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ON NON-RELATIVISTIC 3D SPIN-1 THEORIES

E. A. Bergshoeff 1, ∗, J. Rosseel 2, ∗∗, P. K. Townsend 3, ∗∗∗

1 Centre for Theoretical Physics, University of Groningen, Groningen, The Netherlands
2 University of Vienna, Vienna

3 Centre for Mathematical Sciences, University of Cambridge, Cambridge, UK

We describe non-relativistic limits of the 3D Proca and
√

Proca theories that yield
spin-1 Schréodinger equations. Analogous results are found by generalized null reduction of
the 4D Maxwell or complex self-dual Maxwell equations. We brie�y discuss the extension
to spin-2.

�¶¨¸ ´Ò ´¥·¥²ÖÉ¨¢¨¸É¸±¨¥ ¶·¥¤¥²Ò É·¥Ì³¥·´ÒÌ É¥μ·¨° �·μ±  ¨ ±μ·¥´Ó-�·μ± ,
±μÉμ·Ò¥ ¤ ÕÉ Ê· ¢´¥´¨Ö ˜·¥¤¨´£¥·  ¤²Ö ¸¶¨´  1. �´ ²μ£¨Î´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ²Ê-
Î¥´Ò ¶μ¸·¥¤¸É¢μ³ μ¡μ¡Ð¥´´μ° ´Ê²¥¢μ° ·¥¤Ê±Í¨¨ 4D-Ê· ¢´¥´¨° Œ ±¸¢¥²²  ¨²¨ ±μ³-
¶²¥±¸´ÒÌ ¸ ³μ¤Ê ²Ó´ÒÌ Ê· ¢´¥´¨° Œ ±¸¢¥²² . Š· É±μ μ¡¸Ê¦¤ ¥É¸Ö · ¸Ï¨·¥´¨¥ ¤²Ö
¸¶¨´  2.

PACS: 21.10.Hw

∗E-mail: E.A.Bergshoeff@rug.nl
∗∗E-mail: rosseelj@gmail.com
∗∗∗E-mail: p.k.townsend@damtp.cam.ac.uk
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MULTIPARAMETER QUANTUM GROUP AND
QUANTUM MINKOWSKI SPACE-TIME

V. K.Dobrev ∗

Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, Soˇa

We construct representations of the quantum algebras Uq,q(gl(n)) and Uq,q(sl(n))
which depend on n(n − 1)/2 + 1 deformation parameters q, qij (� i < j � n) which is
the maximal possible number in the case of GL(n). The representations act on the space
of formal power series of n(n − 1)/2 non-commuting variables which generate quantum
�ag manifolds of GLqq(n), SLqq(n). For n = 4 we consider in detail the multiparameter
quantum Minkowski space-time.

�μ¸É·μ¥´Ò ¶·¥¤¸É ¢²¥´¨Ö ±¢ ´Éμ¢ÒÌ  ²£¥¡· Uq,q(gl(n)) ¨ Uq,q(sl(n)), ±μÉμ·Ò¥
§ ¢¨¸ÖÉ μÉ n(n − 1)/2 + 1 ¤¥Ëμ·³ Í¨μ´´ÒÌ ¶ · ³¥É·μ¢ q, qij (� i < j � n), Î¨¸²μ
±μÉμ·ÒÌ Ö¢²Ö¥É¸Ö ³ ±¸¨³ ²Ó´μ ¢μ§³μ¦´Ò³ ¢ ¸²ÊÎ ¥ GL(n). �·¥¤¸É ¢²¥´¨Ö ¤¥°¸É¢ÊÕÉ
´  ¶·μ¸É· ´¸É¢¥ Ëμ·³ ²Ó´ÒÌ ¸É¥¶¥´´ÒÌ ·Ö¤μ¢ n(n − 1)/2 ´¥±μ³³ÊÉ¨·ÊÕÐ¨Ì ¶¥·¥-
³¥´´ÒÌ, ±μÉμ·Ò¥ £¥´¥·¨·ÊÕÉ ±¢ ´Éμ¢μ¥ ³´μ£μμ¡· §¨¥ Ë² £μ¢ ¤²Ö GLqq(n), SLqq(n).
�·¨ n = 4 ¤¥É ²Ó´μ · ¸¸³μÉ·¥´μ ³´μ£μ¶ · ³¥É·¨Î´μ¥ ±¢ ´Éμ¢μ¥ ¶·μ¸É· ´¸É¢μ-¢·¥³Ö
Œ¨´±μ¢¸±μ£μ.

PACS: 03.65.Fd; 02.20.Uw

∗E-mail: dobrev@inrne.bas.bg, vkdobrev@yahoo.com
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THREE-FORMS, SUPERSYMMETRY AND
STRING COMPACTIFICATIONS

F. Farakos 1, S. Lanza 2, L.Martucci 2, D. Sorokin 2, ∗

1 KU Leuven, Institute for Theoretical Physics, Leuven, Belgium
2 Universit�a degli Studi di Padova & I.N.F.N. Sezione di Padova, Padova, Italy

We review a duality procedure that relates standard matter-coupled N = 1 supergrav-
ity to dual formulations in which auxiliary ˇelds are replaced by ˇeld-strengths of gauge
three-forms. As examples, we consider the dualization of the rigid Polonyi model and
of effective ˇeld theories associated with Type IIA string compactiˇcations with �uxes in
supergravity.

„ ¥É¸Ö μ¡§μ· ¤Ê ²Ó´μ¸É¨, ¸¢Ö§Ò¢ ÕÐ¥° ¸É ´¤ ·É´ÊÕ Ëμ·³Ê²¨·μ¢±Ê É¥μ·¨¨ N = 1
¸Ê¶¥·£· ¢¨É Í¨¨, ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥° ¸ ³ É¥·¨¥°, ¸ ¥¥ ¤Ê ²Ó´Ò³¨ Ëμ·³Ê²¨·μ¢± ³¨,
¢ ±μÉμ·ÒÌ ·μ²Ó ¢¸¶μ³μ£ É¥²Ó´ÒÌ ¶μ²¥° ¨£· ÕÉ ´ ¶·Ö¦¥´´μ¸É¨ ± ²¨¡·μ¢μÎ´ÒÌ Ëμ·³
É·¥ÉÓ¥£μ · ´£ . ‚ ± Î¥¸É¢¥ ¶·¨³¥·μ¢ · ¸¸³ É·¨¢ ÕÉ¸Ö ¤Ê ²¨§ Í¨Ö £²μ¡ ²Ó´μ-¸Ê¶¥·-
¸¨³³¥É·¨Î´μ° ³μ¤¥²¨ �μ²μ´¨Ö ¨ ÔËË¥±É¨¢´ÒÌ É¥μ·¨° ¶μ²Ö ¨ ¸Ê¶¥·£· ¢¨É Í¨¨, μ¶¨-
¸Ò¢ ÕÐ¨Ì ±μ³¶ ±É¨Ë¨± Í¨¨ ¢ É¥μ·¨¨ ¸É·Ê´Ò É¨¶  IIA, ¨´¤ÊÍ¨·μ¢ ´´Ò¥ ´¥´Ê²¥¢Ò³¨
¶μÉμ± ³¨ ± ²¨¡·μ¢μÎ´ÒÌ ¶μ²¥°.

