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DPecan Rea.deh.,

You are holding in your hand the first volume of a prospectively long series of Annual Reports
published by the recently established Wigner Research Centre for Physics of the Hungarian
Academy of Sciences (MTA Wigner RCP). Our research centre has been founded on 15t January
2012, as part of the reorganization of the academic research network. The MTA KFKI Research
Institute for Particle and Nuclear Physics (RMKI) and the MTA Research Institute for Solid
State Physics and Optics (SZFKI) were merged into this centre, following the decision of the
MTA General Assembly on the 5 December 2011.

One of the “most problematic” issues was the name of our new research centre. Since so
many disciplines were hosted in the above two institutes, listing all of them in a long name
seemed pointless. The comforting solution was simple: Eugene P. Wigner, the widely known
Hungarian-born genius, a modest and humble physicist of the 20% century could hallmark our
institution. This idea received strong support from the family of Prof. Wigner. Being Wigner
Research Centre for Physics means an honour and a service melded into a scientific mission fit
for the 21t century. Many people remarked that such a weight might be too heavy for us — but
real physicists are continuously looking for real challenges. During the past year our colleagues
proved to be capable of fulfilling such a mission in several areas, maintaining scientific research
in certain fields of physics and in related interdisciplinary fields at the level of the world’s leading
research institutions. Although there is room for further alteration, but we want to move with
caution, preserving our values and research-centred philosophy.

To summarize this first year: indeed it was difficult. We were running with a shrunk,
reorganized, relocated Wigner Financial Department. Many thanks to the leaders and the
members of this Department for serving the scientific community persistently. The renewal of
the logistic groups is a time-consuming process. Finally we should not forget about the anxiety of
people arising from any restructuring at times when world-wide financial turmoil is surrounding us.

Since two institutes with similar missions, similar structures, and similarly excellent people
sharing similar scientific values united in the Wigner RCP, we expected a relatively fast and flawless
merger concerning the scientific part, and, indeed, this is what we witnessed throughout the past
year. If scientific activities are not compromised, it means that management work has been
executed well. This volume displays the reassuring result. The Reader may get an impression on the
potential of our research groups. The message is clear: these groups are willing to move along the
lines of excellence, success, and sustainability. Furthermore, most of the groups have the ability to
act on the European stage, to win tenders, and secure the financial background of their research.
Next year will be crucial to reinforce these teams. The successful accomplishment depends on the
people. The list on the following page with governmental and scientific awards demonstrates cleatly
that Wigner’s name is already in good hands, and we are looking forward to constructing a
remarkable scientific centre here in Csillebére — following the 60-year tradition of KIFFKI, including
the last 20 years of RMKI and SZFKI, the two predecessor institutes.

I thank every Wigner researcher and staff member their last year’s efforts and their
contribution to this Report. I wish them a more relaxed 2013 with plans fulfilled and successful
work which will strengthen our research activities, and even open up new directions.

T ask the Reader to browse the Annual Report with an open mind, and if you are interested in
physics and science, I am sure you will find novelties satisfying your taste.

Budapest, 8 December 2012
Léval Péten Jézief
Director General
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AWARDS AND PRIZES

Awards of the State of Hungary and Government of Hungary

T.S. Biré (RMI), Officer’s Cross of the Order of Merit of Hungary (civil division), 2012

Gy. Farkas (SZFI), Officer’s Cross of the Order of Merit of Hungary (civil division), 2012

D. Horvath (RMI), Széchenyi Prize, 2012

L. Keszthelyi (RMI), Commander’s Cross of the Order of Merit of Hungary (civil division), 2012
N. Kro6 (SZFI), Hungarian Heritage Award, 2012

N. Kro6 (SZFI), Lanchid Award for Contribution to the International Relations of Hungary, 2012

Awards of the Hungarian Academy of Sciences

L. Dézsi (RMI), E6tvos Jozsef Laurel Wreath, Hungarian Academy of Sciences, 2012
L. Di6si (RMI), Academic Prize, Hungarian Academy of Sciences, 2012

P. Hartmann (SZFT), Bolyai Janos Plaque of MTA, 2012

P. Kostka (RMI), Mention of the Secretary General of MTA, 2012

E. Kovats (SZFI), Award for Young Scientists of MTA, 2012

T. Pusztai (SZFI), Physics Prize of MTA, 2012

International Awards

T. Cs6rgé (RMI), State Alumni Member of the Month, USA State Department, February 2012
S. Varré (SZFI), DAAD Professorship, Deutsche Akad. Ausstausch Dienst, Germany, 2012
L. Vitos (SZFI), Lindbomska Award 2012 of the Royal Academy of Science, Stockholm, Sweden

Professional Awards

J. Bakos (RMI), Medal of the Roland E6tvos Physical Society, 2012

G.G. Barnafoldi (RMI), Janossy Lajos Prize, Roland E6tvos Physical Society, 2012

D. Dunai (RMI), In Memoriam Simonyi Karoly Plaque, Hungarian Nuclear Society, 2012
P. Hartmann (SZFI), Budé Agoston Prize, Roland E6tvés Physical Society, 2012

I. Korolov (SZFI), Applied Research Prize, Wigner RCP SZFI, 2012

K. Kutasi (SZFI), Annual Publication Prize, Wigner SZFI, 2012

G.Zs. Toth RMI), Gyorgyi Géza Prize, Wigner RCP RMI, 2012

Awards of Foundations and Associations

Gy. Bencze (RMI), Wigner Jené Prize 2012

T. Cs6rgé (RMI), Charles Simonyi Research Fellowship, 2012

J. Kadlecsik (RMI), Hungarnet Prize, 2012

G. Té6th (SZFI), Junior Prima Prize 2012, Prima Primissima Foundation, 2012

“Lendiilet” (Momentum) Grant of MTA, 2012
7. Bajnok (RMI)

O. Legeza, (SZFT)

G. Orban (RMI)

Bolyai Janos Research Scholarship of MTA

G.G. Barnaféldi (RMI), 2009-2012
G. Bortel (SZFI), 2011-2014

P. Dombi (SZFI), 2011-2014

A. Hegediis (RMI), 2012-2015

E. Kovéts (SZFI), 2012-2014

G. Szitmai (SZFI), 2010-2012

G. Vanké (RMI), 2012-2014

A. Vukics (SZFI), 2012-2014
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KEY FIGURES AND ORGANIZATIONAL CHART

Permanent staff by profession Scientists by degrele
Total: 399 Total: 243

Administrative
staff; 33; 8%
Librarians; 4; 1% Member of the Hungarian
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Doctor of Sciences
(Dr. Habil.)
62

Technicians,
assistants;

- >
59; 15%
Engineers; 60; 15% Scientists; 243; 61% University Degree p1hlg
51

Scientists by age group

Total: 243
100 ~ 80 m Institute for Solid State Physics and Optics
(SzF1) B
80 - . M Institute for Particle and Nuclear Physics
E (RMI) —
60 - y | 45
E 39 43
* b 36
40 - ‘
20 -
0
0 T T T T T

Below35 36to45 46to55 56to65 Above 66
Income Expenditure

Others, including  \wages and salaries;
Others; 22% MTA; 52% travel; 25,3% 35,8%
' \

EU; 6%

Investment; 16,8%

Consumables: 4.7% Labour overhead;
9,7%

NFU, T6T, NAP, HELIOS

. o National Scientific
Projects; 13% Research Fund (OTKA); Operational

7% overhead; 7,7%
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R-A. FIELD THEORY

Janos Balog Gabriella Bohm, Laszl6 Fehér, Gyula Fodor, Péargacs, Arpad Hegeis,
Tamés Herpay, Arpad Lukéacs, Laszl6 Szabados, K&ziathanyi, Péter Vecsernyés

Ouir field theory group has published results infdllewing areas: AdS/CFT correspondence
and string theory; perturbative field theory; intdgle particle interactions; algebraic field
theory; general relativity; classical radiationdhe

AdS/CFT correspondence — To verify the famous AdS/CFT conjecture, it is imiamt to
solve the so-called spectral problem, which mehaskact determination of the energies of
string theory, and anomalous dimensions in the dupér Yang-Mills theory. In the planar
limit of the conjecture, using integrability technis, a systematic method was worked out to
derive and simplify the Thermodynamic Bethe Ansaquations, which makes possible the
exact determination of the spectrum

Nuclear forces from QCD. — Employing perturbative methods which are applicahle to
the property of QCD asymptotic freedom indicatihgttthe interaction among quarks and
gluons becomes weak at short distances, we shanorigly that short distance repulsion in
three-nucleon forces do indeed emerge. Moreover,degve functional forms of the
repulsions in the limit that distances among thmeelei simultaneously go to zero.

Our results indicate that the Pauli exclusion pplec of quarks and one-gluon exchange
interactions between quarks induce short distarggulsions among nucleons. This

interpretation leads to a general understandinthefshort distance repulsions not only in

three-nucleon forces, but also in the more fundaahéwo-nucleon forces. Our analysis can

also be generalized to the case including hypemade of strange quarks in addition to up
and down quarks. This generalization is importamtes hyperons are expected to appear in
the high-density state realized at the core ofnoeustars.

Ruijsenaars-Schneider models— We treat the trigonometric Ruijsenaars-Schneidedeho
on the basis of quasi-hamiltonian reduction whiorects this integrable particle system
with the moduls space of Stj(Yang-Mills fields on the punctured torus. Ther(gaactified)
phase space of this system is identified with tlivalence classes of flat S)(
connections; the particle coordinates and actiagiabbes correspond to certain invariants of
Wilson loops calculated along non-trivial cycles tbfe torus. This provides a natural
interpretation of the Ruijsenaars self-duality sfanmations as the natural geometric action
of the standard S element in the SL(2,Z) torus rimapgroup.

Skew-monoidal categories—We introduced the notion of skew-monoidal categorihey
are categories with a “skew-tensor product” and etgltensor unit” such that the
associativity, left unit, and right unit constranare not necessarily invertible. They are,
however, required to obey the usual coherence axioina monoidal (i.e., tensor) category.
The surprising result is that R-bialgebroids arebijection with closed skew-monoidal
structures on the category of one-sided R-moduldsch does not possess any ordinary
monoidal structure in general) with skew-monoidait ubeing the regular R-module R.
Extracting (co)representation theory of the biatggbH from the skew-monoidal category is
very easy.

Total mass in closed universes— A non-negative expression, built from the normraf 8-
surface twistor operator and the energy-momentunsoteof the matter fields on a spacelike

4



R-A. Field Theory

hypersurface, is found which, in the asymptoticéliy/hyperboloidal case, provides a lower
bound for the ADM/Bondi—Sachs mass, while on closggersurfaces it gives the first
eigenvalue of the Sen—Witten operator. Also indlosed case, its vanishing is equivalent to
the existence of non-trivial solutions of Witteigjauge condition. Moreover, it is vanishing if
and only if the closed data set is in a flat spawetwith toroidal spatial topology. Thus it
provides a positive definite measure of the stiergftthe gravitational field (with physical
dimension mass) on closed hypersurfaces, i.e. som®f the total mass of closed universes.

Radiation reaction forcee. — We have computed the equations of motion of a $pdlgr
symmetric charged shell of radi&s taking into account the radiation reaction foecerted
by the shell’s own electromagnetic field up toR€)( In particular, we have shown that the
authors of Phys. Rev. Lett05 (2010) 094802 are in error in their claim that kinewn result
for the self force of the shell, as can be foung, & Jackson’s textbook, be incorrect.

GRANTS AND INTERNATIONAL COOPERATION
OTKA K 83267 Relativistic particle systems (J. Bfl@011-2015)
OTKA K 77400 Integrable many-body and field thearenodels (L. Fehér, 2009-2013)

OTKA K 101709 Nonlinear interactions of waves andrtigles in field theories with
applications in astrophysics and cosmology (P. &sg2012-2016)

OTKA K 68195 Algebraic methods in models of quantfieid theory (K. Szlachanyi,
2007-2012)

PUBLICATIONS

Articles

1. Balog J, Hegds A; Hybrid-NLIE for the AdS/CFT spectral proble@HEP, 1208
022/1-66, 2012

2. Balog J, Hegds A; Quasi-local formulation of the mirror TBAHEP, 1205 039/1-13,
2012

3. Aoki S, Balog J, WeiszP; Short distance repulsion in 3 nucleon forcesmfr
perturbative QCDNew Journal of Physi¢c44, 043046/1-19, 2012

4. Fehér L, Klimcik C; Self-duality of the compactified RuijsenaardiSeider system
from quasi-Hamiltonian reductioducl PhysicsB860, 464-515, 2012

5. Fehér L, Klimcik C; On the spectra of the quantized action var@hbdé the
compactified Ruijsenaars-Schneider syst&€heor Math Physl71, 704-714, 2012

6. Szlachanyi K; Skew-monoidal categories and bialgids; Advances in Mathematics
231, 1694-1730, 2012

7. Szabados L; Mass, gauge conditions and spguinalerties of the Sen-Witten and 3-
surface twistor operators in closed univer§dass Quant Gray29, 095001/1-34, 2012

8. Forgéacs P, Herpay T, Kovacs P; Comment on ‘€iSize Corrections to the Radiation
Reaction Force in Classical Electrodynamidiys Rev Lettl06, 029501/1-1, 2012

9. Balog J, Niedermayer* F, Pepe* M, Weisz* P, Wiell-J; Drastic Reduction of Cutoff
Effects in 2-d Lattice O(N) ModelSHEP, 11, 140-179, 2012
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Conference proceeding

10. Forgacs P, Herpay T, Kovacs P; Massive scalfiirgeraction in curved background
space-time and its application to proton-pion iatéion; In:Proc. The Twelfth Marcel
Grossmann Meeting (Paris, France, July 12-18, 2069s.: T. Damour, RT Jantzen, R.
Ruffini, World Scientific, Singapore; pp. 851-85%)12
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R-B. HEAVY -ION PHYSICS

Tamas Sandor Bir0 Gergely Gabor Barnaf6ldi, Tamas Fulop, Miklés Mayh Péter
Kovacs, Péter Lévai, Etele Molnar, Péter Van, Gyolyolf, Karoly Urmdssy, Miklés
Zétényi

Our group conducts theoretical research both imldomental questions and more practical
ones related to phenomenology. In the past yeafawsed with the basic problems of chiral
symmetry restoration in hadronic media and disaisgeestions of new entropy formulas by
applying advanced statistical physics methods.him followings we group our activities
according to the research topics we are presentlung.

Relativistic hydrodynamics and kinetic theory. —Relativistic hydrodynamics is applied to
calculations of seeking for observable consequerdesollective behavior in different
properties of experimental particle spectra. It lash methodological and fundamental
guestions to settle. We have developed a first roedel stable theoretical approach to
relativistic dissipative fluids, circumventing theaditional Israel-Stewart second order
approach. The relaxation dynamics of linear trartspoefficients, like viscosiy and heat
conductivity, was shown to damp perturbations by method. The Boltzmann-like kinetic
theory and its non-extensive generalization alsoerpte a dissipative hydrodynamical
description. We studied the 14-moment Grad methatl extended the usual derivation of
hydrodynamical equations to a non-extensive Boltemaquation. The latter uses an Ansatz
defined by theg-exponential of the sum af-logarithms instead of the original factorized
form. Here g-exponential andg-logarithm are (Euler) power-law generalizations thé
exponential and logarithm functions, widely usedhi® non-extensive context.

Thermodynamics. —Nonrelativistic continuum thermodynamics is a ttedioal framework
for classical continua, including heat conductioontinuum mechanics or electrodynamics.
In our recent research we have derived unique messif finite deformation and plasticity
with a relativity motivated formulation of framedapendence in nonrelativistic spacetime.
We have also analysed the thermodynamic requirenténweakly nonlocal extensions of the
Fourier type heat conduction, and obtained a comgeneralization of several known heat
conduction equations like the Green-Naghdi or Gri§mimhansl ones.

High-energy particle spectra were fitted by modedsed on thermal concepts, including
different statistical models for jet-fragmentatiam e+e- collisions and power-law tails
observed in transverse momentum spectra in reditivgold-gold and lead-lead nuclear
collisions. Different possibilities of generalizedn-additive thermostatistical theories were
investigated.

Unruh-like effects in semiclassical fields. —The multiple successes of hydrodynamics in
describing relativistic heavy-ion collisions andk timterpretation of particle spectra in terms
of an underlying temperature for a common firelfaficinate researchers since decades of
research. We traced down the idea that a simplelamgl term acceleration may cause
pseudo-thermal effects akin to the Unruh effect dajculating gamma photon spectra
semiclassically, stemming from constantly acceéatgtoint charges. Using the classical text-
book formula, the radiation can be obtained with exponential-dominated tail at high

# PhD student
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perpendicular momenta. This spectrum can be repirdeed by a Fourier analysis as
mimicking Unruh temperatures; a thermal-lookingeeffwithout the presence of any heat
bath. In addition a hydrodynamic flow pattern iscalsimulated: for long term constant
acceleration a Bjorken-flow, for short term accelem the Landau hydrodynamics.

Chiral symmetry restoration. — The chiral symmetry is broken in the vacuum andboresl
both at high temperatures and high densities. Weied the signals of such a transition —
most prominently a change in the basic propertieghe particles. Based on a finite
temperature generalization of the Witten-Venezidmmnula, we concluded that the axial
U(1) chiral symmetry breaking generated masg &f quenched in about the same proportion
as the chiral quark condensate itself.

Hadron phenomenology. —The quark structure of mesons, especially the soales, is not
always straightforward. Our group, in collaboratiwith colleagues from the University of
Frankfurt, developed an SU(3) symmetric linear sigmodel including the scalar, pseudo
scalar, vector, and axial vector mesons. In thadeh they could show that the quark-
antiquark scalar states are the ones between 11.@neV, the scalars below 1 GeV are
probably tetraquark states.

Nuclear shadowing in heavy ions. —-We have predicted the size of the shadowing effect
p+Pb collisions applying DGLAP evolution in the hesr shadowing function. Recent data
from CERN LHC p+Pb experiments at 5.02 TeV energldate our theoretical calculation
and prove the existence of jet energy loss in tertsd deconfined matter in heavy ion
collisions.

GRANTS AND INTERNATIONAL COOPERATION

OTKA NK77816 Theoretical and experimental invediiga of high enegy particle
production in the CERN LHC ALICE experiment (P. &&2009-2013)

OTKA NK106119 Attometer physics phenomena: theoadtand experimental studies at the
CERN LHC ALICE experiment (P. Lévai, 2012-2016)

OTKA PD73596 Jet fragmentation and end point ¢ffeéa heavy ion collisions in RHIC
and LHC energies (G.G. Barnafdldi, 2009-2012)

OTKA K71989 Nuclear matter in extreme condition tae FAIR (GSI Darmstadt)
accelerator (Gy. Wolf, 2008-2013)

OTKA K81161 Experimental and theoretical investigat of heat conduction
(Consortium leader: P. Van, 2010-2014)

OTKA K104260 Particles and intense fields (Conswntieader: T.S. Birg, 2012-2016)

HIC for FAIR program participation with Frankfurtriversity, FIAS and GSI Darmstadt
(T.S. Biro, Gy. Wolf)

HUNGARIAN-SOUTH-AFRICAN TéT Grant No. 10-1-2012-006MAG Zrt. Tender for
Innovation, (Hungarian leader: T.S. Bird, Southiédn leader: A.
Muronga, 2011-2013)

CERN ALICE, Barnafdldi G.G. (Wigner group leadenda_évai P.
CERN ALICE VHMPID upgrade project, Barnafoldi G.(®Vigner group leader)
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L ONG TERM VISITORS

O N. Mitsui, Research Center for Seismology, Volcaggl and Disaster Mitigation,
Graduate School of Environmental Studies, Nagoyavessity, Nagoya University,
Japan, August 3-December 31, 2012 (host: P. Van)

0 M. Gyulassy, Columbia University, USA, August 1-2012

PUBLICATIONS

Articles

1. Barnafdldi GG, Hamar G, MeleghiG, Olah L, Suranyi G, Varga D; Portable cosmic
muon telescope for environmental applicatioNsiclear Instruments & Methods in
Physics Research, Section A-Accelerators Spectesmddetectors and Associated
Equipment689, 60-69, 2012

2. Barnafdldi GG, Barrettel, Gyulassy M, Lévai P, Topor Pog; Predictions for p + Pb
at 4.4A TeV to test initial-state nuclear shadowatigenergies available at the CERN
Large Hadron CollidePhys Rev €85,024903/1-7, 2012

3. Olah L, Barnaféldi GG, Hamar G, Melegh HG, Syida, Varga D; CCC-based muon
telescope for examination of natural cav@gosci Instrum Method Data Syst Disguss
2, 781-800, 2012

4. Biré TS, Molnar E; Fluid dynamical equations arahsport coefficients of relativistic
gases with non-extensive statistiB$tys Rev C85, 024905, 2012

5. Bir6 TS, Urméssy K, Van P, Barnaféldi GG, Schrafis; Non-extensive statistical
model for strange and non-strange hadron spectRH4€C and LHC energiesActa
Physica Polonica B43, 811-820, 2012

6. Bir6 TS, Gyulassy M, Schrards; Unruh gamma radiation at RHIGZhys Lett B708
276-279, 2012

7. Fulép T, Van P; Kinematic quantities of finitdagtic and plastic deformations;
Mathematical Methods in the Applied Scien@ss 1825-1841, 2012

8. Denicol GS, Niemi H, Molnar E, Rischke Derivation of transient relativistic fluid
dynamics from the Boltzmann equatidthys Rev D85, 114047/1-22, 2012

9. Niemi H, Denicol GS, Huovinen P, Molnar E, Rischke DH, Influence of a
temperature-dependent shear viscosity on the akahwisymmetries of transverse
momentum spectra in ultrarelativistic heavy-ionlisans; Phys Rev €86, 014909/1-
13, 2012

10. Urméssy K, Barnafoldi GG, Bir6 TS; MicrocanamiicJet-fragmentation in proton-
proton collisions at LHC Energfhys Lett B28942/1-7, 2012

11. Urméssy K, Barnafldi GG, Bir6 TS; Generaliseticrocanonical statistics and
fragmentation in electron-positron collisionsgta Phys Polon B Sup/2, 363-368,
2012

12. Van P, Biré TS; First order and stable relatigi dissipative hydrodynamicBhys Lett
B; 709 106-110, 2012



13.

14.

15.

16.

17.
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Van P, Filép T; Universality in heat conductidheory: weakly nonlocal
thermodynamicsAnnalen der Physjls24, 470-478, 2012

Deak F, Van P, VasarhelyiB; Hundred years after the first triaxial teBeriodica
Polytechnica- Civil Engineering6, 115-122, 2012

Van P, Gréf Gy; What is thermodynamics and what is it fofNDECS -
Interdisciplinary Description of Complex Systerh@ 66-72, 2012

Wolf Gy, Kampfer B, Zétényi M; Propagation of spectral functionsd agilepton
production at SIS energieBhysics of Atomic Nucler5, 718-720, 2012

Kwon Y, Lee SH, Morita K, Wolf Gy; Renewed look at eta’ in mediuRhys Rev D
86,034014/1-6, 2012

Conference proceedings

18.

Berényi D, Lévai P, SkokovV; Simulation of pair production in extreme stroBi!
fields; In: Proc.Light at Extreme Intensities 2011 (Szeged, Hungdfy18 November
2011) AIP Conference Proceedings}62 5-8, 2012

Books, book chapters

19.

20.

21.

22.

Fulép, T., Egytengelyered reoldgia, és relaxacio, mint deviatorikus kisAasidxial

rheology as deviatoric creep, in Hungarian),Arképlékenység termodinamikajaréd.

Asszonyi Cs, Hungarian Printing House, Budapedt3, Mérnokgeologia-
Kézetmechanika Kiskényvtar, 23-29, 2012

Asszonyi Cs, SzarkaZ, Csatar A, Horvath R., Kocsis D., Van P.; Témér anyagok
képlékeny deforméciéirdl (On the plastic deformatad dense solids, in Hungarian); In:
A képlékenység termodinamikajgré@d. Asszonyi Cs, Hungarian Printing House,
Budapest13, Mérndkgeoldgia-kKzetmechanika Kiskényvtar, 9-21, 2012

Asszonyi Cs, DoleZalovaM, Van P, VaséarhelyiB; Gondolatok a por6zus és téredezett
anyagok mechanikai viselkedésének megértéséhez affiowhe understanding of
mechanical properties of porose and cracked méerim Hungarian); In: A
képlékenység termodinamikéjaroked. Asszonyi Cs, Hungarian Printing House,
Budapest13, Mérndkgeolodgia-kzetmechanika Kiskényvtar, 9-21, 2012

Asszonyi Cs, Szarka Z, Dolezalova M, Van P; Porézus és toredezett anyagok
reologiai viselkedése (Rheological properties ofoge and cracked materials, in

Hungarian) In: A képlékenység termodinamikajgrééd. Asszonyi Cs, Hungarian

Printing House, Budapest,3, Mérnokgeoldgia-Kzetmechanika Kiskonyvtar, 9-21,

2012

See also R-A.8, R-A.10, R-G.1- R-G.20, R-G.51, R;HR-L.1
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R-C. Gravitational physics

R-C. GRAVITATIONAL PHYSICS

Istvan Racz Péter Csizmadia, Gergely Debreczeni, Maté Fel‘éagf, Matyas Vasuth

The Gravitational Physics Group of RMI is involved both experimental and theoretical
studies of Einstein’s theory of gravity. The pripgi part of our research interest is
gravitational wave physics. Our group is involved the Virgo Scientific Collaboration

operating the European Virgo gravitational wave eobatory. The most important

contributions of our group members are as follows:

0 Playing leading role in creating and maintainindaga transfer channel making possible
the online data sharing between the LIGO and Vagjentific collaborations.

0 Developing the numerical packagé&xidRipper and CBwavesaimed at providing
accurate waveforms for data analysis.

O Our engineers have been involved in modeling amdizagion of various parts of the
vacuum system of the Advanced Virgo detector.

0 Adaptation of graphical processing unit (GPU) teslbgy to data analysis and
development of new search algorithms to analyzentliey data of the LIGO and Virgo
detectors.

O Development of pilot packages for the Compact Bir@oalescence (CBC) group in the
LIGO and Virgo collaborations aimed at creatingi@as gravitational wave template
banks and subsequent data analysiswith computstectu consisting of both CPUs
andGPUs.

CBwavessoftware.— The numerical packageBwavesnodels the gravitational radiation of
binary systems with possibly spinning componentshaghly eccentric orbits. The code
simultaneously determines the evolution of the tyireystem and the emitted gravitational
waves within the post-Newtonian approach at thédsg level of approximation available in
the literature. With the development of this package intended to provide an efficient tool
for the CBC group which is capable of generatinigrsipg and eccentric template banks for
an effective detection of such sources. The caitiabilof the code suit the needs of the
collaboration and we have reported on the possipyications ofCBwaveatteleconferences,
collaboration seminars, and workshops. The softwarpublicly available, and we have
received a request to integrate the software ite tata analysis package of the
Collaboration.

The software packagéBwaveqthe rpm and deb versisrarealso available) have been used
in numerous applications with an increasing numbérnew tasks arising within the
Collaboration. As an example, recently the decisicas made to buildCBwavesin the
LAL/LALsimulation software package of the Collabtican which requires physically reliable
gravitational wave templates for the search algoré of inspiralling compact binary
systems.Chwaveswill also be incorporated into the program pack&W# Toolswhich is a
GPU and OpenCL/C++ based general data analyzingitai®r development.

GridRipper package. — The program packagé&ridRipper is developed to study the
dynamical evolution of different astrophysical €yst within the fully non-linear Einstein
theory of gravity. The code is designed to be chpald describing in full details a large

* PhD student
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variety of gravitational wave production processesl the propagation of the emitted
radiation. We are in the phase of implementing t€ins equations in a gauge which suits
the multipolar expansion applied @ridRipper.

GRANTS AND INTERNATIONAL COOPERATION

OTKA K67942 Study of gravitational wave productiongeneral relativity
(I. Racz, 2007-2012)

OTKA IN77395 Participation in the EGO-VIRGO sciditticollaboration
(I. Racz, 2009-2012)

NKTH TET_10_1 2011 _0207 Research toward the re#izaof advanced gravitational
wave detectors (M. Vasuth, 2012-2013)

EGO-DIR-128 VESF Postdoctoral Fellowship (. R&209-2012)

PUBLICATIONS

Articles

1. Csizmadia P, Debreczeni G, Racz |, Vasuth M;vigatonal waves from spinning
eccentric binariesClass Quantum GraR9, 245002/1-32, 2012

2. Aasi J etal. [LIGO-Virao Collaboration]; The charactiion of Virao data and its
impact on gravitational-wave search€&ss Quantum Gra9, 155002/1-41, 2012

3. Abadié J et al. [LIGO-Virao Collaborationl; Upper limitsn a stochastic aravitational-
wave backaround using LIGO and Virgo interferometar 600-1000 HAhys Rev D
85, 122001/1-14, 2012

4-  Abadie J et al. [LIGO-Virao Collaborationl; Search foramitational waves from low
mass compact binarv coalescence in LIGO’s sixthram run and Virgo's science runs
2 and 3;Phys Rev D85, 082002/1-12, 2012

5. Abadie J et al. [LIGO-Virao Collaborationl; Implementaticand testina of the first
prompt search for aravitational wave transienthwiectromagnetic counterparfsA,;
539 A124/1-15, 2012

6. Abadie J et al. [LIGO-Virao Collaborationl; Search forawitational waves from
intermediate mass binary black holBsiys Rev P85, 102004/1-13, 2012

7. Abadié J et al. [LIGO-Virao Collaboration]; All-sky sedrcfor aravitational-wave
bursts in the second joint LIGO-Virgo ruAhys Rev D85, 122007/1-15, 2012

8. Abadié J et al. [LIGO-Virao Collaborationl; First low-kcy LIGO+Virao search for
binary inspirals and their electromagnetic courdeiA&A; 541, A155/1-12, 2012

9. Abadie J et al. [LIGO-Virao Collaborationl; All-skv sedrdor periodic gravitational
waves in the full S5 LIGO dat&hys Rev P85, 022001/1-19, 2012

10. Accadia T et al. [LIGO-Virao Collaboration]; Characteriia of the Virgo seismic
environmentClass Quantum Gra29, 025005/1-10, 2012

11. Accadia T et al. [LIGO-Virao Collaborationl: A state obser for the Virgo inverted
pendulumRev Sci InstrunB2, 094502/1-9, 2012

12. Accadia T et al. [LIGO-Virao Collaborationl; Virgo: a lasénterferometer to detect
gravitational waves; JINST, P03012/1-124, 2012
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Conference proceedings

13. Accadia T etal. [LIGO-Virgo Collaboration]; The NoEMi (Ns&¢ Frequency Event
Miner) framework;J Phys Conf SeB63 012037, 1-10, 2012

14. AccadiaT etal. [LIGO-Virgo Collaboration]; Noise monitdools and their application
to Virgo data;J Phys Conf SeB63, 012024, 1-10, 2012

15. AccadiaT et al. [LIGO-Virgo Collaboration]; Plans for thgograde of the gravitational
wave detectorVirgo: advance Virg@roc. The Twelfth Marcel Grossmann Meeting
(Paris, France, July 12-18, 2009%ds.: T. Damour, RT Jantzen, R. Ruffini, Singapor
World Scientific;p.1738, 2012

16. Accadia T etal. [LIGO-Virgo Collaboration]; Status of tkemmissioning of the Virgo
interferometerAlP Conf Pro¢ 1446 150-158, 2012

Other

17. Csizmadia P, Debreczeni G, Racz |, Vasuth Mavitational waves from spinning
eccentric binaries; technical note, 2012
(http:/fiwww.grid.kfki.hu/twiki/bin/view/RmkiVirgoCBwaves)

18. Csizmadia P, Laszl6 A, Racz |; GridRipper paekatechnical note, 2012.
http://www.rmki.kfki.hu/~gridripper/
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R-D. FEMTOSCOPY

Tamas Csord, Laszl6 P. Csernai, Laszlé Jenkovszky, Martonalgy\ Frigyes Nemes, Béla
Lukacs, Andras Ster, Janos Sziklai, Marton VargiRadert Vértesi

Solutions of (relativistic) hydrodynamics — The dynamical development of collective
flow is studied in a (3+1)D fluid dynamical modeitlwglobally symmetric, peripheral initial
conditions, which take into account the shear floaused by the forward motion on the
projectile side and the backward motion on theetaside. While avsyy = 2.76 TeV semi-
peripheral Pb+Pb collisions the earlier predicteihtion effect is visible; at more peripheral
collisions with high resolution and low numericabkaosity, the initial development of a
Kelvin-Helmholtz instability is observed, which eds the flow pattern considerably. This
effect provides a precision tool for studying thevlviscosity of Quark-gluon Plasma.

