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Desr Resder,

May | greet you on behalf of the staff of our Ihste. We are glad to hand you over
the second volume of our yearbook. If you meet itst fwe want to introduce
ourselves. If however, you already know us we wanhform you on some of our
latest results.

Most of our more than 100 scientists and enginaexsnvolved in basic research in

theoretical and experimental solid state physicatenals sciences, light-matter

interaction and laser physics. Part of our expental research e.g. in metal physics
and laser applications is strongly application mieel. Our research traditions go back
to the fifties when we were part of a large cemamely the Central Research Institute
for Physics. Since 1992 we are independent.

International cooperation is a vital part of ousaarch. This is partly based on good
personal contacts, partly on institutionalised jgmboriented research. You may see
that in about 50% of our publications there is edst one foreign author. Our
participation in international projects, financedm foreign financial resources is
unfortunately not too large yet although this casitghificantiy improve our financial
situation which is permanently deteriorating.

The lack of finances is especially felt in the ageof our instrumental park but our
resources are strongly limited in other fields t6or your information we have given

some data on our finances, including the researahtg) where the most significant
contribution comes from the Hungarian Scientifics®ach Fund, OTKA. These

sources make possible that we still can do googbhrek and that we can participate
in. the activities of the international researcmoaunity.

Graduate and post-graduate education in solid statk laser physics, in laser
applications as well as in materials sciences isiczrcd to be a significant part of
our activity. Data on our participation in thislfleare also given.

1 hope that the present booklet will be of somefasgou by briefly informing you
on our goals and achievements.

Budapest 01. 12. 1995.

Aod ot T

Norbert Kro6
Director



Key figures

Permanent staff of the Institute: 133 employees. stdistribution:

a) by professions:

O scientists
Oengineers

M technicians/assistants
M administrators

68%

b) by scientific titles/degrees:

B member of Hungarian
Academy of Sciences

M doctor of science (Dr. (“ - — 17
habil.)

O candidate of science ‘ R /
(Ph.D.) 31\

[ university doctor 28

/]
/

c) by ages:

501
under 30 years 401
M 30-40 years
[140-50 years %
B50-60 years 20+
over 60 years 10+

30+




Financial management
a) Sources of operation costs:

OMTA (Hungarian
Academy of Sciences)

O OTKA (Hungarian
Scientific Research
Fund)

M foreign (international)
grants

B OMFB (National
Committee for
Technological
Development)

B others (incl. contracts) 66%

b) Distribution of expenditures:

24%

Owages and salaries

M overhead, labour
(health service, etc.) 13% |

O overhead, other .

(energy, etc) |
M consumables |||""lllm
'"'"lllllllI||I||||IIIIIII|I|I|IIII

B others (incl. travel
costs) 16%

3%

S 0
S 44%
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A. STRONGLY CORRELATED SYSTEMS

J. Solyom, G. Fath, K. Penc, K. Vladar, F. Woynariov

Low dimensional magnetic models. —The one-dimensional Heisenberg model is
known to be soluble by the Bethe Ansatz. The specwf a ferromagnet consists of
magnons and bound state of magnons. The probldmdihg the bound state of a
macroscopically large number of magnons poses @apgeoblem. These states are
described by macroscopically long string solutiohthe Bethe Ansatz equations. To
find such solutions numerically we developed a progby which even chains of
several hundred sites can be treated. Our redhdts that, as expected, the structure
of the macroscopically long strings is not of thetle-type.

Recently several new materials have been discovenstich the localized magnetic
moments are situated in a chain like structure.@rergy spectrum and the behaviour
of these systems depends strongly on the valugeddgin and the number of coupled
chains. We started to study these models usingléinsity matrix renormalization
group.

One-dimensional fermionic models. —The Hubbard model is the simplest model of
the interacting electron system. It is usually falated on a discrete lattice.
Sometimes it is more appropriate to work in theticmum limit. We have shown, that
the continuum limit of the Hubbard chain, in whitle particle number per site is kept
constant leads to a relativistic model describiathlinite and zero mass particles. By
constructing the relativistic limit of the halfied band we have shown, that also the
relativistic particles are described by Bethe-Amsbipe equations, while in the
relativistic limit of the non-half-filled chain thiis true only for the massive particles,
and the equations of the massless particles asenoéwhat different structure.

Theory of dissipative motion of heavy particles. -¥e studied the low energy fixed
point structure of afN-flavor two level system (TLS) model, where thenspf the
conduction electrons is replaced by a flavor quantwmberf= 1, ... ,N.. Using the
multiplicative renormalization group we constructéide (1N;)2 order scaling
eguations and we analyzed their fixed point stmectWe showed that the fixed point
structure of this Hamiltonian is equivalent to tbhtheN;-channel Kondo model and
we found that the exponent of the leading irrelévaperators is also the same.
However, for a TLS an infinite number of leadingelevant operators appear which
give a contribution to the different physical quaes but do not change their critical
exponents.

E-Mail:

Gabor Fath fath@power.szfki.kfki.hu
Karlo Penc penc@ power.szfki.kfki.hu
Jend Solyom solyom@ power.szfki.kfki.hu
Kéroly Vladar vladar@ power.szfki.kfki.hu

Ferenc Woynarovich  fw@ power.szfki.kfki.hu



Grants
OTKA'1/32979. Low dimensional magnetic systems andh higmperature

superconductivity

OTKA 1/4 T4473. Low dimensional interacting elect@ystems 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.l.

A.2.

A.3.

AA4.

A.5.

A.6.

AT.

G. Féth, J. Sélyom: Search for the nondimerigeantum nematic phase in the
spin-1 chain. Phys. Rev.H, 3620 (1995).

K. Penc, H. ShibaPropagating S=1/2 particles in S=1 Haldane gapesys.
Phys. Rev. B2 (Rap. Comm.), R715 (1995).

K. Penc, F. Mila H. Shiba: Spectral function of the 1D Hubbard model in the
U - oo limit. Phys. Rev. Lett75, 894 (1995).

F. Mila, K. Penc: Susceptibility of the one--dimensionaherized Hubbard
model. Phys. Rev. B1 (Rap. Comm.), 1997 (1995).

J. Sélyom and K. Penc: Relationship amongHbbbard, t-J and Tomonaga-
Luttinger models. InRecent Progress in Many Body Theoriésl. 4. Eds. E.
Schachinger, H. Mitter and M. Sormann , Plenumfr&395 pp 263-270.

F. Woynarovich: Massive particles in the riefigtic limit of the non-half-filled
1D attractive Hubbard model. To be published iRllys. A as a "letter to the
editor".

G. Zarand and K. Vladar: Low temperature dyiwanof anN;-flavor two level
system in a metal: Equivalence with thechannel Kondo model in the ()2
order. To be published in Physical Review Letters.

10TKA = Hungarian Scientific Research Fund

" The Annual Reportontains publications appeared or accepted bgubéshers
in the period 1 December 1994-30 November 1995

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



B. COMPLEX SYSTEMS
N. Menyhard, A. Csordas, F. Igloi, A. Siitd, P. Sdépy

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

Phase transitions and scaling - equilibrium and norequilibrium. — The
guasicrystal is a new state of matter which cachagacterised by short range disorder
and long range correlations. Atrtificial, layereds®ms with quasiperiodic or more
generally aperiodic or hierarchical structuresigaiuilt by multilayer techniques. An
interesting theoretical question is the naturelafge transitions in such systems.

We have investigated layered Ising models withedéht types of structures and
determined exactly the critical exponents, botthatsurface and in the bulk. If the
aperiodicity represents a marginal perturbationcWwlextends over the volume of the
system, then close to the critical point the systeetomes essentially anisotropic: the
correlation length diverges with different exporseatong and perpendicular to the
layers. For surface marginal perturbations, whiomdt modify the bulk behaviour,
we have shown that the system remains confornraligriant at the critical point.

In non-equilibrium phase transitions similaritie#h and differences from equi-
librium systems are questions much investigatethiicontext kinetic Ising models
offer a useful laboratory also for exploring thidfedent factors which influence
scaling and (dynamic) universality classes. We haveoduced earlier a family of
nonequilibrium kinetic Ising models which show l@ape transition from Ising-type
steady state to an active state belonging to adyaamic universality class. The phase
boundary, a line of second order phase transit@ntp, has been shown now to end
up in a first order tricritical point which is ofean-field type.

An extension of expansion theorems is suggeste@delation functions at high
temperatures and low fugacities in classical camirs systems interacting via an
unstable interaction. A toy model for crystallizatihas also been presented

Classical and quantum chaos— Transient chaos has come into the focus ofréste
lately, both experimentally and theoretically. Waeve investigated several statistical
properties of transient chaos, especially the exbenof the intermittent state
occurring in permanent chaos to transient chadsmdtbeen shown that in this state a
phase transition-like phenomenon takes place, wikicbntinuous, as opposed to the
first-order transition occurring in the intermittestate of permanent chaos.

The other main subject of our research has beeguhetum mechanical analysis of
a supersymmetrically extended chaotic cosmologiceldel. We have found
completely new wave-functions in the two and foemfion sectors.

Quantum systems.— A comprehensive review of WKB theory for mesqgsco

guantum tunneling in magnetism has been preseritedbEhaviour of a large

guantum spin in an anisotropic surroundings asgeénetration into a classically
forbidden region is described. The key idea isrigle out one of the anisotropy axes
say z, work in a representation with z diagona tindescribe quantum tunneling as
a hopping process on the spectrum of z. A revieneaent developments in the theory
of one-dimensional tight-binding Schrddinger equatfor a class of deterministic

* Permanent position;: E6tvés Lorand University, Baags



ergodic potentials has been given. In the typigahgples the potentials are generated
by substitutional sequences, like Fibonacci or Thloese sequences.

E-Mail:

Andras Csordas csordas@ power.szfki.kfki.hu
Ferenc Igloi igloi@ power.szfki.kfki.hu

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

Grants:

OTKA F4472  Classical and quantum dynamics of nordr systems
OTKA T12830 Critical behaviour of low-dimensiongistems

OTKA T17493 Theory of random processes and comgtierctures

OTKA T14855 Phase transitions and spectral problequantum systems

Publications
Articles

B.1. B. Berchg P-E. Berche M. Henkel, F. Igloi, P. Lajk6, S. Morgan L.
Turban: Anisotropic Scaling in Layered Aperiodic Isings$gms. J. Phys.
A28, L165 (1995)

B.2. B. Berchg F. Igléi: Realization of Supersymmetric Quantunshranics in
Inhomogeneous Ising Models J. Ph4&8, L165 (1995)

B.3. F. Igldi, P. Lajko, F. Szalma: Critical Behawrt of Hierarchical Ising Models
Phys. RevB52, 7159 (1995)

B.4. D. KarevsKi, L. Turban, F. Igl6i: Radial Aperiodic Perturbation in the ®w
Dimensional Ising model and Gap-Exponent Relatidn Phys.A28, 3925
(1995)

B.5. N. Menyhard, G. Odor: Non-equilibrium phasansitions in one-dimensional
kinetic Ising models. J.Phys.A: Math.G&®8, 4505 (1995)

B.6. A. Németh P.Szépfalusy: Properties of border states ofsiemmn chaos.
Phys.RevE52, 1544 (1995)

B.7. A. Csordas, R. GrahanSupersymmetric minisuperspace with non-vanishing
fermion number. Phys. Rev. Let4, 4926 (1995)

B.8. A. Sutd: Schrédinger difference equation wigiterministic ergodic potentials.
In: Beyond Quasicrystals eds. F Axel and D. Gratias, Les Editions de
Physique, Springer: Les Houches SeBe481-549 (1995)

B.9. A. Sutd: Low density expansion for unstableeiactions and a model of
crystallization. To be published in J. Stat. Phys.

