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PREFACE

The CCG2010 conference is organized by thmstitute of Solid State Physics RARAS
Council on Low Temperature Physics, aRRAS Council on Condensed Matter Physics in
Chernogolovka, Moscow region, Russia. The scope of CC is wideding, but not limited to,
films, nanoscale systems, charged species in cryocrystals, spectroscopy of cryocrystidsy ultra
temperature and higbressure studies, matrix isolation in cryocrystals, ultrafast dynamics in
crystals, ordedisorder phenoena, technological applications and instrumentation. The general
approach of the Conference aims at organizing a forum for exchange ideas on various aspects of
physical, chemical and technological properties of solidified gases, and gathering togekisst the
experts in the field.

Conference on Cryocrystals and Quantum Crystals (CC) has a long history that was started
in 1979 when the first seminar on cryocrystals and quantum crystals was organized in Viljandi,
Estonia by V.G. Manzhelii (B.Verkin Institeitfor Low Temperature Physics and Engineering
NASU, Khar kov, Ukr ai ne) and A.F. Prihoddbko (
next seminars took place in Kharkov (Ukraine), Donetsk (Ukraine), and Odessa (Ukraine). Since
the meeting in Almaty (Kaakhstan) in 1995, the Conference has had international status and has
been the important international forum for presenting new results on physics and chemistry of
atomic and molecular solids such as rare gas solids, hydrogen, nitrogen, oxygen, methane, h
isotopes, water ice, etc.. The next two international conferences took place in Poland, in September
1997 in Polanica Zdroj and in August 2000 in Szklarska Poreba. In 2002 the conference was held in
Friesing (Germany), i2004- in Wroclaw (Poland), ir2006- in Kharkov (Ukraine), and the last 7
th Conference was organized2@08in Wroclaw (Poland).

School of Young Scientists is planned to be held in frames of the02Q, wherea few
Public Lectures will be presented by tog-level experts
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50 Years of Matrix Isolation of Atomic Free Radicals

D. M. Le€"?
! Department of Physics and Astronomy, Texas A&M University, College Station, TX 77843 USA
Z Department of Physics, Cornélniversity, Ithaca, NY 14853 USA
dml20@cornell.edu

In the late 1950s, a broad program was initiated at the US Bureau of Standards to investigate
matrix isolated free radicals at low temperatures for possible applications to efficient rockét fuels.
atomsand molecules oH atoms and molecules were condensed onto liquid helium surfaces and
measurements were made by electron spin resonance (ESR), optical spectroscopy, a ¢ susceptibility,
X ray diffraction and thermodynamic measurements. Interesting resalts ebtained, but the
atomic free radical concentrations were too small (<1%) to be useful in energy storage applications,
particularly rocket fuels [1].

Activity in this area increased in 1974, stimulated by the discovery of a new sample
preparation teamique at Chernogolovka, Russia, by Gordon, Mezbeglin and Pugachev, who
dissociated a beam bk molecules and projected it onto the surface of superfluid helium [2]. Later
work by Gordoret al.led to extremely high concentrationsfatoms inN, matices (ranging up
to [N]/[N2] of 30%), as determined by ESR.in H, and mixed deuterium/hydrogen samples were
also studied via ESR [3], and evidence for the tunneling reactid>nAd,? HD+H and
D+HD ¢ D,+H was obtained [4]. Optical spectroscopy and X ray diffoan techniques were also
employed. The latter method established that the samples were composed of network of
nanoclusters (with linear dimension ~ 10 nm) containing the atomic free radicals and surrounded by
layers of solid helium.

Lukashevichet al condensedH atoms and molecules onto helium cooled surfaces and
performed elegant mm wave studies in high magnetic fields [5]. They studied the exchange
tunneling chemical reactions in hydrogen deuterium mixtures. The mm wave studies were
continued at Turkwniversity by S. Vasiliev and S. Jaakola. A group led by Miyazaki in Japan
studiedH and D atoms in solid hydrogen via ESR. The atoms were obtained by useys to
dissociate the molecules [6].

Subsequent X ray diffraction studies by Kiryukteh al. determined the structure of the
nanoclusters. The Cornell group also performed ultrasound studies of the superfluid contained in
pores between the clusters to measure pore size. Further studies at Cornell were devoted to the
kinetics of the tunneling exchge reaction. Very large concentrationstbfatoms inKr clusters
were also studied via ESR. Collaboration between Turku University and Cornell University was
devoted to mm wave studiestdfatoms embedded in molecular hydrogen films down to ~ 100 mK.
Interesting effects observed included a large deviation from the Boltzmann distribution for the two
lowest hyperfine states of atomic hydrogen [7], Overhauser effect aided pumping between states
and almost completely negligible recombination rates at the towessperatures.H atom
concentrations of ~ $dcm™ were obtained.

[1] A.M. Bass, H.P. Broida-ormation and Trapping of Free Radicascademic Press, New York
and London (1960)

[2] E.B. Gordon, L.P. MezheDeglin, O.F. Pugachev, JETP Letf, 63 (1974)

[3] E.B. Gordon, V.V. Khmelenko, E.A. Popov, A.A. Pelmenev and O.F. Pugachev, Chem. Phys.
Lett. 155 301 (1989)

[4] E.B. Gordon, A.A. Pelmenev, O.F. Pugachev, V.V. Khmelenko, JETP3%1282 (1983)

[5] A.V. Ivliev et al, JETP Lett38, 379 (1983)

[6] T. Miyazaki, Atom Tunneling Phenomena in Physics, Chemistry and Bi¢&mynger, Berlin),
2004

[7] J. Ahokas, J. Jarvinen, V.V. Khmelenko, D.M. Lee, and S. Vasiliev, Phys. Re\OT,&i05301
(2006)



New Findings in Simple Molecular Systems nder Presaire

R.J. Hemley
Geophysical Laboratory, Carnegie Institution of Washington, Washington, DC 20015, USA
rhemley@ciw.edu

The behavior of simple molecular systems under extreme pressures and temperatures is
important fundamentally because of the large cosgibdity, marked changes in bonding and
electronic properties, and dramatic alterations in physical and chemical behavior leading to novel
phases in this class of materials. Hydrogeh molecular systems are of particular interest because
their quantumproperties can induce intriguing phenomena at high densities. Experimental
techniques for studying these materials up to megabar (>100 GPa) pressures continue to evolve, and
a growing variety of measurements are possible, includingyxand neutron diffiction and
inelastic scattering, optical and infrared spectroscopies, and transport methods. Recent results for
pure hydrogen, related diatomic molecules, and hydroigénand van der Waals compounds and
alloys are described.

Vibrational Raman spectroscpused in combination with laser and resistive heating has
been employed to probe phase transitions and melting behavior ve 440 GPa [1]. Laser
heating/xr ay di ffracti on -©xapove 1000 & revessiblytiamsforms abave 44 0
GPa to a new phase which has a melting curve that increases monotonically with pressure [2].
Recent spectroscopic studies of Sishow trat the material remains in an insulating state to
megabar pressures [3], in contrast to earlier observations. Tkahtthttice in the initial Sil#H,
compound formed at low pressure exhibits a vibron spectrum that reveals strong intermolecular
interactiors as a function of pressure; new results constrain the crystal structures and the higher
pressure behavioRemarkable compounds in thek& binary system include a unique hydrogen
rich structure that can be viewed as a tripled solid hydrogen latticeeswoeh dimers, a phase that
can be stabilized at low pressures and temperatures [5]. The vibrational spectra indicate a
weakening of the intramolecular covalent bond as well as persistence of semiconducting behavior in
the compound to multimegabar pressufesariety of studies of carbebearing systems have been
carried out. The nemolecular form of CQis stable over a broad range above 25 GPa; the phase
dissociates in the fluid with a transition line having a negd®eslope above 34 GPa [6]. New
molecular compounds have been found in simple mixtures with cdrdamng species at very
modest pressures.

[1] S. Natarajan et al., to be published.

[2] A. F. Goncharov et al., to be published.

[3] T. A. Strobel et al., to be published

[4] T. A. Strdbel, M. Somayazulu, and R. J. Heml&}ays. Rev. Lett103 065107 (2009); to be
published.

[5] M. Somayazulu et alNature Chemz2, 50 (2009); to be published.

[6] K. Litasov, A. F. Goncharov, and R. J. Hemley, to be published.



Topological Media Quantum Liquids,
Topological Insulators and Quantum Vacuum

G.E.\olovik 2
L ow Temperature Laboratory, Aalto University, P.O. Box 1510@d76 AALTO, Finland
’Landau Institute for Theoretical Physics RAS, Kosygina 2, 119334 Moscow, Russia
volovik@boojum.hut.fi

The ether of the 2%t century is the quantum vacuum. The quantum ether is a new form of
matter. This substance has some peculiar properties, different from the other forms of matter (solids,
liquids, gases, plasmas, Bose condensates, icagiatc.). But it shares many common properties
with condensed matter. Quantum vacuum can be viewed as a macroscopicoasystem [1].
According to Landau, though the macroscopic mbogy system can be very complicated, at low
energy and temperaturs description is highly simplified. Its behavior can be described in a fully
phenomenological way, using the symmetry and thermodynamic consideration. Later it became
clear that another factor is also very important for the low energy properties ofrasowpic
systemi' the topology.

Many quantum condensed matter systems are strongly correlated and strongly interacting
fermionic systems, which cannot be treated perturbatively. However, topology allows us to
determine generic features of fermionic gpgm. Momentum space topology determines the
universality classes of fermionic vacua. In particular, the quantum vacuum of Standard Model of
particle physics belongs to the same universality class as superfluid 3He in phase A and in planar
phase. These tojogical superfluids have topologically protected gapless fermionic quasiparticles.
At low energy these quasipaticles behave as relativistic massless Weyl fermions. Gauge fields and
gravity emerge together with Weyl fermions at low energy. This allows usderstand the origin
of physical laws and the hierarchy problem in Standard Model. The masses of elementary particles
are very small compared to the Planck energy scale because the natural value of the quark and
lepton masses is zero. The small nonzeasses appear in the infrared region, where the quantum
vacuum acquires the properties of the fully gapped topological media: superflui@® irdd
topological insulator.

In the limit of low temperatures, the main role in dynamics and thermodynamics of
cordensed matter systems and of quantum vacuum is played by zeroes in fermionic spectrum. The
gapless fermions in topological media are protected by topology and thus survive deformation and
interaction. The topologically stable gapless fermions arise:

) in topological superfluid 3H&\, in quantum vacuum of Standard Model in its semi
metal state, etc;

(i) on the surface of the fully gapped topological medium, such as superflukB,3He
topological insulators and quantum vacuum of Standard Model in its massivesthte,
as edge states of systems which experience intrinsic quantum Hall aitbfiffects;

(i)  inthe core of topological objects, such as different types of quantized vortices-B. 3He

[1] G.E. Wolovik, The Supeltiid Universe, arXiv:1004.0597



Molecular Semiconductor Fullerite Gso

M.A. Strzhemechny
B.Verkin Institute for Low Temgure Physics and Engineering NASU
47 Lenin AveKharkov 61103, Ukraine
strzhemechny@ilt.kharkov.ua

The review deals with the electrical and other relevant propetiédlerite Gso. Being a
typical superconductor, ggdiffers cardinally in many respects compared to other semiconductor
due to the fact that this solid is not only comprised of molecules but also has a rotational subsystem.
Presence of molecular rotat®rchanges drastically currecdrrying characteristics if compared
with traditional semiconductors. In particular, conduction is determined by a competition between
disorders of two types.

Other properties, which might affect the curreatrying applicion characteristics of
fullerite Gso, are also reviewed, including the kinetics of doping with chemically neutral species,
material strength parameters, thermodynamics, etc.



Experiments with Ultracold Neutrons

V.V. Nesvzhevsky
Institut LaueLangevin, Grenoble, France
nesvizh@ill.fr

Ultracold neutrons (UCN) form a tiny loenergy fraction in the Maxwelian spectrum of
thermal neutrons in moderators of nuclear reactors and spallation sources. Their energy is extremely
smdl (~10-7 eV), their velocity equals a few meters per second only, and their effective
temperature is as low as ~1 mK. The specific of UCN consists in their nearly total elastic reflection
from the nucleapptical potential of many materials at any incidemngle; therefore they could be
stored in closed traps for extended period of time, thus used for extremely sensitive measurements.
As the fraction of UCN in the thermal neutron flux is as low as™10"? serious effort are
undertaken all over the wid to produce UCN in larger amounts, using stihermal UCN sources
or even equilibrium cooling of neutrons. UCN are widely used in precision particle physics
experiments, such as, for instance, searches for additional fundamentahsberforces, seehes
for nonzero neutron electric dipole moment, precision neutron lifetime measurements, and
constrains for the neutron electric charge.

Applications of UCN are emerging in surface and nanoparticle physics. We will focus on
recent advances in the fieldonsisting in observation of the centrifugal quantum states of neutrons,
providing, when combined with the observation of the gravitationally bound quantum states of
neutrons, the first demonstration of the weak equivalence principle for an objeatantarg state.

Also we will present a new spectrometer GRANIT constructed for precision studied of the
gravitationally bound quantum states of neutrons and for other applications in particle physics,
guantum optics, and in surface studies.

Finally, a promsing methodical development in the field consists in building neutron
reflectors based on nanostructured materials. Recently, powders of diamond nanoparticles have
been used efficiently as the first reflectors for Very Cold Neutrons (VCN) in the completaty
range from UCN to up to ~160 m/s, thus bridging the energy gap between efficient reactor
reflectors for thermal and cold neutrons, and optical neutratter potential for UCN. Moreover,

VCN could be stored in traps with nanostructured walls inesamalogy to storage of UCN in
traps.



A Mystery of Giant Growth Rate for the “He Crystal Facets

V.L. Tsymbalenko
Institute of Superconductivity and Solid State Physics, RRC Kurchatov Institute,
Kurchatov sg.1, Moscow, 123182, Russia
vit@isssph.kiae.ru

Crystals of'He are best objects for studying fundamental problems of the thermodynamics
and growth dynamics of phase interfaces. The factors, which determine these aspects, are as
follows: high purity of a matter, contact with the superfluid liquid, and the lack of crystallization
heat. The quantum nature of a helium crystal is manifested in the tunneling motion of elementary
steps at the crystal surface [1]. This results in fast crystallizatitime superfluietrystal interface.

Thus there has appeared a possibility for experimental study of the roughening transitions under
equilibrium conditions as well as the growth dynamics governed by the interface processes alone,
see review [2].

At the snall deviations from equilibrium the facets grow in a full accordance with the
classic models [3]. However, above some critical overpressure the crystal facet growth rate
increases drastically by two or three orders of the magnitude [4]. At high overpressuystal
grows at first with a small rate in the usual manner. Later, after some time interval the transition to
the state of high growth rate occurs. The transition is observed simultaneously at the crystal facets
of various orientations having diffemt roughening transition temperatures. The bugdime and
phase diagram of anomalous state are measured. The growth rates for the crystal facets of various
orientations are determined as a function of the overpressure and temperature. The reentrant
behavior of facets to the normal state with low growth rates is studied as well. The effect of facet
growth acceleration is confirmed by tiike exp
growt ho) [ 5].

The phenomenon observed has no explanation witt@rframework of the known models
for the crystal facet growth. The search of qualitatively new mechanism has led to the development
of the facet growth model based on the kinematics multiplication of steps [6]. Unfortunately, the
numerical estimates shothat the mechanism proposed is effective only at low temperatures but
cannot be responsible for the phenomenon at high temperatures. So far, there is no theory
describing all the experimental features of the phenomenon. A new qualitative approach is
necesary.

[1] A.F.Andreev and A.Ya.ParshidETP 48, 763(1978)

[2] S.Balibar, H.Alles and A.Ya.ParshiRev. Mod. Phys77, 317(2005)

[3] V.L.TsymbalenkoLow Temp. Phys(Kharkov) 21, 120(1995)

[4] V.L.Tsymbalenko,J. Low Temp. Physl21, 53(2000)

[5] A.V.Babkin, P.J.Hakonen, A.Ya.Parshin, J.P.Ruutu and G.TvalashJilgw Temp. Physl12
117(1998)

[6] A.Ya.Parshin and V.L.TsymbalenkdETP103 278(2006)
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Quantum Crystals and Formation of Supersolid from Excitations
in Solid Matter

Yu.E.Lozovik"?
Yinstitute of Spectroscopy, RAS, 142190 Moscow reg., Troitsk
“Moscow institute of Physics and Technology , Moscow Beggoprudnyi
lozovik@isan.troitsk.ru

Strong correlabn regime and quantum phase transition into crystal phase controlled by the
density are studied for 2D dipole Bose atom and dipole exciton systerab ytio quantum
simulations. The condensate fraction is calculated as function of the dendigy. colletive
excitation branch and appearance of roton minima is analgieeéxciton and polariton traps are
analyzed We show using quantum Monte Carlo simulations that dipole excitons which are under
experimental study now actually are strong interacting systd his manifest itself in essential
peculiarities in excitation spectra, in structure and condensate depletion which we discuss in the
talk.

We have studied also the possible existence of a supersolid phase cdenamsional
dipolar crystal using cantum Monte Carlo methods at zero temperature. Our results show that the
commensurate solid is not a supersolid in the thermodynamic limit. The presence of vacancies or
interstitials turn the solid into a supersolid phase even when a tiny fraction oatkgresent. The
residual interaction between vacancies is repulsive making a-emasbrium dipolar supersolid
possible.

[1] G.E.Astrakharchik J.Boronat I.L.Kurbakoy, Yu.E.Lozovik, PhysRev.Lett., 98, 060405 (2007)
[2] I.L.KurbakovYu.E.Lozovik, G.E.Astrakharchik J.Boronat PhysRev.Lett. (submitted

[3] A. Filinov, P. Ludwig, M. Bonitz, Yu. ELozovik, J. Phys. AMath. Theor. 42, 214016 (2009)
[4] Yu.E.Lozovik, PhysicdJspekhi 52, 286 (2009) (transtak from Yu.E.Lozovik, Usgiz.Nauk,
79, No.3, 309 (2009)



Dust Liquids and Crystals at Cryogenic Dusty Plasma

O. F. Petrowand V. E. Fortov
Joint Institute for High Temperatures,
Russian Academy of Sciences, Moscow, Russia
ofpetrov@ihedas.ru

Dusty plasma is a unique laboratory tool for the investigation of the physics of systems with
strong Coulomb interaction. This is due to the fact that the interaction of ra@®ah dust particles
0.1-10 pm with charges up to $.0° elementary cha@es may form the ordered structures of liquid
(dust liquid) and crystal (dust crystal) types accessible to observe them at kinetic level, i.e. at level
of behavior of separate particles of medium.

In presentwork the results of experimental and theomdtinvestigations of structural and
dynamic properties of dusty plasma in dc glow discharge at the temperatures36D K2were
presentedThe experiments were conducted igasdischarge tubeooled bycryogenic liquids
(LN2 andLHe) and their vapordt wass hown t hat fAcoolingo of ther
cryogenic temperatures leads to decreasing of ion Debye radius and formation of super dense dust
structures where density of dust grains can be of the order of plasma density and ion Debye radiu
can be close to grain size. Thedendence of dust particlebds de
dust structures was obtainélhe kinetic processes of interaction of dust particles with the plasma
component at cryogenic temperatures were analyzedcaithideration for the ieatom collisions.

This analysis made possible to determine main mechanism responsible for the observed increase in
the dusty plasma densitylew data on correlation functions, particle velocity distribution functions

and diffusion coefficient for dusty plasma at cryogenic temperature were obtainkd. T
experimental observations of the waves and vortices under cooling the discharge down to cryogenic
temperatures were presented.

