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(2) BFACCROBRUMT : 877 F—  (#kIF) [ &3 [67, 68, 69, 70].

i#TE [66, 67, 68, 69, 70, T1, 72] ]
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EN-BFRTRAOLN I REFREERLERT28DHERDE, FOL 326D THLMIL, 14
HERDZVBETTL, RERBROELVCHETHS, HICHBEMIC RN SH D 2 KITRITR
A&, FERICBWCTTIBEERR L WO KERH LT Fa—FRFEELTHD, L L, Elhic®k
KBWTIREEAEEOBEERS L UM, ZHUIEHL N2 L0 TR, ER, E—ERE
FEB R OIE Tk, HEBESERMNES 2R L, REBEEAECRETIKEBEE (LDOS)p(r, E) 12
TNF 7T AAMRBRIZNTWAR, 2O LI REENT, UTOXdIC—R, HEREE LN
SLBLRWEHO L IICBAD, ZHEeAT T T ZAMERT LDOS O A5 AKIT Ag) <0
EESCIANF 777 R

((p(r, B))?) ~ L@
LRI B Y ST OWEED 2 1 (M) ABER, BIFSh5 r0 L) MRSV TR
72 <,

~A(2q)
{(p(r, E)) (p(0, E))T) ~ ﬁ . (E)

r

EVIHEHBTRT LN, BAREEHEREFPLALAL TV I NLTHS, AFATR. ko



[EERERLE AT 77 7 IO RENT EOREES) ik, 70X AROHMEBTERRE®NRE
FULRWIEEERT LT TIIRL, ZUy A ARITIEIAI— MEZBRLZFEAHOELZ 0D
AR —EHREFEEL, TOFBR, Lo 2 AHEBT. B4 5BEOWANS2ERERTWS D
LIZE VRIS TAEMRTED L VIERLT-, U EOERRBANG, EPEAKO~LF 7
FrENMERETLEDEREBEL, SL(2,C)/SU(2)Wess-Zumino-Witten & & O B#E 2 3K

e,

(2) SRTLT VY FLARICBTDHcAI— MERIEFEEBLRERE (80)
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d: Scaling exponents (m of velocity structure functions for (a) g = 0.235 and (b) s = 0.220. The present
results are given by the solid curve. The solid triangles (R, = 852) are the experimental results of Anselmet
et al., the squares (R) = 50, Re = 10000) and the circles (R = 110, Re = 32000} are from Menevean and
Sreenivasan. Note that R is the Taylor-scale Reynolds number. The results of the K41 model (independent
of i) are given by the dotted li ne, those of the S-model by the dashed line, those of the p-model by the
dotted-dashed line, those of the log-Poisson model (independent of ) by the short dashed curv e, and those
of the log-normal model by the two dotted-dashed curve.

(1) FEGibbs MENC X HRFAMOBET [ 3R [73, 74, 75,76, 77) : #E[L, 3,5,6,7]:
EiE (79, 80, 81, 82, 83, 84, 85, 88, 89, 90, 91, 92] ]
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AVVAT Y MIBRETAZI LN TEL, £k, WHhRAT 49T 408 - T A—FIXFEL
2V, BN EREEBRENG, BEILROEM L 2 5HF1E, 72 Boltzmann-Gibbs & T
1172 < 3k Gibbs I THDH Z LB, ZOBMBEERNT, HEOKEINLH THhEIHRTO
BHFICRELESFAREBTAEERS v (&2, BhoFEERTO Ry 0L EORR
5% B FAYITAEAT LTz, Taylor OBRHERO TiZ, ((0u(r)™) < ri= TEHEEND m KROMEHEBN
BB A2 5V VIR B, AT T T I FN - AT L flo) BRIALTRD B, 27
L, du(r) = |u(z +r) ~ u(z)] 1%, FEBEr B2 2 R CORBFRICIT 285 u OEEZRL TV,
HARHE ( cdots) 1%, IR ERFERIBICLIEHTHS, BHENLR U - 7, 1L
TRTOERT—F R REILLHB LTS, tMOBRTHONT (n DR (K41, SEER, g+
T, pETF I, X Poisson) EOLENDLL, KRLOBRBIENLTHDZ L0805, vk, &
TR ETMTEE, m> 1 DEE, (, THEENFET LI L Lo,

