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Dear Reader,

It is my pleasure to hand over the 11" edition of the Annual Report of the Research Institute

for Solid State Physics and Optics in 2004.

Our institute was founded by the Hungarian Academy of Sciences in 1981 as part of the
Central Research Institute for Physics. In 1992 it became an independent institute and along
with our status changed our name as well: "Research Institute for Solid State Physics". In
1998 the Crystal Physics Laboratory of the Hungarian Academy of Sciences joined our
institute as a part of the reorganisation process of the academic institutes and at the same
time the name has been altered to "Research Institute for Solid State Physics and Optics".

The main profile of the institute is basic research in the fields of theoretical and experimental
solid state physics and materials science including metal physics, crystal physics and liquid
crystal research, theoretical and experimental optics including laser physics, quantum optics
and the interaction of light with matter. Our experimental research activity is connected to
unique methodologies like X-ray diffraction, NMR-, Méssbauer-, and optical spectroscopy
and neutron scattering experiments at the KFKI Research Reactor. Some of our R&D
activities are more closely related to applications, first of all in the fields of optical thin films,
laser applications, crystal growing technologies and metallurgy.

The institute employs 183 people, among them approximately 110 scientists. During recent
years more and more young researchers have joined our institute, so the employees’ age
distribution changed favourably. This and other statistics are given in the Key figures.

During the last year some of our co-workers were honoured with different awards and
nominations. Imre Vincze, a senior scientist was elected as Corresponding Member of the
Hungarian Academy of Sciences. One of our young co-workers Péter Domokos has been
awarded the Talentum Prize by the Hungarian Academy of Sciences and a private
foundation. Traditionally the Institute issues awards for publication and applied research
activities. In 2004 the publication prize was won by Laszl6 F. Kiss and Tamas Pusztai, while
the applied research prize was shared by P4l Mezei and Taméas Cserfalvi.

We sorrowfully regret the loss of several outstanding co-workers this year. Rudolf Voszka
— former leader of the Crystal Physics Laboratory — passed away after a long illness. Three
of our senior scientists Mihaly Janossy, Istvan Pocsik and Zsolt Szentirmai died in their
creative ages. We keep in mind their essential contributions to the progress of laser physics
and materials science.

This year 199 papers were published in high quality international journals and 44 papers in
conference proceedings or books. The number of these publications is more than that of the
previous years.



The research activity is financed by the Hungarian Academy of Sciences and by national
and international research funds like the Hungarian National Research Fund (OTKA), the
National Research and Development Program (NKFP), and also through individual projects.

Since Hungary has joined the EU 6th Framework Programme, the international co-operation
has become even more important for the scientific work of our research groups. Our
institute, as the host of the KFKI-Condensed Matter Research Centre (CMRC) has taken
part in the “Centre of Excellence” programme of the European Commission. The program
has been running for four years. A description of the work conducted at the Centre can also
be found at the end of this annual report.

We are involved in several international projects in collaboration with a great number of
research institutions and universities. More than half of our publications (about 60 percent)
feature foreign co-authors, indicating the significant role of these partnerships. The different
EU, ESF, COST, NATO and other international projects play an important role in our
research activity. Now the share of these international resources in our budget is about 5 %
(see Key figures).

I hope that this booklet gives useful information to the reader. The key figures help you to
get a general overview of our institute as a whole. The Annual Report contains the e-mail
addresses of our scientists as well, to make it easier to get in contact with them directly. For
further information please visit our WEB page at http://www.szfki.hu

Budapest, 26 March, 2015
Jdnoe Rolldr

Director


http://www.szfki.hu

Key figures

Permanent staff of the Institute: 183 employees. Its distribution:
a) by professions:
Oscientists
Bengineers
Mtechnicians/assistants

@ administrators

68%

b) by scientific titles/degrees:

mmember of the Hungarian
Academy of Sciences

B doctor of science (Dr.
habil.)

B PhD (candidate of science)

Buniversity diploma

c) by ages:
35 .
Bunder 30 years = 1
25 1
m30-40 years
[40-50 20 1
-50 years ¥
B50-60 years 15 -
Bover 60 years 10 'd
5 11
0 .




Financial management

a) Sources of operation costs:

OMTA (Hungarian
Academy of Sciences)

BOTKA (Hungarian
Scientific Research
Fund)

adgovernment

mforeign (EU, NATO)

Bothers
70%
b) Distribution of expenditures:
Owages and salaries
39 1% .
Doverhead, labour (health \:f)
service, etc.) 5
Boverhead, other (energy, £
etc.)
Bconsumables
16%
mothers (incl. travel costs)
49%

Binvestments



Structure of the Research Institute
for Solid State Physics and Optics
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A. STRONGLY CORRELATED SYSTEMS

J. Solvom, K. Buchta’, G. Fth, O. Legeza, K. Penc, E. Szirmai’, K. Viadar, F.
Woynarovich, A. Zawadowski*

Low dimensional fermionic and magnetic models. — We continued the application of
quantum-information-theory concepts to improve the density-matrix renormalization group
(DMRG) method. We have studied the quantum data compression for finite quantum
systems where the site density matrices are not independent, i.e., the density matrix cannot
be given as direct product of site density matrices and the von Neumann entropy is not equal
to the sum of site entropies. Using the DMRG method for the 1-d Hubbard model, we have
shown that a simple relationship exists between the entropy of the left or right block and
dimension of the Hilbert space of that block as well as of the superblock for any fixed
accuracy. The information loss during the DMRG procedure has been investigated and a
more rigorous control of the relative error has been proposed based on Kholevo's theory. A
sum rule which relates site entropies and the total information generated by the
renormalization procedure has also been given which serves as an alternative test of
convergence of the DMRG method.