This work was supported by th€RDF Grant RUP22891:MO-07, by NWO Grant
047.017.039 and by Research Program of the Presidium of the Russian Academy of Sciences
ATher mophysics and Mechanics of Extreme Powe
Mattero.
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Melting Behavior of Hydrogen at Megabar Presures

A. F. Goncharol; N. Subramaniarf, V. V. Struzhkirt, M. Somayazultj and R. J. Hemléy
'Geophysical Laboratory, Carnegie Institution of Washington,
5251 Broad Branch Road, Washington, USA;
’Materials Science group, Indira Gandhi Centre foriito Research,
Kalpakkam 603102, Tamilnadu, India
goncharov@gl.ciw.edu

Investigation of the phase diagram of hydrogen at very high pressures and temperatures has
been actively pursued in the recent years to explore occurrence of novel ground statesain gen
and the melting behavior in particular-Tl Recent first principle molecular dynamics studies
converge on the prediction of a reentrant behavior the melting curve at high pressure and
temperatures [4,5]. Experimental efforts to determine the meltielgavior have not been
satisfactory so far owing to several factors that include indirect diagnosis such as variation of
sample heater temperature with laser power, electrical conductance changes or speckle changes anc
possible chemical reactions betwdsmrogen and the heater material that can influence these [6,7].
Recently, we have developed a methodology to confine and studst ldxtreme conditions,
wherein, in situ Raman spectroscopy in conjunction with laser heating can be done over multiple
heatirg-cooling cycles on a highly localized sample regionl¢(b in diameter x 4 [Im thick) that is
well isolated from the diamond anvils [8]. Here we present direct observations of phase changes in
hydrogen from use oin situ confocal Raman spectroscopy in a fully automated laser heating
arrangement [9]. A pronoundemolecular vibron discontinuity has been found at elevated
temperatures above 30 GPa along witlarge broadening of the roton bands and changes in the
laser speckle pattern; these phenomena are clearly indicative of melting. The vibron frequency
disconinuity and broadening at the transition show a nonmonotonous behavior with a maximum at
70-100 GPa. Using the appearance of a new vibron as a criterion of melting, we mapped out the
phase diagram of hydrogen at higif Ronditions. Our results are in faijood agreement with the
extrapolations of the previously measured in the resistively heated DAC data [2] up to
approximately 110 GPa. Our data are in odd with the recent pulsed laser heating data [6] in that we
do not observe a narrow maximum in the meglline. Beyond 110 GPa the melting line goes down
in temperature abruptly deviating from the extrapolation of the Ketchin fit and from the melting
points reported by Eremets and Trojan [7]. The observation of nonmonotonous pressure dependence
of the vibion discontinuity and its sharpening in the fluid phase suggest that; theiddchanges
with pressure along the melting line. It is conceivable to connect this with the presence of the
maximum in the melting line predicted theoretically [5] and inferrethe previous experimental
studies [2,7]. Theoretical calculations predict the presence of arahge orientational ordering
for the fluid above the pressure corresponding to a turnover of the melting line [10]. Our
observations of the narrowing of thédron band in the higipressure limit are in line with these
predictions.

[1] H. K. Mao and R. J. Hemley, Rev. Mod. Ph§§, 671 (1994)

[2] E. Gregoryanz et al., Phys. Rev. L&@), 175701 (2003)

[3] A. F. Goncharov and J. C. CrowhurBhys. Revlett. 96, 055504 (2006)Phase Transitions
80, 1051 (2007)

[4] S. Scandolo, Proc. Natl. Acad. Sci. U.S1A0, 3051 (2003)

[5] S. A. Bonev, E. Schwegler, T. Ogitsu, and G. Gall, Na4@®k 669 (2004)

[6] S. Deemyad and I. F. Silvera, Phys. Rev..l'H0, 155701 (2008)

[ 7] M. . Eremets and9198(2089) Tr oj an, Pi sébma v
[8] N. Subramanian et al., J.Phys.Conf. Series (in press)

[9] N. Subramanian, A. F. Goncharov, V.V.Struzhkin, M. Somayazulu, R. J. Hesulemitted)
[10] I. Tamblyn ands. A. Bonev, Phys. Rev. Lett04, 065702 (2010)
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New Data on Shock Compression of Liquid Nitrogen in-B Megabar Range

. L. losilevskiy'? V.K. Gryaznov, M.A. MochaloV, M.V. Zhernokleto¥, V.E. Forto?>
Moscow Institute of Physics and Technolo§yate University), 141700 Russia
2Joint Institute for High Temperature RAS, Moscow, 125412 Russia
3Institute of Problems of Chemical Physics RAS, Chernogolovka, 142432, Russia
“Russian Federal Nuclear Center, Sarov, Nizhni Novgorod, 607188 Russia
ilios@orcru

Thermodynamic properties of strongly shemkmpressed liquid nitrogen are under
discussion. The base is new experimental data, obtained recently in VNIIEF (Sarov) using
hemispherical shock wave generators [1,2]. These experiments covered nitrogemotsugo
pressure range 108500 GPa and temperature rangé& 8 KK. A nearly isochoric behavior of
nitrogen Hugoniots is observed in new experimebteh a behavior indicates existence in nitrogen
plasma of a significant range of nearly constant Grungiseameter, Gr V(CP/CE)y & 0.62. The
thermodynamics of shoetompressed nitrogen have been analyzed theoretically usioglled
guasichemical model (code SAHA) where nitrogen plasma is described as strongly interacting
(norrideal) equilibrium mixture of atoms, neslules, ions and electrons. This approach supplements
in the highP_highT region previous calculations of shec&mpressed nitrogen of moderate
parametersK < 100 GPa) as series of molecular and polymeric states [3] [4]. Present experiments
and calculatinslead to conclusion that approximatelyrag 100 GPa,T & 16000 K, and & 3.3
glcn? shockc ompr essed nitrogen comes t hr ofungtfroomew t
molecular (like hydrogen) but from polymeric state to the state of stronghdeahplasma.

[1] M.A. Mochalov, M.V. Zhernoklaiv, R.1. II'kaev, A.L. Mikhailoy V.E. Fortov,V.K. Gryaznov,
I.L. losilevskiy, ¢ .B. Mezhevov,¢.[ . Kovalev, S.I. Kirshanov, Y¢.. Grigorieva, M.G. Novikov,
¢ .N. Shuikin,JETP,137, 77 (2010)

[2] R.F. Trunin, G.V. Boriskov, A.l. Bykov, A.B. Medvedev, GSimakov, and A.N. Shuikin]ETP
Lett. 88, 189 (2008)

[3] Yakub E.S.Low Temp. Phys20, 57998 (1994), Shock compression of cryogenic liquids
(Review)

[4] Yakub E.S., Yakub L.N.Phase Transitions in Compressed Polymerizing Nitrogeis
conferencg
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Lattice Distortion and Raman Scattering in HCP Cryocrystals
Under Pressure

Yu.A. FreimanA. Grechnev, S.M. Tretyak
B. Verkin Institute for Low temperature Physics & Engineering,
National Academy of Sciences, 47 Lenin Ave., 61103, Kharkmingk
yuri.afreiman@gmail.com

Among cryocrystals only quantum crystalsolid helium and-even solid hydrogeng{H-,

o-D, and HD) crystallize in the hexagonal clgsacked (hcp) lattice at ambient or low pressure.
The heavier or classical rare gasid®l(RGS)- Ne, Ar, Kr, Xe- crystallize into the faceentered
cubic (fcc) structure. Diamoranvil-cell studies have shown that the hcp phase can be stabilized at
high compression in Xe, Kr, and Ar, with the fcc and hcp phases coexisting over a bigadfran
pressures. Contrary to expectations, a {puggssure xay diffraction study of solid Ne at the
pressure range up to 200 GPa found that the crystal structure of Ne remains fcc.

Unlike fcc, the hcp structure has optical branches in the phonon speétrizone center,
one of the branches, an LO mode, is polarized along-thas. The doubly degenerate TO mode
(symmetryEyg) is polarized within the hexagonal planes and is Raman active.

Another distinctive feature of the hcp structure is an additidegiee of freedom associated
with thec/aratio. A lattice of closed packed hard spheresdfas (8/3)= 1. 63299é (th
hcp structure). The quantity = c/a - (8/3)"2 the lattice distortion parameter, describes the
deviation of the axial ratifrom the ideal value.

We report here results of calculations of the lattice distortion parameter and Raman
frequencies of hcp cryocrystals in the pressure range up to metallization. The calculations were
performed using sen@mpirical and firsprinciple approaches which complement each other: the
former works better for low pressures, the latter for high pressures. In these calculations we used a
manybody interatomic potential. Is small

Our study shows that for He and for hydrogen isotdpessmall (of the order 1?) and
negative in the entire pressure range. For Ar, Kr, anddXhanges sign from negative to positive
as the pressure range increases, growing rapidly in the magnitude at higher pressures.
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Fluid -Fluid Phase Transitionin Strongly Compressed Polymerizing Nitrogen

E. Yakub
Computer Science Department, Odessa State Economic University,
8 Preobrazhenskaya St., 65082 Odessa, Ukraine
yakub@oseueduua

The problem of moleculao-polymer transitionsn simple polyvalent molecular systems
and disagreement between existing experimental and recent ab initio simulation data for highly
compressed nitrogen fluid is discussed.

A new equation of state based on a simple model of polymerization is propased@ied
to prediction of fluidfluid coexistence line. We discuss the position of the second critical point and
effects of negative thermal expansion in condensed polymerized nitrogen.
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Matrix Isolation 7 Almost 100 Years Old,but Still Hale and Hearty

V. E. Bondybey
Technical University of Munich, Lichtenbergstrasse 4, 85748, Garching, Germany
bondybey@gmail.com

Even though the term fAmatri x | sabdratotyiofono \
George Pimentel, experiments which today <coul
were actually being carried out more than fifty years earlier. Already before the turn of"the 20
century, persistent, long lived light emissibrphosphorescencefrom a variety liquid and solid
solutions after their being exposed taays or other high energy radiation was observed and
extensively studied. The fact that rare gas solids, as well as frozen simple molecular gases such as
nitrogen or oxygen provide suitable media for spectroscopic studies was first realized by Lars
Vegard in his studies starting around 1924. Their goal was in fact the understanding and elucidation
of Aurora Borealis which he initially believed to originate in dnparticles of frozen nitrogen
Adust o0. Il n 1945 Lewis and Kasha Berkel ey h:
due to the spin forbidden emission from the lowest triplet state to the ground state. George
Pimentel realized in 1954 that thelid rare gases provide an ideal, inert and transparent medium
for spectroscopic studies of reactive, transient species and free radicals. | became involved in
matrix 1 solation after joining Pimentel 6s gr
remained then active in the field for several decades and could observe its development ever since.
While over the more than sixty years since the early Vegard studies the techniques, range of
problems studied, and the goals of the investigations havegetiacontinually, a steady flow of
papers dealing with matrix isolation, and a multitude of conferences dedicated to low temperature
spectroscopy and show that it remains even today a lively, productive field. It keeps yielding an
uninterrupted string ahteresting results, and the objective of my talk will be to review and discuss
some of this work.
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Colloids as Model Systems for Condensed Matter

A. Erbe andP. Leiderer
Physics Department, University of Konstanz, 78457 Konstanz, Germany
paul.leiderer@unrkonstanz.de

Colloidal suspensions consist of small particles in (mostly) aqueous medium, which allow to
model phenomena in condensed matter on a mesoscopic scale. Due to the dominant length and time
scales such systems are readily asibés by means of video microscopy. In this talk examples for
both the structure of colloidal particle ensembles and transport phenomena in colloidal systems will
be discussed. In the case of structure formation, melting and freezing of clusters coofsstlpg
few particles and the influence of periodic external potentials provided by modulated light fields is
investigated. In addition, configurations of particles with a mesoscopic "spin" will be presented,
realized by colloidal spheres with permanerdgnetic caps, which allow one to model the spin
configurations of magnetic clusters. The transport investigations focus on phenomena in narrow
channels and constrictions, similar to navices and point contacts.

[ 1] M. Keppl, P . iélabay and P.d eiderefitayer Redubtien in Riven 2D
Colloidal Systems through Microchann&l$hys. Rev. Let97, 208302 (2006)

[2] L. Baraban, D. Makarov, M. Albrecht, N. Rivier, P. Leiderer, and A. Hibristrationinduced
magic number clusters oblloidal magnetic particled Phys. Rev. £7, 031407 (2008)
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Novel Mechanism of the Negative Expansion of Fullerite &
Doped with Chemically Neutral Species

M.A. Strzhemechny
B.Verkin Institute for Low Temperature Physacel Engineering,
National Academy of Sciences of Ukraine, 47 Lenin Ave. Kharkov 61103, Ukraine
strzhemechny@ilt.kharkov.ua

Recent higkprecision dilatometric measurements (cf. Dolbin et al. [1] and references
therein) showed that the thermal expansioefiicient U o f pure andgaped f
enough temperatures is negative. At higher temperatures, the thermal expansion of doped samples
demonstrated smooth peaks. The mechanism suggested [2] to explain the negative expansivity
effect is based on tunnelimgtations of o molecules in irregular areas of the fullerite lattice (grain

boundari es, di sl ocation <cores, etc. ). The si
parameter, which for transitions between tunnesiplit levels is negative. Thetar phenomenon,
namely, the peaks in the U(T) dependence was

between different orientational glassy statesgf C

If chemically neutral species (rare gas atoms or simpler ckiselti molecules likéN,, CO,
CO,, etc.) are introduced as interstitials into fulleritg,@hey can be responsible for an additional
negative contribution to the thermal expansivity. This effect is well known in the thermal expansion
of rare gas solids containing substitatimolecules (cf. [4] and references therein) was explained
using the energy spectrum, calculated by Devonshire [5] for a linear molecule in a filed of
octahedral symmetry. This model is basically appropriate for treating the respective contribution to
U ( T) eodpped \@th linear molecules, though accurate estimates were lacking. As shown recently
[6] for the specific case of Xe, for which the spherical oscillator approximation is valid, atomic
impurities can also contribute negatively to the thermmphasivity of doped € due to tunneling
split rotational levels of the vibrational states. For other rare gas impurities, especially the lighter
ones, the effective crystal field is far from purely oscillatory. The relevant crystal field potentials
andsectra for atomic and mol ecul ar dopant have
particles in octahedral voids of fulleritg /8 [ 7] ) .

[1] A. V. Dolbin, N. A. Vinnikov, V. G. Gavrilko, V. B. Esel son, V. G. Manzhelii, and B. Sundqvist,
Fiz. Nizk Temp.33, 618 (2007) [Low Temp. Phy83, 465 (2007)]

[2] J. M. Khalack and V. M. Loktev, Fiz. Nizk. Temf9, 577 (2003) [Low Temp. Phy9, 429
(2003)]

[3] A. N. Aleksandrovskii, A. S. Bakai, D. Cassidy, A. V. Dolbin, V. B. Esel'son, G. E. Gadd, V. G.
Gavrilko, V. G.. Manzhelii, S. Moricca, and B. Sundqvist, Fiz. Nizk. TeB1p.565 (2005) [Low
Temp. Phys31, 429 (2005)]

[4] A.N. Aleksandrovskii, K. AChishko, V. B. Esel'son, V. G. Manzhelii, and B. G.. Udovidchenko,
Fiz. Nizk. Temp23, 999 (1997) [Low. Temp. Phys23, 750 (1997)]

[5] A. F. Devonshire, Proc. Roy. Soc. (London]l 33 601 (1936)

[6] M. A. Strzhemechny and I. V. Legchenkova, Fiz. Nizk. TeB470 (2010)

[7] M. A. Strzhemechny and I. V. Legchenkoymster(this conference)
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Heat Transfer in Solid N-alkanes

V.A. Konstantinoy V.P. Revyakin, and V.V. Sagan
B.Verkin Institute for Low Temperature Physics and Enginegring
National Academy of Sciences of UkraihéLenin Ave., Kharkov 61103Jkraine
konstantinov@ilt.kharkov.ua

Normal alkanes fHzn+2 are a class of substances taking an intermediate, transitional position
between simple molecular solids and latwin polymers. The-alkanes have a relatively simple
composition and a molecular packing in the solid stateakes of molecules are parallel the one of
the other and nearly perpendicular to the lamella plane. Yet, despite this seeming simplicity, they
show a wide variety of dynamical behavior both in the solid and liquid states. There is an
interestvem@ défbfdect alternating the orthor homt
adjacent members of the series as well as the presence or absence of premelting cylindrical rotator
phasesThe melting point alternation is another wielown phenomenon in-alkanes; that is, the
evennumbered members of series melt at a relatively higher temperature than thendaered
members [1].

The shorichain (r6) n-alkanes are the least known members of the series. The crystal structure
of ethane and propanef/n,andrfhexane is PO [1]. The triple
t hese s ubRareadn.8Keand 0P8 85.5K and 4.96, 177.8K and 8.85 correspondingly. To
compare correctly experimental results of thermal conductivity with theory, it isss@ty to
perform experiments at a constant density to exclude the effect of thermal expansion. The
measurements reported were carried out by a stationary method in a coaxial geomeirgdsigie
cell. The isochoric thermal conductivities of solid eth&BeHg), propane (gHs), and nrhexane
(CeH14), have been investigated on samples of different densities. In all the cases the isochoric
thermal conductivity exhibits dependences that are weakerA®dnT. As was shown earlier, the
deviations of the isochi@ thermal conductivity from the dependentel/T in the orientationaly
ordered phases of molecular crystals caddseribed using a model in which heat is transported by
low-f requency phonons and by #dAdiffus2ived modes

A= Aph + Agit (1) _

ADIi ffusivedo refers to the modes whoselamean
w h e r=& [3]UWe calculated appropriated contributions for ethane, propane,-hedane. The
Aidi ffusived behavior of the vibrational mo d e ¢
50K,andinrghexane above 110K. idnhnereased with feraperatwreebdititéso nt
smaller than phonon one even at premelting temperaturesisTihigood agreement with the big
thermal conductivity change at melting. The results obtained are compared with the thermal
conductivities of other+alkanes ranging from €l to CioHao [4].

[1] R. Boese, H. C. Weiss, D. Blaser, Angew. Chem. Int38d988992 (1999)
[2] V.A. Konstantinov, Low. Temp. Phy&9, 422428 (2003)
[3] D.G. Cahill, S.K. Watson, and R.O. Pohl, Phys. AB\6, 61316140 (1992
[4] H. Forsman, P. Anderssah,Chem Phys30, 2804 (1984)
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A Quantum Theorem of Corresponding States Study of Small Quantum Fluid Clusters

J.P. Toenniés M. SevryuK, D.M. Ceperley
Max Planck Inst. f. Dynamics and Sélfganization,
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Leninskij Prospect, 119334 Moscow, Russia
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There is currently igat interest in understanding superfluidity in small gamrogen (pH)
clusters. Since at low temperatures, phblecules are spitess bosons Ginzburg and Sobyanin in
1972 predicted that ptshould be superfluid below aboukKg1]. Superfluidity cannobe observed
in the bulk since hydrogen freezes below the triple point at 13.8 K. Several Path Integral Monte
Carlo (PIMC) calculations predict, however, that smaltpH ust ers (N O 26) ar
about 2 K. [2] In contrastHe clusters of all sizes are predicted to be superfluid as demonstrated
experimentally either indirectly for small clusters or directly for large clusters. To understand better
the relatim between pbl and “He clusters we have undertaken a Quantum Theorem of
Corresponding States (QTCS) study of cold N = 13 and N = 26 quantum clusters. [3] According to
QTCS the thermodynamic functions of a class of systems with a pair potential of the form

V(r)y=evV &/r, : when expressed in terms of the appropriate reduced dimensionless variables,

will be the same for a given value of the de Boer paramétetO(s)/r, =>/r,~/me, where
O(e)is an effective de Broglie wave length foelative motion with energys. Thus as
O(¢g)increases relative to the range of the potemgialvhich is proportional to the average distance

between the particles, quantum delocalization besomcreasingly important. In addition to the
reduced potential/ * and reduced distance, usually denotedxayr /r,, other important reduced

quantities are the densitigg = por. and the various energiescbuas the total energl* = E/ s and

the temperaturd* =T/ ¢.

PIMC calculations of the energies, densities, radial pair distributions and pair distributions
and superfluid fractions are reportedTat 0.5 K for a Lennardone (12,6) potential using 6
different de Boer parameters including the accepted value for hydrogen and helium. The results
indicate that the hydrogen clusters are on the borderline to beingsuperfluid solid but that the
molecules are sufficiently detalized to be superfluid. A general phase diagram for the total and
kinetic energies of LJ (12,6) clusters encompassing all sizes form N = 2 to ldr&l for the entire
range of de Boer parameters is presented. Finally the limitinBoge parameters for quantum
delocalization induced unbinding are estimated and the new results are found to agree with previous
calculations for the bulk and smaller clusters.

[1] V. L. Ginzburg and A. A. Sobyanin, JETP Let§, 343 (1972)

[2] S. A. Kharallah, M. B. Sevryuk, D. M. Ceperley, and J. P. Toennies, Phys. Rev.98tt.
183401 (2007)

[3] M. Sevryuk , J. P. Toennies, and D. M. Ceperley, submitted
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Regular-Chaotic Transitions in Quantum Dynamics of Nanosystems

V.A. Benderskii
Institute ofChemical Physics Problems,
142432, Chernogolovka, Russia
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Unlike continuous spectra of macroscopic solids, the spectra of nanosystems are discrete.
The discrete character of spectra results in the appearance of recurrence cycles, ithevhich
population of the initially prepared state is partially revived. According to Poincare theorem, the
period of recurrence cycles is determined by the meanlatel spacing between neighboring
levels.

A dynamical problem for an initial state coughle a reservoir (a manifold of other states)
has been analytically solved for various reservoir spectra, from regular to random one. It is
demonstrated that a muttomponent Loshmidt echo arises in each recurrence cycle. The number of
components and thital width of the echo increase with increasing cycle number. At the certain
critical cycle number, the components of neighboring cyc;les are overlapped and mixed. As a
result, the initial state dynamics transforms from a regular to stochi&stién which an arbitrary
small coarse graining (inherent to any real systems) leads to (i) the loss -ob-are
correspondence between the regular spectrum and irregulatirfemgvolution,
(i) the loss of invariance with respect to time reversal.

When thespectrum is equidistant and coupling constants are the same for all reservoir states,

the critical cycle number i&, = 7z2C2/Q2 (Q is spacing,Cis coupling constant).K, decreases
under equidistant spectrum deformations. Regular evolution disappears when the mean critical
value of violations from mean spacing is achievgd;,, - Q,)/(Q)> K*.