B.10. F. Igldi, P. Lajkd: On the Critical Tempenatwof Ising Models on Hexagonal
Lattices. To be published in Z. Phys. B



B.11. A. Csordas, R. GrahamExact quantum state for N=1 supergravity. To be
published in Phys. Rev. D.

B.12.J.L. van HemménA. Sutd: Theory of mesoscopic quantum tunneling i
magnetism: a WKB approach. InQuantum Tunneling of Magnetisrags.
L.Gunther and B. Barbara (Kluwer,1995) pp. 19-57

Conference proceeding

B.13. A. Csordas, R. GrahamNontrivial Fermion States in Supersymmetric
Minisuperspace. To be published Rroceedings of the First Mexican School
on Gravitation and Mathematical Physics, Guanaj@d,0., Mexico (1995)
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C. ELECTRONIC STATES IN SOLIDS
J. Kollar, P. Fazekas, |. Tittd, B. Ujfalussy, Aogztek, L. Vitos

Our recent activities cover the following main adaa the description of the
electronic states in solids:

- We have improved our recently developkdl charge density schemeby
determining the non-spherical charge density mooeirately within the space-
filling, non-overlapping cells in a solid. This tedque has been applied to
calculate the atomic volumes of the light actinideduding Fr, Ra, and Ac in
their low temperature crystallographic phases. goed agreement between the
theoretical and experimental values along the sesigpports the picture of
itinerant 5f electronic states in Th to Pu. Thaéased deviation between theory
and experiment found in Np and Pu may be an indicaif correlation effects not
included in the local density approximation. We éaxamined the structural
stability of different crystallographic phases loé$e elements as well, and found
close resemblance to the observations.

- We studied thenagnetic properties of surfaces and interfacesThe magnetic
properties of mono- and double layers of Ru, Rh@] Ir and Pt on Ag(001) and
Au(001) are investigated using the scalar--relstiwiand the fully relativistic
spin--polarized screened KKR method. It is showvat,tm particular, for the case
of the Ir monolayers and Pt double layers a nolatikgstic approach is no longer
valid, since a magnetic ground state would be ptedj while a relativistic
description vyields a non-magnetic ground state. Thagneto-crystalline
anisotropy of magnetic overlayers is a very intingsand technologically
important field in solid state physics. Here wecoddted the magneto-crystalline
anisotropy up to 6 Fe overlayers on Au(001) anddipted a change from a
perpendicular to a parallel magnetization for lagfgckness between 3 and 4
layers of Fe, in very good agreement to experinieabservations. These
calculations were done by the screened KKR metivnich we also improved
and layed on a mathematically exact basis by usiegconcept of scattering
reference systems.

Based on theested Fermi liquid theorywe performed a detailed analysis of the
infrared and microwave spectratofh temperature superconductors this time

in the superconducting state. We concluded thanh@hanediated pairing is
unable to explain the experiments, and invokedr@ngamechanism of electronic
origin. Further investigation of this paramagnorclenge mechanism revealed
that it favoursd-wave pairing in highly anisotropic systems. Thisclusion is
corroborated by an analysis of thggRaman phonon lineshape, in the framework
of a realistic three band model of the cuprates.

We have developed a theory of electron-phonon eogipt quasi one dimensional
charge- and spin-density wave materialswhich enabled us to investigate the
interaction of various phonon modes (sound wavesh whe density wave
condensate. Including long-range Coulomb interactie well, we have shown
that only the transverse sound wave polarizedarcttain direction couples to the
condensate, therefore only in this case do we éxpeelectromechanical effect

11



— We continued the study of multiband modelsstobngly correlated electron
systems Our variational description of a generalized Fandch- type model
gave preliminary results on the nature of FeSi<tiggelated insulating states, and
- at finite doping - on band ferromagnetism (inl@obration with K. Itai) .

— Considering the coexistence of teaperconducting and spin density wave
states we derived a direct coupling between these twadeased states. As a
consequence of this mixing, the amplitude modethede states show up in the
Raman spectrum. Furthermore, we have shown thatthie layered
superconductorsthe Josephson coupling between the layers stranglyifies
the gap structure and other electronic properti¢sese materials .

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 2950 Electronic structure and the calculatiand measurement of
optical spectra in solids

OTKA T016740 Electronic states in complex strucsurgsolids, surfaces and
interfaces)

OTKA T4473 Low dimensional interacting electron teygss and magnetic
models

OTKA T014201 Theory of phase diagrams of heavy femsystems

Publications
Articles

C.1. L. Vitos and J. Kollar: Optimized |-Converggria the Solution of Poisson's
Equation with Space-Filling Cells, Phys. Rev5&, 4074 (1995)

C.2. B. Ujfalussy, L. SzunyodhP. Weinbergér Magnetism of 4d and 5d adlayers
on Ag(001) and Au(001): Comparison between a natixestic and a fully
relativistic approach, Phys. Rev SR, 12836 (1995)

C.3. L. Szunyogh B. Ujfalussy, and P. WeinbergeMagnetic anisotropy of iron
multilayers on Au(001): first principles calculat® in terms of the fully
relativistic spin-polarized screened KKR methodyfiRev. B51, 9552 (1995)

C.4. R. Zellel, P.H. Dederichs B. Ujfalussy, L. Szunyodgh P. Weinbergér
Theory and convergence properties of the screeednga--Kohn--Rostoker
method, Phys. Rev. B2, 8807-8812 (1995)

C.5. T. P. Deverealix A. Virosztek and A. Zawadowski: Charge Transfer

Fluctuation, d-wave Superconductivity, and thg, Raman Phonon in the
Cuprates, Phys. Rev.®l, 505 (1995)
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C.6. C.T.Rieck W. A, Little", J. Ruvalds A. Virosztek: Infrared and Microwave
Spectra of an Energy Gap in High Temperature Sopeletors, Phys. Rev. B
51, 3772 (1995)

C.7. J. Ruvalds C. T. Rieck, S. Tewari, J. Thoma A. Virosztek: Nesting
Mechanism for d-symmetry Superconductors, Phys. B&1, 3797 (1995)

C.8. A. Virosztek and K. Maki*: Electromechanicdiféct in Charge- and Spin-
density Waves, Synth. Metal®, 1283 (1995)

C.9. P.Fazekas: Magnetic and non-magnetic statéeafy fermion systems. In:
Superconductivity and Strongly Correlated Fermigst&msEds. C. Noce,
A. Romaurs and G. Scarpetta, Word Scientific, p, 32994)

C.10. L. Vitos, J. Kollar and H.L. SkriverEnergetics of the light actinides in a full
charge density scheme. To be published\Nato ASI Series: Stability of
Materials Eds. A. Gonis, P.E.A. Turchi and J. Kudrnovskigngm Press,
1995

C.11. L. Vitos, J. Kollar and H.L. SkriverAb initio full charge density study of the

atomic volume obi-phase Fr, Ra, Ac, Th, Pa, U, Np, and Pu. To béighéu
in Phys. Rev. B

C.12. B. Ujfalussy, L. SzunyoghP. Weinbergér Fully relativistic spin-polarized
description of interface exchange coupling for Rdtiayers in Au(001). To
be published in J. Magn. Magn. Mater. (1995)

C.13. A. Virosztek and K. Maki Sound Propagation in Density Wave Conductors

and the Effect of Long-range Coulomb Interaction.be published in Phys.
Rev. B
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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

Spin-glasses— Spin freezing is manifested in the disappearanamaxjnetization
measured at low temperatures and in low appliechetagfields. It is correlated with
the absence of magnetic saturation even in largerred fields. Composition,
temperature and external magnetic field dependeadtes of the magnetic properties
of the magnetically concentrated amorphouggoeZry (7<x<12) were performed.

On the base of these experimental data a new prenaagical explanation of the

magnetic anomalies was proposed. Essential assumeptithis model is that the

magnetic moments of iron atoms with only iron neareighbourhood are decoupled
from the ferromagnetic matrix. It is explained Ine tcompressed atomic volume of
these iron atoms. The decoupling results in bomdgbetion: ferromagnetic couplings

are dissected by the statistical occurence of tireserich environments. The other
important feature of this model is the shape aropyt of these percolation clusters.
This random magnetic shape anisotropy resultsifréezing of collinearly correlated

regions and gives a natural explanation for thesual sensitivity of magnetic

properties to the applied field which is not prdpdaken into account in former

models.

Certain analogies are observed in the magneticvimiraof small particles, very thin
magnetic layers and nanocrystalline magnetic nateaind they are explained by the
increased role of shape anisotropy as the comnaiaree

Relaxation procesess. —Reversible relaxation spectra of Fe(-Ni)-B and Fd2N
metallic glasses were investigated by differengabnning calorimetry (DSC).
Qualitative difference was observed between thetsp®f the B- and P-containing
amorphous alloys. While in the Fe(-Ni)-B glasses tklaxation spectrum is an
exponential function of the activation ener@y, (that of the Fe-Ni-P glasses shows a
maximum vsE. This way the dominant contribution to the relégxaspectrum comes
from much lowelE values than in the boron based glasses. Thigelfée is thought
to be of structural origin, though characterisiitedences between the structure of P-
and B-containing glasses cannot be observed bgtadivethods. New insights into this
phenomenon are expected from computer simulations.

Non-equilibrium alloy formation. — Besides the solid state reaction processes
utilised in ultra high vacuum (UHV) evaporated nilaiters and in controlled
atmosphere mechanical milling of elemental comptmeand intermetallic
compounds, the nanostructures formed by the chystibn of melt spun amorphous
alloys are also investigated. The composition,iapaktension and thermal stability
of the non-equilibrium phases are investigated bysabauer spectroscopy,
synchrotron radiation X-ray diffraction, electromcnoscopy and differential scanning
calorimetry. Beyond the basic problems of format@omic and electronic structure
and magnetic properties, the potential use of mtanctures for soft magnetic
applications is also considered.

Neutron Scattering. — Short range structure of amorphous (TigégBi14 was

investigated by neutron diffraction. Due to the atege scattering amplitude of
titanium the partial correlation functions were abed using isomorphous
substitution. The partial Si-Si atomic correlatifumction, the GNN(r) and GCC(r)

14



correlation functions of the Bhatia-Thornton formeal were obtained. These
functions characterize the topological and chenshbalt range ordering, respectively.
A semi-empirical fitting procedure has been devetbpnd utilized in analysing the

characteristic features of the partial structuretdiss of amorphous alloys. An

analytical formula is given to fit the experimendéébmic pair correlation function as

a sum of Gaussians. The inverse Fourier transfdrtheofitted terms reproduces all

features of the experimental structure functioraddition to the structural parameters,
the modelling gives a quantitative explanationtf@ complex origin of characteristic

features in the diffraction pattern as pre-pea&;mpmimum, and splitted peaks in the
partial structure factor.

Detailed structure study was performed onQ@¥i1x),0, (0.25<x<0.82) spinels by

neutron diffraction, with special respect to det@enthe cation distribution. From
Rietveld-refinement it was shown that the system partly inverse type spinel.

Dynamic neutron radiography investigations wereried out on fire-extinguishers
and various new models of absorption and compresgpe refrigerators with the aim
of development.
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Grants

Copernicus COP 753 Manufacture, structure and ptiegeof amorphous and
nanocrystalline materials

OTKA /4T 4464  The effect of the distribution afdal magnetic properties to
the magnetic order

OTKA /4T 4469  Atomic level alloying

OTKA I/7 T 017456 The spin glass behaviour and rdkation to the magnetic
properties of nanostructures.