We have further developed the dynamically extended active space (DEAS) procedure for
the quantum chemistry version of DMRG (QC-DMRG). This new initialization procedure
yields very accurate results even after the first-half sweeps of the DMRG method and
reduces the computational time by an order of magnitude allowing us to carry out the largest
QC-DMRG calculations up to date. The effect of site ordering has been further investigated
and a more efficient ordering procedure has been proposed based on the competition of
interaction localization and entanglement localization.

We have studied the possibility of the Mott metal-insulator transition in the SU(N)
generalization of the one-dimensional Hubbard model. We have shown, using analytical
perturbative renormalization group calculation that in the half-filled case the system is
gapped for arbitrary on-site Coulomb repulsive, just as in the usual SU(2) model, even
though the separation of charge and spin degrees of freedom, which makes the physics
simple in the SU(2) case, does not hold for N > 2.

We have completed the study of the O(1) contributions of the saddle point fluctuations to
the free energy of Bethe Ansatz systems. We developed a functional-integral method to
calculate this contribution, and we have found, that it is determined by the energy of the
particles and the scattering phase-shifts. The structure of these corrections is different
whether periodic boundary condition is chosen or a finite system with open boundaries is
studied.

Low dimensional and frustrated magnetic systems. — Magnetization plateaux, visible as
anomalies in magnetic susceptibility at low temperatures, are one of the hallmarks of
frustrated magnetism. We have shown how an extremely robust half-magnetization plateau
can arise from coupling between spin and lattice degrees of freedom in a pyrochlore
antiferromagnet, and developed a detailed symmetry analysis of the simplest possible
scenario for such a plateau state. Our theory explains the magnetization curve in CdCr,0,

and HgCr,0, spinel oxides, where a robust half magnetization plateau has been observed.

# PhD student
" Permanent position: Budapest University of Technology and Economics



The antiferromagnetic Ising model on a checkerboard lattice has an ice-like ground state
manifold with extensive degeneracy and, to leading order in J,,, deconfined spinon

excitations. We explored the role of cyclic exchange arising at order JXyZ/JZ on the ice states

and their associated spinon excitations. By mapping the original problem onto an equivalent
quantum six-vertex model, we identified three different phases as a function of the chemical
potential for flippable plaquettes: a phase with long range Néel order and confined spinon
excitations, a nonmagnetic state of resonating square plaquettes, and a quasicollinear phase
with gapped but deconfined spinon excitations.

Other problems. — We presented a theory of cultural evolution based upon a
renormalization group scheme. We consider rational but cognitively limited agents who
optimize their decision making process by iteratively updating and refining the mental
representation of their natural and social environment. These representations are built
around the most important degrees of freedom of their world. Cultural coherence among
agents is defined as the overlap of mental representations and is characterized using an
adequate order parameter. As the importance of social interactions increases or agents
become more intelligent, we observe and quantify a series of dynamic phase transitions by
which cultural coherence advances in the society. A similar phase transition may explain the
so-called “cultural explosion” in human evolution some 50,000 years ago.

We examined a previous statement that the orbital Kondo effect disappears when more and
more orbital states of heavy particle are taken into consideration in the dynamic electron
scattering, i.e., when the two-level system (TLS) is generalized to many-level system. A
complete set of orbital states really cancel the logarithmic corrections at high temperatures
but the high-energy states freeze out succesively when reaching the relevant temperature
range. The aim is to find a realistic TLS to handle this freezing out in the calculations.

E-Mail:
Krisztian Buchta buchta@szfki.hu
Gébor Fath fath@szfki.hu
Ors Legeza olegeza@szfki.hu
Karlo Penc penc@szfki.hu
Jend Solyom solyom(@sztki.hu
Edina Szirmai ekiss@sztki.hu
Karoly Vladar vladar@szfki.hu

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

Grants

OTKA T 043330  Theoretical study of strongly correlated low-dimensional systems (J.
Solyom, 2003-2006)

OTKA F 046356 Development and application of the momentum-space density-matrix
renormalization group method for fermionic systems (O. Legeza, 2004-
2007)

OTKA T 047003  Statistical physics of evolutionary games (Participant: G. Fath, 2004-
2007)
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Publications

Articles
A.1. Legeza O, Solyom J; Optimizing the density-matrix renormalization group method
using quantum information entropy; Phys Rev B; 68, 195116/1-19, 2003

A.2. Penc K, Shannon” N, Shiba" H; Half-magnetization plateau stabilized by structural
distortion in the antiferromagnetic Heisenberg model on a pyrochlore lattice; Phys Rev
Lett. 93, 197203/1-4, 2004

A.3. Carmelo’ JMP, Penc K, Martelo” LM, Sacramento’ PD, Dos Santos” JMBL, Claessen”
R, Sing" M, Schwingenschlogl® U; One-electron singular branch lines of the Hubbard
chain; Europhys Lett, 67, 233-239, 2004