PACS: 04.65.+e; 12.60.Jv; 11.25.Mj

∗E-mail: Dmitri.Sorokin@pd.infn.it
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ON 10D SYM SUPERAMPLITUDES

I. Bandos ∗

University of the Basque Country UPV/EHU, Bilbao, Spain

IKERBASQUE, Basque Foundation for Science, Bilbao, Spain

Recently the spinor helicity and (two types of) superamplitude formalisms for 11D
supergravity and 10D supersymmetric YangÄMills theories were proposed in [1Ä3]. In
this contribution we describe brie�y the basic properties of these superamplitudes for the
simpler case of 10D SYM.

�¥¤ ¢´μ ¡Ò²μ ¶·¥¤²μ¦¥´μ μ¡μ¡Ð¥´¨¥ Ëμ·³ ²¨§³  ¸¶¨· ²Ó´μ¸É´ÒÌ ¸¶¨´μ·μ¢,
  É ±¦¥ Ëμ·³ ²¨§³ ¸Ê¶¥· ³¶²¨ÉÊ¤ (¤¢¥ ¥£μ ¢¥·¸¨¨) ¤²Ö 11-³¥·´μ° ¸Ê¶¥·£· ¢¨É Í¨¨
¨ 10-³¥·´μ° ¸Ê¶¥·¸¨³³¥É·¨Î´μ° É¥μ·¨¨ Ÿ´£ ÄŒ¨²²¸  (10D SYM) [1Ä3]. � ¸ÉμÖÐ¨°
¤μ±² ¤ ¸μ¤¥·¦¨É ±· É±¨° μ¡§μ· μ¸´μ¢´ÒÌ ¸¢μ°¸É¢ ÔÉ¨Ì ¸Ê¶¥· ³¶²¨ÉÊ¤ ¢ ¡μ²¥¥ ¶·μ¸Éμ³
¸²ÊÎ ¥ 10D SYM.

PACS: 12.60.Jv; 04.65.+e

∗E-mail: igor.bandos@ehu.eus
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NON-PERTURBATIVE SUPERPOTENTIALS
AND DISCRETE TORSION

E. I. Buchbinder ∗

The University of Western Australia, Crawley, W.A., Australia

We discuss the non-perturbative superpotential in E8 × E8 heterotic string theory
on a non-simply connected CalabiÄYau manifold X, as well as on its simply connected
covering space X̃ . The superpotential is induced by the string wrapping holomorphic,
isolated, genus zero curves. We show, in a speciˇc example, that the superpotential is
non-zero both on X̃ and on X avoiding the no-go residue theorem of Beasley and Witten.
On the non-simply connected manifold X, we explicitly compute the leading contribution
to the superpotential from all holomorphic, isolated, genus zero curves with minimal area.
The reason for the non-vanishing of the superpotential on X is that the second homology
class contains a ˇnite part called discrete torsion. As a result, the curves with the same
area are distributed among different torsion classes and their contributions do not cancel
each other.

�¡¸Ê¦¤ ¥É¸Ö ´¥¶¥·ÉÊ·¡ É¨¢´Ò° ¸Ê¶¥·¶μÉ¥´Í¨ ² ¢ E8×E8 £¥É¥·μÉ¨Î¥¸±μ° ¸É·Ê´-
´μ° É¥μ·¨¨ ´  μ¤´μ¸¢Ö§´μ³ ³´μ£μμ¡· §¨¨ Š ² ¡¨ÄŸμ X,   É ±¦¥ ´  ¥£μ μ¤´μ¸¢Ö§´μ³
´ ±·Ò¢ ÕÐ¥³ ¶·μ¸É· ´¸É¢¥ X̃. ‘Ê¶¥·¶μÉ¥´Í¨ ² ¨´¤ÊÍ¨·Ê¥É¸Ö £μ²μ³μ·Ë´Ò³¨, ¨§μ-
²¨·μ¢ ´´Ò³¨ ±·¨¢Ò³¨ ´Ê²¥¢μ£μ ·μ¤ . �  ±μ´±·¥É´μ³ ¶·¨³¥·¥ ¶μ± §Ò¢ ¥É¸Ö, ÎÉμ ¸Ê-
¶¥·¶μÉ¥´Í¨ ² μÉ²¨Î¥´ μÉ ´Ê²Ö ± ± ´  X̃, É ± ¨ ´  X, ¨¸±²ÕÎ Ö no-go É¥μ·¥³Ê 	¨¸²¨
¨ ‚¨ÉÉ¥´  μ ¢ÒÎ¥É Ì. �  ³´μ£μ¸¢Ö§´μ³ ³´μ£μμ¡· §¨¨ X Ö¢´μ ¢ÒÎ¨¸²Ö¥É¸Ö £² ¢´Ò°
¢±² ¤ ¢ ¸Ê¶¥·¶μÉ¥´Í¨ ² μÉ ¢¸¥Ì £μ²μ³μ·Ë´ÒÌ ¨§μ²¨·μ¢ ´´ÒÌ ±·¨¢ÒÌ ´Ê²¥¢μ£μ ·μ¤  ¸
³¨´¨³ ²Ó´μ° ¶²μÐ ¤ÓÕ. �·¨Î¨´μ° μÉ¸ÊÉ¸É¢¨Ö ¨¸Î¥§´μ¢¥´¨Ö ¸Ê¶¥·¶μÉ¥´Í¨ ²  ´  X
Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¢Éμ·μ° ±² ¸¸ £μ³μ²μ£¨¨ ¸μ¤¥·¦¨É ±μ´¥Î´ÊÕ Î ¸ÉÓ, ´ §Ò¢ ¥³ÊÕ ¤¨¸-
±·¥É´Ò³ ±·ÊÎ¥´¨¥³. Š ± ·¥§Ê²ÓÉ É, ±·¨¢Ò¥ ¸ μ¤¨´ ±μ¢μ° ¶²μÐ ¤ÓÕ · ¸¶·¥¤¥²¥´Ò
³¥¦¤Ê ±² ¸¸ ³¨ ¸ · §´Ò³¨ ±·ÊÎ¥´¨Ö³¨ ¨ ¨Ì ¢±² ¤Ò ´¥ ±μ³¶¥´¸¨·ÊÕÉ ¤·Ê£ ¤·Ê£ .

PACS: 11.30.Pb; 12.60.Jv

∗E-mail: evgeny.buchbinder@uwa.edu.au
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GOLDSTINO SUPERFIELDS IN SUPERGRAVITY

S. M. Kuzenko ∗

The University of Western Australia, Crawley, W.A., Australia

We review two off-shell models for spontaneously broken N = 1 and N = 2 su-
pergravity proposed in arXiv:1702.02423 and arXiv:1707.07390. New results on nilpotent
N = 1 supergravity are also included.

