, andlsisgin-flip variational trial states.
We found that the saturated ferromagnetic stateoist, extending from the
intermediate to the strong coupling regime, and eveide range of band filling. In
addition, we proved that Miller-Hartmann’s “low-dég scenario’ does not work in
three dimensions. Two dimensions is a marginal,Gasewe proposed certain criteria
for ordering.

Previous research on band ferromagnetism, and addattices, is now converging
in the study otorrelated two-band models where a set of interacting electrons has
to Kondo-compensate the localized spins of a diffeiset of electrons. One of the
simplest of such models is the Anderson-Hubbaticéatmodel. We generalized the
Gutzwiller variational method to be able to tréas imodel, and derived the interaction
dependence of the lattice Kondo energy . It is edghat the finding of a new Kondo
scale should be useful in understanding the rerbélsdability of ferromagnetism in
Anderson-type lattice models .

In thebilayer model of the high Tc superconductorswe investigated the properties
of the non-resonant Josephson coupling case. Asguthat the intralayer and the

interlayer interactions are different, the effeetmteraction is stongly enhanced by
the high energy parts of the spectrum, and thdigttens of the bilayer model for s

type superconductivity contradicts to the resultdie Raman measruements.

E-Mail:

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

Grants

OTKA T016740 Electronic states in complex structures (solidgfases and
interfaces)
OTKA T014201 Theory of phase diagrams of heavsnfen systems
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OTKA T020030 Interacting electrons in low dimemso
OTKA T019045 Collective excitations in unconvemntib superconductors

Publications
Articles

C.1. B.Ujfalussy, L. Szunyogtand P. WeinbergéerFully relativistic spin-polarized
description of interface exchange coupling for Rdtilayers in Au(001). J.
Magn. Magn. Mater.156, 255-256 (1996)

C.2. L. Szunyogh B. Ujfalussy, P. Weinberger and C. Sommers Fully
relativistic spin-polarized description of magneiiterface coupling: Fe
multilayers in Au(100). Phys. ReB54,6430 (1996)

C.3. B. Ujfalussy, L. SzunyoghP. Brund, and P. Weinberger First-principles
calculation of the anomalous perpendicular anigygtim Co monolayer on
Au(111). Phys. Rev. Lett7,7,1805 (1996)

C.4. P.WeinbergérP.M. Levy, J. Banhait L. Szunyogh and B. Ujfalussy: Band
structure and electrical conductivity of disordetagered systems. J. Phys.:
Condens. MatteB, 7677 (1996)

C.5. B. Ujfalussy, L. Szunyoghand P. Weinberger Magnetic anisotropy in
Fe/Cu(001) over- and interlayers: the high-momenbimagnetic phase. Phys.
Rev.B54,54 (1996)

C.6. A. Virosztek and K. Maki Sound Propagation in Density Wave Conductors
and the Effect of Long-range Coulomb Interactiomys? RevB53, 3741-3745
(1996)

C.7. T.P. Deverealx A. Virosztek and A. Zawadowski: Multiband Eleatio
Raman Scattering in Bilayer Superconductors. PRgs.B54, 12523-12534
(1996)

C.8. K. Itai and P. Fazekas: Interaction effect in the Kondergnof the periodic
Anderson-Hubbard model. Phys. RB&4, R752 (1996).

C.9. P. Piefi, S. Daul, D. Baeriswyl, M. Dzierzawa, and P. Fazekas: Low density
ferromagnetism in the Hubbard model, Phys. B84, 9250 (1996).

C.10. L.Vitos, J.Kollar and H.L.Skriver Ab initio full charge density study of
the atomic volume of a-phase Fr, Ra, Ac, Ph, U, Np, and Pu. Phys.
Rev. B (accepted for publication)

C.11. J.Kollar, L.Vitos and H.L.SkriverThe anomalous atomic volume ofPu.
Phys.Rev. B (accepted for publication)

C.12.L. Szunyogh B. Ujfalussy, P. Brung and P. Weinberger Anomalous
perpendicular magnetic anisotropy in a Co monolayeAu(111). J. Magn.
Magn. Mater. (1996) (accepted for publication)

12



C.13.P. Fazekas and K. [taCollective Kondo effect in the Anderson-Hubbard
lattice. Physica B (accepted for publication)

C.14.S. Dadl P. Piefi, M. Dzierzawa, D. Baeriswyl, and P. Fazekas: Low density
ferromagnetism in a one-dimensional Hubbard. Phyd8c (accepted for
publication)

C.15. P. Fazekas: Band ferromagnetism versus tioke&ondo state in lattice
fermion models. Phil. Mag. B (Proceedings volumehef Debrecen Graduate
School on Strong Correlation, September 1996) (@edefor publication)

Conference proceedings

C.16. L.Vitos, J.Kollar and H.L.Skriver Energetics of the light actinides in a
full charge density scheme. I8tability of Materials Nato ASI Serieds.
A.Gonis, P.E.A. Turchi and J.Kudrnovsky, PlenumsBrep. 393-399, 1995

C.17.J.Kollar, L.Vitos and H.L.SkriverBulk properties of the light actinides from
first principles. In:Actinides and the Environment, NATO ASI Serigds.
P.A.Sterne, A.Gonis, A.A.Borovoi , Kluwer Acadenfcess, (1996)

C.18.B. Ujfalussy, L. Szunyoghand P. Weinberger Alloying aspects of the
magnetic ground state and anisotropy of Fe/Cuftimimoverlayers. In:Proc.
of 1st International Alloy Conference (IAC;Bthens, Greece, June 16--21,
1996 (accepted for publication)
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D. NON-EQUILIBRIUM ALLOYS

l. Vincze, J. Balogh, L. Bujdoso, D. Kaptas, T. ey L.F. Kiss, Gy. Mészaros,
B. Sas, E. Svédb

Neutron scattering. — The short range order of amorphousgsha; 7 was examined
by neutron and X-ray diffraction. The specimen wasduced by ion-plasma
sputtering. In this procedure the loss of matasialery high, thus the preparation of
Ni isotopic specimens was not reliable. Computedetiong — based on molecular
dynamic technique and the Born-Green-Bogoljuboaéqun— was used to obtain the
structural information from the two experimentatalostructure factors. All three
partial pair correlation functions, atomic firstiglgour distances, coordination
numbers and angle distributions were derived.

Neutron diffraction study was performed on nandafjise Fe-Si and SiC systems.
For the as-prepared &8i1s sample ordered DDwhereas after 194 hours ball-milling
metastable A2 structure was determined. A sigmfiagacrease of the lattice parameter
and the broadening of Bragg-reflections were meakdue to the decreased grain
size.

Dynamic neutron radiography was used to visualiee ¢haracteristic features of
evaporation, condensation, fluid flow and cloggipgints in absorption-type
refrigerators. Compression-type refrigerators dillap with environment friendly
cooling agent were investigated. It was estabtizhat a layer of synthetic lubrication
oil segregates on the surface of cooling matenahe evaporator, and this hinders
the cooling efficiency of the units. On the basige@sults new constructions were
developed by the manufacturers.

Nanocrystalline materials for soft magnetic applicions. — A new class of the non-
equilibrium materials with considerable practicalportance is the nanocrystalline
alloys. Besides the basic interest to study a riate ®f matter with a much enhanced
surface to volume ratio, nanocrystalline matemath a typical 10 nm grain size show
very good soft magnetic properties as the magngitaline anisotropy is
significantly reduced. In our group OTKA and Copeus projects are aimed to study
nanocrystalline materials produced by different tesu as ball milling and
crystallization of amorphous alloys. Since oneld tommonly used class is the B
and Cu alloyed Fe-Zr system, the crystallizatiorawforphous F@o-Zrx (7<x<12)
alloys were studied by differential scanning catwiry (DSC), Mossbauer
spectroscopy and Curie point measurements. Thealpartrystallized samples
contain besides bcc-Fe also an amorphous phas&Zwiabntent near 17-20 at%. In
the fully crystallized samples bcc-Fe andZfewere found, the R&r intermetallic
phase of the ingots were not present.

The special influence of B and Cu additives to ¢hestallization of the FeZrCuB
alloys was investigated by differential scannindpgmetry (DSC). The magnetic
properties of toroidal cores made of melt spurRcFeB.Cui and FesZr;BsCu

metallic glass ribbons were studied after beingt liesated in the 550-758C
temperature range. The pieces removed from thegs geere investigated by high
precision X-ray diffraction for lattice parameténdies, calorimetry and transmission
electron microscopy. Méssbauer spectroscopic measnts of these samples were
also extended to low temperature external magheticstudies which made possible
the separation of the contributions from differg@htases and reveal the magnetic

14



coupling between them. Initial magnetic permeapithanges sharply during the
nanocrystal formation. Mossbauer spectroscopy doeeeveal any drastic change of
the phase composition in the temperature rangeesaeignificant variation of the
soft magnetic properties is observed. Modificatdbthe exchange coupling between
the grains formed at different temperatures migphiBcantly contribute to the
improvement of the magnetic properties.

To optimise the composition, the influence of défiet additions were also

investigated. The role of nucleating additives (Ms@g, Au, Pd, Pt, Sb and Ga) in
the formation of nanocrystalline structure andhe tmprovement of soft magnetic
properties is investigated in $&rBeM1 type alloys by calorimetric (DSC),

thermomagnetic (initial permeability) and Mossbagmctroscopic studies. It is found
that the nucleating additives lower the temperatdiithe first crystallization step and
improve the soft magnetic properties due to theneef nanostructure of the

crystallization products. Other parts of this Caopars program, namely the high
heating rate studies, the electronic system dewstop for the sensor application and
the power loss measuring instrumentation is desdrib Section J.

Solid state reactions.— Evaporated multilayers and ball milled materialsreve
studied. Detailed investigations were made on Fednples and diffusion
amorphization was observed in this system for nancsired multilayers. Single
phase amorphous alloy is formed in a limited cotregiion range around 40 at% boron
in agreement with the predictions of free-energggdams. The properties of the
interface region of the multilayers was studied Nd§ssbauer spectroscopy, X-ray
diffraction and transmission electron microscoplye Tnterface region is amorphous
and consumes 2 nm from the iron layer. The samerfigp field distribution is
observed within the amorphous interface when ttidual layer thicknesses exceed
the width of the interface. The width of this disttion is much larger than those
measured in amorphous Fe-B alloys and the excelth 8iattributed to concentration
distribution along the interface. On the contraing amorphous component in samples
with smaller layer thicknesses is more homogensudealuced from the hyperfine
field distributions and the hyperfine parameterpeshel on the ratio of the iron and
boron layer thicknesses. Solid state amorphizadimnng the sample deposition is
assumed to account for this behavior.

