
At the Bogoliubov Laboratory of Theoretical
Physics (BLTP), studies are carried out on the fol-
lowing four themes: ®Fields and Particles¯, ®Modern
Mathematical Physics¯, ®Theory of Nuclei and Other
Finite Systems¯, ®Theory of Condensed Matter¯. Im-

portant components of BLTP's activities are theoreti-
cal support of experimental research to be carried out
with JINR participation and recruiting of young re-
searchers, students, and postgraduate students for the
work.

FIELDS AND PARTICLES

Theoretical research in the Fields and Particles di-
vision of BLTP covers a wide ˇeld of activity in quan-
tum ˇeld theory (QFT) and phenomenology of particle
physics.

Phenomenology of particle physics includes the
Standard Model of fundamental interactions and its ex-
tension as well as high- and low-energy hadron physics.
The main topics are:

• Supersymmetry phenomenology;
• QCD structure functions;
• Spin and polarization phenomena;
• Chiral model and meson spectroscopy.
In 2003, considerable progress was achieved in sev-

eral directions. Below one can ˇnd a brief description
of selected results obtained on the theme at BLTP.

Two-loop corrections to the anomalous dimension
matrix for twist-2 operators in the N = 4 supersym-
metric YangÄMills theory were calculated for polar-
ized and unpolarized cases. In the ˇrst two orders
of perturbation theory, the eigenvalues of this matrix
are expressed in terms of a universal function with
arguments shifted by integer numbers. The leading-
order part of this function is Euler's Psi-function. The
next-to-leading correction has a more complicated form
and can be expressed via the second derivative of
Psi-function together with some related functions. In
the framework of the AdS/CFT correspondence, which

allows one to investigate the proper strong-coupling
limits through the calculations in classical supergravity
in the anti-de-Sitter space, these results are interpreted
as an indication of the corresponding relations between
the weak- and strong-coupling regimes for the eigen-
values of the anomalous dimension matrix of Wilson
operators [1].

The ®returning-to-resonance¯ mechanism can be
used to obtain a simple procedure of taking RC to
DIS cross section into account in the framework of the
DrellÄYan picture. The iteration procedure is proposed.
The kinematic region y → 1 can be described in the
framework of the DrellÄYan picture using a structure
function approach. The large RC in the lowest or-
der re�ect Sudakov form factor suppression, which can
be taken into account in all the orders of perturbation
theory. Based on explicit calculation in two lowest
orders of perturbation theory, we construct the cross
section in the y → 1 region obeying renormalization
group equations along with the Sudakov-like form fac-
tor suppression [2].

Starting with the very high energy elastic and inelas-
tic electronÄnucleon scattering with a production of a
hadronic state X moving closely to the direction of the
initial nucleon, then utilizing analytic properties of the
forward Compton scattering amplitudes on the protons
and neutrons, for the case of small transferred momenta
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one can ˇnally derive a sum rule relating Dirac radii
and anomalous magnetic moments of the proton and
the neutron to the integral over a difference of the total
proton and neutron photoproduction cross sections [3].

The polarized quark distributions obtained by SMC
and HERMES were analyzed. It was shown that while
the SMC results for the ˇrst moments ∆1q were in
good agreement with the Bjorken sum rule, the respec-
tive HERMES result was inconsistent with this impor-
tant sum rule. Both experiments have applied the LO
QCD technique to extract ∆q(x) from measured asym-
metries. But Q2 region of HERMES is lower than that
of SMC, and the NLO QCD approach in the HERMES
case may be necessary. The possibility of broken po-
larized sea scenario was also analyzed. It was shown
that if one uses the published HERMES results for the
valence quark distributions, then application of the sum
rule written in terms of the valence and sea quarks,
which is equivalent to the Bjorken sum rule, leads to a
rather amazing result

∆1ū − ∆1d̄ = 0.235 ± 0.097;

i.e., the polarized sea of light quarks is asymmetric with
respect to ū and d̄ quark polarized distributions [4].