Reverse states are depleted synchronically in time leading to above described Loshmidt
echo. Synchronization is held in initial recurrence cycles up to the critical cycle number. The
reverse transitions from reservoir states to initial one leads to appearance of narrow double
resonances at all reservoir state eijequencies. These resawcas are kept even in the stochastic
like region of the initial state evolution.

Two new phenomena described above multicomponent Loshmidt echo and double
resonances, as inherent specific feature of nanosystems, are responsible for a wide variety of
evolution regimes (from exponential decay to irregular weakly damped oscillations) observed with
the femtosecond spectroscopy techniques in various objects, common feature of which is the inter

level spacings of order10 cm .
[1] V.A. Benderskii, L.A. Falkovskii, E.I. Kats, JETP Lett. 86, 221 (2007)

[2] V.A. Benderskii, E.I. Kats, JETP 108, 160 (2009); 109, 505 (2009)
[3] V.A. Benderskii, E.I. Kats, Eur.Phys.D. 54, 597 (2009)
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Nuclear Spin Ordering on the Surface of &He Crystal: Magnetic Steps

l. A. Todoshchenkt?, H. Alles', H. J. Jun€s M. S. Mannineh and A. Ya. Parshin
! Low Temperature Laboratory, Aalto University, Puumiehenkuja 2B, Espoo, Finland
2P. L. Kapitza Institute, Kosygina 2, Moscow 119334
todo@boojum.ht.fi

The growth rates of the basic1@) and (100) facets on bdde crystals have been measured
near the nuclear agnetic ordering transition aty¥0.93 mK. In the ordered phase, we have
observed several growth modes corresponding to diffeanes of the step energy. We show that
because of the quantum delocalization, the step induces a cluster of ferromagnetically ordered
nuclear spins. The free energy of such a cluster is relatively large and depends on the orientation of
the underlying atiferromagnetic domain. In the paramagnetic phase, the mobilities of the basic
facets are greatly reduced because of the much slower spin diffusion in the bulk solid.

Phenomena on the Surface of SolitHe

l. A. Todoshchenkbt? H. Alles', H. J. JunésM. S. Mannineh, and A. Ya. Parshin
! Low Temperature Laboratory, Aalto University, Puumiehenkuja 2B, Espoo, Finland
2P. L. Kapitza Institute, Kosygina 2, Moscow 119334
todo@boojum.hut.fi

Recently we have observed [ttje secalled devil's staircase dfigh order ficets on the
surface of hcgHe aystals at 0.X. Such highroughening temeratures of high order facets could
be associated witklementary kinks on the basal step, which would have correspondingly high
excitation energy. As the free energfythe basal step is only OK, such kinks would provide a
strong anisotropy of the basal step arahsequently, of the stiffness of vicinal surfaces, which was
neverobserved before. With our interferometric technique we were abite&sure the anisofpy
of the stiffness of the basal step and ofahenuthal stiffness of vicinal surface and found it as high
as 510 at lowtemperatures. We have measured also the temperature dependenanisutinepy
and found that the @&otropy disappears at 0045 K.

[1] I.LA. Todoshchenko, H. Alles, H.J. Junes, M.S. Manninen, and APéeshin, Devil's staircase
of facets on the surface of 4He crystals, PRgs:. Lett., 101, p. 255302/ (2008)

21



Crystal Shape and Crystal Growth of°He:
The Influence d Magnetic Order

R. Jochemsen
Kamerlingh Onnes Lab, Leiden University, P.O. Box 9504, 2300 RA Leiden, Netherlands
jochemsen@physics.leidenuniv.nl

Experiments on crystal growth and crystal shapeHe at zero magnetic fields have
revealed many new facetnd strong anisotropy in the growth rates. One of the remarkable
conclusions is the apparently dominating influence of the elastic interaction between the steps on
the facets even for nevicinal facets. Also unexpected was the apparent stiffness ofHae
solid/liquid interface as compared to the situatiofHg. It has been suggested that this is related to
the magnetic interaction and ordering in the stid.

Solid®*He orders magnetically into two differe
on the magnetic fieldf2D2 or low field phaséelow 450 mT an€€NAF or high field phasabove
450 mT). This presents the unique possibility of investigating the influence of a magnetic field or
magnetic order on the crystal growth properties. We haverementally studied the shape and
growth rate of solid®He in magnetic fields up to 9 T in our optical access cryostat with low
temperature CCD and obtained clear images of the growth process.

We have performed measurements of the growth velocities amchdietd the step energies
for different facets in both phases at B=0 T and B=2 T. It was found that the growth rate is much
faster at B=2 T than at zero magnetic field. If we analyze the results in terms of a linear dependence
of the facet growth velocityersus overpressure [1], we can determine the step energy for each
facet type, at each value of the magnetic field (see figure below). We conclude that the ordering of
the spins in the solid clearly affects the growth process of the crystals.
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The Effect of *He Impurities on New Phase Nucleation
Under Bcc-Hep Phase Transition in Helium Solid

N.P. Mikhin, A.P. Birchenko, E.Ya. Rudavskii, Ye.O. Vekhov
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National Academy dbciences of Ukraine, 47 Lenin Ave., Kharkov 61103 , Ukraine
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Pure “He bcc crystals and 1%He bcc solid mixture are studied by precise pressure
measurement technique undeo n st ant  drvTae lifetone Uof tinegnetastable bcc phase
was measur ed U rMdeebcehcp phéasé wans#iois accgmpanied by both a sharp
pressure decreasg Punder constant volume condition (down to 1 bar) and a simultaneous
apprecable heat release in the sample up to 25 mK. Decreasing of the overcooling leads to
increasing the overcooled crystal lifetirdérom several seconds to several hoiitse dependence
of nucleation frequency on overpressurep Pfor the bcehcp phase transon in “He demonstrates
both home and heterogeneous nucleation mechanisms under different valugsPodnly
heterogeneous nucleation is detected % *He -*He bcc mixtureA role of possible centers of
nucleation includingHe atomss discussed.
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Oscillation Spectra of a Crystal*He Facet and Its Destruction with Generating
Crystallization Waves

Burmistrov S.N.
Kurchatov Institute, Moscow
burmi@kurm.polyn.kiae.su

For rough®He crystal facets, crystallization waves are thel-kebwn phenomenon. The
same point for the smooth 4He crystal facets is less familiar. Here we study the spectrum of
crystallization waves at the smooth crystal facets 8Ha crystal. Besides the wavelength, the
frequency of crystallization waves alsgpéads both on the perturbation wave amplitude and on the
number and arrangement of crystal facet steps per wave length. The smaller the wave amplitude and
the more the number of facet steps, the larger the wave frequency. The continuous generation of
crystllization waves results both in the destruction of crystal faceting and in the transition to the
rough state of a crystal facet.
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Probing the Phonon Spectra of CondensetHe with Atomic Impurities

V. Lebedey P. Moroshkn, and A. Weis
Department of Physics, University of Fribour
victor.lebedev@unifr.ch

The phonon spectrum is an important characteristic of quantum fluids and solids and for
such systems is mostly measuted neutron scattering. However, in conventional solids, optical
(including infrared) spectroscopy of dopants is often used to investigate the lattice vibration
spectrum. Optical and IR absorption spectroscopy has also been applied to the study af vibroni
spectra of various molecules in quantum matrices, sudHeaand®He droplets [1]. However, very
little is known about the vibronic spectra of atoms and molecules in bulk condensed helium.

Here we present a systematic spectroscopic study of transitedal (Au and Cu) atoms in
normal fluid, superfluid and solitHe. Atoms implanted in the quantum matrix are la&seited to
high lying states, and the resulting fluorescence spectra are observed at different pressures and
temperatures of the helium bulk.

Metal atoms in condensed helium reside in nanosepebubbles (topic reviewed in [2]).

The metal atom to helium environment interaction results in modificatbthe absorption and
fluorescence spectra of Waebsex dbghaoouterGhell aad irnert r o r
shell transitions.

Electronic transitions in the outer shell induce a sudden change of the bubble size and
bubble interface oscillations, which can be understood as excitations of local or-fissldoodes
of the host matk. The interaction leads to a strong homogeneous broadening and a blue shift of the
atomic spectral lines. The fluorescence spectra of outer shell transitions depend strongly on He
pressuréd more specifically, the He densityin the three condensed phassimilarly to the well
understood spectra of alkali atoms [2].

The d-electrons in the inner shell are screened by the outer cleskdllS Transitions of
inner shell electrons therefore do not induce large changes of the bubble configuration, and the
excitation of local modes is expected to be strongly suppressed. Nevertheless, we have observed a
weak coupling of thal-electrons to matrix excitations (phonons). Fluorescence spectra of inner
shell transitions have two common featuires sharp zero phondime (ZPL) very close to the free
atomic transition frequency and a broad phonon wing (PW) on the red side of the ZPL. We
speculate that the nature and shape of the ZPL and PW are universal and could thus be used to
characterize excitations of the hosttma

This work is supported by the Swiss National Foundation.

[1] Hartmann M., Mielke F., Toennies J. P., Vilesov A.F. and Benedek G., Phys. Rev/@,ett.,

4560 (1996)
[2] Moroshkin P., Hofer. A. and Weis A., Phys. Re{f9, 1 (2008)
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Wigner Crystals Confined in Micrometer-Wide Channels
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Electronsfloating on the surface of liquid helium forrmadeal classical twedimensional
electron systenwith a density of 18-10"® m? The ground state of ighelectronsystemis an
electron crystal callewignercrystalbecause ofhe predominance of the Coulomb interaction over
the kinetic energyln the Wigner crystal phase, the localized electrons are-tseffped in the
commensurate deformation of the helium surface called dimple lattice. The appearance of the
dimple lattice generates strong coupling between the Wigner crystal and helium surfacejsgving
to a number of distinct phenomena in the transport properties of the Wigner ¢itgséalve present
the resultsof transport measurementstbg Wigner crystaformed on superfluidHe andconfined
in quastionedimensional channels 5, 8, andelsn windt h, and ~900 em i n |

The long channel geometry of our channels is suitable for observing clear nonlinear
phenomena arising from the strong coupling between the Wigner crystal and helium surface. We
observed that, in the Wigner crystal phase, thgstivity shows an increase with increasing
excitation. At the same time, the velocity of the electrons saturates at the phase velocity of ripplons
with the wavenumber which is equal to the first reciprocal lattice vector of the Wigner crystal.
These a& caused by the resonant scattering of ripplons by the B2hggenkov mechanidil; an
electron traveling faster than the ripplon phase velocity radiates ripplons as in the case of the
Cherenkov radiation, and ripplons emitted from different electrorsfene constructively if the
wave number of the ripplons equals the reciprocal lattice vector of the Wigner crystal (the Bragg
condition), resulting in the drastic increase of the scattering rate. At a high excitation, we observe a
jump in the velocity ta very high value. This is attributed to the decoupling of the Wigner crystal
from the dimple lattice. The magnitude of the driving field necessary to induce the decoupling
indicates that the decoupling occurs from the dimple lattice which is dynamieslheded due to
the BraggCherenkov scattering[2].

The BraggCherenkov scattering occurs only in the Wigogrstalphaseand therefore the
BraggCherenkov scatteringrovides useful information on the melting process of the Wigner
crystal. We have inveggated the melting process tie Wigner crystal confined in quasne
dimensional channelfor three channel width5( 8, and 1% m)paying special attention tthe
BraggCherenkov scatterindgn two-dimensional system, the melting of tAégnercrystalis driven
by the disocationmediated KosterlitzThoulessHalperinNelsorYoung mechanisri3]. In our
guastonedimensional channglthe properties of the melting should be strongly affetiechuse
the characteristisize of dislocations( ~1 ¢ oojmparabde to the channel width, and -one
dimensional nature should appday changing the electron densiystematically(10-60 electons
in width), we find that the BC scattering disappears at a higher temperature for fewer electrons in
the confined direction, indicating that the crydilaé structure persists to a higher temperatore
fewer electronsWe show that this behavior isderstood by a model describing how the positional
correlation is disordered by free dislocations in the gaasidimensional geometry.

[1] M. I. Dykman and Yu. G. Rubo, Phys. Rev. L&®, 4813 (1997)

[2] H. Ikegami, H. Akimoto, and K. Kono, Phys. Réett. 102 046807 (2009)

[3] B. I. Halperin and D. R. Nelson, Phys. Rev. Léft. 121 (1978); D. R. Nelson and B. I.
Halperin, Phys. Rev. B9, 2457 (1979); A. P. Young, Phys. Revl§ 1855 (1979)
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Solvation of Impurities in Bulk Superfluid Helium
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Diffusion mediated clustering of atoms and molecules in superfluid helium may be
significantly affected by the weak loaginge interactions at low temperatures. When impurities are
solvated in the liquid, the possible attractive van der Waals binding introduces strongly
inhomogeneous helium solvent layers to form around them (i.e., the snaivbature). As two
impurities approach each other in the liquid, the interaction between the solvent layers surrounding
them causes deviation from the regular gas phase pair interaction where the overlap between the
solvent layers introduces an energy rigar for impurity - impurity recombination. The present
bosonic density functional theory calculations predict ca. 3.2 K recombination barrier for two
solvated Ne atoms in the liquid. The effect of zpaint energy for light impurities is important and
hence it must be included in the calculation. When many spherical impurities are present, this effect
is expected to lead to a sesembly process resulting in a quantum gel structure. In the case of
nonspherical impurities, the anisotropic solvent lagéucture is expected to lead to the self
assembly of 1D and 2D structures ("solvent layer guiding"”). The present model also allows for the
time-dependent treatment, which can be used to study impuniyurity scattering in the liquid.
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Atomic and Molecular Spectra Emitted by Normal Liquid “He
Excited by Corona Discharge
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Liquid “He under fixed temperature 4.2K and different pressures up to 8 MPa was excited by
corona discharge both negative and positive polarity. Tungsten tipsatiiad, in the range 0.45
20m. The el ec tdr8onheTheshigh wltagedrommeastabilized dc power supply was
connected to the point electrode. Light emitted from the region close to the point electrode is
collected on the entrance slit of a spegraph (SpectraP+800i, 300 mm focal length, aperture
f/4.0), equipped with 3 gratings (150gr./mm and two of 1200gr./mm blazed at 750nm and 300nm
respectively). The 2BCCDTKB-UV/AR detector is located directly in the exit plane of the
spectrograph. Itd i mensi ons are 12.3x12.3mm with 512x51
order to reduce the dark current, the detector was cooled to a temperature of 153K (dark current
<le/pixel/heure at 153K). In our conditions, the instrumental broadening medwsuredording
profiles of argon | ines fr o&0.088nm forva 1200ge/im u r e
grating.Emission Hel atomic lines and H®olecular bands are observeadsing a 1200gr./mm
grating, spectra of higher resolution are obtained which stlearly atomic lines 706.8nm and
728.1nm and molecular banil80nmand640nm The atomic lines spectra show (i) a distinct blue
shift with increasing pressure and (ii) ltbeoadening which becomes stronger with increasing
pressure. The rotational structuof the band is resolved at the pressures-02) MPa. The non
resolved profile of the band recorded at 0.6 MPa resembles the one from [1] where superfluid
helium was bombarded with high energetic electrons. The shift of thealgh maximum at
different pressures is studied. The shift measured is in a good agreement with experimental data [2]
obtained in superfluid He Il at 1.7K. The rotational structure of the singlet BaFd, - BlEg
resolved for pressures < 0.2 MPa is similar to that observedniméscence of liquid droplet
excited by synchrotron radiation [JRotational temperatures of 800 K were estimated showing that
the excitations do not thermalisg@imilar high rotational temperatures were observed for excimers
ejected from photo excitetHe and*He clusters and droplets [4, 5]. Furthermore, the populations
derived from the ranch intensities are larger than those frofar&ch lines intensities. This fact
can formally be interpreted by the existence of an additional source of radiiiencorona
discharge on point anode (positive corona) was realized if a radius of the electrode was small
enough, 0.450m, and voltage was some | arger
mobility of electrons and positive ions are close edbkran LHe. Therefore, electric currents both
negative and positive corona differ weakly. However the spectral analysis of the radiation from the
positive corona shows qualitative differences of spectral features of these discharges. Both atomic
lines andmolecular bands were observed in the spectra of the positive corona in LHe at 4.2K under
different applied pressures. The spectra observed in the positive corona have makgdmetric
shape. The atomic spectra show an increased intensity of theilelogth tails. Red satellites have
been observed in the vicinity of both atomic and molecular.li@esmparison of intensities of-R
and Rbranches of the rotational structure of baﬁﬂ*ﬁ- b3Hg shows increased intensity of the P
branch lines. This effect is more significant than in spectra of negative corona. The work was
supported by RFBR NN 088-00694 and 098-01063.

[1] W. S. Dennis, et.alBhys.Rev. Lett.,23, 10831086, (1969)

[2] F.J. Soley, W.A. Fitzsimmons, Phys. Rev. L&P, 988 (1974)

[3] K. von Haeften, T.Laarmann, H.Wabnitz, T.Moller. PHysyv. Lett.,88, 2334011, (2002)

[4] K. von Haeften, et.al., Phys. Rev. Léat8 4371 (1997)

[5] K. von Haeften, T. Laarmann, M/abnitz and T. MollerPhys.Rev. Lett.88, 233401 (2002)
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It is at present, impossible to create in superfluid helium, a constant relative velocity, w,
between the normal and superfluid which is close to the Landau critioaityeHowever phonon
pulses can be created, which are pulses of normal fluid moving through the stationary superfluid
with a high relative velocity, without superfluidity breaking down. These pulses ark0Fi 10 s,
long. In a recent paper [1] dd&d measurements of the angular distributions of the energy in the
phonon pulse were reported at zero pressure. The measurements were made at different distances
from the heater, with various heater sizes and heater powers. The results showed a ntale fea
the angular dependence of the energy flux of low energy phonons has a flat top, and concave steep
sides. In [1] this kind of distribution was called a mesa shape. The dependences of the mesa height
and width, on heater dimensions, distance to thecti®t and heater power, were measured [1].
Such phonon energy distributions cannot occur in the ballistic regime. In this case we would have
cosinelike convex angular distribution, as it follows both from experiments at high enough pressure
(@above 19barand from t heoretical considerations (La
have a hydrodynamic regime in the wings of the angular distribution, where the phonon density is
sufficiently high, as well as in the centre of the pulse. We can use lyydmmit description within
a pulse comprised of low energy phonons due to the strongghog®n scattering, which leads to
a quasi equilibrium. Thus low energy phonon pulses can be defined in terms of a temperature T and
a drift velocity w. Fast three phon relaxation has been observed directly in the experiments with
colliding phonon pulses [2]. Another feature of such phonon systems is that the energy density in
the phonon pulse is much larger than the ambient phonon energy density in superfluid helium.
Therefore the evolution of a strongly anisotropic phonon system must be essentially nonlinear.
Nonlinear waves in superfluid helium, when w is small, have been studied for many years, but the
analysis of nonlinear waves at arbitrary w has not been dditenow. We present a theory for the
formation of a mesa shaped phonon pulse, created by thermal pulse in superfluid helium. Starting
from the hydrodynamic equations of superfluid helium, we obtain the system of nonlinear equations
which describe the evdion of strongly anisotropic phonon systems created by thermal pulses in
"superfluid vacuum" of helium. The family of exact solutions was found in an explicit analytical
form. They are the simple waves of second sound for phonon systems. The relaticeen betw
temperature T and components of the relative velaeitre studied for these waves. Using these
exact solutions, we describe the longitudinal and transverse expansion of phonon pulses in
superfluid helium at zero temperature. We find the expansiatiteelof a phonon pulse into the
"phonon vacuum", i.e. into superfluid helium with zero temperature. The theory developed allows
us to qualitatively understand why the mesa width increases with decreasing the heater width [1]. A
smaller heater width ressltn an earlier formation of the mesa, and this leads directly to an increase
in the mesa width. This theory gives an explanation for the mesa width and height observed in the
measured phonon angular distributions. Almost all dependencies of the mesamnddikight on
various parameters can be qualitatively understood.

[1] D.H.S. Smith, A.F.G. Wyatt, Phys. Rev. 7B, 144520 (2009)
[2] D.H.S. Smith, R.V. Vovk, C.D.H. Williams, et al. Phys. Rew 2B 054506 (2005)
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Irradiation of materials by ionizing radion is the generally recognized way of material
properties change [1,2] and deep understanding of underlying radiation &fewis merely of
fundamental interest but also an important prerequisite for many novel technological applications in
materialand surface sciences. Cryocrystals universally accepted as model insulating materials are
perfectly suited for such a studyespite the simplicity of these materials they show quite a rich
branched relaxation pattern especially for doped cryocrystal§3g.fRelaxation cascades involve a
variety of neutral and charged particlesharge carriers (electrons and holes) trappesditsgiped,
ionic species formed by dopant, atoms and radicals. Processes of charge and mass transfer, as wel
as energy conveim in radiatiorinduced reactions form a basis of the relaxation scenario.