Mechanical alloying could produce homogenous ammuphalloy in a narrower
composition range than diffusion amorphization wihiile attrition of the intermetallic
compounds, FeB and Beg did not produce amorphous material of the same
composition. The amorphous alloy formed under raeidal alloying was shown to
change gradually in composition and homogenityrdutne milling process. The role
of controlled atmosphere and contamination fromntileng tools was studied in the
formation of the observed phases and concentrations

External magnetic field Mdssbauer studies— Measurements were carried out in
the 4.2-300 K temperature range up till 7 T extemagnetic field. The Mdssbauer
spectroscopic measurements were supported by magressurements, part of which
was carried out in cooperation with the ATOMKI irelrecen and also by X-ray
diffraction which was partly made at the Solid 8t&esearch Department of the
Roland EOtvés University, Budapest.. Besides theevqusly mentioned
nanocrystalline studies the following other probéewere investigated:

I. It was verified for ball milled nanocrystallifée (samples produced by the Solid
State Physics Department of the KLTE, Debrecen) th@anges of the shape
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distribution of the particles in the milling prosesignificantly influences the local
magnetic properties studied by external magnetid fMiéssbauer spectroscopy.

ii. Amorphous FeZr alloy was produced by ball milling the corresgoy
intermetallic compound . The magnetic propertieshefamorphous alloy which is
paramagnetic even at 4.2 K is basically differeh fthose of the intermetallic
compound with 630 °C ferromagnetic Curie tempertlihe study of the magnetic
properties of the Fe atoms in different local eowments is a part of the Korean -
Hungarian cooperation which is aimed to investigdte amorphous and
nanocrystalline Fe-Zr-N system.

iii. The magnetic behaviour of the melt spun amorshFe-Y alloys with 15-60 at%Y
were studied. The spin-glass and re-entrant pnegeate the consequence of the
percolation of the non magnetic atoms. Besidesnthre magnetic Y, they also
include the Fe environments above the criticatesaneighbour Y number. We
have studied the concentration, temperature andnetiagfield dependence
together with the appearance of the relaxationieha

iv. The unusual temperature dependence of the giilsiti¢y of the FeSi compound
motivated the study of its MOssbauer spectrum upTtexternal magnetic field.
The investigation is a joint work with the KamegmOnnes Laboratorium, Leiden
and is aimed to investigate the strong electroretations characteristic to narrow
band gap nonmagnetic semiconductors.
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E. X-RAY DIFFRACTION

G. Faigel, G. Bortel, L. GranasiK. Kamaras, G. Oszlanyi, S. Pekker, T. Pusztai,
M. Tegze

Alkali fullerides — The fullerenes are closed shell molecules contginimly carbon
atoms. The most abundant among them is tsen@lecule. Fullerenes can form a
large variety of compounds with elements or othetetules. In the group of&eo
compounds (A=K,Rb,Cs x=1,3,4,6) there are matenatls very interesting proper-
ties. Among them many superconducting materiad€§4 with remarkably high criti-
cal temperature were found. In the last two yelaes® Ceo type compounds became
the center of interest.

A1Cso compoundsin the ACeso system (A=K,Rb,Cs) several different phases were
found as a function of temperature. These phasew simexpected structural and
transport properties. They have a rock salt strecatl high temperature (400 K) and
they are conductors. Slowly cooling them to roomperature they transform to an
orthorhombic phase which is a crystalline polynWwhen these compounds, instead
of slow cooling, quenched to low temperatures, aoabnic phase develops. In this
metastable phase thedGnolecules are connected in pairs: a dimer statermed.
Using extensive Rietveld mapping in they@ngular orientation space we determined
the precise orientation and bonding configuratibthe G molecules. In contrast to
expectations found in the literature the bondinggveen Go molecules are through a
single bond unlike the four membered ring configjoraof the polymer. Beside the
structure of the several phases appearing in #@&oAsystem we determined the
stability regions of the different phases. We fotmat at low temperatures where the
polymer is the stable form, the phase separateztni@diat state of #Cso has
significantly higher Gibbs free energy. We alsoastigated the kinetics of the phase
transitions. Differential scanning calorimetry maasnents revealed that the
polymerization takes place with 2D growth procesgated to phase separation which
in turn is a slow 3D diffusion controlled process.

X-ray resonant scattering— Scattering of hard x-ray or gamma-ray photons on
atomic nuclei have a significant cross section wtienenergy of the photon is the
same as the difference between two energy leveteatfucleus. This resonant scatter-
ing is closely related to the Mdssbauer effect.drRast scattering experiments in the
time window can be done by using pulsed synchnatadiation.

X-ray resonant forward scattering of synchrotrouligtion on*>*Eu. Synchrotrons—
unlike Mossbauer sourcesemit x-rays in a wide energy range. A successidmant
scattering experiment requires the very good mormwohtization (in the meV range)
of the synchrotron radiation. In collaboration witle European Synchrotron Radia-
tion Facility (Grenoble) and the Institute of Exipeental Physics of the University of
Hamburg, we have designed and built a silicon simgystal x-ray monochromator
working at the 21.5 keV energy of the Mdssbauersitaon of the'>*Eu nucleus. We
were the first to detect delayed x-ray photonsteped by a sample containing euro-
pium. We have also recorded the oscillatory timpetielence (“quantum beats”) of
the scattered intensity.

X-ray holography with atomic resolution — In holography, the scattered radiation
is mixed with a reference wave and the resultingrfarence pattern is recorded. The
hologram contains both the intensity and the phEsemation and the 3 dimensional
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image of the object can be reconstructed. The mngeirtant limitation of this imaging
technique is the spatial resolution, which is giisnthe wavelength and/or by the
source size. In the last decade the introductiosoff x-ray instead of visible light
tremendously improved the resolution which reachdéw hundred angstrom. An
other line in holography, based on the inside smgancept, was suggested recently.
We have applied this concept for the case of fleceat x-rays emitted by a single
crystal. We were the first to demonstrate expertadgnthe feasibility of x-ray
holography with atomic resolution. We have recortfethologram of a SrTigsingle
crystal and successfully reconstructed the threedsional order of Sr atoms.

Nucleation theory. — The applicability of our phenomenological diffusgerface
theory (DIT) for vapor condensation has been ingastd in the case of non-polar,
polar and metal substances. It was demonstratédiothaon-polar, weakly polar and
metal vapors the DIT predictions are in a remarkdi@tter agreement with the
experiments than the classical theory. The fundaaenf the DIT were studied in
the framework of the van der Waals/Cahn-Hilliard\CH) and the state-of-the-art
density functional theory (DFT) of Oxtoby. The vdWH analysis suggests that the
assumptions of the DIT all reasonable. The DFT utatons contradict this. The
origin of the discrepancy is the inaccurate dengmibfile predicted by the DFT which
stems from the simplified molecular interaction Kéwa) assumed. Cluster dynamics
calculation were performed to describe the timeetdi€ence of crystal nucleation in
the framework of the DIT. It has been shown thatvipor condensation and crystal
nucleation the predictions of the DIT are in a canaple or better agreement with the
experiments than those of the modern density fanatitheories.
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F. CHARGE- AND SPIN-DENSITY WAVES
G. Kriza and G. Mihaly

Fluctuations in low-dimensional systems.— Thermal fluctuations in low-
dimensional systems have more profound consequeheesin three dimensions:
They may dominate the properties of the system alarge part of the phase diagram.
We have investigated the consequences of fluchmtal the order parameter of
collective electronic states — spin-density wavel auperconductor —in low-
dimensional organic conductors by a large varietytransport and magnetic
measurements.

Spin-density wave fluctuations. The itinerant antiferromagnetic state called spin-
density wave (SDW) is one of the typical groundesteof quasi-one-dimensional
metals. The NMR spin—lattice relaxation in thessteays have been shown to be
dominated by the fluctuations of the phase of tiASorder parameter. By a
systematic comparison of the NMR relaxation andedieic relaxation as a function
of temperature, magnetic field, defect concentratiwe have shown that the
anomalously high dilectric constant in these matstas the same origin as the NMR
relaxation, i.e., it arises from the phase exatabf the SDW. We have also pointed
out that a peak in the temperature dependence=dfifiR relaxation — previously
thought to signal a phase transition — originatesfa dynamic crossover in the SDW
phase fluctuations.

Two-dimensional superconduting fluctuations.— It is known that the highly
anisotropic, quasi-two-dimensional Cu-O-based stgretuctors show no sharp phase
transition in a magnetic field. Instead, there @ssover from the high-temperature
Gaussian fluctuations of the superconducting opdeameter to the low-temperature
"vortex liquid" state characterized by the fluctngtAbrikosov vortices. We have
investigated the same phenomenon in the two-diraeakiorganic superconductor
(ET)2Cu[N(CN)]Br by measuring the dynamic and static magnetinativer a broad
range of temperature and magnetic field. Becautieedbwer critical temperature and
thus lower critical magnetic field of this systemsignificantly larger part of the phase
diagram is accesible experimentally than in Cu-®eldasuperconductors. We have
shown the existence of the vortex liquid state deavB% of the critical temperature.
We have found that the so-called irreversibilibelthat delimits the vortex liquid state
follows an exponential temperature dependence thesrentire temperature range
investigated.
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G. LIQUID CRYSTAL RESEARCH
L. Bata, N. Eber, K. Fodor-Csorba, A. Jakli, A. ¥aj

Study of ferroelectric liquid crystals. — We started to study new types of
ferroelectric liquid crystals: chiral disc and bostlaped columnar liquid crystals and
special smectic A materials formed by achiral banamaped molecules. The
piezoelectric properties of chiral tilted columnglnases were measured. It was
observed that the piezoelectric responses of swathrials is much weaker than that
of chiral smectic liquid crystals with the same syetry. Based on the measurements
we propose a model for the switching dynamics. Wmél evidences that columnar
liquid crystals of bowl shaped molecules are fdeckic and measured the
polarisation of such phases. We observed the elegtiical effects associated with
the switching of the polarisation of a ferroelecsmectic phase composed by achiral
banana shaped molecules.

Phase diagrams and electro-optical properties @élnf@rroelectric mixtures were
studied. Binary and ternary mixtures were prepabbeded on three members of the
homologous series of 4-n-alkoxyphenyl esters ofithealkoxybenzoic acids and on
homologues series of 4-n-alkoxyphenyl 4'-n-alkoygnioates. Three structurally
different chiral compounds and chiral additive &)-(1-methylheptyl)-1,1'-4'-1" -
terphenyl-1,4"-dicarboxylate were used to makeehdernary and four component
mixtures with chiral smectic C phase. The phasgrdias of two -, three -, and four -
component mixtures are presented and the corresgpmihysical properties are
discussed. Spontaneous polarisation values up @on2dcnt were found and two
distinct modes of electro-optical switching, asated with different stages of helix
distortion were observed.