Predictions are made for single spin azimuthal
asymmetries due to the Collins effect in pion pro-
duction from semi-inclusive deeply inelastic scattering
off transversely and longitudinally polarized targets for

the HERMES and COMPASS experiments. The x-
dependence of the asymmetries is evaluated using the
parton distribution functions from the chiral quarkÄ
soliton model. The overall normalization of the pre-
dicted asymmetries is determined by the information
on the Collins fragmentation function extracted from
the previous HERMES data on azimuthal asymmetries
Asin φ

UL from a longitudinally polarized target where the
Sivers effect is shown to be strongly suppressed. The
single spin asymmetries

AUT =
∫

dφ sin (φ + φS) (dσ+/P+dφ − dσ−/P−dφ)
∫

dφdy (dσ+/dφ + dσ−/dφ)

from the transversely polarized proton target are found
to be about 10% for positive and neutral pions at both
HERMES and COMPASS. For the longitudinally polar-
ized target we obtain for COMPASS Asin φ

UL ∼ 0.5% and

Asin 2φ
UL ∼ 1.5%. The preliminary data from HERMES

agree with the predictions for π+ (see ˇgure), but some
disagreement is seen for π− and especially for π0. The
reason for this is yet unclear [5].

The way of ®translating¯ some singular longÄrange
asymptotic behaviors to the infrared (IR) momentum re-
gion was proposed. It is based on the Tauber theorem
and has a direct relation to interpretation of some recent
results on the IR behavior of the QCD effective cou-
pling obtained by the ALPHA collaboration by lattice
simulation of the functional Schréodinger integral [6].

The new nonperturbative QCD inputs, the light cone
distributions of the pairs of vector mesons, were intro-
duced and successfully applied to the description of the
recent data released by the L3 collaboration [7].

The BetheÄSalpeter equation within a scalar theory
in the ladder approximation is written in the form of an
integral equation in the conˇguration Euclidean x-space
with the kernel which for stable bound states is a self-
adjoint positive operator. The solution of the BetheÄ
Salpeter equation is formulated as a variational problem,
and the analytical form of test functions for which the
accuracy of calculations of bound state masses is bet-

ter than 1% in comparison with the available numerical
calculations is found [8].

In the wake of exploring CP violation in the de-
cays of B and Bc mesons, a straightforward calculation
of their nonleptonic decay rates was performed within
a relativistic quark model. It was conˇrmed that the
decays B → Ds anti-D0 and Bc → DsD0 were well
suited to extract the CabibboÄKobayashiÄMaskawa an-
gle γ through the amplitude relations, because their de-
cay widths were of the same order of magnitude. In the
bÄc sector the decays B → DK and Bc → DD lead
to squashed triangles, which are therefore not so useful

46



to determine the angle experimentally. The rates for
other nonleptonic Bc decays are also determined and
the obtained results are compared with the results of
other studies [9].

The contribution of instantons to the electromag-
netic form factors of constituent quark was calculated.
This contribution allows one to explain new data on
scaling violation in deep-inelastic scattering [10].

The nonlocal quark model with conˇnement was
constructed. The strong decays of the ρ and a1 mesons
and electromagnetic form factor of the pion were de-
scribed [11].

The higher twist corrections hN (x)/Q2 to the
spin-dependent proton and neutron structure functions
gN
1 (x, Q2) were extracted in a model independent way

from the world experimental data on gN
1 and found to

be nonnegligible [12].

On the basis of the quarkÄhadron duality sum rules
in the resonance region, new relations were derived for
the two-photon widths of light and heavy scalar and
pseudoscalar mesons and a new scheme was proposed
of the quarkÄdiquarkÄglueball conˇguration mixing for
the low-lying scalar mesons [13].

The origin of recently reported anisotropy of the
local velocity ˇeld of nearby galaxies (velocities <
500 km/s corresponding to the distance less than 8
Mpc) was studied. The formation mechanism of galax-
ies and their clusters in the presence of the cen-
tral gravitational ˇeld was proposed. It was shown
by the simplest model that galaxies and their clus-
ters would have a periodical structure that can be
connected with the large-scale structures of the Uni-
verse [14].

MODERN MATHEMATICAL PHYSICS

The topics of main focus in the theme were:
• Supersymmetry and superstrings;
• Quantum groups and integrable systems;
• Quantum gravity and cosmology.
Below are presented some results obtained in 2003

on these subjects.
A speciˇc quantum Lax operator L, forming a quan-

tum chain model, was suggested and the corresponding
intertwining RLL relation was proved. This L op-
erator is important for reformulation of the auxiliary
linear problem of 3-dimensional quantum integrable
models [15].

Three-dimensional exactly solvable spin models and
the relevant discrete classical systems on the cubic lat-
tice were investigated. The solution of classical sys-
tems were found by the methods of algebraic geometry
and were parametrized by the compact algebraic curves
of the ˇnite genus. These results were used to get
parametrization for the Boltzmann weights of the spin
models which satisfy the modiˇed tetrahedron equa-
tion [16].