Here we present the short overview and our new results on radiation effatbsnic and
molecular cryocrystals with a focus on the phenomena observed on completion of imauyedio
electron beam. Transformation of electronic states, defect formation, sputtering and appearance of
new species on exposure time were monitored by emission spectroscopy. Elanttonsutral
species formed were thermally or optically mobilized geidng relaxation cascades through
recombination reactions. A set of relaxation emissions: emission of photons, exoelectrons and
neutral particles was measured in tinwrelated fashion.

It enabled us (i) to discriminate between reactions of chargedaurithl species, (i) to find
nontrivial interconnection of atomic and electronic relaxation channels in dopeejasare
cryocrystals, (iii) to predict new relaxation channels triggered by radiative transitions, (iv) to detect
anomalous low temperature paste s or pti on of i o wnalucidata tiominante a't
processes underlying the phenomanatomic and molecular cryocrystals.

[1] K.S.Song and R.TWilliams SelfTrapped ExcitonsSSpringer SerSolid-State Sciences, v.105,
SpringefVerlag, Berlin,Heidelberg (1996)

[2] N.Itoh, A.M.Stoneham, Materials Modification by Electronic Excitatiopn Cambridge
University Press, Cambridge (2001)

[3] E.V. Savchenko and V.E. Bondybey, Phgtat. Sol. A202, 221(2005)
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Structural Phase Transitions in Thin Films Glassy Condensates

M. Aryutkina, A. Aldiarov,A. DrobyshevV. Kurnosov
Institute of Experimental and Theoretical Physics,
Tole by 96, Almaty, 050012, Kazakhstan
Andrei.Drobyshev@kaznu.kz

Experimental researches (using infrared spectrometry and thermodesorption) of structural
phase transitions in thin films of cryovacuum condensates were performed. Alongside with already
known gl 4 svatdr and etleamakdata for nitrous oxide crgmndensates are presented.
The singularities observed at@ 3 8 could be interpreted as indication to amorphouystal

transition.
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High Resolution EPR Spectroscopy of HigtSpin Pyridylnitrene Molecules
In Solid Argon

E. MisochkgA. Akimov, S. Chapyshev, D. Korchagin,daK. Bozhenko
Institute of Problems of Chemical Physics RAS, Chernogolovka, Moscow region, 142432 Russia
misochko@icp.ac.ru

The highspin molecules represent a ferromagnetic electron spin cluster, being small
enough for theexchange interaction tveeen unpaired electrons to be dominamiablingto define
a total spinS> | i n the groundateypetobnimol etalt es, St
mol ecul ar magnet so ( SMM)med aathetdevalapmentdof nevp reagriete | a
materals. Important feature of such molecules is the internal magnetic anisotropy resulting in the
splitting of 25+ 1 magnetic sublevels even in the absence of an external magnetic field (zero field
splitting, ZFS). The ZFS parameters are important charaatsri®f magnetic anisotropy;
experimental measurements and theoretical predictions of ZFS parameters are the fundamental
problems in design of t he S MMOG-spin nitkemes maye thel | 0
largest ZFS parameters, exhibit the stestgerromagnetic exchange interactions between unpaired
electrons and are characterized by large energy gapsl(¢~kbal/mol) between the ground high
spin and excited lovgpin states. Therefore, such molecules are of considerable interest as the model
systems for explorations of internal magnetic anisotropy in r3pith molecular systems.

In this study the high resolution EPR spectra of quintet (S = 2) and septet (S =3)
pyridyl-nitrenes isolated in solid argon matrix were recorded at J&AIIKEPR lines of the studied
high-spin intermediates were unambiguously assigned based on the eigenfield calculations of the
Zeeman energy levels and angular dependencies of resonance magnetic fields. Owing to high
resolution of EPR spectra in solid argon mattine zerefield splitting parameters ande) were
determined with accuracy better than>16m™. These parameters provide correct information
regarding the molecular angle and distance betweemitwene units[1] Analysis of the magnetic
parameters based on the DFT (B3LYP) calculated molecular geometry and spin populations on the
nitrene groups shows that widelged semempirical model of the finstructure tensor [2] gives
good prediction of the ZFS parataes for the quintet nitrenes as well as of the paranmtéor the

septet nitrenes, whereas the calculated parangetér the chlorinesubstituted septet trinitrene is

on ~ 70 percent greater that that measesgubrimentally.

Theoretical DFT study of the ZFS parameters in experimentally well characterized
nitrenes demonstrates that the most accurate predictions (within 10%) are achieved by using the
pure BPE density functional in combination with the DZAsis sets. For higbpin nitrenes
constituted from light atoms, major portion of theparameter originates from the eoenter spin
spin (SS) interactions, whereas the contribution of the-gpinb i t i nteractions (
quite small (712 %). By contrast, for chlorirgubstituted septet trinitrenes, the contribution of the
SOC part is small only t@ value but, in the case & value, it is comparable in magnitude with
the SS paraind of opposing sign. Due to this partial cancellation of two different contributions, SS
and SOC, the resulting values sfin heavy molecules of septet trinitrene are almost two times
smaller than those predicted by analysis ofsdmiempirical model [2]. This fact proves a validly
of the semiempirical consideration [2] for higbpin nitrenes with total spin S = 2 and 3, if their
molecules are constructed from the firstv atoms and the contributions of the SOC term to the
ZFS paameters are small. This work was supported by the Russian Foundation for Basic Research
(Grant No. 0703-00768) and the Russian Academy of Sciences (progranO {01).

[1] E. Y. Misochko, A. V. Akimov, and S. V. Chapyshel, ChemPhys.128 124504 (2008).
[2] K. Itoh, Pure Appl. Chen®0, 1251 (1978).
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Electron Spin Resonance Studies of Hydrogen and Deuterium Atoms
in Krypton -Helium Condensates

\.V. Khmdenkd, R.E. Boltne?, E.P. Bernard J . %) I3qNr Kvushinskay3 and D.M. Leé
'Department of Physics and Astronomy, Texas A&M University, College Station, TX 77843 USA
“Institute of Energy Problems of Chemical Physics RAS,
Chernogolovka, Moscovegion, 143432 Russia
3Department of Physics, Yale University, New Haven, CT 06520 USA
" nstitute -WNReder sCi.tN® R.L.dSs.eph Fourier, BP 16
khmel@ccmr.cornell.edu

Impurity-helium condensates containing krypton atoms aloitly &toms and molecules of
hydrogen isotopes have been studied via continuous wave electron spin resonance (ESR) technique
[1, 2]. Analysis of ESR spectra shows that most of the H and D atoms reside in molecular layers
(Hz, D, or HD) formed on the surfacesf krypton nanoclusters. By changing the content of
hydrogen isotopes injected into superfluid helium with theH€rgas mixture, we can alter the
thickness of molecular hydrogen isotopes films formed on the surfaces of Kr nanoclusters. It was
found thatthe Kr substrate influences the recombination rate of atoms stabilized in these molecular
films. As a result of this influence, in thick;Hilms the recombination rate of H atoms is a little
slower than that in bulk solid +samples, but in thin films thecombination of stabilized H and D
atoms was almost completely suppressed. The former effect allowed us to obtain very high average
concentrations of stabilized H and D atoms’tn®a n d %] r@spectively [3]. The results
of studies of tunné@lg exchange chemical reactions of hydrogen isotopes on the surfaces of Kr
nanoclusters also will be presented.

[ 1] R. E. Boltnev, E. P. Bernard, J. J9rvinen
180506(R) (2009)

[2] R. E. Bolthev, E.P.8r nard, J. J2rvinen, . N . Krushins
J. Low Temp. Phys158 468 (2010)

[3] R. E. Boltney, V. V. Khmelenko, and D. M. Lee, Low Temp. Ph36,.484 (2010)
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Magnetic Resonance Studies of Atomic Hydigen
Stabilized in Solid H, at Temperatures below 1 K

S. Vasiliev
Wihuri Physical LaboratoryDepartment of Physic&/niversity of Turku
FIN-20014 Turku, Finland
servas@utu.fi

We present an experimental study ofatbms embedded in thin films of solid;, Ht
temperatures below 1 K. Hilms up to 50 nm thick were first grown as a result of slow
recombination of atomic hydrogen gas on the sample cell walls. If the recombination occurred in
threebody atomic collisionsn the gas phase, small concentrations of atoms could be captured
inside the films during the film deposition. As a second method of generating atomic populations
inside the H films, we used a direct dissociation by a low power rf discharge in the sasiple
With this latter method, we achieved record high atomic concentrations exceedingcif0The
samples were characterized by means of magnetic resonance: electron spin resonance (ESR) anc
electronnuclear double resonance (ENDOR) a magnetic 6EK®I6 T.

We observed densiyependent broadening and shifts of the ESR lines due to the dipolar
interactions, and resolved these effects for like and unlike atoms. Relaxation of the relative
hyperfine populations was measured as a function of tempertdu H in H films grown on
different substrates. For,Hilms on Mylar substrates, the relative equilibrium populations of the
two lowest hyperfine states of H were found to deviate substantially from the prediction of
Boltzmann statistics.

We also fomd two narrow lines in the ENDOR spectra of H inflims shifted to the red
from the position for free atoms. This indicates two possible substitution positions of the atoms in
H, matrices, both characterized by vligmogeneous crystalline fields.
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The Structure and Properties of Metallic Nanowires Formed in
Quantized Vortices of Superfluid Helium
E. B. Gordon
Institute of Problems of Chemical Physics RAS, Chernogolovka 142432 Russia
gordon.eb@gmail.com

Concentrating any nanoimpties in the core of quantized vortices of superfluid helium
causes a tremendous acceleration of particle coagulation. Practically whole condensation proceeds
then in the vortices and, due to practicallp Icharacter of their structure, the primary progu
should be nanowires. This phenomenon we discovered earlier [1, 2] has been used for the
production of metallic nanowires. The materials were sputtered by pulsed laser from the surface of
targets submersed in liquid helium at T = 1.6 K. In accordanttetire prediction formulated in [2]
the long (up to 1 cm length) metallic nanowires grown in superfluid helium were attached by
metallic bonds to the tips of electrodes to which the generating them vortices were pinned. This
effect allows carrying out thelectrical studies just at low temperature.

The nanowires made of ferromagnetic Nickel and superconductive Lead, Tin, Indium and
Niobium were grown and investigated [3]. Electron microscopy of the filaments heated up to room
temperature has shown that thepresented the bundle of the nanowires connected by point
contacts. The nanowires had the diameter-@fron and they consisted of conjunct monocrystals
having regular structure. The bundles of nanowires just grown at T = 1.6K metallically closed two
neighboring electrodes spaced by 3 mm and thus the electrical circuit. Being conductors of metallic
type they demonstrated the strong size effect inherent for tiny nanowires, namely strong growth of
specific resistivity and, for superconductors, the transition and temperature shift of phase
transition.

Due to their high length and small radius the bundles of nanowires demonstrated powerful
field-induced electron emission at rather low voltage and represented such a way the prototype of
effective cold cathdes.

The promises for using the developed experimental approach for basic and applied sciences
will be outlined and discussed.

The experimental studies were performed with the participation of Karabulin A.V.,
Matyushenko V.1., Sizov V.D. and Khodos I.I. & work was supported by Russian Foundation for
Basi c Resear c08é&3393 andrl@A00562. © 07

[1] E. B. Gordon, et alJETP Letters85, 581 (2007)

[2] E.B. Gordon, and Y. Okudd,ow Temp. Phys35, 209 (2009)
[3] E.B. Gordon, et alLow Temp. Pgs. 36" 7 ( 201 0)
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Kinetic Model for Metal Atoms Coalescence in Superfluid Helium

B.M. SmirnoV and E.B. Gordoh
LJoint Institute for High Temperatures RAS, Moscow
?|nstitute of Problems of Chemical Physics RAS, Chernogolovka
bsmirnov@gmail.com

In accordance with experimental studies [1], metal atoms injected in superfluid helium are
pinning to the vortices core and then form long wires of a nanometer width directed along the
vortices. Because the quantized vortex is practicalp filament the approximation of a short
range interaction between superfluid helium and metal atoms is valid, and hence there are two
extreme cases of atom pinning to a vorteither atoms submersed in supadl helium landed to
immobile vortex as a result of their diffusion, or the moving chaotically vortices swept the liquid
capturing suspended there immobile atoms. However the laser ablation being the common tools for
atoms injection into Hell gives a lotf dons as well. They are easily pinned to vortices and
alternative mechanism of more lodgtance attraction of atoms to charged vortex may occur.
Being captured by a vortex, the metal atoms are moving freely along the core up to collision and
merging wih other metal atoms or chains of atoms.

The atom affinity to vortex core is A= 310 K and it is comparable with typical
temperature of experiment, & 2K, so the impurity atom density in a vortex is close to that in the
rest volume of liquid. But the ation of atom along the vortex core is much faster than atom
diffusion in a liquid; so meeting each other in the core the atoms form dimers with afimt2A
and them-mers with affinity A, = nA;. It means that rather long chains will anchored tdices
and the rate of sedimentation gradually and very fast grows.

Within the framework of our model we assume a time of atom traveling to the nearest vortex
and to the wire grown there to be enough large, and then the process of atom motion to be
staticnary. Indeed, one can divide a space in the Vorddegne cells, so that metal atoms injected
in a certain cell are captured by their own vortex. Each vortex is modeled by a cylinder of a radius
ro and we assume as the first approximation that the caofta@etch metal atom with a vortex leads
to its attachment. The consecutive application of VoreDelpone method makes it possible to
describe the seliccelerating character of metallic wire growth in superfluid helium.

The work was supported by RussianuFod at i on f or Basic -OResear
00393 and 1@3-00562.

[1] E.B.Gordon, et alL.ow Temp. Phys36~ 7 ( 2010)
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Impurity Gels Formed by D, and D,O Clusters in Superfluid Helium:
Usage of the Gel Samples in Hi for Production of Ultra Cold Neutrons

L.P. MezhovDeglin', V.B. Efimov', G.V. KolmakoV’, and V.V.Nesvizhevsky
ISSP RAS, Chernogolovka Moscow region, 142432, Russia
2 University of Pittsburgh, USA
3ILL, Grenoble, France
mezhov@issp.ac.ru

High porous impuritshelium condensates (impurity gels) formed by deuterium, heavy water
or oxygen clusters in He could be used for production and storage of UCN in superfluidl.He
The initial idea was based on a nonzero probability of inelastic scattering of coldniseoitréhe
gel backbone in H# cooled down to a few mK. The next step looks as follows: whether
helium vessel of the UCN source on superfluidIHeooled below 1K could be filled preliminary
with the gel, and the gel sample density is sufficienigy hthan the diffusive motion of the Orfin
neutrons through the gel should lead to a strong increase; iime$, of their effective propagation
time in liquid helium and, hence, to a sharp increase ataginteraction crossection of 0.9m
neurons with the sample consisting of the impurity nanoclusters near thessssesoaked with
He-ll. HerelL is characteristic dimensions of the vessel and Ithe mean free path of neutrons
scattered elastically on impuritglusters in the sample bulkUnder those conditions the idea of
using impurity gel samples in Hefor production of UCN even at T <1K looks very attractive, and
it could result in multiple reduction of the moderator dimensions in comparison with a moderator on
pure Hell.
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Classical Capillary Turbulence on the Surface of Quantum Liquid Hell

L.V. Abdurakhimov M.Yu. Brazhnikov, |.A. Remizov, and A.A. Levchenko
Institute of Solid State Physics RAS,
Chernogolovka, Moscow district., 142432 Russia
abdurl@isp.ac.ru

In this talk we present results of experimental study of capillary turbulence on the surface of
superfluid®He at a temperature of T = 1.7 K. Motivation of this work was, first of all, the fact that
capillary waves are an interesting object Isglit- they are the only type of surface waves under
microgravity conditions. Besides, capillary waves play an important role in the dynamics of sea
surface (despite of the fact, that under normal gravity the wavelengths range of capillary waves on
water sirface is quite narrow: 0.5 mmax < 1).7or example, capillary waves are pumped by
gravity waves and therefore they transport wave energy from bigger to small scales [1]. And
secondly, capillary waves are an interesting model system to test the predictions of the wave
turbulence thexy [2].

In the work [3] the idea was proposed, that superfitie is the most suitable liquid for the
study of capillary turbulence. It was assumed that in spite of surface tension coefficient for liquid
helium is smaller than for water in two ordersmo@gnitude [4], due to the absence of viscosity
(superfluidity) the capillary wavelength range goes up to atomic scales, and the range of capillary
wave vectors in turbulent distribution can reach five decades. Our previous experimentdl on He
surface at T= 1.7 K [5] have shown that the temperature 1.7K isn't small enough for viscosity
neglecting and capillary waves on-Hesurface can be described well as capillary waves on the
surface of classical liquid with very small, but finite viscosity. Ineitigérval where Kolmogorov
distribution can be observed (the range of capillary wave frequencies) reaches two decades (or even
one decade for the wave vectors range). At high frequencies the turbulent cascade is cut off by
viscous damping.

In our recenimeasurements [6], it was shown that superfluid helium is excellent liquid to
study influence of the discreteness of the wave spectrum, caused by finite size of the experimental
cell where capillary turbulence was studied. Experiments were perfornikd dglindrical cell of
inner diameter D = 30 mm and depth 4 mWe observed for the first time wave energy
accumulation at high frequenciésa local maximum in the turbulent spectrurwhen the Hdl
surface was pumped by lefrequency harmonic force. In threport ve suggest a qualitative model
of this phenomenon in the frames of weak wave turbulence approach that takes into account
discreteness of the eigenfrequencies spectrum of surface oscillations in the cylindrical resonator.
Formation of the local mamum can be explained by detuning effect of nonlinear harmonic
frequencies and eigenfrequencies of surface oscillations in the cell. As we know, this experimental
result is one of the first observations of discrete turbulence in laboratory conditibessystem of
capillary waves excited in a container.

[1] K. Watson, J. Bride, J. Fluid Mech. 250, 103 (1993)

[ 2] Zakharov V. E., Lé6vov V. S., and Fal kovich
Berlin,1992)

[3] Pushkarev A.N., and Zakharov V,Physica D 135, 98 (2000)

[4] R. J. Donnelly et al., J. Phys. Chem. Ref. Data 27, 1217,
http://darkwing.uoregon.edu/~rjd/vaporl.htm (1998)

[5] L.V. Abdurakhimov, M.Yu. Brazhnikov, and A.A. Levchenko, Fizika Nizkikh Temperatur 35,

127 (2009)

[6] L.V. Abdurakhimov, M.Yu. Brazhnikov, I.A. Remizov, A.A. Levchenko, JETP Letters 91, 291
(2010)
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Quantum Turbulencei n Superfl uid Helium at T
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The experimental investigation of behaviour of vibrating bodies gives us important
information about formation, behaviour and decay of vortex system. This is very amipatt
extremely low temperatures, when possibility of used thermal, optical and other experimental
methods is hampered. In our experiments we investigate behaviour of vibrating grid and tuning
forks in a wide temperature range down to fridge base temperat10 mK. Experimental setup
allowed us to study properties of grid and forks irrespectively and mutual influence one device on
another, for example, one fork on another.

The experimental results of stationary response of grid as well as forks onti@xcita
influence one fork response on amplitude of vibration of another fork and free decay of grid
vibrations indicate that there are three different regime of body motion in superfluid helium and two
critical velocities.

There is no formation of vortexdsy vibrating body at low velocity of its motion. The
motion is laminar and its velocity is proportional to excitation (force). The exceeding of grid or fork
vibrations of first critical velocity leads to formation of vortexes and, for example, loss gfyeater
free decay of grid vibrations. The mechani sm
at process of pinned vortexes banding and reconnection [1]. At this regime the detector fork begins
to feel a vibration of generator fork, grid changssate of energy loss at free decay vibrations.

The enhancement of second critical velocity establishes a turbulent state in liquid. The
turbulent creation exhibits as a change of dependence of velocity of motion from value of applied
force, like in normhfluid, and drastically quick loss of energy of free decay vibration. The first
critical velocity is equal to some mm/s, while the second critical velocity has value of one order
higher ~ 15 cm/s for grid and tuning forks.

[1] H. Nichol, L. Skrbek and W. Vinen, JLTP, 135, 5/6, 423 (2004)
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Vortex Fluid Relaxation Model for Torsional Oscillation Responses
Of Solid *He
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A phenomenological model is developed to explain new sets of detailed torsion oscillator

data for hcp'H e . The model i s b afa godtex dund (vArtexdtangle) m sofics i d
*He. Utilizing a welistudied treatment of dynamics of quantized vortices we describe how the
Asuperfluid componento is involved in rotatio

The mlarization in the tangle appears both due to alignment of the remnant or thermal
vortices and due to penetration of additional vortices into the volume. Both are supposed to occur in
a relaxation manner and the inverse full relaxation tihfes the sum of them. One of them is found
to change linearly with respect to the rim velocity Vac. The developed approach explains behavior
of both NLRS and Q'seen in the experiment. We reproduce not only the unique Vac dependence,
but also obtain new nf or mat i on about the vorticéa tan

extrapolated to T30 mK.
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Charged Impurity Clusters in Liquid Helium
A. Dyugaev, P. Grigor'ev, E. Lebedeva
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dyugaev@itp.ac.ru

The prospects of experimental investigation of charged clusters in liquid helium are
argued. The potentiabf interaction of the negative ions electron bubbles) and inert clusters
consisted of atoms or molecules Ne, Ar, Xe, N, is defined. Small clusters levitate above the
negative ion at a distance of-18 A. The scaling laws for the properties of chargpesit clusters
are revealed and proved. The number of their quantum states and quantum levels is defined. The
measur ement of the charged clustersd mobil it
properties of nanoparticles immersed into liquid He.
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Negative lons in Liquid Helium
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’Free University, Berlin 14195, Germany
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Structue and mobility of positive and negative ions in ligfide are analyzedThe
possibility of the formation of clusters or bubbles around impurity ions of both signs is discussed. It
is demonstrated that complexes formed around negative metal and halogein isumperfluid
helium investigated by Kasimoet al [1] have qualitatively different structures, although the
measured values of the mobility were similar. In the case ofaB@é Gaions, which have low
electron affinities, bubbles are formed around itires; these bubbles are similar to the electron
bubbles but have slightly smaller radius. In the case of ,(F, and 1 ions, which have high
electron affinities, clusters are formed near the ion; these clusters are similar to thudved
clustersat the Hé ion.