OTKA I/7 T 017129 Metastable systems investigatgaéutron scattering

Publications

Articles

D.1. J. Balogh, T. Kemény, I. Vincze, L. Bujdos6, Toth and G. Vincze
Amorphous alloy formation by mechanical alloyingdaconsecutive heat
treatment in F@Bsopowder mixture. Journal of Applied Physi€g 4997-5003
(1995)

D.2. J. Balogh, L. Bujdosé, Gy. Faigel, T. Kemémdd. Vincze: Solid state

amorphization in the Fe-B system. Materials Scidfa@im179-181 775-780
(1995)
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D.3. L. F. Kiss and N. HegmanFrequency dependence of ac susceptibility of
amorphous FgZr7 alloy. Journal of Magnetism and Magnetic Materid®-
144, 293294 (1995)

D.4. 1. Vincze, D. Kaptas, T. Kemény, L.F. Kiss, Balogh: Temperature and
external magnetic field dependence of the spirefngein amorphous keZr-.
Ibid. 140-144 297-298 (1995)

D.5. M. Balaskd, E. Svab, I. Cserhati F. Ozsvari, J. Olah. Applications of
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systems. 1bid75, 117-122 (1994)

D.7. E. Svéb, S. Borbély, Gy. Mészaros, S.N. IshmaR. Glas: Small-angle
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D.8 M. Balaské, E. Svab: Dynamic neutron radiography instrumtsmaand
applications in Central Europe. To be publishelurl. Instr. Meth. A.

D.9 A. Bohonyey, L.F.Kiss, A. Lovas, Reversible relaxation spect@Fe-)Ni-P
metallic glasses, To be published in J. Non-Ci§stids (1995)

D.10. L.F. Kiss, G. Huhn T. Kemény, J. Balogh and D. Kaptas: Magnetic progs
of Fe-Zr metastable phases, To be published inndbwf Magnetism and
Magnetic Materials

D.11.E. Svab, F. Hajdu, Gy. Mészaros: Semi-emgdiridtting of partial pair
correlation functions for amorphous alloys. To bélshed in Z. Naturforsch.
A.

D.12.E. Svadb, Gy. Mészaros, F. Deék: Neutron dqewdiffractometer at the
Budapest Research Reactor. To be published in MEt&cience Forum

Conference proceedings

D.13. M. Balask® E. Svab, J. OlahJ. Bojtos: Dynamic neutron radiography in
development of environment friend compressor refagors. In:Proc. Heat
Engines and Environmental Protectj@alatonfured, Hungary, 1995, pp. 286-
291

D14. M. Balask®, E. Svab, P. Meiér A. Vida, J. Cserhati Development of
absorption type refrigerators by means of dynanegtmon radiography. In:
Proc. Heat Engines and Environmental Protecti@&alatonflred, 1995 pp.
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D.15 M. Balask E. Svab, J. BojtosJ. Szikra: Dynamic neutron radiography for

optimization of refrigerator with R-134a coolingean. In:Proc. 3rd European
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D.16 M. Balasks, A. Mikitovics', E. Svab: Investigation of fire-extingushers by
complex dynamic radiography. [Rroc. 3rd European Neutron Radiology
Working Group MeetingBudapest, 1995 pp. 33-37

D.17 D. Kaptas, T. Kemény, L.F. Kiss, J. Balogh andincze: Mesoscopic aspects
of the spin glass behaviour (invited). IRroceedings of the First Polish-
Korean Seminar on Structural and Physical Properté Magnetic Materials
CheongJu, Korea 1995, pp. 49-62

D.18 1. Vincze, T. Kemény: Collinearity and spiedzing (invited). InProceedings
of the Third International Symposium on Physicsafnetic Materials, Seul,
Korea 1995 pp. 9-16

D.19. M. Balask6 and E. Svab: Dynamic Neutron radiography instrusatén and
applications in Central Europe (invited). IRroceedings of the Second
International Topical Meeting on Neutron Radiogrgp8ystem Design and
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Others

D.20 J. Balogh, L. Bujdos6, T. Kemény, T. Pusztad d. Vincze: Diffusion
amorphization in Fe-B multilayersAbst. 2nd International Symposium on
Metallic Multilayers, Cambridge, UK, 11-14 Septemid®95,p. 304

D21. E. Svdb, Gy. Mészaros, F. Dedk: Neutron powdifractometer at the
Budapest research reactor and first results.International Workshop on
Neutron Scattering Applications, Prague, 199510

See also E16, E27, J5, L8
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E. X-RAY DIFFRACTION

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

Alkali fullerides. — The fullerenes are closed shell molecules contgiairly carbon
atoms. The most abundant among them is then®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. Recently, th€d# 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 (400K) and
they are conductors. Slowly cooling them to roomgerature they transform to an
orthorhombic phase via a first order phase tramsitWe determined the atomic
structure of this phase, and found that a polyrtege sleveloped. We have been able
to grow small (few mm in length) single crystalstioé KiCso polymer. Partial oxida-
tion under toluene transformed these crystals Intodles of fibers. The degree of
polymerization exceeded 100,000. When these congsyunstead of slow cooling,
guenched to low temperatures, a different orthoilionphase develops. In this
metastable phase thes®nolecules are connected in pairs: a dimer stdtensed. On
heating, the dimer state transforms first to acuatdnomeric state, then to the polymer
state. On further heating the polymer decompose¢leadigh temperature rock salt
phase. The only exception is thaQ§o compound. In this case the polymer first
transforms to an intermediate state. This interatedstate contains alkali free and
K3Cso-like regions with a continuoussgsublattice. We have also studied the thermo-
dynamics and kinetics of these phase transitiol3®§ and IR spectroscopy.

AsCso compoundsRkRbCso samples containing the superconducting®bphase were
studied by x-ray diffraction and magnetic suscaeliyomeasurement. It was found
that in the samples with overall composition x th& lattice parameter and the
superconducting temperature of the;Bda phase are reduced. We attribute the change
to the appearance of vacancies at the Rb sitese Tha similar correlation between
Tc and the lattice parameter as was found for comg®unth different alkali metals

or at different pressures.

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 levelseafucleus. This resonant scatter-
ing is closely related to the Mdssbauer effectedonant scattering experiment can be
done by using radioactive (MOssbauer) source oictgwtron radiation.

Mossbauer diffraction measurement on polycrystalBampleslt was demonstrated

in the early days of M&ssbauer spectroscopy thatremt scattering of photons emit-
ted by a Méssbauer source can be observed. Inadtite fact that scattering experi-
ments could give information not accessible bydhbsorption method they are not
widely used due to experimental difficulties. Wevéadesigned and built a
diffractometer which makes feasible Mdssbauer aitiion experiment on powder and
polycrystalline samples on a time scale of few daygh a moderately strong
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radioactive source. We have performed Mdssbaudradifon experiment on
polycrystalline bcc iron. We have demonstrated tisang the kinematical theory of
gamma ray diffraction, useful information can béamnted on the relative orientation
of crystallographic axis to the hyperfine fieldaditions.

X-ray resonant forward scattering of synchrotromligtion on'>*¥Eu. Synchrotrons —
unlike Mdssbauer sources — emit x-rays in a widggynrange. A successful resonant
scattering experiment requires the very good (nme\ge) monochromatization of the
synchrotron radiation. In collaboration with ther&pean Synchrotron Radiation
Facility (Grenoble) and the Institute of Experim@n®Physics of the University of
Hamburg, we have designed and built a silicon sirgystal x-ray monochromator
working at the 21.5 keV energy of the Mdssbauersitaon of the'>'Eu nucleus. We
have started experiments to detect delayed x-ratopk.

Nucleation theory. — The applicability of the diffuse interface theory @ystal
nucleation developed earlier was tested for variasghstances including
hydrocarbons, liquid metals, water, oxide and nlietagjlasses. It has been
demonstrated that the theory is consistent with data great variety of substances
(15 compositions), and describes the experimegtsfgiantly better than the classical
theory. In the case of ice nucleation in underad@later, structural changes of water
responsible for its anomalous behavior were takmaccount. A semi-empirical van
der Waals/Cahn-Hilliard model of vapor condensatias been developed. The cross-
interfacial distributions of local thermodynamicaotities were determined for planar
and spherical geometry.
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F. CHARGE- AND SPIN-DENSITY WAVES
G. Kriza, A. Beleznay, G. Mihdly

Quantum Hall effect in bulk crystals. — The only bulk crystals in which quantum
Hall effect has been observed are the so-callethdssrd salts (TMTSBX, where

TMTSF stands for the organic molecule tetrametirndtelenafulvalene, and X stands
for a monovalent anion, e.g., §FC10y, etc. These are strongly anisotropic conductors

with correlated ground states: superconductor iorgensity wave. In the best-known
member of the family, (TMTSBPFs, quantum Hall effect is observed if the

anisotropy is reduced by the application of a sidfitly high hydrostatic pressure. At
high pressures, the sequence of the indices ahteger quantum Hall phases with
increasing magnetic field is regular= ... 3, 2, 1,... Upon decreasing the hydrostatic
pressure, however, we have found a surprisinguteeégequencd: = ...3, -2, 2, 1.
We have investigated the temperature—magnetic-ietssure phase diagram of this
novel phase exhibiting a negative quantum Hallgalat and interpreted our findings
in the framework of recent theories of the quantdall effect in magnetic-field-
induced spin-density waves.

Technical developments. —As part of the modernization of the solid state NMR
spectrometer at the Research Institute for SolateSPhysics, a high-homogeneity
superconducting magnet has been purchased frontdiistruments (Oxford, UK).
The magnet has the following characteristics:

— O-tesla central field,

- 88-mm room-temperature bore,

1 ppm field homogeneity over 10-mm diameter sarplame,

de-mountable current leads (fitted with high-si&p8uperconducting switch),

ultra low loss dewar (hold time approximately 3¢sja

The magnet arrived to Budapest in August, and Ivasg installed at present in
cooperation with other teams of the Metal Physiep@tment. We expect it to be a
fully operational part of the NMR spectrometer bgndary 1996. The new
superconducting magnet represents a fourfold isereim the available NMR

frequency, opening the way to many new fields eéezch.
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F.1. L. Balicas, G.Kriza, F.I.B. Williams: Sign Reversal of the Quantum Hall
Number in (TMTSFHPFg,” Phys. Rev. Lett.75, 2000 (1995).

Conference proceeding

F.2. L. Balicas, G.Kriza, F.I.B. Williams: “Positive and Negative Quantum Hall
Plateaus in (TMTSBEPFg,” To be published in Proc. of thiaternational

Conference on Physical Phenomena in High MagnetatdF Tallahassee,
Florida, 1995(World Scientific).
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G. LIQUID CRYSTAL RESEARCH
L. Bata, N. Eber, K. Fodor-Csorba, A. Jakli, A. ¥aj

Continuing the study on ferroelectric liquid crystas we observed an increase of the
sample thickness up to @@ in a few minutes induced by ac fields which shéts
the director uniformly and fully. Calculations bdsen a continuum theory indicates
that the effect is due to the increase of the presduring the switching process.
According to the literature this is the first susite attempt to produce thin films
containing ferroelectric liquid crystal where theface anchoring is so weak that the
relaxed texture is helical even at the surfacesutm films the effective memory angle
can be continuously tuned offering a gray scaleifdomly tilted smectic layer
structure in SmC* films on homeotropically treafgdtes were observed. The layer
tilt increases from zero to 14° as the sample @etbfrom the smectic A to room
temperature. The layer tilt is mainly due to théabhee between the surface tension
(that prefers horizontal layers) and the homeotragpirfactant (that promotes the
director to be normal to the plates).