A new algebraic approach (which uses the methods
of quantum integrability) to analytical calculations of
perturbative integrals for multiloop Feynman diagrams
was proposed. It was shown that an important class of
perturbative integrals for ladder massless diagrams was
given by the Green function for the conformal quantum
mechanics [17].

The pp-wave string bit model was analyzed in the
framework of the YangÄMills pp-wave correspondence.
We found the inconsistency of the above model due to
a spectrum doubling in the fermionic sector. A way to
avoid this inconsistency was also proposed [18].

Further investigations of a new class of special func-
tions of mathematical physics proposed earlier were
performed. A general theory of integrals of hyperge-
ometric type associated with the Jacobi theta functions
was developed. A theta analog of the univariate Meijer
function was deˇned. New multiple elliptic beta inte-
grals associated with the root systems An and Cn were
constructed. Main properties of the elliptic biorthogonal
functions analogous to the AskeyÄWilson polynomials
in the theory of orthogonal polynomials were investi-
gated [19].

On the Grassmann-odd coset space SU(n|1)/U(n)
the ChernÄSimons mechanics of a particle was consid-
ered. A new quantization of this model was imple-
mented, for which the states with nonzero norm trans-
form as a representation of SU(n|1). For n = 2 the
wave function can be interpreted as a BRST super-
ˇeld [20].

A new reduction mechanism was proposed for con-
structing n-particle (super)conformal theories with pair-
wise interaction. It was used to derive N = 4 supercon-
formal extension of a complexiˇcation of the Calogero
model and a D(2, 1|α)-invariant n-particle system [21].

It was shown that the quantization of a superparti-
cle propagating in N = 1, D = 4 superspace extended
with tensorial coordinates results in an inˇnite tower
of massless spin states satisfying the Vasiliev unfolded
equations for free higher spin ˇelds in �at and AdS4

N = 1 superspaces. The model is manifestly invariant
under OSp(N |8) (N = 1, 2) superconformal symme-
try [22].

Bi-Hamiltonian structure and Lax pair formulation
with the spectral parameter of the generalized fermi-
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onic Toda lattice hierarchy, as well as its bosonic and
fermionic symmetries for different (including periodic)
boundary conditions, were described. Its two reduc-
tions Å N = 4 and N = 2 supersymmetric Toda lattice
hierarchies Å in different (including canonical) bases
were investigated. Its r-matrix description, monodromy
matrix, and spectral curves were discussed [23].

It is well known that due to vanishing theorems
there are no nontrivial ˇnite action solutions to the
Abelian SeibergÄWitten (SW) monopole equations on
Euclidean four-dimensional space R4. It is shown that
this is no longer true for a noncommutative version
of these equations, i.e., on a noncommutative deforma-
tion R4

θ of R4 there exist smooth solutions to the SW
equations having nonzero topological charge. The ac-
tion functionals for the noncommutative SW equations
were introduced, and explicit regular solutions were
constructed. All these solutions have ˇnite energy. The
obtained solutions were interpreted as codimensional
four vortex-like solitons representing D(p-4)- and anti-
D(p-4)-branes in a DpÄanti-Dp brane system in type-II
superstring theory [24].

A derivation of the entropy of black holes in in-
duced gravity models based on conformal properties of
induced gravity constituents near the horizon was given.
The four-dimensional (4D) theory was ˇrst reduced to a
tower of two-dimensional (2D) gravities such that each
2D theory was induced by ˇelds with certain momen-
tum p along the horizon. It was then demonstrated that
in the vicinity of the horizon the constituents of the 2D
induced gravities were described by conformal ˇeld the-
ories (CFTs) with speciˇc central charges depending on
spin and nonminimal couplings and with speciˇc cor-
relation lengths depending on the masses of ˇelds and
the momentum p. This enables one to use CFT meth-
ods to count partial entropies s(p) in each 2D sector.
The sum of partial entropies correctly reproduces the
BekensteinÄHawking entropy of the 4D induced grav-
ity theory. These results indicate that earlier attempts
to derive the entropy of black holes based on a near-
horizon CFT may have a microscopic realization [25].

A consistent method was developed for construct-
ing the integral equations determining the heat kernel
for compound media (the material characteristics of
such media have jump discontinuities at the interface
between the media). The method is based on employ-
ment of the heat potentials which are, in the case of heat
equation, the analog of the Newtonian, or electrostatic,
potentials widely used in the Laplace equation theory.
In the case of compound media the principal part of the
differential operator, governing the dynamics of quan-
tum ˇelds, is not smooth. As a result, the traditional
methods of constructing and investigating the heat ker-
nel do not work here. The method proposed is in fact
a unique one in this ˇled of studies [26].