The nature of so calle@fas and fiexoti®d negative ions [5] observed in superfluid
helium, whose mobilities exceed several times the mobility of the electron bubbles, is discussed.
Still, their mobilities are several orders of magdauess than the mobility of free electrons. Both
kinds of high mobility ions are observed when a gas discharge above the liquid surface is the source
of i onization. Only fAfasto ions ape-radidtiocner ved

In thefurther discussion we assume that fifes ions are negative ions of helium excimer
molecules localized in bubbles. In the gas discharge experiments, the excimer molecules diffuse
from the surface into the bulk of the liquid. The lifetime of these {(ei§* s) is much less than
their drift time. As a hypothesis we assume #ftdr escaping from the ion with energy of about 19
eV, the electron is termalized during approximately 1 ps [6] and then captured by an excimer
molecule. The transport proceedsjbmps from one excimer molecule to another. We suggest that
the average time between two successive captures of the electron is very small in comparison with
the lifetime of the excimer ions. Thus we can consider that the electrons are localized inside
excimer ion bubbles practically all the time. The size of the excimer ion is smaller the size of an
electron bubble leading to a higher mobility.

The fiexoticd ions are stable negative i mp
amounts in gas discharggasma. Around ions, formed from impurities with a relatively small
electron affinity, bubbles are created and on the contrary around ions with a high electron affinity
clusters are created. For example, the bubble radius around the negative ion gfémenoalecule
inliquid*HeatT= 1 K i s equal about 6 | and its mobi
of the fastest fAexoticodo ion.

This work was supported in part by the Russian Foundation for Basic Research, project No.
09-08-01063.

[1] A. Kasimov, C. Zuhlke, K. Jungmann and G. zu Putlitz, Physj@28 352 (2003)

[2] C. S. M. Doake and P. W. F. Gribbon, Phys. Lett3@,,252 (1969)

[3] G. G. Ihas and T. M. Sanders, Jr., Phys. Rev. 1&it.383 (1971)

[4] V. L. Eden and P. V. E. McClintk, Phys. Lett. A102,197 (1984)

[5] H. J. Maris, J. Phys. Soc. JpiA7,111008 (2008)

[6] A. G. Khrapak, W. F. Schmidt, and E. lllenbergerElactronic Excitation in Liquefied Rare
GaseqW. F. Schmidt and E. lllenberger, eds.), American ScientifldiBhers, Stevenson Ranch,
2005, p. 239
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Critical Types of Electron Mobility in Cryogenic Matter
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The ter m Miednoielkedtrananbbility depcpbes the electron behavior in transition
domains where electrons change their status, i.e. can transform from the free to localized states and
vice versa. Actually, such domains are realized in the following situations:

1) Sharp reduction of electron mobility in cryogenic media with positive scattering length
when free electron can transform to the bubble state.

2) Strong peak in electron mobility in media with negative scattering length in the density
range corresponding to eteon delocalization.

3) 2D electron transition from the free state to-Rilibble structures at sufficiently high helium
vapor density.

In all the above cases our treatment of effective conductivity considers the competing contributions
of currents carried bywo types of electron states: free electrons and charged structures formed by
localized electrons. Results of calculations are compared with available experimental data and
alternative models commonly used to explain the observed jumps in conductivity.
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Low Temperature Heat Capacity of Fullerite & go Doped with & D4

M.I. Bagatskif, V.V. SumarokoV, A.V. Dolbin', V.G. Manzhelit, B. Sundqyvist
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It has been revealed in the dilatometric [1], NMR [2], and neutron diffraction [3] studies,
at deuteromethane I mpurity c kalhegheasapacity®fe nt i 8
Il | gocioné atni ng 3 9was investigateddn the tempel@ture rangei 1230 K.

was reveal ed exper i men tlaadd tyqudlithtimetandtghaatitaiiva t e r
changes of the heat capacity of fulledte. T he heat c apéltis grepterthitthe ol ut
heat <capacity of fullerite. The orientation j
i mp ur iy bnytempebature area 2256 0 K. At helium ts(Thghewsat ur e
mi ni mum. The heat capacity of solution exceed

The analysis of experimental results at low temperatures was performed within the

framework of model, where the contribution caused by movement of mblex s, in acixhedral
interstitial edpace cafr rfed! lad rointge wd t h t hggin | att
dsoll T) . It was shown, t hat t hggT) Isconnedted mith ¢unnalt ur e
rotary movement &ft rmalge d nifduewnl e 4,omfunnel mtiom | t y
of mol gwasdetestedu

t h
f u
| t

[ 1] A. V. Dol bi n, N. A. Vi nni kov, V. G. Gavril k
Moricca, D. Cassidy, and B. Sundqvistw Temp. Phys.35, 226(2009)

[2] A.F. Hebard, M.J. Rosseinsky, R.C. Haddon, D.W. Murphy, S.H. Glarum, T.T.M.

Palstra, A.P. Ramirez, and A.R. Kortan, Nature (Lond®5(, 600 (1991)

[3] George H. Kwei, Frans Trouw, Bruno Morosin, Harry F. King, J. Chem. PI1}3.320 (2000
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Dynamics of Dopant Patrticles in Octahedral Voids of Ellerite Cgo
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Corsidered is an atomic impuriplaced inside an octahedral void of the faeatered cubic
lattice of fullerite Go. Even though the surrounding molecules are shifted due to the presence of the
dopant particle, the symmetry of the resulting crystal fidkdoigthe dopant remains predominantly
cubic.

We used the dopawtirbon interaction potential in the Lenndiwhes form [1]. To obtain
the interaction between a dopant atom and the skereCso molecule with continuously
distributed carbon atoms, we égrated over the said sphere of radgus r

We summed up over the sixddnolecules that make up the octahedral void cage to obtain
the crystal field energy, the position of the dopant particle being shifted to a general point R within
the void.

Our computtons for Xe, Kr, Ar, Ne and He showed that even the shape of §f)V
potential depends essentially on the rare gas species. o{Rg potential for the heavier rare gases
as Xe and Kr very close to the harmonic oscillator well. The lighter speciesdH¢eado not have
a minimum at center of the void.

The general conclusion that can be drawn is that all rare gas species, even the bulky xenon,
have negative energies inside the octahedral cavity, i.e., from thermodynamic consideration they
must tend to pegtrate into the fullerite lattice, which might be kinetically precluded by a rather
high energy barrier between voids and between voids and the outside.

[1] ¢ .N. Aleksandrovskii, Kb . Chishko, V.B. Esel'son, V.G.Manzhelii, and B.G.  Udovidchenko,
Fiz. Nizk. Tem@®23, 999 (1997) Low. Temp. Phy3, 750 (1997)]
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The coefficients of ofluddiesadf closed singwedldd cagbrnp a n s |
nanotubes (SWNT) and the effect of gas (Xeplnd N) i mp u r ihave Besn ingestigatkd
at low temperatures (T > 2 K). In the case of pure SWNT bundles [¢}dlues are negative in
the interval d 5 K and positive at T > 5 K. The gas impurities decrease the negative contribution
and the temperature region where it is dominant. They also enhance greatly the positive
cont r i buytAdcarding to dheoky J], the quastwodimensionality of CNT walls causes
negative Ggn ei sen coef fi ci entas thealowdst thngperatuees. Gasgsarptionv e
suppresses the twodi mensionality of SWNT, buno
[36 5].

Inthisst udy t he t e mp e(l)atcSWNT bdndlgs saiudadvadtle Helib the
molar concentration 9.38% was measured in the interval 2.3 K using the dilatometric method.
Ne g at iwasobserved in the interval 3.8.7 K and was several times heghthan the
corresponding values for pure SWNT bundles [1]. The excess decreased with the lowering He
concentration. According to the results i [3], the absorbed gas is expected to decrease the
negati ve c o oprtaridast to kéepinfromemoedi ng t he negatfirve c«
pure CNT bundles. The observed opposite effect can be due to possible tunneling of the He atoms
between their different positions in the SWNT bundle system, which must lead to negative thermal
expansion [6].

[1]A. V. Dol bin, V. B. Esel 6son, V. G. Gavril ko
B. SundqvistFiz. Nizk. Temp34, 860 (2008)

[2] P. K. Schelling and P. Keblinsk?hys. Rev. B8, 035425 (2003)

[ 3] A. V. Dol bi n, Ik, V.8 Manghslig N. A.3Vionikov, SYN. Pdpov, NGla v r i
Danilenko and B. Sundqviggjz. Nizk. Temp35, 613 (2009)

[4] A. V. Dolbin, V. B. Esel'son, V. G. Gavrilko, V. G. Manzhelii, S. N. Popov, N. A. Vinnikov and B.
SundqvistFiz. Nizk. Temp35, 1209(2009)

[5] A. V. Dolbin, V. B. Esel'son, V. G. Gavrilko, V. G. Manzhelii, S. N. Popov, N. A. Vinnikov and B.
SundgvistFiz. Nizk. Temp36, to be published (2010)

[6] Yu. A. FreimanFiz. Nizk. Temp®, 657 (1983) [in Russian]
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Todayds semiconductor devi ces h teappearantee nd e
of advanced technologies that permit to control, with almost atomic precision, the geometry of a
sample like, for example, a suspended silicon nanowire of less than 40 nm Sextoss.
Recently developed experimental techniques miagedsible to measure the thermal properties of
nanostructures, while new numerical methods allow appropriate interpretation of their transport
characteristics. As a building block of ledimensional micro/nanodevices, nanowires have
received considerabkgtention in recent years owing to their unique thermaltrétat; and optical
properties.In this work we use the finitdifferencetime-domain (FDTD) method to simulate
phonon scattering in a nanowire of complicated geometry.

The FDTD method deveped in the 1970s in geophysics to describe the propagation of
seismic waves is now widely used for simulation of the propagation of both electromagnetic [1] and
elastic [2] waves in inhomogeneous solids. Its advantage over other techniques is #yab& m
used to study the wave propagation in sampbf complicated geometry withhomogeneous
composition. Within the framework of this method one can model an elementary act of scattering
of an elastic wave (phonon) by an arbitrarily complex defeattthe present work the scattering of
long-wave phonons in nanowires is studied at branch points of the main waveguide. We consider
phonons from the lovfrequency spectral region characterized by two acoustic branches
corresponding to bending vibrations aswmpression waves. The phonon reflection (transmission)
coefficient is analyzed as a function of the frequency, polarization, and geometric parameters of the
defect.

[1] Kazuaki Sakoda, driko Kawai, and Takunori ltd?hys .Rev. B4, 045116 (2001)
[2] JiaaHong Sun and TsuR@song Wu, Phys .Rev. B6, 104304 (2007)
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Dense Dusty Plasma Structures in Cryogenic DC Glow Discharges
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The problentiCryogenic dusty plasndas a gas discharge dusty system formed at very low
(cryogenic) temperatures of gas. Experiments conduct with liquid nitrogen and liquid helium which
cool dc glow discharge®A decrease in # neutral gas temperature in ghscharge plasma to
several Kelvins causes a decrease in the ionic Debye radius, and this may result in weaker repulsive
interaction of dust particles. In this case, miesired dust particles may approach one another
closer and thus form dense dust structurBse method of cooling to a temperature of several
Kelvins or milli-Kelvins was traditionally employed for increasing the 4nbemality of plasma and
plasmalike media. This is how one manages to obtain ionic crystattsres in cryogenic gas
dischargesand under conditions of laser cooling of atomic ions in-neatral plasma in Penning
traps,in Paul RF trapsand in storage rings, as well as a 2D electron crystal structure on the surface
of liquid helium. Uniquenes of the present researches is caused by the fact that cryogenic dust
plasma allows to combine two approaches at research of fundamental questions of physics of
strongly coupled systenisa method of deep cooling and a method of interaction potentialyenerg
increase, realized in case of dusty plasma. Thus an actual problem is a development of the
diagnostic approaches providing direct measurements of quantitative characteristics of dusty plasma
structures at cryogenic temperatures.

In the work the resultsf@xperimental investigations of structural and dynamic properties of
dense dusty plasma structures in dc glow discharge at cryogenic temperatures are presented. For
this purpose the novel optical helium cryostat was designed and created. The cylitassgag
discharge tube was placed inside the cryostat and plasma was generated after tube cooling. The
diagnostic complex for visualization and registration of dusty plasma structures in the discharge
inside the cryostat was developed. Structural and rdima&haracteristics of the cryogenic dust
structures were measured. As it was shown in the experiments, the deep cooling of discharge tube
walls leads to dramatic change of dusty plasma properties. In particular, sufficient increase of dust
particle kinetc temperature (by about an order) and dust density (by several orders) due to cooling
from 77 to 4.2 was observed. These phenomena were reproduced in the experiments with various
initial conditions: dust particles of different material and sizes (ma@ml polydisperseim-
particles), different buffer gases (He, Ne) and gas mixtures(iHe

This work was supported by th€ RDF Grant RUP22891:MO-07, by NWO Grant
047.017.039 and by Research Program of the Presidium of the Russian Academy of Sciences
ATher mophysics and Mechanics of Extreme Powe
Mattero.
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The problem of the orientational order in mixed cryocrystals consisting of two components,
one of which is a linear molecule and the other is a rare gas atom, still remains an important issue
for random systems. Usually, orietitnal order is quantitatively described by the orientational
order parameter (OOP), which in a solid made up of linear is determined as

n =(P,(cos )

whereP; (X) is the Legendre polynomial anfis the angle the molecule in a specific sublattice of
an orientationally ordered structure makes with the axis of the preferable orientation of this
molecule. The resonance methods, which are traditionally used to detefmiai for mixed
systems andactually, the only constructive option is to utilize diffraction data for that purpose. In
paper [1] devoted to OPP reconstruction in mixed systems was outlined the general approach for a
specific case of ACQOz cryoalloys. This approach has been develojeea quite high precision for
diatomics and then successfully applied for the reconstructidrirot*Nz powder xray diffraction
measurements [2] and in the orientationally ordered almost pura@aterium [3]from the old
neutron diffraction data of Yarnekt al [4]. Then the method of reconstruction of absolute
orientational order parameterlvas has been modified for the case of the triatomigatydcrystal

[5]. It is shown that, because of the comparatively large length of ther@@cule, a consistent
description of the orientational subsystem can be obtained only if an orientatiorghana®meter

of a higher (fourth) rankg4 is taken into consideration together with the standard {2rdcder
parameted2. Both orientational order parametef2andd4 in pure CQ have been reconstructed

for temperatures from 6 to 70 K.

We present ( OPP) me t h o d & sKr l@Anarp Isdlic sotutiomsn s t
Concentration dependence both orientational order parangfensd d4 in CO, i Kr solutions
have been reconstructed for the temperature
Conceptually new techniques of solubilégd solution morphology analysis, based on OPP method
have been applied to the @OKr cryoalloys.

[1] M.A. Strzhemechny, A. A. Solodovnik, and S. |. Kovalenkiz, Nizk. Temp24, 889 (1998)
[Low Temp. Phy4, 669 (1998)]

[2] N.N. Galtsov, O. A. Kénova, and M. A. Strzhemechriz. Nizk. Tem28, 517 (2002) [Low
Temp. Phys28, 365 (2002)]

[3] V.V. Danchuk, N. N. Galtsov, M. A. Strzhemechny, and A. |. Prokhvatha:, Nizk. Temp.
30, 163 (2004) Low Temp. Phys30, 118 (2004)]

[4] J.L. Yarnell,R.L. Mills, and A.F. SchuclFiz. Nizk. Templ, 366 (1975) $ov. J. Low Temp.
Phys.1, NNN (2004)]

[5] V.V. Danchuk, A.A.Solodovnik, and M.A. StrzhemechRiz. Nizk. Temp33, 783 (2007) Low
Temp. Phys33, 609 (2007)]
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Solid oxygen is one of the most peculiar crystal of the group of the diatomic molecular
crystals. The peculiarity is largely due to the fact thatGhemolecule in its electronic ground state
has a pin S=1 As a result, solid oxygen combines the properties of a molecular crystal and a
magnetic material.

The equilibrium vapor pressure oxygen exists in three crystalline modificationstelnoperature
monoclinicU-phase is longange orientational order and qubso-dimensional antiferromagnetic
molecules order [1,2]. After phase transition at Th23.88K Rhombohedrdl-modification solid
oxygen (23.88KTO43.78K) is paramagnetic with losrgnge orientation metular order [43]

(U Y Hransition not concerning orientational structure). In highperature cubic-phase are two
orientationally disordering molecules and six molecules they do plane rotatidsote, b Y 2

transition is very radical in contrast td¥ b transition. Nearb Y otransition a change of both
coordination and orientation crystal structure occurs.

Unique data for temperature dependenceFdF Q(T) for crystalline oxygen in temperature range
7-52 K were obtained on free specimens exfolattom container wall (see fig.). Near
temperatures ofU band b 9 phase transitions there are peakd BfF, greatly differs one from
another to the power of relaxatiog(@ 1 .?1add o & 4 .21 @hat corresponds to above
thermodynamic features of thgsiease transitions.

The IF measuring is conducted by methods of inverse torsion pendulum under deformation
amplitude10“-10° using original setup for study of nafastic properties of solidified gases [4,5].
An experimental error dfFIF measurig does not exceed 5%.

[1] I. A. Burakhovich, I. N. Krupskii, A. I. Prokhvatilov, Yu. A. Freiman, aidl. Erenburg,

JETP Letters, 1977, v.25, p.32.

[2] I.N. Krupskii, A.l. Prokhvatilov, Yu.A. Freiman, a@nA.l. Erenburg, Sov. J. Low Temp. Phys.,

1979, v. 5, p.130

[3] A.S. BorovikRomanov, M.P. Orlova, P.G. Strelkov, DAN SSSR, 1954, v.99, p.699

[ 4] G. A. Marinin, A.V. Leontdeva, B.Ya. Sukha
Nizkih Temperatur, 1985, V.11, p.82

[ 5] A. V. Leont 6eva, G. A. Marinin, V. M. Svistu
1989, v.15, p.992
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The shorrange thredody forces obliged to ceiling of electronic shells of atoms of crystals of
cryocrystals (rargas solidsi RGS) are explored. It was before [1,2] pointed out that the
requrement of orthogonality of waves functions of electrons of neighboring atoms of crystal results
in appearance of elements in potential energy, three nearest atoms dependinrgradinates

L.
r—%D T = )M oo af (1)

where S= S, is integral of covering of waves functions of electrons of the isolated aporasd

IR |

¢, . Threebody energy (1) gives in equalization of motion for displacements of atomkethergs

of two types. First from them has that dependencek pmvhat given by pair interaction. It will
result in some additionsH and 6G to the power parametertd and G. Besides it thredody
interaction results in appearance of element with new dependericevdmch is characterized by a
parametel, .

R
df ()
V, 128—[S(r 2ds ')} a2 . @)
r dr J .z R dR
R=a6
For RGS cohesive energy taking into account tivaay interaction looks like:
:——Z 1—22V\4 a/2 +W a/2, a/6 , whereC is constant of VamlerVaals.

"
|
In the Birch elastic modul®;; new elements of threleody interaction willnot give, and in

the O, and Qu4 holdings from the examined threedy forces will be equal on a size, but with
opposite signs.

2
B44=e—4{\é+H +E—O.2624D} : Blzzi{—ﬁ—H + S 0.8640} (3)
2a*| 2 2 2| 2 2

where H=H,+6H and G=G,+5G H, ard G, are parameters which take into account pair

interaction only. Then deviation from Cauchy relati®ntaking into account equation of the state

will be

e2

52812' B44_2p:g 25H—V0—4R . (4)
The conducted alculations with the use of Rutan functions [3] allows us to describe the
deposit of thredody interaction in the elastic constant and equation of the state in the wide interval
of pressures. The consent of our calculation and experiments [4,5] are good.