„ ¥É¸Ö μ¡§μ· ¤¢ÊÌ Ëμ·³Ê²¨·μ¢μ± ¸ § ³±´ÊÉμ°  ²£¥¡·μ° ¤²Ö ¸¶μ´É ´´μ ´ ·ÊÏ¥´-
´ÒÌ É¥μ·¨° N = 1 ¨ N = 2 ¸Ê¶¥·£· ¢¨É Í¨¨, ¶·¥¤²μ¦¥´´ÒÌ ¢ arXiv:1702.02423 ¨
arXiv:1707.07390. Œμ¤¥²Ó ¸ N = 1 ¸Ê¶¥·¸¨³³¥É·¨¥° ¸É·μ¨É¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢¥-
Ð¥¸É¢¥´´μ£μ ¸± ²Ö·´μ£μ ¸Ê¶¥·¶μ²Ö, Ê¤μ¢²¥É¢μ·ÖÕÐ¥£μ É·¥³ ´¨²Ó¶μÉ¥´É´Ò³ Ê¸²μ¢¨Ö³.
’¥μ·¨Ö ¸ N = 2 ¸Ê¶¥·¸¨³³¥É·¨¥° Ëμ·³Ê²¨·Ê¥É¸Ö ¢ É¥·³¨´ Ì ¶·¨¢μ¤¨³μ£μ ±¨· ²Ó-
´μ£μ ¸Ê¶¥·¶μ²Ö, ±μÉμ·μ¥ Ê¤μ¢²¥É¢μ·Ö¥É ±Ê¡¨Î´μ³Ê ´¨²Ó¶μÉ¥´É´μ³Ê Ê¸²μ¢¨Õ. ’ ±¦¥
¶·¥¤¸É ¢²¥´Ò ´μ¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ ´¨²Ó¶μÉ¥´É´μ° N = 1 ¸Ê¶¥·£· ¢¨É Í¨¨.

PACS: 11.30.Pb; 12.60.Jv; 04.65.+e

∗E-mail: sergei.kuzenko@uwa.edu.au



”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��
2018. ’. 49. ‚›�. 5. ‘. 1453

SUPERFIELD GENERATING EQUATION OF
FIELDÄANTIFIELD FORMALISM

I. A. Batalin1, ∗, P. M. Lavrov 2, ∗∗

1 Lebedev Physics Institute, Moscow
2 Tomsk State Pedagogical University, Tomsk, Russia

A simple quantum superˇeld generating equation of the ˇeldÄantiˇeld formalism is
proposed. The Schréodinger equation with the Hamiltonian having Δ-exact form is derived.
An Sp(2) symmetric extension to the main construction, with speciˇc features caused by
the principal fact that all basic equations become Sp(2) vector-valued ones, is presented.
A principal role of quantum antibrackets in formulation of the Heisenberg equations of
motion is shown.

�·¥¤²μ¦¥´μ ¶·μ¸Éμ¥ ¸Ê¶¥·¶μ²¥¢μ¥ ¶·μ¨§¢μ¤ÖÐ¥¥ Ê· ¢´¥´¨¥ Ëμ·³ ²¨§³  ¶μ²¥°-
 ´É¨¶μ²¥°. ‚Ò¢¥¤¥´μ Ê· ¢´¥´¨¥ ˜·¥¤¨´£¥·  ¸ £ ³¨²ÓÉμ´¨ ´μ³, ¨³¥ÕÐ¨³ Δ-ÉμÎ´ÊÕ
Ëμ·³Ê. �·¥¤¸É ¢²¥´μ Sp(2)-¸¨³³¥É·¨Î´μ¥ · ¸Ï¨·¥´¨¥ μ¸´μ¢´μ° ±μ´¸É·Ê±Í¨¨ ¸μ ¸¶¥-
Í¨Ë¨Î¥¸±¨³¨ μ¸μ¡¥´´μ¸ÉÖ³¨, ¢Ò§¢ ´´Ò³¨ ¶·¨´Í¨¶¨ ²Ó´Ò³ Ë ±Éμ³, ÎÉμ ¢¸¥ μ¸´μ¢´Ò¥
Ê· ¢´¥´¨Ö ¸É ´μ¢ÖÉ¸Ö Sp(2)-¢¥±Éμ·´Ò³¨ ¢¥²¨Î¨´ ³¨. �μ± § ´  ¶·¨´Í¨¶¨ ²Ó´ Ö ·μ²Ó
±¢ ´Éμ¢ÒÌ  ´É¨¸±μ¡μ± ¢ Ëμ·³Ê²¨·μ¢±¥ £¥°§¥´¡¥·£μ¢¸±¨Ì Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö.

PACS: 11.30.Pb; 75.10.Jm

∗E-mail: batalin@lpi.ru
∗∗E-mail: lavrov@tspu.edu.ru
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ON PARTIALLY MASSLESS SUPERGRAVITY

Yu.M. Zinoviev ∗

Institute for High Energy Physics of the National Research Center

©Kurchatov Instituteª, Protvino, Russia

We investigate a possible supersymmetric extension for the massive gravity in the
lowest non-trivial order. For this purpose we construct a cubic interaction vertex for
massive spin-2 and massive spin-3/2 ˇelds restricting ourselves with the terms containing
no more than one derivative. In particular, we look for the possibility to have a non-
singular partially massless limit for spin-2 that would correspond to the partially massless
supergravity.

�·μ¢¥¤¥´μ ¨¸¸²¥¤μ¢ ´¨¥ ¢μ§³μ¦´μ£μ ¸Ê¶¥·¸¨³³¥É·¨Î´μ£μ · ¸Ï¨·¥´¨Ö ¤²Ö ³ ¸-
¸¨¢´μ° £· ¢¨É Í¨¨ ¢ ´¨§Ï¥³ ´¥É·¨¢¨ ²Ó´μ³ ¶μ·Ö¤±¥. ‘ ÔÉμ° Í¥²ÓÕ ³Ò ¸É·μ¨³ ±Ê-
¡¨Î¥¸±ÊÕ ¢¥·Ï¨´Ê ¢§ ¨³μ¤¥°¸É¢¨Ö ¤²Ö ³ ¸¸¨¢´ÒÌ ¶μ²¥° ¸¶¨´  2 ¨ ³ ¸¸¨¢´ÒÌ ¶μ²¥°
¸¶¨´  3/2, μ£· ´¨Î¨¢ Ö ¸¥¡Ö Î²¥´ ³¨, ¸μ¤¥·¦ Ð¨³¨ ´¥ ¡μ²¥¥ μ¤´μ° ¶·μ¨§¢μ¤´μ°.
‚ Î ¸É´μ¸É¨, ³Ò ¨§ÊÎ ¥³ ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö ´¥¸¨´£Ê²Ö·´μ£μ Î ¸É¨Î´μ-¡¥§³ ¸¸μ-
¢μ£μ ¶·¥¤¥²  ¤²Ö ¸¶¨´  2, ±μÉμ·Ò° ¸μμÉ¢¥É¸É¢μ¢ ² ¡Ò ¡¥§³ ¸¸μ¢μ° ¸Ê¶¥·£· ¢¨É Í¨¨.