Liquid crystal composite systemsonsisting of cholesteric liquid crystals in which
small amount of reactive monomer was dispersedpahgnerized by UV light was
studied. The process yielded a dramatic changkheophase sequence. By thin film
chromatography and IR measurements we showedhaitrocess resulted in a new
material which is responsible for the dramatic gd&n

We made small angle neutron scattering studiesitty she structure of silica particles
dispersed in smectic liquid crystals.
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Publications
Articles:

G.1. A. Jakli, S. Markscheffeland A. Saupe Helix deformation and bistable
switching of ferroelectric liquid crystals. JourrdlApplied Physic9, 1891
(1996)

G.2. E. Dietzmann W. Weissflog, S. Markscheffé| A. Jakli, D. Losg S. Dielé:
Perfluorinated swallow tailed compound: In search dchiral ferroelectric
phasesFerroelectrics, 180,341 (1996)

G.3. A.Jakliand A. SaupeField induced thickness variations of ferroeliediquid
crystal films. Phys. Re\E53, R5580, (1996)

G.4. S.Markscheffé] A. Jakli and A. SaupeDielectric properties of ferroelectric
liquid crystals. Ferroelectricd80 59 (1996)

G.5. Bata L., Eber N, Jakli A: Ferroelektromosy#ulékkristalyok (Ferroelectric
Liquid Crystals, in Hungarian). Fizikai Szen{&VI , 59-63 (1996)

G.6. N. Eber, L. Bata: Folyadékkristalyok az op¢gonikaban (Liquid crystals in
the optoelectronics, in Hungarian). IbKLVI , 117-126 (1996)

G.7. Fodorné Csorba K, Bata L., Vajda A.. Folyad&tklyok szerkezete és
tulajdonsagai (Structure and properties of liquigstals, in Hungarian).
Magyar Kémiai Folyodirat102, 125-142 (1996)

G.8. A. J&KIi: Electrically induced vibrations arlbws in ferroelectric liquid
crystals. Mol. Cryst. Liqg. Cryst. (accepted foibfpioation)

G.9. A. JaKli, Gy. Kali, L. Rosta: Structure ofica aggregates in liquid crystal
matrix. Physica B (accepted for publication)

G.10.Jakli A, Bata L: Folyadékkristaly polimerek @&lyadékkristaly - polimer
kompozit rendszerek (Liquid crystal polymers amglid crystal - polymer
composites, in Hungarian). Fizikai Szemle (accepdegublication)

G.11.Bata L, Eber N., Fodorné Csorba K., VajdaJ} folyadékkristalyok a kutatas
és gyakorlat szamara | (New liquid crystals foeersh and applications |, in
Hungarian). Magyar Kémikusok Lapja (accepted fdsljpation)

G.12. Bata L, Eber N., Fodorné Csorba K., Vajdalfolyadékkristalyok a kutatas
és gyakorlat szamara Il (New liquid crystals faearch and applications Il, in
Hungarian). Ibid. (accepted for publication)

G.13. Eber N., Bata L.: Folyadékkristalyok a modeghnikaban (Liquid crystals in
modern technics, in Hungarian). Ibid. (acceptedoidslication)

G.14. D.Z. Obadovi¢ L. Bata, K. Fodor-Csorba, A. Vajda and T. Téthdea: X-
ray Diffraction study of some liquid crystals of \Sype. Review of Research,
Physics Series, Faculty of Sciences, Novi Sad fdaeddor publication)
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G.15.A. Vajda, K. Fodor-Csorba, L. Bata, T. Pak&is. Kakas I. Janossy and
J.Hajté: Phase diagrams and electro-optical prigsedf novel ferroelectric
mixtures. Mol.Cryst.Liq.Cryst. (accepted for publion)

G.16.D. Catalang E. Ciampi, K. Fodor-Csorba, C. Forte M. Geppi, D.
Imbardelli: A ?H NMR study of orientational order, phase transisicand
dynamics in a liquid crystalline compound. Liquidy§tals (accepted for
publication)

Conference proceeding

G.17. A. J&KIi: Piezoelectricity and ferroelectiycof columnar liquid crystals. In:
Proceedings of 4th Indian National Seminar on Lig@rystals Patiala,
(accepted for publication)

Book chapter

G.18.K Fodor-Csorba: Chapter 23, Pesticides. Hiandbook of Thin Layer
ChromatographyEds. J.Sherma, B. Fried, Marcel Dekker, New YBdsel,
1996, pp. 753-817

Others

G.19. A. JaKli, A. Saupe G. ScherowsKy X. H. Chen: Ferroelectric columnar
mesophases of pyramidic discotic liquid crystath ILCC Kent (June 26,
1996) abstract C2. O03

G.20.L. Bata, K. Fodor-Csorba, S. HOJIA. Jakli, Gy. Kali, T. Paksj L. Rosta and
A. Vajda: Infrared and neutron spectroscopy ofitiqerystal compositesbid.
abstract B1.005

G.21. M. Giocondq A. Jakli, A. Saupe Tilted smectic layers on homeotropically
treated plates of a Sm@Gquid crystal, Ibid. abstract D1P.26 (P-169)

G.22.K. Fodor-Csorba, G. GalliA. Vajda, E. Gacs-BaitzK. Ujszaszy, L. Bata:
Synthesis and properties of chiral liquid crystedlierepthalic acid derivatives.
Ibid. abstract D3P.10

G.23.Gy.Torok, K.Fodor-Csorba, L.Rosta: Elasticd aguasielastic neutron
scattering on liquid crystal. Ibid. abstract B3P.19

G.24.A. Jakli: Piezoelectricity and ferroelectiyciof columnar liquid crystals.
(Invited talk).4th National Indian Seminar on Liquid CrystalPatiala, Nov. 1-
3, 1996, Abstract All1.

G.25. A. Vajda, K. Fodor-Csorba, L. Bata, T. Pak&s. Kakas, I. Janossy, J. Hajto:
Phase diagrams and electro-optical properties eélnferroelectric mixtures.
Int. Symp. on Liquid Crystals and Supramoleculad&y Bangalore, India,
(January 3-5, 1996) Abstract p.10

See also: H.4., H.14,, H.15., H.17.
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H. INSTABILITIES AND NONLINEAR PHENOMENA
IN LIQUID CRYSTALS

A. Buka, T. Borzsonyi, |. Janossy, T. Téth Katona

Pattern forming instabilities. - The response of a homeotropic nematic liquid atyst
layer to low-frequencyscillatory rectilinear sheafCouette flow) was investigated
experimentally and theoretically below the onseinstability. The cell was placed
between crossed polarizers and light transmissias studied using parallel light
beam. The transmitted ligh intensity was calculdtaddifferent cell thicknesses,
oscillation frequencies, and amplitudes using tbenatodynamic equations. In a
(relatively) high-frequency and in the small-amydié limit a fully analytical
description is possible, otherwise numerical treatims needed. The experimental
results are in good quantitative agreement witlotheFor sufficiently large shear
rates a transition to a stationary roll pattern wlaserved.

Nonequilibriumgrowth of the smectic Bhase into the supercooled nematic was
further studied. In addition to the effect of theismtropic surface tension the
influence of the heat diffusion anisotropy was alsduded. A nontrivial angular
dependence between the growth velocity and theipahaxes of the diffusion tensor
was found experimentally and verified with phasddfisimulations.

The influence of the thermal ageing of the substamas studied experimentally on
the morphology of the phase boundary. The recoeffedts are interpreted as a result
of molecular, conformational changes.

A special attention was paid to the study of qeagiibrium, compact interfaces at
small undercoolings. The first destabilization loé faceted and non-faceted fronts
was recorded and compared with theory.

The formation, structure and dynamics of point disfen electrically induced roll
patterns was experimentally investigated and compared formal rolls and
travelling waves in planar cells and "abnormal'lsah homeotropic geometry.
Results are compared with Ginzburg-Landau theorichvbonveniently describes
defect dynamics and their interaction in termsmophtude and phase of the structure.

Non-linear optics. -We began to study light-induced conformational gfemof azo-
compounds, dissolved in a nematic liquid crystdle Ttonformational transitions
were induced with an Ar laser beam, at differenvel@ngths and the resulting
transmittance changes of the cell were detected witveak probe beam at the
excitation wavelength. Different combinations o€ tholarization direction of the
pump and probe beams were investigated. The resultd be interpreted in terms
of a dynamic eqilibrium between light-inducedns-cisandcis-transtransitions of
the azo dyes. We showed that the dichroism of thethirans and the cis form can be
deducted from the data. Preliminary results on-azdi dye indicates the strong
reduction of the dichroism during the formatiortiod cis isomers.
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Publications
Articles

H1. T. T6th Katona, T. Borzsonyi, Z. Varadi, J. Baa, A. Buka, R. Gonzalez-
Cinca, L. Ramirez-Piscina J. Casademuniand A. Hernandez-Machado
Pattern formation during mesophase growth in a hogoas serie?hys.Rev.
E54, 1574-1583 (1996)

H2. R. Gonzalez-Cin¢a L. Ramirez-Piscina J. CasademuntA. Hernandez-
Machadd, L. Kramef, T. T6th Katona, T. Borzsonyi and A. Buka: Phastdf
simulations and experiments of faceted growthdaitl crystalsPhysicaD99
(1996) (accepted for publication)

H3. A. Buka, T. Toth Katona, T. Borzsonyi and P.tHéMintazatképzo
instabilitdsok folyadékkristalyokban (Pattern fongpiinstabilities in liquid
crystals, in Hungarian}izikai Szemléaccepted for publication)

H4. M. Treibef, N. Eber, A. Buka and L. Kramer Travelling waves in
electroconvection of the nematic Phase 5: A tedt@fveak electrolyte model.
Journal de Physiquéaccepted for publication)

H5. T. Borzsonyi, A.P. Krekhdy A. Buka and L. Kramér Response of a
homeotropic nematic liquid crystal to rectilineaclatory shearJournal de
Physiquelaccepted for publication)

H6. T. Borzsonyi and A. Buka: Flow aligning homemtic nematic liquid crystal
under low frequency oscillatory sheMaterial Science Forumagcepted for
publication)

Conference proceeding

H7. |. Janossy: Optical effects in dye-doped ligerigstals. InPhotoactive Organic
Materials, Ed: F.Kajzar et.al. NATO ASI Series, (Kluwer Aeawlic Publishers
Dordrecht), pp.477-486 (1996).
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Book chapters

H8.

L. Kramef and A. Buka: Introduction to pattern formationnienequilibrium
systems. InPattern Fformation in Liquid Crystal€ds. L. Kramer and A.
Buka, Springer Verlag, New York, (1996) pp.1-13.

H9. A. Buka: Viscous fingering. Ibid. pp.291-305.
Others
H10. A. Buka and L.Kramér(editors): Pattern Formation in Liquid Crystals.

H11.

H12.

H13.

H14.

H15.

H16.

H19.