Partial U.(1)/chiral symmetry restoration in relativistic heavy ion collisions. —In Vsyy=
200 GeV Au+Au collisions PHENIX reported a signifit enhancement in the low-mass
region (0.1 m.< 0.7 GeV) of the dielectron spectrum, which idl stot fully understood.
Several theoretical works and an indirect measunérsaggest that, due to the possible
restoration of the L{1) part of the chiral symmetry in a hot and demsalium, the mass of
then' meson may substantially decrease. We reporteddstatistically acceptable description
of the PHENIX low-mass dilepton enhancement usingadial flow dominated meson
spectra, chain decays of long-lived resonancesand-medium eta' mass modification.

Neutral pion production in Au+Au collisions at RHIC. — New results from the 2010
RHIC low energy program show a substantial suppyessf neutral pions in central Au+Au
collisions at bottVsyy = 39 and 62.4 GeV c.m.s. energies. At higlihe 62.4 GeV and 200
GeV data follow the same supprssion pattern. Orother hand, otherwise successful pQCD
predictions do not describe the 39 GeV data. Thsservations indicate that initial state
effects may play a dominant role at smaller c.rereergies and at lowerpThe azimuthal
dependence of the nuclear modification facter, is strongly correlated with the
(approximately elliptical) geometry of the overlapgion. The dependence 8. on the
reaction plane, determined uppgp= 20 GeV/c from 2007 high-luminosivsyy = 200 GeV
Au+Au data provides great selectivity among thejyrend favours the ASW scenario with
AdS/CFT correspondence over the pQCD-based models.

Diffraction at LHC. — Elastic p+p scattering data were analyzed at ISRL&HC energies,
utilizing the quark-diquark model of protons in@rh proposed by Bialas and Bzdak. The
differential cross-section of elastic proton-protoallisions is analyzed in a detailed and
systematic manner at small momentum transferstirgiairom the energy range of CERN
ISR at Vsyysqrt(s = 23.5 GeV, including also recent TOTEM datathe present LHC
energies avsyysqri(s= 7 TeV. These studies confirm the picturt tihe size of proton
increases systematically with increasing energiddle the size of the constituent quarks and
diquarks remains approximately independent of (ally dncreases only slightly with) the
colliding energy. The detailed analysis indicateg@ations between model parameters and
also indicates an increasing role of shadowingH(€ lenergies. Within the investigated class
of models, a simple and model-independent phenological relation was discovered that
connects the total p+p scattering cross-sectiothaoeffective quark, diquark size and their
average separation.
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GRANTS AND INTERNATIONAL COOPERATION

OTKA NK 101438 Search for a critical point and av@gomain of QCD using the PHENIX
experiment at RHIC and the TOTEM experiment at LAC Csord,
2012-2015)

Memorandum of Understanding on multilateral intéior@al collaboration signed with the
PHENIX experiment at the Relativistic Heavy lon ltgr, Brookhaven
National Laboratory, USA, (T. Csd§g2002-2016)

Memorandum of Understanding on multilateral int¢ioveal collaboration signed with the
TOTEM experiment at the Large Hadron Collider at RDE the
European Research Center for Particle and Nuclegsi€s, (T. Csorg,
from 2008)

Memorandum of Understanding on bilateral interrmelocollaboration signed with the State
University of New York at Stony Brook, NY, USA, withe University
of Nijmegen, Nijmegen, The Netherlands and Univgrsf Lund, Lund,
Sweden, (T. Csoétg from 2006)

PUBLICATIONS

Articles

1. Csernai LP, SkalvikAM, Wang DJ, Magas VK, Stocker H, Strottman DD, Cheng
Y, Yan YL; Flow components and initial state CM fluctwats; Acta Phys PolonB43,
803-810, 2012

2. Zhou DM, Limphiraf A, Yan YL, Yun' C, Yan YP, Cai X, Csernai LP, SaBH;
Higher moment singularities explored by the netgmaon-statistical fluctuation®hys
Rev C 85, 064916/1-5, 2012

3. Csernai LP, MocanuG, Neda Z; Fluctuations in hadronizing QGPhys Rev €85,
068201/1-4, 2012

4. Csernai LP, EyyubovaG, Magas VK; New method for measuring longitudinal
fuctuations and directed flow in ultrarelativistieavy ion reactiond?hys Rev 86,
024912/1-7, 2012

5. Csernai LP, StrottmarDD, Anderlik Cs; Kelvin-Helmholz instability in high energy
heavy ion collisionsPhys Rev 85, 054901, 2012

6. Jenkovszky LL, Magad/K, Londergan JT, SzczepaniakAP; Explicit model realizing
parton-hadron dualitynt J Mod Phys A27, 1250157/1-19, 2012

7. Afanasiev S. et al. [PHENIX Collaboration]; Measurement @edt photons in Au+Au
collisions atVsyy=200 GeV;Phys Rev Letfl09, 152302, 2012

8. Adaré A. et al. [PHENIX Collaboration]; Direct-photongmtuction in p+p collisions at
\s=200 GeV at midrapidity?hys Rev D86, 072008, 2012

9. Adare A et al. [PHENIX Collaboration]; Evolution of pi@uppression in Au+Au
collisions fromVsyy=39 to 200 GeVPhys Rev Lettl09 152301, 2012
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Adaré A et al. [PHENIX Collaboration]; Nuclear-modifidgan factor for open-heavy-
flavor production at forward rapidity in Cu+Cu dsibns atVs,y=200 GeV;Phys Rev
C; 86, 024909, 2012

Adare A et al. [PHENIX Collaboration]; Deviation from gtk-number scaling of the
anisotropy parameter v2 of pions, kaons, and psotorAu+Au collisions at'sy=200
GeV;PhysRev €85,064914, 2012

Adaré A et al. [PHENIX Collaboration]; Observation ofréét-photon collective flow
in Vsy=200 GeV Au+Au collisionsPhys Rev Lettl09, 122302, 2012

Adaré A et al. [PHENIX Collaboration]; Ground and exctecharmonium state
production in p+p collisions ats=200 GeV{PhysRev D85, 092004, 2012

Antchev G et al. [TOTEM Collaboration]; Measurement of tferward charged
particle pseudorapidity density in pp collisions é=7 TeV with the TOTEM
experimentEurophys Lett98, 31002, 2012

Csorg T et al. [TOTEM Collaboration]; Elastic scatteriagd total cross-section in p+p
reactions measured by the LHC Experiment TOTEM'sat7 TeV;Prog Theor Phys
Suppl.193 180-183, 2012

G. Abbiendi et al. [OPAL Collaboration]; Searfdr charged Higgs bosons in e+\e.
collisions atVs= 189-209 GeVEur Phys J C72, 2076, 2012

Nemes F, CsoédT; Detailed analysis of p+p elastic scatteringadatthe quark-diquark
model of Bialas and Bzdak from sqrt(s) =23.5 GeV/tdeV; Int J Mod Phys A27,
1250175/1-26, 2012

Conference proceedings

17.

16

De Kock MB, Eggers HC, Csér¢ T; From chi2-squared to Bayesian model
comparison and Levy expansions of Bose-Einsteimetations in e+e- reactions; In:
Proc. The Seventh Workshop on Particle Correlatiand Femtoscopy (WPCF2011,
Tokyo, Japan, Sept. 20-24, 2011, ed. T.HiraRaplished by Proceedings of Science (a
service of SISSA154, 33, 2012 (e-Print: arXiv:1206.1680 [nucl-th])



R-E. Theoretical neuroscience and complex systems

R-E. THEORETICAL NEUROSCIENCE AND COMPLEX SYSTEMS

Fulép Bazsg Mihaly Bényaff Dorottya Cserpéﬁ, Péter Erdi, Laszl6 Négyessy, Zoltan
Somogyvari, Balazs Ujfalussy, Laszl6 Zalanyi

Microelectric imaging techniques — One of the main obstacles to decipher the métion
processing and the neural communication in thenbrsithe lack of any experimental
technique which is able to measure the spatio-teahpbstribution of synaptic currents on
individual neurons in freely behaving animals. Thug developed a new micro electric
imaging technique which is able to determine theenis flowing on single neurons during
action potentials. Our results show that by usimyv rmathematical source localization
methods and high density, chronically implanted ronielectrode arrays, fine details of
initiation and spatio-temporal dynamics of neurefian potentials can be revealed, which
was not directly observable before. The new methitiorovide better description of cortical
microcircuits and their dynamics, which is essénfiar the understanding of their
computation and helps to bridge the gap betweemibescopic and the macroscopic neuro-
electric phenomena.

Tactile functions of the cerebral cortex — Tactile information acquired by the fingers via
e.g. haptic exploration, is transmitted to the simsensory cortex where this information is
processed and integrated for perception and otledavioral purposes. In the primate
somatosensory cortex the hand and particularlyfitigers, the primary sensory organ of
touch, has well-defined representations as pathefso called “homunculus”. Accordingly,

topographically organized cortical territories aedicated to the processing of information
originating from the individual fingers with thenfier tips having disproportionately large
representations. The aim of our studies is to witdad how information is integrated, i.e.,
how coherent perceptual representations are formexljch a distributed system. Our results
indicate that global tactile percepts which areumssd to emerge at high stage of
somatosensory cortical processing, are

O beginning to form in the primary somatosensoryeoktia connections,
O formed between neighboring fingertip representatiamd that this

O information is transmitted to higher cortical stage a

O digit-specific manner.

Statistical characterisation of neural behaviour — Interspike interval (ISI) series exhibit

multimodal distribution and can be described byedént types of probability distributions.

These observations point to the rich dynamical ertigs underlying the behavior of the
cortical neurons and partly objectify them in proiiatic terms. Using autocorrelation

functions we found that stationary processes camskd to model the generation of ISI time
series. In order to remove the effects of trentSindata we used two methods: multifractal
detrended fluctuation analysis and the analysisSif differences. The analysis of the
detrended signal revealed the presence of memfagtefvhich could be partly interpreted as
network level phenomena. The analysis indicatedtemce of at least two different network-
level dynamical processes. The correlation of Ideadl potential (LFP) with the ISI series

required the removing of the effect of action ptitda from the LFP.

# PhD student
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Complex networks — The network of patents connected by citatianari evolving graph
which provides a representation of the innovatioocpss. A patent citing another implies
that the cited patent reflects a piece of previpesiisting knowledge that the citing patent
builds upon. The methodology presented identifiectua clusters of patents, i.e.,
technological branches, and gave predictions attmutemporal changes of the structure of
the clusters. We identified evolving patent groapsl were able to predict the emerging
technological fields. The clustering technique @ddpwas able to detect the new emerging
recombinations, and succesfully predicted emergieqy technology clusters. New tools of
predictive analytics could support policy decisianaking processes in science and
technology, and help formulate recommendationsétion.

GRANTS

TET 10-1-2011-0001: Statistical characterisatiomediral behaviour in the cerebral cortex of
behaving animals (L. Négyessy, 2010-2012)

PUBLICATIONS

Articles

1. Négyessy L, Banyai M, Bazs6 What makes the prefrontal cortex so appealing én th
era of brain imaging? A network analytical perspegtActa Biologica Hungarica
63(S1), 38-53, 2012

2. Hanics* J, Barna* J, Xiao* J, Millan* JL, Fonta®, Négyessy L; Ablation of TNAP
function compromises myelination and synaptogenisithe mouse brainCell and
Tissue Researcl349 459-471, 2012

4. Somogyvari Z, Cserpan D, Ulbert* |, Erdi P; Lbzation of single cell current sources
based on extracellular potentials patterns: theespiSD methodEuropean Journal of
Neuroscience36,3299-3313, 2012.
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R-F. Hadron physics at CERN SPS and LHC
R-F. HADRON PHYSICS AT CERN SPSaND LHC

Ferenc Siklér Andras Agéc#s Laszlé Boldizsar, Zoltan Fodor, Endre Futd, Santdegyj,
Gabor Jancso, Jézsef Kecskeméti, Krisztian Krgjc@érdrés Laszl6, Krisztina Marton
Levente Molnar, ,Gabriella Palla, Sona Pochybgv&oltan Seres, Janos Sziklai, Anna
Julianna Zsigmond

CERN-ALICE experiment. —We took part in the data analysis of the HMPIDdatbctor,

as well as in the research and development of € Bystem for the planned VHMPID
detector. Beside these activities, we also pagteipp in the operation of the ALICE GRID
Tier-2 site, and performed detector control tas®arr most important result was the
theoretical and experimental analysis of the psemldity density and nuclear modification
factors inVs = 5 TeV center-of-mass energy p-Pb collisionsr @wdel predictions,
published at the beginning of the year, are in gageeement with the results of these first
measurements.

CERN-CMS experiment, hadron physics— We have determined the inelastic p-p cross
section with a simple event counting methodvat= 7 TeV, and have contributed to a
combined cross section paper, together with aypleounting analysis. We have measured
the spectra of identified charged hadrons in p-fistans at\s = 0.9, 2.76, and 7 TeV.
Charged pions, kaons, and protons in the transvamseentum §;) range 0.1-1.7 GeV/c
were identified via their energy loss in the siticbacker. The averaggincreases rapidly
with the mass of the hadron and the event chargetitzfe multiplicity, independently of the
center-of-mass energy. We have presented bothgegithe DIS2012 conference.

] L ! ! a TTTT I L ‘ L ‘ L l T T I TToTT ‘ TT 1T ‘ L
SPS 17.3 GeV (PbPb) GLV:dN,idy = 400 5 r _ ]
2 N it e I CMS PbPb \/sy, = 2.76 TeV .
RHIC 200 GeV (AuAu) GL:@Nyely = 20004000 | —#T(18), stat. unc. Ly = 150 ub™ ]
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Fig 1. CMS: The nuclear modification factor Fig 2. CMS: The nuclear modification
Raa in central heavy-ion collisions for neutral ~ factor Ry for upsilon states as a
and charged hadrons, at several center-of- function of the centrality of the heavy-
mass energies. ion collision.

We have participated in the measurement of theiveland absolute suppression of Y states
in Pb-Pb collisions. We see the expected sequemidting of quarkonium states. We have
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performed a study of Z boson production in Pb-Plistons with a high statistics data set,
obtained in 2011. The measurements compared to ddl€dlations show that the production
of Z bosons is not modified by the strongly intéirag matter produced in heavy-ion
collisions. We also have participated in the meas@nt of the nuclear modification factor of
charged particles in Pb-Pb collisions, using th&a d&t mentioned above. The results were
presented at the HP2012 conference. We took pdineimnalysis of jet-track correlations by
evaluating the performance of tracking and thetedlaincertainties of the final results. We
have developed the trigger menu used to recorfirigp-Pb collisions, and also contributed
to the measurement of two-particle correlations daveloping the event selection and
performing various cross-checks.

CERN-NAG61 experiment.— We have measured the spectra of charged piah&aons in
minimum bias p-C collisions at 31 GeV/c beam momentThese data have been used as
reference data to for a precise calculation of mmutfluxes produced at the T2K neutrino
beam experiment. We have also recorded a largst&tatminimum bias p-Pb data set at 158
GeV/c beam momentum, a unique reference for comasi with heavy-ion collisions. For
event centrality determination in these collisiansew detector, the Low Momentum Particle
Detector, was developed in the framework of the RRB group, in close collaboration with
us. We have significantly upgraded the DAQ systérhe experiment, making it possible to
record data with sufficient speed and quality. Remtnore, we also started to develop a new
offline software system, for fast data reconstarcénd analysis.

Independent works. — We have studied the estimation of energy lose (@E/dY for
charged particles in tracking detectors. The trtettanean method was generalized to the
weighted mean of the measurements. The optimizeidhtse are rather independent of
particle momentum and track segment length, anid ¥hkies are given by a simple universal
description as a function of the number of meastrack segments. We have approximated
the energy loss distribution of charged particles silicon by a simple analytical
parametrization. With the help of energy depositsénsing elements of the detector, the
position of track segments and the correspondimpsited energies were estimated with
improved accuracy and less bias. The parametrizatms successfully used to estimate the
energy loss rate of charged particles, and appdietktector gain calibration tasks.

GRANTS AND INTERNATIONAL COOPERATION

OTKA K 81614 New analysis methods and tests of tuanchromodynamics at the
LHC (F. Siklér, 2010-2014)

OTKA NK 81447 Hungary in the CMS experiment of tharge Hadron Collider (D.
Horvath, 2010-2013)

OTKA K 68506 Experimental and model study of higbhmentum transfer phenomena
at pp, pA and AA reactions (Z. Fodor; 2007-2012)

CERN-NA49 D. Barna, Z. Fodor, A. Laszl4, G. PalRaSiklér, Gy. Vesztergombi
CERN-NA61 L. Boldizsar, Z. Fodor, A. Laszl6, G. RalGy. Vesztergombi

CERN-ALICE A. Agoécs, GG. Barnafdldi, D. Berényi, IBoldizsar, E. Dénes, G.
Hamar, P. Lévai, S. Pochybova, L. Molnar

CERN-CMS Cs. Hajdu, P. Hidas, D. Horvath, F. Sikl&. Veszprémi, Gy.
Vesztergombi, AJ. Zsigmond, K. Krajczar
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GSI-FOPI Z. Fodor, J. Kecskeméti, Z. Seres SwistoNal Science Foundation

(SNSF) SCOPES 128079, First years of data takindp wie CMS
experiment at the LHC; Dissertori G; 2009-2012
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4.  Zichichi A [LVD, EEE, TOF (ALICE) Collaboration]; Proposabf an MRPC system
with high-precision timing in the LVD structurur Phys J Plusl127, 42, 2012

5. Abelev B et al [ALICE Collaboration]; Measurement of chaproduction at central
rapidity in proton-proton collisions als =2.76 TeV; JHEP, 07, 191, 2012

6. Ahn S et al [ALICE Collaboration]; Commissioning of t#é.ICE muon spectrometer
trigger at LHC;Nucl Instrum Meth A661, S41, 2012

7. Gagliardi M [ALICE Collaboration]; Commissioning and first giermance of the
resistive plate chambers for the ALICE muon aNugl Instrum Meth A661, S45, 2012

8. De GruttolaD [ALICE Collaboration]; Study of the cosmic datken with the ALICE
TOF detector at the LH@Jucl Instrum Meth 2661, S102, 2012

9. Abelev B et al [ALICE Collaboration]; Suppression of higtansverse momentum D
mesons in central Pb-Pb collisionsVaty= 2.76 TeV;JHEP, 09, 112, 2012

10. Abelev B et al [ALICE Collaboration]; ¥ Production as a Function of Charged
Particle Multiplicity in pp Collisions ats = 7 TeV; Phys Lett B712, 165, 2012

11. Abelev B et al [ALICE Collaboration]; 3 suppression at forward rapidity in Pb-Pb
collisions at'sNN=2.76 TeV; Phys Rev Letfl09, 072301, 2012

12. Abelev B et al [ALICE Collaboration]; Heavy flavour decayuon production at
forward rapidity in proton-proton collisions & = 7 TeV; Phys Lett B708 265,
2012

13. Abelev B et al [ALICE Collaboration]; Measurement of evéxatckground fluctuations
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053, 2012

14. Abelev B et al [ALICE Collaboration]; Light vector mesomgaluction in pp collisions
at\s =7 TeV; Phys Lett B710, 557, 2012

15. Abelev B et al [ALICE Collaboration]; Underlying Event mmaements in pp
collisions atVs = 0.9 and 7 TeV with the ALICE experiment at the LHC; JHEP, 07,
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16. Abelev B et al [ALICE Collaboration]; Measurement of chaproduction at central

rapidity in proton-proton collisions ak =7 TeV; JHEP, 01, 128, 2012
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Abelev B et al [ALICE Collaboration]; % polarization in pp collisions ats = 7 TeV;
Phys Rev Lettl08 082001, 2012

AamodtK et al [ALICE Collaboration]; Particle-yield modtiftion in jet-like azimuthal
di- hadron correlations in Pb-Pb collisions \&n= 2.76 TeV;Phys Rev Lett108,
092301, 2012

[ALICE Collaboration]; Multi-strange baryon mhaction in pp collisions at root
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Trans Roy Soc Lond; 870,917, 2012

Aamodt K et al [ALICE Collaboration]; Harmonic decompositi of two-particle
angular correlations in Pb-Pb collisionsVaty= 2.76 TeV;Phys Lett B708 249, 2012
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http://cdsweb.cern.ch/record/1486180, 2012

ChatrchyanS et al [CMS Collaboration]; Measurement of theenhdng event activity
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08, 130, 2012

ChatrchyanS et al [CMS Collaboration]; Measurement of the ysleapidity and
centrality dependence of the transverse energyitstensPbPb collisions atlsyy= 2.76
TeV; Phys Rev Lettl09, 152303, 2012
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\s = 7 TeV;JHEP, 04, 084, 2012

ChatrchyanS et al [CMS Collaboration]; Measurement of thelisive production
cross sections for forward jets and for dijet esemith one forward and one central jet
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R-G. Particle detector research and development

R-G. PARTICLE DETECTOR RESEARCH AND DEVELOPMENT

Gyorgy BenczeGyula Bencédi, Ervin Dénes, Gérglamar, Tivadar Kiss, Levente Kovacs,
Tamas Tolyhi

Our task is to study and develop advanced micrepatjas-avalanche detector technologies
for applications in and outside high energy physicglose collaboration with the Lorand
Eo6tvos University, including frontend and data asiion electronics and software.

In 2012 the work was concentrated on further imprognt of the detectors and
technologies,which has been started during thetpbeest years:

VUV-photon detector for the ALICE-VHMPID upgrade pr oject. —A 200x200 mn%
prototype detector based on Csl-covered ThickGEM. (F) has been tested at CERN with 6
GeV pions, and a full Cherenkov ring could be sieerthe first time with GEM-type detector

(Fig. 2).

Fig. 1: ThickGEM-based photon detector during Fig. 2: Some detected Cherenkov ring
assembly events

A new and very perspective method has been dewtlfggecharacterization of the TGEM-
based detectors by scanning and extracting phefttirehs from the surface with focused
UVlight (Fig. 3).
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Fig.3: Efficiency-map of the ThickGEM Fig. 4: Large-size CCC-chamber
detector surface

Further development of the CCC (Close Cathode Chan#y) technology and its
application for muon tomography.— We have proposed and developed a light-weight low
cost chamber which can be built in large size @igThe design has been acceptedas the
candidate for the particle-track detector of the MiMD. A small prototype (Fig. 5) was
already used during the VHMPID beam tests at CERN.

Fig. 5: CCC-chamber used during the Fig. 6: The portable Muon Tomograph in
VHMPID-beamtests at CERN the Ajandék-cave
The improved version of the Muon Tomograph base€@&-chambers has been applied in
different caves in Hungary and measured the ralief possible cavities by detecting cosmic
muons. The particuliarity of this device is its fadnility and autonomy during data taking
(Fig.6).
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GRANTS AND INTERNATIONAL COOPERATION
OTKA-NKTH CK77815 (Gyorgy Bencze, 2009-2013)
CERN CMS collaboration (Gy. Bencze)

CERN RD51 collaboration, (Gy. Bencze Wigner groepder, G. Hamar, L. Kovacs, E.
Dénes)

CERN NAG61 collaboration (T. Télyhi)
CERN ALICE collaboration (Gy. Bencédi, G. Hamar,[¥nes, T. Kiss)
CERN ALICE VHMPID upgrade project (Gy. Bencze, ®encédi, G. Hamar, E. Dénes)
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1. Hamar G, VargaD; High resolution surface scanning of thick-GEM &ingle photo-
electron detectiorfucl Inst and Meth 2694, 16-23, 2012

2. Hamar G, Lévai P; Strange and nonstrange had¥sonance production by quark
coalescence, investigating quark number scalk@a Phys PolonSuppl 5; 451-456,
2012

3. VargaD, Kiss G, Hamar, G, Bencédi Gy; Close cathode chamberniaterial budget
MWPC; Nucl Inst and Meth698 11-18, 2012

4. Arce P, et al.; CMS structural equilibrium at constaragnetic field as observed by the
link alignment systeniNucl Instrum MethA675, 84-96, 2012

See also: R-B.1., R-F (Alice, NA61)
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R-H. NEw PHYSICS AT CERN

Gyorgy VesztergombiAdam Agécg, Daniel Barna, Lajos Diési, Csaba Hajdu, Pal Hidas,
Dezg Horvath, Gabriella Pasztor, Viktor Veszprémi

Higgs-boson discovery— All members of the CMS collaboration got the follogy message
in July 5 from Joseph Robert Incandela, the spakssm of the experiment, who was
returning from the Melbourne conference presemaioHiggs discovery on July 4th:

Dear CMS colleagues - dear friends!
| want to congratulate the whole collaboration om amazingly beautiful result under
incredible time pressure. It is the consequencageafides of work and it is something we all
made possible and we now all share together.
| had to rush off to Melbourne so | could not seéhid message sooner than this moment
while waiting for a connecting flight in Singapomeading Wall Street Journal Asia which
has a CMS event display on the front page and @&nathe covering a full half page on the
inside!!
We have really made an impression worldwide.
Enjoy the moment everyone. It is a truly histore .o

Joe

Di-jet event with:
diphoton mass 121.8 GeV

dijet mass 1460 GeV
jetpT. 288.8 and 189.1 GeV
- jetn -2.022 and 1.860

Fig. 1. The figure shows a CMS event similar Fig. 2 A CMS event where the hypothetic
to a Higgs particle. The boson is born when Higgs boson decays onto a pair of electrons
two quarks are scattered on each other and and muons, respectively. The electrons are
decays to two high energy photons denoted by  absorbed by the electromagnetic
red rectangles. The two quarks are flying away calorimeter, but the muons leave the
and initiate a hadron shower (yellow). The two system, triggering the muon detectors
hadron showers show the possible starting farther away.
point of the Higgs boson, where the photons
are initiated, and this is helpful in the
determination of the mass of the boson.

# PhD student
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The Hungarian physicists as senior funding fatleérRD5=proto-CMS and junior members
of the Wigner CMS team had the feeling that thev@nés mentioned by WSJ and shown
below really represent the reward of their 20-yeark.

Of course, the Wigner team’s contribution was maabin size, but essential in the final

outcome, like in a very long chain the breakingoof single element would destroy the
whole system. Though the expert teams consistecuch more members than the Hungarian
collaborators, the Wigner participants had a camsidle share in the pixel and the alignment.

The heart of the CMS detector is the Silicon TRAGKH#hich contains almost 100 million
active channels. The heart of the heart is thelmiegector which, practically, consists of
hundreds of CCD cameras producing pictures withosaoond time resolution. It was the
responsibility of the Hungarian team to ensure thase cameras make the exposition in the
right time. The method was worked out and the caatiils monitoring was accomplished.

Another task of the Wigner team was the radiatiamage control. The pixel detector is
standing in the very front-line only few centimeteway from the collision point (which is
one of the hottest points of the Universe). Dudgh® wonderfully intensive collision rate
these detector elements are rapidly collecting huggiation dose, which causes the
performance of the system to deteriorate. Thiscéffes foreseen during design, and one can
correct for it by adjusting the voltage on the d&te chips. The work-out of this correction
method and its regular updating application was dtse by the Wigner team.

The in-situ determination of alignment constants ttie CMS Silicon Tracker is also an
important task. Though it is not known for the papkhe accurate determination of the
alignment constants is crucial for the physics genince of the experiment. Position and
angular orientation, as well as shape parameterdetermined at the level of individual
sensors, resulting in up to 200000 alignment patarseAn algorithm based on the global
minimization of track-to-hit residuals is used, wlnidetermines all alignment and track
parameters simultaneously. Systematic biases ingdwmetry are controlled by adding
further information into the alignment workflow form of the known mass of resonances
decaying into muons. The time evolution of the posiof large structures in the tracker is
also a central issue. The Hungarian contributioth@se activities mainly was concentrated
on the monitoring task. Recently a new method wapgsed for the treatment of the so-
called weak modes by the Wigner team.

SUSY search— The discovery of Higgs-boson has double meaninig. the END and the
BEGINNING at the same time. It is the coronationtlud Standard Model, the last missing
element in the jig-saw puzzle. But if there exsmte Higgs then any number of additional
Higgs bosons may exist, too. One of the most pomaadidates with 5 bosons is the SUSY
model which would solve many fundamental probleifngasticle physics.

Unfortunately the observed 125 Ge¥imass for Higgs is strongly disfavouring the most
popular SUSY versions (CMSSM, mSUGRA)

, therefore working out a new search strategy igshenagenda, where the Wigner team is

actively participating in the Single Lepton group.