A4, Woynarovich F; O(1) contribution of saddle point fluctuations to the free energy of

Bethe Ansatz systems; Nucl Phys B, 700, [FS] 331-360, 2004

A.5. Vernay F, Penc K, Fazekas P, Mila" F; Orbital degeneracy as a source of frustration
in LiNiO,; Phys Rev B, 70, 014428/1-17, 2004

A.6. Shannon” N; Misguich® G; Penc K; Cyclic exchange, isolated states, and spinon
deconfinement in an XXZ Heisenberg model on the checkerboard lattice; Phys Rev b,
69, 220403(R)/1-4, 2004

A.7. Shannon” N, Schmidt™ B, Penc K, Thalmeier’ P; Finite temperature properties and
frustrated ferromagnetism in a square lattice Heisenberg model; Eur Phys J B; 38,
599-616, 2004

A.8. Carmelo” JMP, Penc K, Sacramento” PD, Claessen” R; New method for evaluation of
finite-energy few-electron spectral function expressions; J de Phys IV, 114: 45-49,
2004

A.9. Carmelo” JMP, Roman” JM, Penc K; Charge and spin quantum fluids generated by

many-electron interactions, Nucl Phys B, 683, 387-422, 2004

A.10. Legeza O, Solyom J; Quantum data compression, quantum information generation,

and the density-matrix renormalization group method; Phys Rev B, 70, 205118/1-7,
2004

A.11.Fath G, Sarvary’ M; A renormalization group theory of cultural evolution; Physica A;

accepted for publication

* The author is not a member of the Research Institute for Solid State Physics and Optics staff



B. COMPLEX SYSTEMS

F. Igioi, N. Menyhard, A. Siit6, P. Szépfalusy

The principal interest of this group is the theoretical investigation of different aspects of
equilibrium and non-equilibrium statistical physics and quantum systems.

Phase transitions and critical behaviour. — We have studied by extensive density matrix
renormalization group (DMRG) calculations spin S = 1/2 and S = 3/2 disordered
antiferromagnetic Heisenberg chains, which show a rather distinct behavior in the two cases.
While at sufficiently strong disorder both systems are in a random singlet phase, we show
that weak disorder is an irrelevant perturbation for the S = 3/2 chain, contrary to what
expected from a naive application of the Harris criterion. The observed irrelevance is
attributed to the presence of a new correlation length due to enhanced end-to-end
correlations. This phenomenon is expected to occur for all half-integer S > 1/2 chains. A
possible phase diagram of the chain for generic S is also discussed.

We have studied nonequilibrium dynamical properties at a free surface after the system is
quenched from the high-temperature phase into the critical point. We have shown that if the
spatial surface correlations decay sufficiently rapidly the surface magnetization and/or the
surface manifold autocorrelations has a qualitatively different universal short time behavior
than the same quantities in the bulk. At a free surface cluster dissolution may take place
instead of domain growth yielding stationary dynamical correlations that decay in a
stretched exponential form. This phenomenon takes place in the three-dimensional Ising
model and should be observable in real ferromagnets.

An investigation has been started to explore the effect of quenched disorder in non-
equilibrium systems showing compact directed percolation and parity conserving type phase
transitions in one-dimension. The first results of large scale computer simulations in spin-
and cellular automata systems point to no dramatic changes like those known for directed
percolation-type phase transitions

Quantum systems. — For a system of atoms with spin s obeying Fermi statistics, it has
been shown that the ground state consists of clusters of (2s+1) particles as a generalization
of Cooper pairing for s=1/2.

Properties of spinor Bose gases (with spin 1) have been investigated in the presence of an
external magnetic field. A magnetic transition prior to the Bose-Einstein condensation has
been found.

In the chiral quark-meson model the phase diagram has been determined by changing the
temperature and the chemical potential of the fermion gas. In particular the location of the
critical end point (existing in the presence of explicite symmetry breaking) has been
determined and its properties have been clarified.

Correlation inequalities for occupation number operators in noninteracting Bose gases have
been derived. A study of normal and generalized Bose-Einstein condensation in trapped
Bose gases has been performed with a special care on one-dimensional examples.

Quantum dynamical lower bounds have been obtained for a number of discrete one-
dimensional Schrodinger operators by using power-law bounds on transfer matrices.

Other researches. — An ab initio method of phase retrieval in crystallography has been
elaborated.



E-Mail:

Ferenc Igloi igloi@szfki.hu
Nora Menyhard menyhard@szfki.hu
Andrés Sutd suto@sztki.hu

Péter Szépfalusy  psz@galahad.elte.hu

Grants and international cooperations

OTKA T046129  Dynamics of phase transitions and symmetry breaking phases (P.

Szépfalusy, 2004-2006)

OTKA T042914  Mathematical study of interacting Fermi and Bose systems (A. Siito,

2003-2005)

OTKA T034183  Disordered quantum spin systems (F. Igloi, 2001-2004)
DAAD-MOB 4/2004 Statistical physics of nonequilibrium and disordered systems (F. Igloi,

) 2004-2005)
TET F-17/03 (Hungarian-French) Statistical physics of disordered systems (F. Igloi, 2004-
2005)
Publications
Articles

B.1.