Springer-Verlag, New York(1996)

T. Toth Katona, R. Gonzalez-Cihca. Borzsonyi and A.Buka: Comparison
of experimental and phase field model results an dlowth of nematic-
smectic-B interface. In16th International Liquid Crystal Conferencéent,
(June 25, 1996) Abstract A1.004

T. Borzsonyi, A. Krekhdy A. Buka and L. Kramér Shear induced
instabilities in nematics. Ibid. Abstract D3.009

J.M. Gilli, S. Thibergg C. Chevallard A. Buka and L. Kramér Metastable
neel wall parallel to glass plates in nematic libjerystals. Ibid. Abstract
D2P.40

T. Téth Katona, N. Eber and A. Buka: Patteonsthe nematic-smectic-B
interface of binary mixtures and the influencehaf thermally forced ageing in
one-component substances. Ibid. Abstract D4P.42

A. Buka, N. Eber, L. Krameand M. Treiber. Properties of travelling waves
in the electroconvection of a nematic. Ibid. D4P.50

P. T6th, A. Rossberg L. Kramef and A. Buka: Order-chaos transition in
electroconvection in homeotropic nematics. Ibidstct D4P.52

D.Z. Obadovig L. Bata, T. T6th Katona and K. Fodor-Csorba: &tral
properties of liquid crystal mixtures based on ti@mmologous series of
alkoxyphenyl alkoxy benzoates. Ibid. Abstract B&EP.0

See also: G.14, G.15, G.25
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|. METAL PHYSICS

K. Tompa, |. Bakonyi, M. Bokor, Cs. Hargitai, Gaslanda, T. Marek, J. Téth, E.
T6th-Kadar

Amorphous alloy - hydrogen systemsl] In the study of metal-hydrogen systems
PMR spectrum width and second moments, hydrogetesbnspin-lattice and spin-
spin relaxation times were measuredaorary Zr-Niandternary Zr-Ni-Cuamorphous
alloys of different Zr and hydrogen content. Theaperature interval in which the
measurements were done covers the range from Ifgglidm to about 350 K. The
alloys were prepared by melt spinning from highitgumetals after electron beam
melting, the non-crystalline state was checked baydiffraction The samples were
charged with hydrogen from the gas phase at losspires near ambient temperature.

As the main results are concernezh the basis of the interpretation of spin-spin
relaxation existing in the high temperature rargedctivation energy and correlation
time of hydrogen diffusion could be determined #&sraction of Zr, Cu and hydrogen
content: all these factors effect mainly the datren time and not the activation
energy contrary to the generally used models. Rtenmeasured second moments
using a local structural model an inhomogeneousdggh distribution could be
concluded.

Transition metal complexes. —Continuing the study of transition metal complexes
'H NMR spectra and spin-lattice relaxation times;) (were measured in
[Zn(ptz)](BF.). (ptz = 1n-propyl-1H-tetrazole) and in the spin-crossover ptax
[Fe(ptz)}](BF.). between room temperature and 2.2 K on polycryseakamples at
two frequencies. The characteristics of the intd@twar motions of the propyl group
(the correlation times and activation energiespeetvely) were re-evaluated. For
both complexes the same dynamics was found, whah expected because of the
isomorphic structure of the two complexes. In additclear signs of presence of high-
spin state Reions were detected. The result shows that therédrions remained
in the high-spin state even at the lowest temperatuThe mechanism of the
paramagnetic relaxation was found to be of radfdsion type. Similar measurements
were started on [Fe(RtHBF.). (Rtz = 1n-alkyl-1H-tetrazole) and [Fe(1,10-
phenanthroline]NCS)] complexes.

Nanocrystalline and other metastable metallic phase— A detailed study of the
low-temperature electrical resistivity on electrpdsited nanocrystalline (nc) Ni foils
produced under a variety of preparation conditiwas performed in order to correlate
the residual resistivity with the grain size thaisadetermined from TEM and XRD
measurements. For a single-phase nc-HéNoy ribbon of the composition HNisg,
produced by melt quenching with a grain size ofuald® nm, a magnetization study
revealed the presence of a minority magnetic ph@ke. presence of this phase
probably enriched in Ni could not be revealed dwea HR-TEM study and, therefore,
it was concluded that the excess Ni is segregateldet grain boundaries. For melt-
quenched (Zr-Hf}(Fe,Co,Ni)o type metastable (amorphous, nc and b.c.c.
supersaturated solid solution) alloys, the densig measured and from these data,
the composition dependence of the average atorhienV was analysed around 90
at.% Fe, Co and Ni content in order to determimeatiomic volumes of both early and
late transition metal components. For the amorplotise system, ¥ was found to
be close to the critical atomic volume of fcc-Féoleand above which a low-spin and
a high-spin state, respectively, of Fe atoms has peeviously predicted theoretically
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and observed experimentally as well. Due to a tdlatbn of \£. in the amorphous
alloys, a fluctuation of the Fe magnetic momentrfigite to site can be expected. This
fact may bear some siginificance for the peculiagnetic behaviour reported for Zr-
Fe metallic glasses around 90 at.% Fe.

Metallic multilayers. — Electrodeposited Ni-Cu alloys and Ni-Cu/Cu miaiters
were produced from a sulfate bath by direct-cur(dr.) plating and pulse-plating,
respectively. The total thickness of the deposiés wypically 5Sum and they were
removed from their substrates. For the d.c. pl&lieGu alloys, the deposition rate and
the alloy composition was established as a funatiaihe deposition current density.
The electrical resistivity and the thermopower nuead at room temperature in zero
external magnetic field for these Ni-Cu electrod®{so as well as their Curie
temperature were in good agreement with relevatat dgported for metallurgically
processed Ni-Cu alloys. The same parameters weestigated also for the pulse
plated Ni.Cud/Cu multilayers as a function of the constituentgnmetic and non-
magnetic layer thicknesses. Anisotropic magnetstasce (AMR) was found for the
homogeneous Ni-Cu deposits whereas giant magnetianese (GMR) was observed
in the multilayers for which a systematic variatiointhe relative importance of the
AMR and GMR contributions with layer thicknessesswestablished. GMR was
observed in pulse-plated Mws/Cu multilayers with a maximum GMR value of
about 2% for Ni-Cu layer thicknesses around 2 tor8 A columnar growth of the
multilayers was detected by transmission electracraacopy. The column width
(grain size) was the largest for multilayers witle maximum GMR. It could also be
established that the multilayer planes are oftehnad at an angle, which depends on
the chemical modulation wavelength, with respectthe substrate plane. This
definitely gives rise to a current-perpendiculaptane contribution to the GMR,
offering a plausible explanation for the locatiohtile maximum of the GMR vs
thickness curve. The lattice constant mismatch éetwthe Ni-Cu and Cu layers gives
rise to considerable stresses which are relaxeiésethe formation of twinning and
dislocation structures, also by an induced peridditice distortion (structural
modulation).

E-Mail:

Imre Bakonyi  bakonyi@ power.szfki.kfki.hu
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Publications
Articles

1.1. |. Bakonyi, E. T6th-Kadar and R. KirchhéimPreparation, structure and
physical properties of Fe-, Co- and Ni-rich meleqgahed ribbons containing
Zr or Hf. Part Il: Electrical transport properties. Metallkde.86, 784-793
(1995)

l.2. G. Lasanda, K. Tompa, C. Hargitai, P. BankiBakonyi: Proton nuclear
magnetic resonance and H-site occupancydsMib.syCuyHx metallic glasses.
J. All. Comp231, 325-329 (1995)

.3 K. Tompa, P. Banki, G. Lasanda, L.K. Varga: @&mtibility and proton line
shift of Zr.3Nio.e~Hx amorphous alloysl. All. Comp 231, 330-333 (1995)

l.4. J. Toth, K. Tompa, A. Lovas, P. Banki: Higmigerature hydrogen diffusion
in ZrosNioe7Hx amorphous alloysl. All. Comp 231, 334-336 (1995)

1.5. |. Bakonyi, E. Toth-Kadar, T. Becsei, J. Toth, Tarnoczi, A. Cziraki |.
Gerdcs, G. Nabiyouni, W. Schwarzachér Giant magnetoresistance in self-
supporting electrodeposited Ni-Cu/Cu multilaydrgvlagn. Magn. Materl 56,
347-349 (1996)

1.6. |. Bakonyi, E. Toth-Kadar, L. Pogany, A. C#ig 1. Gerdcs,
K. Varga-Josepovits B. Arnold and K. Wetzig Preparation and
characterization of DC-plated nanocrystalline nickéectrodepositsSurf.
Coat. Technol78, 124-136 (1996)

I.7. M. Bokor, T. Marek, K. Tompa: Solid-state NMBf 1-propyltetrazole
complexes of iron(ll) and zinc(ll}H spin-lattice relaxation timel. Magn.
Res. Al22, 157-164 (1996)

1.8. K. Tompa, P. Banki, C. Hargitai, G. Lasand&.LVarga: PMR measurements
on (NitxCuw)o.5Zro.s-Hy amorphous alloysl. All. Comp 232, 84-89 (1996)

1.9. 1. Bakonyi, E. Kisdi-Koszg Z. Altouniari: Atomic volumes and magnetic
properties of melt-quenched (Zr,k{fFe,Co,Ni}o type metastable alloys.
Mater. Sci. Eng. Aaccepted for publication)

1.10. M. Bokor, T. Marek, K. SiiveghK. Tompa, A. Vértes Positron annihilation
study of Fé&and Zri* complexes. J. Radioanal. Nucl. Chem. (accepted for
publication)

1.11. M. Bokor, T. Marek, K. Tompa, A. VértesSolid-stateH NMR in 1-propyl-
1H-tetrazole complexes of iron(ll) and zinc(l). Mol. Struct.(accepted for
publication)

1.12. Z.F. Dong, K. Lu’, R. LiicK, I. Bakonyi, Z.Q. H{t Structural identification of
a melt-spun Hf-Ni nanocrystalline allojNanostruct. Mater.(accepted for
publication)
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[.13. C. Hargitai: Hydrogen in amorphous,Mir, alloys: short range order in a
glassy lattice gadvater. Sci. Eng. Aaccepted for publication)

[.14. K. Tompa, P. Banki, C. Hargitai, G. Lasanfa,Lovas, L.K. Varga: High
temperaturéH spin-spin relaxation in Zr-Ni-Cu-H amorphous g#oJ. All.
Comp.(accepted for publication)

[.15. J. Toth, I. Bakonyi, K. Tompa: Hydrogen-inédc resistivity increase in
amorphous and metastable crystalline (Fe,Co,Ni)fibons. J. All
Comp(accepted for publication)

1.16. E. Toth-Kadar, I. Bakonyi, L. Pogany, A. Ga@i: Microstructure and
electrical transport properties of pulse-plated ataystalline nickel
electrodepositsSurf. Coat. Techno(accepted for publication)

Conference proceedings:

1.17. A. Cziraki, B. Fogarassy L.K. Varga, I. Bakonyi, A. Lovas, K. Tompa,
P. Kessler, H. Lichté: Structural changes in a hydrogenated amorphous
Zr3aNis7 alloy. In: Proc. 4th European Conf. on Advanced Materials and
Processes (EUROMATNenice (1995), Associazione Italiana di Metallargi
(1995), Symp. F, pp. 293-296

1.18. I. Bakonyi, E. Toth-Kadar, J. Téth, T. TaracA. Cziraki: Microstructure,
electrical transport and magnetic studies of ebelgposited nanocrystalline Ni,
Co and Cu metals. IRrocessing and Properties of Nanocrystalline Matsyi
Eds. C. Suryanarayana, J. Singh and F.H. Froes WMiherals, Metals &
Materials Society, Warrendale, Pa., U.S.A., 1986),465-476.

1.19. M. Bokor, T. Marek, A. VértésK. Tompa: 1H solid state NMR in Fe(ll) and
Zn(Il) complexes. In:Extended Abstracts of 28th Congress AMPERE
(Canterbury, 1996). M.E. Smith and J.H. Strangs.je@p. 292-293.