The results, obtained before for the models of
relativistic particles described by the Lagrangians with
higher derivatives, have found a direct application in
studies of statistical properties of polymers and proteins.
In particular, proceeding from the general properties of
the protein chains, one succeeded in constructing the
functional of the effective free energy for helical pro-
teins. In this case, the inverse variational problem
was solved; namely, for typical conˇgurations of the
protein chains the relevant effective free energy was
recovered, the extrema of which are only the observed
conˇgurations of the protein molecules (the helices in
our case) [27].

The duality transformation in 1D quantum me-
chanics on sphere S1 was established. It was shown
that the complex mapping of S1C → S1 generalized
the Hurwitz-type transformations well known from 1D
Euclidean space. As in the case of �at space, this map-
ping leads to a duality of Coulomb and CalogeroÄMoser
systems [28].

The form of the Wigner distribution functions for
Hamiltonian systems on the n-dimensional sphere Sn

was proposed. An essential part of this construc-
tion is the use of the Sherman and Volobuev func-
tions, which are an overcomplete set of plane-wave-
like solution of the LaplaceÄBeltrami equation for this
space [29].

THEORY OF NUCLEI AND OTHER FINITE SYSTEMS

In 2003, investigations within the area ®Theory of
Nuclei and Other Finite Systems¯ were carried out in
accordance with the four projects:

• Nuclear structure under extreme conditions;

• Dynamics and manifestation of structure in nu-
clear and mesoscopic systems;

• Few-body physics;

• Relativistic nuclear dynamics.

The following main results were obtained in the
ˇeld of nuclear structure theory:

Starting with an effective interaction of the Skyrme
type, the ˇnite-rank separable approximation was pro-
posed for the residual particleÄhole interaction. It al-
lows one to perform numerical calculations of the struc-
ture of heavy nuclei in very large particleÄhole spaces.
The approach was extended to take into account ef-
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fects of pairing correlations as well as a coupling be-
tween one- and two-phonon conˇgurations. The en-
ergies and transition probabilities for the 2+ and 3−

states in the neutron-rich Sn isotopes were calculated
and were found to be in reasonable agreement with
available experimental data [30].

An equivalence between the pairing correlations and
the vortical currents in reducing the nuclear moments
of inertia was established. This ˇnding results from
the comparison of microscopic calculations within the
HFB method and the microscopic calculations within
the HF calculations (without pairing) constrained to
have the same Kelvin circulation expectation value. It
was shown in several mass regions, pairing regimes, and
for various spin values that the two procedures yielded
practically identical moments of inertia, angular veloc-
ities, and current distributions [31].

The excitation spectra and the electromagnetic decay
properties of the superdeformed band in 60Zn, includ-
ing a decay to the ground state band, were studied in
the framework of the dinuclear system model, which is
a variant of a cluster model. The Hamiltonian of the
model contains a degree of freedom of mass asymmetry
motion. It was shown that the states of the superde-
formed band are described mainly as Be-cluster con-
ˇgurations, whereas the states of the ground state band
have a signiˇcant contribution of an α-cluster compo-
nent [32].

A self-consistent version of the thermal random
phase approximation (TSCRPA) was derived within the
Matsubara Green function formalism. The new approx-
imation was applied to the many-level pairing model.
The temperature dependences of correlation and exci-
tation energies, speciˇc heat, and level densities were
studied. The agreement with the exact results calculated
for the grand canonical ensemble is within the couple
of per cent level. Particularly interesting is the fact that
the single-particle Green function is calculated consis-
tently within TSCRPA. Due to this, the evolution of the
single-particle level density with temperature was traced
for the many-level pairing model for the ˇrst time [33].

The impact of nuclear deformation on momentum
distribution of deep hole states in 238U was studied
for different mean ˇelds, including those based on the
HartreeÄFock calculations with the SkM effective force.
It was shown that Kπ = 1/2+ states with a large � = 0
component can be discriminated in knock-out experi-
ments. This can provide valuable information about the
deep hole domain of the mean ˇeld [34].

Moreover, new results were obtained in theoretical
investigations of nucleusÄnucleus collisions.