B2

B3.

B4

B5S.

B.6.

B.7.

B.8.

B.9.

B.10.

Carlon” E, Lajké” P, Rieger’ H, Igléi F; Disorder induced phases in higher spin
antiferromagnetic Heisenberg chains; Phys Rev B, 69, 144416/1-5, 2004

Pleimling” M, Igléi F; Out-of-equilibrium dynamics at surfaces: Cluster dissolution
and non-algebraic correlations; Phys Rev Lett, 92, 145701/1-4, 2004

Mercaldo” MT, Anglés d'Auriac” JCh, Igl6i F; Disorder induced rounding of the phase
transition in the large q-state Potts model; Phys Rev E;, 69, 056112/1-11, 2004

Hooyberghs® J, Igléi F, Vanderzande® C; Absorbing state phase transitions with
quenched disorder; Phys Rev E, 69, 066140/1-16, 2004

Lin" YC, Rieger” H, Igloi F; Antiferromagnetic spin chains with bond alternation and
quenched disorder; J Phys Soc Jp; 73, 1602-1606, 2004

Pleimling’ M, Bagaméry” FA, Turban” L, Igléi F; Logarithmic corrections in the two-
dimensional Ising model in a random surface field; J Phys A; 37, 8001-8009, 2004

Csordas™ A, Szépfalusy P, Széke” E; Clustering of Fermi particles with arbitrary spin;
Phys Rev Lett, 92, 090401/1-4, 2004

Jakovac® A, Patkds™ A, Szép” Zs, Szépfalusy P; T-m phase diagram of the chiral quark
model from a large flavor number expansion threshold; Phys Lett B, 582, 179-186,
2004

Jakovac™ A, Patkés™ A, Szép” Zs, Szépfalusy P; Analytic determination of the T-m
phase diagram of the chiral quark model; Heavy Ion Physics, 19/1, 1-8, 2004

Sité A; Correlation inequalities for noninteracting Bose gases; J Phys A: Math Gen;
37, 615-621, 2004


mailto:igloi@szfki.hu
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B.11. Sité A; Normal and generalized Bose-Einstein condensation in traps: One
dimensional examples; J Stat Phys; 117, 301-341, 2004

B.12. Damanik™ D, Siitd A, Tcheremchantsev™ S; Power-law bounds on transfer matrices
and quantum dynamics in one dimension I1.; J Funct Anal, 216, 362-387, 2004

See also: EA., E.15.



C. ELECTRONIC STATES IN SOLIDS

. Kolldr, P. Fazekas, K. Itai, K. Kddas, A. Kiss, I Tiitt6, B. [ija]ussy, A. Virosztekt, L.
Vitos

Within the frame of a bilateral cooperation with the Turku University we have developed an
efficient procedure to calculate surface segregation profiles of substitutionally disordered
binary alloys. We have shown that a simple thermodynamical model with realistic atomic
configurations at the surface region combined with the total energies obtained from exact
muffin-tin orbitals calculations leads to accurate surface segregation profiles. The calculated
surface segregation energies in random alloys show significant dependence on the local
environment of atoms involved in the segregation process. As an example the PdAg(111)
surface was considered.

Using the density functional theory, formulated within the framework of the exact muffin-
tin orbitals method, we have calculated the surface stress for the (111) free surfaces of the
fcc non-magnetic transition metals. Good agreement is obtained with the available ab initio
data for Pd, Ir and Au, while for Pt we predict a surface stress, which is about 33% lower
compared to former theoretical results. The present surface stress values for the 4d and 5d
fcc metals show the typical trend characteristic for the cohesive or surface energies of d
series. In cooperation with the University of Uppsala we have started to investigate the effect
of layer relaxation on the surface stress for different surface facets as well.

We performed calculations for electronic and magnetic properties of surface states confined
by a circular quantum corral built of magnetic ad atoms (Fe) on a Cu(111) surface. The
calculations are performed fully relativistically using the embedding technique within the
Korringa-Kohn-Rostoker method. We showed the oscillations of charge and magnetization
densities and the possibility of the appearance of spin-polarized states. In order to classify
the peaks in the calculated density of states with orbital quantum numbers we also analyzed
the problem in terms of a simple quantum mechanical circular well model. We used this
model to estimate the behavior of the magnetization and energy with respect to the radius of
the circular corral and found that there are ranges of radii where the spin-down state is
occupied but the corresponding spin-up one is empty and therefore the surface states hold a
finite magnetic moment.

We also investigated the experimentally observed canted moments in Co nanowires at Pt
substrate step edges. For this reason we developed a new first principles spin-dynamics code
which could calculate the orientation of the atomic magnetization. We found that the
magnetization in the Co/Pt(111) step edge system tilts 42 degrees towards the step edge in
excellent agreement with experiment (43 degrees). We were able to analyze the details of
this magnetization based on the simulation. We also found that typical blocking
temperatures may be smaller than previous theories predicted.