1.20. G. Lasanda, P. Banki, C. Hargitai, A. LowésTompa, E. ZsolddsPMR line-
shapes and second moments in Zr-Ni-Cu-H amorphibmygsalbid, pp. 250-
251.

Others

1.21. A. David, D. Greskovit§ Gy. Lasanda, K. Tompa: Granulatumok
nedvességtartalmanak gyartaskozi vizsgalata NMRszerdel (NMR study of
the humidity content of granular materials durimgduction, in Hungarian).
Congressus Pharmaceuticus Hungaricus X. (Budap@ss). Gyogyszerészet
(Journal of the Hungarian Pharmaceutical Socigty23 (1996) (abstract)

[.22. L.F. Kiss, L.K. Varga, |. Bakonyi: Magnetiegperties of melt-quenched Ni-
rich amorphous and bcc Zr-Ni alloys. J. Appl. P8&.5811 (1996) (abstract)

See also: D.8, J.2,J.4,J.12,J.19, J.20, J. 23, O
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J. METALLURGY AND MAGNETISM

A. Lovas, J. Garaguly, P. Kamasa, G. Konczos, lgaRg, T. Tarnéczi, |. Varga,
L.K. Varga

The cyclic hydrogen charging and discharging procesdias been studied on
amorphous Nir-xCwZrs3 glassy alloys by using in-situ resistivity measoesats. The
resistance change is correlated with the directgasared H-content obtained by
weight measurements and with the results obtaired thromatography. A large
difference was found between the time scales lelgro the first charging run and
the subsequent ones, and also between the chaimieg of samples with or without
a surface pre-treatment. This indicates the simatias presence of surface and bulk
processes in the activation mechanism of H-absorpth fraction of H-atoms is
dissolved irreversibly at room temperature, cagigin increase in the resistivity of
the absorbing alloy. Simultaneously with the eviolutof the H-trapping sites, a
progressive chemical reordering and micro-phasearaéipn take place in the
amorphous samples investigated as revealed by Ttdies.

Preparation and investigation of ceramic-reinforcedamorphous composites—
The correlation between the abrasive ability of teeamic-reinforced amorphous
metal matrix composites and the adhesion energydaet the amorphous matrix and
ceramic particles was investigated. The wear ptaseof the composite ribbons were
investigated. The tests proved that compositeoniblwith WC particles have higher
abrasive ability compared to those with SiC pletiof the same size. The sessile
drop method was used to measure contact anglesadhdsion energies of a
FesoNisoSisB14 liquid alloy at 1300 K on ceramic samples mafigi€ and WC. The
adhesion energy between thed\g40SisB14 liquid (and solid, amorphous) matrix and
WC patrticles is about 5 times higher than betwéensame matrix and SiC paticles.
Therefore, a higher abrasive ability of ribbonghwiWC particles and a higher
adhesion energy between the matrix and WC is exygatially found. The correlation
between these two properties was explained.

Study of nanocrystalline soft-magnetic alloys— We have continued the systematic
thermomagnetic study of soft magnetic propertiesnahocrystalline materials
obtained from amorphous precursors by heat tredtmbis year, we have focused on
the temperature dependence of magnetization atidl ipermeability. In order to
suppress further transformation of the metastabés@s during heating, a measuring
system with high heating rate was developed basedhdirect joule heating of
milligram samples in a miniaturized Pt furnace.dan heating rates can be obtained
up to 10 K/s but measurements in nonlinear modéeagxtended up to 100 K/s. The
technical saturation as a function of temperataxeals a composite consisting of a
retained amorphous phase with a broad distribubibthe Curie temperature {T
around that of the as-quenched state and a mdtagsiab phase with reduced T
compared to the equilibrium bcc phase obtainabier ahe second crystallization
stage. Similar Jvalues can be deduced from initial permeabilitigsus temperature
spectra obtained on toroidal samples heated in-prétected furnace with 10 K/min
up to 72C°C. In addition, the temperature dependence ofanitermeability proved
to be a sensitive tool for the study of exchangepting between the nanograins
through the retained amorphous phase.

As part of the Copernicus program, we have staafgalication-oriented researches
which will be finalized next year. A flux-gate magometer has been constructed
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using an original electronic design. The sensitiist1 nT by using a soft magnetic
amorphous ribbon. The work is aimed to developrtheocrystalline sensor which
will provide enhanced sensitivity in a wide tempera range. A special

instrumentation has been built to measure powey between 10 Hz and 100 kHz.
The attainable induction level reaches technictalration up to 10 kHz while at 100
kHz an excitation up to 0.5 T is possible.

E-Mail

Antal Lovas lovas@power.szfki.kfki.hu

Jozsef Garaguly garaguly@power.szfki.kfki.hu

Pawel Kamasa kamasa@power.szfki.kfki.hu

Géza Konczos konczos@power.szfki.kfki.hu

Jozsef Padar padar@ power.szfki.kfki.hu

Lajos Pogany pogany@ power.szfki.kfki.hu

Lajos K. Varga varga@power.szfki.kfki.hu
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OTKA T4219 Role of exchange interaction in the xal#on of metallic glasses

OTKA T020891  Study of intracellular element distidion in  soil
microorganisms

Magnetech Ungarn (Gyongyo6s): Contract for optimaratof heat treatment of
FINEMET type alloys

GE-TUNGSRAM: Contract for materials research by SEM

AEKI3: Contract for materials research by SEM

Publications
Articles

J.1. A. Lovas, L.F. Kiss, F. SommeHardness and thermal stability of Fe-Cr-
metalloid glassesl. Non-Cryst. Solid$92&193 608-611(1995)

J.2. LK. Varga, A. Lovas, K. Tompa, M. Latroché\. Percheron-Guegan
Electrochemical pressure-composition isothermafeorphous NiZr, alloys.
J. All. Comp 231, 321-324 (1995)

J.3. A. Audouard J. Dural, M. Toulemondg A. Lovas, G. SzenésL. Thomé:
Electronic slowing down-induced dimensional changesmorphous ReB:s.
Nucl. Instrum. Meth. B07, 185-188 (1996)

J.4. L. Pogany, C. Hargitai, |. Varga: Arrangementthe investigation of domain
behaviour under low-frequency magnetic fieJd.Magn. Magn. Materl60,
189-190 (1996)

J.5. A. Solyom, P. Markd, G. Konczos: Rapidly quenched Fe-Si-Sb and FeeSi-C
alloys.acta phys. slov6, 125-128 (1996)

3AEKI: Research Institute for Atomic Energy, Budapes
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J.6.

J.7.

J.8.

J.9.

J.10.

J.11.

J.12

J.13.

J.14.

J.15.

J.16.

J.17.

L.K. Varga, E. Kisdi-KosZgV. Stréni, K.V. Rad: Thermomagnetic study of
nanophases in Fe-based soft magnetic matediaMagn. Magn. Materl59,
L321-1.323 (1996)

R. Vargg P. Vojtanik, M. Zatroch, A. Lovas, E. Kisdi-KoszZé Magnetic
relaxation spectra of amorphous FeCrB allagta phys. slov46, 129-132
(1996)

J. Zbroszczyk L.K. Varga, J. Olszewski W. Ciurzynska B. Wyslocki,
S. Szymurg M. Hasiak, G. Haneczok After-effect and microstructure of
nanocrystalline alloys with different as-quenchesbdier.J. Magn. Magn.
Mater. 160, 279-280 (1996)

L.K. Varga, K. Tompa, A. Lovas, J.M. Joube. Percheron-Guegan
Maximum hydrogen storage capacity of amorphoug, & alloys. Int. J.
Hydrogen Energyl, 927-930 (1996)

J. Toth, J. Garaguly, K. Tompa, A. Lovas, .L\arga: Hydrogen uptake
monitored by resistance change in amorphoygZiyy; alloy. Int. J. Hydrogen
Energy21, 1039-1040 (1996)

A. Audouard J. Dural, M. Toulemondg A. Lovas, G. SzengsL. Thomé:
Growth phenomenon in amorphous solids irradiateith ideV heavy ions:
Electronic-energy-loss dependence of the initialagh rate.Phys. Rev.B54,
15690-15694 (1996)

W. Ciurzynska J. Zbroszczyk W.J. Olszewskj M. Hasiak, L.K. Varga:
Microstructure and magnetic relaxation in amorphand nanocrystalline Fe-
Zr-B alloys.Mater. Sci. Eng. Aaccepted for publication)

J. Garaguly, A. Lovas, A. CzirdkiM. Reibold, J. Takacs K. Wetzig:
Reversible and irreversible hydrogen absorption NiR..CuZrs; glasses
monitored by in situ resistivity measuremeisiter. Sci. Eng. Aaccepted for
publication)

J. Garaguly, A. Lovas, K. Tompa, J. Taka&dectrical resistivity change
during hydrogen charging and discharging igMu.Zrs; glassy alloysJ. All.
Comp.(accepted for publication)

P. Kamasa, L.K. Varga, E. Kisdi-Ko§z# Vandlik: Complex testing system
for ferromagnetic materials - based on ac susaéptimesurementMater.
Sci. Eng. Aaccepted for publication)

G. Kaptay P. Barczy, F. Szigefi, A. Lovas, Z. GAcSj L. Bolyan: Interface
phenomena in processing of ceramic-reinforced ahmu® metal matrix
compositesJ. Non-Cryst. Solaccepted for publication)

G. Kaptay A. Lovas, F. Szigetj P. Barczy, L. Bolyan: Correlation between
the abrasive ability of the ceramic reinforced gohous metal matrix
composites and the adhesion energy between thephm® matrix and the
ceramic particlesviater. Sci. Eng. Aaccepted for publication)
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J.18. T. Katong M. Varga, A. Molnar, A. Lovas: Effect of hydrogen treatment on
the structure and surface properties of Cu-Zr amd Galloys.Mater. Sci. Eng.
A (accepted for publication)

J.19. E. Kisdi-Koszg L.F. Kiss, L.K. Varga, P. Kamasa, P. Duiha; measurement
of metastable alloys using high heating rdater. Sci. Eng. Aaccepted for
publication)

J.20. A. Lovas, L.F. Kiss, F. SommerE. Zsoldo& Comparison of the
thermomagnetic and thermal effects during dewtiation of glassy Fe-TM-
Metalloid alloys.Mater. Sci. Eng. Aaccepted for publication)

J.21. P. Vojtanik R. Varga, J. Krakak, A. Lovas: Magnetic after-effect in
amorphous Re,CrBis (X =0, 2, 3, 5, 7) alloysMater. Sci. Eng. Aaccepted
for publication)

Conference proceedings

J.22. P. Kamasa: The digital phase detection ilN&R broad-line spectroscopy.
In: Proc. XXVIlIth Polish Seminar on NMECracow, 1995). Institute of
Nuclear Physics (Cracow, 1996), Report Nr. 1717(8L,320-322.