GRANTS AND INTERNATIONAL COOPERATION

OTKA NK 81447 Hungary in the CMS experiment of tharge Hadron Collider (D.
Horvéth, 2010-2013)
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OTKA K 72172 Study of fundamental symmetries usamgiprotons (D. Horvéath, 2008-
2012)

OTKA K 75129 Theory of quantum effects in nano-eyss (L. Didsi, 2009-2013)

SCOPES 128079 (Swiss National Science Foundatiost) years of data taking with the
CMS experiment at the LHC (Dissertori* G; 2009-2p12

EU COST M1016 Fundamental problems in quantum pisyi. Didsi, 2011-2014)
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production of b b-bar X, decaying to muons in pflisions at sqrt(s)=7 TeVJHEP,
1206 110, 2012

Chatrchyan$S et al. [CMS Collaboration]; Search for microscoblack holes in pp
collisions at sqrt(s) = 7 Te\JHEP, 1204 061, 2012

ChatrchyanS et al. [CMS Collaboration]; Search for quark gmsiteness in dijet
angular distributions from pp collisions at sqrtsj TeV;JHEP, 1205 055, 2012

ChatrchyansS et al. [CMS Collaboration]; Search for the gl model Higgs boson
decaying to bottom quarks in pp collisions at s)#{ TeV;Phys Lett B710, 284, 2012

Chatrchyan$S et al. [CMS Collaboration]; Search for neutrégdg$ bosons decaying to
tau pairs in pp collisions at sqrt(s)=7 TeRhys Lett B713 68, 2012

Chatrchyan$ et al. [CMS Collaboration]; Search for largeraxdimensions in dimuon
and dielectron events in pp collisions at sqrt{sf ¥eV; Phys Lett B711, 15, 2012

ChatrchyanS et al. [CMS Collaboration]; Search for the s&mddmodel Higgs boson in
the H - ZZ - 2| 2? channel in pp collisions at sqrt(s) = 7 THAEP, 1203 040
(2012)

ChatrchyanS et al. [CMS Collaboration]; Search for the s@mdmodel Higgs boson in
the H- ZZ - I'' tt decay channel in pp collisions at sqrt(s)=7 T&NEP, 1203 081,
2012

ChatrchyanS et al. [CMS Collaboration]; Search for the s&mddmodel Higgs boson in

the decay channel H. ZZ - 4 leptons in pp collisions at sqrt(s) = 7 TeV; PiRev
Lett; 108 111804, 2012
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ChatrchyansS et al. [CMS Collaboration]; Search for the stmdmodel Higgs boson
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Phys Lett B710, 91, 2012

ChatrchyanS et al. [CMS Collaboration]; Combined resultse#rches for the standard
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Chatrchyan$S et al. [CMS Collaboration], Measurement of tiharge asymmetry in
top-quark pair production in proton-proton collisgoat sqrt(s) = 7 TeWhys Lett B
709 28, 2012
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Conference proceedings
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Di6si L; Classical-quantum coexistence: a “fied' test; In: Emergent Quantum
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R-1. SPACE PHYSICS

Géza Erds, Z§éfia Bebesi, Lajos Foldy, Antal Juhasz, Karkcskeméty, Péter Kirdly,
Katalin Lukacs, Zoltan Németh, Karoly SzégMariella Tatrallyay

Magnetic field in the Heliosphere—Some portion of the solar magnetic field is froheto
the solar wind and carried out to the interplanetapace. The magnetic flux in the
heliosphere is best characterized by the radial poorant of the magnetic field vector
measured by spacecraft, which is a complex funaifathe location and time of observation.
We have shown that the complexity is mainly duenagnetohydrodynamical waves and we
have introduced a new data analysis method whigjela reduces the effect of fluctuations.
This widened the possibility to study the sunspaie variations of the solar magnetic field.

Energetic particles in the Heliosphere.— In contrast to energetic ions arriving

predominantly from the Sun, the main source ofted&s with energies above about 1 MeV
is planet Jupiter. The penetration of Jovian etetrgrinto the inner heliosphere during periods
of optimum magnetic connection between Jupiter Bath is a well-known phenomenon,

however, a special magnetic configuration is neargs®r periods when such a connection is
absent. Based on near-Earth electron measuremeritsive shown that long-living magnetic

traps corotating with the Sun filled by energetlecadons can account for the periodic
variations observed in 2007-2008. By analyzing epeaft observations of 0.03-1 MeV/n

ions during quiet solar activity we pointed outtttlze elementary composition of such ions
split into three well-defined groups. These coroggbto those of solar energetic particle
events, the solar corona, and the solar wind, otisgedy, and suggest that various

acceleration mechanisms are at work in the diffegeoups.

The plasma environment of non-magnetic solar systetmdies.— Venus, Mars and Titan,
the largest moon of Saturn, are the only non-magsetar system bodies having a relatively
dense atmosphere. As a consequence, their ionespimteract directly with the high speed
plasma flow surrounding them. Accordingly, theséeots provide a wide parameter range
for the investigations of the interaction of nongnatic bodies with their plasma
environment. It is remarkable that the global dtices formed by these interactions are very
similar, although the two planets are immersedhi@ $upersonic solar wind flow. Titan,
however, is located inside Saturn's hot, rapidtating but subsonic magnetospheric flow.

We studied the plasma environment of these soktesyobjects and also participated in the
comparative studies concerning the similarities diffitrences of these environments. We
investigated the induced magnetospheres formedhéyntagnetized plasma enfolding the
highly conducting ionosphere; provided a classifiza of the possible plasma types of
Titan's plasma environment, and reviewed resulisitine ionosphere of Titan.

The magnetodisk of Saturn— In situ measurements around Jupiter and Satweated that
both giant planets possess a complex magnetic/plagracture, called magnetodisk. It is
established that the magnetodisk is the resuhefriteraction of the planetary magnetic field
with  the relatively dense co-rotating plasma sumnding these  planets.
Thisstructureplaysaveryimportantroleinthemagnetesggofthegiantplanets. Thedensityandco
mpositionofthemagnetosphericplasma,aswellasthepiepefthemagneticfieldshowastrongde
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pendenceonthepositionofthemeasurementsiterelatiextentralsheetofthemagnetodisk.Onthe
otherhand,thesepropertiesstronglyinfluencetheiotEnaofthemagnetospherewiththevariousb

odiesorbitingaroundtheplanet,includingitsmoons. Stle location of the magnetodisk is a
very important property of Saturn's plasma envirentn Using ion densities derived from

measurements by the Cassini Plasma Spectrometerdetegmined the location of the

magnetodisk in the nightside outer magnetosphe&atfrn near equinox conditions.

GRANTS AND INTERNATIONAL COOPERATION

EU-FP7-CPS CSA Number 228319 Europlanet RI (K. 8z2§08-2012)
PECS Experimental Arrangement No. 98077 “ClustetaDxploitation” (M. Tatrallyay,
2008-2012)

PECS Experimental Arrangement No. 98080 “Partiggmain the development of the Rosetta
Consortium Experiment on board Orbiter RPC” (S.|&z2008-2013)

Publications

Articles

1. Bebesi Z, KruppN, Szeg K, Franz M, Németh Z, Krimigis SM, Mitchell DG, Erdss
G, Young DT, Dougherty MK; Analysis of energetic electron drop-outs i thpper
atmosphere of Titan during flybys in the daysidegnetosphere of Saturlgarus 218,
1020-1027, 2012

2. CoatesAJ, Wellbrock A, Lewis GR, Arridge CS, Crary FJ, Young DT, Thomsen
MF, Reisenfeld DB, Sittler EC Jr, JohnsonRE, Szed K, Bebesi Z, JonésGH;
Cassini in Titan's tail: CAPS observations of plasescape;] Geophys Resl17,
A05324/1-11, 2012

3. Erdts G, Balogh A; Magnetic flux density measured in fast and slselar wind
streamsAstrophys ;J753 130, 2012

4. Ishkov VN, Zeldovich MA, Kecskeméty K, Logachéwul; Relative ion Fe, C and O
abundances in quiet time particle fluxes in thesSZ3Adv Space Re80, 757-761, 2012

5. McKenna-Lawlor SMP, Fry CD, Dryer M, Heynderickx D, Kecskeméty K, Kudela
K, Balaz J; A statistical study of the performance of thek&taada-Akasofu-Fry
version 2 numerical model in predicting solar shaokival times at Earth during
different phases of solar cycle 28\n Geophys30, 405-419, 2012

6. Szeg K, Németh Z, Eréls G, Féldy L, Bebesi Z, ThomseM, Delapp D; Location of
the magnetodisk in the nightside outer magnetogpbEeBaturn near equinox based on
ion densities]) Geophys Red417, A09225/1-11, 2012

Articles in Hungarian

7. Kiraly P; Ketts centenarium. A kozmikus sugarzas és Janossy ([msle centenary.
The cosmic radiation and Lajos Janossy, in Hunggrieermészet Vilagal43 10-12,
2012
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Conference proceedings

8. Kecskeméty K, DaibogEl, Logachev Yul; Homogeneity of interplanetary space
according to charged particle observations; Rmoc. of 32th Int. Cosmic Ray

Conference of IUPAP, (Beijing 2014)pl. 11, pp. 186-189, 2012

9. Kecskeméty K, ZeldovichMA, Logachev Yul; Relative abundances of quiet-time
suprathermal ions at 1 AU; Iferoc. of 32th Int. Cosmic Ray Conference of IUPAP,

(Beijing 2011);vol. 11, pp. 117-120, 2012

Books and book chapters
10. Sze§ K (ed.); The Plasma Environment of Venus, Mars, and Tipace Sciences
Series of ISSI, Vol37, Springer, 2012.
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R-J. SPACE TECHNOLOGY

Sandor SzalaiAttila Baksa, Kalman Balajthy, Andras Balazs, ldHevesi, Istvan Horvath,
Janos Nagy, Zoltan Palos, Balint Sodor, Lajos Sz&ladras SzekeresGabor Tréznai, Pal
G. Vizi

Development of the SERENA/PICAM instrument on MPO RepiColombo mission.—
BepiColombo is Europe's first mission to Mercutywlll set off in 2015 on a journey to the
smallest and least explored terrestrial planetuinQolar System. It will arrive to Mercury in
January 2022. The mission comprises two spacecthédMercury Planetary Orbiter (MPO)
and the Mercury Magnetospheric Orbiter (MMO). Thskt of the Wigner RCP RMI is to
develop the Direct Current Converter (DCC) for tRECAM instrument. PICAM is a
spectrometer dedicated to the measurement of tiseiiloMercury’s exosphere; it is part of a
set of instruments named SERENA (neutral and idngssticle analyser). The DCCs supply
the instrument’s electronic circuits with severppeopriate voltages, all galvanically isolated
from the on-board power supply. The instrument'si@d Electronics requires 6 different
fixed voltages, while the Gate Electronics requite® symmetric, bipolar and variable
voltages. The PICAM DCC has 3 functional units: ungilter and Inrush Limiter; Fixed
output voltage DC/DC converter units; Controllablégput voltage DC/DC converter for Gate
Electronics. In 2012 the Qualification Model (QMashbeen manufactured which integrated
all the functional parts intoa single PCB. The PNCACC-QM unit was transferred to Graz
where it was integrated to PICAM-QM. Parallel withese tests the Flight Model (FM)
topology was designed.

The highest transformer

Fig 1. The Qualification Model of the DCC for th&OAM instrument
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Development of the Command Data Management Subsyste(CDMS) for the Rosetta
Lander. — Rosetta is the ESA’s first mission designed tbitoand land on a comet. It
comprises a large orbiter and a small lander. Plagecraft was launched in March 2004 and
it will meet its target, 67P/Churyumov-Gerasimenko2014. The task of the Wigner RCP
RMI is to develop the software for the central datguisition and control computer (CDMS)
for the lander. The actual software version is fiomally complete and equipped with
mechanisms for fault tolerance in the relevanteespand is flight tested prior to entering the
Deep Space Hibernation phase of the spacecraft.attnomous overlaying technique is
considered to be an applicable mechanism to coffeascepted requirements.

Since a substantial part of the SW — that for adliig the on-comet Long Term Science
operations — could be tested only in an environmnsénulated configuration, the SW had to
be adapted also to the Ground Reference Model (GBM)e lander. In contrast to the
Lander SW Simulator, the GRM is equipped with fe@idware components. The adaptation
and the test phase required more than a yearidry¢tar we have solved the double-storage
of the executable SW, so that it does not get ptedi during the on-comet Long Term
Science phase.

In order to facilitate the prediction of the Surbibrthe SunTracker tool has also been
upgraded this year. The aim was to reconstrucbtheomet in-situ Sun orbit with respect to
the lander, and to predict the Sun orbit on lommgtender cometary conditions. This will
allow for solar power and thermal conditions prédit over longer term of comet operations.
A general mathematical model has been set up amalugamethods have been worked out to
in-situ calibrate this model for Sun orbit recouostion.

Development of on-board computers of “Obstanovka” poject of ISS. — The goal of the
Obstanovka project of International Space Statl&$) is to investigate the space weather.
Our task was to develop a distributed intelligesgstem containing three computers, which
realized data acquisition and control of elevenseen measuring different space weather
parameters on the ISS. During the project we cotagléwo flight models of on-board
computers which were tested in Moscow this yeare s\pported the test job by personal
participation and we were in continuous contacthwitie Russian colleagues. In order to
facilitate tests we wrote software which convedath coming from IUS (IUS is a special on-
-board system bus in the Russian Segment on 131§ Wser Datagram Protocol ) and BITS
telemetry channel into our Electrical Ground Supfegquipment (EGSE) display format to
visualize them. We have verified the command cwttmrithm of the measuring scenario
software developed by Russian side.

The Obstanovka unit tests were carried out sucagsdnd according to our current
knowledge, the Russian side plans to deliver thast@iovka system to the International
Space Station in February 2013 on board of a Pssgre
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Fig. 2. The distributed computer system of the @iistka

GRANTS

ESA PECS No. 98091; Participation in developmenthef SERENA/PICAM instrument on
MPO BepiColombo mission (K Szég2008-2013, Participants: S. Szalai, K. Balajthy,
Hevesi, |. Horvath, L. Szalai)

ESA PECS No. 98098; Participation in the developneérthe Command Data Management
Subsystem (CDMS) for the Rosetta Lander (K $z608—- 2013, Participants: S. Szalai, A.
Baksa, A. Balazs, Z. Palos, B. Sodor, G. Tr6znaiS2ekeres*)

ISS URKUT_09-1-2009-0014; Development of on-boasthputers of “Obstanovka” project
of ISS, National Development Agency (J. Nagy, 2@0Q2, Participants: J. Nagy, K.
Balajthy, I. Horvath, B. Sédor, S. Szalai)

PUBLICATIONS

Article in Hungarian

1. Nagy J, Szalai S; Adiridéjaras megfigyelése, magyariiszerek a Nemzetkozi
Urallomason, (Monitoring space weather, Hungariastriments on the International
Space Station, in Hungariarlet és TudomanyXVIl , 329-331, 2012

Others

2. Szalai S, Nagy J; Instruments for Mars & Solgst&m research; Mars workshop,
Budapest, 2012. Jul. 06-07 (http://www.rmki.kfkitio/UK-T-website/)

3. Balazs A; SunTracker; LSWT workshop, Graz, 201®ctober 29-31
(http:/iwww.rmki.kfki.hu/tfo/UK-T-website/)

4. Nagy J, Sodor B, Szalai S; Improvement of EGSEhidecture and Software in Last
Decade; poster in: SESP 2012, Simulation and EGSifities; ESTEC, Noordwijk, 25-
27 September 2012 (http://www.rmki.kfki.hu/tfo/UK-Website/)
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R-K. X-RAY SPECTROSCOPY

Gyorgy Vankg Csilla Bogdan, Amélie Bordage, Zoltan Németh,yﬂéPépaﬁ

Switchable transition-metal-based molecular systdrase great potential in future IT
applications in very high density devices includdaga storage systems, molecular switches,
and display devices. We employ powerful static dimle-resolved X-ray spectroscopy
techniques to explore the fine details of the dwiftg mechanisms.

Ultrafast molecular transitions. — Unveiling the elementary steps of light-induced
molecular switching requires ultrafast pump-prokgegiments. We have been making efforts
to introduce element-sensitive high-resolution X}-rgpectroscopy as probes in ultrafast
experiments. We report a relevant advance fromfithe proof-of-principle X-ray emission
experiment to collecting picosecond-resolved dataleying a MHz laser system with count
rates similar to those in static experiments. Meegpwe have realized a setup to combine
elastic scattering and spectroscopy, to obtainrin&ion on the electronic and structural
dynamics at the same time. Combining informaticmnfrX-ray emission spectroscopy and
scattering on a photo-induced spin-state transitibfFe(bipy}]** in aqueous solution, the
excitation fraction as well as the temperature dedsity changes of the solvent can be
closely followed on the subnanosecond time scatbefifetime of the transient excited state.
An analysis approach directly utilizing the spestapic data in the XDS analysis effectively
reduces the number of free parameters, and botlvioech permit extraction of information
about the ultrafast structural dynamics of the mggiolvent, in particular, a decrease in the
number of water molecules in the first solvatiorelslis inferred, as predicted by recent
theoretical work.
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Fig. 1. CombinedX-ray absorption and X-ray emission spectra, andXdiffuse scattering
results that resolve a subnanosecond-lived ex¢itftl) state.
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X-ray induced effects.— Exploring alternative modes for molecular switihican provide

us with insights into the interplay of the stronglyupled degrees of freedoms that shape the
electronic structure and magnetic properties ohsumaterials. Following our recent finding
of hard X rays trigger spin-state switching in Fefomplexes, we have now observed they
can also induce a thermal hysteresis at the swichf molecular magnets; the observation
can provide us with a new tool to monitor coopeigtiamong the switching units.

GRANTS AND COOPERATION

ERC-StG 259709 ERC Starting Grant: Electronic titeorss and bistability: states,
switches, transitions and dynamics studied witthigsolution X-ray
spectroscopy, (G. Vanké, 2010-2015)

OTKA K 72597 Novel approaches to lasting problerapectroscopic studies of the
electronic structure of transition metal-basedrgity correlated systems
(G. Vanko, 2012-2013)

NFU TéT French-Hungarian Bilateral IntergovernnaéntS&T Cooperation:
Investigation of switching mechanisms in Fe molacwdomplexes by
hard X-ray spectroscopies: contribution from exmpents and theory,
(G. Vanko, 2012-2013)

PUBLICATIONS

Articles

1. Haldrup K, Vanké G, GaweldaW, Galler A, Doumy G, March AM, Kanter EP,
Bordage A, Dohn A, van Driel TB, Kjeer KS, Lemké HT, Canton SE, Uhlig J,
Sundstrém V, Young L, Southworth SH, Nielsen MM, Bressler C; Guest—host
interactions investigated by time-resolved X-ragaposcopies and scattering at MHz
rates: solvation dynamics and photoinduced spinsttian in aqueous Fe(bipyJ; J
Phys Chem AlL16, 9878-9887, 2012

2. RenzF, Vanké G, HomenyaP, SaadatR, Németh Z, HuotariS; Hard-X-ray-induced
thermal hysteresis (HAXITH) in a molecular switckabolid; Eur J Inorg Chem2012
2653-2655, 2012

3. Bordage A, Rossan®, Horn AH, Fuchs Y; Site partitioning of C¥ in the trichroic
alexandrite BeAlO,:Cr** crystal: contribution from x-ray absorption spestropy;J
Phys: Condens MattgR4, 225401/1-8, 2012

4. Manuel D, Cabaret D, Brouder Ch, Sainctavit Ph, Bordage A, TrceraN;
Experimental evidence of thermal fluctuations om tkeray absorption near-edge
structure at the aluminum K eddehys Rev B85, 224108/1-13, 2012

See also R-L.3
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R-L. MAGNETIC THIN FILMS

Laszlo Bottyan Laszlo Dedk, Miklés Dolg(%s Janos Major, Daniel Géza Merkel, Béla
Nagf , Dénes Lajos Nagy, Szilard Saijti

Introduction. — Reduced dimensions and the presence of interfaltesthe properties of
magnetic materials which are being made extensbeeaf world-wide applying up-to-date
controlled deposition techniques. Film-perpendicudaisotropy, sign-changing interlayer
coupling, giant and tunnelling magnetoresistaneeadready commercialized phenomena in
this field. The group’s activity covers researchl aevelopment of magnetic thin films and
heterostructures including their characterization uclear methods. Besides, the group
offers services in ultrahigh vacuum preparation poldrized neutron reflectometry.

Reciprocity in the scattering theory. — {1 T —originall
Reciprocity requires the scattering amplitude | 1~ reversed
symmetric upon transposition of detector ai
source. Reciprocity violation in magneto-optici
gyrotropy, a well known property of the
Mossbauer nuclear medium was studie
Following the theoretical elucidation ([MR.1]
Fig. 1) we experimentally found large nor
reciprocity in nuclear resonance scattering
special orientations of the magnetic hyperfir .
fields. .

Development of neutron optical elements. —
As a result of simulations, in collaboration wit q0 5 0 5 10
our industrial partner, we developed new types v (mm/s)

polarizing neutron monochromators and bai Fig.1. Simulation of reciprocity-obeying
filter layer systems, and optimized sputterir (a) and violating (b) arrangements in
parameters of neutron supermirrors for optimu Mossbauer scattering [MR.1].
reflectivity and tolerable internal stress.

L e e
original
-------- reversed

Intensity (arb. units)

Controlling exchange coupling in thin bilayers. —As part of our continued research in
superconductor/weak ferromagnet proximity effegts, succeeded in controlling magnetic
exchange coupling strength in,8iye0x (X = 55, 65) alloy films of a few nanometer thickness
and found an induced magnetic proximity contribmtion V(ds)/Ni,Cuiox(de) bilayers
beyond the finite size effect upda

Neutron instrumentation. — We designed and constructed a new high-precidibsystem,
a new multielement graphite monochromator, andgh Iperformance supermirror neutron
polarizer. We also installed a 12 K to 300 K crap$or the GINA neutron reflectometer.

# PhD student
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Figure 2. Layout of the GINA neutron reflectome- Figure 3. The installed low
ter with the upgraded monochromator and slitstemperature sample environment of the
GINA reflectometer

GRANTS AND INTERNATIONAL COOPERATION

NAP-VENEUS'08 Visegrad Cooperation for Developmentd Application of Neutron
Spectroscopy Techniques in Multidisciplinary ReasleaL. Bottyan,
2009-2012)

TéT-10-1-2011-0671 Hungarian-Viethamese Bilatené¢rgovernmental S&T Cooperation:
Porous materials and residual stress in metalsiestuly nuclear
microscopies (L. Bottyan, 2012-2014)

L ONG TERM VISITOR

O Luu Anh Tuyen, Center for Nuclear Techniques in Mognh City, Vietnam, from 23
July to 3 September, 2012, (host: L. Bottyan)

PUBLICATIONS

Articles

1. Deak L, Filop T; Reciprocity in quantum, eleatagnetic and other wave scattering;
Ann Phys - New Yor27, 1050-1077, 2012

2. Bottyan L, Merkel DG, Nagy B, Major J; Neutraflectometer with polarization option
at the Budapest Neutron Centieutron News23, 21-24, 2012

3. Deék L, Bottyan L, Fiilop T, Kertész G, Nagy Rijffer R, Spiering H, Tancziké F,
Vanké G; Switching reciprocity on and off in a magmoptical x-ray scattering
experiment using nuclear resonanceaet Fe foils; Phys Rev Lettl09 237402/1-4,
2012

See also R-L.3
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R-M. |ON BEAM PHYSICS

Endre Kotaj Pal Kostka, Attila Németh, Edit Szilagyi

Real-time backscattering. — Applying in situ backscattering spectrometry (BS)ridg
annealing opens a new possibility to characteristéh lzomposition and thickness of the
formed layers. Since only a few minutes are neddecbllect a BS spectrum, this may be
done continuously to provide a real-time analydishe reactions. Detailed depth sensitive
information on the film composition is crucial toraprehend the full formation of the growth
process. Annealing can be carried out either isothly or with a linearly ramped
temperature, depending on the type of kinetic aislyo be performed. From isothermal
annealing the constants of linear-parabolic grovetv of solid-state reactions can be
determined. When the sample temperature rampedrljneith time and evaluated at each
temperature, the thickness of the formed layemnalithe determination of the interdiffusion
coefficient (both the pre-exponential factor antivation energy) from a single sample.

Due to the high sensitivity of BS to heavy elementsl-time BS is an ideal technique to
study the redistribution of heavier elements durimgious silicide formations that play
important role in semiconductor technology as well.

|si l Fe

Fe film ] Fe(Ag) lS| lFe lAg

450 2

400

temperature
8
temperature (°C)

350

channels channels

Fig. 1. Real-time BS measurements using 2000iHetbeam on a 50 nm Fe film (left) and
Fe film containing 1 at. % Ag (right) on Si(100)jngramped annealing (1.9 °C/min). Every
horizontal line in such a contour plot corresporidsan RBS spectrum, with a tone scale
representing the backscattering yield.

This year we set up the instrumental requiremehtseoreal-time BS experiments. Computer
controlled annealing experiments can be performeith livith linearly ramped voltage or
current, which allow us to change the temperatgre dunction of the annealing time. In
order to check the temperature calibration at fi$Si formations were studied, and we
observed similar processes as can be found irtéhnatlre.

To study the impurity effect of Ag on the iron sile formation, 50 nm of Fe layer was
grown on Si(100) substrate with and without of % a&g. The samples were covered by a 5
nm Si layer to avoid oxidation. Fig. 1 shows theutes of real-time BS of both samples using
ramped annealing (1.9°C/min) up to 8G0In case of pure Fe film, no change on the Ferlay
can be observed up to 425 Then suddenly, the whole iron layer transforred FeSi,
above at 45(T the left side of the iron peak gradually smearet] which can be interpreted

44



R-M. lon beam physics

as formation of various iron silicide (FeSi, FgSkFeSk,) interface layers. In the Ag
containing film the reaction started about ZDQFeSi and FeSi), and suddenly (around
425°C) the composition of the whole layer changed tgSkemoreover Ag segregation can
be observed at the surface. No sign of startingrathlid state reaction up to 5@0

PUBLICATIONS

Articles

1. Baji Zs, Szanyo A, Molnar Gy, Téth AL, Pet’ G, Frey K, Kétai E, Kaptay G;
Formation of nanoparticles by ion beam irradiatiéithin films; J Nanosci Nanotechno
12, 5009-5015, 2012

2. JeynesC, BarradasNP, Szilagyi E; Accurate determination of quantfymaterial in
thin films by Rutherford backscattering spectromiedmal Chem84, 6061-6069, 2012
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R-N. NON-DESTRUCTIVE STUDY OF CULTURAL HERITAGE
OBJECTS (CHARISMA)

Zoltan S#kefalvi-Nagy, Imre Kovacs

Preservation and conservation of our cultural hgathas become one of the main concerns
today all over the world. In particular there is atreasing need for non-destructive
investigations, as sampling from the unique andtiptes objects of art and archaeology is
inadmissible in most cases. The external beam arersf particle induced X-ray emission
spectroscopy (PIXE), where the bombarding partifes MeV protons in most cases) are
extracted from the vacuum chamber of the partictelerator through a thin foil “window”
into the atmosphere is specially suited for elemeanalysis of even extended objects, too.
Our work in this field is carried out in the frarttfee EU-funded integrating activity project
CHARISMA (Cultural Heritage Advanced Research Isfractures: Synergy for a
Multidisciplinary Approach to Conservation/Restdoat carried out in the FP7 Capacities
Specific Programme "Research Infrastructures").c8ssful applicants from eligible EU
countries visit the Van de Graaff accelerator labany for missions of few days bringing
along their valuable object to investigate. Measaets, data evaluation and interpretation of
the results are made in common.

Technical developments. —The former ponderous external beam PIXE setup adisally
modified. The simplified mounting of the accelerab®am tube and the enforced sample
holding stage allow much easier rough positionifidacger and heavier objects. The new
mechanical sighting arrangement together with a itnong video camera makes more
accurate final beam spot adjustment. In additian ¢cbmputer controlled compact Peltier-
cooled Amptek X-123 x-ray spectrometer with SDDedédr simplifies datacquisition and
reduces running cost.

An illustrative example. — The PIXE spectrum clearly shows that an ancienahmeght-
light holder from Italy was manufactured from almgsure Zn in contrast to former
supposition of bronze (CHARISMA project of M. Ro¢gan

Zn REPERTO N. 507

} Pb
T .
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Fig 1.a) The sample-beam pipe- detector arrangeroktite external beam PIXE set-up; b)
The PIXE spectrum obtained with dominating Zn Kaxdines.
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GRANTS AND COOPERATIONS
CHARISMA Grant Agreement No. 228330 (2009-2014)
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R-O. HIGH TEMPERATURE PLASMA PHYSICS

Gabor Kocsis Mark Aladi,# Gabor Cseh, Angéla B rr‘fa,AttiIa Bencze, Gabor Csé’i‘Déniel
Dunai, Istvan Foldes, Sandor Kéalvin, Maté Lampe@abor Petravich, Daniel Réfy, Tamas
Szepesi, Balazs TalGabor Veres, Sandor Zoletnik

The largest portion of our activities is connedi@dTER, the fusion test reactor being built in
Cadarache, France. Our group is responsible foerakwiagnostic developments and
technical services financed by the ITER’s Europ&omestic Agency, the Fusion for
Energy. Our group is heading a consortium of thremgarian institutions to deliver the
electrical services of in-vessel, in-cryostat amdivertor diagnostic components in ITER.

A second important field is the development of liigent fast framing camera. Event
Detection Intelligent CAMera (EDICAM) was designéar the video survey diagnostics
system of the Wendelstein 7-X stellarator (W7-X)akihg into account the harsh
environment and the difficult availability of the %AX tangential port, a special camera has to
be designed: small (camera body diameter is limied cm, the length to 20 cm) and
resistant against strong (2.5 T) and fast changiagnetic field. The camera is divided into a
small sensor module (SM) and an Image ProcessidgCamtrol Unit (IPCU) residing in a
commercial personal computer. Owing to the steadie soperation the images cannot be
stored in memory located in SM but rather theydirectly transferred via a 10-Gbit optical
link into IPCU. The maximum bandwidth of the senselected is high (6.5 Gbit/s) therefore
this diagnostics produces tremendous amount of tataclear that to manage this problem
special hardware is needed to make real time psowpdo be able to react on events
dangerous for the environments or interesting lier $cientific investigations and — if it is
reasonable — to reduce the amount of the stored This is done by the FPGA based IPCU.

The IPCU controls the SM operation, receives andgsses data from SM, and sends data to
PC via PCle DMA channel. IPCU translates the péciodhage read operations into
individual sensor readout operations. It can supfi@ image processing functions as well,
which means it makes IPCU a real time pre-processigger signal inputs and outputs are
located at the IPCU. These hardware level inputsfoece readouts or change the exposure
control during operation.

Presently camera hardware and firmware tests ageiogp and the W7-X video survey
diagnostics will be fully operational in 2013.

The Korea Research Council of Fundamental SciendeT&chnology (KRCF) awarded a
grant in 2011 for the establishment of a joint Hamgn-Korean laboratory. Since then
several Korean researchers visited Wigner RCP Yaluating data obtained with the trial
system and participating in the design of the fiB&lS system. The joint work revealed
signatures of turbulence at the edge of the KSThiRma and showed that turbulence eddies
extend to at least 2 m along magnetic field line2012 a final BES observation system has
been designed in collaboration with the Budapestésrity of Technology and Economics.
The setup transmits light along the 2 m long pabtet out from the tokamak where it is
filtered using a carefully designed interferendteffiand detected by a 4x8 pixel avalanche
photodiode camera built by Adimtech Kft, a spin-efimpany of Wigner RCP. A CCD
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camera is used for spatial calibration. This optisgstem is looking onto the heating

Deuterium beam of the KSTAR tokamak. To improvegdiastic performance at the plasma
edge, design work for a neutral Lithium beam irgedias also started in 2012. This beam
will go through in 2013 the same observation voluamsethe BES optics has. By selecting
between two interference filters the diagnostid bé capable of measuring both the Li-beam
and the heating beam light.

The BES observation system was built in summer 201Rinstalled on the KSTAR tokamak
in September 2012. First measurements showed thighal-to-noise ratio up to 100 can be
reached.