The production cross sections and excitation func-
tions for different neutron-deˇcient isotopes were ana-
lyzed in the framework of the dinuclear system model.
The low energy tails of the excitation functions in the
6n + 7n, p3n, and α4n + α4n evaporation channels
appear to be sensitive to contaminations of the target
by other isotopes or the neighboring nuclei. Few reac-

tions were proposed for the production of very neutron-
deˇcient Ba isotopes with quite large cross sections for
the study of cluster radioactivity [35].

The role of the entrance channel in fusionÄˇssion
reactions 86Kr + 130Xe, as well as 124Sn + 92Zr re-
actions, leading to the same compound nucleus 216Th∗

was studied. At nearly the same excitation energy the
evaporation residue formation cross section for the lat-
ter reaction appears to be four times larger than for
the former one, which is characterized by larger mass
asymmetry. The calculations taking into account the
shell structure of interacting nuclei showed that the
partial fusion cross section is also larger for the re-
action 124Sn + 92Zr, because its intrinsic fusion barrier
is smaller [36].

Various problems were investigated within the
project Few-Body Physics. The corresponding results
are:

The six-dimensional Schréodinger equation for a
three-body system with two-body central potentials of a
more general type than the Coulomb ones was studied.
The regular general and particular physical solutions
of this equation were represented as inˇnite asymptotic
series in integer powers of the distance between two par-
ticles and the sought functions of the other three-particle
variables. In the angular basis formed by the spherical
and bispherical harmonics or the symmetrized Wigner
D-functions, the construction of these functions was re-
duced to solving simple algebraic recurrence equations.
For the projections of the physical solutions onto an-
gular basic functions, the boundary conditions at the
two-body collision point were derived [37].

A new representation for the solution to the opera-
tor Sylvester equation in the form of a Stieltjes operator
integral was obtained. Also new sufˇcient conditions
for the strong solvability of the operator Riccati equa-
tion were found. These conditions simultaneously en-
sure the existence of reduced graph subspaces for block
operator matrices. Next, the concept of the LifshitsÄ
Krein spectral shift function associated with a pair of
self-adjoint operators was extended to the case of pairs
of admissible operators that are similar to self-adjoint
operators. Based on this new concept the spectral shift
function arising in a perturbation problem for block ma-
trix Hamiltonians was expressed in terms of the angular
operators associated with the corresponding perturbed
and unperturbed eigenspaces [38].

A self-consistent analysis of pion scattering and pion
photoproduction within a coupled-channel dynamical
model was performed. The results indicate the exis-
tence of the third and the fourth S11 resonances with the
masses (1803±7) and (2117±64) MeV. This is consis-
tent with the predictions of the recent constituent-quark
models. In the case of pion photoproduction, large neg-
ative background contributions to the imaginary part of
the S-wave multipole were obtained. Due to this fact,
much larger resonance contributions are required to ex-
plain the results of the recent multipole analysis. In par-
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ticular, for the ˇrst S11(1535) resonance the following
value of the dressed electromagnetic helicity amplitude
is obtained: A1/2 = 72 ± 2 · 10−3 GeV−1/2 [39].

On the basis of a ˇnite-rank approximation ap-
proach, photoproduction of η mesons on the three-
nucleon nuclei was studied numerically. Calculations
were performed for the coherent photoproduction near
the threshold. Target wave functions were computed
by making use of Faddeev-type equations with the
Mal�ietÄTjon NN potentials. The results indicate a
strong ˇnal-state interaction of the η meson with the
residual nucleus [40].

The main results of the project Relativistic Nuclear
Dynamics are:

A theoretical model as well as a code for numeri-
cal calculations were developed to study the φ-meson
photoproduction. The diffractive φ-meson photopro-
duction amplitude is dominated by the Pomeron ex-
change process and contains the terms that govern the
spinÄspin and spin-orbital interactions. It was shown
that these terms were responsible for the spin-�ip tran-
sitions at forward photoproduction angles and appear in
the angular distributions of the φ → K+K− decay in
reactions with unpolarized and polarized photon beams.
At large momentum transfers, the main contribution to
the φ-meson photoproduction was found to be due to
the excitation of nucleon resonances [41].

The ˇnal-state interaction effects (FSI) in semi-
exclusive deep-inelastic scattering of electrons off the

deuteron were analyzed and the extreme kinematic re-
gions were found, where FSI was minimized so that
the quark distribution of bound nucleons could be in-
vestigated. The other region is revealed, where the
re-interaction of the produced hadrons with the specta-
tor nucleon was maximized, which would allow one to
study the mechanism of hadronization of highly virtual
quarks. The calculations were performed to establish
the respective kinematic conditions at JLab (BONUS
collaboration E03-012) and HERA (HERMES collabo-
ration) [42].