J.23. L. Pogany, Do Than Son, |. Varga, C. HargifaiFulop: Measurement of
magnetisation inside of a soft magnetic materia arodelling the magnetic
contrast on the surface by Monte Carlo method.Digests of the Fourth
Japan-Hungary Joint SeminéiFukuyama, Japan, 1996), pp. 25-26.

Other

J.24. J. Padar, L. Pogany, B. Bird. Vorés, J. Molnar: Element content of
endomycorrhizal spores in Zn enriched soil measilbgdelectron probe
microanalysis. InlProgram and Abstracts of COST Workshop on "Abiotic
Stress Alleviation by Arbuscular Mycorrhizal Fung(19-21 Sept. 1996,
Budapest) (abstract)

See also: D.5, D.8, D.13, D.14, D.16, 1.3, 1.4, 1.5, 1.8, 1.14, 1.16, 1.17, 1.18, 1.20,
.22
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K. NON-DESTRUCTIVE EVALUATION
F. Toth

Magnetic flux leakage inspection system for testingtorage tanks. —The working
time of liquid storage tanks may span several desathe tendency for corrosion of
the tank floor plates varies considerably and eefbend upon the stored product, upon
the climatic conditions and the tank base.

Magnetic flux leakage inspection technique havenbsglely used in the oil field
inspection industry for the examination of pipehifig and casings, but it is only in
the last years that it has been applied to abovergt storage tank floors as well.

For detecting wall thickness, general areas ofosbon and rust on the underside of
storage tanks a Magnetic Flux Leakage Inspectiagiefy has been developed. The
tank floor tester has a magnetic bridge to magedtie plate near saturation and
surface side sensor system detects magnetic ledieddse diverted by anomalies in
the part being inspected. Two compact handlebambteduchassis contain the entire
electronic controls, display, data collecting amt power supply.

During inspection, the on-board computer convents kakage field state into
estimated wall loss by comparison with a corretattarve produced with data from
calibration plate. This information is presentedaosixteen-channel display, and is
converted into digital information and stored by tomputer providing permanent
records of the floor plate condition.

All information can be transferred to a host conepubr producing color-coded
diagrams of the total floor, individual plates eividual tracks within a plate.
Maximum resolution obtainable is 15x15 rrklaximum data facility: 25 m diameter
tank floor.

Test plate thicknesses can vary from 6 mm to 15 mReliable detectibility of
corrosion pitting of 40% is achieved. With good spface conditions it is possible
to detect 20% underside corrosion pitting on 6 nhatep

Structural integrity of service aged pipeline stgbich was operated at high pressure
and temperature have been investigated by magmgtteresis measuring method. It
was found that Barkhausen emission, permeabilitycaercivity have been correlated
with the microstructure, corrosion and stress sihteaterial and these parameters can
be used to monitor the progress of fatigue damagedndestructive evaluation.

Grants

OMFB No. 94-97-47-0698 Micromagnetic non-destruetiesting equipment for
measuring internal stresses and fatigue
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L. NEUTRON SCATTERING IN CONDENSED
MATTER

L. Rosta, L. Almasy, S. Borbély, L. Cser, T. GrBsdovari, Gy. Kali, L. Kbszeqi,
L. Riecsanszky, Gy. T6rok

The condensed matter research by neutron scatteasgoasically provided on the
experimental facilities of the 10 MW Budapest Reska&reactor and some special
experiments were performed at other European newdonrce laboratories (HMI

Berlin, FLNP Dubna, LLB Saclay).

The small angle neutron scattering device (SANS) "Yellow Submarine” installed at
the end position of the neutron guide No.2. wakiih time operation in the whole
1996 year in the framework of the internationalrysegramme, according to the
recommendation of the International Scientific Asbriy Council at the Budapest
Neutron Centre. From a double over subscriptiothefoeam time 42 proposals were
accepted, stemming from 12 foreign institutions & 7 different Hungarian
university or research centre laboratories. Omtyesiperiments were performed for
satisfying the purely in-house scientists' requésio measurements were dedicated
for methodical purposes aiming the improvementhef luminosity of the SANS
instrument.

Scientific activity. — The major achievements of the SANS programme atedli
below.

Phase transitiongn the quenched iron salt aqueous solution has beestigated. It
was shown that the previously observed by the uUs#ld@ssbauer effect phase
transitions are evidently connected with the agsand disappearing of micro-
inhomogenities with characteristic size of aboud 20

Silicon single crystal surfacdue to the ion bombarding forms a well definedshru
structure, i.e. the ion bombarding treatment dugssurface into parallel strings of thin
silicon tubes, which is proved by measuring ofgbattering density distribution.

Mixed micellesat high surfactant concentration form tubes anehgdanar shaped
layer structures. These systems are closely relaiethe artificial and natural
membranes. Measurements carried out on these systmswered many open
questions connected with the structure formingdsrand phase transitions arising
under the influence of the temperature and/or iorices.

Porous materials have important meaning for technology, basicallgwger
metallurgy. The technology of the production ofgsten wires was studied and the
development of the size distribution of the pores,the increase of the density and at
the same time the improvement of the mechanicggsties of tungsten products were
followed using samples which were taken from thdfetent steps of the
manufacturing procedure. Porosity appears alsaguhe irradiation of constructive
elements of any systems which are operating uradkoactive condition.

The influence of theadiation damag®n the structure of the metals, especially welded
parts of reactor vessels and the so called seilhguwffects were investigated. This
study is potentially important for designing of ifus reactor containers and the target
materials of the spallation neutron sources toochMdaically produced damage are
equally important and so they were also studied.
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Gels, organic and inorganic ones disfii@gctal structure These systems are on one
hand extremely important, e.g. the so called swglergr silica gel, and on the other
hand they structure is very complicated as wele Hotope replacement was widely
used in order to obtain some unique details ofg#estructures and the gel structure
formation.

Thanks to the two dimensional neutron detector $esnpossessing @nisotropical
structureare rewarding topic of the SANS investigations.ohg others, the structural
behaviour of the oriented liquid crystals and féuids were also studied. The latter
material is very promising in industry, in chemysaind even in biomedicine. The
option of easy restructuring of this systems by uke of external magnetic fields
allows to carry out scattering experiments usindaq®ed neutrons and by this
approach a new way of observation of phase transitand inter-particle interactions
gets open. The results of observations allows dedilely manipulate with the structure
and application use of the ferrofluid based maleria

Thethree-axis spectrometeron the curved neutron guide No.2 was used esHgntia
for high resolution structural investigations (edptermination of the FeADs
structure) and quasielastic scattering experimehtese latter measurements on
7BEF5 and EBBA liquid crystal materials revealed gegmental diffusion of the
molecular parts in solid and liquid crystalline pas. In an other quasielastic scattering
experiment on PANA supergels the non-monotonousm#gnce of the diffusion
coefficient on momentum transfer was observed. Tdads to the conclusion on the
existence of a phase separation phenomenon ardiffer@nt type of water absorption
in these gels.

Combined polarised neutron small angle scattering the Budapest SANS
instrument) and neutron spin echo measurementthéimstrument jointly operated
with the Laboratoire Leon Brillouin in Saclay) wetarried out on ZgMni.xFeO4
based ferrofluids above and below the critical terajure. A drastic change in the
diffusion process was observed due to the switcbml@ff the magnetic interaction
by temperature and/or external magnetic field vanma

In theCold Neutron Source project a considerable progress was made in 1996. The
Technical Design and Safety Analysis Report has lmeenpleted in collaboration
with the PNPI (Gatchina, Russia) development teathumder project management
of the ETV-EROTERV as General Designer. The TedainRocumentation was
accepted by an internal jury and submitted to taéddal Nuclear Safety Authority.
The installation of the liquid hydrogen cold moderanto the research reactor became
realistic and most probable within the next tworgedue to the consolidated funding
scheme. The EU COPERNICUS proposal submitted acépéed in 1996 covering
the costs of the cryogenic equipment plays cruoia and together with other grants
(IAEA, OTKA) makes feasible the cold source implenaion. The construction
phase was started with the planned breakdown dretlating of the tasks.
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Sandor Borbély borbely@power.szfki.kfki.hu
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Articles

L.1. M. de Jong L. Kdszegi, J. SietsmaM.Th. Rekveldt, A.van den Beukél A

L.2.

L.3.

L.4.

L.5.

L.6.

L.7.

L.8.

L.9.

L.10.

L.11.

neutron depolarization study of stress-annealed rgimoois FeoNisoB2o.
J.Magn.Magn.Matet52, 326-340 (1996)

M. Prem, O. Blaschkq, L. Rosta: Structure functions in decomposing Gu-R
systems. Phys. Rev. B (accepted for publication)

G. Kadar, G. Kali, Cs. Diicsg E.B. Vazsonyi Small angle neutron scattering
in porous silicon. Physica B (accepted for pubiaat

L. Cser, T. Grosz, G. JanCsds. Kali: The nature of the interaction of
tetramethylurea in various solvents. Physica Bdptad for publication)

S. Ansell, L. Cser, T. Grész, G. Jan¢s®. Jovari, A. SopeSolute-solute
correlation in aqueous solution of tetramethyluf@hysica B (accepted for
publication)

L. Aimasy, L. Cser, |I. DéZsiG. Kali: Small angle neutron scattering (SANS)
study of frozen solutions. Physica B (acceptedfdslication)

T. Grész, V.A. Mityukhlayey L. Rosta, A.P. SerebrovA.A. Zaharov:
Liquid hydrogen cold moderator optimisation at tBedapest Research
Reactor. Physica B (accepted for publication)

R. Mezei, K. Sinkd, L. Cser, G. Kali, P. Frafzl Small angle scattering
experiments on inorganic gels. Physica B (accefotepublication)

V.T. LebedeV, G.P. Gordeey L.A. Axelrod, I.M. Lazebnik, Gy. Torok,
L.Cser, L.Rosta: Polarised neutron scattering ftbensurface and bulk of a
magnetic fluid. Physica B (accepted for publication

L. Rosta, T. Belgyal. Cser, T. Grosz, Gy. Kasza$. Molnar, Zs. Révai,
Gy.Torok: Neutron guide system at the Budapest &ebkeReactor. Physica B
(accepted for publication)

L. Rosta, A. Jakli, G. Kali,: Structure ofich particle aggregates in liquid
crystal matrix. Physica B (accepted for publication

43



Others

L.12. L. AiImasy, C. Mai€r G. Pépy. High resolution studies of physico-chemical
systems with a special, RITA, 3 axis spectromédteiConference Programme
and Abstracts of the 1st European Conference ontrbleuScattering,
Interlaken, Switzerland, 1996, p.219

L.13. L. Cser, T. Grosz, G. Jants8mall angle neutron scattering on systems with
monomer-dimer equillibrium. 1big.230

L.14. L. Rosta: Neutron Beam Facilities at the 10NBiWlapest Research Reactor.
Ibid. p.212

L.15. L. Rosta, M. BalaskgS. Borbély, L. Cser, T. Grosz, Gy. Kali, L. KdggeG.
Molnar, E. Svab, Gy. Torok: Applied research with neuttmams at the
Budapest Neutron Centre. Ibid. p.69