GRANTS AND INTERNATIONAL COOPERATION
Hungarian National Development Agency No. NAP-1200013 (S. Zoletnik, 2005-2012)

European Communities under the contract of Associabetween EURATOM and the
Hungarian Academy of Sciences. (S. Zoletnik, 1999-)

Hungarian-Korean Joint Laboratory Program in Scéerand Technology: Joint fusion
laboratory. (S. Zoletnik, 2011-2013)

Fusion for Energy, FAE-FPA-328, (G. Veres 2012-3016

L ONG-TERM VISITORS

O Minjun Choi, POSTECH Pohang, South Korea, Janu@fy?Zhost: S. Zoletnik)
[0 Kyu Dong Lee, NFRI, Daejeon, South Korea, May-R0t 2 (host: S: Zoletnjk

PUBLICATIONS

Articles

1. Nam YU, Zoletnik S, Lampert M, KovacsikA; Analysis of edge density fluctuation
measured by trial KSTAR beam emission spectros®ysyem;Rev Sci Instrum83,
10D531/1-3, 2012

2. GuszejnovD, Pokol Gl, Pusztail, Refy D, Zoletnik S, Lampert M, NanvU; Three-
dimensional modeling of beam emission spectroseco@gsurements in fusion plasmas;
Rev Sci InstrupB83, 113501/1-7, 2012

Conference proceedings

3. Nam YU, Zoletnik S, Lee KD, Lampert M; Edge density fluctuation patterristtze
KSTAR tokamak measured by two-dimensional beam siorisspectroscopy; IProc.
39" EPS Conference & 1BInt. Congress on Plasma Physics EPS/ICPP (Stookhol
Sweden, 2-6 July 2012ds: S. Ratynskaya, L. Blomberg, A. Fasoli, EPS3t.069,
2012

4. Lampert M, ChoiM, Guszejnov D, Jeon YM, Kiss I, Kovacsik A, Nam YU, Park
H, Pokol G, Veres G, Zoletnik S; Beam emission spectroscomasurements on
KSTAR, In: Proc. 39" EPS Conference & 16Int. Congress on Plasma Physics
EPS/ICPP (Stockholm, Sweden, 2-6 July 20E2)s: S. Ratynskaya, L. Blomberg, A.
Fasoli, EPS;P1.075, 2012
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Zoletnik S, Buday Cs, Dunai D, Kalvin S, Krantdecken A, Liang Y, Petravich G,
Soldatov S, PearsonJ, Réfy D, TEXTOR Team Dynamics of the Electron Density
Profile and Plasma Turbulence during the L-H tramsiand ELMs in TEXTOR; In:
Proc. 39" EPS Conference & 1BInt. Congress on Plasma Physics EPS/ICPP
(Stockholm, Sweden, 2-6 July 2Q1Eds: S. Ratynskaya, L. Blomberg, A. Fasoli,
EPS;03.107, 2012

Dodti D, Brix' M, BeurskensMNA, FlanaganJ, Kempenaarsvl, Maslov M, Fischer

R, SchweinzerJ, Zoletnik S, Dunai D, NedzelskiyS, Refy D, Petravich G., Leyland
MJ and JET-EFDA contributorsPedestal Density Profiles from the Upgraded Lithi
Beam Diagnostic at JET and Comparison to Expectsititom Neutral Penetration; In:
Proc. 39" EPS Conference & 16Int. Congress on Plasma Physics EPS/ICPP
(Stockholm, Sweden, 2-6 July 2Q1Eds: S. Ratynskaya, L. Blomberg, A. Fasoli,
EPS;P1.020, 2012
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R-P.L Ow TEMPERATURE PLASMA AND ATOM PHYSICS IN STRONG
LASER FIELDS

Gagik Dzsotjan Jézsef Bakos, Gabor Demeter, David Dzsotjan, ddikkedves, Béla
Réaczkevi, Néra Sandor, Zsuzsanna Sorlei

One of the basic processes of atom optics is thepulkation of atomic ensembles by external
laser fields. It turns out that the results depsindngly on the initial preparation of the atomic
systems. We have proposed and analyzed novel seshdate creation of coherent
superposition of meta-stable states in multi-leateims using frequency-chirped laser pulses
with negligible excitation of the atoms. We havewh that the proposed schemes may be
equally efficient in homogeneously and Doppler-blerzed media. By numerically solving
the master equation for the density matrix operate have analyzed the influence of
relaxation processes on the efficiency of the @aabf superposition states and have shown
that the proposed schemes are robust against ynakdium variations of the laser field’s
parameters.
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Fig.1. 2D momentum distribution of two-level moateims for two cases of the initial
preparation: a)- initial populations of the statase equal with the zero phase of the
coherence (a) and with the phase of the coheregual o pi radian (b).

We have shown in our investigation how the atomiger dynamics may be visualized in
coherent acceleration of an atomic cloud cooledteaggbed in magneto-optical trap (MOT)
by short laser pulses, as well as in deflectiorthef atoms by standing light waves in an
optical cavity.

In the case of MOT, we have demonstrated experiafignhow the dynamics of the

population transfer in atoms induced by laser puiseeflected in the transfer of mechanical
moment from pulsed laser fields to atomic ensembieparticular, we have analyzed
acceleration of a cloud of trapped and cooled Rimatin the field of counter-propagating
short laser pulses with special form of the fregquechirp. Namely, the direction of the chirp
was changing during the laser pulse providing mldtipopulation transfer between the
working levels and, respectively, transfer of npl#i mechanical momentum to the atoms
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compared with the case of the monotonic chirp. fdseilts of the experiment are compared
with the theoretical analysis and reasonable ageeein revealed.

In the case of optical cavity, we have demonstrdted initial preparation of atoms in
coherent superposition states is qualitatively ldiggd in two-dimensional patterns of atoms
deflected on two crossed standing waves (Fig.1¢ dilysis is done in quantum treatment
for three-level atoms in a lambdanfiguration, interacting with two crossed stamdlight
waves.

GRANTS AND INTERNATIONAL COOPERATION

OTKA NN 78112 Light slowing down by frequency-chegblaser pulses (G. Dzsotjan, 2010-
2013)

OTKA K68240 Nonlinear effects in the interactionfodquency modulated laser pulses
with rubidium atoms in magneto-optical trap (G. Biyan, 2007-2012)

Hungarian National Development Agency: ELI-09-1-Q@i010, “HELIOS” grant (G.
Dzsotjan, 2012-2013)

Bilateral collaboration project with the Institutd Physics of the Jagellonian university,
Krakow, Poland in the frame of cooperation betwdenHungarian and
Polish Academies of Sciences (G. Dzsotjan, 201®BP01

Bilateral collaboration project with the Instituier Physical Research, Ashtarak, Armenia in
the frame of cooperation between the Hungarian @mthenian
Academies of Sciences (G. Dzsotjan, 2010-2012)

PUBLICATIONS

Articles

1.  Abovyan GA, Djotyan GP, Kryuchkyai®sYu; Visualization of superposition states and
Raman processes with two-dimensional atomic deflecPhys Rev A85, 013846/1-7,
2012

2. Demeter G, Kis Z, Hohenested; Nonlinear pulse propagation phenomena in ion-
doped dielectric crystal®hys Rev A85, 033819/1-8, 2012

Conference proceedings

3. Sandor N, Bakos JS, Soérlei Zs and Djotyan GReation of coherent superpositions
between metastable atomic states in Doppler-braatiemedia;J Phys Conf Ser350,
012002/1-6, 2012

4. Djotyan GP, Sandor N, Bakos JS, Sorlei Zs; @pttorage in quantized mediroc.
SPIE8414 84140X/1-5, 2012; http://dx.doi.org/10.1117/123923

5. Dzsotjan D, Fleischhaue¥!; Long-range coupling of single atoms mediatedstallic
nano-wires and metamaterials: collective decaymagdifications and level shift®roc.
SPIE: Plasmonics: Metallic Nanostructures and Thé@iptical Properties X 8457,
84573R/1-15, 2012
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R-Q. LABORATORY OF SPEECH TECHNOLOGY FOR REHABILITA -
TION (LSTR)

Andras Arat6,Norbert Markus, Szabolcs Malik

The two main activities of LSTR are talking aids the blind and talking aids for people
living with autism.

The MObile SlateTalker (MOST) system was ported to different versions of the rami
operating system (2.2, 2.3, 3.0 and 4.0) and differmodels of smartphones including
Motorola Milestone2 and Defy, Sony Ericsson Xpevlimi Pro 2. Different text-to-speech
programs were included into MOST and the user eeilyeswitch from one to other. Our
BraiLab text-to-speech program was modified for wéth the Hungarian free NVDA (Non
Visual Desktop Access) screen reader program. taklscontinues into next year.

A stuttering autistic boy was taught th®rse languagevhich he can reproduce fluently. The
Morse language is used today only by radio amatsorsve built a radio station with the call
sign HASRST (R)ehabilitation with (S)peech (T)eclugy or (R)eadability (S)ignal strength
(T)one which is the report abbreviation in Morsansmission. Our speaking TalkPad
program was ported to the Android operating systenfacilitate communication. Three
autistic children use TalkPad which helps us toemsiénd more the nature of autism. Morse
language and spoken speech can be compared argfigated to understand the nature of
communication disorders.

TalkPad for facilitated communication MOST smartpé® with Braille mask

PUBLICATIONS

Conference proceedings

1. Araté A, Markus N, Juhdsz Z; Speaking and urtdading Morse language, speech
technology and autism; InProc. ICCHP 2012 13th International Conference on
Computers Helping People with Special Needs (Usityepf Linz, Austria, June 10-14,
2012); Ed: K. Miesenberger et al., Springer-Verlag, LiAnstria; Part Il. pp. 311-314,
2012,
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2. Markus N, Malik Sz, Juhasz Z, Arato A; Acceddipifor the Blind on an Open-Source
Mobile Platform, MObile Slate Talker (MOST) for Armd; In: Proc. ICCHP 2012,1%
International Conference on Computers Helping Peapith Special Needs (University
of Linz, Austria, June 10-14)ed: K. Miesenberger et al., Springer-Verlag, Linz,

Austria; Part Il. pp. 599-606, 2012.
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S-A. STRONGLY CORRELATED SYSTEMS

Ors LegezaGeggely Barczg,lmre Hagymas(,Annaméria Kiss, Miklés Lajk%KarIo Penc,
Judit Romhanyi,Jers Sélyom, Ferenc Woynarovich

Anderson and Kondo problems. — Available analytical methods to study strongly
correlated systems — which form the basis of piteday development of electronic devices —
are very limited, thus application of numerical qgedures is mandatory. We have
investigated an extended version of the periodidekson model (the so-called periodic
Anderson-Hubbard model) with the aim of understagdihe role of interaction between
conduction electrons in the formation of the hefarynion and mixed-valence states. Two
methods were used: (i) variational calculation wite Gutzwiller wave function optimizing
numerically the ground-state energy and (i) exdiegonalization of the Hamiltonian for
short chains. Thé&level occupancy and the renormalization factothef quasiparticles were
calculated as a function of the energy of therbital for a wide range of the interaction
parameters. The results obtained by the two methoglsn reasonably good agreement for
the periodic Anderson model. The agreement is ramet even when the interaction
between band electronsly, is taken into account, except for the half-filledse. This
discrepancy can be explained by the difference &etmthe physics of the one and higher
dimensional models. We have found that this intevacshifts and widens the energy range
of the bard level, where heavy-fermion behaviour can be olesrizor large enoudly this
range may lie even above the bare conduction bemel Gutzwiller method indicates a robust
transition from Kondo insulator to Mott insulator the half-filled model, whil&Jy enhances
the quasi-particle mass when the filling is clasalf filling.

Exotic magnetic orders of high-spin ultracold atoms — Recently ultracold atomic and
molecular systems have been in the focus of thieafetnd experimental studies as they can
also be used as simulators of condensed matteicghy=or a long time magnetic ordering
and superconductivity were thought to be incompatitm fact, homogeneous ferromagnetic
order excludes a homogeneous superconducting afdsinglet Cooper pairs. We have
shown that the system of ultracold atoms with hijperspin F = 3/2 might be unstable
against the formation of quintet pairs if the iaigion is attractive in the quintet channel. We
have investigated the behaviour of correlation fioms in a model including only s-wave
interactions at quarter filling by large-scale dgnmatrix renormalization-group simulations.
We have shown that the correlations of quintetsphigcome quasi-long-ranged, when the
system is partially polarized, leading to the ersarg of various mixed superfluid phases in
which BCS-like pairs carrying different magnetic ments coexist.

Multiferroics. — The research of the technologically importantltifeuroics — materials
simultaneously exhibiting ordering of different degs of freedom, such as charge, spin, and
orbitals — requires a multidisciplinary approacim the magnetoelectric multiferroics,
ferroelectricity is induced by different kinds ofagmetic orders via the relativistic spin-orbit
interaction. As a direct consequence of the crospling between spins and electric
polarization, the control of the ferroelectric pi#ation by external magnetic field and the
manipulation of the magnetic order via electriédfiean be realized in these systems. Though
the basic symmetry requirements for the existerfcéhis cross-coupling are known, the
possible microscopic mechanisms behind need to l&efied in order to optimize the
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synthesis of multiferroics. To address this questive have studied the static and dynamic
properties of one such compound,,8aGe0;, in close collaboration with experimentalists.

Due to the magnetoelectric coupling, the materguires new optical properties. The spins
are excited not only by the magnetic, but alsoHgyelectric component of the light. We have
identified spin modes where the spins change teeigth periodically, in contrast to usual

spin waves where the spins precess. Using a simpldel, we were able to describe the
absorption of infrared light in magnetic fields 1gp30 T. (Fig. 1)
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Fig. 1. Motion of the magnetizations (green, lightows) and the local electric polarizations
(red, dark arrows) in the two sublattices for thensstretching mode. The blue (darker)
spheres are the oxygen atoms forming tetrahedmg¢saround the central Co ions in

Ba,CoGeO;.

Spin-relaxation in metals and semiconductors— Spin transport electronics, or spintronics,
is an emerging field of modern physics due to pgadssiovel devices that carry out efficient
transport and storage of information. The centsalés in spintronics are the control and
manipulation of spin degree of freedom, which reggiprecise knowledge of the interaction
between the spin and its environment in solidstakng selected semiconductors with zinc-
blende crystal structure we have studied the El¥aifet (EY) and Dyakonov-Perel (DP)
spin-relaxation mechanisms under inversion symmieteaking. The band structures in the
presence of spin-orbit interaction are obtainediwithe pseudopotential approximation, and
the spin relaxation is treated phenomenologicéhase diagrams with crossover between the
EY and DP processes are obtained as a functiomvefsion asymmetry, chemical potential,
and momentum relaxation rate. According to the lyidecepted picture it is expected that
the EY mechanism dominates when the inversion symnmjust slightly broken, while DP
mechanism is the most important process in semigtinds with large inversion asymmetry.
However, we have found a non-monotonic dependend@einversion asymmetry for spin-
relaxation, which leads to unusual characteristicssemiconductors with large inversion
asymmetry such as ZnSe from group II-VI.

Frustrated magnetic systems— We have revisited the phase diagram of the rinted
S=1/2 spin ladder with antiferromagnetic rungs ali@gonal couplings. In particular, we
have reexamined the evidence for the columnar dipterse predicted from an analytic
treatment of the model and claimed to be foundumerical calculations. We have found no
positive numerical evidence for a finite dimer arg@arameter in the thermodynamic limit
anywhere in the parameter regime in which the cammdimer phase is expected to appear.
Conservative error estimates in the scaling of data placed stringent limits on the
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maximum possible value of the dimer order paramater the maximum possible extent of
the parameter regime in which a sufficiently weaket phase could still exist.

Tensor factorization in high-dimensional spaces— The treatment of high-dimensional
problems such as the Schrédinger equation can pr@aghed by concepts of tensor product
approximation. We have presented general technithetscan be used for the treatment of
high-dimensional optimization tasks and time-degehdequations, and connect them to
concepts already used in many-body quantum physics.

Quantum-chemical applications of the DMRG algorithm — We have presented a novel
approach based on the density-matrix renormalizaooup (DMRG) algorithm for the
calculation of spin density distributions for malées that require very large active spaces for
a qualitatively correct description of their electic structure. Our approach is based on
calculating the spin-density matrix elements ascbasantity for the spatially resolved spin-
density distribution.

Electron correlation effects are essential for ezueateab initio description of molecules. A
guantitativea priori knowledge of the single- or multireference natwirelectronic structures
as well as of the dominant contributions to therelation energy can facilitate the decision
regarding the optimum quantum chemical method aficsh We have proposed concepts
from quantum information theory, such as orbitalaeglement measures, that allow one to
evaluate the single- and multireference charadtang molecular structure in a given orbital
basis set. By studying these measures we can g¢tssible artifacts of small active spaces.

We have continued our study of the elementary atioits of a model Hamiltonian for the
electrons in poly-diacetylene chains including &tat-phonon interactions as well. We have
shown that inclusion of lattice relaxation, localtgntials, different spring constants for the
double and triple bonds as well as an accuraterigést of the long-ranged screened
Coulomb potential are mandatory to reproduce erpental values. Optimization tasks and
DMRG calculations have been carried out in a sedisrensional parameter space.

GRANTS AND INTERNATIONAL COOPERATION

OTKA K68340 Quantum phase transitions in low-dimenal magnetic and fermionic
systems (J. S6lyom, 2007-2012)

OTKA K73455 Quantum phases and phase transitiomgniable correlated systems (K.
Penc, 2008-2012)

OTKA K100908 Simulating strongly correlated sysgemvith fermionic alkaline earth
atom isotopes in optical lattices and related quanthemistry of
transition metal complexes (O. Legeza, 2012—-2016)

Marie Curie Grant: Numerical study of dynamics amdgnetic properties of PIRG-GA-
strongly correlated electron systems (A. Kiss, 20015)

2010-276834: MTA-EAS NMR and ESR studies of low dimsional strongly correlated
electron systems (K. Penc, 2010-2012).

Momentum Award of MTA: Tensor factorization in higlimensional spaces and
applications to ultracold atomic systems and ttarsimetal complexes
(O. Legeza 2012-2017).
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PUBLICATIONS

Articles
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13.

14.

15.

Romhanyi J, Lajké M, Penc K; Zero- and finiteaferature mean field study of
magnetic field induced electric polarization in ,BaGeO;: The effect of the
antiferroelectric coupling?hys Rev B34, 224419/1-8, 2011

Hagymasi |, Itai K, So6lyom J; Periodic Anderson model with d-f natetion,
Proceedings of the European Conference Physics agfnktism 2011, Poznawcta
Physica Polonica A121, 1070/1-3, 2012

Hagymasi |, Itai K, Sélyom J; Periodic Anderson model with correthiconduction
electrons: Variational and exact diagonalizatiomdgt Phys Rev B85, 235116/1-13,
2012

Barcza G, Legeza O, NoackM, Sélyom J; Dimerized phase in the cross-coupled
antiferromagnetic spin laddegPhys Rev B86, 075133/1-6, 2012

Boguslawski K, Marti” KH, Legeza O, ReiheM; Accurate ab initio spin densities;
Chem Theory Compus, 1970-1982, 2012

Corboz P, Penc K, MilaF, Lauchli AM; Simplex solids in SU(N) Heisenberg models
on the kagome and checkerboard lattiédsjs Rev B86, 041106(R)/1-5, 2012

Penc K, Romhanyi J, R66rf, Nagel U, Antal A, Fehér T, JanossyA, Engelkamp
H, Murakawa H, Tokura Y, Szaller D, Bordacs S, Kézsmarki I; Spin-stretching
modes in non-centrosymmetric magnets: spin-wavetagians in the multiferroic
Ba,CoGeO;; Phys Rev Lettl08 257203/1-5, 2012

Korshunov SE, F. Mila F, Penc K; Degeneracy and ordering of the nonasapl phase
of the classical bilinear-biquadratic Heisenberglglmn the triangular lattic&hys Rev
B; 85, 174420/1-9, 2012

Pereira R, Penc K, White SR, Sacramentd®D, Carmelo JMP; Charge dynamics in
half-filled Hubbard chaind?hys Rev B35, 165132/1-19, 2012

Téth TA, Lauchli AM, Mila” F, Penc K; Competition between two- and three-
sublattice ordering for S=1 spins on the squatgec&thys Rev B85, 140403(R)/1-5,
2012

Bauer B, Corboz P, Lauchli AM, Messio L, Penc K, Troyer M, Mila" F; Three-
sublattice order in the SU(3) Heisenberg modelhensuare and triangular latti¢ehys
Rev B 85, 125116/1-11, 2012

ShannonN, Sikora O, Pollmann F, Penc K, FuldeP; Quantum ice: a quantum Monte
Carlo studyPhys Rev Lettl08 067204/1-5, 2012

Lajké M, Sindzingre P, Penc K; Exact ground states with deconfinedlegap
excitations for the 3 leg spin-1/2 tulithys Rev Lettl08 017205/1-5, 2012

BoguslawskiK, Tecmer P, Legeza O, ReiheM; Entanglement measures for single-
and multireference correlation effecisPhys Chem Let8, 3129-3135; 2012

Corboz P, Lajké M, Lauchli AM, Penc K, Mila F; Spin-orbital quantum liquid on the
honeycomb latticePhys Rev X2, 041013/1-11, 2012
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16. Romhanyi J, Penc K; Multiboson spin-wave theloryBa2CoGe207, a spin-3/2 easy-
plane Néel antiferromagnet with strong single-iomisatropy; Phys. Rev. B 86,
174428/1-10, 2012

Other

17. Woynarovich F; Milyen tantargy a fizika? (WHamd of school subject is Physics? in
Hungarian)Fizikai Szemlg62/6,205-207, 2012
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S-B.COMPLEX SYSTEMS

Ferenc Igléi, Rébert Juhasz, Istvan Kov&c&ergely Ro6szAndras Siif, Péter Szépfalusy

Our principal interest is the theoretical invedtiga of different aspects of equilibrium and
non-equilibrium statistical physics and quantuntesyss.

Phase transitions and critical behaviour. —We have calculated the entanglement entropy
of the random transverse-field Ising model by a erocal implementation of the
asymptotically exact strong disorder renormalizatigroup method in & 3d and 4
hypercubic lattices for different shapes of thersglon. We have found that the area law is
always satisfied, but there are analytic correctidne tae-dimensional edges KE <d —-2).

We have observed that the contribution arising fiemmers is logarithmically divergent at
the critical point and its prefactor in a given @insion is universal, i.e. independent of the
form of disorder.

We have studied the time evolution of the entanglanentropy§(t) of a block of spins in the
random transverse-field Ising chain after a suddéange of the parameters of the
Hamiltonian by means of free fermionic technigué& have considered global quenches,
when the parameters are modified uniformly in spasewell as local quenches, when two
disconnected blocks are suddenly joined togetker.a non-critical final state, the dynamical
entanglement entropy is found to approach a finitéing value for both types of quenches.
If the quench is performed to the critical states entropy grows for an infinite block as
St) ~ InIn t. This type of ultraslow increase is explained tiylo the strong disorder renor-
malization group method.

We have analysed the contact process, the simpledel for propagation phenomena, with
node-dependent infection rates (i.e. intrinsic gqhex disorder) on complex networks. We
have found Griffiths phases and other rare regiffacts leading rather generically to
anomalously slow (algebraic, logarithmic, etc.pration on Erfs-Rényi networks. Similar
effects are predicted to exist for other topologisslong as a non-vanishing percolation
threshold exists. More strikingly, we have foundttferiffiths phases can also emerge, even
with constant epidemic rates, as a consequence &€ rtopological heterogeneity. In
particular, we have observed Griffiths effectsimté dimensional networks as, for instance,
a family of generalized small-world networks.

Considering diffusion in the presence of asymmaetigorder, an exact relationship between
the strength of weak disorder and the electricstaste of the corresponding resistor network
has been revealed, which is valid in arbitrary meks. This implies that the dynamics are
stable against weak asymmetric disorder if thestaste exponeni of the network is
negative. In the case ¢f> 0, numerical analyses of the mean first-passager on various
fractal lattices have shown that the logarithmialisg of  with the distancé, Inz ~ 1", is a
general rule, characterized by a new dynamical eepty of the underlying lattice.

Quantum systems. —We have considered global quenches in the quantdneh&in in a

transverse field and studied the nonequilibriunaxation of the magnetization and the
correlation function as well as the entanglemelfriogry in finite systems. For quenches in the
ordered phase the exact results are explained atidi@scribed by a semiclassical theory in
terms of ballistically moving quasiparticle paifor finite systems quasiperiodic behaviour
of the dynamical evolution of the local order paes®n and the correlation functions is
predicted correctly including the period length, etponential relaxation, a quasistationary
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regime and an exponential recurrence in one perindthe thermodynamic limit the
semiclassical theory is exact for the entanglemsstitopy and its modified version is exact
for the magnetization and the correlation functimo. The stationary correlation function is
shown to be described by a generalized Gibbs ersemb

The three fluid hydrodynamics of the spin-1 spifBose gas has been shown to be valid even
when the Bose condensation occurs in all the tAesgnan levels. We discussed the damping
of the quadrupolar spin waves in the critical regiowhere three fluid hydrodynamics goes
over to the usual two fluid ones.

We have continued the application of the pseudapieietheory generalized to trapped
superfluid Fermi gases. We determined the excessggnwhen one atom is added to a
system with even number of particles in cases isofiropic traps as well.

GRANTS AND INTERNATIONAL COOPERATION
OTKA T075324 Effects of disorder in many body syss (F. 1gl6i, 2009-2013)

OTKA K77629 Investigation of fundamental problemd phase transitions and
symmetry breaking phases (P. Szépfalusy, 2009-2013)

PUBLICATIONS

Articles

1. Kovacs IA, Igléi F; Universal logarithmic ternis the entanglement entropy of 2d, 3d
and 4d random transverse-field Ising modEBL; 97, 67009/1-6, 2012

2. 1gl6i F, SzatmariZs, Lin Y-C; Entanglement entropy dynamics of disorderadnum
spin chainsPhys Rev B85, 094417/1-8, 2012

3. Bl B, Rieger H and Igléi F; Quantum relaxation and finite siféects in the XY
chain in a transverse field after global quencE$H;; 99, 30004/1-6, 2012

4. Juhasz R; Competition between quenched disoaddr long-range connections. A
numerical study of diffusiorPhys Rev E85, 011118/1-8, 2012

5 Juhasz R, OdorG, CastellanoC, Munoz MA; Rare region effects in the contact
process on network&hys Rev E85, 066125/1-14, 2012

6. Juhasz R; The effect of asymmetric disordeherdiffusion in arbitrary network&PL;
98, 30001/1-5, 2012

7. Juhasz R and Odo®; Anomalous coarsening in disordered exclusimt@sses) Stat
Mech P08004/1-17, 2012

8. CsordasA, Homa G and Szépfalusy P; Calculation of the even-odetggndifference
in superfluid Fermi systems using the pseudopaktiteory;EPL; 97, 37005/1-6, 2012

See also: S-T.13
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S-C.ELECTRONIC STATES IN SOLIDS

IstvanTiitis, Krisztina Kadas, Balazs Ujfalussy, Attila Viraskzt Levente Vitos

Magnetic structure and impurities. — We investigated the interactions of magnetic
impurities on surfaces of random substitutionadyadl We found that the interaction acquires
an exponential decay due to the smearing of thiesstt the Fermi level. We also obtained a
new type of interaction in platinum and palladiuohralloys.

We performed a detailed study of the ground-staigmatic structure afltrathin Fe filmson

the surface of fcc Ir(001). We used the spin-clustgransion technique in combination with
the relativistic disordered local moment schemehlitain the parameters of spin models and,
subsequently, determined the favored magnetictstiof the system by means of a mean-
field approach as well as by atomistic spin dynansitnulations. For the case of a single
monolayer of Fe, we find that layer relaxationsyvsirongly influence the ground-state spin
configurations, whereas Dzyaloshinskii-Moriya (DMjeractions and biquadratic couplings
also have remarkable effects. To characterizeattterleffect, we introduced and analysed the
spin collinearity maps of the system. While for tmonolayers of Fe we obtained a single-
spin spiral as ground state due to DM interactiémsthe case of four monolayers, the system
shows a noncollinear spin structure with nonzerb magnetization. These findings are
consistent with experimental measurements indigatmromagnetic order in films of four
monolayers and thicker.

Landau phenomenological theory in combination Miitst-principles calculations was used

to reveal the origin of the meta-magnetic naturé gme unusually strong dependence of the
ordering temperature with doping of thRe,P compoundWe show that the magnetism of the

two sublattices occupied by Fe atoms has an entwgmalependency, which is strongly

influenced by alloying.

Mechanical properties of alloys— Theelastic propertieof paramagnetic (PM) Figt(M =

Al, Si, V, Cr, Mn, Co, Ni, and Rh) solid solutioisthe body-centered-cubic (bcc) and face-
centered-cubic (fcc) structures were investigatsithguthe exact muffin-tin orbital density
functional method in combination with the coherpatential approximation and disordered
local-magnetic-moment model. All impurities congield enlarge or leave nearly constant the
equilibrium volume of PM Fe. At the same time, hees they produce both positive and
negative changes in the elastic parameters. Sontleecélloying elements induce opposite
effects on cubic shear elastic parameters of PMamctfcc Fe. With a few exceptions, we
find that the alloying effects on PM bcc Fe are lignghan on PM fcc Fe. Trends in the
tetragonal elastic constant show a general coiwalatith the trends obtained for the bcc-fcc
lattice energy difference.

The effect ofCr and Ti on the fundamental mechanical propertie¥/eCr-Ti alloyshas been
investigated using the all-electron exact muffim-dirbitals method in combination with the
coherent-potential approximation. The static lattonstant and elastic parameters have been
calculated for the body-centered-cubic V-Cr-Ti ramd solid solution as a function of
composition. Our theoretical predictions are in djoagreement with the available
experimental data. Alloys along the equicompositiegion are found to exhibit the largest
shear and Young’s modulus as a result of the oppadioying effects obtained for the two

* Permanent position: Budapest University of Tecbgpland Economics
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cubic shear elastic constants. The classical swolidtion hardening (SSH) model predicts
larger strengthening effect in V-Ti than in V-CryBRonsidering a phenomenological
expression for the ductile-brittle transition temgdare (DBTT) in terms of Peierls stress and
SSH, it is shown that the present theoretical testdn account for the variations of DBTT
with composition.