The realistic quasiparticle-based description of the
quark-gluon matter in thermodynamics was given, and
the method was developed for treating the string screen-
ing in the dense matter of unbound color charges. The
proposed method yields an integrable effective pair po-
tential which can be incorporated into the mean-ˇeld
picture. The results of its application are in reasonable
agreement with lattice data on the QCD thermodynam-
ics [43].

The high-energy approach to the microscopic cal-
culations of the total nucleusÄnucleus reaction cross
sections at intermediate energies was developed based
on the realistic nuclear density distributions taken, e.g.,
from the electron scattering data. This allows one to
make calculations without free parameters. The role of
in-medium and distortion effects are studied, and the re-
spective theoretical bars are estimated when comparing
calculations with experimental data [44].

THEORY OF CONDENSED MATTER

Theoretical investigations in the Theory of Con-
densed Matter were continued in the framework of the
following projects:

• Strongly correlated systems;

• Dynamical systems: chaos, integrability, and self-
organization;

• Disordered structures: glasses, topologi-
cal defects, nanostructures, and the Josephson
junction;

• Mesoscopic and coherent phenomena in quantum
systems.

The following main results on the problem of
strongly correlated systems were obtained:

The phenomenological theory of the orbital phase
transitions in the Pr1−xCaxMnO3 manganite is devel-
oped. It is shown that two different phases in this
compound observed in recent neutron diffraction ex-
periments are essentially two different orbital phases,
which can be accompanied by the charge ordering phase
transition [45].

A superexchange theory for the insulating double-
perovskite compound Sr2FeWO6 was developed based
on an effective spin-orbital Hamiltonian formulated in
terms of spin (S = 2) and orbital pseudo-spin (τ = 1)
degrees of freedom of the Fe ion. It was shown that for
realistic values of the model parameters the ground state
was antiferromagnetic, as experimentally observed [46].

The spectral density functional theory for electronic
structure calculations of strongly correlated materials
where the singleÄparticle description breaks down is
developed. Within this method several examples of sys-
tems near metal-insulator transition, near volume col-
lapse transition, and systems with local moments are
considered [47].

In the ˇeld of the theory of dynamical systems:
chaos, integrability, and self-organization, the ˇrst
complete nonstationary solution of the master equation
for a system of interacting particles of ˇnite density is
presented. By using a new form of the Bethe ansatz, the
totally asymmetric exclusion process on a ring is solved
for arbitrary initial conditions and time intervals [48].
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In the investigations of disordered structures the
following main results were obtained:

An instanton approximation to the continuous-time
spin coherent-state path integral was used to obtain the
tunnel splitting of classically degenerate ground states.
The method was applied to the description of the mole-
cular magnet Fe8 in a transverse ˇeld [49].

Within a 2D model of Josephson junction arrays,
a few novel effects expected to occur in intrinsically
granular material are predicted including: (i) Josephson
chemomagnetism (chemically induced magnetic mo-
ment in zero applied magnetic ˇeld) and its in�uence on
a low-ˇeld magnetization (chemically induced paramag-
netic Meissner effect), and (ii) magnetoconcentration ef-
fect (creation of oxygen vacancies in applied magnetic
ˇeld) and its in�uence on a high-ˇeld magnetization
(chemically induced analog of ®ˇshtail¯ anomaly) [50].

A variant of a gauge theory was formulated to
describe the electronic states due to topological de-
fects in variously shaped carbon nanoparticles. The

local and total density of states (DOS) near the pen-
tagonal defects (disclinations) were calculated for three
geometries: sphere, cone, and hyperboloid. The ap-
pearance of enhanced charge density near the Fermi
level for nanocones with a 60◦ opening angle was
predicted [51].

The main topics of mesoscopic and coherent phe-
nomena in quantum systems cover the expansion of
basic quantum effects to the cases of ˇnite (mesoscopic)
systems.

The general measure of entanglement generated by
an arbitrary operator (statistical operator, ˇeld oper-
ator or spin operator) was deˇned. The measure is
valid for any system, pure or mixed, bipartite or mul-
tipartite, equilibrium or nonequilibrium. The relation
between the entanglement production and phase transi-
tions in statistical systems was elucidated by the exam-
ples of BoseÄEinstein condensation, superconducting,
and magnetic transitions by invoking the concept of
operator order indices [52].