L.16. A.L. Buyanov, L. Cser, G.A. EvmenenkoG. Kali, V.T. Lebedey G. Torok:
Neutron scattering investigation of supergels..lpid47

L.17. G. Pépy, L. Almasy, C. Maier. Etudes structurelles a haut resolution sur des
systemes physicochimiques. 1Beme Journées de Diffusion Neutronique,
Ambleteuse, France, 1996, PCL1. (abstract)

L.18. L. Rosta: Equipment et possibilités de recherneutronique au Reacteur de
Budapest. (Neutron scattering equipments and refsetacilities at the
Budapest Reactor) Ibid. Ins7 (abstract)

L.19. V.T. Lebedey; G.P. Gordeey L.A. Axelrod, I.M. Lazebnik, Gy. Torok, L.
Cser, L. Rosta: Scan on Magnetic Fluid by Polaridedtrons. PNPI Report,
Gatchina, Russia, SS-9 No. 2101 (1995)

L.20. V.T. Lebedey, G.P. Gorde€y B.P. Toperverg Gy. Torok, L. Cser, L. Rosta,
T. Rekveldt: Magnetic Tomography on Ferrofluids. Ibid. No. 21(0996)

L.21. L. Cser, T. Grosz, P. Jovari, A.K. Sop&olute-solute correlations in aqueous
solutions of tetramethyluredSIS Experimental RepofRutherford Appleton
Laboratory, Chilton, GB, 1996, p. A240

See also G.7, G.19, G.24
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M. INTERACTIONS OF INTENSE LASER FIELDS
WITH MATTER

Gy. Farkas, Cs. Téth, S. Varré

Femtosecond duration extremely strong, nonperturbav electron emission
induced by intense free-electron laser pulses atrfanfrared wavelengths. — We
revealed that extreme strong photoelectron emissaarbe induced using of hundred
femtosecond duration intense pulses of a freereledasers at far IR\(~ 12 um)
wavelength region. The emitted electron yield israalously (~ hundred ordemes)
higher than predicted by the idealized QED theotiggler the influence of our results
theoreticiens elaborated various new numericalaanadlytical theories to describe the
strong laser induced photon-electron interactiongal solids at the long wavelength
non-perturbative regime. On the other hand, thecefh question offers the realization
of new, extreme strong ultrafast electron souroes$hfe practice.

Realistic theories also describe the wavelengtheni@pnce of the laser induced
harmonic production in metals observed by us régenith femtosecond Titan
Sapphire laser pulses.

Laser accelerators and X-ray generators based on rtiphoton processes— We
performed new calculations on the quantum electradycal characteristics of laser-
electron-accelerators(up to GeV energies) and set&ontgen-generators (of terawatt
intensities) based on the scattering and simultamabsorption processes. The results
show in addition that this special multiphoton mes may explain the spectral
characteristics of the energetic cosmic rays.

Theoretical studies on the interaction of strong lser fields with matter. — We
constructed a model to describe higher harmoniemgion at metal surfaces by
powerful femtosecond laser pulses.Our resuls ageibe good agreement with recent
experimental data.We also studied the effect gietiadressing for small-angle electon
scattering on atoms in the presence of a bichrantesder field.We were able to prove
that the relative phase of the two componentsefitid can play a considerable role
in determinig scattering cross-sections.

Holography at VUV/XUV laser wavelengths— We developed a suitable method to
determine the spatial coherence length of VUV/XWdgdr sources by analysing the
fringe visibility of simple holograms of test obje©rganic films as photosensitive
materials and atomic force microscope as read-euicd were used for coherent
(holography) and incoherent (contact print) imagingese studies give information
on the holographic images of biological objects.

E-Mail:

Gy0z06 Farkas farkas@power.szfki.kfki.hu
Csaba Téth ct@ power.szfki.kfki.hu
Sandor Varr6  vs@ power.szfki.kfki.hu
Grants

OTKA I/4 4471 Electron emission processes inducethb simultaneous presence
of two intense laser fields of various frequencies
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OTKA I/7 T16014 Experimental and theoretical inwgstion of new
fundamental physical processes (laser-matteraatiens) induced
by laser beams of superintensef:0L0*° W/cn¥) laser systems.

BALATON 6/95 High harmonic generation in the inteian of laser pulses with
surfaces: investigation of the phenomenon in tifiied at high
laser intensities.

Publications
Articles;

M.1. Gy. Farkas, Cs. Toth, K. NeumaR.W. Falcong F.K. Tittel:Wavelength
dependence of the efficiency of harmonic generambnmetal surfaces
induced by 35 femtosecond Ti:Sapphire laser pul€gg. Comm.132
289(1996)

M.2. F.F. Kérmendi Gy. Farkas: Soft X-ray generation by multiphosoattering
of a laser beam from fast free electrons. Phys.R&8,R637(1996)

M.3 S. Varré and F. EhlotzkyHigher harmonic generation at metal surfaces by
femtosecond laser pulses. Phys.RFeédd, 3245(1996)

M.4. F.F. Kérmendi Gy. Farkas: Laser driven free electron accelerators
Phys.Rev.Lett. (1996). (accepted for publication

M.5. F.F. Kérmendi Gy. Farkas: Laser accelerators and x-ray gensrassed on
multiphoton processes. Laser Physics. (acceptegutalication)

M.6. Gy. Farkas, Cs. Téth, A. K8hazi-KisP. Agostini, G. Petité, P. Martiri,
J.M. Berset, J.M. Ortega Strong, thermoemission-free, electron emission
from a gold surface under free-electron laser iat@mh at 4-12um. Phys.
Rev. Lett. (1996). (accepted for publication)

M.7. LE. Ferincz, Cs. Toth, J.F. Young Resist characteristics of poly-
methylmetacrylate at vacuum ultraviolet wavelengtbis high resolution
imaging. Appl. Opt. (1996). (accepted for publioadi

M.8. S. Varré and F. EhlotzkyEffect of target dressing for electron scattgiim
a bichromatic laser field. J.Phys.A. (acceptedidrlication)

Conference proceedings

M.9. Gy. Farkas, Cs. Toth, K.C. NeumaR.W. Falcong F.K. Tittel': Spectral
dependence of harmonic generation efficiency atamsurfaces. In:
Proceedings of the Quantum Electronics and LaseenSe Conference,
QELS '96, Anaheim, CAune 2-7, 1996, pp. 29-30

M10. Cs. Toth, I.E. Ferin¢zJ.F. Young Study of the spatial coherence of the
VUV Xe?* Auger laser by holographic imaging. Rroceedings of the 9th
Annual Meeting of IEEE Lasers and Electro-Opticxi&y, LEOS'96,
Boston, MA, November 18-21, 1996, pp. 304-305
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M.11.

M.12.

M.13.

M.14.

M.15.

M.16.

M.17.

Gy. Farkas: Strong femtosecond duration sdacemission from a gold
surface induced by femtosecond infrared pulses éfee-electron laser.
(Invited). In: Conf. Digest of the XVIII. International Free Elemn Laser
ConferenceRome, 29 Aug. - 1 Sept., 1996. p.29

Gy. Farkas, Cs. Toth, K.C. NeumaR.W. Falcong F.K. Tittel: Spectral
dependence of harmonic generation efficiency aahmirfaces. InConf.
Digest of the Quantum Electronics and Laser Sci€maference, QELS '96,
Anaheim, CA, June 2-7, 1996 Paper JTUAZ9

Cs. Toth, I.E. Ferin¢zJ.F. Young Study of the spatial coherence of the
VUV Xe?* Auger laser by holographic imaging. i@onf. Digest of the 9th
Annual Meeting of LEOS '96, Boston, MA, NovembeR1,81996 Paper
ThE4, p. 63

Gy. Farkas, Cs. Toth, A. Kdhazi-Kis, P. Agost G. Petité, J.M. Berset,
J.M. Ortega Strong, thermoemission-free, electron emissionaofold
surface under free electron irradiation at 44i@. In: 7th International
Conference on Multiphoton Process&® Sept.-4 Oct. 1996, Garmisch-
Partenkirchen. Book of Abstracts? B22

F.F. Kérmendj Gy. Farkas: Multiphoton relativistic electron erdction
processes: Acceleration to multi-GeV energies anwdyxction of
Terawatt/cr X-ray intensities. Ibid. RB33

S. Varro, F. EhlotzKy Effect of target dressing in free-free transitidn a
bichromatic laser field. Ibid. NA102

S. Varré, F. EhlotzKy Higher harmonics generation at metal surfaces by
powerful femtosecond laser pulses. 1bid.B63
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N. LASER PHYSICS

M. Janossy, P. Apai, T. Bereczki, L. Csillag, Znki@ Sz. Forizs, A. Hoffmann,
Z.Gy. Horvéth, Zs. Lenkefi, P. Mezei, K. R6zs&zalai, K. Szdcs, Zs. Szentirmay

Experiments and modelling on segmented hollow catle discharges. —We have
continued our earlier investigations on the segethbllow cathode discharge (SHC)
which has been proved to be the most efficient@iwr the excitation of cathode
sputtered metal ion lasers. We have carried oueraxents to obtain the spatial
distribution of the gain in the cross section of BHC. We have shown that with
decreasing pressure the maximum gain is on the aixiee discharge. At higher
pressures the gain has two maxima. These two @gak®oving towards each other
with increasing current. We also measured the gaithe 780.8 nm Cu-Il transition.
We found 140 %/m gain, which is the highest gaitamied so far in this class of
lasers. Our estimated gain on the 154 nm VUV ttemms{which has a common upper
level with that of the 780.8 nm transition) is apamately 3 %/m. With this gain,
continuos VUV laser operation may be possible.

We have developed Monte Carlo simulation of theted&s' motion in the SHC. We
have shown that there is a high number of highggnelectrons absorbed by the anode
electrodes. This effect accounts for the increasdthge of the SHC. In spite of the
relatively high pressure (10-20 mbar), a significpart of the electrons oscillates
between the opposing cathode surfaces. We haveaieggl the effect of the
longitudinal magnetic field on the electrical claeaistics of the discharge. This
modelling study helps in the understanding of tkigeeimentally observed behaviour
of the discharge and may be used for the optinmisaif discharge arrangements by
computer experiments.

He-Zn hollow cathode laser. —The He-Zn hollow cathode laser operates at several
Zn ion lines falling in the visible part of the gp@im. Investigations were performed
on the excitation mechanism of the strong 492.4amch 491.2 nm laser transitions.
Two different mechanism were suggested earlierefaritation of the upper laser
levels. From the observation of laser oscillationthe afterglow and high laser
intensities at large partial pressures of admixea@wd Kr it could be concluded that
the dominant process is charge transfer excitdijorle ions followed by collisions
with low energy electrons. The other process, tieéectron excitation from the Zn
ion ground state has different features, this makamlikely that it plays any
significant role.