Motivated by the absence of cooperative Jahn-Teller effect and of magnetic ordering in
LiNiO,, a layered oxide with triangular planes, we studied a general spin-orbital model on
the triangular lattice. A mean-field approach reveals the presence of several singlet phases
between the SU(4) symmetric point and a ferromagnetic phase, a conclusion supported by
exact diagonalizations of finite clusters. We argue that one of the phases, characterized by a
large number of low-lying singlets associated to dimer coverings of the triangular lattice,

* Permanent position: Budapest University of Technology and Economics
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could explain the properties of LiNiO2, while a ferro-orbital phase that lies nearby in
parameter space leads to a new prediction for the magnetic properties of NaNiOx.

The correlated 3d sulphide BaVS3 is a most interesting compound because of the apparent
coexistence of one-dimensional and three-dimensional properties. Our ARPES
experiments explain this puzzle and shed new light on its electronic structure. High-
resolution angle-resolved photoemission measurements in a 4 eV wide range below the
Fermi level explored the coexistence of weakly correlated aig wide-band and strongly
correlated eg narrow-band d-electrons that is responsible for the complicated behavior of
this material. The most relevant result is the evidence for ajs.cg inter-band nesting condition.

Recent experiments on URu,Si; show that the low-pressure hidden order is non-magnetic
but it breaks time reversal invariance. Restricting our attention to local order parameters of
5f2 shells, we found that the best candidate for hidden order is staggered order of either
T#(beta) or T*” octupoles. Group theoretical arguments for the effect of symmetry-lowering
perturbations (magnetic field, mechanical stress) predict behavior in good overall agreement
with observations. We illustrated our general arguments on the example of a five-state
crystal field model which differs in several details from models discussed in the literature.
The general appearance of the mean field phase diagram agrees with the experimental
results. In particular, we find that a) at zero magnetic field, there is a first-order phase
boundary between octupolar order and large-moment antiferromagnetism with increasing
hydrostatic pressure; b) arbitrarily weak uniaxial pressure induces staggered magnetic
moments in the octupolar phase; and c) a new phase with different symmetry appears at
large magnetic fields.

In the normal state of the high-temperature superconductor cuprates, using the
experimental results of the photoemission measurement, we calculated both the Raman
spectra and the infrared conductivity. Starting from a one band model in the random phase
approximation, we assumed that the electron self energy can be approximated by the
marginal Fermi liquid picture. The calculated spectra, at least in the low energy region are
in very good agreement with the experimental results in a wide doping and temperature
range. In the high energy region the one band approximation fails, and the contributions
from the interband transitions play the dominant role.

We have investigated some special transport properties of unconventional density waves
(UDW) in quasi one dimensional systems. These include the angular dependent
magnetoresistance (ADMR), the magnetothermopower (MTP) and the Nernst effect.
Comparison with MTP and Nernst data on the organic conductor o-~(ET), yielded
quantitative agreement, confirming that the low temperature phase of this salt is a UDW.
Our results on ADMR turned out to be applicable to another Bechgaard salt, (TMTSF)2PFs
as well. Predictions for the Raman spectra in UDW has also been given within our model.

We have calculated the frequency dependent conductivity of the unconventional
superconductor SroRuQ4, assuming f~wave symmetry of the order parameter. Based on our
ADMR results, we proposed the appearance of a d-UDW in the pseudogap phase of
underdoped high-T. cuprates. Our findings reproduce the experimental results on optical
dichroism as well.

E-Mail:
Patrik Fazekas pf@szfki.hu
Kazumasa Itai itai@szfki.hu

Krisztina Kadas kadas@sztki.hu
Annamaria Kiss amk(@mail .sztki.hu
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Janos Kollar jk@szfki.hu
Istvan Tuttd tutto@sztki.hu
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Attila Virosztek  viro@sztki.hu
Levente Vitos lv@sztki.hu

Grants and international cooperations

OTKA T035043  Calculation of electronic states in metal- and oxide surfaces and
nanostructures, (J. Kollar 2001-2004)

ESF Programme towards atomistic materials design (J. Kollar, 2003-2007)

TET D-5/01 (German) Transport properties of highly correlated layered materials (I. Tiitt,
2002-2004)

TET SF-15/03 (Hungarian-Finnish) Quantummechanical modelling of structural, electronic
and magnetic properties of alloy surfaces (J. Kollar, 2004-2005)

OTKA T038162  Spin and orbital correlations in solids (P. Fazekas, 2002-2004)

Publications

Articles

C.1. Déra" B, Maki® K, Vanyolos™ A, Virosztek A; Magnetothermopower and Nernst effect
in unconventional charge density; Phys Kev B, 68, 241102(R)/1-4, 2003

C.2. KollarJ, Vitos L, Osorio-Guillén" JM, Ahuja” R; Calculation of surface stress for fcc
transition metals; Phys. Rev B; 68, 245417, 2003

C.3. Pella” S, Faulkner' JS, Stocks” GM, B. Ujfalussy; Electronic structure calculations on
alloys using the Polymorphous Coherent-Potential Approximation; Phys Rev B; 70,
064203/1-5, 2004

C.4. Eisenbach” M, Stocks” GM, UjfalussyB; Magnetic structure of iron inclusions in
copper;, J Appl Phys;, 95, 6684-6686, 2004