[1] K. B. Tolpygo, E. P. Troitskaya, FiZverd. Tela (Leningrad}l6, 3, 795 (1974) [Sov. Phys.
Solid Statel6, 3, 795 (1974)]

[2] K. B. Tolpygo, E. P. Troitskaya, Fiz. Tverd. Tela (Leningrdd), 1, 102 (1975) [Sov. Phys.
Solid Statel7, 1, 58 (1975)]

[3] F. Clementi, C. Roetti, At. Data Nucl. Table}, 3-4 (1974), P.177

[4] A. Dewaele, F. Datchi, P. Loubeyre, M. Mezouar, Phys. Re¥7B)94106 (2008)

[5] H. Shimizu, H. Tashiro, T. Kume, S. Sasaki, Phys. Rev. 186t20, 4568 (2001)
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The phonon spectrum of graphite is analyzed in detail at the microscopic level and the
partial contributions from the displacement of atoms in and perpendicular to tieegblthe layers
to the phonon density of states are calculated. The main distinctive features of the phonon spectrum
of graphite are determined; they are due to the duesdimensional character of phonon
propagation as is characteristic for graphite.

The model has been proposed for the crystal lattice of graphite that not only completely
reflects all distinguishing features of the phonon spectrum graphite but also makes it possible to
calculate quantitatively, to a high degree of accuracy, the vibehtioharacteristics of this
compound. All force constants appearing in this model have been determined from the experimental
data on inelastic neutron and sofray scattering as well as from measurements of the sound
velocities. It was shown that the wealkerlayer van der Waals interaction can be described by the
LennardJones potential and the parameters of this potential were found. The phonon density of
states of graphite and the spectral densities corresponding to the displacements of the atoms of
different sublattices of graphite along the directions of the weak bond and in the plane of the layers
were calculated on the basis of this model. It was shown that these densities exhibit two
dimensional behavior at frequencies above the van Hove freqeemdiech correspond for each
polarization to a transition from closed to open isofrequency surfaces alorgattis. In this
frequency range the vibrations polarized in and perpendicular to the plane of the layers do not, for
all practical purpose, intecawith one another and can be studied independently.

It was shown that for the frequency corresponding tcKtipeint in the first Brillouin zone
of graphite the component of the phonon density of states of graphite that is due to vibrations
polarized alag thec axis.

The calculations for the spectral densities in our proposed model is much better correspond
with known experimental data [1,2] than in the welbwn models from [3]. Because graphite is a
strongly anisotropic crystal with a weak interlayateraction then it should be substantially
manifest the role of bending vibrations. The reasons for the appearance of flexural rigidity of layers
in strongly anisotropic layered crystals are investigated. Structures consisting of loosely bound
monatomic ayers (specifically, graphite) as well as formed loosely bound structural elements each
consisting of several monolayers which are coupled much more strongly with one another (for
example, in dichalcogenide transition metals) are examined. The effea Béxtharal rigidity on
the phonon spectra of these compoudndsasiflexural bending of the dispersion curves of phonon
modes polarized in a direction normal to the la§easd the particularities appearing in the phonon
densities of states as a result oaspilexural vibrational branches crossing ldmequency optical
modes are analyzed.

[1] M. S. Dresselhaus and G. Dresselhaus, Adv. RBtydNo. 2, 139 (1981)

[2] J. Maultzsch, S. Reich, C. Thomsen., H. Requardt and P. Ordejon, Phys. Re2, 103t550-
1-0755014 (2004)

[3] R. Nicklow, N. Wakabayashi, and H. G. Smith, Phys. Reb, 851 (1972)
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Raregas cryocrystals (solid Xe, Kr, Ar and Ne) are widely used as the model systems in
fundamental investigations and as the working media of particle detectors and positronarederat
Selective excitation of excitons in ragas cryocrystals by photons with enerdies< Eq results in
accumulation of Frenkegdairs by intrinsic excitedtate mechanism of defect formation via self
trapping of excitons [1]. Recently the simple kingtiodel was proposed, which allows fitting the
experimental dose dependences of "defect" luminescence subbands and obtaining the particular
kinetic parameters [2]. Application of this model provided a way of qualitative and quantitative
analysis of rar@as cryocrystals, which is indispensable at any attempt of comparison of
luminescence spectra from different samples. At the same time it is well known that there is a strong
thermal quenching of the defect formation processes, which was initially explainethperature
dependence of lifetime of emitting states [3]. In the same temperature range the electron traps
become active and charge recombination processes result in rich spectra of thermo luminescence

[4].

In the present study we apply the Eyring'sisiion state concept to the processes of thermal
activatiorrinactivation of exciton trapping states resulting in luminescence spectra evolution under
selective synchrotron irradiatioithe experiments were carried out at the SUPERLAdition at
HASYLAB, DESY, Hamburg [5]. The selective photon excitation of solid Xe and Kr samples was
performed with spectral resolutioki. = 0.2nm. The VU\Wluminescence analysis was performed
wi t h=2goa Pouey highHlux monochromator equipped with a multisphere plate detector. The
dose dependences of luminescence of moletybar selftrapped excitons at different temperatures
under iradiation by photons with energi&s< E; were measured. These curves are saturated at
long time of irradiation therefore we used the slopes of the initial linear parts of the dose curves at
t=0 as the defect formation rates Following Eyring assumptio we can fit the temperature
dependence of the defect formation rate as

w(T) = BAA e XBKT) AHexp(AS/K A eAk/RT))'",
wherek i the Boltzmann's constar,i Arrhenius activation energf, 1 scaling factor. The values
of activation energ¥ and enthbpy of inactivationAH was determined from the upper and lower
tangents of they(T) in the coordinates (Ia{(T)]) vs. (T'%). The value of entropy of inactivatioxS
was obtained from the equilibration condition d@([may])/dT = 0. At high 1T the tempeature
dependence of the defect formation rate tends te(T)= (i E/K)(T''). At high temperatures
(T'* - 0) the temperature dependence tends t(1j = [i (AH T E)/K)](T'Y). The value of entropy
of inactivationAS may be obtained from the equilibrati@ondition d(Infv(Tmax])/dT = 0, which
can be expressed in the fori « kTmay)-(AH T ET kT)=exp( AH/KT)-exp(AS/K, whereTmax T the
of the maximum ofw(T). The best fit of the data for solid Xe was obtained Withx= 30K,
E=2.8meV, AH = 28meV, AS=0.8me V & Ror solid Kr correspondent values &fg.,= 27K,
E=4meV,AH =30meV,AS=1me V AK

[1] A.N. Ogurtsov,Cryocrystals Modification by Electronic Excitatigi$TU "KhP1", p.368(2009)

[2] A.N. Ogurtsoy N.Yu. Masalitina, O.N. Bliznjki, Low Temp. Phys33, 591 (2007)

[3] A.N. Ogurtsov, Advances in Spectroscopy of Subthreshold Inelastic Radiktiuted
Processes in Cryocrystal$n: E.C.Faulques et al. (eds.), Spectroscopy of Emerging Materials,
Kluwer Academic Publisherp. 45(2004)

[4] M. Kink, R. Kink, V. Kisand, L. Maksimov, M. Selg, Nucl. Instrum. Meth. Phys. Red 2,

668 (1997)

[5] N.Yu. Masaliting O.N. Bliznjuk, A.N. OgurtsovHASYLAB Jahresbericht (2008) p. 1117
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Methane hydrate has a large practical importance today as inisoneentional energy
source. In the nature it exists in the form of natural pools at the sea bottom. Methane hydrate fields
had been recovered at various regions of the Earth. Moreover, gas hydrates are formed in the gas
pipelines when the wet gas is tsported at temperatures near zero Celsius. It is quite necessary to
know thermodynamical conditions of the transition of methaater system to crystal hydrate both
during methane capturing from the hydrate fields and for development of methods agaimgj fo
of gas hydrate plugs in the gas pipelines. This problem is not studied well as it is shown here.

In the present work we study experimentally a phase transition of the methtaresystem
to the crystalline state under temperature lowering. A neéernrediate state of this system is
recovered, and thermodynamic conditions of the system forming are determined. It was found that a
viscosity of the intermediate phase varies from water viscosity to crystalline hydrate one according
to gas pressure {4].

To describe the process of creation of the methane hydrate intermediate state and explain its
observed properties we propose a model of methane hydrate creation as thin films of crystalline
hydrate, which form a cellular structure with water filling thellss Creation of such cellular
structure is governed by competition between the volume (difference of chemical potentials,
specific energy of elastic deformation) and surface energies.

The intermediate phase of methane hydrate is adismersed twgphase mixture of water
and crystalline hydrate, which is ordered as cellular nanostructure with cell size aoem 10
After isothermal soaking such a structure has filled the whole volume of our experimental chamber.
Theoretical estimations of wall thickse of the cells give the value about'ifn at temperature +1
°C. At temperatures higher tharn®G the crystalline methane hydrate is formed at pressure higher
than 6 MPa.

The obtained results may be useful for: i) development of chemical methods based on
formation and decomposition of gas hydrates; ii) designing of methods for prevention of the hydrate
plugs in gas pipelines; iii) transport of natural gas; iv) development of methods of methane
capturing from methane hydrate fields.

[1] B.Ya.SukharevskyA. V. Leont 6ev a, P. M. Zorky et . al 6, Fi .
"2, 64 (1996) (in Russian)

[ 2] B. Ya. Sukharevsky, A.V. Leont beva, 38 &u. P
1103 (1997) (in Russian)

[3] A.Yu. Prokhorov, B.Ya.Sukharevsky,. N. Vasyukov, A.V. Leont 6eva,
391, 86 (1998) (i n Russian)

[ 4] A. Yu. Prokhorov, V.N. Vasyukov, A. V. Leol
Sustainable Developmei 103 (1998) (in Russian)
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We present a modedf a quantum conductive fluid which forms as molecular crystal
hydrogen is subjected to melting at megabar pressures. This model is founded on cell approach that
takes the contribution of localized state into consideration. The model predictions areeimexut
with the recent experimental observations of anomalies in this melting process. Besides they
indicate that the fluid produced by the melting process may exist in a metastable state with a density
~2.3 g/cc The issue of hydrogen state at megabasgures is one of the great problems in
condensed matter physics, astrophysics, also important the general understanding of the behavior of
matter at extreme conditions. At low temperatures and pressures, hydrogen is a molecular solid or
fluid. At high pressures above 100 GPa, hydrogen is supposed to undergo a transition to a highly
conducting state. This fact has been verified theoretically and experimentally, with noteworthy
development including measurements of melting temperature at extremely higlhrgggs800-
400GR®) obtained i n d], anda caldulatton lwyiStandole[B],|as an@lykis of
the melting line by Bonev et al. [4] predicted a peak at 80 GPa and 900 K. Furthermore, at higher
temperatures they found a transition from tbl nonmolecular hyargen, with a negative slope..

Below 100 GPa it has a normal behavia melting temperature is monotonically increasing with
pressure and the phase transition takes place: molecular solidi igh&cular liduid (ML).
However, above 100 GPa the melting pamature reached a peak and began to decrease.
Extrapolation of this melt line to even higher pressures and lower temperatures implies that at a
pressure greater than 400 GPa hydrogen might be a liquid @tkl. The existence of a peak in the
melting line will show a possible new pathway to metallic hydrogen and the importance of
extending calculations and experiments to higher pressures and lower temperatures. The present
knowledge of the liquid phase state, in which MS undergoes at pressure above 4,0& GP
inconclusive.

Here we show that at pressures (1@D0) GPa, when average distances between protons
(ions) become comparable with the internuclear distances in molegtadtecular ionH; ), the

MS state is thermodynamicallgot the most advantageous. A more disordered state, namely
guantum conducting liquid (QCL), can compete with it. It is suggested that every ion is localized in
the Wignen Seitz cells, the charge of which is screening completely. There is a domain in the
center of this cell, where own electron of hydrogen atom is localized for the most part (a virtual
atomici like structure (VA). The probability density of this electron is distributed-unaformly

over the cell and describe by the wave function of tydrdgen ground state. Since classically
accessible spheres of such electrons of neighboring atoms overlap, screening leads to admixing of
freei like (FL) electron states, which are on the cell periphery mainly and distributed uniformly.
We calculate thedl energy taking into account the kinetic energy of LE and DE electrons, the
interaction of these electrons with the central ion, eleatteotron and exchange interactions. We

can neglect the thermal contribution of the electrons in thermodynamicdiisdhh comparison

with the proton contribution. The latter is calculated in the hard sphere approach. The hard sphere
diameter is found as an average size of the cell.

[ 1] d. Nar ayana, H. Luo, J. Orl of f, and Ruof f
[2] P. Loubeyre, FOceeelll, and R. LeToullec, Nature, 416, 613, (2002)

[3] S. Scandolo, Proc. Natl. Acad. Sci. U.S.A. 100, 3051 (2003)

[4] S. A. Bonev, E. Schwegler, T. Ogitsu, and G. Galli, Nature (London) 431, 669 (2004)
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Primary monoatomic alcohokre organic compounds whose molecules have one hydroxyl
OH-group at the end. In the condensed phase monoatomic alcohols are considered as associatec
objects with mediunstrength hydrogen bonds-lbbund chains are important for the formation of
the crystdine structure of alcohols.

Normally, the thermal conductivity(T) of dielectric crystals consisting of molecules with
orientational degrees of freedom in orientationaltgiered phases at temperature above the phonon
maximum decreases exponentially withing temperature. On a further rise of temperat(i§
obeys 15 law [1, 2. However, on deviation ok(T) from this law was observed in the row of
simple alcohols 3] and the reason for this behavior is obscure. The goal of this study is to
investigaé phonon scattering in-Blound molecular crystals with orientational degrees of freedom.

The thermal conductiviti(T) of some simple alcohols (methyl, hydrogenated and -fully
deuterated ethyl,-propyl and 1butyl) in thermodynamicalkequilibrium phasestdhe equilibrium
vapor pressure at =2 K-T, was measured and analyzed. The investigated phases correspond to
crystals with complete orientational ordering. It is shown that above the maximum thermal
conductivity the dependened€T) deviates with increasg temperature from the expected |aw,
which is dictated by the anharmonic interactions of acoustic excitations. The deviation is caused by
the fact that the total thermal conductiviéyT) contains, in addition to the contributiem(T) of
propagating phonons, another contributionk,(T) made by sho#iving phonons: k(T) =
«(T) + x;(T). Above T=40K «(T) obeys the 1 law andk;(T) is practically independent of
temperature. The contributian(T) is described well by thBebyei Peierls model &wing for the
phononphononUmklapp processes and phonon scattering at dislocations. On the contrary, the
contributionk(T) is an indication of the influence of higinergy excitations which are thermally
activated above 40 KCahill-Pohl model [4]). Itis shown that the force of phon@honon
scattering reduces in inverse proportion to the mass of the molecule as the molecular mass of a
monoatomic alcohol increases.

[1] V.G.Manzhelii et al.Fiz. Nizk. Temp.,1, 1302 (1975)

[2] P.Stachowialet al, Phys. Rev. B50, 543 (1994)

[3] A.l. Krivchikov et al, Fiz. Nizk. Temp.,35, 1143(2009)
[4] D.G. Cahill, R.O.Pohl, Phys. Re\B. 35, 10, 4067 (1987)
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Our investigations ofsochoric thermal conductivity in simple molecular crystals have
revealed a considerable dependence of this kinetic coefficient on heat transfer by nonpropagating
(localized) phonon modes occupying part of phonon spectreBh [Lhe reason is that thkemal
conductivityapproaches to its lower limitmin. In this case, the mean free path of thermal phonon
becomes comparable to the lattice paramatelr, as consequence; part of thermal energy diffuses
between neighboring molecules vibrating with randomsphba In simple molecular crystals,
thermal conductivity approaches to its lower limit quite closely due to the additional phonon
scattering caused by the collective rotational molecular motions.

The thermal conductivity in orientationalordered and origationally-disordered phases of
simple molecular crystals are analyzed within the Debye model, under supposition that the phonon
mean free path is approximately equal to one half of the wavelength. A quantitative description is
given under assumption theth e heat i s transferred by phonon
into account translatierotation coupling.The calculations were carried out for the isochoric and
isobaric cases, which allowed the influence of thermal expansion on phonon localieaben
determined. Based on studies results it is concluded that the thermal expansion brings about an
increase of phonon localization temperature. Also from this analysis, it was foutitetiva@nsition
from strongly to weakly hindered rotation of maléxs is accompanied by a decrease in the portion
of thermal energy that transferred by ddiffus

[1] V.A. Konstantinov, V.G. Manzhelii, V.P. Revyakin, V.V. Sagan and O.l. Pursky, J. Phys.:
Condens. Mattet8, 9901 (2006)

[2] O.1. Pursky, V.A. Kostantinov, Eur. Phys. J. 56, 205 (2007)

[3] O.I. Pursky, V.A. Konstantinov, Physica488 190 (2008)
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There has been considerable interest in the structure, dynamics and thermal properties of the
saturated hydrocarbs. In particular they are convenient objects for study of influence of rotational
degrees of freedom of molecules and their symmetry on the behavior of the thermal conductivity of
crystals. Depending on the material and temperature, the form of orieatatrmtion in this
materials changes over a wide range, i.e., from librations at small angles to a retarded or practically
free rotation. Crystals consisting of higgmmetry molecules form highe mper at ur e A pl
orientationally disordered phases, Wwhich the rotational motion of molecules resembles their
motion in the liquid state. In crystals consisting of molecules of a lower symmetry thealoyg
orientational order is preserved, as a rule, up to the melting pbBintcompare correctly
experinental results of thermal conductivity with theory at high temperatures, it is necessary to
perform experiments at a constant density to exclude the effect of thermal expansion.

The peculiar feature of hydrocarbons is an existence of isomers. There argtamasic
investigations of the thermal conductivity in series of solid isomers. Here we presented the study of
the isochoric thermal conductivity of solid isobutane. -Tgbl;o was studied for samples of
different densities in temperature interval fromks@o the onset of melting. Solid isobutaexeists
only in the one crystalline phasen d mel t s at 113, 74 K/Rw#.8 wherast r op
the criteria odR=0R27p]L2.dntall thedcassstthe isechoricghergp@® conductivity
exhibits dependences that are weaker that/T. The results obtained are compared with those for
other representatives of saturated hydrocarbons. The experimental data are discussed within a
model in which the heat is transported by {sequency phononand by c¢di ffusi vee
the phonon mobility edge.

[1] G.S. Parks, C.H. Shomate, W.D. Kennedy, and B.L. Crawford, J. Chem 5P8%9. (1937)
[2] J.G. Aston, R.M. Kennedy, S.C. Schurmann, J. Am. Chem. &)2059 (1940)
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The thermal properties of simple molecular crystals are determined by the combined
translational and orientational motion of molecules in the lattice sites. The orientational motion can
be either oscillatory or rotational depending on the relalietween the central and noncentral
forces and temperature. Except for rare cases (quantum crystals), the motion of molecules at rather
low temperatures is essentially oscillatory: Bt=0 the molecules execute zero orientational
vibrations about equilibrium directions. As the temperature rises, theneatsquare amplitudes
of the librations increase, and the molecules can pass from one orientation to another. In some cases
this may lead to a phase transition because the-rlamge orentational order disappears. By
choosing crystals with different parameters of molecular interaction and varying the temperature, it
is possible to change the degree of orientational disorder and study the effect of the molecule
rotation upon the thermatqperties, e.g. thermal conductivity of the material.

For a correct comparison with theory, the thermal conductivity must be measured at
constant density to preclude the thermal expansion effect. In regard to the cyclic molecules the
isochoric thermal @nductivity was measured only for the benzen][IHere we presented similar
studies for the cyclohexaf®&H;,. Cyclohexane has a phase transition at 186.1K and melts at
279.8K [3]. High temperature phase (1) is plastic with entropy of melfiBgR=1.14 X-Ray data
shows HCP structurem3mwith Z=4 [4]. Phase transition @Il ) at 186. 1s i s i so
large entropy changdS/R=4.33. Phase (II) is monoclini€2/c with Z=4 [4]. The Debye
temperature is 50K in the phase (I) and 71K in the phase (Il) [5]. At heating from 155 up to 180K
the second NMR momentum decreasiearply from 26Gdown to 6G, what shows on appearance
of molecular reorientations about the tree fold axes [6]. In the high temperature phase (I) molecules
have significant orientational freedom, that intermolecular contribution to the second NMR
momentm becomes neglible small. Thermal conductivity of solid cyclohexane has been studied in
the temperature interval &IBOK at atmospheric pressure and at constant volume for samples of
different densities in the orientationalllysordered phase (l). The theal conductivity measured at
at mospheric pr ed5irteoemammalyy s dasegd phapd@® (1 1)
in the disordered phase (1). Theywli’8inthdilow i ¢ t
temperature phase (I) and ne ases with temperature growth
experimental data are discussed in the approximation of the corresponding relaxation times within a
model in which the heat is transported by{bw e quency phonons ande by ¢
the phonon mobility edge [7].