GRANTS AND INTERNATIONAL COOPERATION

OTKA K84078 Magnetic, mechanical and thermal préipsrof alloys and their surfaces
(B. Ujfalussy, 2011-2015)

STINT Swedish-Hungarian joint project, Atomic-scalgestigation of steel materials by first
principles method (L. Vitos, 2009-2014)

Oak Ridge National Laboratory, Research on magpetiperties, (B. Ujfalussy, 2012-2013)

L ONG TERM VISITOR
O Hugo Aramberri, University of Madrid, Spain
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1. Kadas K, AhujaR, JohanssorB, Eriksson O, Vitos L; Theoretical prediction of the
elastic properties of body-centered cubic Fe-Ni-BMpys under extreme conditions;
Philosophical Magazine92, 888-898, 2012

2. Zhang H, JohanssonB, Ahuja R, Vitos L; First-principles study of solid-solati
hardening in steel alloy§omputational Materials Sciencg5, 269-272, 2012

3. Hu Q-M, Luo H-B, Li" C-M, Vitos L, Yang R; Composition dependent elastic
modulus and phase stability of NinGa based ferromagnetic shape memory alloys;
Science Chingb5, 295-305, 2012

4. Zhang H, Marko P. Punkkinen J, JohanssonB, Vitos L; Elastic parameters of
paramagnetic iron-based alloys from first-princgplealculations;Phys Rev B 85,
054107, 2012

5. Al-Zoubi N, SkorodumovaN V, MedvedevaA, AnderssonJ, Nilson G, Johansson
B, Vitos L; Tetragonality of carbon-doped ferromatja iron alloys: A first-principles
study;Phys Rev B85, 014112, 2012

6. Lu S, Hu Q-M, Krisztina E, Delczeg-CzirjakK, JohanssonB, Vitos L; Determining
the minimum grain size in severe plastic defornmatjgrocess via first-principles
calculationsActa Materialig 60, 4506-4513, 2012

7. Tian F-Y, Chen N-X, Shen J, Vitos L; A novel potential: the interlayer potial for
the fcc (111) plane familyl Phys: Cond Matter24, 045001, 2012

8. Delczeg L, JohanssonB, Vitos L; Ab initio description of mono-vacansiein
austenitic stainless steeRhys Rev B85, 174101, 2012

9. Kadas K, Teles da Costil, Vitos L, AnderssonY, Bergman A, and ErikssonO; On
the icosahedral metal-phosphorus coordination iflimige; a gift from the sky for
materials chemistry] Mater Chem22, 14741, 2012
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10. Li' X, Zhang H, LU S, Li" W, Zhao J, JohanssorB and Vitos L; Elastic properties of
vanadium-based alloys from first-principles thed®jys Rev B; 86, 014105, 2012

11. Hoffmann M, Marmodoro A, Nurmi E, Kokko K, Vitos L, Ernst A, Hergert W;
Elastic anomalies and long/short range orderingctst a first-principles investigations
of the AgPd,_. solid solution;Phys Rev B86, 094106, 2012

12. Delczeg-CzirjakK, Bergquist L, Eriksson O, Gercsi Z, Nordblad P, SzunyoghlL,
JohanssonB, and Vitos L; Microscopic theory of magnetism tiee magnetocaloric
material FeP; T, (T = B and Si)Phys Rev B86, 045126, 2012

13. Tian F-Y, Chen N-X, Delczeg L and Vitos L; Interlayer potentials for fcc (11dlpnes
of Pd-Ag random alloysComputational Materials Sciencé3, 20-27, 2012

14. Delczeg-CzirjakE K, Gercsi Z, Bergquist L, Eriksson O, SzunyoghL, Nordblad P,
JohanssonB and Vitos L; Magnetic exchange interactions i &- and As-doped BB
from first principles theoryPhysical Review B35, 224435, 2012

15. Vitos L, Zhang H, Al-Zoubi N, Lu~ S, Nilsson J-O, Hertzman$S, Nilson G, and
JohanssonB; Stainless Steel Alloys from First-principlesety; Metallurgia ltaliang
5,19-27, 2012

16. Luo H-B, HuU Q-M, Li" C-M, Yang R, JohanssonB, Vitos L; Phase stability of
Niy(Mn;_Fe)Ga: A first-principles studyPhys Rev B86, 024427, 2012

17. Vajna Sz, Simon E, Szilva A, Palotas K, Ujfalussy B, and SzunyogHh.; Higher-
order contributions to the Rashba-Bychkov effecthwdpplication to the Bi/Ag(111)
surface alloyPhys Rev B85, 075404-075411, 2012

18. Dedk A, Szunyogh L, Ujfalussy B; Thickness-dependent magnetic $tmec of
ultrathin Fe/lr(001) films: From spin-spiral statesvard ferromagnetic ordeiPhys Rev
B; 84, 224413- 224422, 2011

19. Virosztek A and BAcsA; Friedel oscillations around a short range seatt the case of
graphene] Supercond Nov MagR5, 691-697, 2012

Conference proceeding

20. Landa A, Séderlind P, Grabowski B, Turchi P E A, RubanAV, and Vitos L; Ab
Initio Study of Advanced Metallic Nuclear Fuels féast Breeder Reactors; in:
Actinides — Basic Science, Applications, and Teldgyp Mater Res Soc Symp Proc
v1444 67-78, 2012

Book chapter

21. Vitos L, Zhang H L, Lu" S, Al-Zoubi N, JohanssonB, Nurmi E, Ropo M,
Punkkinen M P J and KokkoK, First-principles Quantum Mechanical Approach to
Stainless Steel Alloys; InAlloy Steel: Properties and Uséed: Eduardo Valencia
Morales, InTech, ISBN 978-953-307-888-5, pp. 3281
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S-D.SEMICONDUCTOR NANOSTRUCTURES

Adam Gali David Beke‘ff Thomas Chanier, , Tamas Demj@ﬁamés Hornos, Viktor Ivédf/,
Hugo Pinto, Balint SomogyiKrisztian Szasz Marton Voros, Viktor Zolyomi

The research team is active in three main fielgsetbp new type of (i) biomarkers, (ii)
spintronics, and (iii) 3rd generation solar cellshor Szilvasi (who is an MSc student in
physics and PhD student in chemistry), Geftniering (MSc student in physics) and Tamas
Simon (MSc student in physics) are also active ne¥mbf the group.

Particularly, silicon carbide (SiC) nanocrystalsevstudied by theory and experiments in the
research field of biomarkers. The experimental grdaveloped a new method to fabricate
fluorescent SiC nanoparticles that were testedffardnt biological systems. We found that
our SiC nanoparticles show no toxicity even at lighcentration, which makes them indeed
promising forin vivo bioimaging. In addition, we demonstrated the twotpn response from

a neuron cell injected with our SiC nanoparticlésese results were published in focused
issues ofJournal of Materials ResearctWe continued to characterize the color centers in
SiC by theoretical calculations that might be ukgflbioimaging. For example, we identified
near-infrared emitters in small SiC nanoparticl@sr results were published in prestigious
journals such adlanoscaleand Applied Physics LettersThe theory group applies beyond
state-of-the-art methods where the group leaderimég®d to write a feature article about the
application of the methods. Besides, a 35-pagetgatineview article has been published
about the recent results of SiC nanostructureseseti by the group. We also suggested a
new solution for in vivo bioimaging by preparinglfstized nanodiamonds. This result was
published inrPhysical Review Letters

Nitrogen-vacancy defect in diamond is a very pramgscandidate to realize solid state
quantum bits. The manipulation of single nitrogawancy center by external electric field
was demonstrated where our theoretical calculatiiged to understand and interpret the
electro-luminescence signals. This breakthrough puaslished inNature Photonics We
calculated and analysed the photo-excitation angabion of a nitrogen-vacancy defect by
explaining this complex process (our study is urmasideration aPhysical Review Lettexs
Carbon nanostructures were also investigated. biitiad, we proposed to use ultrathin
silicon nanowires to hosP-donors acting as quantum bits that may operateletated
temperatures as we show in dNano Lettergpaper.

We could achieve a breakthrough in first-principtedculation of impact ionization rates in
semiconductor nanocrystals where the enhanced Ipilitpaf impact ionization could lead to

a big boost in the efficiency of solar cells. Tlsults were presented at conferences and are
under review aPhysical Review Letters

GRANTS AND INTERNATIONAL COOPERATION

OTKA K101819 Design, fabrication and analysis ofminescent silicon carbide
nanocrystals for in vivo biomarker applications (Bali, 2012-2016)

OTKA K106114  Development of novel silicon carbidannmarkers and more effective
glutamate and GABA uncaging materials for measurgroé neuronal

* PhD student
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network activity and dendritic_integration with éie-dimensional real-
time two-photon microscopy (A. Gali, 2012-2017)

EU FP7 No. 270197: DIAMANT-Diamond based atomic st@chnologies (A. Gali, 2011-

2014)

PRACE Distributed European Computing Initiative (@) project DIAVIB (A. Gali,

2011-2012)
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1.
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Vorés M, Gali A; Electronic and optical propesiof silicon carbide nanotubes and
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environment;] Computational and Theoretical Nanoscier®,el 906-1940, 2012

Son NG, Trinh XT, Gallstrém A, Leoné S, Kordina O, JanzénE, Szasz K, Ivady V,
Gali A; Electron paramagnetic resonance and thigatettudies of Nb in 4H- and 6H-
SiC;J Appl Phys112, 083711, 2012

Yan B, Rurali R, Gali A; Ab initio study of phosphorus donorgiag as quantum bits
in silicon nanowiresiNano Letters12, 3460-3465, 2012

Voéroés M, Demjén T, Szilvasi T, Gali A; Tuningetroptical gap of nanometer-size
diamond cages by sulfurization: a time-dependemisithe functional study;Physical
Review Lettersl08 267401, 2012

Gallstrom A, Magnusson B, Beyer FC, Gali A, Son NT, Leone S, Ivanov IG,
Hemmingsson CG, Henry A, Janzén E; Optical identification and electronic
configuration of tungsten in 4H- and 6H-SiRhysica B: Condensed Mattet07, 1462-
1466, 2012

Yan F, Devaty R P, Choyke W J, Gali A, Kimoto T, Ohshima T, and Pens|G;
Anharmonic vibrations of the dicarbon antisite @efén 4H-SiC; Applied Physics
Letters 100, 132107, 2012

Mizuochi N, Makino T, Kato H, Takeuchi D, Ogura M, Okushi H, Nothaft M,
Neumann P, Gali A, JelezkoF, Wrachtrup J, YamasakiS; Electrically driven single
photon source at room temperature in diamdature Photonicss, 299-303, 2012

Vorés M, Gali A, KaxirasE, FrauenheimT, Knaup JM; Identification of defects at the
interface between 3C-SiC quantum dots and g 8ibedding matrixphysica status
solidi b; 249, 360-367, 2012

Gali A; Excitation spectrum of point defects $emiconductors studied by time-
dependent density functional theodyMaterials Researct?7, 897-909, 2012

Somogyi B, Zélyomi V, Gali A; Near-infrared limescent cubic silicon carbide
nanocrystals for in vivo biomarker applications:aminitio study;Nanoscale4, 7720-
7726, 2012

Conference proceedings

11.

Gali A; Excitation properties of silicon vacgnin silicon carbide; InProc. 14th Int.
Conf. on Silicon Carbide and Related Materials (€land, USA, September 11-16,
2011); Mater Sci Forum717-72Q 255-258, 2012
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Ilvady V, Somogyi B, Zélyomi V, GallstromA, Son N T, JanzénE and Gali A;
Transition Metal Defects in Cubic and HexagonalyBgles of SiC: Site Selection,
Magnetic and Optical Properties from ab initio Cédtions; In:Proc. 14th Int. Conf. on
Silicon Carbide and Related Materials (Clevelan&A) September 11-16, 201Water
Sci Forum 717-72Q 205-210, 2012

GallstromA, Magnusson B, Beyer FC, Gali A, Son N T, Leoné S, Ivanov IG,
Henry A, HemmingssonCG, JanzénE; Electronic Configuration of Tungsten in 4H-,
6H-, and 15R-SiC; InProc. 14th Int. Conf. on Silicon Carbide and RethiMaterials
(Cleveland, USA, September 11-16, 20M3ter Sci Forum717-72Q 211-216, 2012

Son N T, Ivady V, Gali A, Gallstrom A, Leoné S, Kordina O and JanzénE;
Identification of Niobium in 4H-SiC by EPR and atitio Studies; In:Proc. 14th Int.
Conf. on Silicon Carbide and Related Materials (@land, USA, September 11-16,
2011) Mater Sci Forum717-72Q 217-220, 2012

Devaty R P, Yan F, Choyké W J, Gali A, Kimoto T and OhshimaT; Local Thermal
Expansion and the C-C Stretch Vibration of the Eboa Antisite in 4H-SiC; InProc.
14th Int. Conf. on Silicon Carbide and Related Nais (Cleveland, USA, September
11-16, 2011)Mater Sci Forum717-72Q 263-266, 2012

See also: S-1.7.
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S-E.NON-EQUILIBRIUM ALLOYS

Imre Vincze Judit Balogh, Laszl6 Bujdoso, Dénes Kaptas, TaK&mény, Laszl6 Ferenc
Kiss

Investigation of half-metallic ferromagnetic alloys — The density of states of half metallic
ferromagnets exhibits a gap for minority electransund the Fermi energy. As a result, these
materials display a 100% spin polarized transpoldva temperatures showing huge potential
for device applications in the field of “spintrogit

A promising class of such materials is that of @®based Heusler alloys, &®Z, whereZ

is a main group element (like Al, Ga, Si, and Ge)general, these compounds crystallize in
the L2 structure shown in Fig. 1a, which is decisivetfur expected half-metallic behaviour.
The symmetry of the L2structure decreases and the material transfornB2tstructure
because of the disorder between the Fe and metaiteis. This structural change has strong
influence on the half-metallic property. The pasitiof the Fermi energy within the gap is
important for the temperature dependence of spiarzed transport; the optimum behaviour
is expected when it is in the middle of the gapiftStf the Fermi level is achieved by
changing the valence contribution of the metallditieoretical calculations assuming L2
structure predict GEeAlysSips to be the best choice and this composition isstifgect of
many experimental investigations.
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Fig. 1. a, The L2type crystal structure: Co sits in the corner loé tcubes, Fe and Z alternate
in the center of the cubes; b, X-ray diffractogravhshe CgFeAl,,Si, samples; ¢ and d, the
respective room temperature Méssbauer spectra gpeérfine field distributions.

This picture is questioned by the x-ray measuremehG. Bortel (Fig. 1b). The GBeAl has
the B2 crystal structure (indicated by the absexiche <111> superlattice reflection) and for
the Al-Si substitution it changes into the ;L8tructure betweerx=0.3 and 0.5. The
composition dependence of the Mdssbauer param@grs2) is in line with this structural
change and significantly different from the themadt expectations. It is worth mentioning
that the comparison of the hyperfine fields measateroom temperature and 12 K indicates
quite different temperature dependences of the atagtion for CeFeAl and CoFeSi,
despite their rather high Curie temperatures (aletive 1000K).
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Fig. 2. Average isomer shift (a) and hyperf
field (b) of CeFeAl,Si measured at room

Layer sequence permutation of multi-
trilayers was suggested to characterize
bottom and top interfaces of a given layer.
In case of Fe-B multilayers, where an
amorphous interface layer is formed, the
results obtained for Fe-B-Ag multi-trilayers
were compared to conversion electron
Mdssbauer spectroscopy (CEMS)
measurements of B/Fe/Ag and B/Fe/B
trilayers. In multi-trilayers, the variance of
the layer morphologies was shown to
enhance the difference in the B
concentration of top and bottom amorphous
Fe-B interfaces.

temperature (empty circles) and at 12 K (dots).
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Fig. 3. CEMS spectra measured at 15 K
for the following samples: (b) Si/5 nm

B/2.5 nm 57Fe/5 nm B/10 nm Ag, and (c)
Si/5 nm B/2.5 nm 57Fe/10 nmAg. The
subspectra of the crystalline Fe layer
(dashed line) and the amorphous Fe-B
interface (black solid line) are also

indicated. In the case of (c), a small
amount of oxide phase (gray solid line) can
also be observed. The normalized
hyperfine field distributions evaluated for
the amorphous Fe-B interfaces are shown
on the right panels. The difference of the
HF distributions reveals that the Fe/B and
the B/Fe interfaces are not equivalent.

OTKA K101456 Mdossbauer and magnetic study of intgaiic compounds (I. Vincze,

2012-

2016)

TET 10-1-2011-0579 Magnetic interactions in mujtda heterostructures (J. Balogh, 2012-

2014)
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Lag 6P hy 3MNng C 0y 10, o7 ceramic;High Pressure Researg2, 145-149, 2012

3. Caballero-Flores* R, Franco* V, Conde* A, Kis$,LPéter L, Bakonyi I; Magnetic
multilayers as a way to increase the magnetic fiekponsiveness of magnetocaloric
materials, Journal of Nanoscience and Nanotechnolddy 7432-7436, 2012
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S-F.X-RAY DIFFRACTION

Gyula Faigel Gabor, Bortel, Laszl6 Granasy, Zoltan Jurek, KataKamaras, ,Gyongyi
Klupp, Dorina Kocsi€, Eva Kovats, Katalin Néme abor Oszlanyi, Aron Pekk&Tamas
Pusztai, Laszlé RatkaiAttila Szallas, Zsolt Szekrénye§yula Toth, Gyérgy Tegze, Miklos
Tegze

Carbon based systems— Lately various carbon based materials becamecémter of
intensive research. Among them we studied fullesemad related compounds, carbon
nanotubes and graphene.

Crystalline derivatives of fullerenes.— Fullerenes are closed shell carbon molecules. Th
most abundant among them ig.CThe conjugated bond system makegi@eal precursor of
ionic and covalent derivatives. In condensed sthte rotation and the supramolecular
interactions of the high-symmetry molecules enlahgepossibility of further structures. As a
result of the above properties, fullerenes havesually large number of solid state
derivatives, like alkali metal salts, polymers, aswtrystals with a series of inorganic and
organic molecules. In the group 8§Cs, compounds A = Na, K, Rb, and Cs) there are
superconductors under ambient pressurgC{iKand RRCg) but the cesium salts show a
transition from an insulating to a metallic (superducting at low temperature) state when
applying moderate pressure. This transition has beentified as Mott localization of the
electrons with the Jahn-Teller effect playing a kele in the mechanism. The very small
molecular Jahn-Teller distortion is very difficutt detect, but we succeeded to prove its
existence by temperature-dependent infrared spgattpy through the symmetry reduction
and subsequent changes in the spectra.

Most cocrystrals of fullerenes are host-guest onodeacceptor materials. An interesting
example is the rotor-stator phases of fullerenes @rbanes. We studied two interesting
questions connected to these materials: the otiens phase transition and the extension of
this family with derivatives based on endohedrééfenes.

Concerning the first point we used pressure-depeniidrared spectroscopy to detect the
orientational phase transition in cubane-fullereoerystals. As for the second point, we
extended the family by cubane and mesitylene ctalg/®f the endohedral trimetallonitride
compound of g, SGN@GCgyCgHs. It has a rocksalt structure with static cubane lerating
fullerene molecules. At ambient temperature theNSenit also rotates inside the fullerene
cage. We found that the Gd derivative has simitaucture with interesting magnetic
properties. Pairs of mesitylene molecules assemtdightly distorted octahedra which form
cubic cocrystals with g and also with SIN@Cgy. We prepared the latter material for the
first time and started the structural studies.

Carbon nanotubes and graphene— We studied carbon nanotubes and graphene, and
hybrid materials based on these with other orgamtecules. We detected the mechanism of
the reaction of carbon nanotubes with the aromaiycyclic hydrocarbon coronene, and
found that besides the encapsulation of coronenkeaules into the tubes, coronene also
forms polymers in a side reaction. We determineel d¢iptimal conditions of monomer
encapsulation. We characterized special nanopattegraphene structures by Raman
spectroscopy. Other supramolecular systems, hydrbgaded nucleic acid base-analogs,
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were studied by infrared spectroscopy and molectdjaramics calculations, to detect the
“melting” temperature of hydrogen bonds. Functiaread silicon carbide nanocrystals (with

the purpose to be made biocompatible) were invaestigby special surface-sensitive infrared
methods (together with the group of A. Gali).

Single molecule imaging— Using very short (10-100 fs) and intense x-rajsp of an X-
ray Free Electron Laser, scattering on a singléigh@arcan give useful information on its
structure before the sample would eventually berdgsd. Single particles are injected into
the x-ray beam and scattering patterns of singtécpes are collected by 2D detectors and
stored individually. Evaluation of the very noiswtierns corresponding to particles of
unknown orientation and solving the structure s&dous challenge. We developed a method
to solve the orientation problem and build a cdesis3D data set from the detected patterns.
We tested our method on synthetic noisy diffractitata of a large protein molecule. We
have found the unknown orientations of the patteamsl solved the atomic structure of the
molecule. The concept of our algorithm could be algplied to experiments where images of
an object are recorded in unknown orientations @ngbositions like in cryo-electron
microscopy or tomography.

Theory of phase transformations.— A simple dynamical density functional theoryuised

to investigate freezing of an undercooled liquidhia presence of a crystalline substrate. We
find that the adsorption of the crystalline phasetlte substrate, the contact angle, and the
height of the nucleation barrier are nonmonotonincfions of the lattice constant of the
substrate. We show that the free-growth-limited etad particle-induced freezing by Greer
et al. [Acta Mater. 48, 2823 (2000)] is valid fardger nanoparticles and a small anisotropy of
the interface free energy. Faceting due to the Issiz¢ of the foreign particle or a high
anisotropy decouples free growth from the critisize of homogeneous nuclei. A complex
behaviour has been observed when varying the dattanstant of an fcc substrate with a
rectangular pit (Fig. 1).

Fig. 1. Freezing on fcc substrate with a rectanguianoscale pit. Spheres drawn around

reduced density peaks larger thgh= 0.05 are shown. Order parameters g4 and g6 aedu
for structural analysis. Hues from dark to lightistl for the substrate and the (metastable)
fce, bee, and (metastable) amorphous structurespeetively. From left to right the ratio of
the interatomic distances for the substrate andftiecrystal are 1.0, 1.098, and 1.42. For
matching lattice constants, we observe fcc and dymitaxy, whereas at large mismatch
amorphous phase mediated bcc solidification takasep Half of the longitudinal-sections
are displayed.

We have reviewed the basic concepts and appliGatainthe phase-field-crystal (PFC)
method which is one of the latest simulation methogies in materials science for problems
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where atomic and microscales are tightly couplede PFC method operates on atomic
length and diffusive time scales, and thus cortstta computationally efficient alternative to
molecular simulation methods. Its intense develagnie materials science started fairly
recently following the work by Elder et al. [PhyRev. Lett. 88, 245701 (2002)]. Since these
initial studies, dynamical density functional thg@nd thermodynamic concepts have been
linked to the PFC approach. In a recent review,hage summarized these methodological
development steps as well as the most importanticapipns of the PFC method with a
special focus on the physics of hard and soft matte
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75



Annual Report 2012

S-G.COMPLEX FLUIDS

Agnes Buka Taméas Borzsonyi, Nandor Eber, Katalin Fodor-Csorintal Jakli, Istvan
Janossy, Péter SalamorBalazs Szabo,Tibor Toth-Katona, Aniké Vajda

Synthesis. —New chiral banana compounds have been synthesizéclzaracterized by
polarizing microscopy, DSC and X-ray diffractiorhdse molecules have saturated alkyl tails
(decyl and undecyl groups) as terminal groups. 3é¢léorganization of these molecules is
different from their unsaturated analogues accardm the electro-optical investigations.
New cunean derivatives have also been characteng@dh all exhibitB, phase.

Measurement of material constants— The effect of director pretilt on the dielectricdan
optical responses of a nematic liquid crystal attthist magnetic Fréedericksz transition was
analyzed for a planar cell. As a result a noveledigic measurement method was introduced
for determining the elastic constaft,, which was first applied for the determinationtioé
elastic constants of a bent-core nematic material.

Electric field driven pattern formation. — The influence of the combined action of a dc
and an ac electric field on electroconvection (R@}¥ studied in a nematic liquid crystal with
high, positive dielectric anisotropy (5CB). Pattemorphologies were identified; the
thresholds and critical wave numbers were measamddanalyzed as a function of frequency,
dc-to-ac voltage ratio, and thickness. The curueftage characteristics were simultaneously
detected.

The temporal evolution of patterns within the dniyiperiodT of the ac voltage was studied
in the 10 mHz-250 Hz frequency range. The statipEat pattern of the conductive regime
was shown to transform into a flashing one at ldwafrequencies (Fig. 1a). Furthermore a
transition between EC (Fig. 1b) and flexoelectaerdins (FD, Fig. 1¢) was detected which is
repeating in each half period. The two patternsvee## separated in time and in Fourier
space. The experimental findings are in good agee¢mith the theoretical predictions based
on an extended standard model including flexoetsttr

A book reviewing flexoelectricity in liquid crystals wasiblished. The volume addresses the
molecular theory of flexoelectricity, the variougperimental methods for measuring the
flexoelectric coefficients, the role of flexoeldctty in pattern formation and in forming
chiral smectic subphases, as well as the displplicapions based on flexoelectricity.

Liquid crystal composite materials. — The behaviour of magnetic nanoparticle-doped
nematics was reviewed depending on the host ligydtal, on the type, shape, size and
concentration of the magnetic particles. It wasvahthat in such doped systems a magnetic
field induced shift of the isotropic-to-nematic gbaransition temperature is detectable.

* PhD student
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Fig. 1. (a) EC pattern; (b) flexoelectric domair;pattern contrast vs. time at 30 mHz.

Granular dynamics. — Shear induced alignment of elongated particles waslied

experimentally and numerically. We showed that shahgnment of ensembles of
macroscopic particles is comparable even on a gatwe level to simple molecular systems,
despite the completely different types of particieractions. We demonstrated that for dry
elongated grains the preferred orientation formssnaall angle with the streamlines,
independent of shear rate across three decadesa Fgiven particle shape, this angle
decreases with increasing aspect ratio of thegbesti The shear-induced alignment results in

a considerable reduction of the effective frictafrthe granular material (Fig. 2).
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Fig. 2. (a) Shear induced alignment of elongateairg; (b) the alignment angle decreases
with increasing particle length.
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S-H. RADIOFREQUENCY SPECTROSCOPY

Gyorgy Kriza Pgter Banki, Monika Bokor, Péter Matus, Bernagledtas, Kalman Tompa,
Tamas VerebélyiFrancis lan Bickford Williams

Structural status of a protein as seen by wide-lindH NMR. — Human nucleolar
phosphoprotein p140 (hNopp 140) is a highly phosghted protein inhibitor of casein
kinase 2 (CK2). As in the case of many kinase-iinhibsystems, the inhibitor has been
described to belong to the family of intrinsicaliysordered proteins (IDPs), which often
utilize transient structural elements to bind theagnate enzyme. We investigated the
structural status of this protein. The overall ,,
disordered state of hNopp140 is underline

inter alia by the hydration data measured t ] O BSA(50 mg/mi)

A ) % ERD10 (25 mg/ml)
W|de—I|_ne NMR. Measu_rem_ent of the therm: @ Nopp140 (20 mg/ml) °
evolution of the hydration in aqueous prote 15+ %

solutions below 0°C provides information o
the globular or disordered nature of a proteig
The hydration vs. temperature curve
globular proteins is approximately constant

' %
1.04 f

water/g

a wide (a few tens of degrees) temperatty™ |

range (see, e.g., BSA in Fig.l). Th§ ‘!
temperature variation of hydration irg 05- "
disordered proteins is considerably strong<© Y TR N-T N o
(see ERD10 in Fig.1). The hydration curves _= 1 oo

hNopp140 and ERD10 are nearly identic (n

and differ dramatically from that of BSA, 007 %%
providing evidence for the disordered natu 70 6 50 40 30 20 10 0
of the first material. temperature/’C

Although some methods show no stabjgg. 1. Hydration data for hNopp140 (bla
structure of hNopp140, with other techniquesrcles), the intrinsically disordere@RD1(

some helical tendencies and preformggars) and the globular BSA (open squa
structural elements were found. The analygige shown.

of the compactness of hNoppl40 indicates

that the protein falls somewhere between the premajlobule and the random coil type of
disordered proteins, but it is closer to the preaerlglobule type. This observation is also
supported by the wide-line NMR measurements, aggddrom the ratio of the variances of
the wide-line NMR spectra measured at room temperaand at low temperature (T <
—200°C). This number is related to the mobile/rigidte of the protein molecule and we find
that this ratio increases from globular proteins|BPs. Since the measured ratio for
hNopp140 falls between these limits, we concludg tiNopp140 is in a partly disordered,
partly ordered state.

Collective excitations in graphene— Edge magneto-plasmon excitations are a dynamic
manifestation of the (quantum) Hall effect (QHE®chlised along the sample boundary, they
provide a means of probing the nature of the edgethe emergence of the Landau levels
responsible for the QHE. We have done, in graphemécosecond time of flight experiment

* Ph.D. student (ELTE)
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to determine their propagation velocity from whiths possible to separate the Hall effect
contribution from the drift velocity in the edge tpatial of quantum origin which lifts the

QHE Landau level above the Fermi level. We shovséhedge excitations to be chiral, to
have quantized propagation velocity and very loteratation, all excellent attributes for
chiral plasmonics.

GRANTS AND INTERNATIONAL COOPERATION

SPEC - Saclay: Collaboration agreement with SerdieePhysique de L'Etat Condensé
(SPEC, CEA-Saclay, France) on electron crystals reartb-electronics
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Joint Project supported by the Korean Research €lowf Fundamental Science &
Technology (KRCF) and MTA (Hungarian project leader Tompa,
Institute of Enzymology, BRC, MTA; participating B8P0 scientists:
K. Tompa, M. Bokor, 2011-2012)
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Science+Business Media, LLC, New York, NY, USA, 20Yol. 895, Part 2, pp. 167-
196, DOI: 10.1007/978-1-61779-927-3_13

See also: S-F.5

81



Annual Report 2012

S-1. ELECTRODEPOSITED NANOSTRUCTURES

Laszlé Péterimre Bakonyi, Kata Berkesi, Julia Dégi, KatalieiNGhr, Lajos Pogany, Bence
Téth

Depth profile analysis.— In cooperation with MTA'’s Institute of NucleareRearch, we
developed earlier a reverse depth profile analysthnique to reveal the near-substrate
composition depth profile of thin films. The techué was now extended for studying the
thickness evolution of the composition in d.c.-pthtind pulse-plated Fe-Ni alloys. We found
that the pulsed deposition mode leads to an evewpasition profile, especially if the duty
cycle is below 0.2.

Electrodeposition. — We investigated the electrochemical codepositiénCo and Pb.
Although these elements are immiscible in equilibrj the codeposition from an acetate-type
bath was possible. In the case of d.c plating,eeiffure Pb or a Co-rich deposit could be
obtained in a compact form, but in the intermedfatecontent range the deposits were very
rough. However, compact deposits could be obtaimélde entire composition range by using
two-pulse plating. X-ray diffraction patterns reded for the two-pulse plated deposits
revealed a nanocrystalline structure with grairsin the range 5-20 nm. The XRD peaks
could be well indexed to pure face-centered cubic @d Pb, indicating that the Pb
codeposited with Co is not dissolved in Co butigregated. The segregation of Co and Pb in
the deposit was also shown in the polarization esirsecorded during the electrochemical
dissolution of the deposits and in the simultanbotexorded electrochemical quartz crystal
microbalance data. Both the d.c.-plated and the-pulee plated deposits exhibited
anisotropic magnetoresistance without any indicatiba noticeable giant magnetoresistance
contribution. This means that the observed magesistance arises from spin-dependent
electron scattering events dominantly within th#fisiently large Co regions and not along
electron paths between two Co regions via the Rjioms. Low-temperature resistivity
measurements revealed a superconducting transiigitly below that of pure Pb, indicating
a proximity effect due to the presence of ferronadignCo regions.

Magnetoresistance and surface roughness— The magnetoresistance and the surface
roughness of electrodeposited Co-Ni/Cu multilayersre studied in the light of the
optimization of the electrodeposition procedure. VWported earlier [L. Péter et al.,
Electrochim. Actal9 (2004) 1513] that the single-bath electrodeposifiozcess used for the
preparation of Co/Cu multilayers can be optimizexhf an electrochemical point of view in
order to avoid unwanted Co dissolution. We have newtended this study for
electrodeposited Co-Ni/Cu multilayers to establiShthe same optimization method is
appropriate when two magnetic elements are preSmteral Co-Ni/Cu multilayers were
prepared by varying the deposition potential of thelayer. The composition analysis of the
deposits showed that the Ni:Co ratio exhibits aimim as a function of the Cu deposition
potential, which can be explained by consideringhitbe dissolution of Co and the mass
transport of the reactants. The magnetoresistaadeahmaximum at a fairly positive Cu
deposition potential where Co dissolved during dieposition of the Cu layer. The surface
roughness of the Co-Ni/Cu multilayer samples ineeglaas the Cu deposition potential
becomes more negative. No similar effect was fowhen either of the magnetic elements
was absent. Both the saturation magnetoresistaalte \and the intensity of the satellite
peaks in the X-ray diffractograms were highly ctared to rather the resulting surface
roughness of the deposits than to the Cu depogitbential itself. The results draw attention
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to the complexity of the optimization procedurettod deposition of multilayers with several
alloying components.