PACS: 04.65.+e

∗E-mail: Yurii.Zinoviev@ihep.ru
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PURE YANGÄMILLS SOLUTIONS ON dS4

T. A. Ivanova 1, 2, O. Lechtenfeld 2, 3, ∗, A. D. Popov 2

1 Joint Institute for Nuclear Research, Dubna
2 Institut f éur Theoretische Physik, Leibniz Universitéat Hannover, Hannover, Germany

3 Riemann Center for Geometry and Physics, Leibniz Universitéat Hannover,

Hannover, Germany

We consider pure SU(2) YangÄMills theory on four-dimensional de Sitter space dS4

and construct smooth and spatially homogeneous classical YangÄMills ˇelds. Slicing dS4

as R × S3, via an SU(2)-equivariant ansatz we reduce the YangÄMills equations to or-
dinary matrix differential equations and further to Newtonian dynamics in a particular
three-dimensional potential. Its classical trajectories yield spatially homogeneous YangÄ
Mills solutions in a very simple explicit form, depending only on de Sitter time with an
exponential decay in the past and future. These conˇgurations have not only ˇnite energy,
but their action is also ˇnite and bounded from below. We present explicit coordinate
representations of the simplest examples (for the fundamental SU(2) representation). In-
stantons (YangÄMills solutions on the Wick-rotated S4) and solutions on AdS4 are also
brie�y discussed.

� ¸¸³μÉ·¥´  SU(2) É¥μ·¨Ö Ÿ´£ ÄŒ¨²²¸  ´  Î¥ÉÒ·¥Ì³¥·´μ³ ¶·μ¸É· ´¸É¢¥ ¤¥ ‘¨É-
É¥·  dS4, ¨ ¶μ¸É·μ¥´Ò £² ¤±¨¥ ¨ ¶·μ¸É· ´¸É¢¥´´μ-μ¤´μ·μ¤´Ò¥ ±² ¸¸¨Î¥¸±¨¥ ¶μ²Ö
Ÿ´£ ÄŒ¨²²¸ . � ¸¸³ É·¨¢ Ö dS4 ± ± ¸¥Î¥´¨Ö R × S3, ³Ò ·¥¤ÊÍ¨·Ê¥³ ¸ ¶μ³μÐÓÕ
SU(2)-Ô±¢¨¢ ·¨ ´É´μ£μ  ´§ Í  Ê· ¢´¥´¨Ö Ÿ´£ ÄŒ¨²²¸  ± μ¡ÒÎ´Ò³ ³ É·¨Î´Ò³ ¤¨Ë-
Ë¥·¥´Í¨ ²Ó´Ò³ Ê· ¢´¥´¨Ö³ ¨ ¢¶μ¸²¥¤¸É¢¨¨ ± Ê· ¢´¥´¨Ö³ ´ÓÕÉμ´μ¢¸±μ° ¤¨´ ³¨±¨
¸ μ¶·¥¤¥²¥´´Ò³ É·¥Ì³¥·´Ò³ ¶μÉ¥´Í¨ ²μ³. ˆÌ ±² ¸¸¨Î¥¸±¨¥ É· ¥±Éμ·¨¨ ¶·μ¨§¢μ¤ÖÉ
¶·μ¸É· ´¸É¢¥´´μ-μ¤´μ·μ¤´Ò¥ ·¥Ï¥´¨Ö Ÿ´£ ÄŒ¨²²¸  ¶·μ¸Éμ£μ ¢¨¤ , § ¢¨¸ÖÐ¨¥ Éμ²Ó±μ
μÉ ¢·¥³¥´¨ ¤¥ ‘¨ÉÉ¥·  ¸ Ô±¸¶μ´¥´Í¨ ²Ó´Ò³ Ê¡Ò¢ ´¨¥³ ¢ ¶·μÏ²μ³ ¨ ¡Ê¤ÊÐ¥³. �É¨
±μ´Ë¨£Ê· Í¨¨ ´¥ Éμ²Ó±μ ¨³¥ÕÉ ±μ´¥Î´ÊÕ Ô´¥·£¨Õ, ´μ ¨ ¤¥°¸É¢¨¥ ¤²Ö ´¨Ì ±μ´¥Î´μ
¨ μ£· ´¨Î¥´μ ¸´¨§Ê. �·¥¤¸É ¢²¥´Ò Ö¢´Ò¥ ±μμ·¤¨´ É´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ¶·μ¸É¥°Ï¨Ì
¶·¨³¥·μ¢ (¤²Ö ËÊ´¤ ³¥´É ²Ó´μ£μ ¶·¥¤¸É ¢²¥´¨Ö SU(2)). ’ ±¦¥ ±· É±μ μ¡¸Ê¦¤ -
ÕÉ¸Ö ¨´¸É ´Éμ´Ò (·¥Ï¥´¨Ö Ÿ´£ ÄŒ¨²²¸  ´  S4 ¸ ¢¨±μ¢¸±¨³ ¶μ¢μ·μÉμ³) ¨ ·¥Ï¥´¨Ö
´  AdS4.

PACS: 12.10.-g; 12.15.-y

∗E-mail: lechtenf@itp.uni-hannover.de
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MYERSÄPERRY CONFORMAL MECHANICS

H. Demirchian 1, ∗, T. Hakobyan 2, ∗∗, A. Nersessian 2, 3, 4, ∗∗∗,
M. M. Sheikh-Jabbari 5, ∗∗∗∗

1 Byurakan Astrophysical Observatory, Byurakan, Armenia
2 Yerevan State University, Yerevan
3 Yerevan Physics Institute, Yerevan

4 Joint Institute for Nuclear Research, Dubna
5 Institute for Research in Fundamental Sciences (IPM), Tehran

We investigate dynamics of probe particles moving in the near-horizon limit of an
extremal MyersÄPerry black hole with non-vanishing rotation parameters. We show that in
the case of non-equal non-vanishing rotational parameters the dynamics of probe particle
can be described in a uniˇed way for both even and odd dimensions. In this way, we
extend to the even dimension the results on integrability and separability of variables in
ellipsoidal coordinates in odd dimension presented in [1]. We ˇnd the general solution of
the HamiltonÄJacobi equations for these systems and write down the explicit expressions
for the Liouville integrals of motion.

ˆ¸¸²¥¤μ¢ ´  ¤¨´ ³¨±  ¶·μ¡´μ° Î ¸É¨ÍÒ, ¤¢¨¦ÊÐ¥°¸Ö ¢¡²¨§¨ £μ·¨§μ´É  Î¥·´μ°
¤Ò·Ò Œ °¥·¸ Ä�¥··¨ ¶·μ¨§¢μ²Ó´μ° · §³¥·´μ¸É¨ ¸ ¶·μ¨§¢μ²Ó´Ò³¨ ´¥´Ê²¥¢Ò³¨ ¶ -
· ³¥É· ³¨ ¢· Ð¥´¨Ö. �μ± § ´μ, ÎÉμ ¶·¨ ´¥¸μ¢¶ ¤ ÕÐ¨Ì ´¥´Ê²¥¢ÒÌ ¶ · ³¥É· Ì ¢· -
Ð¥´¨Ö ¤¨´ ³¨±  ¶·μ¡´μ° Î ¸É¨ÍÒ ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´  ¥¤¨´Ò³ ¸¶μ¸μ¡μ³ ¤²Ö Î¥·´ÒÌ
¤Ò· Î¥É´μ° ¨ ´¥Î¥É´μ° · §³¥·´μ¸É¥°. �Éμ ¶μ§¢μ²Ö¥É ¶¥·¥´¥¸É¨ ´  ¸²ÊÎ ° Î¥É´μ³¥·´ÒÌ
Î¥·´ÒÌ ¤Ò· Œ °¥·¸ Ä�¥··¨ ·¥§Ê²ÓÉ ÉÒ, ± ¸ ÕÐ¨¥¸Ö ¨´É¥£·¨·Ê¥³μ¸É¨ ¨ · §¤¥²¥´¨Ö
¶¥·¥³¥´´ÒÌ ¢ Ô²²¨¶¸μ¨¤ ²Ó´ÒÌ ±μμ·¤¨´ É Ì, ¶μ²ÊÎ¥´´Ò¥ ¢ · ¡μÉ¥ [1] ¤²Ö ¸²ÊÎ Ö ´¥-
Î¥É´μ³¥·´ÒÌ Î¥·´ÒÌ ¤Ò·. � °¤¥´μ μ¡Ð¥¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨° ƒ ³¨²ÓÉμ´ ÄŸ±μ¡¨ ¤²Ö
ÔÉ¨Ì ¸¨¸É¥³, ¨ ¢Ò¶¨¸ ´Ò Ö¢´Ò¥ ¢Ò· ¦¥´¨Ö ¤²Ö ²¨Ê¢¨²²¥¢ÒÌ ¨´É¥£· ²μ¢ ¤¢¨¦¥´¨Ö.