C.5. Ujfalussy B, Lazarovits” B, Szunyogh” L, Stocks” GM, Weinberger” P; Ab initio spin
dynamics applied to nanoparticles: canted magnetism of a finite Co chain along a
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D. NON-EQUILIBRIUM ALLOYS
1. Vincze, J. Balogh, L. Bujdoso, D. Kaptas, T. Kemény, L.F. Kiss

Rigid magnetic foam-like behaviour in ball-milled FeAl. — After ball-milling
nonmagnetic FeAl a grain structure resembling to a rigid magnetic foam is indicated by
Maossbauer spectroscopy. It consists of nanosize nonmagnetic grains with ferromagnetic
boundaries formed by about two atomic layers of Fe. The magnetic behaviour is uncommon:
(1) the transition to the paramagnetic state is glass-like and magnetic relaxation sets in at low
temperatures; (i1) the magnitude of the local Fe magnetic moments decreases /inearly with
temperature; (iii) in high fields a strongly anisotropic ferromagnetic behaviour is observed.

FeAl crystallizes to a CsCl-type (B2) crystal structure, in which each Fe atom has 8 Al
nearest and 6 Fe next nearest neighbors. While it is nonmagnetic, cold-working restores
magnetism due to the formation of antiphase boundaries. The partial replacement of an Al
plane by an Fe plane creates magnetic moments on the formerly nonmagnetic iron atoms
since iron atoms having at least four Fe nearest neighbors are magnetic. (The number of the
nearest Fe neighbors reaches 4 Fe along a two iron atom thick boundary). Ball-milling of
the FeAl ingot leads to the gradual disordering of the ordered B2 structure as shown by the
Mossbauer spectra in Fig. 1. The single line corresponding to the ordered nonmagnetic phase
disappears for the 100 h ball-milled sample but the crystal structure remains. Also an
increasing amount of broad, magnetic component appears that has a double-peaked
hyperfine field (hf) distribution: the shadowed high-field part with the pas spectral weight is
due to the magnetic Fe atoms and the low-field part is due to the nonmagnetic Fe atoms with
magnetic neighbors.

(10217 Fig. 1. 4.2 K Mossbauer spectra of FeAl
ball-milled for different times. Full, broken,

4

] and dotted lines are fitted curves of the full
2 spectra and the magnetic and the
0 paramagnetic components, respectively. In
] the hyperfine field distributions fitted to the
i magnetic components shading and an
2- arrow marks the hyperfine field of Fe atoms
0 with localized moments and that of Fe
] atoms with 4 Al-4 Fe nearest neighbours in
; + Fe3Al respectively. The positions of the
| |1 - 21 second and fifth lines for the high field peak
0 in the spectra of the 100 h sample in 0 T and
d 5 T field are marked as well.
44
| ]100h 5]
5T 1
T 0 ANNNANNN
420 2 4 0 20 40
velocity (mm/s) B (T)

The magnetic iron atoms mostly belong to the grain boundaries in the ball-milled samples.
pum correlates well with the inverse of the average grain size (Fig. 2). The slope of this
correlation is proportional to the thickness of the boundary region, d The proportionality
coefficient is dependent on the shape of the grains; in the simplest cases (sphere or cube) it
is 6d. In our case this relation gives d = 0.8 nm for the average thickness of the grain
boundaries. It may be somewhat overestimated due to the well-known bias of x-ray
diffraction by the contribution of larger grains and to some disorder within the grains.
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Figure 3 shows the results of the SQUID measurements. In small magnetic fields the
magnetization shows a broad peak as a function of temperature both in field- and in zero-
field-cooled states. This feature resembles the freezing of a spin glass. However, the zero-
field Mossbauer measurements show no magnetic character around the temperature of the
peaks. Indeed, the Mossbauer spectra show no well-defined transition from the magnetic to
the nonmagnetic state: superparamagnetic relaxation starts already at 12 K and 50 K for the
1 h and 100 h ball-milled samples, respectively. It means that already small magnetic fields
influence greatly the magnetic state of these alloys. However, the magnetization cannot be
saturated even in 5 T (Fig. 3(b)), which is caused by strong magnetic anisotropy as the
presence of the 2-5 lines of the Mossbauer spectrum indicates in Fig. 1. If a linear
extrapolation were justified, at least 14 T and 18 T would be necessary to reach saturation
for the 100 h and 10 h ball-milled samples, respectively. The thermomagnetic curvesin 5 T
show complex temperature dependences and no distinct features (Fig. 3(c)).

0.4 60 60
=) 0.3 100h | 100h =
2 -0'2 40 T=5K 404B=5T E
L [ 20 70h 20-W X,
s _—0.1 — T =

F—7——7—7-0.0 0 T T ¥ T L 0 — 71 T T * 1
0 100 200 300 2 4 0 100 200 300
@@ T (K) ) B (M) ) T (K)

Fig. 3. Low-field behavior of the 10 h (right) and 100 h (left) ball-milled FeAl alloys in
zero-field (circles) and in field-cooled (dots) states (a), the magnetization as a function of
external field at 5K (b), and temperature dependence in 5 T external field (c).