(2)  3EGibbs $EHC L MO AT

MO O L, B4V EHRETERINS I+ —7 ~ A« 75 X OFHRR
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ZEHEHBELTWS [ Jizha ], & 61U, SR OFEREHE S DI Gibbs FEEHZ L ST ORMIT L
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(3) NETFD L20iSH [ RE[2 ]
Non-Equilibrium Thermo Field Dynamics (NETFD) O#% Tit, FF#EFHGERSIEERA
FHR (BFHFCHORTHERAL) THi, HERECHLDEEZHEEHMHMEL LTRDLN




B, FITH, BIRIERMS RN (BYHE Liouwille 78X, &7 Langevin 78RX) &, — K
LEEEREFERAOG®RE L TER LI TS,

EREFRYS HFERAOEFRIC, Fermi BIF BV AT Z LTI L, OB, FAFHEE, 8
BEEDOMEE, IR MRFR—BLEBTHRIALIICRELE, BT, BRHELEREDTHS
[ Kobryn, #K|,

LIAT, BOBRTFR T, BLLHETREBEOLEENKIECHS, FRIEETIE, Bk
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FLTERERENS, I, #EHDIVIERBIREE, ToCHULWELE RS EERToER
I PRtk OREN) TR Z OGNS AEREE R LTS, :

BRRPEEIRECEIFEE LT, A7 —AFREAERTABCEERRRTHDS, 15
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PR AR BRONEEREBEEERICEI Z LB TX S, TOER, BWRRERELERIT 56 Fxf
(FNL - FEFNFTRTH) WM T, BEENHEONORRZRESEZR T 270 (FLy - F
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DEEATIZIE Gibbs #EFHEZ AL, 77 7 ¢ 7{LERIO &7 FHOFE M Gibbs P LT T
HHRBERY AN, ERERLO—HNRELIZR P L#BHELE. BF, BEHRCEEHREDT
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[9) B@RODAA (FX) [ [4] B [86]): LM% 1]
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Feb¥ TRELE) 70 Y) 2HEMTA2T 7 L— MUY, TREENO D84 THRb 5, BED
BEIEOWT, AU FMEROT b7 74 —OMEEFHBMITET 7 L— OfES, R~
Va-FRADBEIZOVWTHAE, TOBR, FAREESHEOEHENSHELET 71— b,
ARSI AT AT - R R T A LR Shot, EhiE, ZBROBEOKRLEY, B
BT 7= b & =FEM/ (the cubic map) T ATTEELFEF] (the admissi ble words) T
BT ohd Z e 0igdot, £, EEOBBEORBRERL VRO XFFIN, FREXTFHE -+
DORPEFELEDTEHTEZ L AR L [HE [4) : #1H [86]).

[10) FEFEHF - HiXHESE  ( Kobryn)

(1)  Classical systems

Investigation of transfer processes in dense weakly or fully ionized many-component gases is topical in
view of construction and improvement of new gaseous lasers, plasmo-chemical reactors for ozone synthesis,
and air cleaning of both nitrogen and carbon oxides and chlorine compounds.

The Enskog-Landau kinetic equation was considered to describe non-equilibrium processes of a mixture
of charged hard spheres. This equation has been obtained in my previous papers by means of the non-
equilibrium statistical operator method. Its normal solution has been found in the first approximation using
the standard Chapman-Enskog method. On the basis of the found solution the flows and transport coefficients
have been calculated. All transport coefficients for multi-component mixture of spherical Coulomb particles
are presented analytically. For dense systems, in which the usual Boltzmann equation does not work, this is
done for the first time. Numerical calculations of thermal conductivity and thermal diffusion coefficient are
performed for some specific mixtures of noble gases of high density. The calculations were compared with
those ones for point-like neutral and charged particles [78, 79, 80].