PACS: 11.25.Hf; 04.50.Gh

∗E-mail: demhov@gmail.com
∗∗E-mail: tigran.hakobyan@ysu.am
∗∗∗E-mail: arnerses@yerphi.am
∗∗∗∗E-mail: jabbari@theory.ipm.ac.ir
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DYNAMICAL REALIZATION OF D(2; 1; α) WHICH
LINKS α TO COSMOLOGICAL CONSTANT

A. Galajinsky ∗

Tomsk Polytechnic University, Tomsk, Russia

A dynamical realization of the most general N = 4 superconformal group in one
dimension D(2, 1; α) is discussed in which the group parameter α is linked to the cosmo-
logical constant.

„²Ö ¸Ê¶¥·£·Ê¶¶Ò D(2, 1; α) μ¡¸Ê¦¤ ¥É¸Ö ¤¨´ ³¨Î¥¸± Ö ·¥ ²¨§ Í¨Ö, ¸¢Ö§Ò¢ ÕÐ Ö
£·Ê¶¶μ¢μ° ¶ · ³¥É· α ¸ ±μ¸³μ²μ£¨Î¥¸±μ° ¶μ¸ÉμÖ´´μ°. �μ± § ´μ, ÎÉμ ³μ¤¥²Ó ³ ¸-
¸¨¢´μ° ¸Ê¶¥·Î ¸É¨ÍÒ, ¤¢¨¦ÊÐ¥°¸Ö ¢¡²¨§¨ £μ·¨§μ´É  ¸μ¡ÒÉ¨° Ô±¸É·¥³ ²Ó´μ° Î¥·´μ°
¤Ò·Ò � °¸¸´¥· Ä�μ·¤¸É·¥³ Ä ´É¨-¤¥ ‘¨ÉÉ¥· , ¶μ¸·¥¤¸É¢μ³ ± ´μ´¨Î¥¸±μ£μ ¶·¥μ¡· -
§μ¢ ´¨Ö ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´  ¢ É¥·³¨´ Ì ³Ê²ÓÉ¨¶²¥É  ¸Ê¶¥·£·Ê¶¶Ò D(2, 1; α) É¨¶ 
(3, 4, 1).

PACS: 11.30.Pb; 98.80.Es

∗E-mail: galajin@tpu.ru
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CYCLOTOMIC SHUFFLES

O. Ogievetsky 1, 2, 3, ∗, V. Petrova 2

1 Lebedev Physics Institute, Moscow
2 Aix Marseille University, Universit�e de Toulon, CNRS, CPT, Marseille, France

3 Kazan Federal University, Kazan, Russia

Analogues of 1-shuf�e elements for complex re�ection groups of type G(m, 1, n) are
introduced. A geometric interpretation for G(m, 1, n) in terms of rotational permutations
of polygonal cards is given. We compute the eigenvalues, and their multiplicities, of
the 1-shuf�e element in the algebra of the group G(m, 1, n). Considering shuf�ing as a
random walk on the group G(m, 1, n), we estimate the rate of convergence to randomness
of the corresponding Markov chain. We report on the spectrum of the 1-shuf�e analogue
in the cyclotomic Hecke algebra H(m, 1, n) for m = 2 and small n.

‚¢¥¤¥´Ò  ´ ²μ£¨ 1-É ¸μ¢μÎ´ÒÌ Ô²¥³¥´Éμ¢ ¤²Ö ±μ³¶²¥±¸´ÒÌ £·Ê¶¶ μÉ· ¦¥´¨° É¨¶ 
G(m, 1, n). „ ´  £¥μ³¥É·¨Î¥¸± Ö ¨´É¥·¶·¥É Í¨Ö £·Ê¶¶ G(m, 1, n) ¢ É¥·³¨´ Ì ¢· Ð -
É¥²Ó´ÒÌ ¶¥·¥¸É ´μ¢μ± ³´μ£μÊ£μ²Ó´ÒÌ ± ·É. ‚ÒÎ¨¸²¥´Ò ¸μ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö ¨ ¨Ì
±· É´μ¸É¨ 1-É ¸μ¢μÎ´μ£μ Ô²¥³¥´É  ¢  ²£¥¡·¥ £·Ê¶¶Ò G(m, 1, n). � ¸¸³ É·¨¢ Ö ¶¥·¥É -
¸μ¢±Ê ± ± ¸²ÊÎ °´μ¥ ¡²Ê¦¤ ´¨¥ ¶μ £·Ê¶¶¥ G(m, 1, n), ³Ò μÍ¥´¨¢ ¥³ ¸±μ·μ¸ÉÓ ¸Ìμ¤¨-
³μ¸É¨ ± ¸²ÊÎ °´μ¸É¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° Í¥¶¨ Œ ·±μ¢ . � ¸¸± § ´μ μ ¸¶¥±É·¥  ´ ²μ£ 
1-É ¸μ¢μÎ´μ£μ Ô²¥³¥´É  ¢ Í¨±²μÉμ³¨Î¥¸±μ°  ²£¥¡·¥ ƒ¥±±¥ H(m, 1, n) ¶·¨ m = 2 ¨
³ ²ÒÌ n.

PACS: 02.10.Hh

∗E-mail: oleg.ogievetsky@gmail.com
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ALGEBRAIC STRUCTURES
IN EXTENDED GEOMETRY

M.Cederwall ∗

Chalmers University of Technology, Géoteborg, Sweden

Extended geometry is a unifying framework including exceptional ˇeld theory (XFT)
and double ˇeld theory (DFT). It gives a geometric underpinning of the duality symmetries
of M-theory. In this talk I give an overview of the surprisingly rich algebraic structures
which naturally appear in the context of extended geometry. This includes Borcherds
superalgebras, Cartan-type superalgebras (tensor hierarchy algebras) and L∞ algebras.