Fe/Ag granular multilayers and heterostructures. — Multilayer deposition technique
offers the possibility to prepare magnetically heterogeneous granular systems with
controlled size and spacing of the magnetic elements. The study of such systems is important
both for technical applications and for our understanding of the nature of interactions among
the magnetic elements in nanoscale structures. >’Fe(x)/Ag(2.6 nm) granular multilayers and
heterostructures containing both granular (0.2 nm nominal Fe layer thickness) and
continuous Fe layers (1.5 nm nominal layer thickness) have been prepared by molecular
beam evaporation (MBE) at the Katholieke Universiteit in Leuven. The magnetic properties
were examined by SQUID magnetometry and Mossbauer spectroscopy. The
magnetoresistance was measured in parallel and transversal magnetic fields up to 12 T at
the Budapest University of Technology and Economics. The granular layers show
superparamagnetic properties above 38K. It was shown that the average blocking
temperature and the low temperature out of plane magnetic alignment of the granular layers
are not altered by continuous Fe layers (3:1 ratio of the granular and the continuous layers),
either they are interleaved among the granular layers or placed separately at the bottom as a
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multilayer buffer. On the other hand the temperature dependence of the large field
magnetoresistance was found to be significantly different for the separated and the
interleaved samples. These results support the view that besides the size of the
superparamagnetic grains the induced spin asymmetry of the conduction electrons plays an
important role in the magnetoresistance of heterogeneous systems.
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E. X-RAY DIFFRACTION

G. Fajge]/, F. Borondics?, G. Bortel, L. Grandsy, A. Jdnossy*, Z. Jurek, K. Kamards, G.
K]upp#, E. Kovéts’, G. Oszianyi, S. Pekker, T. Pusztai, Gy. T oth’, M. T egze

Fullerenes and related systems. — The fullerenes are closed shell all carbon atom
molecules. The most abundant among them is the Csp molecule.

Fullerenes can form a large variety of compounds with elements or with other molecules. In
the group of AxCso compounds (A=Na, K, Rb, Cs) there are materials with very interesting
properties. Many superconducting materials (A3zCso), and also polymers with different
dimensionality (RbCso, NasCeo) were found. In the last few years an interesting area of
research is the topochemistry of fullerenes and related materials. In connection with this, we
study the polymerization of fullerenes and their derivatives, and the cycloadditions of
fullerene inclusion compounds. Our studies are mainly experimental such as preparation
techniques, HPLC separation, x-ray diffraction and spectroscopic methods but in a smaller
extent we also perform quantum chemical calculations. Further we have prepared new
materials: host-guest compounds of fullerenes with various reactive guest molecules, which
can be the precursors of further copolymerization reactions.

Similarly to the fullerene molecules, carbon nanotubes are also exclusively built from carbon
atoms. An important line of research connected to nanotubes is their functionalization. We
have worked out a new reductive functionalization method and prepared various alkylated
and arylated derivatives. Further, we have studied the optical properties of pristine and
functionalized carbon nanotubes by wide-range optical spectroscopy (far-infrared through
ultraviolet) and Raman spectroscopy. We have developed methods for preparing thin carbon
nanotube layers on various substrates and also freestanding thin films. On these samples, we
studied the effects of ionic doping and chemical functionalization on the optical spectra.

Atomic resolution imaging of small clusters by hard X-ray free electron lasers. — Two
hard x-ray Free Electron Lasers (FEL) are under construction: one in Hamburg and the other
in Standford. These x-ray sources will give unprecedented intensities and in very short
pulses. These unique features will allow totally new measurements leading to a deeper
understanding of various phenomena in many areas of science. One of these areas is the
structure determination. Presently, the bottleneck in structure determination is the need for
crystalline samples. Based on the idea of Janos Hajdu this could be avoided by collecting
data on the structure of a single molecule or atom cluster during a single pulse, before the
radiation damage could occur. To asses the feasibility of this type of measurements one has
to know how a small cluster of atoms behaves in the very intense and rapidly oscillating
electromagnetic field. This can be found out from model calculations only, since no
experiments can be done with available sources. In previous years we developed a model,
which describes the behavior of a cluster of carbon atoms in the x-ray FEL pulse. This model
was extended to the description of multicomponent system. It was found that the clusters
explode. The dynamics of the Coulomb explosions for various systems were analysed. We
showed that useful structural data could only be collected in the first part of a pulse. Using
a special reconstructing algorithm we could invert the continuous elastic scattering pattern
to real space structure. Beside the feasibility of structure determination our calculations give
an insight to the physics of cluster explosion.

*Ph.D. student
* Permanent position: Budapest University of Technology and Economics
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Ab initio structure solution. — Inspired by existing methods of image reconstruction, we
started the development of new structure solution methods in x-ray crystallography. Our
first result is an amazingly simple iterative algorithm, named charge flipping. It works on
high-resolution single crystal data, in the manner of Fourier recycling. The real space
modification simply changes the sign of charge density below a threshold, while in
reciprocal space observed structure factor moduli are combined with the calculated phases.
The method is truly ab initio, the knowledge of chemical composition or even atom types
are not required. Symmetry information is not used either, the correct space group can be
deduced from the electron density of the solution.