To describe non-equilibrium processes in dense liquids, new kinetic equation for systems with a multi-step
potential of interaction has been proposed. This potential consists of the hard sphere part and a set of
attractive and repulsive walls. Such a model is the unification of many previous semi-phenomenological
kinetic theories of dense gases and fluids. Normal solution to the new kinetic equation has been obtained,
integral conservation laws in the first order on gradients of hydrodynamic parameters have been derived
as well. The expressions for transport coefficients are calculated for the case of stationary process. All
of them have analytical structure. For specific parameters of the multi-step potential of interaction the
obtained results rearrange to those cnes of previous kinetic theories by means of the standard Chapman-
Enskog method. From that point of view, new theory can be considered as a generalized one which in some
particular cases arrives at the results of previous ones and in such a way displays a connection between
themselves. As a demonstration that proposed approach allows an accurate reproduction of experimental
and MD data for transport coefficients in a wide density-temperature range, results of numerical computation
for argon along a curve of saturation were compared with experimental data available and MD simulations.
[81, 93].

(2)  Quantum systems

In a dense high temperature quark-gluon plasma (QGP), which is characterized by strong interactions,
kinetic and hydrodynamic processes are mutually connected and should be considered consistently. Such
a description has been proposed on the basis of a non-equilibrium thermo field dynamics (NETFD) using
the method of non-equilibrium statistical operator by D.N. Zubarev. With this, generalized relativistic
quantum transport equations of the consistent description of the kinetics and hydrodynamics for QGP has
been obtained. This system of equations is nonlinear and could be used to describe both strongly and weakly
non-equilibrium states of a system. To be used, their structure needs a lot of transformations, especially for
transport cores. This permits the investigations of weakly non-equilibrium processes and kinetic equations
like the Boltzmann-Vlasov or Lenard-Balescu ones for diluted QGP. However, this is not a trivial problem.

The quantum stochastic differential equations within the NETFD have been studied in a unified manner
for bosonic and fermionic systems by choosing a proper phase for fermion fields in connection with the
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approach by C*-algebra. Within this approach, the obsolete rule of double tilde operation E =oA oc=+1

for bosons and -1 for fermions, is replaced on A = A for both boson and fermion type operators. With this,
a general form for the generator of time translations for fermion system has been obtained and dissipative
nature of open quantum fermion systems has been demonstrated. A connection with generating functional
method, kinetic equations method and S-matrix has been studied.

The structure of the quantum phase space distributions from the point of view of the NETFD has
been investigated. Whole the framework of NETFD was mapped to a c-number space by means of the
generalized coherent state representation. Two types of generalized coherent states (GCS) were introduced:
for bosons and for fermions, correspondingly. They are functions of complex variables in the first case and
Grassmann variables in the second one. Some important properties of mapping operators as well as rules
of correspondences between thermal states and their ¢-number functions representations were established.
Whole the formalism is applied to obtain a complete picture about the structure of quantum stochastic
dynamical equations and quantum stochastic Langevin equations of motion, both Ito and Stratonovich types,
in a phase space. The developed formalism is found to be compatible with that one of the classical stochastic
differential equations. At the same time the mapped framework in phase-space keeps the information about

quantum effects.

[11) #FHSE-PHEEE  (Jizba)
(1) Generalized Statistics

The past two decades have witnessed an explosion of activity and progress in both equilibrium and
non—equilibrinm statistical physics. The catalyst has been the massive infusion of ideas from information
theory, theory of chaotic dynamical systems, theory of critical phenomena, and quantum field theory. These
ideas include the generalized information measures, quasi—periodic attractors and strange attractors, fully
developed turbulence, renormalization group, rencrmalization of large—scale dynarmics, and attractive, albeit
speculative, ideas about quark—gluon plasma formation and dynamics.