GRANTS AND INTERNATIONAL COOPERATION

OTKA K75008 Giant magnetoresistance (GMR) in elmb¢posited
multilayers (l. Bakonyi, 2009-2012)

OTKA NN79943 Formation mechanism, microstructureletron and reactivity
of simplectites created during garnet breakdowncesses
(Principal investigator: K. Térok, E6tvos Lorand @paysical
Institute of Hungary; SZFKI participant: J. DégQID —2014)

OTKA K104696 Electrodeposition of special magnetimaterials from
nonaqueous solutions (L. Péter, 2012-2015)

NIH TéT 10-1-2011-0555 (Hungarian-Greek bilateradj@ct) Magnetotransport
phenomena in forromagnetic/semimetal nanowires @dtian
project leader: L. Péter, 2012-2014)

MOB-DAAD PROJECT #14533 Electrochemical Synthesié Magnetic
Nanowires and their Thermoelectric Effects undergiaic
Fields (Hungarian project leader: L. Péter, 201120

L ONG-TERM VISITOR :

O N. Rajasekaran, Ph.D. student, Central ElectroctednRResearch Institute,
Karaikudi, India, Oct. 2012 - April 2013 (hosts:Réter and I. Bakonyi)

PUBLICATIONS

Articles

1. Bakonyi I; Relevance of Fe atomic volumes fag thagnetic properties of
Fe-rich metallic glassed;Magn Magn Mater324, 3961-3965, 2012

2. Esmaili S, Bahrololoom ME, Péter L; Magnetoresistance of
electrodeposited NiFeCu alloyEhin Solid Films520, 2190-2194, 2012

3. Jafari FesharakM, Nabiyouni GR, Dégi J, Pogany L, Bakonyi |, Péter L;
Anomalous codeposition of cobalt and ruthenium frahloride-sulfate
baths;J Solid State Electrocher6, 715-722, 2012

4. Jafari FesharakM, Péter L, SchucknechT, Rafaja D, Dégi J, Pogany L,
Neuréhr K, SzélesE, Nabiyouni G, Bakonyi |; Magnetoresistance and
structural study of electrodeposited Ni-Cu/Cu nhajgers; J Electrochem
Sog 159 D162-D171, 2012
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Neuréhr K, Dégi J, Pogany L, Bakonyi I, UngVall, Vad K, Hakl J,
Révész A, Péter L; Composition, morphology and electri¢ednsport
properties of Co-Pb electrodepositsAlloy Comp545, 111-121, 2012

Révész A, Péter L, SzaboPJ, SzommerP, Bakonyi |; Microstructure and
morphology of electrodeposited Ni-P alloys treagdhigh-energy surface
mechanical attritionCurr Appl Phys12, 109-114, 2012

Szasz K, Bakonyi I; Modeling the magnetoresistaversus field curves of
GMR multilayers with antiferromagnetic and/or orjomal coupling by
assuming single-domain state and coherent rotatidnSpintron Magn
Nanomaterl, 157-167, 2012

See also: S-E.3., S-J.5.

84



S-J. Metallurgy and magnetism

S-J.METALLURGY AND MAGNETISM

Lajos Karoly Varga Istvan Balogh, Eva Fazakas, Gabor Gulyas, PawainKsa, Gyorgy
Kovéacs

Metallurgy. — Recent developments in materials engineeringe hganerated interest in
equimolar multicomponent late transition elemenu-(CFe-, Ni-Co) and early transition
element (Ti-, Zr-, V-, Ta) based alloys which ratai single-phase crystalline state in bulk
form via conventional ingot casting. These matsrimle known as high-entropy alloys, or
HEA’s. We have established a database of the egigtikperimental data for high-entropy
alloys with the aim of identifying possible corriddes between their mechanical properties
and some easily accessible alloy characteristines@ alloy characteristics can be obtained
by using tabulated data of the alloy components Etomic radius, number of valence
electrons, etc. The atomic mismatch is calculawdentionally as

The average valence electron concentration (VEGgimed as

VEC = ici (VEC), ,

i=1

where (VEC)is the VEC of thé th component. VEC counts for the total electromduding
thed-electrons in the valence band. We have found ¢heskations shown in Figs. 1 to 3.
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Fig. 1. Crystallographic Fig.2. Hardness versus Fig. 3. Hardness versus VEC for
phase versus VEC for single- ¢ for single-phase single-phase HEA's
phase HEA's HEA's

Based on these correlations, one can design optiighl entropy alloys possessing desired
strength, thermal stability, and corrosion promsti

Soft magnetic nanocrystalline alloys— An internal demagnetizing factor was introduced
asNg = uoHJ/Bs in order to properly describe the commutation nedigation curve within
thetanh model of the hysteresis loop. A shearing fablpwas introduced as a function of the

* Permanent position: ELTE, Budapest
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external demagnetizing factoNg) asNs = 1/(14Nggy) in order to obtain the static initial
permeability and remanence values of a toroidalpgarfwith Nge = 0) from the data of a
rodlike sample (withNge # 0) within the framework of theanh model.

Simultaneous DTA and TMAG measurements— Our home-made instrumentation for
simultaneous DTA and TMAG measurements was furihgroved by redesigning the
protecting gas and air flow around the current4@g@iatinum boat where the piece of ribbon
sample is situated (see Fig.4). The magnetic aadmhl changes are recorded against the
same sample temperature, avoiding the uncertainbesected with measurements carried
out in separate equipments. These patterns (se®) Rigve been used to characterize Finemet
type amorphous ribbons of different provenance ndep to rule out those which are not
suitable for costly heat treatments in mass praedoaif inductive elements made of toroidal
ribbon windings by the company Magnetec-Ungarn.

sensing coil 3001 ﬂ — DTA
gas inlet 5 | ——TMAG
£ \
Pt heater % 200 \ \
z i \
[
. N\2EE 2 00, AR
. ~  E q = 80 Kimin| /
air flowl :I:- T glass 0 T
AT=T-T, . ; : ;
200 400 600 80
Temperature / °C
50mm
Fig.4. Probe head for DTA and TMAG measurements .S5FIQTA and TMAG

crystallization patterns.

Spin-off activity. — Former undergraduate students of the Magnetiminnaetallurgy group
have established two spin-off companies under thensfic supervision of the Wigner
Research Centre for Physics:

1. O. Temesi, G. Gulyas and A. Huszar have establigtiédn Ltd. for “Research and
development on the preparation and investigatiosaf magnetic amorphous alloys.”
They receive support from Hungarian Government GRemGOP2011111_D4C53315.

2. Z. Posgay has established his micro business fevé@pment of a catalytic hydrolysis
process for recycling the aluminum wastage” supggabbly Hungarian “Start-up” grant.

GRANTS AND INTERNATIONAL COOPERATION

OTKA K73451 Preparation and investigation of Al-dahi-based bulk amorphous and
nanostructured composites (L.K. Varga, 2008-2012).

MTA-BAS Hungarian-Bulgarian Academy Exchange Progme: Glass forming ability,
structural relaxation and (nano)crystallizationLVarga, 2009-2012).

MTA-SAS Hungarian-Slovakian Academy Exchange Progne: Study of physical
properties of special magnetic materials (L.K. \éarg010-2012).

MTA-PAS Hungarian-Polish Academy Exchange Programme  Investigation of
thermophysical properties of coatings (P. Kama8882013).
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MTA-RAS Hungarian-Russian Academy Exchange Programm Calorimetric study of
phase transformations (P. Kamasa, 2008-2013).

MTA-RAS Hungarian-Romanian Academy Exchange PrognamStructure, thermal and
mechanical properties of amorphous and nanocriystahl-base alloys
(E. Fazakas, 2008-2012).

WATT 22 Ltd. Research and development activity tlee preparation and investigation of
soft magnetic amorphous alloys (L.K. Varga, 2012).

MAGNETEC-UNGARN Ltd. Development of measuring systdor studying the thermal
behaviour of soft magnetic amorphous alloys (L.larga, 2012).

PUBLICATIONS

Articles

1. Fazakas E, Bs A, Csanady A, Gulyds G, Kamasa P, Varga LK; Formation of
amorphous state by ball milling and mechanicaltatijzation in Al-Ti-Ni alloy system;
IOP Conf. SeriesMater Sci Eng27, 012081/1-4, 2011

2. Kaneé SN, Singh K, Ghodké N, Gupta A, Varga LK; On the optimization of soft
magnetic properties of high sBFe;BiagCurs nanocrystalline alloy; In: Proc.
International Conference on Recent Trends in Pey8iCRTP 2012)J Phys: Conf
Series 365 012015/1-4, 2012

3. Kané SN, Tripathi S, Coisson M, Olivetti ES, Tiberto P, Vinai F, Baricco M,
Fiore G, Apolinario A, Sousa CT, Araujo JP, Varga LK; Microstructure and
magnetic properties of (R.xC0.)ss.INbsBg sP» alloys;J All Comp 536, Suppl. 1, S337-
S341, 2012

4. Kuzmann E, Stichleutner S, Sapi A, Varga LK, HavancsakK,-Skuratov V,
Homonnay Z, Vértes A; Mdssbauer study of FINEMET type nanocrystallnitebons
irradiated with swift heavy ion$iyperf Int 207, 73-79, 2012

5. Révész A, Kis-Téth A, Varga LK, Schafler E, Bakonyi I, SpassovT; Hydrogen
storage of melt-spun amorphous M¥i,.CusY 1, alloy deformed by high-pressure
torsion;Int. J Hydr Energy 37, 5769-5776, 2012

6. Stojanoval, Russew K, Fazakas E, Varga LK; Thermo-mechanical studyapidly
solidified amorphous alloys ANisCo,REg; J All Comp 540, 192-197, 2012

7. Takacs J, Kovacs Gy, Varga LK; The external demagnetizing factod ahe static
characteristic loopPhysica B407, 2434-2437, 2012

8. Varga B, Fazakas E, Varga LK; Analysis of quasicrystaheration in conventinally
solidified Al-Cu-Fe alloysMetalurgia International 17, 27-30, 2012

9. Varga B, Fazakas E, Varga LK; Prediction guide for atirtdmponent alloy structure;
Metalurgia Internationgl 17, 53-57, 2012

10. Varga LK, KovacsGy; Effect of transversal applied bias field oe tbngitudinal soft
magnetic properties of nanocrystalline Finemet goleEE Trans Magn 48, 1360-
1362, 2012

11. Takacs J, Kovacs Gy, Varga LK; The static characteristic loop ar texternal
demagnetizing factoiaterials Sciences and Applicatiqrgs 684-689, 2012
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12. Takacs* J, Kovacs* Gy, Varga LK; Internal demetiging factor in ferrous metals;
Journal of Metallurgy2012 752871/1-5, 2012; DOI: 10.1155/2012/752871
Conference proceedings

13. Modak SS, MazaleyratF, Lo Bué M, Varga LK, Kané SN; Effective anisotropy field
distribution of soft magnetic nanocrystalline gfZ&; Nbs sBsCuy ribbons; AIP Conf
Proc; 1447, 1163-1164 (2012)
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S-K. NEUTRON SPECTROSCOPY IN CONDENSED MATTER

Laszlé Rostalaszl6 Almasy, Laszlé Cser, Gergely Eszgmﬁargit Fabian, Janos Fzi,
Gyorgy, Kali, Zoltan LaszI ,%dél Len, Méarton Marko, Ferenc Mezei, Gergely Natgnos
Orban; G. Pépy, Alex Szakal,Gyula Torok, Renata. Unnéplamas Veres

Research with neutrons.— One of the key and largest installations of tlesearch
infrastructure in Hungary is the 10-MW Budapest é&sh Reactor (BRR) with its
experimental stations. It is the base for a doroestd international user community to serve
for exploratory and applied research in many fi@éiscience and technology as well as for
methodological developments in neutron beam teclasigWe operate a number of neutron
scattering instruments (small angle scattering tspeeter, diffractometers, reflectometers,
three-axis spectrometers); nearly 150 experimewet® \werformed during this year by using
these devices. Here we selected two topics to leepted as typical projects both for
scientific and industrial application relevance.

Wool fiber structure. — The nanoscale structure of various filamentsaets particular
interest in their technical applications. Small lengeutron scattering (SANS) is an ideal tool
for the investigation of such anisotropic systemecently we have performed pioneering
experiments on wool and mohair fibers. They hawardety of properties that influence the
texture and feel of the final woven textile produd€hemical treatment, washing and drying,
moreover repeated stress procedures can consigénélbence the fiber properties. In wool,
individual polypeptide chains are joined togetheifdrm proteins by a variety of covalent
chemical bonds, called cross-links, and non-covgbérysical interactions. To improve the
physical properties, for instance shrink resistantdextiles, they are often treated with
environmentally unfriendly chemicals, so here wespnt a set of SANS measurements to
compare the effect of various chemical treatmeséution of chlorine, caroat — potassium
monopersulphate, enzyme and chlorine and enzymeanmat). The SANS facility at BNC
was used with neutron wavelengths between 3.9 &nd. IThe wool samples were packed

30

10 30 50 Pixels

Pixels Pixels

Fig.1a. Chlorine Fig.1b. Caroat Fig.1c. Enzyme

* PhD student
*Permanent position: Laboratoire Léon Brillouin (LLECEA Saclay, 91191 Gif Sur Zvette,
Cedex, France
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into Al containers with the fibers aligned vertigalThe results of SANS measurements are
shown in Fig.1 in the form of 2D spectra.

The alignment of fibers, which is reflected in theattering patterns due to the anisotropic
nanoscale structure, tells about the treatmentteffehe enzyme and chlorine treatments
appeared to have the least disruptive effect onfiber since the spectra were isotropic,
whereas just the chlorine treatment had the greatftsence. In the dry wool structure we
observed a density fluctuation with spherical ggratradius ~7-9 nm corresponding to the
physical diameter of long cylindrical samples. To@n be identified as the micro-fibril size
of the studied wool filaments. Wetting experimesissamples of mohair with mean diameter
25.3um and 37.3um were also performed. 2D SANS spectra were medanalry samples
and on samples with JO. These results gave an indication of where and tiee water
molecules are attached to and detached from thé fib@w. This new knowledge will go as
far as developing an understanding, at the moledelel, the influence of the wetting and
drying process of wool and mohair fibers. This pobjwas performed as a science and
technology collaboration between Hungary and Sditlca.

W-un W-1420

Fig.2. 2D SANS scattering intensities of the 0.5 drameter tungsten samples taken from the
different steps of the wire production. Temperaweannealing: not annealed, 1420 K and
2470 K

Nanoscale morphology of tungsten wires— Another filament structure study was related
to the morphology of doped tungsten used in lightmdustry. Tungsten research has a long
tradition in Hungary owing to GE TUNGSRAM - a leagi manufacturer of lighting
products worldwide. Our SANS study focused on theascale structure of wires and, in
particular, on the structure-stabilizing feature mdtassium doping. We investigated the
potassium bubbles present in the tungsten matrith@fdrawn wires to understand several
qualitative and quantitative characteristics of pla¢assium-tungsten complex system. During
the mechanical and thermal processing the potasbuiobles form a specific texture that
delays the break of the wire and prolongs its IBering the wire drawing the sphere-like
bubbles get elongated along the axis of the wimmifog ellipsoidal and cylinder-like bubbles.
With further deformation the aspect ratio of a Hebikeaches a critical value and becomes
unstable: the ellipsoid splits into a row of elotaghbubbles with a smaller aspect ratio. In the
further steps of annealing the degree of the elimgalecreases until all the bubbles adopt
spherical shape. These rows of bubbles guide th& droundary migration allowing the
growth of elongated grains along the axis of theewilhis structure gives a good tensile
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strength of the wires. Analyzing the 2D SANS madpig.@) of series of samples annealed at
different temperatures we can determine the elémyaatio and give an accurate description
of the maturation of the bubble system inside thee vduring the production. Using a
sophisticated 2D data treatment method we obtaimednisotropy of the scattering in a large
Qrange (16 A™- 10" A™") enabling us to determine the size and shapetaspiam bubbles.
This lead us to understand that micro-crack foromatiuring manufacturing of thin tungsten
wires has always been presumed, and here it wallyfalemonstrated experimentally.

GRANTS AND INTERNATIONAL COOPERATION

EU-FP7-CP-CSA-INFRA-2008-1.1.1 No. 226507-NMI3 telgrated Infrastructure Initiative
for Neutron Scattering and Muon Spectroscopy (&i,2009-2012)

EU-FP7 — CHARISMA — Cultural Heritage Advanced Rasé Infrastructures: Synergy for
a multidisciplinary approach to conservation/restion (L. Rosta, 2009-
2013)

EU-FP7-INFRASTRUCTURES-2011-1-283883, NMI3-1l —Neart Scattering and Muon
Spectroscopy Integrated Initiative (L.Rosta, 2002%)

NAP VENEUSO05 OMFB-06482/2008 Visegrad Cooperatioor fDevelopment and
Application of Neutron Spectroscopy Techniques inltMisciplinary
Research (L. Rosta, 2008-2011)

OTKA-A08-3 OMFB-00590/2010 Structure and dynamicé self-organized lamellar
molecular systems (Mezei F. 2010-2012)

Research and Development Agreement between Wig@ér &hd Helmholtz-Zentrum Berlin
on Time-of-Flight Neutron Spectroscopy TechniqueRésta, 2012-
2014)

International Atomic Energy Agency: Project No. BP5, Development, Characterization
and Testing of Materials of Relevance to Nucleaergp Sector Using
Neutron Beams (Gy. Torok 2012-2013)

NFU- MAG ZRt. TET-0018 South-Africa, Structural Agais of Treated Textile Fibres (Gy.
Torok 2011-2013)

PUBLICATIONS

Articles

1. Nagy G, Piepér, Krumova SB, Kovacs L, Trapp M, Garab G, PetersJ; Dynamic
properties of photosystem I membranes at physicddgemperatures characterized by
elastic incoherent neutron scattering. Increaseekildility associated with the
inactivation of the oxygen evolving compléxhotosynth Red.11, 113-124, 2011

2. Rosta L, Len A, Pépy G, Harma&, Nano-scale morphology of inclusions in tungsten
wires — a complex SANS studieutron News23, 13-16, 2011

3. Szakél A, CzifrusS, Marko M, Fiizi J, Rosta L, Cser, L; Optimizatioh focusing
supermirror neutron guides for low gamma-backgroiutl Instr Meth A634,S130-
S133, 2011
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Cser L, KrexnérG, Marké M, Szakal A; Neutron holography — a brie$tory and
overview;Neutron News23, 17-20, 2012

Fabian M, Svab E; Uranium surrounding in boroate glasses from neutron- and X-ray
diffraction and reverse Monte Carlo modelibdgutron News23, 9-12, 2012

KasztovszkyZs, Rosta L; How can neutrons contribute to Calttferitage Research?;
Neutron News23, 25-28, 2012

Mezei F, RussinaM, Kali Gy; Neutron diffraction for long pulse nean sources;
Neutron News23, 29-31, 2012

Nagy G, Szab6M, Unnep R, Kéli Gy, MiloslavinaY, Lambrev PH, Zsiros O,
Porcar L, Rosta L, GarabG; Modulation of the multilamellar membrane orgation
and of the chiral macrodomains in the diatom Phaetytlm tricornutum revealed by
small-angle neutron scattering and circular didnoispectroscopyPhotosynth Res
110 71-79, 2012

Posselt D, Nagy G, Kirkensgaard JJK, Holm JK, Aagaard TH, Timmins P,
Rétfalvi E, Rosta L, Kovacs., Garab Gy; Small-angle neutron scattering study of the
ultrastructure of chloroplast thylakoid membrangseriodicity and structural flexibility
of the stroma lamella®iochim Biophys Acta — Bioenergetiés 1220-1228, 2012

SaerbeckT, Klose F, Le Brun AP, Fiizi J, Brule A, Nelson A, Holt' SA, JamesM;
Polarization "Down Under": The polarized time-afifit neutron reflectometer
PLATYPUS;Rev Sci Instr83, 081301/1-12, 2012

Torok Gy, LebedéwV, Vinogradova L; Structural and conformational properties of
polymeric stars with fullerene centre in solutidiysSANS;Procedia Chemistry4, 154-
163, 2012

Articles in Hungarian

12.

13.

Rosta L, Nyolcvan éves a neutron (Eighty ydeosn the discovery of neutron, in
Hungarian)Nukleon 5(4), 1-5, 2012

Rosta L, Neutronkutatdsok Magyarorszagon (Meutresearch in Hungary, in
Hungarian)Nukleon 5(5), 1-5, 2012

Conference proceedings

14.

15.
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Franklyn CB, Toérok Gy; Use of small angle neutron scatrio study various
properties of wool and mohair fibres; IRroc. Applications of Nuclear Techniques
Eleventh International Conference (12—-18 June 2Qtdte, Greece)AIP Conf Prog
1412,93-97, 2011

RussinaM, Mezei F, Kali Gy; First implementation of noveiultiplexing techniques
for advanced instruments at pulsed neutron souddekys Conf SeB40, 2012
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S-L. NEUTRON SCATTERING

Laszlé Pusztailldiké Harsanyi, Pal Jovari, Laszlodszegi, Gyorgy Mészaros, Viktéria Mile,
Szilvia Pothoczki, Erzsébet Svab, Laszlé Temleitner

Electrolyte solutions. — A detailed study of the microscopic structuretwd electrolyte
solutions, cesium fluoride (CsF) and cesium iodi@sl) in water, has been conducted. For
revealing the influence of salt concentration om structure, CsF solutions at concentrations
of 15.1 and 32.3 and Csl solutions at concentratminl.O, 3.9 molar % were investigated.
For each concentration, total scattering strucfaotors from neutron and x-ray diffraction
and 10 partial radial distribution functions fronolecular dynamics simulations have been
combined in one single structural model generateRédverse Monte Carlo (RMC) modeling.
The average angle of X...H-O (X: F, I) particle agaments, characteristic to anion-water
hydrogen bonds, is closer to 180° than that fowsrdd...H-O arrangements (water-water
hydrogen bonds) at higher concentrations. In Figihulation boxes for the highest
concentrations are shown with the ions emphasifaohcerning concentrated lithium
chloride solutions, new neutron and x-ray diffrantiexperiments have been performed that
have been shown to be of superior quality to exgsliterature data. The cations were shown
to possess an evironment in which water oxygens amans partially occupy octahedral
sites. Surprisingly, some chloride ions seem toehaeme of their coordinated water
molecules oriented symmetrically.

Molybdate glasses.— Mo-rare earth oxides are widely used due torthaige ion and
electron conductivities, catalytic activity, nondiar optical properties and good mechanical
resistance. Mo®is well-known as a conditional network former ahé not able to form a
glass itself at slow cooling rates. The aim of auork was to characterise some new
molybdate glasses containing J0d and BO; and to verify their effect on the molybdate
glass network. NgD; is an appropriate component due to its specificcapproperties but it
increases the melting temperature. By introducip@sBt is possible to obtain low melting
point materials over a wider concentration rangee Wérformed both neutron and high
energy x-ray diffraction experiments. For the Moaéwork the first neighbour distance at
1.8 A was obtained with 4-fold oxygen coordination. fee B-O network two characteristic
first neighbour distances were obtained at A4and 1.604, corresponding to the 3-fold
trigonal and 4-fold tetrahedral B-O coordinationeWoncluded that the basic network is
formed by mixed Mo@BO, and MoQ-BOs units.

Methodological developments— We have developed and tested a new Reverse Monte
Carlo algorithm and the corresponding software RMOT. In RMC_POT, molecules are
held together and the molecular geometry is maietiivia a direct inclusion of bonding and
non-bonding (including dihedral contributions) irstetions. Potentials acting between atoms
belonging to different molecules may also be u8C_POT has been shown to be superior
to previous molecular RMC algorithms on the exangbliquid dimethyl-trisulfide.

Amorphous chalcogenides— We investigated the amorphous chalcogenide GB&wvith
x-ray diffraction and extended x-ray absorptiorefistructure measurements at the Ge, Cu
and Te K-edges. Structural models were obtainedittiyg the four experimental datasets
simultaneously by RMC modelling. We found that Ge-&d Cu—Cu bondings are both
significant. The average coordination numbers ofa@d Te, as well as of Ge, are close to
four. Thus, unlike for Ge-Sb-Te alloys, in caseGHECyTe; the coordination humbers are
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similar in the amorphous and crystalline phases. figh average coordination number of the
network contributes to the enhanced thermal stglwifiamorphous GeGlies.

The structure of G&s,Ses (x = 10, 20, 30, 38 at.%) and GAs,Seas (x = 10, 25,
34 at.%) glasses has been investigated by higlggneray diffraction and extended x-ray
absorption fine structure measurements. The expatahdatasets have been fitted using the
RMC technique. We find that the homonuclear Ge-A&eAs, Se—Se and heteronuclear Ge—
As bonds play an important role in the structumenfation of the Ge—As—Se glasses. The total
number of these bonds decreases quite slowly ithrtean coordination number similarly to
the nonlinear refractive index.

(a) Concentrated Csl solution. (b)) Concentrated CsF solution.

Figure 1 Snapshots taken from molecular dynamimsilsition of (a) the 3.9 molar % Csl
solution and (b) the 32.3 molar % CsF solution. ysfemall) balls: atoms of water
molecules; red balls: Cs+ ions; magenta balls:dns; light green balls: F- ions. (Ball sizes
are according to the van der Waals radii.). Thetpies illustrate that although both
solutions are at their saturated concentrationg, itbn/water ratios are very different.

GRANTS AND INTERNATIONAL COOPERATION

OTKA K083529 Investigations concerning the struetof complex liquids (L. Pusztai,
2011-2014)

TET_10-1-2011-0004 (Hungarian-Japanese bilatelabestigations of structural disorder in
liquids, as well as in amorphous and crystallinkdsp via combining
diffraction and EXAFS experiments with Reverse Mpon€arlo
modelling (L. Pusztai, 2012-2013)

MTA-BAS (Hungarian-Bulgarian bilateral): Structustudies of crystalline and amorphous
materials by neutron diffraction (E. Svab, 2010201

MTA-BAS (Hungarian-Bulgarian bilateral): Investigat of disordered materials based on
Se-Te chalcogenide glasses by means of neutroradifin and IR
spectrophotometry (E. Svab, 2010-2012)
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EU-FP7-NMI3-1l, No. 283883 Neutron Scattering andudv Spectroscopy Integrated

Initiative: Neutron diffraction (E. Svab, 2012-2015

PUBLICATIONS

Articles

1.

10.

11.

12.

Vrhovsek A, Gereben O, Jamnik A, Pusztai L; Hydrogen bonding and molecular
aggregates in liquid methanol, ethanol and propanBhys Chem BL15 13473-13488,
2011

Harsanyi |, Bopp PA, Vrhovdek A, Pusztai L; On the hydration structure of LiCl
aqueous solutions: a Reverse Monte Carlo based inatiun of diffraction data and
Molecular Dynamics simulationg;Mol Lig; 158 61-67, 2011

Fabian M, Svab E, Pamukchievel, Szekeres A, Vogel S, Rueft U; Study of
As—Se—Te glasses by neutron-, X-ray diffraction and agtspectroscopic methods;
Non-Cryst Solids358 860-868, 2012

Temleitner L, Pusztai L, Rubio-Arroyo* MF, Aguilampez* S, Klimova* T,
Pizio* O; Microscopic and mesoscopic structuratdiees of an activated carbon
sample, prepared from sorghum via activation bysphoric acid;Materials
Research Bulletird7, 4409-4413, 2012

Svab E, Beregi E, Fabian M, Mészaros Gy; Neudlifraction structure study of Er and
Yb doped YAK(BOs),; Optical Materials 34, 1473-1476, 2012

Harsanyi |, Temleitner L, BeunewB, Pusztai L; Neutron and X-ray diffraction
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2257, 2012
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diffraction, all-atom Molecular Dynamics and Rewerglonte Carlo investigations of
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150, 143-168, 2012
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containerless study of short-range order in highperature Fe-Si-Al-Ca-Mg-Cr-Cu-Ni
oxide systems]j Mol Struct 1019 151-158, 2012
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between diffraction data and partial radial digttibn functions derived from them: the
example of liquid water; Condensed Matter Physi&s23606/1-6, 2012

Gereben O, Pusztai L; Molecular conformations and the iliqustructure in
bis(methylthio)methane and diethyl sulfide: diffiac experiments vs molecular
dynamics simulationsl Phys Chem BL16, 9114-9121, 2012
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Mile V, GerebenO, Kohara S, Pusztai L; On the structure of aqueous cesluarifie
and cesium iodide solutions: Diffraction experingrtlolecular Dynamics simulations
and Reverse Monte Carlo modelidgPhys Chem BL16, 9758-9767, 2012
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the structure of disordered systems containing cubds of arbitrary complexity;
Journal of Computational Chemistr$3, 2285-2291, 2012
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Kaban I, Jévari P, WangR-P, Luther-DaviesB, Mattern N, Eckert J; Structural
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Articles in Hungarian

18.

Fabian M., Svab E; Boroszilikdt Uvegek szeekézsgalata neutrondiffrakciéval
(Neutron diffraction study of borosilicate glassesHungarian);Nukleon V(119), 1-6,
2012

See also: S-K.5.
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S-M. INTERACTIONS OF INTENSE LASER FIELDS WITH MATTER

Gydzs Farkas, Balazs Baodi, Péter Dombi, Julia Fekete, Norberbds Péter Racz, Sandor
Varré

Experimental research. — We carried out experimental investigations orrafést
photoemission from tailored metallic nanostructuM& could define structures where the
femtosecond photoemission process and electronleaatien was significantly enhanced
thanks to hot spots on the nanoparticles. We éstaal that the electron acceleration process
in these nanoparticle fields is ponderomotive s nature and we found clear correlation
between the nanolocalized field enhancement ancelbetron spectrum measured with a
retarding field analyzer. Theory and nanopartiebrication support for these experiments
were provided by the University of Graz in a cleséiaboration (Fig. 1).

Electron energy (eV) Electron energy (eV)
0 8 16 0 25 50
[E— ] .
0 25 50 0 50 100

Field enhancement Field enhancement

Fig. 1. Spatial distribution of electrons in photoission from metallic nanoparticles,
including (a) nanorods and (b) bowtie-type struesirThe electron energy is encoded in the
colour and length of the trajectories.

With the help of the hELlos grant of the Nationaév@lopment Agency, we set up a
multifunctional attosecond laboratory. Based on amplified Ti:sapphire laser system
delivering 4-mJ 35-fs pulses with 1 kHz repetiti@mte, we set up multiple workstations for
high harmonic generation, XUV spectroscopy, ulsafahotoemission and optical damage
threshold testing. Research at these workstatinonsadous subjects is under way and further
developments and upgrades are also planned.

We took part also in experiments related to th&atifion efficiency of gratings etched into
fused silica. We successfully modelled the diffi@ttefficiency of gratings fabricated with
the use of two-beam interferometric laser-inducackbide wet etching (TWIN-LIBWE).

Theory of strong-field phenomena and quantum optics— The generation of broad-band

radiation and short pulses rely on highly nonlingarcesses induced by intense laser fields.
In general, the magnitudes of these nonlineariiegend on the target. Besides, carrier-
envelope phase difference effects may also be it@pbconcerning short pulses. Depending
on various parameters, intense fields may causgively modest effects, and moderately
intense lasers may induce very high-order proced§esdiscussed an example for the latter
situation, and we showed that the collective ramfiaback-reaction of relativistic surface

97



Annual Report 2012

currents of graphene electrons driven by a lagdd ftan cause a violent distortion in the
scattered radiation (Fig. 2).
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Figure 2. Distortion of a five-cycle p-polarized Gssian laser pulse (left) impinging at
Brewster angle on a graphene layer. The reflectmdponent is nonzero (right).lts existence
cannot cannot be explained by the usual Fresnehfitee. The rectangular (Rademacher
function) shape stems from the “clipping effect.”