Electrolyte cathode atmospheric glow discharge (ELEBD). — The intensity of
spectral lines emitted by the ELCAD was investigads a function of air pressure,
pH value of electrolyte and discharge current meorto understand the processes of
spectral line emission. Only the atomic lines oftatseedissolved in the electrolyte
occurred in the spectrum, except the Mg-1l 279.6amd the Ca-Il 393.4 nm ionic
lines. These spectral lines could be observed ibtiye air pressure was higher than
600 mbar and their intensity increased steeply witheasing pressure in the pressure
range of 600-1200 mbar. Furthermore, the line sitess were found to increase also
with decreasing pH (i.e. with decreasing cathodlg fBhe intensities reduced to zero
at about 20-30 mA and this current threshold setamise independent of the air
pressure. The results are explained on the basaisemfombination model: the positive
metal ions produced by cathode sputtering can medgh the negative glow if they
recombine in the cathode dark space. After this,nbutral metal atoms can diffuse
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into the negative glow, where they are excited l®cteon impact. The obtained
increase of the intensities with increasing airspuge can be explained by the
simultaneous increasing rate of recombination. phessure dependence of the
intensities calculated by this model are in exeelegreement with the experimental
data. This model predicts the appearance of amsitje maximum at higher air
pressures: it occurs, when the increasing rateafmbination can not compensate the
decreasing rate of electron impact excitation. THreshold for the appearance of
spectral lines as a function of air pressure andngltate the necessary condition of
a small enough electron energy for recombinatiome Turrent threshold can be
attributed to ceasing of cathode sputtering. Tresaom, that the ionic metal lines,
except the mentioned Ca and Mg ionic lines, cooldbe observed in the spectrum, is
due to the outer electronic shell of the singlesiohthe metals is closed, similarly to
that of the rare gases. Because of this, the emexggssary for excitation is too high
compared with the average electron energy of thenph.

Surface roughness study of gold films on LiF depadsi. — Attenuated total
reflection and rear-side light emission were meaguwsn 50 nm thick gold films
evaporated on glass substrates preliminary cowsirdLiF sublayers of 0—-500 nm
thickness. The dielectric function of the metahfivas determined in dependence of
the fluoride thickness. Roughness spectra wereuleddrl from the angular
distribution of the emission intensity and from timages of an atomic force
microscope (AFM). The optically determined rougtmasplitudes were found to be
proportional to the fluoride thickness up to 350.Athe comparison of experimental
corrugation parameters determined from the opttzth and by AFM gave an
unexpected result namely that waviness of LiF sudyk is responsible for the
observed anomalies and not the grain structure.

Research on multidimensional lasers. —The "natural” laser processes may appear
both in the cellular size microscopic world (lagatints) or in cosmic size plasma
spheres, clouds (laser stars), representing the &xtreme categories of
multidimensional lasers. There are spectroscopiications already,verifying the
possible existence of these non-artificial lasérgperimental model simulation of
spontaneous and amplified light, emitted from défely shaped light sources are in
progress. On the basis of our experience on tHesagan of the first planar (Halo)
lasers, we are working on the prediction of theiapdistribution of the supposed non-
-spontaneous (ASE or laser) radiation componeng®ssible cosmic laser objects.

The special optical, spectroscopic and fluorescemmaging instrumentation,
developed for the experimental investigation ofrtientioned research program, was
successfully used in other different scientifiddse in co-operation with the Institute
of Biophysics of the Semmelweis Medical Universitite National Institute of
Oncology and the Institute of Lymnology of H.A.8.the photodinamic diagnose of
cancer, we demonstrated the benefits of incohdéierescence excitation in contrast
to laser illumination. The deepness dependencemétpated solar UV light intensity
was measured by our experimental instrument inraé¥ungarian lakes, resulting
important data for the estimation of real, natuahditions of light dependent,
photobiology based underwater life.
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O. LASER APPLICATION

l. Kertész, A. Czitrovszky, P. Jani, A. Kiss, MO&d3y. Messing, Said H.S.
Moustafa, A. Nagy, B. Pl6sz, |. Pécsik

Solid state laser development— In the frame of a TD&QM EU Phare Programme
"Q-switched Nd:YAG laser for High Quality Materi@rocessing" was built. The
system incorporates a special supply which is dap#dr continuous and pulsed
operation up to 2 x 6 kW or 2 x 30 kW-peak respetyi, our novel piezo driven
Fabry-Perot Q-switch with intelligent control anebtlaser heads in series capable for
500 W average output power. The laser will be usdbe job shop of the LASRAM
Ltd., Budapest.

As an introduction two special experiments wergiedrout - in cooperation with the
General Physics Institute, Moscow for laser diode pumping of Er,Yb:glass and
Nd:YAG crystall-slab. The InGaAs laser diode pumpadyb:glass converted the
0,93um wavelength to 1,54m. The Nd:YAG crystall-slab was pumped by a 10 W
diode array proving that the used sandwich geomeiitypbe good also for YAG-
Nd:glass composition, promising record output paai@ns.

Optical measuring techniques based on light scatterg and interference. —
Optical ray tracing program was applied for theirdgbn and specification of the
sensing volume of a new type of portable airborartigle counter. Experiments were
carried out for the definition of the sensor utilgg semiconductor laser light source
and detector instead of He-Ne gas laser and phdtipfrer tube. Preliminary
calibration measurements showed improved performanmith respect to earlier
designs.

Sound frequency band vibrations of submicron #omge scale in rigid mechanical
structures were registered in experiments utiligshregpreviously developed LIMAS
system. The generating source of these were nablestied. Estimates suggest that
the surrounding acoustic noise level might be thece.

Computer algorithm was developed for the deternonabf particle size in photon
correlation velocimetry experiments. It was protieat the FFT histogram of the auto-
correlation function of the scattered intensityresponding to single particle transit
contains the size information. The expectation @altithe ratio of contents of two
specific channels of the FFT histogram is monotaniunction of particle size. 3D
computer plots of the dependence of this ratio artigge size and velocity were
created. Other measurement parameters like samplmg fringe visibility and
distance were taken into account as parameters.p@ational results showed
reasonable agreement with previously taken measmsmmade with polystyrene
latex balls of known size.

Monte-Carlo simulation program was developed foe thtudy of calibration

procedures encountered in the practice of airbgaréicle counters. The program
takes into account all major parameters - refractivex, laser line width, scattering
geometry, detector noise, background stray lighelleillumination homogeneity,

particle size distribution and concentration - uefhcing light amplitude distribution
in calibration experiments using spherical paricks a result all kinds of calibration
procedures can be simulated and the operator depearbitrary factors excluded.
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The concentration and size distribution of aerogselgeased in simulated LWR
accident - in air ingress experiment were inveséd by laser particle counter and by
scanning electron microscopy. An intensive aeratodam was observed in the

temperature region 700-16@C. The consistency of the results obtained by wiffe
measurements demonstrate the convenience of ttieutar methods applied. In the
size distribution of the aerosol particles releadeaim heated LWR fuel roads two
ranges with different slopes were observed. Thersettion of this ranges is around 2
pm.

Calculations were carried out in modelling of tlegedtmination of size distribution of
liquid-borne particles using a time of flight methd he results of the calculation were
compared with the results of pulse-height methsddwpreviously.

Theoretical considerations were carried out in ipllag of the future experiments with
squeezed light.

In November (1996) the IIl. Hungarian Aerosol Caefece was organised by us and
the proceedings of this conference was edited.

Amorphous thin layers.— Current project "Diamond-like" hydrogenated amonho
carbon (a-C:H). The two crystalline inorganic mazifions of carbon, diamond and
fully three-dimensionally interconnected 3stiybridized carbon atoms is hard,
electrically insulating and transparent graphitthvayered structure of sp hybridized
carbon atoms is soft, electrically conducted anttaasparent. The amorphous carbon
modifications bridge over the entire spectra ofgatgl properties between diamond
and graphite. Variability of properties enricheshyfdrogen is added to amorphous
carbon. Among these the highly efficient light esios in the visible range and low-
field electron emission should be emphasized. Fuweddal investigation of
correlation between structure and physical propemif different amorphous carbon
modifications is the main and rapidly developingrediion of amorphous
semiconductor research.

Our research in the field of amorphous carbon vea®ldped to question of how the
photoluminescence and its efficiency depend oncaptiap and on the density of
localized and tail states of a-C:H. For this pupu®& have prepared a-C:H samples
with different structure by glow discharge methBdnd gap, localized and tail states
of carbon samples determined by optical end eteateasurements were related to
carbon - carbon and carbon - hydrogen bonding ptieseextracted from NMR and
Raman results. Luminescence features of these ohaltacterized samples were
studied in a wide emission and excitation energgea The main conclusions are as
follows: i) excited states of highly localizedelectrons are responsible for effective
luminescence; ii) by weakening of p electron |lacation parallel with decreasing of
band gap the luminescence efficiency is quenching.

Photoluminescence and photoconductivity are relatexhch other by recombination
of photoexcited carriers. Amorphous carbon wasigho to be no photosensitive
material. Our investigations prove photoconductsdfect of a-C:H and show two
peaks in its excitation energy dependence.
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P. OPTICAL THIN FILMS

K. Ferencz, R. Szipdcs

Optical thin film structures in femtosecond laser gstems.— Continuing our
research started in 1993, dispersive dielectricarsrwere developed for different
femtosecond laser systems such as i.) Gires-Tautyoe dispersive dielectric mirrors
for mode-locked Cr:LiSGaF and Yb:glass lasers, apdchirped mirrors for
Ti:sapphire lasers and its second harmonics. Theagphire oscillators built at the
Technical University of Vienna, Austria and at EZirich, Switzerland, utilize our
chirped mirrors for intra- and extracavity dispersicompensation, and deliver the
shortest pulses (7.5 fs) ever obtained directlynflaser oscillator. Similar chirped
mirrors have been developed for pulse compressiparanents at the University of
Groningen, the Netherlands and at the Technicavéssity of Vienna, Austria. The
pulse duration of the compressed pulses is beldsy Which represents the shortest
man-made electro-magnetic wavepackets up to date.

White light interferometry for dispersion measurement on laser mirrors, laser
active materials and other cavity elements— Group delay dispersion (GDD) vs.
frequency functions of several laser active matesach as Cr:LiSAF, Cr:LiSGaF,
Cr:.LICAF, Ti:sapphire, Yb:glass, Nd:GGG etc. andphotorefractive material
(BaTiOs) were measured by using interference in the fregue&lomain. We found
that the GDD of the laser active materials strorgigends on doping concentations.

High efficiency phase conjugation of broadband lasepulses in BaTiOs. — Phase
conjugation of spectrally broad laser pulses wasarestrated by spectrally dispersing
the pulses in a photorefractive Bagi@ystal in cooperation with ICTP Trieste, Italy.
Because of the relatively high phase conjugatel@éaifity obtained, application of
this novel phenomenon for ultrafast pulse shaping altrafast measurement
techniques seems to be feasible in the near future.

Other developments on optical coatings— Low loss dielectric mirrors have been

developed for a hollow cathode copper laser. Threomsi have been succesfully tested
by our colleagues at the Department of Laser Phy#c Rozsa et. al.). Using our

mirrors they could make the laser operate at a l#agéh as short as 260 nm.

Optical waveguides deposited on optical gratingsevakeveloped for optical sensors
used for medical applications.
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