[1] V.A. Konstantinov, V.G. Manzhelii, S.A. Smirnov, Ukr. Phys. Jousd,,757 (1992)

[2] O.l. Pursky N.N. Zholonkqg V.A. KonstantinoyLTP, 29, 771(2003)

[3] J.G. Aston, G.J. Szasz, H.L. Fink, J. Am. Chem. $6¢1135 (1943)

[4] R. Kahn, R. Fourme, D. Andre, M. Renaud, Acta Crig209, 131 (1973)

[5] D.C. Champeney, D.F. Sedgwick, J. Phys. C: Solid St. Bhg220 (1971)

[6] E.R. Andrew, R.G. Eades, Proc. Roy. S&216, 398 (1953)

[7] V.A. Konstantinov, V.G. Manz#lii, V.P. Revyakin, V.V. Sagar®).I. Pursky,J. Phys. C: Solid St.
Phys.18, 9901 (2006)
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A vacuum adiabatic calorimeterset has been hormeade for calorimetric studies of small
samples (with di a’bguvolamd oftariion mnomaterialsin the temperature
range from 1 K to 300 K. Design of the inset makes possible: a) a mounting of an under study
sample during short time (it is important for investigation of both heat capacity of pure
nanomaterials and effectseacaused by doping of gases); b) the doping of a sample by gases
directly in the calorimeteinset; c) cooling of sample to helium temperatures during short time. The
calorimeterinset can be inserted into a helium reservoir of transport helium Dewaheliuan
cryostat.

The calorimeter cell (the calorimeter with a thermal shield), a low temperature helium
chamber, an adsorb pump, tubes and wires are placed inside the vacuum cylindrical inset. The
calorimeter mass is equal to about 0.8 g. It is surroubgedthermal shield. The calorimeter cell is
suspended from the low temperature chamber. Liquid heliuth can be condensed into the
chamber. The adsorb pump i4dKbil Téed kyysabdpomplu
with supply of helium from ouide helium volume. Temperature of the low temperature chamber
can be decreased down to about 1 K by pumping of helium vapour by the adsorb pump. The
personal computer controls the calorimetric experiment.

Heat capacity of the fullerit &g sample has beemeasured in the temperature range from 1
to 30 K. The fullerit sample is 99.99 % pure. The sample mass is equal to about 0.6 g. Apiezon N
grease is used for good thermal contact between the sample and the calorimeter. The heat capacity
of an empty calorinter has measured in a separate experiment. The obtained results of studies of
heat capacity of fullerit are compared with literary data [1, 2].

[1] T. Atake, T. Tanaka, H. Kawaji, K. Kikuchi, S. Saito, S. Suzuki, I. Ikemoto, and Y.Achiba,
PhysicaC 18571 189, 427 (1991)

[ 2] W. P. Beyer mann, M. F. Hundl ey, J. D. Thomps
68~ 13, 2046 (1992)

61


mailto:Sumarokov@ilt.kharkov.ua

Low Temperature Specific Heat Capacity of Fullerit Gy

V.V. Sumarokov, M.I. Bagatskit, A.V. Dolbin*, V.G. Manzhelit, V.G. Gavrilkd,
V. B. E'sNeA. \linmikon!, B. Sundquist
! B.VerkinInstitute for Low Tempetare Physics & Engineering NASU,
Kharkov61103, Ukraine
2 Department of Physics, Umea University,-SB1 87 Umea, Sweden
Sumarokov@ilt.kharkov.ua

A number of low temperature anomalies have been revaakbeimal expansion studies of
fullerit doped with gases [1] (and references in it) recently. Low temperature heat capacity of these
objects has not enough been studied.

Present work marked the beginning of a program of systematic research of influence of
gaseous atomic and molecular admixture on low temperature heat capacity of carbon nanomaterial,
fullerit in particular. There are disparities between literary data of low temperature heat capacity of
fullerit Cgo [2, 3]. For example, differences of thelwas of the linear contribution to heat capacity
are more than 20 times [3]. So, reliable data of low temperature heat capacity of fgllénwhich
can be used as a basic for separation of admixture effects) are absent practically.

The heat capacity ahe sample of fullerite §g has been measured over the temperature
range 1- 30 K in the homanade adiabatic calorimeter [4]. The fullerite sample is 99.99% pure. Its
mass is equal to about 0.6 g. The analysis of temperature dependence of heat cdpieriyeak
made. The parameters of its temperature curve are defined. The linear contribution to the total heat
capacity of fullerite is observed below about 3 K. Nature of the linear contribution is discussed. A
comparison between the results of thiwk and literary data [2, 3] is considered.

[1] A.V. Dolbin, N.A. Vinnikov, V.G. Gavril ko
Moricca, D. Cassidy, and B. Sundqvistw Temp Phys, 35, 226 (2009)
[2] T. Atake, T. Tanaka, H. Kawaji, K. Kikuchis. Saito, S. Suzuki, I. Ikemoto, and Y.Achiba,

PhysicaC 18571 189 427 (1991); Chem. Phys. Lett96, -~ 1J, 321 (1992)
[ 3] W. P. Beyer mann, M. F. Hundl ey, J. D. Thomps
68, -~ 13, 2046 (19®&2), Phys27REvVv(1ae@2) .,

[4] M.1. Bagatskii, V.V. Sumarokov, A.V. Dolbin, CC2010
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Alcohols are compounds containing one or several hydroxyl groups (OH). Primary alcohols
based on H(CH,OH moleculegn is the number of carbon atoms in the alcohol molecule) are the
simplest associative molecular systems suitable for investigation of physical phenomena in
molecular crystals at low temperature. Thermodynamigailyilibrium solid phase of these
molecula substances has a crystalline structure with a-tange orientational ordering. The
properties of ethanol attract special interest in the homologous series of simple monatomic solids.
Ethanol (CHCH,OH) can have three metastable ldivgd phases undeequilibrium vapor
pressuréd a structural glass, an orientationally disordered crystal with static disorder (orientational
glass), a crystal with dynamic orientational disordetator phase)and an orientationally ordered
crystal, which is the only stable thermodynamically equilibrium phase [1, 2].

Here the temperature dependences of the thermal conductivity measured on polycrystalline
samplesof protonated and deuterated ethanol are described. The samples were obtained through an
irreversible solidstate firstorder transition from the rotator phase. The thermal conductivity of
solid alcohols @ sOH and GDsOD at the equilibrium vapor pressure was measured in the interval
from 2K to 155 K using the method of steastate linear heat flow [3]. The structure ofDGOD
in orientationallyordered phase was specified by the neusmattering technige and the Xay
structural analysis.

The temperature dependences of the thermal conductivity of both protonated and deuterated
alcohols in the orientationalgrdered phase are similar to those typically observed in dielectric
orientationallyordered c¢ystals. A significant annealing effect is observed in the thermal
conductivity x(T) of the protonated alcohol. The curx€l) varies systematically as the annealing
temperature increases from 102 to 156 K. The thermal conductivity curves have been anglyzed
the Debye model. It is shown that only the orientatioraitered phase of protonated ethyl alcohol
has an appreciable number of metastable orientational point defects, and their content decreases as
the sample is heating in temperature range frothth 156 K. The metastable defects are attributed
to the presence of the metastable monoclinic crystalline phase of protonated ethyl alcohol [4].

[1] F. J. Bermejq R. Fernande®ereaandA. |. Krivchikov, Phys Rev. Lett98, 229601 (2007)

[2] A. I. Krivchikov, A. N. Yushchenko, V. G. Manzhelii, O. A. Korolyuk, F. J. Bermejo,

R. Fernande#erea, C. Cabrillo, and M. A. Gonzal®hys.Rev B 74, 060201 (2006)

[3] A.l. Krivchikov, B.Ya. Gorodilov, and O.A. Korolyuk, Instrum. Exp. Tedl8, 417 (2005)

4 M. A. Ramos, | . M. Shmyt-Rikobh- - &, WMord8.chraud wae
Vi eira, M Jourdal of oaGrystalligenSolids3524769 (2006)
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The spin conversion of methane molecules in pure deuterated methane crystal ad CD4
solid solution for a vast concentration of krypton was investigated in the temperature range 1.5
10K. The experiment wasedormed by use of a steadtate heat flow experimental setup for
determination of the thermal conductivity, utilized in an unconventional way. The obtained results
were discussed in the frame of the spin conversion model taking into account dirgtioona
processes and indirect librationaligtivated processes.
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The results of the fresh neutron scattering study of solid helium in silica Aerogel is
discussed. Recently [1] we have discover the existence of superfliud phase in the solid helium at the
temperature lower than 0.6K under pressure 53.5rbapite of the'He phase diagram indicated
that helium should be solid at this thermodynamic conditions. Present work is a continuation of
abovementioned study, the main goal of which is the checking of the phenomena found out, and the
determination of thgeneral parameters of the new superfliud phase.

The sample represented the thalled copper container with the silica Aerogel inserted
inside which has been fully filled by the liquid helium. The solid helium has been received with use
of a method of lmcking capillary. The presence of a solid phase and the value of pressure in the
sample were determined by the positions of Bragg peaks of the solid helium. The analysis of the
experimental data gives the temperature of the solid hapwerfluid heliumtransition &=1.3K.

The parameters of the superfluid phase excitations-tiife, intensity, and energy) have the
temperature dependences similar to the bulk helium ones. Superfluid phase exists within the
experimental temperature range from 0.05K upgds nonequilibrium, and is anneal at T

[1] I.V.Kalinin, et al., JEPT Lett. 87, 645 (2008)
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In solid4He the phase transition (PT) bbecp has martensititike features. The overcooling
bel ow the phase equilibrium |Iine bccYhcp was
The experiments [ 2] i ndi cated asyimwedentjustynthef t h
phase equilibrium line. This asymmetry up to the present has been left unexplained. In solid helium
the phase transition, the bbcp coherent phase boundary (PB) and tween boundary (TB) were
investigated theoretically in the fraims ofhe order parameter (OP) model [3,4]. These works
applayed ideas of the coherent lattice transformations at martensitic PT in metals. The two OPs
theory [5] was developed on the base of the Burgers mechanism. However these theories do not
take into accountolume change. The Kaschenko wave theory of thehlspcmartensitic transition
[6] takes into account the volume change of the phases. A martensiticp&B satisfies 8] the
Burgers and Nishiyama orientation relationships (889)(001hcp [111]nce || 2110]hcp

We propose the three OP theory that combines Sanati [5] and Kaschenko [6] treatments that
allows to take into account the changes in volume and pressure. The free energy depends on
folloing three order parameters: the relative atomicland i s pl ac e me nd, thee al o
stretching strain along [11Q}, and the compressive strain along [[LAOWe consecutively exclude
the strain order parameters. With this purpose, in the space of the OPs we find the crossection (or
trajectory) withminimal energy. Each excluded OP is found as function of the remainder ones. As
the result, we have a variation problem for
the variation problem, other order parameters can be restored consec8owely.reduce the three
OPs free energy to the effective form in terms of one OP. The restored strains give volume change
at constant pressure or pressure change at constant volume.

We introduce a thermodynamic parameter that characterizes the deviatioth& phase
equilibrium. The parameter describes the fine structure of 8 d@Mdary and its split into two
phase boundaries. The twin boundaries are nuclei of the original phase. On this basis we explain the
bcchep phase transition asymmetry and puesschange, found in solitHe experiments. The

asymmetry in the bebcp PT experiments in soli4cﬂie is explained as follows. At the direct PT the
bcc then hcp crystals are formed at cooling from liquid. This is threshold nucleation with
overcooling etc. A the reverse PT the topological defects in the hcp crystal, namely twin
boundaries, split into pairs of the phase boundaries and form the bcc nucleous before the PT point.
The new experimental scheme is proposed to inverse the asymmetry of thepdeTin
solid “He. It is necessary to change the order of the obtained solid phases. At the direct PT the hcp
phase must be initially obtained. The bcc phase must be the second (with threshold and so on). At
the reverse PT, splitting of the twin boundaries hpusvide the hcp nucleation without threshold.
To explane the pressure relaxation in fie hcp phase at ciclic annealing we need to
introduce additional straine and its interaction with other OPs in the tween boundary.

[1] M. Maekawa, Y. Okumura, and @kuda, Phys. Rev. B5, 144525 (2002)

[2] A. P. Birchenko, E.O. Vekhov, N.P. Mikhin, A.V. Polev, and E.Ya. Rudavskii, Fizika Nizkih
Temperatur (Low Temp. PhysS3p, 1471 (2006)

[3] V. A. Lykah, and E. S. Syrkin, Bull. of the Russ. Acad. of Sc.: Phygics1139 (2007)

[4] V. A. Lykah, and E. S. Syrkin, FT/1, 1139 (2010)?

[5] M. Sanati, A. Saxena and T. Lookman. Phys. Re&,892101 (2001)

[6] M. P. Kaschenko and V. G. Chaschina. Fizika Metallov i Mitallovedd:9g,571 (2008)
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We analyze the problem of bcc phameastence in solid helium using identification of
contributions of phonons and vacancies to thermodynamic properties. Phonons are considered
within the classical Debye theory and vacancies are treated abandequasparticles according
t o Het hseapgroaah {1p mh@& analysis of Debye temperat®g,and vacancy activation
energy, Q, was performed in wide molar volume range for Hefe and bcc®He [2]. Using
dependence @Vn) [2], we estimate vacancy concentration, on the bcécp pressure
temperature line for the both helium isotopes. It results in the same dependen¢g.Hffar *He
and*He under condition of ¥ increasing by 10% ifHe. It means that in high temperature range,
where vacancy contribution is essential, the hcp lattice isakbiegsed by high value of x We
establish that widdand vacancies destabilize the hcp lattice and tend it to thédecphase
transition under raising their concentration with temperature near the melting curve for both helium
isotopes. The criterion fdicp phase destabilization is found.

[1] I.H. Hetherington, Phys. Re%76 231 (1968)
[2] V.N. Grigorev and Ye.O. Vekhov, JLTP49 41 (2007)
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Polarization Bremsstrahlung from Xenon Atoms and Clusters

A.N. Nechay E.V. Gnatdienko,V.N. Samovarov, ané.A. Tkachenko
B. Verkin Institute for Lowlemperature Physics and EngineerM4SU
47 Lenin Ave., Kharkiv, 61103, Ukraine
nechay@ilt.kharkov.ua

It was established that in the process of scattering of a charged particle igetatha
bremsstrahlung (BS) is formed in two essentially different ways [1]. The first mechanism had been
studied rather thoroughly earlier and impladinary (static) bremsstrahlun@BS) resulting from
breaking of a charged patrticle in the staticdfief the target accompanied by emission of photons.
According to the other mechanism that was found later, the continuous spectrum photons are
emitted not by the scattered particle, but by the target atoms as a result of their dynamic polarization
in an aternating field of the incident particle. The bremsstrahlung formed in the latter way was
given the name gbolarization bremsstrahlun¢PBS). OBS and PBS spectra do not only differ in
the mechanisms of their formation (in particular, the PBS does notamgedeceleration of the
electron), but also have different dependences on frequency, radiation angle, mass and energy of the
incident patrticle [1]. It should also be noted that the OBS is formed at small aiming distances from
the target, while the PBS gteater ones.

In this work for the first time the results of experiments on PBS which arises from scattering
of 0.7 keV electrons by gaseous and solid xenon are presented. The measurements were made in the
photon energy range 8B0eV. The concentratioand size of clusters in the jet target was changed
by varying temperature and pressure at the entrance to the supersonic nozzle. Gas and cluster
supersonic jets were used as the targets [2], in the latter case the number of atoms in a cluster was
variedfom sever al ?*atelntsvastfoond ghat héd RBBS maximum shifts towards lower
photon energies and narrows upon a passage from the gaseous target to the cluster one. The
strongest narrowing was observed upon an increase in atom number fosdiasiag more than
500 atoms (up to aldatelsclusteBdiapetdr meing 4f9>.=8. 5A10

To describe the measured PBS spectra we performed model calculations of PBS cross
section for an emitting center placed in a rarefied gas or in a satelestvironment of Xe atoms.

The environment was considered as a medium having a certain dielectric permeability [3,4]. For the
solid state case, an additional calculation of PBS spectra was made to take account of the
retardation effect that takes placeinteraction of a damped oscillator with the surrounding atoms.

The calculations describe well the measured PBS spectra and reproduce the spectral changes
observed upon transition from gas to cluster targets.

Cooperative effects in a solid to have a sgranpact on the PBS spectrum are found.

[1] Polarization Bremsstrahlung of Particles and Atomedted by V.N. Tsytovich and .M.
Oiringel (Plenum Press, New York, 1992)

[2] E.T. Verkhovtseva, and E.V. Gnhatchenko, Low Temp. P2§s270 (2002)

[3] Ma Xiao-Guang, Phys. Lett. A3, 310 (2006)

[4] O.G. Bokov and Yu.l. Naberukhin, J. Chem. PW&.2357 (1981)
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The Amount of Non-Classical Rotational Inertia in Solid*He as a
Function of the Crystal Quality

D. E. Zmeev and\.. I. Golov
University of ManchesterSchool of Physics and Astronomy M13 9®lanchester, UK
golov@man.ac.uk

We report measurements of the rmassical rotational inertia fraction in solftHe for
crystals grown in an annular cell under different conditions. In our experirtientyuality of the
sample was characterized by measuring the thermal conductivity below 250 mK, where it is
controlled by phonon scattering off dislocations and grain boundaries. Samples with the phonon
mean free path in the range from 0.5 to lannulaszisgdave been studied so far.
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Investigation of Thermodynamic Properties of Deformed'He
In the Supersolid Region

V.Y.Rubanskii V. N. Grigorbdev, A.A. Li sunov, V.
E.Y Rudavskii, A.S. Rybab, V.A. Tikhii
B.1.Verkin Institute for Low Temperature Physics and Engineering NASU,
47 Lenin ave., Kharkov 61103, Ukraine
rubets@ilt.kharkov.ua

A new series of experiments has been performed to find ogbtiditions for the formation
of a glass phase in solftiie in the region where an anomalous behavior attributed to the supersolid
effect was observed previously. A special two chamber cell was used to deform the sample in situ.
The contribution of the gés phase was identified by analyzing the measured temperature
dependence of the sample pressure under different experimental conditions. It is found that the
contribution of the glass phase increased sharply after deformation of the sample and practically
disappears after its annealing
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Concentration Dependence of Fluctuation Effects in@id 3 ji jMixtures

S.P. RubetsT.N. Antsygina, K.A. Chishko, A.A. Lisunov,
V.A. Maidanov, V.Y. Rubanskii
B. Verkin Institute for Low Temperature Physics and Engineering NASU,
47 Lenin ave., Kharkov 61103, Ukraine
rubets@ilt.kharkov.ua

Experimental study ofluctuation effects insolid, j4 J mi xtures are carr
precision pressure measuremedattpreseparation regianThe pressure was measured during the
steplike cooling of the samples. At low temperatures total pressure of the system dbseithe
superposition of phonon and fluctuation contribution. The experimental dependences were
compared with the theory. Phonon contribution is described in terms of Debye model, and the
fluctuation contribution determined by correlation effects in thmpurity subsystem. Due to
fluctuations in local concentration the nuclei of a new phase grow as compact clusters containing
hundreds of atoms. This effect implies an increase in pressure far from the phase transition onset.
The fluctuation contribution eeeds the phonon contribution in concentrated sdlidiy j
mixtures, but it is not detected in week mixtures obviously due to the smallness of the effect. The
concentration dependences of fluctuation pressure and nucleus size were obtained for the. first ti
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Oscillation Spectroscopy of Nanosized Structures of Indium
INnCryomatri mes of Condensed Gases. Metho

A. Aldiarov
Institute of Experimental and Theoretical Physics,
Tole by 96, Almaty, 050012 aKakhstan
Abdurahman.Aldiarov@kaznu.kz

Influence of nanosized structures of indium on vibrational spectrums of nitrogen, oxygen
and water matrixes was researched. Researched samples were formed during joint sputtering of
metal vapors with matrix gases der different temperatures, pressures and concentration
proportions.
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I nfluence of Water and Ethanol Cryocond
On Structural -Phase Transitions in the Range of Temperatures 126 0 s

A. Aldiarov
Institute of Experimental and Theoretical Physics,
Tole by 96, Almaty, 050012, Kazakhstan
Abdurahman.Aldiarov@kaznu.kz

Results of experimental researchesndfuence of watee nd et hanol cryocon
thicknesson infrared spectrum of samples and also on thermostimulated transitions in the range of
temperatures 12 6 Oarse presented. Fil mbs t h iDiechvertsize v ar i
features are connected twipresence ointermolecularlongrangel hydrogenties in researched
substance
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Dynamical Transitions in Cryocondensates
Of Ethanol Close to Glasslransition Temperature

M. Aryutkina, A. Aldiarov, A. Drobyshev, V. Kurnosov
Instituteof Experimental and Theoretical Physics,
Tole by 96, Almaty, 050012, Kazakhstan
Andrei.Drobyshev@kaznu.kz

Experimental researches of structyshhse transitions in thin films of cryocondensates of
ethanol close to glassransition temperaturesg=97 s were done. Time&ependent relaxation
processes under fixed temperatures ingenuously close tetiglasgion temperature were studied.
Characteristics of transitions amorphous (structurelglsss (AmG), glass supercooled liquid (&
SCL), supercooled liquid plastic crystal (SCHPC), plastic crystal orientational glass (RCOG)
and plastic crystal monoclinic crystal (PEVMC) were defined simultaneously using infrared
spectrometry and thermodesorption hoets.
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Infrared Spectrometry of Structural -Phase Transitions
In Two-Layer (Crystal-Amorphous) Films of Ethanol Cryocondensates

M. Aryutkina, A. Aldiarov, A. Drobyshew. Kurnosov
Institute of Experimental and Theoretidhysics,
Tole by 96, Almaty, 050012, Kazakhstan
Vasiliy.Kurnosov@kaznu.kz

haracteristics of transitions amorphous (structurelglsss (AmG), glass supercooled
liquid (G-SCL), supercooled liquid plastic crystal (SCIPC), plastic crystal orientational glass
(PG OG) and plastic crystat monoclinic crystal (PE@MC) for two-layer films of ethanol
cryocondensates were defined using infrared spectrometry and thermodesorption methods.
Crystalline sublag r gener ated during condensation in t
temperatures. Further, bottom layer was cooled until2 s, and a film of solid ethanol in
amorphous phase condensed.
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Low-Temperature PostDesorption from Solid Nitrogen

|.Khyzhniy*, S. UyutnoV}, A. Ponomaryo$, G Gumenchuk
E. Savchenkb andV. Bondybey**
Ynstitute for Low Temperature Physics & Engineering NASU, Kharkov, Ukraine
2 ChungAng University, Seoul, Korea
L e hr st u kidalisthe ChenitehlyTUM, Garching, Germany
* University of California, Irvine 92697, USA
Khyzhniy@gmail.com

A sequence of relaxation processes occur in solid insulators after excitation by some kind of
ionizing radiation. A number of radiation inducddfects (defects of structure, electrons and holes
selttrapped/trapped in the lattice, molecule fragments) take part in these processes. For
understanding of the radiation effects one has to follow different channels of relaxation processes.
Different types of materials were investigated by various methods [1]. Thermally stimulated
luminescence (TSL) based on measurements of total and spedsalyed vyields of
recombination emissions is the most popular method. However its use is limited in solid8rgpns
of neutral and charged subsystems because in both of them radiative recombination can take place.
In this case an interpretation of TSL measurements is complicated because one cannot distinguish
these emissions. The most effective approach to iigadisin of relaxation processes is a
combination of TSL and current spectroscopy methods, e.g. thermally stimulated exoelectron
emission (TSEE). As TSL and TSEE methods are very sensitive to a sample prehistory it is very
important to take both characteéiis from the same sample at the same time. Our group has
developed an experimental setup for simultaneous monitoring of several channels of relaxation in
pre-irradiated cryogenic solids: concurrent measuring of the TSL yield, TSEE vyield and the yield of
sputtered atoms [2]. The TSL of solid nitrogen subjected to an electron bombardment was detected
already at the beginning of matrix isolation studies [3], however its mechanism is still under
discussion. We present the study of relaxation processes inngtotigen performed by the set of
activation spectroscopy methods in combination with luminescence analysis. The yield of TSEE
from solid nitrogen was measured for the first time.