Studying cholesteric liquid crystalsin which small amount of polymer is dispersed
a dramatic change of the phase behaviour was dadxketmcorporation of 3% of
polymer suppresses the melting by 60K and induceé®kesteric glass. The study into
the details of this behaviour is on progress.

Liquid crystals containing chlorine atom on the chial center were synthesized.
The liquid crystalline members of the homologouseseof (R)-(2-chloropropyl)-4-
(4'-n-alkoxy) benzoyloxy benzoates exhibited sneeétiphase. We used the n=9
members of the homologous series as a chiral dopdetroelectric mixtures. The
physical parameters were studied.

°H NMR studies were carried out on the deuterium labelled ligaigstal 4-(2'-
methyl-butyl)phenyl4'-n'heptylbiphenyl-4-carboxéadl18 (7BEF5-d18). The six
possibly different aromatic deuterons give risénto doublets with integral ratio 1.5.
This indicates that the para axes of the arometgsrare substantially parallel to each
other. We find three well distinct doublets (copasding to the three types alkyl
deuterons) in the nematic and smectic A phasdselhighly ordered SmB and SmG
phases the two methylene groups are locked inlthe@as conformation.

Proceedings of the 15th International Liquid Crystd Conferencewere edited and
published as five volumes (260-264) of the Moleceaystals and Liquid Crystals.
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H. INSTABILITIES AND NONLINEAR PHENOMENA

IN LIQUID CRYSTALS

A. Buka, T. Borzsonyi, |. Janossy, T. Kosa, T. Kéifona

Pattern forming instabilities

1.

3.

A new experiment was constructed &iudyingshear induced instabilitiesin
nematic liquid crystals. The linear, oscillatorpsation, realised by connecting the
membrane of a loudspeaker to one of the confinlatep of the cell, is used for
generating the transition between the spatially dgeneous and periodic states.
A precise measuring system is built for detectihg vibration amplitude and
acceleration in all three perpendicular directiortse transitions are detected in a
polarising microscope and recorded with a CCD camePreliminary
measurements are being carried out to describetmgoral behaviour and spatial
distribution of the director subject to shear dfadient amplitude and frequency.

The study ofinterfacial patterns has been continued. The thermally driven
instability on the nematic-smectic phase boundaay imvestigated on substances
with different molecular structure, on a homologsesies as well as on binary
mixtures. The homologues, having similar molecidad material parameters
show different surface tension anisotropy and plisameter alone causes a large
difference in the growth morphology.

A new co-operation with a theoretical group in Spaioved to be very fruitful.

Phase field simulations of the non equilibrium gtovef our liquid crystals

produce strikingly similar morphologies to the exipeental ones. The effect of
the surface tension anisotropy is also verified.

Electrically driven instabilities in homeotropic nematics are also investigated. A
fully computer driven system was built to study ¢theation and motion of defects
under the influence of an additional magnetic fidichvelling waves are studied
in planar cells and the Hopf frequency is measuasda function of the
conductivity, cell thickness and driving frequency.

Non-linear optics. — The investigation of the influence of differeshyes on the
optical reorientation of nematics has been contin&udies were carried out on the
wavelength dependence of the amplification factatifberent dyes and in the case of
a diazo dye the change of sign of the effectiveacaptorque with wavelength was
discovered. The result was interpreted assumingsé relaxation process of the
vibrational modes in the excited state. The hopeddence of the dye-induced optical
torque was also demonstrated.

Optical data storage

1.

Cholestericsof a helical structure doped with a small amoundye, in order to
make them light sensitive, were used to demonsthattlaser illumination can
cause a transition from the planar structure taribtidomain focal conics and vice
versa. This is one possible way of storing andetrg information optically.

. The optical properties of a liquid crystal can absoaltered by imposing different

boundary conditions. Traditional, mechanical methagsult in permanent
alignment, contrary to optical techniques, whicfeof non-contact alignment
method, high spatial and angular resolution in the dweaonfiguration at the

27



surface. Azo dye-polyimid guest-host systems wevestigated as light sensitive
alignment layers. The possibility of laser writimgth very high resolution (600
dpi and higher) full grey scale (8-bit grey scalepthh) images has been
demonstrated. Binary phase optical elements webectted using the laser
alignment technique and the performance of thegieeewas analysed.
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H.1. A. Buka, T. T6th Katona, L. KramerFree growth properties of a nematic-
smectic B interface. Phys.Ré¥51,571- 578 (1995)

H.2. T. T6th Katona, A. Buka: Nematic-smectic Beifiace: Equilibrium and
growth properties. Mol.Cryst.Liq.Crys261,349-369 (1995)

H.3. H. Richtet, N. Kloeppel, A. Hertrich, A. Buka: Electroconvection in a
homeotropic nematic under the influence of a magfiedd. Europhys.Lett.
30, 37- 42 (1995)

H.4. H. Richtet, A. Buka, |. Rehberg Convection in a homeotropically aligned
nematic. Phys.Re¥51,5886-5890 (1995)

H.5. D.Z. Obadovig A. Vajda, T. Téth Katona, R. MarinkovicThe structure of
mesophases of binary and multicomponent mixturesoofe cholesteric
liquid crystals. Mol.Cryst.Liq.Crys265,135-141 (1995)

H.6. T. Kdsa, T. Wagnér P.J.S. Ewen A.E. Owen: Index of refraction
measurement in Ag-As33S67 films. Phyl.M83.1,311-318 (1995)

H.7. T.Késa, I. Janossy: Anomalous wavelengtreddpnce of the dye-induced

optical reorientation in nematic liquid crystalt@s Letters20, 1230-1232
(1995)
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H.8. W.M. Gibbons T. Késa, P. Palffy-Muhoray P.J. Shannon S.T. Suft
Continuos grey-scale obtained via polarised ligignanent of nematic liquid
crystals. Nature377,43-46 (1995)

Conference proceedings

H.9. H. Richter, A. Buka, |I. Rehberg The electrohydrodynamic instability in
homeotropically aligned nematic. Experimental ressuh: Spatio-temporal
Patterns in Non equilibrium Complex Systeiads. P.Cladis and P.Palffy-
Muhoray, Addison-Wesley Publishing Company, NewRydl 995, p.343-
352

H.10. 1. Janossy: Optical effects in dye-dopeditiqerystals. To be published in:
Photoactive Organic Material&d. F. Krajzar, Kluwer Academic Publisher

Book chapters

H.11. A. Buka: Viscous Fingering,. IRattern Formation in Liquid Crystal&ds.
L.Kramer and A.Buka, Springer-Verlag, New York

H.12. L. Kramer, A. Buka: Pattern formation in non equilibrium ®ms. To be
published in:Pattern Formation in Liquid Crystalsd:ds.: L.Kramer and
A.Buka, Springer-Verlag, New York

Others

H.13. L. Kramet, A. Buka (eds): Pattern Formation in Liquid Cryst&pringer-
Verlag , New York, To be published

H.14. A. Buka (invited): Electroconvection and patis in a homeotropic nematic.
European Liquid Crystal Conference, Bovec/Sloveilia95)p.50.

H.15. T. Téth Katona, A. Buka: Patterns on a necasttiectic interface in thermal
field. Ibid. p.239.

H.16. D. Obadovig K. Fodor-Csorba, A.Vajda, T. T6th Katona: X-raffraction
study of some liquid crystals of SA* typiid p.97.

H.17. A. Buka (invited): Equilibrium and free-grdwiproperties of a nematic-
smectic liquid crystal interfaceCopenhagen Conference on Complex
Dynamics in Spatially Extended Systems, Copenh#t285)p.012.

H.18. T. Késa, A. Drogariy P.Palffy-Muhoray, E.W.van Stryland Non-linear
absorption in the liquid crystal 5CB. OSA Techn.Digr.21,57 (1995)

H.19. T. Késa, P. Palffy-Muhoray Optically aligned liquid crystal cells as
diffractive optical elements, OSA Techn. Dig. S&k, 160 (1995)

H.20. T. T6th Katona, A. Buka: Mesophase growtlignid crystals,Physique en
Herbe '95 Nice, p.CM23/0
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H.22.

H.23.

H.24.
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A. Buka, T. Toth Katona: Pattern formatiorridg mesophase growth in a
homologous seriegeme Colloque d'Expression Francaise sur les Quista
Liquides Sophia-Antipolis (1995) p.A9

T. Borzsonyi, A. Buka: Shear induced insitibg in nematicsPhysique en
Herbe '95 Nice, p.CM1/0.

T. Késa, G. Hu, P. Palffy-Muhoray*: Laser tvg in dye-doped, polymer
stabilised cholesteric liquid crystalBuropean Liquid Crystal Conference
Bovec/Slovenia (1995) p.109.

T. Késa, P.Palffy-Muhoray*: Optically Alignetiquid Crystal Cells as
Diffractive Optical Elements,Optics of Liquid Crystals '95 Le

Touquet/France.

I. Janossy, T. Késa (invited): New results thhe dye-assisted optical
reorientation of nematic liquid crystal®ptics of Liquid Crystals95, Le
Touquet/France.
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|. METAL PHYSICS

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

Amorphous alloy - hydrogen systems.] The study of metal-hydrogen systems has
both intellectual and practical importance. Thisthe reason why proton NMR
spectroscopy (PMR), electric transport measuremgntay diffraction and UPS were
used in the investigation of these systems.

PMR line shift, spectrum width, hydrogen contespin-lattice and spin-spin
relaxation times, electrical resistivity, UPS spacénd bulk susceptibility were
measured on binary Zr-Ni and ternary Zr-Ni-Cu aphmus alloys charged with
hydrogen. The temperature interval in which the sneaments were done covers the
range from liquid helium to about 350 K.

Zr-Ni-(Cu) alloys were prepared by melt spinning from 3N(2¥) @i) and 5N (Cu)
purity metals after electron beam melting , the-ooystalline state was checked by
X-ray diffraction The samples were charged witldimgen from the gas phase at 30
MPa pressure at ambient temperature.

The main results are the following: The simultareemeasurements of line-shift and
bulk susceptibility help to separate the Knighfistand the chemical shift
contributions of the proton line-shift and to uratand the electron environment of
protons in metals. On the basis of spin-spin relaranechanism existing in the high
temperature range and from the temperature depeeddrthe electrical resistivity,
the activation energy and correlation time of hyggno diffusion could be investigated
as the function of hydrogen and the third compoij€n) content: both influence the
correlation time and not the activation energy amytto the generally used models.
The UPS spectra of ternary systems show Cu-and,Zr derived states both before
and after hydrogenation. It is found that hydrofad the greatest effect in the region
of Cu-derived states. The effect was ascribedngdaogen induced phase separation.