In the course of my stay at the University of Tsukuba I have proceeded in this line of development with
a particular emphasize to topics related to the more quantitative aspects of Rényi’s statistics and the non-
extensive statistics of THC. Especially, I generalized Hagedorn’s statistical theory of momentum spectra of
particles produced in high-energy collisions utilizing both Rényi’s and THC entropy. While for collider ex-
periments {e.g., ete™ annihilation) the Hagedorn theory yields a good description for relatively small center
of mass energies (<10GeV), it fails at large energies. For example, Hagedorn’s approach predicts an expo-
nential decay of differential cross sections for large transverse momenta, whereas in experiments one observes
non—exponential behavior for large energies (>10GeV). For this reason one usually restricts to comparison
of the experimental results at high energies to Monte Carlo simulations, which reasonably well reproduce
the experimental data. But obviously, for 2 more fundamental understanding from a statistical physics of
view there is a need to generalize Hagedorn’s original ideas. One crucial points, namely the self similarity of
the high—energy scattering processes, already recognized by Hagedorn, was never quantitatively taken into
account. From this point of view Rény’s statistics seems to be particularly suitable for generalization of the
Hagedorn theory because of its build-in predisposition to describe self-similar systems. Such a generalization
could in turn bring and enhancement in the predictability of momentum spectra of particles produced, for
example, in cosmic ray experiments, in hadronic collisions or in collisions of nuclei. One can also speculate
that some novel signatures of quark—gluon plasma (deconfined phase quarks and gluons created, for instance,
in relativistic heavy ion collisions) could be predicted. Our present results will be published in [82] and were
recently presented on the International Symposium on Non—equilibrium and Nonlinear Dynamics in Beijing,
China.

Another interesting subject in this line of research which 1 was concentrated on has been the application
of generalized statistics to cosmology and particularly to the cosmic strings physics. In cosmology, unified
gauge theories of particle interactions allows for a sequence of phase transitions in the very early universe
some of which may lead to defect formation via the so called Kibble—Zurek mechanism. Cosmic strings as
the most proncunced example of such defects, could have important relevance on the large scale structure

formation of the universe or on CMBR (cosmic microwave background radiation) anisotropies. In astro-
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physics, for instance, cosmic strings play important réle in dynamics of neutron stars and in the galaxy
astrophysics. In usual cases when the grand cancnical approach is applied it is argued that at the critical
(phase transition) temperature at which strings tend to fragment into smallest allowed loops, while large
loops hecome exponentially suppressed - i.e., at Hagedorn temperature, the correspondence between the
canonical and microcanonical ensembles breaks down and the grand canonical partition function diverges.
Various viewpoints with different remedies were proposed recently in the literature. On the other hand, it is
well known that the distribution of string loops in the universe should be scale invariant. The latter suggests
that Rény1’s or THC statistics could be applied to construct the generalized grand canonical partition func-
tion for the string network. Our current results suggest that the new phase transition temperature should
be lower than Hagedorn’s one. This point will be presented on a shortcoming (July) conference “COSLAB”
in London [83]. It would be definitely interesting the exploit this further and contrast our way with the
conformal theory approach recently proposed by Mitchell and Turok.

{2}  Topological Defecis and QFT

In many different fields of physics topological defects formed at symmetry breaking phase transitions

play an important réle. Topological defects appear in many condensed-matter systems at low temperature;
examples include vortices in rotating superfluid *H below the A-point, a rich variety of defects in 3H,
quantized magnetic flux tubes (Abrikosov’s vortices) in type—II superconductors, and disclination lines and
other defects in liquid nematic crystals. Another, currently very attractive and widely studied area are
nonlinear optical systems where the optical patterns/defects formation due to optical instabilities have found
a deep analogy to the phase transitions in field theeries. In cosmology, unified gauge theories of particle
interactions allows for a sequence of phase transitions in the very early universe some of which may lead to
defect formation with In astrophysics, defects play an important role in the dynamics of neutron stars and
in the galaxy astrophysics.
The basic phenomenological picture of defect formation is presently understood via the Kibble-Zurek mech-
anism. The idea is that in many systems, when the phase transition associated with a symmetry breaking
takes place, some regions of space may remain trapped in the initial symmetric phase. These regions are
usually called topological defects.