A high spatial resolution surface plasmon neadfigtanning tunneling microscope (STM)
was used to study the properties of localized serfdasmons (SPO) in so-called hot spots on
a gold surface, where the local electromagnetid feeextremely high. A CW semiconductor
laser and a femtosecond Ti:Sa laser were usedditeeke plasmons and the SPO excited
tunnel current was used as the detector. When saatime STM from negative to positive
bias and reversed, hysteresis in the tunnel sigaalfound. By taking into account a multiple
image charge induced double-well potential our expental findings were theoretically
explained.

We have calculated the characteristics of the gyridn radiation emitted by ultrarelativistic
electrons in the interior of a coaxial cylindrigairror. This is an unconventional geometrical
arrangement, where the “superradiance” may bezezhlin two dimensions. This scheme
may also serve as a possibility to reduce radidtisses.

A mathematical analysis of the fractional part oémgy (that isx = {E/Ey}, or “round-off
error”) in energy measurements of chaotic radiatias been carried out. We represent the
realizations of this quantity by binary sequendlesx = 0.001011000010... and discuss their
“digital randomness.” On the basis of the statsstif 0’'s and 1's, we have derived the
probability distribution ofx. We have proved that if the digits are independemnt have the
same distribution, thexhas zero-point fluctuations.

GRANTS AND INTERNATIONAL COOPERATION

OTKA 73728 Attosecond dynamics of matter in ultigkhlaser fields with sub-cycle
temporal and sub-wavelength, nanometer-scale $patimlution (S.
Varré, 2008-2012)

OTKA K104260 Particles and intense fields (T. 86Band S. Varro, 2012-2016)
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DAAD A/12/01761 Phase-space distribution of eleragntquantum systems and the
radiation problem in nano-electrodynamics. Deutsédeademische
Austauschdienst. Research stay in Germany, 3 moa@i. (DAAD
A/12/01761, S. Varro, 2012)

NFU, hELlos Grant for the foundation of the BudapEl Laser Laboratory (P. Dombi,
2011-2013)

NFU Grant No. ELI_09-1-2010-0010, Helios Project (Pombi, Gy. Farkas, P. Racz, S
Varr6, 2011-2013)

TéT ES7/2008 Ultrafast laser-solid interaction dwyies in the field of intense, few-
cycle laser pulses (P. Dombi, P. Racz, J. Feké@9-2012).

INSTITUTE FOR QUANTUM PHYSICS, University of Ulm (oh, Germany); Wigner
functions in optics. (S. Varré).

INSTITUTE FOR QUANTUM OPTICS, University of Ulm (i, Germany); Radiation
properties of Nitrogen-Vacancy centers in diamo8d\(arrd); Surface
plasmon research. (S. Varré and N. Kroo).

INSTITUTE FOR APPLIED PHYSICS, Technical Universitf Darmstadt (Darmstadt,
Germany); Quantum phase-space: Statistical praesedi hybrid light.
(S. Varro).

PHYSICS DEPARTMENT, University of Connecticut (St®r Connecticut, USA); Gauge-
invariant Wigner functions. (S. Varro).

MAX PLANCK INSTITUTE for Quantum Optics (Garchingzermany); Surface plasmon
research using STM (N. Kro0); Ultrafast photoendesfrom metallic
nanotips (P. Dombi).

UNIVERSITY OF ALBERTA, Edmonton, Canada, Field-enbad electron acceleration
with few-cycle laser pulses (P. Dombi).

INSTITUTE FOR PHOTONIC SCIENCES, Barcelona, Ultstfaelectron acceleration
experiments with mid-infrared lasers (P. DombiR&ECz).

KARL-FRANZENS-UNIVERSITAET, Graz, Investigation ofemtosecond photoemission
from nanostructures (P. Dombi).

PUBLICATIONS

Articles

1. Racz P, Dombi P; Non-ponderomtive electron acatibn in ultrashort surface plasmon
fields; Phys Rev A84, 063844/1-5, 2011

2. Kiss B, Vass C, Heck P, Dombi P, OsvayK; Fabrication and analysis of transmission
gratings produced by the indirect laser etchindnége;J Phys D:
Applied Physics44, 415103/1-5, 2011

3. Balogh E, Dombi P, VarjuK; Terahertz pulses enhance generation of attoselight
bursts;SPIE Newsroorb February 2012, pp. 1-2, 2012;

DOI: 10.1117/2.1201201.003988.
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Conference proceedings

4.

Varré S; Graphene-based carrier-envelope phéfsrethice meter. In: Proc. Light at
Extreme Intensities (Szeged, Hungary, 14-18 Nover2b#1); Eds.: K.
Osvay, P. Dombi, JA. Flldp, K. Varji; AIP Conf Prdel62, 128-131,
2012. Books, book chapters

Varrd S; Interference phenomena and whisperaigy modes of synchrotron
radiation in a cylindrical wave-guide; IRree Electron Lasers, Chapter
7; Ed.: Varré S, Rijeka, InTech; pp. 175-186, 2012

Osvay K, Dombi P, Fulép JA, Varjd K (eds.); ProcLight at Extreme Intensities
(Szeged, Hungary, 14-18 November 2011 Conf Pro¢ 1462 pp. 1-
262, 2012.

See also: S-0.1
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S-N.GAS DISCHARGE PHYSICS

Péter Hartmann Aranka Derzsi, Zoltan Donkd, Zoltan Gyérgy Hohjathor Korolov,
Aniké-Zsuzsa KovacsKinga Kutasi, Pal Mezei, Karoly R6zsa

Physics of electric discharges— We have developed an improved analysis method to
evaluate data of infrared laser absorption measemésof the density of metastable atoms in
low-pressure discharges. Our measurements andadatgsis resulted in unexpectedly high
metastable atom densities near the cathode surfabésh can only be explained by — to-date
unclarified — production processes at the surfade have carried out particle-in-cell
simulations to analyze the behaviour of dust pldicsuspended in a dual-frequency gas
discharge, where changing the excitation wavefollowa transport manipulation of dust
particles. Similar simulations were used to uncdber effects of the operation frequency of
radiofrequency discharges. These investigation® tdhown that the control range of ion
properties (under dual frequency excitation) getsamestricted towards low frequencies. We
developed an experimental Franck-Hertz cell opdrate the basis of photoemission and
have analyzed the complex electron kinetics in thésice by a Monte Carlo stochastic
simulation.

Strongly coupled plasma research— We further developed our molecular dynamics
simulations (including codes for GPU architecturasd different theoretical approaches
(lattice summation and quasilocalized charge appration). We applied these techniques to
the study of collective and transport processegriongly coupled plasmas. We demonstrated
the enhancement of two-stream instabilities duesttong coupling. We established the
connection between the Maxwell relaxation time ahd crossover of the elastic and
dissipative components of the frequency dependentptex viscosity in strongly coupled
Yukawa liquids. Wave dispersions of two componebBt @nd 3D Yukawa liquids were
computed and analyzed, showing the validity of tiual atom approximation in the
strongly coupled regime.

Surface wave microwave discharge systems for biomethe and nanostructuring. —
Surfatron generated surface wave microwave disesapgoduced in small diameter tubes
contain high density of active species. When tiseltirge is created in flowing gas the active
species can be transported into different sizecamdiguration reactors that can be used for
different applications, such as sterilization of dieal tools, surface treatment and
functionalization, and synthesis of nanostructuiid® density of active species downstream
of an Ar-O-N, discharge was determined both experimentally ananbans of modeling.
Calculations were conducted in order to understidmedrole of active species in surface
functionalization and their interaction with badter(attachment of active atoms to the
bacteria) during the sterilization process.

Electrolyte cathode atmospheric pressure glow disenge (ELCAD). — The analytical
characteristics of a capillary design of the eldgte cathode atmospheric glow discharge
(ELCAD), operated with a W-rod anode at a dischargeent of 70 mA and a discharge
voltage of 950 V, were exploited through spatialtgolved atomic absorption spectrometry
(AAS) experiments. For this purpose, the ELCAD ,celaced on a platform adjustable with
micrometer screws, was inserted into the opticah pef a commercial line-source AAS
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instrument. A flow injection system was developed applied to introduce 3 mL of aqueous
standards of a set of environmentally relevant teétaa, Cd, Cr, Cu, Na, Pb and Zn) into the
plasma. The analyte atom distribution along théicedraxis of the conically-shaped ELCAD
plasma (height: 3.5 mm) is element specific. Al ibsorbance maxima are observed in the
near cathode region (e.g., in the range of 0.51inDfrom the cathode), while the AA signal
smoothly fades towards the anode. Several speenaichl buffers (citric acid, EDTA,
chlorides of Ca, Cs, La, Li, and Na) were studiedifmproving the sensitivity of the AAS
determinations for Cr. A significant increase i gensitivity (20 %) was found only with the
addition of 0.55 % (m/v) La solution. The limit détection data for Cd, Cu, Na and Zn are
3.4, 4.2, 9.2 and 0.9 md,Irespectively. The AAS calibration curves for @i, Na and Zn
are linear up to 75, 200, 100 and 25 mgéspectively.

GRANTS AND INTERNATIONAL COOPERATION

OTKA K-77653 High performance modeling and simuatiof low-temperature and
strongly coupled plasm&{Z. Donkd, 2009-2013)

OTKA PD-75113 Phase transition and collective dyitanf two-dimensional many-particle
system$(P. Hartmann, 2009-2012)

OTKA NN-103150 Dusty plasma: a laboratory for claak many-particle physias (P.
Hartmann, 2012—-2015)

OTKA K-68390 Investigations of atomization processa an electrolyte cathode
atmospheric glow discharge (P. Mezei, 2007-2012)

OTKA-K-104531 High and low-frequency discharges foiomedical applications and
nanostructuring (K. Kutasi 2012-2016)

MTA-SASA (Hungarian-Serbian bilateral) Hybrid mosldbr gas breakdown and formation
of plasmas (K. Kutasi 2010-2013)

TéT_10-1-2011-0717 (Hungarian-French bilateral)d$taf Ar-O, surface-wave microwave
discharges and their pos-discharges (K. Kutasi ZIlPR)

TéT_10-1-2011-0717 (Hungarian-Slovenian bilatehabestigation of microwave discharges
applicable in biomedicine and nanotechnology (Ktasu2012-2013)

COST Action MP1101 Biomedical Applications of Atnpberic Pressure Plasma
Technology (K. Kutasi 2012-2015)
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Phys Rev Lettl07, 275001/1-5, 2011
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dischargegPlasma Sources Sci Techndl, 032001/1-5, 2012
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035011/1-10, 2012

Magyar P, Korolov I, Donké Z; Photoelectric Franck-Heezperiment and its kinetic
analysis by Monte Carlo simulatiof®hys Rev E85, 056409/1-10, 2012
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Plasma Phys52, 70-73, 2012
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plasmas from Molecular Dynamics simulations on giep processing unitontrib
Plasma Phys52, 194-198, 2012
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asymmetric bilayersContrib Plasma Phy$2, 130-134, 2012
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Contrib Plasma Phy$2, 199-202, 2012
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Kalman G J, Donké Z, Hartmann P, GoldeK I, Kyrkos S; Collective modes in
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103



Annual Report 2012

Planetary Atmosphere Mimics (January 15-20, 201dteHBoboty, Vratna, Mala Fatra,
Slovakia) pp. 53-56

Other

21. Z. Gy. Horvéath; Beyond the Beam: A History ofilkilimensional LasersDptics and
Photonics NewsJuly/August, 36-41, 2012

See also: S-R.4.

104



S-O. Laser applications

S-O.LASER APPLICATIONS

Aladar Czitrovszky Laszlo Himic§, Péter Jani, Attila Kereke%Margit Koés, Attila Nagy,
Daniel Oszetzky, Sara Téth, Lénard Vamos, Miklgsd/dlia Fekete

Optical measuring techniques.— As the coordinator of a consortium of 5 institns
within the ELI_09-1-2010-0010 NFU project we stdrtbe development of a laser system,
new optical coatings, and measurement methodsedelad ELI ALPS (Extreme Light
Infrastructure Attosecond Light Pulse Source).ha frame of this project we established an
Attosecond Laser Laboratory (ALL) with clean roomea and an Optical Metrology
Laboratory (OML). In ALL we developed a laser systaith 35 fs pulse duration, 1 kHz
repetition rate, and 4 mJ pulse energy. We gergeratigh harmonics and registered an
attosecond pulse train. In OML we implemented asussment system for high resolution
optical surface testing with a vertical resolutifn~0.1 nm for surfaces up to 102 x 102 mm
In OML using femtosecond laser pulses we are deusdpan optical damage threshold
testing system for characterization of optical ouwgt and a high dynamic range light
scattering measurement system for control of théypof substrates and quality of optical
materials. For clean room monitoring at ALL, we us& previously developed airborne
particle counter.

We used our formerly developed pulmonary waveforemegator and laser Doppler
anemometer for in vitro testing and measuremenhefaerosol flow in transparent hollow
human airway models to determine the velocity iistion and drug delivery in realistic
hollow airway models. We performed a numerical nliodeof flow dynamics and flow
profiles (which determines aerosol deposition)hia stochastic lung model and applied the
computational fluid dynamics (CFD) code for varicespiratory tracts. The results of the
simulations were compared with experimental data.

The newly developed prototype of Nano-LDA photonrefation system was tested in
Cambridge University and Clausthal Technical Ursitgrwhere different nano-particles in
the ~100 nm size range were measured. The meadatadvere compared to results of other
methods (e.g. Differential Mobility Analyzer, Opicparticle sizer) and a good agreement
was observed.

Amorphous carbon layers.— Formation, investigation and tailored enginegrof color
centers is one of the most intensely studied acfasurrent diamond and nanodiamond
research. Silicon vacancy (Si-V) center, for examgias an intense photoluminescence
feature around 738 nm, which is well within the wingth window of highest optical
transparency of organic tissues and it has a swidth of about 10 nm. For this reason,
nanodiamonds with Si-V defects are promising caatgisl for in vivo sensing applications.
Such applications, however, require well-controllpceparation methods and detailed
understanding of the properties of the defects.

One of the simplest ways of producing nanodiamamidls Si-V centers is to incorporate Si
atoms into the growing diamond structure during theposition process. Obviously,
preparation conditions have important effect on pineperties of the forming structures.
Analysis of the light emission from Si-V centersnanodiamond sample series prepared in a
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wide range of methane concentrations and subg#&atperatures allowed us to determine the
optimal conditions leading to diamond structureghwifficiently emitting Si-vacancy centers.

Figure 1 shows the evolution of the Si-V photoluesicence peak parameters with methane
concentration for different substrate temperatwssd during nanodiamond film growth. It
can be seen that higher methane concentrationseamgeratures both cause blueshift and
narrowing of the Si-V peak. Intense light emissieais observed in samples prepared at low
substrate temperatures and relatively high methaneentrations.
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Fig. 1 Evolution of Si-V photoluminescence pealapeaters with methane content of the feed
gas in sample sets prepared at different substeateeratures.
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Photostability of color centers under
intense and long-time illumination is
essential for their practical application.
We found that both N-V and Si-V color
centers have excellent stability over time
when irradiated with light power
densities of up to 12 kW/cnfFig. 2). In
addition, photostability of Si-V was
demonstrated at elevated temperatures
(up to 373 K) and higher power
densities of 144 kW/cfn
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GRANTS AND INTERNATIONAL COOPERATION

ELI_09-1-2010-0010 NFU Establishing Budapest Rese&entre for ELI Laser Technology
- hELlos project (A. Czitrovszky, 2010-2013)

MTA Research Infrastructure Grant No. 072/2011GAitrovszky, 2011-2012)

HOYA-SZFI IG Contract No. 279/2011, Measurement andlysis of air pollution at HOYA
Corporation, Matészalka (A. Czitrovszky, 2010-2012)

IAEA-15455 Porous polymer drug-eluting coating gaeed by radiation induced
polymerization (M. Veres, 2009-2012)

TET KR-6/2009 Hungarian-Korean bilateral: Surfacedification of nanodiamond by
conductive polymer (M. Veres, 2010-2012)

OTKA PD-106130 Generation of highly luminescent atolcenters in nanocrystalline
diamond (S. Téth, 2012-2015).

Gi3989/2008 Technoorg-Linda - SZFKI, Developmennahoparticle measurement system,
(P. Jani, 2009-2012)

L ONG TERM VISITOR

O Prof. Mitsa Vladimir, Uzhgorod State University, hiorod, Ukraine, August 15 —
September 15, 2012 (host: M. Ko6s)
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1410, 2012.

3. Gyollai I, Gucsik A, Veres M, Koés M, Nagy Sz, Bérczi Sz; A Combined
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Ureilite and ALH-78113 AubriteSpectroscopy Letterd5, 151-155, 2012.

4. Karmenyan AV, Perevedentseva E, Veres M, Cheng CL; Simultaneous
photoluminescence and SERS observation of nanodidrablaser deposition on noble
metals;Plasmonics onlinepp. 1-9, 2012; DOI 10.1007/s11468-012-9393-x, 2012.

Patent

5. Vamos L, Jani P, Schlosser P, SzigefyData evaluation procedure for determination
of the size of nano-particles in photon-correlatianemometer; Hungarian Patent
P 12 00403, 2012
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S-P.FEMTOSECOND LASERS

Rébert Szigcs Péter Antaﬁ Zoltan Varallyay, Daniel Cséti, Attila Kolonics

Nonlinear 3D microscopy. —We performed a high number of experiments rel&déd vivo
optical disease diagnosis, such as basalioma @gteair in vivo drug monitoring, in
collaboration with our scientific partners at Serhwsés University, Department of
Dermatology and a pharmaceutical company, Genetimunity, respectively. For these
measurements, we upgraded our standard scanningphwton absorption fluorescence
microscope Axio Examiner LSM 7 MPproduct of Carl Zeiss) by a second harmonic
generation (SHG) detection unit, which could becedhtly used for label-free detection of
the collagen network of the skin for instance. Besauto-fluorescence and SHG detection,
coherent anti-Stokes Raman scattering (CARS) allfmwdabel-free imaging of tissue with
chemical contrast and high spatial and temporalugsn as well. In CARS, laser beams at
two frequencies, called the pumpyf and Stokesds), are used to illuminate the sample.
When the difference frequency between the two be&miined to match an intrinsic
molecular vibrational frequency in the samplg;,, a nonlinear interaction occurs: new light
is generated at the anti-Stokes frequency, = 2w,— ws, by the CARS process. CARS
imaging offers chemical selectivity, high spatieselution imagingn vivo in living animals
and humans.

Last year we developed a prototype of a simple
wavelength extension unit for our tunable
Ti:sapphire lasers comprising a two stage Yb-
fiber amplifier unit, which allows CARS
measurements  practically on the same
microscope and lasers setup that is used for
single wavelength 3D microscopic imaging. In
collaboration with our industrial partner, R&D
Ultrafast Lasers Ltd, this year we have
constructed a closed box, fully automated, turn-
key version of this novel CARS unit, and applied
this system for 3D CARS microscopic
measurements on different biological samples,
such as for murine ear treated by mineral oil,
white adipose tissue, and murine brain slices. As
an example, we show a CARS image recorded
for murine white adipose tissue in Fig.1.

Fig. 1 CARS-image of murine white
adipose tissue.

Optical fiber theory. — Dispersive properties of optical fibers play an artpnt role in long
distance, high speed optical data transmissioesysand in ultrashort (ps or fs) pulse optical
fiber laser systems. Recently we showed that redeos flat dispersion functions in a wide
wavelength range can be obtained by introducingnast structures in the fiber cladding in
hollow-core air-silica photonic bandgap fibers orsolid-core Bragg fibers with step-index
profile. This year we investigated the physics behime operation of “dispersive” optical
fibers, i.e., optical fibers designed for dispens{®) or dispersion slope (S) compensation to
the second or third order. In general, we showed the group delayz)( of a relatively
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narrowband optical pulse transmitted through a epie€ optical fiber of unit length is
proportional to the energy (U) stored by the stagdivave electromagnetic field at the same
(central) frequency, as far as the confinement i@ssnall. This strong relationship between
these two physical quantities is not surprisingltbut has not been emphasized and used for
the design of “dispersive” optical fibers. We amneinced that having this relationship in
mind we can construct higher performance “dispefsiptical fibers, such as high-order
mode (HOM) fibers, and hollow or solid core photobandgap (PBG) fibers.

Among others, we performed simulations for solidecphotonic bandgap fibers of two
different kinds. The results of these simulatiorsssummarized in Fig. 2.
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Fig. 2 Computed dispersion and confinement logy(sfd computed stored energy-group
delay ratio (right) in solid core PBG fibers of twdifferent designs having a unit length of 1
m (incident power is 1W).

We found that the W/ratio is very close to unity all over the fibeartismission band,
furthermore, the lower confinement loss increabesenergy-group delay ratio close to 1, as
expected. Since the stored energy in the fibeeissed from the electric field distributions at
each wavelength, we can say that modificationbéndispersion function of any optical fiber
always result in a change in the mode field distidns at each wavelength, avide versa
From this relationship, it also follows that sudanodes appearing in hollow core PBG fibers
for instance seriously affect the dispersion peotif these optical fibers. In conclusion, we
can say that having this relationship in mind oren aonstruct higher performance
“dispersive” optical fibers for nonlinear wavelehgtonversion (e.g., FOPO) or pulse
compression applications for instance.

GRANTS AND INTERNATIONAL COOPERATION

OTKA 76404 Design and application of photonic caydibers for femtosecond pulse
optical fiber lasers, laser amplifiers and optiparametric oscillators
(R. Szi@cs, 2009-2013)

TECH-09-A2-2009-0134 National Technology Program)evelopment of fiber integrated
nonlinear microendoscope for pharmacological andagmbstic
examinations based on novel fiber laser technol¢@gpordinator:
R. Szigcs, 2009-2013)

ELI_09-1-2010-0010 ELI Laser Center Budapest (HBliproject (Participant: R.
Szipscs (2011-2013)
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CONTRACT

SZFKI-SZTE: Development of nonlinear microscopy fmain imaging (R. Szifrs,
2011-2012)

PUBLICATIONS

Articles

1. Antal P, Szifics R; Tunable, low-repetition-rate, cost-efficié@mtosecond Ti:sapphire
laser for nonlinear microscopgppl Phys B107 17-22 2012

2. Antal P, Szifics R; Relation between group delay, energy stoaagdoss in dispersive
dielectric mirrorsChinese Optics Letter&0, 053101/1-4, 2012

Conference proceedings

3. Csati D, Antal P, Szijes R; An inherently synchronized Yb fiber laseremsion unit
for broadly tunable, femtosecond pulse Ti-sapphisers for CARS microscopy, In:
Proc. FILAS Fiber Lasers and Applications, (San doie California, February 1-3,
2012) OSA Technical Digest Serjeblrh2A.29/1-3, 2012

4. Csati D, Szifics R; Noise Characterization of a Mode-Locked, Aber, All Normal-
Dispersion Ytterbium Ring Oscillator Using Two-Clmah Polarization Control by a
Computer; In:Proc. FILAS Fiber Lasers and Applications, (San doie California,
February 1-3, 2012)OSA Technical Digest SerjdsTh3.1A.1/1-3, 2012

5. Kolonics A, Cséti D, Antal P, S#ips R; A simple, cost efficient fiber amplifier
wavelength extension unit for broadly tunable, fesetond pulse Ti-sapphire lasers for
CARS microscopy; InProc. BIOMED Biomedical Optics and Digital Hologiap and
Three Dimensional Imaging (Miami, Florida, Unitedates, April 28-May 2 2012);
OSA Technical Digest Series; BSu3A.28 /1-3, 2012
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S-Q.OPTICAL THIN FILMS

Kéarpat Ferencz

Optical thin film structures consisting of nanosca¢ laminated layers.— We have
continued our research concerning the developnieoptical thin film structures consisting
of nanooptically thin layers for advanced applicas in laser physics and measurement
technology. Using multiple target thin film optiraiton methods and our electron-beam
deposition technology, we have developed many néwdskof optical coatings. Some
examples:

» High damage threshold beamsplitter coating type 6B&#ID” consisting of 12 layers
(Ta,0g/SIO,) for high power Ti:Sa laser applications

» High damage threshold beamsplitter coating typeS6®0S” consisting of 15 layers
(Ta,0-/Si0,) havingRs = 50 + 5% in the wavelength range 350 — 800 ndbatangle of
incidence.

e Optical mirror and beamsplitter set for a new tyymocamera (Laser-FALCONEYE/H
multi-functional holographic gage-camera (partfiexchnoorg Linda Ltd.).

e Custom designed laser mirror having from the ppédion state independent high
reflectance and phase change in the wavelengtle rang — 850 nm at angle of incidence
45° useful for light manipulation without changitfe phase information (partner
Austrian Institute of Technology GmbH).

» Deposition technology of HR 800 nm/0° and HR 800/4Bf laser mirrors on 76,2 mm
and 101,6 mm diameter, flat or concave BK7 glabstsates.

» Electrically conductive fused silica window paryatransparent for UV irradiation and
highly transparent for the excited fluorescenchtlig the visible range.

Our indium-tin-oxide (ITO) layers with prescribedeerical resistance and visible optical
transmittance were successfully applied as heatablelows or in integrated optical
biological sensors.

Superpolishing technology. — We have further refined our optical superpotishi

technology by adding special chemical materialgh® polishing slurry for reducing the
probability of aggregation. The result of the tealogical modification is the improved
quality of laser mirror substrates (lowest scratihizalues) and higher yield of the polishing
process. We have routinely produced 25.4 mm diani&k& glass laser mirror substrates
with an rms surface roughness of 0.2 nm.

The above summarized results will have high impantain the production of high quality
laser optical elements for femtosecond petawadr léecilities planned in the frame of the
European project ELI.

These results were obtained in the frame of thensific cooperation between the Institute
and Optilab Ltd.

CONTRACT
OPTILAB-SZFKI No. 936/2011
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S-R.GROWTH AND CHARACTERIZATION OF OPTICAL CRYSTALS

Istvan Foldvari, Laszl6 Bencs, Elena Beregi, Gabriella Dravqcz,ismma# Gy(‘jrgf,
Nikoletta Laczal, Agnes Péter, Katalin Polgar, Zsuzsanna Szalleg Hehy-Racs

Growth and study of nonlinear borate crystals.— Eu+Tb doped GdA(BO;), (GAB)
single crystals were grown by the top-seeded feohhique (TSSG). Besides the regular
Huntite type rhombohedral crystals (R32, Z=3) a mpalytypic modification was discovered
at high Eu+Tb concentrations (Eu+Tb = 0.14 — 0.3He structure of the new monoclinic
phase (C2/c, Z=8) was determined by single crystaly diffraction methods, including the
coordination, symmetry and bonding distances of ¢haracteristic structural units; the
distorted AIQ octahedra, R@ trigonal prisms, and BQtriangles This structure was
theoretically predicted for GAB but never experiettdefore. Within the applicable dopant
concentration range, the starting crystallizatiemperature was the major factor in formation
either the R32 or the C2/c phases, and the higivapératures belonged to the monoclinic
modification.

Growth and study of scintillator crystals. — Pure and rare earth doped¥Y(BOs); (Er,
Yb) and LEGd(BOy); (Ce) single crystals were grown by Czochralskihodtin different
concentrations using sintered material. The quaditythe crystals was demonstrated by
spectroscopic method.

Yttrium oxy-orthosilicate and lutetium—yttrium oxorthosilicate phases were prepared in
nanocrystalline form by different wet chemical nuth, like as sol-gel preparation,

mechano-chemical method and hydrothermal synth&hkis.different intermediate and final

reaction products were identified by x-ray phasalysis, FTIR and Raman spectroscopy.
The characteristic morphology of the final produstss also determined.

Growth and study of niobate crystals— Ferroelectric KLi,NbsO,5 (KLN-1) crystals were
grown by the top-seeded solution method from pune ld&, Rb™ and C$ doped melt. The
impact of alkali additives was assessed all over ghtire pulling range investigating the
variation of structural and physical propertiesspgctroscopic and dielectric methods. Alkali
additives played dual role in the growth processaffgcting the crystallization temperature
and promoting the K and Li site occupancies. Byrelasing the crystallization temperature,
CsO additive reduced the concentration both of aetidib ions at Li site and alkali
vacancies. Thus it can be considered as an ideah§ agent for growth of KLN crystals.

Faceted growth is a dominant factor reducing thaityuof the Z-axis pulled stoichiometric
LiNbO; crystals (cracks, domain inversion, twinning, ettn the top seeded solution growth
(HTTSG) technique the faceting was related to tbavex growth interface. Gradually
variable rotation rate technique was worked outdsure near planar interface during the
whole growth process. Optimal crystal quality wahiaved under condition&r/Re >1
(mixed convection interaction parameter), whémeand Re are the Grashof and rotational
Reynolds numbers, respectively.

Development of analytical methods for materials sence and environmental control.—

Electrolyte cathode atmospheric glow discharge (BDL cell was inserted into a
commercial atomic absorption spectrometer (AASYloMw injection system was developed
to introduce aqueous standards of some environthentdevant metals into the plasma. By
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using these AAS calibration curves, the detectionit for Cd, Cu, Na and Zn were 3.4, 4.2,
9.2 and 0.9 mgl/l, respectively.

GRANTS AND INTERNATIONAL COOPERATION

MTA-Polish Acad. Sci. program. Growth and spectopéc studies of rare-earth doped
nonlinear optical crystals for applications (I. &&ri, 2011-2013).
Partner: Institute of Low Temperature and StructResearch, PAS,
Wroclaw

MTA-Russian Acad. Sci. program. No.22. Growth ofgée crystals with wide band-gap and
investigation of their crystal lattice defects Ipestroscopic methods (J.
Janszky, K. Polgéar, 2011-2013). Partner: Joffe Phigshn. Institute,
RAS, St. Petersburg.

MTA-Russian Acad. Sci. program. No.23. Preparatod investigation of media for solid
state lasers and stimulated Raman emission (K.aPoR011-2013).
Partner: General Physics Institute, RAS, Moscow.

PUBLICATIONS

Articles

1. Erdei G, Berze N, Péter A, JatékosB3, LérincZz E; Refractive index measurement of
cerium-doped LY ,,SiOs single crystalOpt Mater 34, 781-785, 2012

2. Beregi E, Saj61, Lengyel K, Bombicz P, Czugler M, Foldvéari I; Polytipic
modifications in heavily Tb and Eu doped gadolini@uminum borate crystals}
Crystal Growth 351, 72-76, 2012

3. Szaller Zs, Péter A, Polgar K, Szab6 Gy; Highgerature top seeded solution growth
of stoichiometric lithium niobate LiNb{XsLN) with planar interface] Crystal Growth
360, 181-184, 2012

4. Gybrgy K, Bencs L, Mezei P, Cserfalili; Novel application of the electrolyte cathode
atmospheric glow discharge: Atomic absorption specttry studiesSpectrochim Acta
B; 77, 52-57, 2012

5. Bencs L, Gyérgy K, Kardos M, Osah, Alfoldy B, Varga |, SzoboszlaiN, Ajtony’
Zs, Stefanka Zs, SzélesE, Kovacs L; Determination of trace elements ihilim
niobate crystals by solid sampling and solutionelaspectrometry method&nal Chim
Acta 726, 1-8, 2012

6. Péter A Polgar K, TéthM; Synthesis and crystallization of Lithium-Yttriu
orthoborate LY (BOs); phase;) Crystal Growth 346, 2012, 69-74

See also: S-L.5, S-0.4, S-S.2, S-S.5
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S-S.CRYSTAL PHYSICS AND NONLINEAR OPTICS

Laszlé Kovacslstvan Banyasz, Gabor Corradi, Ivett Hajdé*r&rvin Hartmann, Krisztian
Lengyel, Gabor Mandula

OH"™ defects in congruent LINbG crystals. 0 The incorporation of OHions into nearly
congruent LiINbQ@ was studied by the density-functional theory (DFWgthod using the
SIESTA (Spanish Initiative for Electronic Simulai® with Thousands of Atoms) code. A
supercell consisting of 810 atoms containing onésié@ Nb*, one H ion and 4 Ui
vacancies was used in the calculation of free archFenergies. The free energies in 4 of the
6 investigated configurations are in the same ramgedetermined from temperature
dependent OH- absorption measurements. The caduleermi energies=8.7 eV) are
smaller than that for stoichiometric LiINB(4.2 eV) in agreement with UV absorption
measurements.