Transition metal complexes. —In the study of transition metal complextd,NMR
spectra and spin-lattice relaxation timé3)(were measured in [Zn(p&(BFa4)2

(ptz = 1n-propyl-1H-tetrazole) and in the spin-crossover ptaxr [Fe(ptzy](BFa)2
between room temperature and 2.2 K on polycrys@Bamples. In the zinc complex,
three different types of intramolecular motion bé tpropyl group were suggested
(tunnelling and classical rotation of methyl groupstation of methylene groups).
These processes can be characterised by'6s1®.1-13°s, 2.85.18°s correlation
times; and 170@ol?, 1100 Jnol?, 5100 Jnol! activation energies, respectively. The
same quantities to the —GHCHs reorientation over a three-well asymmetrical
potential are 3- 16 s and 17000rol*. For the iron complex the same dynamics was
found, which was expected because of the isomomghicture of the two complex.
In addition, clear signs of presence of high-spitesFé* ions were detected. From
theT: values the high-spin fractiogs(T)) was calculated. The result shows that some
Fe?* ions remained in the high-spin state even at twees$t temperatures. The
temperature of the spin-crossover (whgge= 0.5) was found to be ~135 K according
to the line shape measurements and ~137 K accotditige T: measurements. The
mechanism of the paramagnetic relaxation was fdonoe of rapid diffusion type
according to the theory of Lowe and Tse< 1.0-10*s,E = 3000 Jmol).
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Nanocrystalline metals— Previous work on electrodeposited nanocrys&flic) Ni
foils was continued and was extended also to Coalmdthe results on the
low-temperature electrical resistivity on pulsetpth nc Ni samples showed a
systematic increase of the residual resistivityhwliécreasing grain size. Pulse-reversal
(PR) plated nc Ni samples were also produced bygusathodic pulses of fixed
amplitude ¢ and lengthtand by varying the amplitude,iand length ¢) of anodic
pulses. A direct observation of the microstructufrthese PR Ni foils has not yet been
performed but it can be ascertained, based onldogrieal transport data, that these
foils also exhibit a nanocrystalline structure. 3&elata suggested that the PR-plating
method can be very effective in reducing the gsar. The TEM study of a DC-plated
Co foil revealed a fine and uniform grain structuhe average grain size being about
30 nm. The temperature dependence of the electressbtivity indicated the
presence of a large residual resistivity contion in nc Co due to the small
crystallite size.

Metallic multilayers — A sulfate bath was used to produce typicallpurd thick
electrodeposited Ni-Cu/Cu multilayer foils with tgpseveral thousand repeats. After
removing the Ti substrate, the room-temperature negesistance of these self-
supporting multilayers was studied as a functiorthef ferromagnetic Ni-Cu layer
thickness. Giant magnetoresistance was observethvpieiaked at about 2 % for Ni-
Cu layer thicknesses around 2 to 3 nm.
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[.1. I. Bakonyi: Electronic properties and atontizisture of (Ti,Zr,Hf)-(Ni,Cu)
metallic glasses. J. Non-Cryst. Sb80, 131-150 (1995)

2CEC DG XlI: Commission of the European Communit@iectorate General for
Science, Research and Development
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1.10.

1.11.

1.12.

1.13.

A. Cziréki, |. Gerécs, E. Toth-Kadar and Bakonyi: TEM and XRD study
of the microstructure of nanocrystalline Ni and @apared by severe plastic
deformation and electrodeposition. Nanostruct. M#&e547-550 (1995)

K. Lu", Z.F. Dong, |. Bakonyi and A. Cziraki Thermal stability and grain
growth of a melt-spun HfNinanophase alloy. Acta Metall. MatdB, 2641-
2647 (1995)

G. Pet6, I. Bakonyi, K. Tompa and L. GucziPhotoemission investigation of
the electronic-structure changes in Zr-Ni-Cu metajlasses upon
hydrogenation. Phys. Rev.32, 7151-7158 (1995)

|. Bakonyi, F. Mehnér M. Rapp, A. Cziraki, H. Kronmiillef and

R. Kirchheim: Preparation, structure and physical propertigSesf Co- and
Ni-rich melt-quenched ribbons containing Zr or Réart I: Preparation details
and structural characterization. Z. Metalll@i 619-625 (1995)

I. Bakonyi, E. Toth-Kéadar and R. KirchhéinPreparation, structure and
physical properties of Fe-, Co- and Ni-rich melegahed ribbons containing
Zr or Hf. Part Il: Electrical transport properti@® be published in Z.
Metallkde86 (1995)

G. Lasanda, K. Tompa, C. Hargitai, P. BankiBakonyi: Proton nuclear
magnetic resonance and H-site occupancydaMis.s./CuyHx metallic glasses.
To be published in J. All. Comp. (1995)

K. Tompa, P. Banki, C. Hargitai, G. Lasanda,lA&vas, L.K. Varga: PMR
measurements on (NiICu)o.5Zro.5-Hy amorphous alloys. To be published in J.
All. Comp. (1995)

K. Tompa, P. Banki, G. Lasanda, L.K. Vargas&ptibility and proton line
shift of Zr.3Nio.e~Hx amorphous alloys. To be published in J. All. Comp.
(1995)

J. Téth, K. Tompa, A. Lovas, P. Banki: Highmperature hydrogen diffusion
in Zro.33Nio.e7~Hx amorphous alloys. To be published in J. All. Co1j995)

|. Bakonyi, E. Téth-Kadar, L. Pogéany, A. G#i, |. Gerdcs, K. Varga-
Josepovits B. Arnold and K. Wetzi@; Preparation and characterization of
DC-plated nanocrystalline nickel electrodeposits b€ published in Surf.
Coat. Technol. (1995)

E. Toth-Kadar, 1. Bakonyi, L. Pogany and Ai@ki': Microstructure and
electrical transport properties of pulse-platedataystalline nickel
electrodeposits. To be published in Surf. Coathhet

|. Bakonyi, E. Toth-Kadar, T. BecSel. Téth, T. Tarndczi, A. Czirdkil.
Gerdcs, G. Nabiyouni, W. Schwarzacher Giant magnetoresistance in self-
supporting electrodeposited Ni-Cu/Cu multilayers BE published in J. Magn.
Magn. Mater.
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Conference proceedings:

1.14. A. Cziréki, B. Fogarassy L.K. Varga, I. Bakonyi, A. Lovas, K. Tompa, P.
Kessler, H. Lichte: Structural changes in a hydrogenated amorphasshlizs

alloy. To be published inProc. 4th European Conf. on Advanced Materials
and Processes, Venice (1995)

1.15. I. Bakonyi, E. Toth-Kadar, J. Téth, T. TaraddA. Cziraki: Microstructure,

electrical transport and magnetic studies of ebtelgposited nanocrystalline Ni,
Co and Cu metals. To be published Rroc. Int. Symp. on Processing and

Properties of Nanocrystalline Materials, 1995 TMSatbtials Week
(Cleveland, OH, U.S.A., October 29-November 2, 1995

See also J3, J4, J6, J9, J10, J11, O11.
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J. METALLURGY AND MAGNETISM

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

Hydrogen absorption and desorption processes in giay alloys. —The time
evolution of hydrogen charging and discharging iRZN glassy alloys has been
studied by in-situ resisitivity measurements inesrdo clarify the details of the
activation. The resistivity increase caused byhydrogen uptake has been used for
separating the surface and bulk processes. Hydnegsrnintroduced into the samples
from the gas phase by using a high-pressure chambérich the sample holder, the
samples and the electrical contacts are placedgubis method, a reversible and an
irreversible part of the resistivity change wereeded during the cyclic charging and
discharging process. The ratio of the reversibkk ieneversible change was found to
depend on the Zr-content.

The mechanism of the H-uptake irp ldtmosphere and in galvanic doping was
compared by using in-situ resistivity measureme@isultaneously, the maximum
hydrogen storage capacity in the amorphous.&i alloys was determined.
Electrochemical measurements have also been pexfoom these alloys in order to
characterize their behaviour with regard to theteptial applications as metal hydride
battery electrode materials.

Study of nanocrystalline soft-magnetic alloys. -¥e have continued the systematic
study of soft magnetic properties of nanocrystallimaterials obtained from
amorphous precursors. Beside the Fe-B-Si-Cu-Nbdbésmemet type) alloys we
have investigated the Fe-Zr-B based alloys, todath types of materials the nature
and volume fraction of the structural phases algesti of great controversy in the
literature.

Therefore, we have carried out detailed thermonmiagmeeasurements on partially

crystallized samples. The evolution of the Curragerature as a function of annealing
time and temperature was attributed to the chahgeachemical composition of the

particular phase provided that the given phase doedecomposes completely during
the thermomagnetic measurements.

We have shown for both types of materials thatemdt of stable phases a
supersaturated metastable, bcc phase appearsfirstistage of crystallization (with
the early transition element dissolved in the Hdtase) which is responsible for the T
suppression of the bcc phase and this metastableghansforms only at the second
stage of crystallization by precipitation of thdute elements indicated by the steep
increase of .
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Publications
Articles, conference proceedings

J.1. P. Barczy Gy. Kaptay, Z. Gacsi, A. Lovas, F. Szigeti Keramiarészecskék
beépilése gyorsan dermedd fémolvadékba. (Incorporaf small ceramic
particles into rapidly solidifying metallic melt$ubl. Univ. of Miskolc, Series
B. Metallurgy,39, 279-290 (1995)

J.2. L. Macska$j L. Lehoczki, D. Sztaniszldy M. Pauer, G. Konczos, A. Lovas,
R. van de Leuv Eletromagneses sugarzast arnyékolé mianyag remdsz
fejlesztése hazai alapanyagokbol. (Developing iglasystems made of
domestic raw materials for shielding electromagne#idiation). Part I-11.
Mdanyag és Gun82, 213-221, 233-237 (1995) (in Hungarian)

J.3. J. Garaguly, A. Lovas, J. Téth, J. Takacs:eTavolution of hydrogen charging
and discharging process in Ni-Zr glassy alloys isticby in-situ resistivity
measurementsProc. Xl. Internal Colloquium on Materials, Techagies,
Design, Maintenance and their Application in theelHi of Transportation,
Zilina-Rajecké, December, 199p. 11-14

J.4. J. Garaguly, A. Lovas, J. Toth: Hydrogen gitsom and desorption in Ni-Zr
glasses studied by in-situ resistivity measuremeRi®c. 12. Internal
Colloquium on Advanced Manufacturing and Repairihetogies in Vehicle
Industry, Balatonfured, 1995

J.5. A. Lovas, L.F. Kiss: Hardness and thermaliktybf Fe-Cr-metalloid glasses.
To be published in J. Non-Cryst. Solids (1995)

J.6. L. Pogany, C. Hargitai, I. Varga: Arrangemétt investigation of domain
behaviour under low frequency magnetic field. Tgolelishhed in: J. Magn.
Magn. Mater.

J.7. L.K.Varga, E. Kisdi-KosZ¢V. Strom, K.V. Rad: Thermomagnetic study of
nanophases in Fe-based soft magnetic materials Sidtt Magnetic Materials
Conference, Krakow, Sept. 12-14, 1995, to be phetisin J. Magn. Magn.
Mater.

SOMFB: National Commitée for Technological Developrne
4AEKI: Research Institute for Atomic Energy
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J.8.

J.9

J.10.

J.11.

Other

J.12.

J. ZbroszczykL.K. Varga, J. OlszewwskiW. Ciurzynska B. Wyslocki, S.
Szymura, M. Hasiak: After-effect and microstructure of nanocrystatlin
alloys with different as-quenched disorderoc. 12th Soft Magnetic Materials
Conference, Krakow, Sept. 12-14, 1996 be published in J. Magn. Magn.
Mater.

L.K. Varga, A. Lovas, K. Tompa, M. LatrocheA. Percheron-Guegan
Electrochemical P-C isotherms for amorphous\&lix alloys. To be published
in J. All. Comp. (1995)

L.K. Varga, K. Tompa, A. Lovas, J.M. Jouhe’. Percheron-Guegan

Maximal hydrogen storage capacity of amorphous. &l alloys. Paper

presented at tiHATO Advanced Research Workshop on "Hydrogen Naderi
Science and Chemistry of Metal Hydrides" 2-8 Sep®95, (Katsiveli,

Ukraina). To be published in Int. J. Hydrogen Energy

J. Toth, J. Garaguly, K. Tompa, A. Lovas, .L\arga: Hydrogen uptake
monitored by resistance change in amorphoysZiiz Alloy. Paper presented
at theNATO Advanced Research Workshop on "Hydrogen MddgeScience
and Chemistry of Metal Hydrides" 2-8 Sept., 198&ts¢iveli, Ukraing. To be
published in Int. J. Hydrogen Energy

S.N. KangA. Gupta, L.K. Varga: Effect of quenching rate on the Sgixture
in amorphous FesCuNbsSiizBg alloys. Abstr. 40th Annual Conference on
Magnetism and Magnetic Materials, Philadelphia, Né\9, 1995

See also D.9, 1.8, 1.9, 1.10, 1.11, 1.12, 1.14
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K. NON-DESTRUCTIVE EVALUATION
F. Toth

Remote field eddy current inspection technique anchstrument for testing thick
ferromagnetic tubes - The conventional eddy current non-destructesting has
been successfully applied for the in-service ingpacof non-magnetic tubes.
However, the attempt of applying it to the inspactof thick magnetic tubes has not
succeeded because the high permeability causessdamatiepth for eddy currents.