Theory of phase transformations. — Eutectic solidification with fixed orientational
relationship between the solid phases has been modeled using the phase field theory [Fig.
1(a)]. We presented a phase field theory for the nucleation and growth of one and two phase
crystals solidifying with different crystallographic orientations in binary alloys. The
accuracy of the model has been tested for crystal nucleation in single component systems. It
is shown that without adjustable parameters the height of the nucleation barrier is predicted
with reasonable accuracy. The kinetics of primary solidification is investigated as a function
of model parameters under equiaxial conditions. We studied the formation of complex
polycrystalline growth morphologies [disordered dendrites, spherulites and fractal-like
aggregates, see Figs. 1(b)-(d)]. Via extensive modeling, we identified the main mechanisms
that govern the formation of complex polycrystalline patterns: diffusional instabilities,
growth front nucleation due to foreign particles or quenched-in orientational defects, and
crystallographic branching with fixed misorientation. It has been found that static
heterogeneities (foreign particles) and dynamics heterogeneities (quenched-in orientational
disorder) lead to similar randomized growth morphologies. We have extended our phase
field approach to the formation of CO» hydrate in aqueous solutions, and predicted the
growth and nucleation rates.

s
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Condensed
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Crystal growth at the forefront
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Fig. 1. Front covers based on our phase field simulations:
(a) JOM 56, N° 4, 2004,
(b) Physical Chemistry of Glasses 45, 2004,
(c) Nature Materials, 3, N° 9, 2004;
(d) Journal of Physics: Condensed Matter 16, N° 41, 2004
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E.20. Granasy L, Pusztai T, Borzsonyi T, James PF; Continuum models for crystal
nucleation in undercooled melts and glasses; In: Nucleation Control; Greenwood GW,
Greer AL, Herlach DM, Kelton KF (eds.), Cambridge Univ. Press, Cambridge;
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F. ELECTRON CRYSTALS

G. Kriza, P. Matus’, Gy. Mihaly*, L. Németh”, A. Pallinger”, I. Pethes”, B. Sas, F.IB.
Williams

Nuclear magnetic resonance in fullerides. — A long standing problem in the nuclear
magnetic resonance (NMR) spectroscopy of the alkali fullerides A3Ceso (A = Rb or K) is the
splitting of the NMR line of the alkaline nuclei of tetrahedral Cso coordination. To gain new
insight to this intriguing problem, we have investigated the ?Na nuclear magnetic resonance
(NMR) spectrum and spin-spin relaxation time in Na;CsCep in the temperature range of 10
to 325 K. We find a single line above about 170 K but two lines (denoted by T and T,
respectively) are present below this temperature. The closely similar temperature
dependences of the spin-spin relaxation rates of the two lines as well as the temperature
dependence of the first moment of the spectrum both below and above of the temperature of
line splitting indicate a chemical exchange between these lines. Moreover, a correlation is
found between the temperature dependence of the '*C line width and the temperature
dependence of the intensity of the 7" line (the less intense line of the two). These findings
lead us to suggest that the difference between the sodium sites giving rise to the 7'and T
lines lies in different angular orientations of the fullerene ions surrounding these sites. Based
on x-ray structural results, we make detailed propositions about the Ceo orientations around
the T'and T'sites. These results suggest a similar origin of the 7-7"splitting in A3Ceo, where
structural data are less accurate because of the merohedral disorder of Cso molecules in this
class of materials.
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G. LIQUID CRYSTALS

A. Buka, T. Boérzsonyi, N. Eber, K. Fodor-Csorba, A. Jakli, I Jdnossy, Sz. Németh”, T.
Toth-Katona, A. Vajda

Experimental electroconvection has been studied on four homologues with various
magnitude and sign of the conductivity anisotropy (6.). The homologue with 6.>0 follows
the predictions of the standard theoretical model while the one with 6.<0 shows a stripe
pattern mainly parallel with the initial director, not described by the Carr-Helfrich (standard)
mechanism. The remaining two homologues change sign of 6. with temperature thus
perform a crossover from the standard to non-standard electroconvection. Both types of
patterns have been experimentally characterized and compared.

A new variant of electroconvection in a homeotropically aligned nematic has been studied.
The novelty of the system is a direct transition to roll- and square-type patterns controlled
by the frequency of the applied voltage with a rich crossover scenario and strong influence
of the zigzag instability even at onset. From the weakly nonlinear theory and simulations of
an adapted Swift-Hohenberg model the essential features of the phase diagram has been
understood. In particular a long-wave modulated quasiperiodic pattern with square
symmetry has been found.

LW LR y | [P 1 , i
Long-wave modulated quasiperiodic square pattern in experiment and simulation

The distribution spectra of the fluctations in the amount of power injected into a liquid
crystal undergoing electroconvective flow has been measured. The probability distribution
functions (PDFs) of the fluctuations as well as the magnitude of the fluctuations have been
determined in a wide range of imposed stress both for wunconfined and confined flow
geometries. These spectra were compared to those found in other systems held far from
equilibrium. The PDF approaches the universal form via an interesting mechanism whereby
the distribution's negative tail evolves towards a form in a different manner than the positive
tail.

It has been shown that the direction of the alignment of liquid crystals on soft polymer
surfaces can be altered by an external field. The relaxation kinetics of a twist deformation
induced by a magnetic field has been determined measuring the rotation of light polarization.
The relaxation times show a strong temperature dependence approaching the glass transition
of the polymer. This behaviour has been explained using a model based on the mutual
interaction of the liquid crystal and the polymer surface.

* Ph.D. student
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