COMPUTER FACILITIES

The stack of network switches was extended by in-
stallation of additional Fast Ethernet modules and new
routing switch. This made it possible to complete
transfer from the old coaxial network to the new high-
performance network based on UTP. Most of the PCs
at the Bogoliubov Laboratory of Theoretical Physics
are connected to Fast Ethernet network. Transfer of
main servers to Gigabit Ethernet is close to its comple-
tion. Routing capabilities of a new switch were used to
speed up data exchange between the BLTP network and
JINR backbone network. The dual-processor computer

equipped with Pentium 4 Xeon 3 GHz, 2 GB DDR
RAM, 170 GB disk space was purchased to become a
new main server of BLTP. The server has wide possi-
bilities for further extension of RAM and disk space.
Sixteen personal computers based on Pentium 4 were
acquired for work places upgrade. New WWW re-
source was created: http://thproxy.jinr.ru/diastp/. Video
records and slides of lectures given by well-known
scientists at the Advanced Summer School on Mod-
ern Mathematical Physics were presented to visitors'
attention.

MEETINGS, SCIENTIFIC COLLABORATION

In 2003, the Laboratory participated in 13 inter-
national conferences, workshops, and schools held in
Dubna, Prague, and Yerevan.

On 8Ä11 June, the XII International Conference
on Selected Problems of Modern Physics dedicated to
the 95th anniversary of the birth of D. I. Blokhintsev
(1908Ä1979), the outstanding Russian scientist, ˇrst
JINR director who contributed a lot to the develop-
ment of a great variety of research ˇelds in mod-
ern physics, and the initiator of creation of pulsed

research reactors, was held in Dubna. The confer-
ence was opened by the memorial session at which
V. G. Kadyshevsky, A. V. Zrodnikov, A. A. Logunov,
S. N. Sissakian, and E. P. Shabalin shared their reminis-
cences of D. I. Blokhintsev.

Further work of the conference proceeded in two
parallel sections: ®Problems of Quantum Field Theo-
ry¯ and ®Physical Investigations at Pulsed Reactors¯.
The section ®Problems of Quantum Field Theory¯ was
a continuation of a series of conferences on nonlocal,
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nonlinear, and nonrenormalizable ˇeld theories which
were organized at the initiative of Dmitrii Ivanovich
Blokhintsev. The ˇrst conference of this series was
held in Dubna in 1967. During this section 90 talks
were given on the following themes: quantum mechan-
ics, quantum ˇeld theory, quantum chromodynamics,
hadron physics, gravitation, and cosmology; 117 sci-
entists from Russia, Germany, Georgia, Italy, Mongo-
lia, Poland, Romania, Slovakia, the USA, Uzbekistan,
Ukraine, and the Czech Republic took part in this sec-
tion.

The international workshop ®Supersymmetries and
Quantum Symmetries 2003¯ (SQS'03) was held at the
Bogoliubov Laboratory of Theoretical Physics from 24
to 29 July. This series of biennial international work-
shops was founded by Professor V. I. Ogievetsky in the
late 1980s. Their program traditionally covers such
®hot¯ directions of modern theoretical physics as super-
strings and superbranes, quantum and geometric aspects
of supersymmetric theories, supersymmetric integrable
models, higher spins, quantum groups and noncommu-
tative geometry, as well as the Standard Model and its
supersymmetric extensions. This time the attendance
numbered some 100 participants from many countries
of Western and Eastern Europe. A characteristic fea-
ture of the SQS'03 workshop was active participation
of the new generation of talented young theorists, from
both the West and the East. This supports the belief
that the SQS workshops have good prospects for the
future. In 2003, the workshop was special: it was dedi-
cated to the 75th anniversary of the birth of its founder
V. I. Ogievetsky (1928Ä1996). In commemoration of
this remarkable scientist there took place inauguration
of the memorial plaque at BLTP on the wall next to the
former ofˇce of V. I. Ogievetsky.

An international conference ®Nuclear Structure and
Related Topics¯ was held in Dubna, at the Ratmino hol-
iday hotel on 2Ä6 September. A tradition to organize in-
ternational conferences and schools on selected topics in
nuclear structure was established in Dubna in the 1960s.
Among 90 participants of the conference were nuclear
scientists from JINR, JINR Member States, many Eu-
ropean countries as well as from China, Japan and the
United States. The conference programme included 50
oral reports where the very recent results of current nu-
clear studies were presented. At present, the main part
of nuclear studies is concentrated on properties of nuclei
far from stability. This speciˇed to a great extent the
conference programme. The sizeable part of theoretical
reports was devoted to self-consistent microscopic mod-
els since predictions of these models are most reliable.
Lively discussions took place at the session devoted to
®cluster¯ properties of heavy nuclei and theoretical ap-
proaches describing them. An application of nuclear
physics to the astrophysical problem, nucleosynthesis
in particular, was discussed at the special session.