The samples were grown from the gas phase by condensation on a coolesubsttate.

The substrate was grounded. The quality of our samples was controlled spectroscopically. Then they
were exposed to an electron beam (500 eV). The energy transfer processes, defect energy levels anc
relaxation processes were probed by TSEE andii&surements.

We have found a correlation of TSL, TSEE and desorption yields from solid nitrogen
previously subjected to an electron beam. This suggests an interconnection betweentalkctron
recombination and lotemperature desorption processes. B@ssmechanisms of TSL and
thermally stimulated desorption are discussed.
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Charged Centers and Their Relaxation in Prerradiated by an Electron Beam Solid Kr
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The role of charged centers attracts particular attention because of their role in different
electronically induced phenomena like defect formation, diffusion and desorption of neutral and
charged particles from material surfacd$ie recent studyf atomic and electronic relaxation
processes i n at omi c cryocrystals r-eeceat pdi oar
(ALTpD) from preirradiated Ne and Ar solids [1,2] at Ty (Tspis the sublimation temperature).

The basic mechanism of the ALDuggested is relatedid he fAcavity ejection
for atomic cryocrystals with negative electron affinity @®e and Ar)In order to exclude the
contribution from the c advdastoyr petjieocntoi owe nfeccchuasnd
this phenomenon in solid Kr characterized by positiye E

The experiments were performed employing cathode luminescence (CL) method in
combination with correlated in real time measurements of thermally stimulated luminescence
(TSL), thermally stimulated exe | ect ron emi ssi on ( TSHE)soampd i @€
yield by pressure measuringwo heating modes were used: linear and-steye heating. Strong
influence of the grain size on charge accumulation was revealed and the role ofrslatectraps
was ascertained. The study enabled us to identify electronically induced defects similar to those
detected in prérradiated solid Xe [2]. Activation energy of these defects was estimated by a set of
activation spectroscopy methodsalysis of the ields correlation enabled us to verify a tatage
mechanism of the ALTpD: (i) thermally assisted release of electrons from their traps followed by
(ii) the intrinsic charge recombination reaction>k+ e— Kr, . The second stage of the ALTpD in
solid Kr was found to be caused by the;,Kii e x ci mer di ssociationodo Vvi e
repulsive part of the ground state potential curvihe process which resulted in appearance of
Ahot 6 atoms capable to desorb the energy.

[1] E.V. Savchenko, G.Bsumenchuk, E.M. Yurtaeva, A.G. Belov, 1.V. Khyzhniy, M. Frankowski,
M.K. Beyer, A.M. SmithGicklhorn, A.N. Ponomaryov, V.E. Bondybey, J. Luminesk2, p.101

(2005)

[2] A. Ponomaryov, G. Gumenchuk, E. Savchenko and V.E. Bondybey, Phys. Chem. Chem. Phys.
9, p. 1329 (2007)

[3] I.V. Khyzhniy, S.A. Uyutnov, E.V. Savchenko, G.B. Gumenchuk, A.N. Ponomaryov, V.E.
Bondybey, Low Temp. Phy85, p.433 (2009)
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Charged Molecular Centers in Pure Kr and Mixed Kr-Ar Clusters
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47 Lenin Ave., Kharkiv, 61103 Ukraine
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Excited charged and neutral molecules are the main radiative centers in the VUV spectral
range in crpcrystals and cryoclusters of rare gases. Neutral molecular centesstyp& arising
from localization of excitons and electrbiole recombination are typical of bulk cryocrystals.
Charged molecular centers of,{[R type were first found upon excitatiaof rare gas clusters (see
Ref. [1] and references therein): when an eleetrole pair is formed in a cluster, the electron is
more likely to leave the cluster preventing thus the eledimda recombination. Emission from
such centers was also foundoinlk Xe-Ne cryoalloys, in which Xe atoms form small clusters in the
Ne matrix [2]. Here we study the formation of excited charged molecules in free pure Kr and mixed
Kr-Ar nanoclusters produced by gas condensation in a supersonic jet. The obtaineddigateol
clusters with the temperature of BKOwere excited by a beam ofkkV-electrons. The emission
spectrum was registered in the photon energy ranf)@e¥ where the molecular bands 5Kr
(8.4eV) d (Kr,") (7.8eV) are located. In pure Kr clusters the intensity ratio of the bands was found
to be close to 1 for clusters containing over 2000 atoms, which was reported earlier in Ref. [1]. At
the same time, addition of even a small amount of Ar taelsidhiaving more than 1000 atoms (Ar
being dissolved in Kr) causes a substantial (more than two times) growth of the charged molecule
band. This suggests that addition of Ar favors emission of electrons out of the cluster upon its
excitation. The obtainetksults are of interest from the viewpoint of creation and investigation of
ionized cluster beams [3].

[1] E. T. Verkhovtseva, E. A. Bondarenko, and Yu. S. Doroniw Temp. Phys30, 34 (2004)
[2] A. G. Belov, M. A. Bludov, E. A. Bondarenko, Yu. S. Domo, V. N. Samovarov, and

E. M. Yurtaeva,Low Temp. Phys30, 990 (2004)

[3] V. P. Krainov and M. B. Smirnov, Phys. R&Y.0 237 (2002)

78



QuastParticles Spectra in Graphite Compounds with Metallic Intercalated Layers

S.B. Feodosye\.A. GospodareWw.l. GrishaevK.V. KravchenkoE.V. Manzhelii,E.S.Syrkin
B.Verkin Institute for Low Tempature Phusics and Engineering NASU
47, Lenin ave. 61103, Kharkov, Ukraine
feodosiev@ilt.kharkov.ua

Phonon spectra of graphite starting with consideration of bigraphene, are analyzed at the
microscopic level. Partial contributions to the phonon density of states of the atomic displacements
along the directions of strong and weak coupling (along thedagmed perpendicular to them) are
calculated. Characteristic features of the vibrational spectra of these structures are analyzed. High
accuracy of the description of the phonon spectra of the compounds is confirmed by the practically
complete coincidencef our calculations with the data of neutron diffraction, acoustic and optical
experiments. For each of the examined compounds to calculate the temperature dependence of the
meansquare displacements of bulk samples and nanofiims along different crysialtimg
directions, which allow us to estimate the stability of graphite nanofilms.

It is shown that the spectral density of phonons polarized along c¢ axis has in graphite the V
type singularity analogous to-salled Dirac singularity typical for the gragrme electron density
states [1,2]. We study the appearance of quasilocalized states which increase number of
guasiparticles near this singularity by using as examples the phonon spectra of graphite intercalated
by metals and electron spectra of graphem#asning vacancies. It is proved that in the electron
spectrum of grapheme with isolated vacancy the quasilocalized states exist only for atoms from
sublattice not containing this defect.

Our calculations make it possible to forecast the general propeftggaphite phonon and
electron spectra in the case of intercalation of graphite by different metals.

[1] Yu.E. Lozovik, S.P. Merkulova, A.A. Sokolik, S.V. Morozov, K.S. Novoselov, A.K. Geim,
PhysicsUspekhj 51, 727 (2008)

[2] K.S.Novoselov, A.K.Geim, &.Morozov, D.Diang, M.l.Katsnelson, 1.V.Grigorieva,
S.V.Dubonos, and A.A.Firsoature(London)438 197 (2005)
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Ergodic Instability in Amorphous Solids

V.B. Kokshenev
Departamento de Fisica, Universidade Federal de Minas Geraistuttsde Ciencias Exatas,
Caixa Postal 702, CEP 3012870, Belo Horizonte, Brazil,
valery@fisica.ufmg.br

Broadly speaking, there is no conceptual gap between amorphous states in supercooled
liquids, glasssforming polymers, orientational glasses, and metallic glasses. Indeed, near the glass
transformation temperatufig detected by differential scanning calorimetry, the primary relaxation
dynamics of glassike clusters is universal [1] and as a consegadhe twelevel tunneling cluster
states can be observed via the configurational entropy in all glass formers [2]. The structural
transformation, which occurs under cooling rates preventing formation of thedgagrystalline
order, is essentially a @ssover from the higkemperature thermally equilibrated ergodic state to
low-temperature nceergodic glassy states, characteristic of amorphous solids. Researchers have
long searched for any signature of the underlying "true" ergualieergodic transitia emerging at
a certain ergodinstability temperaturd, designated by a critical temperature at which the certain
physical characteristics exposes a divergent behavior. A traditional approach is to map the order
disorder thermodynamic transitions ornte geometric, cluster percolation picture [1].

Relaxation timescale for glagsrming materials was analyzed within a sadhsistent
thermodynamic cluster description combined with the cluster percolation concept. Using of the
ergodic hypothesis, its vialion was found near crossover from the Gaussian teGamssian
(Poisson) clustevolume fluctuations, with the help of Stauffer scaling form known for the finite
size fractal cluster distribution. The crossover of the compdctr uct ur e AnAedahgledi c o
like glassy nanoclusters treated at mesoscopic scale of consideration is attributed to their critical
size thermal fluctuations. For the special case of organic molecular supercooled liquids, the ergodic
nonergodic phase diagram was predictedifBterms of the ergodiphase instability temperature
Te, as a function of the glass fragility parameter. In the present study, the method communicated in
Ref. 3 is extended over inorganic liquids and amorphous solids. Equatibndae-analyzed in th
modetindependent form that provided the ergodic instability boundary in different glass forming
materials. This boundary now is tested by recent experimental data obtained fdorgtasg
polymers and metal alloys. In all cagbe temperature of erda instabilityis located below and
close to the glass transformation temperature. The distance between the two characteristic
temperatures decreases when the glass material fragility grows.

Financial support by the national agency CNPq is acknowledged.

[1] V.B. Kokshenev, Heterostructured Molecular Clusters in Supercooled Liquids and Other Glass
Forming Materials. Chapter in Atomic and Molecular Cluster Research, Ed. Y.L. Ping, Nova
Science Publishers, Inc. N.Y. (2006)

[2] V.B. Kokshenev, Low Temp. PRy, 35, 282 (2009)

[3] V.B. Kokshenev, Solid State Commuh19, 429 (2001)
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Condensed Phases of Hard Core Bosons on a Square Lattice
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A hardcore boson (HCB) model on a square lattice is known to exemplify liquid, solid and
superfluid phases. Up to now finite tempara phase diagrams for classical and quantum square
lattice HCB models have been investigated for the most part numerically. Analytically the diagrams
were built mainly within mean field approximation (MFA), which in essence implies that the Ising
modelwas treated, so that the hopping term in the HCB Hamiltonian was completely neglected.

It is important to elucidate using analytical methods how the hopping modifies the properties
of the HCB system as compared with those found within MFA. For this, tsmgme Green
function formalism with the decoupling on the first step (random phase approximation) we build
finite temperature phase diagrams and calculate thermodynamic functions for a quantum square
lattice hardcore boson model with nearest neighbon) and next nearest neighbor (nnn)
interactions [1]. The nn interaction is assumed to be repulsive while nnn interaction is considered to
be either attractive or moderately repulsive, so that the collinear or other complicated phases do not
appear.

The behavior of the system has been investigated at different magnitudes of hbapthg
ratio between the nn and nnn interactions. It turned out that for HCB model with only nn interaction
even arbitrary small hopping leads to the appearance of the fiest mindse transitions in the low
temperature region, whereas within MFA only continuous phase transitions are possible in this case.
The RPA analysis shows a significant distinction in the behavior of the HCB model at high and
small hopping. Namely, at snhddopping with decrease in temperature neither solid nor liquid can
exist as stable homogeneous phases, so that below a definite temperature the system is necessaril
separated into twphase mixture. In this respect the system with stridiBplays behawar similar
to that found for the Ising model. In the case of high enough hopping the properties of the system
are quite different. Due to the high kinetic energy there exists a density region where a stable
homogeneous liquid phase occurs up to zero temtyoer Furthermore, if the nnn interaction is
repulsive then the density region of absolute instability at zero temperature extends till some
density, above which a homogeneous solid phase can exist up to zero temperature at least as
metastable.

Our invesigations indicated conclusively the possibility of reentrant phase transitions in a
square lattice HCB with nn and nnn interactions. In particular, we confirm the corresponding
numerical results [2,3] found for HCB with only nn interaction.

[1] T. N. Antsygina, M. I. Poltavskaya, I. I. Poltavsky, and K. A. Chishko, Phys. R&@ B&74511
(2009)

[2] G. Schmid, S. Todo, M. Troyer, and A. Dorneich, Phys. Rev. 881t167208 (2002)

[3] M. Holtschneider, W. Selke, and R. Leidl, Phys. RevV2B064448 (2005)
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Two-Dimensional Hard Core Bosons at Zero Temperature: Superfluid Density
and Spin Wave Dispersion

T.N. Antsygina M.I. Poltavskaya, I.I. Poltavsky, and K.A. Chishko
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antsygina@ilt.kharkov.ua

Two-dimensional hard core boson (HCB) model exemplifies different phases such as liquid,
superfluid, solid, and supersolid characterized by coexistence of botbndiagnd offdiagonal
long-range order.

Ground state properties of the HCB model with neamegthbor (nn) repulsiony,;, and
nextnearesheighbor (nnn),V,, interaction (repulsive or attractive) on a square and triangular
lattices are investigated byapping onto a quantum magnet spity2 model. Using the nonlinear
spinwave approximation we find the ground state energy, the particle densityl the superfluid
density ps as functions of the chemical potential. We also calculate excitation spgkfraThe
spinwave dispersion curves of HCB on both types of lattices at various valpe¥pfandV,, are
presented along different directions in the Brillouin zone. For both types of lattices the spectrum is
gapless ak =0. We obtain corrections todlspin wave velocity due to the spin wave interaction.
The behavior of the excitation spectrum in special points on the boundary of the first Brillouin zone
is analyzed with the aim to determine the parametekg, andV, at whichw(k) in these points
becomes unstable and turns to zero. Vanishifk) implies the possibility of a phase transition into
a new phase.

At particle densities not too different from hdéilfing for a square lattice a roton minimum
develops in the dispersion curve at the anti@magnetic wave vectdk =(w,m). The minimum
becomes more pronounced with increase in nnn attraction, in complete accord with the fact that nnn
attraction stabilizes the Neel order. Account for nonlinear corrections deepens noticeably the roton
minimum, which means that at fixed attractive this minimum collapses to zero at smaller values
of Vi than the linear spiwave theory predicts. ¥, is repulsive, in the curve(k) there appear
another minimum at the wave vecthr= (n,0). This minimum deepenwith increase in nnn
repulsion. Such a behavior is quite expectable since the nnn repulsion gives rise to the formation of
the striped phase.

In the case of triangular lattice ptclose to hakHfilling the excitation spectrum has well
defined roton minimaat the pointk = (4r/3,0) and equivalent boundary points of the Brillouin
zone. Account for the nonlinear spirave corrections for a triangular lattice in distinction to a
square lattice shallows the roton minima making them less pronounced. Incre#tsactive nnn
interaction leads to a decrease in the roton gap. On the contrary, the nnn repulsion removes the
roton minimum changing it into a maximum.

The case of haffilling, when the expressions fas(k), p, andps simplify essentially, is
investicated in details. In literature the HCB@&t1/2 has been extensively studied for the most part
numerically. Despite of its simplicity, this special case is of particular interest, for it clearly
demonstrates the significant difference in the behavior oB 86 square and triangular lattices.
Indeed, atp=1/2 on a square lattice the transition from the superfluid is possible only into solid
phases, whereas on a triangular lattice the superfluid always changes by supersolid.

We compared our analytical resutts excitation spectra, particle density and superfluid
density with numerical simulation data$] and obtained a good agreement.

[1] T. Bryant, and R. R. P. Singh, [comnaht.strel] arXiv:0704.1642v2

[2] S. Wessel and M.Troyer, Phys. Rev. L88§, 127205 (2005)
[3] L. Dang, M. Boninsegni, and L. Pollet, Phys. Rev@ 132512 (2008)

82


mailto:antsygina@ilt.kharkov.ua

Two Dimensional Hard Core Bosons in the Random Phase Approximation

K.A. Chishkq T.N. Antsygina, M.l. Poltavskaya, and I.I. Poltavsky
B. Verkin Institute for Low Tempetae Physics and Engineering, 61103, Kharkov, Ukraine
chishko@ilt.kharkov.ua

A hardcore boson (HCB) model is appropriate for the description of quantum condensed
systems, such as atomic and molecular monolayers on substrates, particles trapped in optical
lattices. It is also used in helium physics, supersolid phenomena, and superconductivity. The HCB
Hamiltonian is naturally mapped into an anisotropic €jgih XXZ model in a magnetic field,
whose properties are in itself of great interest.

Using randomphase approximation we calculate thermodynamic functions of a square
lattice hard core boson model with nearest ¥inand next nearest neighbdrs (nnn) interactions
in terms of equivalent to it an anisotropic sfii2 XXZ model in a magnetic field [1]Contrary to
the mean field approximation, the present method takes consistently into account the hopping term
in the HCB Hamiltonian giving rise to the nontrivial dispersion of elementary excitations.

The system undergoes liquslid phase transitiorthat can be either of the first or second
order. Depending on the hopping vatugnd ratioo. = V;/ V, between nn and nnn interactions the
system displays two types of critical behavior. The line of the first order transitions terminates in a
bicritical endpoint inside the solid phase or ends in a tricritical point continuously giving way to the
second order phase transition line. The connection of the hopping and the wéttiocriticality of
the system is investigated. We have builtéhd / o V{ /2D dmgram, the locus of critical points
where bi and tricritical regimes change each other. It turned out that over the interval)l/{l+ p <
Qo>1. 38 only the tricriti co@mopointsog.iante ., appearpno s s i
thea-1/ pl ane, so that adi<nsddhe systamddisphaystthe-lsirdle t h e
tricritical behavior, res{fe®t iaWalOy6 Ilifn o utldn d
with the weltknown MFA results.

Thermodynamic perties of the system under study are investigated. For the anisotropic
1/2-spin XXZ model in a magnetic field we have derived the exact expression connecting the
internal energy with the transverse Green function. The heat cafaaitg¢ magnetic susceipility
v are calculated. As one would expect, the depende@¢€s and x(T) exhibit A-point kind
irregularities at the corresponding phase transition temperatures. In the paramagnetic phase a
temperature run of the susceptibility depends significantlwloether the magnetic fieldis lower
or higher than the critical valug which is a function of botha n d . T Inés the criicalt i t y
field that determines the phase transition between-figgnand paramagnetic states at zero
temperature.
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