� ¸Ï¨·¥´´ Ö £¥μ³¥É·¨Ö · ¸¸³ É·¨¢ ¥É¸Ö ± ± μ¡Ñ¥¤¨´ÖÕÐ Ö ¸É·Ê±ÉÊ· , ¢±²ÕÎ Õ-
Ð Ö ¨¸±²ÕÎ¨É¥²Ó´ÊÕ É¥μ·¨Õ ¶μ²Ö ¨ ¤¢μ°´ÊÕ É¥μ·¨Õ ¶μ²Ö. �Éμ ¤ ¥É £¥μ³¥É·¨Î¥¸±μ¥
μ¡μ¸´μ¢ ´¨¥ ¤Ê ²Ó´ÒÌ ¸¨³³¥É·¨° Œ-É¥μ·¨¨. ‚ ÔÉμ³ ¤μ±² ¤¥ ¤ ´ μ¡§μ· Ê¤¨¢¨É¥²Ó´μ
¡μ£ ÉÒÌ  ²£¥¡· ¨Î¥¸±¨Ì ¸É·Ê±ÉÊ·, ±μÉμ·Ò¥ ¥¸É¥¸É¢¥´´Ò³ μ¡· §μ³ ¶μÖ¢²ÖÕÉ¸Ö ¢ ±μ´-
É¥±¸É¥ · ¸Ï¨·¥´´μ° £¥μ³¥É·¨¨. �Éμ ¸Ê¶¥· ²£¥¡·Ò 	μ·Ì¥·¤ , ¸Ê¶¥· ²£¥¡·Ò ± ·É ´μ¢-
¸±μ£μ É¨¶  ( ²£¥¡·Ò É¥´§μ·´μ° ¨¥· ·Ì¨¨) ¨ L∞- ²£¥¡·Ò.

PACS: 11.25.Tq; 04.50.-h; 12.10.-g

∗E-mail: martin.cederwall@chalmers.se
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PRICE'S THEOREM IN GAUGE/GRAVITY DUALITY

A. M. Arslanaliev 1, ∗, A. J. Nurmagambetov 1, 2, 3, ∗∗

1 Karazin Kharkov National University, Kharkov, Ukraine
2 Akhiezer Institute for Theoretical Physics of NSC KIPT, Kharkov, Ukraine

3 Usikov Institute for Radiophysics & Electronics, Kharkov, Ukraine

We discuss Price's theorem in the context of newly established exact solutions of
static and non-static distorted black holes. Some numerics are given in ©pro et contraª
of their consideration in problems of astrophysics and gauge/gravity duality. Our analysis
leads to a remarkable quantitative agreement between the relaxation time of AdS small
black holes and lifetime of the quarkÄgluon plasma that gives another evidence to apply
black hole physics to the description of strongly coupled relativistic �uids.

� ¡μÉ  ¶μ¸¢ÖÐ¥´  μ¡¸Ê¦¤¥´¨Õ É¥μ·¥³Ò �· °¸  ¢ ±μ´É¥±¸É¥ ´¥¤ ¢´μ Ê¸É ´μ¢²¥´-
´ÒÌ ÉμÎ´ÒÌ ·¥Ï¥´¨° ¸É É¨Î¥¸±¨Ì ¨ ´¥¸É É¨Î¥¸±¨Ì ¤¥Ëμ·³¨·μ¢ ´´ÒÌ Î¥·´ÒÌ ¤Ò·.
�·¥¤¸É ¢²¥´Ò ´¥±μÉμ·Ò¥ ¨§ Î¨¸²¥´´ÒÌ Ì · ±É¥·¨¸É¨± É ±¨Ì ·¥Ï¥´¨°, £μ¢μ·ÖÐ¨¥ §  ¨
¶·μÉ¨¢ ¨Ì ¶·¨³¥´¥´¨Ö ¢ § ¤ Î Ì  ¸É·μË¨§¨±¨ ¨ ± ²¨¡·μ¢μÎ´μ-£· ¢¨É Í¨μ´´μ° ¤Ê ²Ó-
´μ¸É¨. �·μ¢¥¤¥´´Ò°  ´ ²¨§ ¶μ± §Ò¢ ¥É § ³¥Î É¥²Ó´μ¥ ±μ²¨Î¥¸É¢¥´´μ¥ ¸μ£² ¸¨¥ ³¥¦¤Ê
¢·¥³¥´ ³¨ ·¥² ±¸ Í¨¨ ¤²Ö ³ ²ÒÌ Î¥·´ÒÌ ¤Ò· ¶·μ¸É· ´¸É¢ -¢·¥³¥´¨  ´É¨-¤¥ ‘¨ÉÉ¥· 
¨ Ì · ±É¥·´Ò³¨ ¢·¥³¥´ ³¨ ¦¨§´¨ ±¢ ·±-£²Õμ´´μ° ¶² §³Ò, ÎÉμ Ö¢²Ö¥É¸Ö ¤μ¶μ²´¨É¥²Ó-
´Ò³  ·£Ê³¥´Éμ³ ¢ ¶μ²Ó§Ê ¶·¨³¥´¥´¨Ö Ë¨§¨±¨ Î¥·´ÒÌ ¤Ò· ± μ¶¨¸ ´¨Õ ·¥²ÖÉ¨¢¨¸É¸±¨Ì
¦¨¤±μ¸É¥° ¶·¨ ¸¨²Ó´μ° ±μ´¸É ´É¥ ¸¢Ö§¨.

PACS: 04.70.-s; 11.25.Wx; 12.38.Mh

∗E-mail: arslanaliev.kh@gmail.com
∗∗E-mail: ajn@kipt.kharkov.ua
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THE 6D GAUSSÄBONNET SUPERGRAVITY
INVARIANT

G. Tartaglino-Mazzucchelli ∗

Instituut voor Theoretische Fysica, KU Leuven, Leuven, Belgium

We review the recent construction of the off-shell N = (1, 0) supersymmetrization
of the GaussÄBonnet curvature squared combination in six dimensions.

� ¸³μÉ·¥´  ´¥¤ ¢´μ ¶·¥¤²μ¦¥´´ Ö ±μ´¸É·Ê±Í¨Ö ¢´¥³ ¸¸μ¢μ° N = (1, 0) ¸Ê¶¥·-
¸¨³³¥É·¨§ Í¨¨ ¤²Ö ±¢ ¤· É¨Î´ÒÌ ¶μ ±·¨¢¨§´¥ ¸μÎ¥É ´¨° ƒ Ê¸¸ Ä	μ´´¥ ¢ Ï¥¸É¨ ¨§-
³¥·¥´¨ÖÌ.

PACS: 04.65.+e

∗E-mail: gabriele.tartaglino-mazzucchelli@kuleuven.be
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„‹Ÿ SO(3)-‘‚Ÿ‡��‘’ˆ

Œ.�.Š É ´ ¥¢ ∗

Œ É¥³ É¨Î¥¸±¨° ¨´¸É¨ÉÊÉ ¨³. ‚. �. ‘É¥±²μ¢  ���, Œμ¸±¢ 

� °¤¥´μ ÉμÎ´μ¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨° �°²¥· Ä‹ £· ´¦ , ¢ÒÉ¥± ÕÐ¨Ì ¨§ ¤¥°¸É¢¨Ö
—¥·´ Ä‘ °³μ´¸  ¤²Ö SO(3)-¸¢Ö§´μ¸É¨ ¸ δ-μ¡· §´Ò³ ¨¸ÉμÎ´¨±μ³. „μ± § ´μ, ÎÉμ ÔÉμ
·¥Ï¥´¨¥ μ¶¨¸Ò¢ ¥É ¶·Ö³μ²¨´¥°´ÊÕ ¤¨¸±²¨´ Í¨Õ ¢ · ³± Ì £¥μ³¥É·¨Î¥¸±μ° É¥μ·¨¨
¤¥Ë¥±Éμ¢. ‚ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ ³¥É·¨±  Ö¢²Ö¥É¸Ö ¥¢±²¨¤μ¢μ°, ¢ÒÎ¨¸²¥´Ò ±μ³¶μ-
´¥´ÉÒ É¥´§μ·  ±·ÊÎ¥´¨Ö. �Éμ ¶μ± §Ò¢ ¥É, ÎÉμ ¤¨¸±²¨´ Í¨Ö ³μ¦¥É ¸μ¶·μ¢μ¦¤ ÉÓ¸Ö
´¥¶·¥·Ò¢´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¤¨¸²μ± Í¨° ¸ Í¨²¨´¤·¨Î¥¸±μ° ¸¨³³¥É·¨¥°.