Lots of magnetic tubes and vessels used in thegregmical industry and power plants
have remained uninspected because there has bgaoper in-service test method
for inspecting their condition at a reasonable @tsion speed.

The remote field eddy current technique has adgastaver standard eddy current
techniques in that it inspects both ferrous and-feorous materials with equal
sensitivity to internal or external anomalies.

This technique, unlike more conventional eddy auirtesting, places detector arrays
in the remote field region: the distance betweesitexand detector coils being about
two to three tube diameters.

At this spacing the direct coupling between exated detector coils is insignificant.
The energy transmitted inside the tube is veryngfio attenuated. The dominant
coupling occurs through an indirect energy flowhpdtields from the exciter coll
diffuse out through the tube wall in the vicinity the exciter, being attenuated and
phase shifted under eddy current skin depth bebawothe process. These fields
propagate with moderate attenuation to the outsidi, in the remote field region,
the external field is greater than the interndbfidhe dominant internal field is then
due to energy diffusing back inwards through theetwall, again being phase shifted
and attenuated in the process. Anomalies occungglaere in this energy flow path,
cause anomalies in the detector signal. Phasef ldge @letector signals with respect
to the exciter is commonly used as the measurepef gharacteristics, such as wall
thickness. Complex plane representation may alseskd, as in conventional eddy
current techniques, to facilitate defect classtiara

The developed instrument (Ferrotester) and prohesdetect boiler, condenser tube
and pipe thinning, erosion, corrosion, areas wititks, wears, etc. It is tested in a
thermal power plant (Szaszhalombatta).

Grants

OMFB No. 94-97-47-0698 Micromagnetic non-destruetiesting equipment for
measuring internal stresses and fatigue
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Publications
Articles

K.1. F.Toth: Magneses anyagvizsgalatok (Magnetitemial testing, in Hungarian).
Anyagvizsgaldk Lapj®, 101-108 (1995)

K.2. F.Toth: Kilénleges drvényaramu vizsgalathegok. (Non-conventional eddy
current testing methods, in Hungarian). Anyagviisgaapja,5, 11-14 (1995)
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L. NEUTRON SCATTERING IN CONDENSED
MATTER

L. Rosta, S. Borbély, L. Cser, B. Faragd. Grosz, J. Jani, P. Jévari, Gy. Kali,
L. K8szegi, F. Mez#i, L. Riecsanszky, Gy. Toérok

The neutron scattering research activity is perémnessentially at the 10 MW

Budapest Research Reactor (BRR). With its4ieutrons/cris core flux, optimised

neutron beam take off systems, 35 weeks of yegygration this unique neutron
source in Central-Europe provides excellent opmities for neutron beam research.
Due to some of their unique features in scatteexgeriments, neutrons are useful
tools for the investigation of structural and dymeahproperties of condensed matter.

The following instruments are used or being instill

— A three-axis spectrometeron the curved neutron guide position NG1/1 wigh it
sophisticated monochromator shielding (thus exthgmew background)
provides measuring opportunities in the low endrgysfer range, as well as for
high resolution diffraction or diffuse scattering. velocity selector for the
harmonic filtering of the monochromatic beam makesnique in providing
continuously variable filtered incident wavelength.

— A small angle neutron scattering spectrometer (SANSon the curved neutron
guide NG2, with an XY-detector and flexibly varialpparameters, is the type of
instrument most highly demanded for various prolsleai medium range
structural behaviour of liquid type and soft mattezlloys, composites, etc.

— The construction of a material test diffractometeris finished and it is ready to
be installed during 1996 on a thermal beam tulseedsential part is a 4-circle
goniometer transferred to BRR from Harwell. It Ible optimised for strain
analysis and texture measurements.

Besides the above activity on the development otroe scattering spectrometers
considerable efforts have been made on the impremerof the experimental
infrastructure, e.g. a 15m section of neutron ghidg been installed (now this guide
beam is available for new instruments). By imprgvihe neutron guide and the
instrument shieldings, the biological irradiaticackground level has been reduced far
below the permissible limit in the guide hall. Teample environment has been
developed: low temperature (77K) facility and magnield (up to 1.5T) are available
on the SANS instrument.

The preparation of Technical Documentation of tlaeitl hydrogen Cold Neutron
Source including the Technical Design and Safetyalysis was started in
collaboration with the Gatchina Neutron Physicditote (Russia) development team
financed by the technical assistance grant of IA&#l with project managing
provided by the Project Agency ETV-EROTERV acting @eneral Designer on
behalf of the Budapest Neutron Centre.

* Permanent position: ILL Grenoble, France
** Permanent position: HMI, Berlin, Germany
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Our condensed matter investigations were focuseadlynan the following topics:

Soft matters and liquid based systems— Mixed surfactant solutions: Sodium
dodecyl sulphate (SDS)-decanol and hexadecyl thyt@inmonium bromide -
3-methylsalicilic acid were studied by small-angpattering. At 10:1 and 5:1 SDS-to-
decanol molar ratio mixed micelles are formed ia $blution, but at 2:1 molar ratio
various liquid crystalline phases were observeceddmg on the concentration and
temperature. Increasing the amount of 3-methyl$ialicid added to CTAB induces
the growing of giant polymer-like aggregates thaild be described by the formalism
worked out in polymer physics.

Hydrofobic interaction: High resolution structueefor of the tetramethylurea (TMU)
water solution was investigated. The use of therashvariation allows to reconstruct
the partial pair correlation functions charactewgsihe relative distribution of the TMU

molecules.

Gels: Silica and aluminium type inorganic gels wieneestigated. Fractal exponents
determined from the measurements gave values pomdsg the co-ordination
numbers of the agglomerations that varies betwe®arid 2.6 depending on the state
of the gelation. Strong anisotropy appears wheméhation process is accelerated by
gradient heating. From the lower part of the tramsid momentum range the
correlation length of the agglomerations was euallia(The study was done in the
frame of the collaboration with the Chemical Deyitthe E6tvés Lorand University,
Budapest.)

The so called supergels (with swelling ability opl600) were measured with small
angle neutron scattering combined with the contramtation method. It was

demonstrated that the contribution to the scatjantensity from the polyionic chains
can be distinguished from the network stabilisiatiutose knots.

Composite materials based on liquid crystals agomant for industrial application.
The structural aspects - with units of nanometegsst can be well studied by small
angle neutron scattering. We have shown that imqud crystal (LC) dispersed
polymer system the macroscopic LC anisotropy carsthbilised even when the
orienting field is switched off. This was explaingglthe interaction of the LC matrix
and the rough surface of the polymer fibrils. Imiast, recent measurements on a
system where a few nanometer size globular silip@icles are dispersed in a LC
matrix, reveal that particle aggregation seemsrtdér orientation of the liquid crystal
by external field.

Ferrofluids - suspension of ferromagnetic particlase widely used in various fields
of industry and medicine. The structural and diffasbehaviour of ferrofluids are
governed by the balance of magnetic, dipole anceoutér interactions. The particle
aggregation processes can be studied in details d&snction of the solvent
concentration, external magnetic field and tempeeaby SANS and neutron spin
echo. An experiment performed on the NSE spectremat LLB-Saclay, partly
operated by our institute, revealed that in the TewZno.sMno #Fe04-based sample
~100A diameter particles are dynamically associtdddrm fractal-type aggregates.

Metals and alloys.— Complex (SANS, strain analysis, texture invegimn and
optical observations) structural investigation dib&sed composite materials was
carried out aiming to determine the correlatiorwasin structural and mechanical
properties. It was proven that the strengthenitge$ (Si-carbide) form textures.
Mechanical weakening of the material is causechkytéxture change.
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We have continued - in collaboration with the Umsity of Vienna - the investigation
of the decomposition in binary alloys. While in #he-Pt system decomposition leads
to the formation of a parallel platelet-type sturetwith long range ordering, in the
case of Cu-Rh alloys the balance of lattice masfil surface tension effects yields a
three-dimensional symmetric clustering in the cutlii@ctions without long range
correlations.

The excess internal stress distribution was medsamgporous iron-copper alloy as a
function of external stresses. The in situ measargsnwere performed on a tensile
test specimen fitted in a stress rig designed éutnon investigation. Inhomogeneity
of the internal stresses corresponds the inhomagesfgoorosity.

The study of embrittlement of steels by irradiattamage has crucial importance in
nuclear engineering. In the framework of our cadia@ion, the Léon Brillouin
Laboratory (France) has initiated the study of nhodelear reactor vessel materials.
A magnetic anisotropy due to Cu-rich precipitatiam$uced by irradiation has been
demonstrated on the SANS spectrometer at BRR.
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42



L.4.
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be published in Structural Chemistry
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the 8th World Conference dntanium
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Activity Report of LLB, Saclay, 1993-94, p. 1051 frrench)
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L.24. V.T. Lebedey G.P. Gordeey V.G. Veselagq G.A. Evmenenkq A.l.
Sibilev’, V.V. Kljubin®, A.L. Kachuriri, V.N. Zabenkin, L.Cser, L.Rosta,
Gy.Torok: Small Angle Neutron Scattering from Low-ferrofluid. Russian

Academy of Sciences Petersburg Nuclear Physicgutestpreprint 2027.

See also D7, G2
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M. INTERACTIONS OF INTENSE LASER FIELDS
WITH MATTER

Gy. Farkas, A. Kdhazi-Kis, Cs. Toth, S. Varro

High order laser-harmonic generation in the Gw/enf -TW/icm?  non-
perturbative intensity range.— When a metal surface is illuminated by a suéftiy
strong laser pulse, coherent light beams at théipled of the laser frequences ("high
laser harmonics") appear in the specularly refteatwection. The high harmonic
generation from a metal surface was realised intridwesition region between the
perturbative and the non-perturbative regimes. /Bium long wavelength free

electron laser pulses of GW/émand psec duration did not produce harmonics, gtron
second and third harmonics were detected when ubhpicsecond duration laser

pulses of TWicrh were applied at 2m wavelength. In both cases strong electron
emission also appeared. The intensity dependebetsof the harmonic and electron
emission yields showed strongly non-perturbativaratter, as predicted by the QED.

Intense harmonic generation was observed also feititosec duration (i.e. broad
spectral band) pulses of a Ti:Sapphire laser arduBdum, exhibiting a strong

dispersion (i.e., decrease with increasing wavelgngf the harmonic yield. The
obtained new phenomena may be interpreted on the dlarenewed QED theories
based on the non-perturbative calculations takmg account the collective "jellium
model" of the metallic electrons.

Theories describing the laser induced interactionsf the electrons of atoms and
solids.— We have developed new theories to predict oladdevphenomena and to
interpret experimentally observed new results, @eSypely. The most important ones
are: the "cut-off" rule of the highest observalderhonics at a given metal for the laser
intensity used; the anomalous perturbation-ordserlantensity dependence and
anomalously high experimental yield both of thenmamics and the multiphoton
(tunnel) electron emission, respectively. Other (tBEbries developed by us predict
very sensitive dependences on the bichromaticy, rélative phases and the
polarisation of the inducing laser fields in ditet interaction processes with both
single particle-type and collective atomic systems.