From 16 to 20 September BLTP hosted the 10th
Workshop on High Energy Spin Physics. It continued

a series of similar meetings, the ˇrst of which took
place in 1981 under the initiative of an outstanding
theoretical physicist Lev I. Lapidus. Since then each
odd year similar meetings have been held in Dubna
or Protvino: in even years international spin symposia
were organized and these meetings made it possible
to discuss information accumulated during the year.
Another important feature has always been an oppor-
tunity for many physicists from the former USSR, for
whom distant trips were complicated for ˇnancial rea-
sons, to participate in these symposia. As well as the
previous one, the present meeting was held as a joint
JINRÄPolish workshop: co-chairmen were professors
A. V. Efremov (Dubna) and J. Nassalski (Poland), also
ˇve participants from Poland were supported by the
BogoliubovÄInfeld programme. A speciˇc feature of
the present meeting was a greater, than usual, num-
ber of participants and the countries they represented:
France Å 2, Armenia Å 1, the USA Å 8, Italy Å 1,
Ukraine Å 2, Japan Å 4, China Å 1, Germany Å 6,
Belarus Å 3, Bulgaria Å 1, Russia Å 19. As usual,
many (about 50) physicists from JINR participated. It
became possible to organize this workshop owing to the
support of the Russian Foundation for Basic Research,
the International Organizing Committee of symposia on
spin physics, the HeisenbergÄLandau programme, and
for the ˇrst time for these meetings, the NATO research
programme. The NATO supported the workshop pro-
vided that it would last ˇve days, which led to a very
compressed programme. The reason for increased pop-
ularity of the meeting was apparently that a lot of new
experimental results have been obtained in 2003 and
even more is expected in the near future.

The new educational project ®Dubna International
Advanced School of Theoretical Physics¯ (DIAS-TH)
was launched at BLTP in 2003. The main goals of
DIAS are further development and coordination of the
JINR research and educational programmes, participa-
tion in similar international projects, and organization
of regular schools and workshops on the JINR prior-
ity themes for schoolchildren, students, postgraduates,
and young researchers from JINR Member States and
other participants of the Institute. At the 95th ses-
sion of the JINR Scientiˇc Council this project was
approved as a new ˇrst-priority theme. In 2003, the
following international workshops and schools were
successfully held in the framework of the DIAS-TH
project: Winter School on Theoretical Physics (27 Jan-
uary Ä 9 February), VII workshop ®Nucleation Theory
and Applications¯ (4Ä28 April), workshop and school
®Calculations for Modern and Future Colliders¯ (13Ä
22 June), Summer School on Modern Mathematical
Physics (11Ä22 June), DAAD summer school ®Trafˇc
and Econophysics¯ (28 July Ä 17 August). Successful
realization of the DIAS-TH project was made possi-
ble due to the ˇnancial support from DAAD, BMBF,
RFBR, the HeisenbergÄLandau, BogoliubovÄInfeld and
BlokhintsevÄVotruba programmes, and JINR.
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In 2003, the Laboratory participated in the orga-
nization of conferences traditionally held in the JINR
Member States: ®Quantum Groups and Integrable Sys-
tems¯ (12Ä14 June, Prague) and ®Symmetry Methods
in Physics¯ (13Ä19 August, Yerevan).

In 2003, the international collaboration was sup-
ported by grants of the plenipotentiaries of Bulgaria, the
Czech Republic, Poland, the Slovak Republic, Hungary,
Romania and the JINR Directorate; the collaboration
with German theorists was based on the HeisenbergÄ
Landau programme; with Polish theorists, on the
BogoliubovÄInfeld programme; and with �Czech theo-
rists, on the BlokhintsevÄVotruba programme. Agree-
ments on collaboration in theoretical physics with
scientists of Bulgaria and Romania were prepared.

Some studies were carried out in collaboration with
scientists from Western Europe in the framework of
the JINRÄINFN, JINRÄIN2P3 agreements and on the
projects supported by INTAS, RFBRÄDFG, RFBRÄ
CNRS.

The agreements on collaboration between the Bo-
goliubov Laboratory and CERN TH, ICTP are func-
tioning.
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