We obtained the exact solution of the EulerÄLagrange equations following from the
ChernÄSimons action for SO(3) connection with δ-type source. This solution is proved
to describe straight linear disclination in the framework of geometric theory of defects.
Torsion tensor components are calculated assuming the metric to be Euclidean. It shows
that disclination can be followed by continuous distribution of dislocations with cylindrical
symmetry.

PACS: 02.40.Ky

‚‚…„…�ˆ…

�¤¨´ ¨§ ´ ¨¡μ²¥¥ ³´μ£μμ¡¥Ð ÕÐ¨Ì ¶μ¤Ìμ¤μ¢ ± μ¶¨¸ ´¨Õ ¤¥Ë¥±Éμ¢ ¢
É¢¥·¤ÒÌ É¥² Ì ¨ ¶·μ¸É· ´¸É¢¥-¢·¥³¥´¨ μ¸´μ¢ ´ ´  £¥μ³¥É·¨¨ �¨³ ´ ÄŠ ·É ´ 
¸ ´¥É·¨¢¨ ²Ó´μ° ±·¨¢¨§´μ° ¨ ±·ÊÎ¥´¨¥³ (¸³. [1,2]). ‚ ÔÉμ³ ¶μ¤Ìμ¤¥ ±·¨¸É ²²
· ¸¸³ É·¨¢ ¥É¸Ö ± ± ³´μ£μμ¡· §¨¥ (´¥¶·¥·Ò¢´  ¸·¥¤ ), ´  ±μÉμ·μ³ § ¤ ´μ
¥¤¨´¨Î´μ¥ ¢¥±Éμ·´μ¥ ¶μ²¥. …¸²¨ ¤¨¸²μ± Í¨¨ μÉ¸ÊÉ¸É¢ÊÕÉ, Éμ ¸ÊÐ¥¸É¢Ê¥É ´¥-
¶·¥·Ò¢´μ¥ ¢¥±Éμ·´μ¥ ¶μ²¥ ¸³¥Ð¥´¨°, ±μÉμ·μ¥ ¸μμÉ¢¥É¸É¢Ê¥É ¤¨ËË¥μ³μ·Ë¨§-
³ ³ ¥¢±²¨¤μ¢  ¶·μ¸É· ´¸É¢ . …¸²¨ ¶μ²¥ ¸³¥Ð¥´¨° ¨³¥¥É · §·Ò¢Ò, Éμ ³Ò £μ-
¢μ·¨³, ÎÉμ ¢ ¸·¥¤¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¤¥Ë¥±ÉÒ Å ¤¨¸²μ± Í¨¨. �Éμ ¶·¨¢μ¤¨É ± ¢μ§-
´¨±´μ¢¥´¨Õ ´¥É·¨¢¨ ²Ó´μ° £¥μ³¥É·¨¨. � ¨³¥´´μ, ¤¨¸²μ± Í¨¨ ¸μμÉ¢¥É¸É¢ÊÕÉ

∗E-mail: katanaev@mi.ras.ru
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´¥É·¨¢¨ ²Ó´μ³Ê ±·ÊÎ¥´¨Õ, ±μÉμ·μ¥ ¨³¥¥É Ë¨§¨Î¥¸±¨° ¸³Ò¸² ¶μ¢¥·Ì´μ¸É´μ°
¶²μÉ´μ¸É¨ ¢¥±Éμ·  	Õ·£¥·¸ . „¥Ë¥±ÉÒ (· §·Ò¢Ò) ¥¤¨´¨Î´μ£μ ¢¥±Éμ·´μ£μ ¶μ²Ö
´ §Ò¢ ÕÉ¸Ö ¤¨¸±²¨´ Í¨Ö³¨. �´¨ ¸μμÉ¢¥É¸É¢ÊÕÉ ´¥É·¨¢¨ ²Ó´μ³Ê É¥´§μ·Ê ±·¨-
¢¨§´Ò ¤²Ö SO(3)-¸¢Ö§´μ¸É¨, ±μÉμ·Ò° ¨³¥¥É Ë¨§¨Î¥¸±¨° ¸³Ò¸² ¶μ¢¥·Ì´μ¸É´μ°
¶²μÉ´μ¸É¨ ¢¥±Éμ·  ”· ´± .

�·¥¨³ÊÐ¥¸É¢μ £¥μ³¥É·¨Î¥¸±μ° É¥μ·¨¨ ¤¥Ë¥±Éμ¢ ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ μ´ 
¶μ§¢μ²Ö¥É μ¶¨¸Ò¢ ÉÓ ± ± μÉ¤¥²Ó´Ò¥ ¤¥Ë¥±ÉÒ, É ± ¨ ¨Ì ´¥¶·¥·Ò¢´μ¥ · ¸¶·¥-
¤¥²¥´¨¥.

‚ ´ ¸ÉμÖÐ¥° ¸É ÉÓ¥ ³Ò · ¸¸³μÉ·¨³ É·¥Ì³¥·´μ¥ ¤¥°¸É¢¨¥ —¥·´ Ä‘ °³μ´¸ 
¤²Ö SO(3)-¸¢Ö§´μ¸É¨ ¢ · ³± Ì £¥μ³¥É·¨Î¥¸±μ° É¥μ·¨¨ ¤¥Ë¥±Éμ¢. ‚¶¥·¢Ò¥ ÔÉμ
¤¥°¸É¢¨¥ ¤²Ö μ¶¨¸ ´¨Ö ¤¥Ë¥±Éμ¢ ¡Ò²μ ¨¸¶μ²Ó§μ¢ ´μ ¢ [3]. ‚ · §¤. 1 ¢¢¥-
¤¥´Ò μ¡μ§´ Î¥´¨Ö ¨ ¢Ò¶¨¸ ´μ ¤¥°¸É¢¨¥ ¤²Ö SO(3)-¸¢Ö§´μ¸É¨. ‚ ¸²¥¤ÊÕÐ¥³
· §¤¥²¥ ´ °¤¥´μ ÉμÎ´μ¥ ·¥Ï¥´¨¥ Ê· ¢´¥´¨° · ¢´μ¢¥¸¨Ö ¤²Ö μ¤´μ° ¶·Ö³μ-
²¨´¥°´μ° ¤¨¸±²¨´ Í¨¨. ‚ ÔÉμ³ ¸²ÊÎ ¥ ´ °¤¥´μ É ±¦¥ ¶μ²¥ Ê£²  ¶μ¢μ·μÉ .
‚ · §¤. 3 ¢ÒÎ¨¸²¥´Ò ±μ³¶μ´¥´ÉÒ É¥´§μ·  ±·ÊÎ¥´¨Ö ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ
³¥É·¨±  Ö¢²Ö¥É¸Ö ¥¢±²¨¤μ¢μ°.