New theoretical proposals for GeV laser acceleratsr for free electrons and

TW/cm? intensity X-ray beam production. — Based on our former fundamental
observation for multiphoton scattering of lasertoing by free electrons, we renewed
and elaborated a fundamental theory for the muwt@h Compton scattering for the

case of the recently available extreme high @NV/cmz) laser intensities. This
theory revealed that at these intensities withube of "table top" laser accelerators
GeV electron energienay be achieved, which fact may break the limitthefrecent
traditional accelerators. At the same time, therlggotons, scattered forward from

accelerated fast electrons furniB/cnf soft (~KeV) coherent X-ray beams.
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of electrons from an impenetable potential walkibichromatic laser field.
J. Phys. B8, 2729-2744 (1995)

M.6. S.Varrd, F. EhlotzKy Remark on polarization effects in small-anglegtan
scattering by helium atoms in a e@aser field. Phys. Lett. 203 203-208
(1995)

M.7. Gy. Farkas, Cs. Toth, A. K&hazi-Kis, P. Agosti G. Petité, J.M. Berset
J.M. Ortega High order harmonic generation and multiphotoactbn

46



M.8.

M.9.

M.10.

M.11.

M.12.

M.13.

M.14.
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Comm.
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To be published in IEEE J. Quantum Electronics

S. Varrd, F. EhlotzKy Small-angle scattering of slow electrons by haliu
atoms in a C®laser field: A collective model. To be publishedli Phys. B
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F.F. Kormendj Gy. Farkas: Laser driven free electron accelemati
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N. LASER PHYSICS

M. Janossy, P. Apai, T. Bereczki, L. Csillag, Znk@ A. Hoffmann, Z. Horvéth,
Zs. Lenkefi, P. Mezei, K. R0zsa, L. Szalai, K. §Z% Szentirmay

Lasers in segmented hollow cathode discharges- The segmented hollow cathode
discharge recently developed for excitation of sardus UV lasers proved to be the
most efficient one among hollow cathode dischaeggsdied for laser purposes. These
lasers are excited via charge and energy transtereen ground state noble gas ions
and metal atoms. The hollow cathode dischargdH#sexcitation mechanism. High
density of ions are produced by the fast electvamte the proper metal vapour density
can be ensured by cathode sputtering. The novehalige geometry combines the
advantages of the conventional and the increaskageohollow cathode discharges.
It ensures the oscillations of the fast electrohgtvare focused into the cavity by the
cathode geometry. Thus high density of fast elestican be produced. The energetic
ion bombardment helps for the cathode sputteririge d@ischarge is highly stable
against arcing, due to the positive slope of thikage current characteristic. On the
copper 270 nm transitions we found 6.5 A threstmident, and 18%/m gain. The
most efficient excitation can be reached at 1500 & A/cm linear current density.
We have performed spectroscopic investigations fmn YUV spectrum of the
segmented hollow cathode discharge. Our resultgatel that for the possible
continuous laser oscillation around 160 nm on thellGransitions, the segmented
hollow cathode discharge are favourable compar#tetoonventional hollow cathode
discharges.

Gas discharge physics— We have investigated the effect of the reflactmf
electrons from the anode in obstructed glow disgbsrOur computer simulations of
the electrons' motion in the discharge have shdvat (in the obstructed mode) a high
number of fast electrons reach the anode, andlécted, they produce a significant
amount of additional ionization. The effect of ¢tede reflection was experimentally
proven by constructing two discharges with différelectrode material. We have also
studied the energy distribution of positive ions anhelium-neon mixture glow
discharge and have carried out spatially resolvedasurements of copper
concentration in a sputtering copper hollow cathdideharge in argon gas (using the
method of spectral interferometry). We have stati@ddevelop a model of the
segmented hollow cathode discharge which is anieffi pumping source for metal
ion UV lasers. Nonlinear behaviour of discharges wabso part of our studies. We
have used computer simulation to study the stesisii electron avalanches and bursts
(sequence of avalanches) below the breakdown lbéghe discharge. In a self-
oscillating subnormal glow discharge we have olethe period doubling route to
chaos as an effect of periodic perturbation ofdiseharge.

Electrolyte cathode atmospheric glow discharge. —Fhe cathode fall, the current
density and the emission intensity of neutral atcorgtained in the electrolyte were
investigated as a function of the discharge pararseih order to determine an
operating modell of the solution - plasma interfalee cathode fall was found to be
constant in the pressure range of 266 -961 mbaceordance with the literature. The
decreasing cathode fall with the decreasing pH ataguted to an increase of the
secondary electron emission coefficient. The depecel of the current density on the
pressure (that violates the similarity laws) waadnordance with the earlier data, this
gave a possibility to use them in developing of madell. In this operating modell of
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the solution - plasma interface, the increase ef skcondary electron emission
coefficient with decreasing pH is explained by pgpation of photons and solvated
electrons in the secondary electron emission aftrellyte cathode. the efficiency of
the secondary electron emission is linearly effiéddg the proton activity of the

electrolyte cathode through a reaction that dewesopn the base of the radiation
chemistry of solutions.

Research on multidimensional lasers— The research of multidimensional lasers,
the production of "non-line-like" coherent lightiinsulates a growing interest, as
relatively large laser active volumes can be hathdn relatively small geometrical
sizes, using the multidimensional concept, intiast to the usual cylinder or tube
shaped geometries. The absence of classical kesenators suggests the appearance
of the same phenomena in case of natural, cosmiwotmgical laser processes. The
unusual geometries of the laser active materias/gpecial fluorescence distribution
properties of the experimental samples. In thegmtestate of our research work we
developed special fluorescence imaging systemstudysthe phenomena. This
technology can also be successfully used in theigakeghotodynamic cancer
diagnostics, in forensic sciences to examine doatsner body fluids, in agro
technology and pharmaceutical production to continel distribution of different
chemical components or in the environmental praiacfor early detection of
vegetation stress. Several experimental resultsgaed in strong cooperation with
the specialists of the corresponding fields, swsfodly demonstrated the practical
importance of the above modern optical tools.

ATR study of noble metal films. — An ATR (attenuated total reflection)
reflectometer was constructed using a twin goniemgystem and lock-in detection
technique. The angular resolution was 0.015 degerohined by the beam divergence
of the He-Ne and YAG laser light sources, while én®r in reflectivity was less than
2%. The angular distribution of the ATR reflectiwviaind backward resonance light
emission was measured in evaporated silver andfifyoksiof 30-90 nm thickness with
both wavelengths (0.6382 nm and 1.064 nm). Exaaghmoess spectrums were
determined by a fitting procedure using the Krogestschmann formulae. A
relatively sharp thickness dependence was fourtdercomponents of the dielectric
constant at both wavelengths.
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production of an atmospheric molecular force acting solid without thermal
gradient, in Hungarian). Patent submitted to ONa P 95 00280 (1995)

5OTH: National Patent Bureau
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O. LASER APPLICATION

|. Kertész, A. Czitrovszky, P. Jani, A. Kiss, Mo&d3y. Messing, Said H.S.
Moustafa, B. Plész, I. Pocsik

Solid state laser developmentDifferent wavelength devices were built on the base
of previously developed mechanical-, power suppbdailes and Er:YAG, Nd:GGG,
Er-glass active materials for medical purposes.

Our novel, piezo driven Fabry-Perot Q-switch wasated up to 2-2,5 kW average
power with an Euro Laser of the EU-226 project. Thswitch worked manually and
automatically on any frequency in the 1-100 KHzgeamelivering 50-300 ns long
pulses of 0,1-1 MW peak power. The effect of thewgtched output was compared
with the results achieved by continuous lasers. aherage power threshold for
welding was measured to be about two times lowé¢heénframe of the Brite Euram-
7997 project. The quality of welding naturally demsed but in the case of drilling,
cutting etc. the processing parameters were biettehe Q-switched than those for
the continuous mode of laser operation. Improvenwnthe beam quality was
observed up to 300-500 watt average output powerbhigher amplification rates
the direction dependent Fabry-Perot reflectivityswat enough high to have a
significant influence on the beam distribution.

In the case of medium power (for example medicabBets the beam quality
improvement of the Fabry-Perot output mirror madue use of much thinner optical
fibbers possible that is the beam delivery becameerfiexible.

Optical measuring techniques based on light scattarg and interference.— On
the basis of previously developed APC-03-2 and AB&A airborne particle
counters, in collaboration with the Environmentakiith Department of the Municipal
Institute of State Public Health Service (ANTSZRveral methods were applied to
study the airborne dust particle pollution withimetcity of Budapest at various
locations and during different seasons of the yedhese measurements we compared
the results of 3 different methods and found a gageement among the measured
results. The determination of the size distributeord time dependence of airborne
dust particles at various locations, which wasigpph air quality monitoring network
of Budapest for the first time, opens new posgibgdifor environmental control. The
results of complex measurements demonstrate thaeftain cases the measured
pollution level exceeded the values permitted kplthestandards.

The size distribution and concentration of theiligborne particles was determined in
various pharmaceutical products using the liquidabgarticle counter LQB-1-200
developed by our group.

Further optimizations of the optical system androwpment of the electronics was
carried out in the system developed for generaifisyueezed light by non-collinear
parametrical down conversion.

Amorphous thin layers. — Current project: "Diamond-like" hydrogenated
amorphous carbon (a-C:H). Thin films of this matkeaxhibit a number of attractive
technological properties, similar to those of diaehoThese include transparency in
the infra-red/visible region, low dielectric constahardness, low coefficient of
friction and chemical inertness. In addition, as<aating material, it has some
advantages over polycrystalline diamond films, eeghey can be deposited on large
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substrates held at low temperature with an ultraegm surface finish. Another
interesting property of diamond-like a-C:H is thatoptical properties can be changed
over a wide range. Modelling the electronic struetof a-C:H, it was suggested that
both valence- and conduction-band edges are fofrogur states on sysites which
are clustered. These clusters are interconnectespbgarbon. However, research
carried out in this field in the last few years lpmsnted to more subtle relationship
between nanostructure and macroscopic proper@sitlwas originally thought.

The intriguing question of structural arrangemehtsp? sites, whether graphitic
clusters or polymeric chains are embedded frbspded matrix, was placed into the
focus of our research. For this reason, bondingacieristics e.g. Sfsp? ratio and
hydrogen content of a-C:H films were varied in al&virange. Nuclear magnetic
resonance and FT Raman measurements were carriéd foou structural
characterization of samples, while electronic proes, tail states, and localised levels
were studied by optical and electrical methods.

Because of resonance, an improved resolution inaRaspectra allowed detection of
fine structure of a-C:H spectra. Computer decontjmrsshows two new broad band;
one of which (~1200 cr) was theoreticlly predicted for purely tetranegdibnded
carbon without long range order, and the other §09lein') can be assigned to linear
polymer chains including C=C bonds. At the sameetimcattering bands due to
graphitic clusters were also observed.