Transient holograms on small polarons in LiNbQ single crystals.0 Small-polaron based
holograms suitable for real time holography in thisible (0e488 nm) have been
produced in thermally reduced LiINGOrhe phase gratings appear upon irradiation bgra n
collinear pair of single ns-laser pulses, havdditne in the ms region, and can be assigned
to spatially modulated densities of small boundtets polarons and bipolarons, and lidle
polarons.

Phase transition of potassium lithium niobate (KLN)crystals.[0 The phase transition of
KLN crystals has been studied by measuring the ¢eatpre dependence of the dielectric
constant €). The transition’s broad temperature range andftbguency dependence of
indicate a relaxor type ferroelectric behaviour LN crystals containing more than
52 mol % niobium. During the phase transitiofibh displacement may occur.

Luminescence of Ag and Mn

10 ' ' centres in lithium tetraborate
LYB:Er®* single crystals. O  The
& . . 1 luminescence yield of the
[ lizi— "Ly tissue-equivalent thermo-
- B 7] luminescent dosimeter and
o neutron detector material
L 1 Li,B,O,:Cu could be enhanced
® by additional dopants like Ag
21 ] and Mn, the co-dopants serving
I along with Cu as traps during
0 irradiation and as recombination

T T
10200 10300 10400 10500 centers.
wavenumber (cm'1)

Spectroscopy of LiY(BOg3)sEr
single crystals.0 EPR spectra

Fig.1. Crystal field splittings of th#,,,, level of EF* show the —presence of a
in LigY(BOy)s crystal at 8 K dominant Et* centre apparently
substituted at a Y site, with

fully resolved hyperfine structure due to tHéEr isotope. A series of transitions from the
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15, ground state and their crystal field splitingsreveneasured using high resolution
absorption and luminescence spectroscopies. 98 &anponents of 20 multiplets (from the
15 ground state to théD,, excited state) could be identified in the spectrum to
40.000 crit (Fig.1).

Coherent radiative processes in rare earth doped mjle crystals.] The homogeneous
linewidth of the optical transitions around 980 hawve been measured in Yb or Er doped
LiNbO3; and LiY(BO3); crystals. Dipole relaxation times o83 and 13 ns, and population
relaxation times of 0.35 and 0.38s have been determined for ytterbium and erbiunedop
LiNbO3 samples, respectively. In LYB:Yba thick (40-50MHz) and a narrow (2-3MHz) line
are superimposed. The temperature dependenceeohdmogeneous linewidth and the
population relaxation time have also been measioreldYB: Yb** and LYB:EF*.

Design and fabrication of diffractive optical elemats and waveguides by ion
implantation. 0 Slab and channel waveguides were obtained img#leand eulytine type
bismuth germanate samples via single- and two-grierglantation of N ions. Ellipsometric
measurements proved the existence of relativelgdmmplanted barrier layers. Planar wave-
guides have been formed via irradiation with 25 M@V ions at low fluences (b- 10°
ions/cnf). Optical phase diffraction gratings have beetized in Pyrex glass samples using
focused € and C* microbeams of 6 and 11 MeV. Quasi-sinusoidal tive index profiles
have been achieved by modulation of the irradidligehce. Channel waveguides have also
been fabricated in Er doped tungsten-tellurite exifiass samples using®'Cand C* ions
(Fig.2.).
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Fig.2. Multispectral reconstruction of the refraatiindex of the guiding and barrier layer as
a function of the wavelength in a 3.5 MeVibh irradiated planar waveguide in Er: Te

glass. Sample was irradiated with 8%£@ns/cni. Calculated effective indices (nf and ns) of
the modes are also shown.

GRANTS AND INTERNATIONAL COOPERATION

OTKA K68688 Fabrication of waveguides and diffraetioptical elements via ion
implantation (T. Lohner, MTA Research Institute fcechnical Physics
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and Materials Science, contributors |. Banyasz Aand/atterich, 2007 —
2012)

OTKA CK 80896 Scintillator materials for medical aging purposes (L. Kovacs, 2010-
2013)

OTKA K83390 Resonant optical processes in solidKvacs, 2011-2015)

OTKA K101225 Fabrication of integrated optical raknts via ion beam implantation
and irradiation for telecommunication applicatigfhs Banyasz, 2012-
2014)

Hungarian — German project (MOB 29696 and DAAD 5Z842) Small polarons in Er or Yb
doped oxide crystals (G. Corradi, 2012-2013)

MTA — CNR Application of ion implantation to thelfecation of integrated optical devices
(I. Banyasz, 2010-2012) Italian partner: MDF Laliorg, IFAC, Sesto
Fiorentino

MTA — Estonian Academy of Sciences joint projec&idiation induced effects in pure and
doped wide-gap borate crystals (G. Corradi, 2011220

MTA — Bulgarian Academy of Sciences joint projedgrowth and spectroscopy of
ferroelectric and multiferroic materials (L. Kova@910-2012)

PUBLICATIONS
Articles

1. Kovéacs L, Lengyel K, GospodinoW; Optical spectroscopy of multiferroic rare-earth
manganiteskerroelectrics 428 82-86, 2012

2. Hajdara I, Lengyel K, Kovacs L, Péter A, Szalfe; Effect of alkali doping on the
Raman spectra of potassium lithium niobate cryskdsroelectrics 428 57-63, 2012

3. Bruening H, DieckmannV, Schoke B, Voit KM, Imlau” M, Corradi G, Merschjann
C; Small-polaron based holograms in LiNpi@ the visible spectrun®pt Express20,
13326-13336, 2012

4. Banyasz |, BerneschS, Bettinelli M, Brenci M, Fried M, Khanh NQ, Lohner T,
Nunzi Conti G, Pelli S, Petrik P, Righini GC, Speghini A, Watterich A, Zolnai Z;
MeV energy N - implanted planar optical waveguides in Er-dopedgsten-tellurite
glass operating at 1.55 phEEE Photonics Journal, 721-727, 2012

5. Banyasz |, BerneschB, Khanh NQ, Lohner T, Lengyel K, Fried M, Péter A, Petrik
P, Zolnai Z, Watterich A, Nunzi-ContiG, Pelli S, Righini GC; Formation of slab
waveguides in eulytine and sillenite type BGO araRCcrystals by implantation of
MeV nitrogen ionsNuclear Instruments and Methods in Physics Rese8msattion B:
Beam Interactions with Materials and Atar286, 80—84, 2012

Articles in Hungarian

6. Hartmann E; Tarjan Imre a magyar kristalyfizigab(l. Tarjdn and crystal physics in
Hungary, in Hungariank¥izikai Szemle62,230-233, 2012
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Conference proceedings

7. Bényasz |, ZolnaiZ, Pelli S, BerneschiS, Nunzi Conti G, Fried M, Lohner T,
Petrik P, Brenci M, Righini GC; Fabrication of barrier-type slab waveguide&ifi -
doped tellurite glass by single- and double endfigy N* ion implantationConference
Integrated Optics: Devices, Materials, and Techgas XVI (OE110), part of
Symposium Photonics West 2012, 21-26 January 2BaRf, Francisco, California,
USA Proc. of SPIE8264 826406, 2012

See also: S-R.3, S-R.6

117



Annual Report 2012

S-T.QUANTUM OPTICS AND QUANTUM INFORMATION

Péter DomokosPéter Adam, Janos Asboth, Zthén Da%zﬂmdrés Dombf’, Aurél Gébrig,
Jozsef Janszky, Orsolya Kalman, Laszl6 Kecské&splt Iéis, Tamas Kiss, Balint Kollar,
Gabor Konyad, Zoltan Kurucz, David Nagy, Péter SinkovicZiktor Szalay, Gergely Szirmai,
Géza T6th, Andras Vukics

Cavity QED, Bose-Einstein condensates, many-body psics.— We evaluate the coupling
of a Bose-Einstein condensate of ultracold paramigatoms to the magnetic field of the
current in a mechanically vibrating carbon nanotutithin the frame of a full quantum
theory. We find that the interaction is strong agiouo sense quantum features of the
nanowire current noise spectrum by means of hypediate-selective atom counting. Such a
non-destructive measurement of the electric curvenits magnetic field corresponds to the
classical galvanometer scheme, extended to thetwumaregime of charge transport. The
calculated high sensitivity of the interaction lretnanowire-BEC hybrid systems opens up
the possibility of quantum control, which may betlier extended to include other relevant
degrees of freedom (Fig.1).

atom detector

\ excited atoms B,
o/ —
[&] ® ® = . é ;
® L] J
® T
BEC — == z
oscillating CN'T

magnetic trap
\ ~ currents
magnetic trap currents atomchip

The quantum galvanometer on an atom chip. A BHGaided into the magnetic microtrap
created by the classical electric currents throuigitegrated conductors on a dielectric
substrate (represented on the bottom of the cipjuspended carbon nanotube is also part
of the electric circuit and transports the quantworrent. The oscillating CNT creates a
magnetic field in the 10 MHz range interacting witle hyperfine transitions of the atoms.
Atoms transferred to untrapped states are deteloyea single-atom detector.

Resonant nonlinear optics in doped crystals— We theoretically analyze pulse propagation
in a medium of inhomogeneously broadened two-leyghntum systems which have a
vibrational degree of freedom with respect to tleater-of-mass coordinate. This system
mimics local mode oscillations of rare-earth-méstai-dopants in dielectric crystals that are
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coupled to electronic transitions. We show the emece of various nonlinear optical

phenomena, such as self-induced transparency omndhénear interaction between two

pulses coupling to different electrovibrational nisdions. Interaction between the pulses
makes it possible to generate various Raman sidisbafnthe incident fields and to tune the
location where they are generated. We also denaiastontrolled population transfer

between electrovibrational states of the ions &cHie points along the propagation axis.

Similarities and differences between our resultd ather pulse propagation phenomena of
few-level quantum systems are discussed.

Quantum information processing, quantum walks, chatic dynamics of entangled
qubits. Quantum walks obey unitary dynamics: they form etbguantum systems. The
system becomes open if the walk suffers from ingaidns represented as missing links on
the underlying basic graph structure, describedlyazyamical percolation. Openness of the
system’s dynamics creates decoherence, leadingdogsmixing. We present a method to
analytically solve the asymptotic dynamics of cdingercolated quantum walks for a general
graph structure. For the case of a circle andealigraph we derive the explicit form of the
asymptotic states. We find that a rich variety syraptotic evolutions occur: not only the
fully mixed state, but other stationary stateshlst@eriodic and quasiperiodic oscillations can
emerge, depending on the coin operator, the irstate, and the topology of the underlying
graph.

Multidimensional quantum walks can exhibit highlyontrivial topological structure,
providing a powerful tool for simulating quantumfdrmation and transport systems. We
present a flexible implementation of a two-dimensio(2D) optical quantum walk on a
lattice, demonstrating a scalable quantum walk oorarivial graph structure. We realized a
coherent quantum walk over 12 steps and 169 positiy using an optical fiber network.
With our broad spectrum of quantum coins, we webe a0 simulate the creation of
entanglement in bipartite systems with conditiomgdractions. Introducing dynamic control
allowed for the investigation of effects such asrs nonlinearities or two-particle scattering.
Our results illustrate the potential of quantum ksalas a route for simulating and
understanding complex quantum systems.

Molecular dynamics. — A variational finite basis representation/diserevariable
representation (FBR/DVR) Hamiltonian operator h&erb introduced. By calculating its
matrix elements exactly one obtains, depending hen choice of the basis set, either a
variational FBR or a variational DVR. The domaingsfd points on which the FBR/DVR is
variational has been shown to consist of the sshbsiethe set of grid points one obtains by
diagonalizing commuting variational basis repreagons of the coordinate operators. The
variational property implies that the optimal o&thubsets of a fixed number of points, i.e.,
the subset which gives the possible highest acguedgenpairs, gives the DVR of the
smallest trace. The symmetry properties of theatianal FBR/DVR Hamiltonian operator
are analyzed and methods to incorporate symmetmyHBR/DVR calculations are discussed.
It is shown how the Fourier-basis FBR/DVR suitaiolesolving periodic systems arise within
the theory presented. Numerical examples are diwdhustrate the theoretical results. The
use of variational effective Hamiltonian and coasede operators has been instrumental in
this study. They have been introduced in a novel aexploiting quasi-Hermiticity.
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GRANTS AND INTERNATIONAL COOPERATION

OTKA K83858 Quantum optical and quantum informatiprocessing networks and
their nonclassical properties (T. Kiss, 2011-2015)

OTKA PD 104652 Realization of strongly correlatedtrar by ultracold atoms (G. Szirmai,
2012-2015)

Momentum Program, Quantum Measurement Theory inridyllesoscopic Couplers and
Networks (P. Domokos, 2011-2015)

NKTH ERC_HU_ 09 OPTOMECH: Optomechanical couplingtemding Cavity Quantum
Electrodynamics (P. Domokos, 2010-2014)

FP7 Initial Training Network, CCQED Circuit and GgvQuantum Electro-Dynamics (P.
Domokos, 2011-2014)

TéT, Hungarian-Czech Bilateral Intergovernmental TS& ooperation (CZ-11/2009):
Quantifying non-classicality in quantum walks andagtum optical
networks (T. Kiss, 2010-2012)

MOB — DAAD, Quantum measurement in the hybrid systef coupled Bose-Einstein
condensate and carbon nanotubes (P. Domokos, MQIB214 2)

PUBLICATIONS

Articles

1. Koniorczyk* M, Szabé* L, Adam P; Hardy's paradand entangled structure of forward
scattered wave®hys Rev 284, 044102/1-4, 2011

2. Zamora* A, Szirmai G, Lewenstein* M; Layered quantum Hall insulators with ultracold
atoms; Phys Rev A84, 053620, 2011

3. Adam P, Szabo* L, Mechler* M, Koniorczyk* M; Forward-scattered wave analysis of
an optical Hardylike setup; Phys ScrT147, 014001/1-4, 2012

4. Demeter* G, Kis Z, Hohenester* U; Nonlinear pulsropagation phenomena in ion-
doped dielectric crystal®hys Rev A85, 033819, 2012

5.  Hyllus* P, Pezzé* L, Smerzi* A, Toth G; Entanglement and extreme spin squeezing for
a fluctuating numberfandistinguishable particles; Phys Rev A86, 012337/1-11, 2012

6. Kalman O, Kiss T, Fortagh* J, Domokos P; Quantum galvanometer by interfacing a
vibrating nanowire and cold atoms; Nano Letters12, 435-439, 2012

7. Kollar B, Kiss T, Novotny* J, Jex* [; Asymptotic dynamics of coined quantum walks on
percolation graphs; Phys Rev Lettl08 230505/1-5, 2012

8. Konya G, Nagy D, Szirmai G, Domokos P; Finite-size scaling in the quantum phase
transition of the opegrystem Dicke mode; Phys Rev A86, 013641/1-11, 2012

9. Moroder* T, Hyllus* P, Téth G, Schwemmer* C,dgebaum* A, Gaile* S., Giihne* O,
Weinfurter* H; Permutationally invariant state reconstruction; New J Phys 14,
105001/1-25, 2012

10. Schreiber* A, Gabris A, Rohde* P.P, Laiho* Kefiak* M, Potaiek* V, Hamilton* C,
Jex* 1, Silberhorn* Ch; A 2D quantum walk simulation of two-particle dynamics;
Science336, 55-58, 2012
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11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

S-T. Quantum optics and quantum information

Szalay V, Szidarovszky* T, Czako* G, Csaszar* AG; A paradox of grid-based
representation techniques: accurate eigenvalues from inaccurate matrix elements; J Math
Chem 50, 636—-651, 2012

Szalay V, Adam P; Variational properties of the discrete variable representation: Discrete
variable representation via effectivgerators; J Chem Physl37, 064118/1-21, 2012

Szirmai G, Szépfalusy P; Three-fluid hydrodym@mof spin-1 Bose-Einstein
condensate$?hys Rev A85, 053603/1-9, 2012

Toth* G; Multipartite entanglement and high-precision metrology; Phys Rev A85,
022322/1-10, 2012

Vitagliano* G, Hyllus* P, Egusquiza* IL, Toth G; Spin squeezing inequalities for
arbitrary spin; Phys Rev Lettl07, 240502/1-4, 2011

Vukics A; C++QEDv2: The multi-array concept and compile-time algorithms in the
definition of canposite quantum systems; Comp Phys Comyi83 1381-1396, 2012

Xuereb* A, Domokos P; Dynamical scattering models in optomechanics: going beyond
the ‘coupled cavities” model; New Journal of Physig44, 095027/1-12, 2012

Vukics A, Domokos P; Adequacy of the Dicke model in cavity QED: A counter-no-go
statement; Phys Rev A86, 053807/1-8, 2012

Nyitray* G, Kis Z; Self-confining waves; J Mod Optics59, 1558-1568, 2012

Asboth JK; Symmetries, topological phases, and bound states in the one-dimensional
quantum walk; Phys Rev B86, 195414/1-9, 2012
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EDUCATION

GRADUATE AND POST-GRADUATE COURSES

E6tvos Lorand University, Budapest

Advanced Experimental Particle Physics (G. Vesntety)
Algebraic Bethe Ansatz and its applications (F. Warpvich)
Cavity Quantum Electrodynamics (P. Domokos, J. Ash6
Cognitive Neuroscience (L. Négyessy)

Completely integrable many body systems (F. Wowiah)
Computational Neuroscience (Z. Somogyvari)
Electrodeposition of metals (L. Péter)

Electrons in solids (I. Tu#)

Electrons in solids (J. S6lyom)

Inner structure of compact stars (G.G. Barnafoidi &l. Vasuth)
Introduction to Experimental Particle Physics (&s¥tergombi)
Introduction to general relativity, (1. Racz)

Introduction to general relativity, (M. Vasuth)

Introduction to gravitational theory and high enenghysics (G.G. Barnaféldi and
M. Vasuth)

Jet physics (P. Lévai)

Liquid crystals, their chemistry and chemical phgqiK. Fodor-Csorba)
Macromolecules I. (S. Pekker)

Many-body physics I. (G. Szirmai)

Many-body physics Il. (G. Szirmai)

Nanomagnetism (J. Balogh)

Neural Modelling (Z. Somogyvari, M. Banyai, D. Cgén)
Nuclear Solid State Physics | (D.L. Nagy)

Nuclear Solid State Physics Il (D.L. Nagy)

Open Quantum System Theory (L. Diési)

Pattern formation in complex systems (A. Buka an8drzsonyi)
Phase structure of strongly interacting matterd éwai)

Physics of liquid crystals and polymers (A. Bukal &h Eber)
Physics of the heliosphere (G. Bs)l

Plasma physics of the Solar System (K. $zeg

Relativistic heavy ion collisions (P. Lévai)

Renormalization methods for strongly correlatedeays (O. Legeza)
Superconductivity (I. Tud)

Topological insulators (J. Asbéth)

OoOooOooogggogogoodg

o

Budapest University of Technology and Economics

O  Advanced thermodynamics (P. Van)
0 Coherent control of quantum systems (Z. Kis)
O Group theory in solid state research (G. Kriza)
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Education

Infrared and Raman spectroscopy (K. Kamaras)

Infrared vibrational spectroscopy, part of the seUExperimental methods in materials
science (L. Kovacs)

Interacting spin systems (K. Penc)

Introduction to theoretical plasma physics (A. Bag)c

Investigation methods in materials science (M. Bakud K. Tompa)

lon beam analysis, part of the course Experimentathods in materials science
(E. Szilagyi)

MHD in low-dimensional systems (A. Bencze)

Neutron scattering I, part of the course Experimemhethods in material science
(B. Nagy, L. Bottyan)

Nuclear Solid State Physics | (D.L. Nagy)

Nuclear Solid State Physics Il (D.L. Nagy)

Raman spectroscopy, part of the course Experimentthods in materials science
(M. Veres)

Spectroscopy and structure of matter (K. Kamaras)

Superconductivity (G. Kriza)

Semmelweis University, Budapest

O

Neuroinformatics (L. Négyessy, F. Bazs0, Z. Somagiy\L. Zalanyi, M. Banyai)

Szent Istvan University, Godall

O
O
O
O

Biophyics (Z. Sékefalvi-Nagy, SZIE AOTK)
Computer Aided Engineering (L. Zoltan)
Machine elements I. (L. Zoltan)

Machine elements Il. (L. Zoltan)

University of Szeged

Ooooooooood

Analytical mechanics (L. Fehér)

Application of statistical physics (F. 1gl6i)

Experimental methods of nuclear physics (T. C8prg

Fundamental processes in nonlinear laser-mat@maictions (S. Varro)
Introduction to theoretical physics I. (L. Fehér)

Nuclear and Particle Physics | (T. Csirg

Physics of amorphous matter I-Il (M. Ko6s)

Quantum field theory (L. Fehér)

Selected topics in mathematical physics (L. Fehér)

Statistical physics (F. 1gloi)

University of Pécs

Oooogod

Calculus I. (K. Szlachanyi)
Calculus IlI. (K. Szlachanyi)
Control theory (J. Fizi)
Digital Control (J. Flzi)
Electronics (J. Fuzi)
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Mathematical methods in physics IV. (P. Adam)
Numerical methods (P. Adam)

Operating systems (B. Kollar)

Probability theory (P. Adam)

Quantum mechanics I. (J. Janszky)

Quantum mechanics Il. (J. Janszky)

Quantum mechanics II. (P. Adam)

Statistical physics (K. Szlachanyi)

Theoretical physics llI. (P. Adam)

Ooooooooogd

University of Debrecen

O Particle Physics, MSc Course (D. Horvath)
O Quantum Field Theory (T.S. Bir6)
O  Structure and Experimental Test of the Standardé¥d2hD Course (D. Horvath)

Obuda University, Budapest
O Chemistry and Physics of Polymers (S. Pekker)

Rolls-Royce University Technology Centre, Cambridgeiversity, UK
O Phase field modelling and solidification (L. Grapgs. Pusztai, G. |. Toth, G. Tegze)

National University of Public Service, Budapest
O Mathematical analysis — theory and practice (BhY 6t

L ABORATORY PRACTICES AND SEMINARS

E6tvds Lorand University, Budapest

0 Experiments on liquid crystals (A. Buka, N. Eber Tbth-Katona)

O Laboratory for solid state physics, Preparation emydtallization of metallic glasses (1.
Vincze)

Laboratory practice (T. Pusztai)

Laboratory practice in solid state physics and nmte science (K. Tompa and M.
Bokor)

Physical chemistry laboratory practice (L. PéterTBth)

RBS and ERDA analysis, extended practice for plsysiadent (E. Kétai).
Solar-terrestrial relation for astrophysics studdM. Tatrallyay)

Solid-state physics seminar (I. Tatt

Solid-state physics seminar (J. Sélyom)

OO

Oooooo

Budapest University of Technology and Economics

O Infrared and Raman spectroscopy (K. Kamaras)
O Infrared vibrational spectroscopy, part of the sguExperimental methods in materials
science (K. Lengyel)
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Education

Laboratory practice on investigation methods in eriats science (M. Bokor and K.
Tompa)

Practice course in experimental physics for engipégsicists (A. Szakal)

Practice course in electrodynamics for energy-eragim (A. Szakal)

Problem solving courses in thermodynamics (T. Fulép

Problem solving course in heat exchange (P. Van)

Raman spectroscopy, part of the course Experimeméhods in materials science (M.
Veres)

Seminar to the Physics 2 course for bachelor stadéen electrical and software
engineering (B. Nagy)

University of Pécs

g
g
O

Control theory seminar (J. Flzi)
Electronics laboratory practice (J. Fuzi)
Operating systems (B. Kollar)

DIPLOMA WORKS

E6tvos Lorand University, Budapest

O

O

Z.A. Boldizsér, Investigation of the plasma environmenatund the orbit of Titan (MSc,
Supervisor ZNémeth)

A. Budea, Application of graphics processing units $omulations of many-particle
systems (MSc, Supervisor RBonko)

D. Kéalman, Applied methods by cosmic muon detectioBSq, Supervisor
G.G. Barnafdldi)

G. Konya, Bose-Einstein condensates in optical rasesa(MSc, Supervisor .P
Domokos)

Zs. Kovacs, Flow phenomena in granular materials (M&mervisor TB6rzsényi)

I. Marton, Experimental investigation of ultrafastalon acceleration in the vicinity of
metallic nanostructures (MSc, Supervisor P. Dombi)

D. Molnar, Plasma spectroscopic measurements by Hssil@ space mission in the
magnetosphere of Saturn (BSc, Supervisobked).

G. Monostori, Fast method for determination of feedvd corrections in particle
physics experiments (MSc, Supervisors-ilép and GVesztergombi)

N. Német, Modelling ultrafast photoemission from nfletananostructures (BSc,
Supervisor PDombi).

L. Olah, Investigation of large-scale Inhomogeneitiessng cosmic particles (MSc,
Supervisor GG Barnaféldi)

P. Sinkovicz, Detection and simulation of spin liqgbases with ultracold atoms (MSc,
Supervisor GSzirmai)

M. Vargyas, Analysis of the PHENIX dilepton spectrim200 GeV Au+Au collisions
at RHIC (MSc, Supervisor.TTsOrg@).

A.J. Zsigmond, Measurement of the inelastic protongmatross section in the CMS
experiment (Supervisors.lGVeres* and FSiklér)
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University of Szeged

O

A. Hazi, Investigation of the stochastic Schrodingguation in white-noise (MSc,
Supervisor L. Diési)

PH.D. STUDENTS

E6tvos Lorand University, Budapest

O

O

O

OoOoooo O

|

128

A. Agécs, Database management for large particleighgsperiments at CERN LHC
(Supervisors ABenczur and GVesztergombi)

A.G. Agdcs, Interaction between high-pT hadrons andlgglion plasma in CERN
LHC ALICE experiment (Supervisor. Révai)

G. Barcza, Development and application of the nomdldensity matrix renormalization
group (non-local DMRG) method to low-dimensionalins@nd fermionic models
(Supervisors OLegeza and FGebhard*)

Gy. Bencédi, Identification of high-pT particles in BN LHC ALICE experiment
(Supervisor PLévai)

D. Berényi, Particle production in time-dependenbrsiy fields in the ELI and the
CERN LHC experiments (Supervisor [Rvai)

G. Cseh, Investigation of transient processes irplamas (Supervisor.&ocsis)

G. Csire, Quasiparticle spectra of the metal-supetacting heterostructure

Z. Daréazs, Quantum control with measurements (Supanvil. Kiss and A Csordas)

M. Dolgos, Metastable structures in stratified systéBupervisor LBottyan)

A. Dombi, Quantum dynamics of atomic motion in mutiohe optical resonator fields
(Supervisor PDomokos)

K. Gyorgy, Study on solid sampling spectrochemicalhmeés for the characterization of
the impurity and dopant content of optical crys{&@apervisor LBencs)

I. Hagymasi, Heavy-fermion behavior in the periodicdArson model (Supervisor J
Sdélyom)

D. Kocsis, Spectroscopy on filled carbon nanotubtesys (Supervisor KKkamaras)

G. Kénya, Many-body physics in cavity QED (SuperviBoDomokos)

N. Laczai, Fabrication of nano-scintillator materidts medical imaging purposes
(Supervisor L.Bencs)

K. Lukacs, Investigation of the evolution of the mplanetary magnetic field
(Supervisor GErdss)

K. Marton, Ultrarelativistic hadron-nucleus collisonat CERN SPS energies
(Supervisors ALaszl6 and DVarga*)

F. Maté Nagy, Numerical study of gravitational waengration.

K. Németh, Chemical functionalization of carbon nabes (Supervisor KKamaras)

K. Neuréhr, Electrochemical preparation of multilayevith giant magnetoresistance
(Supervisor L Péter)

L. Olah, Analysis of identified particles by ALICE HMD (Supervisor G.
Barnafoldi)

M. Péapai, Modelling the electronic, structure of sition metal compounds (Supervisor
G. Vanko)

T.N. Papp, Open quantum systems (Supervis@i&si)



Education

S. Pochybova, High energy quark and gluon jets intqurgoroton and heavy ion
collisions (Supervisor R_évai)

L. Réatkai, Phase-field modelling of columnar to egath transition with fluid flow
(Supervisor TPusztai)

P. Salamon, Flexoelectricity in liquid crystals (Sogsor N. Eber)

B. Szabd6, Experimental investigations of granulawfiqSupervisor TB6rzsonyi)

E. Tichy-Réacs, Synthesis, crystallization and speciopy of rare-earth-alkaline ortho-
borates (Supervisor.Kolgar)

B. Téth, Giant magnetoresistance (GMR) in multilay¢Sapervisors.IBakonyi and L
Péter)

R. Unnep, Study of self-assembly functional nano ipipies by neutron scattering
(Supervisor FMezei)

K. Urméssy, Advanced statistical methods in high gnehysics (Supervisor.$. Bird)
T. Verebélyi, NMR and DSC study of protein solutigBsipervisor K Tompa)

A.J. Zsigmond, Study of high density QCD matter in Pb-&d p+Pb collisions in the
CMS experiment at the LHC (SupervisorsSiklér and d. Veres*)

Budapest University of Technology and Economics

O

M. Bényai, Data circulation and random walks onghétd directed graphs and the
cerebral cortex (Supervisor F. Bazso)

B. Botka, Raman spectroscopy of carbon nanotubpgusa(Supervisor K. Kamaras)

D. Cserpéan, Doctoral School of Informatics (SupswviZ. Somogyvari)

M. Lajkd, Theoretical studies of strongly frustitgpin and charge systems (Supervisor
K. Penc)

M. Lampert, Study of plasma turbulence and zomal$l on various tokamak devices
(Supervisor S. Zoletnik)

J. Orban, Investigation and development of sigmakgssing electronics for position
sensitive particle counters (Supervisors L. Rosth@s. Sukodsd*)

J. Romhanyi, Bond and plaquette ordering in intiangelectron systems (Supervisor K.
Penc)

A. Szakal, Investigation of the structure and dyitanof metal-hydrogen systems with
neutron scattering (Supervisor L. Cser)

Zs. Szekrényes, Infrared spectroscopy of self-alsksin structures on surfaces
(Supervisor K. Kamaras)

B. Tal, Measurements of fast transients in a tokaptasma (Supervisor G. Veres)
Gyula I. Téth, Budapest University of TechnologydaBconomics, supported by grant
No. EU FP7 NMP4-SL-2008/213669 ENSEMBLE Engineegsdf-organised Multi-
Component Structures with Novel Controllable Electagnetic Functionalities,
(S