The crux about topological defects is that they are experimentally detectable and thus provide an obser-
vational handle on the underlying microscopic dynamics of the phase transitions in which they are formed.
In other words, a detection of the topological defects (both direct or indirect) should provide an important
theoretical probe allowing to learn a new physics about the non—equilibrium evolution of the underlying
quantum fields. It is thus of great importance, both for high—energy and condensed matter physicists, to
understand in detail the underiying mechanisms of the dynamics of the phase transitions and to develop
~ the appropriate field theoretical framework necessary to deal with the non-equilibrium aspects of symmetry
breaking. Together with D¥r. M.Blasone (IC, London) I have developed a new approach which combines
a description of topological defect as condensates of quanta, together with the non—equilibrium dynamics
of quantum fields, in the framework of the so called Closed-Time-Path (CTP) formalism, first introduced
by Schwinger and Keldysh. We show in [84] that macroscopic {topological) objects arise naturally in the
framework of Quantum Field Theory {QFT) as localized (inhomogeneous) condensates of quanta: the usual
classical soliton solutions are then obtained in the Born approximation {i.e. the B — 0 limit) and in the
heavy-mass (WKB or Gutzwiller) approximation. Recently I started to concentrate on a paradigmatic
system, namely A¢* in 1 + 1 dimensions at finite temperature T. Whilst 7' = 0 case was investigated by
Dr. Blasone (IC, London) and myself already in [84], the case of T' # 0 poses an interesting challenge. The
nature of the dynamics at finite temperature is far more complex and is closely connected with, the so called,
infrared catastrophe which is seemingly inherent to finite temperature quantum field theories. Using the
hard thermal loop resummation technique we investigated in [85] how the one and two point correlation
functions behave in the infrared region and hence as the kink shape changes and eventually disappears at a
“critical” value of T. In this connection it would be also interesting to extend this study to non-equilibrium

— 103 —



media where I expect to find the same qualitative behavior which was observed recently by Zurek et al. in
numerical simulations on a similar system. One can go even further with the foregoing reasonings. For ex-
ample, localized condensation of Cooper’s pairs forms the superconducting {Abricosov’s) vortices in type-II
superconductors or superfluid vortices in *H. Similarly, a non-homogeneous condensate of Goldstone parti-
cles in the abelian Yang—Mills theories is responsible for the Nielsen—Olesen vortices. Since this condensation
is controlled by a shift of the Goldstone field, the method provides a powerful way of including (at an oper-
atorial level) the initial conditions describing defects in systems under consideration. The Heisenberg field
operators with such conditions reflect the full information about the defects, the quasiparticles/elementary
excitations and their mutual interaction and thus correlation functions constructed out of those fields will
bear an imprint of topological defects. So it would be definitely interesting to relate correlation functions
for the system with and without vortices. This would allowed me to find the corrections to the correlation
length (i.e. an effective distance at which particles involved mutually interact) in the case when topological
defects are present. The extension of this study to the finite temperature case would be the next logical step
in my investigation. Namely, the consideration of hydrostatic pressure or the propagation of second sound
waves (if He II is in question) could be an interesting practical/theoretical probe allowing one to test the
dynamics (and number) of topological defects.

(3)  Dissipation and Quantization

I have started recently to work (together with Dr.M. Blasone and Prof.G. Vitielo) on a quantitative
development of ’t Hooft idea of deterministic quantization via information loss. In ref.[86] we have shown,
that imposing 't Hooft’s “adiabaticity” condition on the classical Bateman’s dual system one ends up with a
one—dimensional quantum oscillator. Moreover, in we showed [87], that the zero point energy finds its origin
in the geometric phase of the classical system. It is the intrinsic non-local nature of geometric phases which
takes naturally care of potential objections based, for example, on Bell's inequahities. Some of the results
were recently presented on “XIIT International Congress of Mathematical Physics” in London and on the
“International conference on Quantum Mechanics; Quantum (Un}Speakables” in Vienna.

(4) Particle Oscillations

Particle mixing received recently a considerable attention in connection with the neutrino mass mea-
surernents (e.g., Kamiokande) and 2 — g experiments on B mesons in PEP2 (SLAC, USA) and at KEKB
(KEK, Japan). In our recent paper [88] we present (Dr.M. Blasone, Prof.G. Vitiello and PJ) an analysis,
both for bosons and fermions, of the structure of the currents for a system of two mixed fields. Our approach
is based on QFT (and not on QM as it is more customary) and namely on the notion of non—equivalent
Hilbert spaces theory. The latter allows us to obtain in a direct way the exact field theoretical oscillation

formulas exhibiting corrections with respect to the usnal ones.
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