E-Mail:

Aladar Czitrovszky czi@power.szfki.kfki.hu

Péter Jani jani@ power.szfki.kfki.hu
Arpad Kiss kissa@ power.szfki.kfki.hu
Margit Koos koos@ power.szfki.kfki.hu
Gyorgy Messing  messing@ power.szfki.kfki.hu
Istvan Pocsik pocsik@ power.szfki.kfki.hu
Grants:

ACCORD 9112-0167: Beam quality control and improeem of high power
solid state lasers

OTKA 1444 Generation of squeezed light and stuglgihtheir properties

OTKA T 4223 Cluster size distribution in amorpha@asbon films and their effect
on the physical properties of the films

OTKA T017371 "Diamond-like" amorphous carbon: atorbonds, nanostructure
and macroscopic properties
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rods. To be published in Aerosol Science and Telolgyo
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Hundhausen Comparative Raman studies of hydrogenated amagpho
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Microchimica Acta
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0.11. 1. Pécsik, M. Koés, S.H. Moustafa, Gy. LaskgnP. Banki, K. Tompa:
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Conference proceedings

0.12. Yu. Danileiko, B. Denket, I. Kertész, N. Kroo, V. OsikgA. Prokhorov, S.
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Others
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0.17.

A. Czitrovszky, P.Jani, N. Krod, Airborparticle counter for determination
of the size distribution and concentration of tlaetigles. Hungarian patent
No 209881.

A. Czitrovszky, P. Jani, Gy. Kovacdouble wall nosle for airborne particle
counter. Hungarian patent No 209558.
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P. Poluektoy, A. Semikin. Optical particle counter for determination of th
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P. OPTICAL THIN FILMS

K. Ferencz, R. Szip6cs

Optical thin film structures in femtosecond laser gstems.— Femtosecond laser
systems contain optical coatings as important fanat elements, for instance high
reflectors, output couplers, antireflection coasindeamsplitters and thin film
polarizers. System performance strongly dependshenquality of such coatings:
reflectances of HRs should approach the ideal 1084e over the entire operation
range in order to decrease losses; input couplamilé have nearly 100%
transmittance at the pump wavelength(s); the outpupling of OCs should be set to
a specific value - usually over a broad spectnagea- to ensure optimum operation.
In some applications, a continuous reflectancer@rsmittance) versus wavelength
function is desirable, e.g. in femtosecond solatestaser amplifiers to compensate the
gain narrowing effect by spectral filtering of thalse. Additionally, all the coatings
listed above need to be optimized for phase cheniatits to prevent the pulse shape
from undesirable distortion.

1. Chirped dielectric mirrors. Continuing the work started in 1993, our research
concentrated on the development of laser opticalimgs exhibiting well defined
dispersion properties. Previously, we initiated eavrtechnology for dispersion
control in femtosecond laser systems: for the finsé, we have shown thehirped
dielectric mirrors may exhibit high reflectivity and nearly constamegative
dispersion over frequency ranges of 80 THz aro@r8n. We dare say that our
invention has "pushed the limits of femtoseconedaschnology”: using these
special laser mirrors more compact, reliable aret friendly femtosecond laser
oscillators, laser amplifiers and optical paraneetiscillators can be built than
previously.

Theory of chirped mirrorsRecently, we have shown that dielectric rugatears
with pre-set phase and amplitude characteristindbeasynthesised by the use of
Fourier transform. Now, using this technique, weestigate how the extremely
broad bandwidths of chirped laser mirrors can beoneiled with smooth
dispersion functions.

Design of chirped mirrorsThe chirped mirrors are designed by the use of our
computer software comprising a simple computemeafient algorithm, which
minimise the quadratic deviation of the complexlestfvity vs. frequency
function of the actual mirror design from the reqdi specification by
automatically modifying layer thicknesses. In orttepbtain more sophisticated
designs, the computer software has been furthezloleed: now it allows us to
design chirped mirrors being transparent for thapwavelength(s), and we can
analyse the effect of deposition errors on the etigpn properties of different
designs for instance.

Deposition technology of chirped mirrofstom the technological point of view,
chirped structures consisting of different coatingterials have been designed,
analysed and tested in order to minimize theieribn losses and their sensitivity
for deposistion errors.

2. White light interferometry for dispersion measurement on laser mirrors, laser
active materials and other cavity elementdn cooperation with JATE University
of Szeged, two interferometric methods have beeveldped for dispersion
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measurement on laser mirrors: the first techniguelly automated and based on
a Michelson interferometer illuminated by a whiight source. The interference
patterns corresponding to different wavelengths spectrally dispersed and
imaged on a CCD camera. By computer processindh@firnages, dispersive

properties of laser mirrors can be obtained proyngftier their deposition with a

high accuracy. The other technique uses a FabmytPeerferometer arrangement.
By determining the spectral position of transmissmaxima of the Fabry-Perot
interferometer formed by the mirrors to be chanastel, the group delay of laser
mirrors can be measured with a similar accuracy.

Lately, we have developed a novel interferometeachhique for dispersion
measurement in bulk optical components such as éatwe crystals and optical
glasses. The technique has been applied for dispenmieasurements in
Cr:LISAF, Cr.LICAF and Cr:LISGAF crystals. By usirthese solid state laser
active materials and dispersive dielectric mirfansdispersion control, we plan
building diode-pumped femtosecond laser oscillatwith extremely small size
parameters in cooperation with our partners at iische Universitat Wien,
Austria (TUW) and ETH Zurich, Switzerland.

3. Applications of chirped mirrors in femtosecond &ser systemsChirped dielectric
mirrors transparent for the pump wavelengths (488 %114 nm), highly reflective
over the 670-930 nm wavelength range and exhibitegative dispersion over the
same spectral range have been used for buildiredf-enede-lockedTi:sapphire
ring oscillator at the TUW. The laser generates bandwidth limitégfs pulses
around 800 nm, which represents the best resultteghto date.

A novel pulse stretching-compression syssentable for kHz-rate chirped-pulse
amplification of 10 to 20 fs pulses has been deyedian cooperation with TUW.
The compressor consists of a pair of prisms angechimultilayer dielectric
mirrors compensating high order dispersion.

We have described the operation characteristicdewftosecond parametric
oscillators employing chirped mirrors for intracavity grouple@ty dispersion
compensation in cooperation with MPI Stuttgart, iGa&ny. Recently, we adopted
the interferometric techniques mentioned abovelierwavelength range of 1.1
to 1.4 microns, which resulted in higher qualitycbirped mirrors developed for
this part of the optical spectrum.

4. Other developments on optical coatingd.ow loss dielectric mirrors have been
developed for a hollow cathode copper laser. Theonsi have been succesfully
tested by our colleagues at the Department of LRIsgsics (K. Rozsa et. al.). Using
our mirrors they could make the laser operateved\gelength as short as 260 nm.

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

E-Mail:

Karpat Ferencz kf@power.szfki.kfki.hu
Roébert Szipdcs rsz@ power.szfki.kfki.hu
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EDUCATION

Graduate and postgraduate courses, 1995

- Magnetism Il. (P. Fazekas, ELTE

- Statistical physics (F. Igléi, JATE

— Solid state physics (F. Igl6i, JATE)

- Advanced solid state physics I. (J. S6lyom, ELTE)

- Advanced solid state physics Il. (J. S6lyom, ELTE)

— Electronic states in solids (J. Kollar, ELTE)

— Spectral theory of the Schrodinger equation (AOSHELTE)

- Theoretical physics (S. Varro, JPHJE

— Quantum mechanics (S. Varré, JPTE)

- Solid state physics Il. (A. Virosztek, BME

— Solid state physics lll. (A. Virosztek, BME)

— Mechanics (A. Virosztek, BME)

— Electrodynamics (F. Woynarovich, ELTE)

— Bethe-Ansatz (F. Woynarovich, ELTE)

— Many body problem 1. (I. Tuttd, ELTE)

— Many body problem II. (I. Tuttd, ELTE)

— Solid state research | (I. Vincze, ELTE)

— Solid state research Il (I. Vincze, ELTE)

- Solid state and materials science seminar (L. $Siasvdvincze, ELTE)
- Materials science seminar (J. LendyéiVincze, ELTE)

- Crystalline and amorphous solids (J. Gyyl&. Hartmanh T. Kemény, BME)
— Electrodynamics (G. Kriza, BME)

— Advanced materials and processes (G. Konczos, ELTE)

— Special metals and alloys (A. Lovas, BME)

— Modern physical methods in medical diagnosticsT&mpa, ELTE)
— Experimental neutron physics (L. Cser, F. MezelTEL

— Optics and spectroscopy (Zs. Szentirmay, P. MESIE)

®ELTE: Lorand E6tvos University, Budapest,
"JATE: Attila J6zsef University, Szeged
8JPTE: Jannus Pannonius University, Pécs
°BME: Technical University, Budapest

62



Medical application of lasers (L. Csillag, Gy Fask&. Gy. Horvath, N. Krog,
Medical Laser Centre)

Lasers and photonics in forensic science (Z. Gyvath, Summer course of
Criminal Technical Department of National Police)

Modern experimental methods in solid state phy&kcdaigel, ELTE)
Experimental methods in materials science (G. FaigeOszlanyi, BME)
Physics of liquid crystals and polymers (A. BUK&TE)

Lasers and laser processing (N. Kroo, I. Kerté$2ERB

Lecture held on "Theoretical aspects of magnetisrd eelated topics”, (P.
Fazekas, Kudowa Zdroj, Poland)

Laboratory practice and seminars

Solid state physics seminar (J. Sélyom, ELTE)
Advanced solid state physics (G. Kriza, G. Mih&{.,TE, BME)
NMR spectroscopy (K. Tompa)

Selected modern optical laboratory measurementsS§Zantirmay, P. Apai, P.
Mezei, Z. Donko, L. Szalai, A. Hofmann, ELTE)

Eperiments on amorphous alloys (I. Vincze, ELTE)

Experimental methods in materials science (G. FaigeOszlanyi, BME)
Experimental physics (G. Oszlanyi, BME)

Experiments on liquid crystals (A. Buka, ELTE)

Solid state physics seminar (J. Sélyom, ELTE)

Advanced solid state physics (G. Kriza, G. Mih&y,TE, BME)

Diploma works

V. Csap6 (ELTE): Coexistence of superconducting sid-density wave states
(Consultant: I. TUttd)

V. Séndor (ELTE): Collective excitations in layeresuperconductors.
(Consultant: I. TUttd)

P. Varga (BME): Resistivity and Hall-effect in swpenducting cuprates
(Consultant: A. Virosztek)

Sz. Varga (JATE): Density functional theory of thelid-to-solid isostructural
transitions (Consultant: F. 1glo6i)

L. AImasy(ELTE): Study of mixed micelles by SANS&sultant: L. Cser)

T. Pusztai (ELTE): Studies of the phase transitohsAiCeo (A=K,Rb,Cs)
compounds (Consultants: I. Vincze, G. Faigel)

P. TOth(ELTE): Electrohydrodynamic instabilities den the influence of a
magnetic field (Consultant: A. Buka)
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E. Molnar (BME): Synthesis and characterizationesfer type liquid crystals
(Consultant: K. Fodor-Csorba)

— Zs. Kakas (ELTE): Preparation and study of liquiglstal gel dispersion and
multicomponent liquid crystal mixtures (Consultat Fodor-Csorba)

— T. Paksi (ELTE): Preparation and studies of liquig/stal gel dispersions
(Consultants: K. Fodor-Csorba, A. JakIi)

— Cs. Bosnyak (ELTE): Electronic structure and stgbibf metal surfaces
(Consultant: J. Kollar)

- M. Bokor (ELTE): 'H spin-lattice relaxation in [Zn(pt)BF4). and
[Fe(ptz)}](BFa4)2 ionic crystals (Consultant: K. Tompa)

- T. Marek (ELTE): Study of'H NMR spectra in [Zn(ptz)(BF4). and
[Fe(ptz}](BFa4)2 ionic crystals (Consultant: K. Tompa)

— T. Becsei (ELTE): Giant-magnetoresistance in etetdposited multilayers
(Consultant: 1. Bakonyi)
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