1. „…‰‘’‚ˆ… —…���Ä‘�‰Œ��‘�

� ¸¸³μÉ·¨³ É·¥Ì³¥·´μ¥ ³´μ£μμ¡· §¨¥ M ¸ ±μμ·¤¨´ É ³¨ xμ, μ = 1, 2, 3.
	Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ ´  M § ¤ ´  £¥μ³¥É·¨Ö �¨³ ´ ÄŠ ·É ´ , É. ¥. ·¨³ ´μ¢ 
³¥É·¨±  gμν ¨ ±·ÊÎ¥´¨¥ Tμν

ρ. ŒÒ ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ¶¥·¥³¥´´Ò¥ Š ·É ´ :
·¥¶¥· eμ

i ¨ SO(3)-¸¢Ö§´μ¸ÉÓ ωμ
ij = −ωμ

ji, i, j = 1, 2, 3. Š ¦¤Ò° ·¥¶¥·
μ¤´μ§´ Î´μ μ¶·¥¤¥²Ö¥É ´  M ·¨³ ´μ¢Ê ³¥É·¨±Ê:

gμν := eμ
ieν

jδij , δij := diag (+ + +).

�μ¤Ñ¥³ ¨ μ¶Ê¸± ´¨¥ £·¥Î¥¸±¨Ì ¨ ² É¨´¸±¨Ì ¨´¤¥±¸μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ-
³μÐÓÕ ³¥É·¨± gμν ¨ δij ,   ¶¥·¥Ìμ¤ μÉ £·¥Î¥¸±¨Ì ¨´¤¥±¸μ¢ ± ² É¨´¸±¨³ ¨
´ μ¡μ·μÉ Å ¸ ¶μ³μÐÓÕ ·¥¶¥·  eμ

i ¨ ¥£μ μ¡· É´μ£μ eμ
i.

‚ · ¸¸³ É·¨¢ ¥³μ³ ¸²ÊÎ ¥ ´  M § ¤ ´Ò ¤¢¥ 1-Ëμ·³Ò:

ei := dxμeμ
i, ωi

j := dxμωμi
j . (1)

�´¨ μ¶·¥¤¥²ÖÕÉ ²μ± ²Ó´Ò¥ 2-Ëμ·³Ò ±·¨¢¨§´Ò ¨ ±·ÊÎ¥´¨Ö:

Ri
j :=

1
2
dxμ ∧ dxνRμνi

j := dωi
j − ωi

k ∧ ωk
j , (2)

T i :=
1
2
dxμ ∧ dxνTμν

i := dei − ej ∧ ωj
i, (3)

±μÉμ·Ò¥ Ê¤μ¢²¥É¢μ·ÖÕÉ Éμ¦¤¥¸É¢ ³ 	¨ ´±¨

dT i + T j ∧ ωj
i = ej ∧ Rj

i,

dRi
j + Ri

k ∧ ωk
j − ωi

k ∧ Rk
j = 0.

(4)

‡ ³¥É¨³, ÎÉμ ¶μ¸²¥¤´¥¥ Éμ¦¤¥¸É¢μ ´¥ § ¢¨¸¨É μÉ ·¥¶¥· .
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„¥°¸É¢¨¥ —¥·´ Ä‘ °³μ´¸  ¤²Ö SO(3)-¸¢Ö§´μ¸É¨ ¨³¥¥É ¢¨¤ [4] (¸³. μ¡-
§μ· [5])

SCS :=
∫

M

tr

(
dω ∧ ω − 2

3
ω ∧ ω ∧ ω

)
=

∫
M

tr

(
R ∧ ω +

1
3
ω ∧ ω ∧ ω

)
, (5)

£¤¥ ¨¸¶μ²Ó§μ¢ ´μ ¢Ò· ¦¥´¨¥ (2) ¤²Ö 2-Ëμ·³Ò ±·¨¢¨§´Ò.
� ²¨Î¨¥ ¶μ²´μ¸ÉÓÕ  ´É¨¸¨³³¥É·¨Î´μ£μ É¥´§μ·  É·¥ÉÓ¥£μ · ´£  ¶μ§¢μ²Ö¥É

¢¢¥¸É¨ ¸²¥¤ÊÕÐÊÕ ¶ · ³¥É·¨§ Í¨Õ SO(3)-¸¢Ö§´μ¸É¨:

ωμ
ij = ωμkεkij , ωμk :=

1
2
ωμ

ijεijk, (6)

£¤¥ εkij Å ¶μ²´μ¸ÉÓÕ  ´É¨¸¨³³¥É·¨Î´Ò° É¥´§μ· É·¥ÉÓ¥£μ · ´£ . �¡· É¨³
¢´¨³ ´¨¥, ÎÉμ ¶·¨ ¶·μ¸É· ´¸É¢¥´´ÒÌ μÉ· ¦¥´¨ÖÌ x1 �→ −x1 1-Ëμ·³  ωμk

³¥´Ö¥É §´ ±, ¶μ¸±μ²Ó±Ê ³¥´Ö¥É §´ ± ¶μ²´μ¸ÉÓÕ  ´É¨¸¨³³¥É·¨Î´Ò° É¥´§μ·.
‚ ÔÉμ° ¶ · ³¥É·¨§ Í¨¨ ±μ³¶μ´¥´ÉÒ É¥´§μ·μ¢ ±·¨¢¨§´Ò ¨ ±·ÊÎ¥´¨Ö ¨³¥ÕÉ ¢¨¤

Rμνk :=
1
2
Rμν

ijεijk = ∂μωμk − ∂νωμk + ωμ
iων

jεijk,

Tμν
i =∂μeν

i − ∂νeμ
i + εijk(eμjωνk − eνjωμk).

(7)

2. ‹ˆ�…‰�›… „ˆ‘Š‹ˆ��–ˆˆ

�·¥¤¶μ²μ¦¨³, ÎÉμ ³¥É·¨±  ´  ³´μ£μμ¡· §¨¨ M ¥¢±²¨¤μ¢ , gμν =
diag (+ + +). ’μ£¤  £¥μ³¥É·¨Ö μ¶¨¸Ò¢ ¥É¸Ö Éμ²Ó±μ SO(3)-¸¢Ö§´μ¸ÉÓÕ, ±μ-
Éμ· Ö ³μ¦¥É ¶·¨¢μ¤¨ÉÓ ± ´¥É·¨¢¨ ²Ó´μ° ±·¨¢¨§´¥ ¨ ±·ÊÎ¥´¨Õ. � ¸¸³μÉ·¨³
¤¥°¸É¢¨¥ —¥·´ Ä‘ °³μ´¸  ¤²Ö SO(3)-¸¢Ö§´μ¸É¨ (5) ¸ ¨¸ÉμÎ´¨±μ³:

SCS[ω] + Sint[ω, J ] =
∫

R3

(
1
2
dωi ∧ ωi +

1
6
ωi ∧ ωj ∧ ωkεijk − ωi ∧ Ji

)
, (8)

£¤¥ Ji =
1
2
dxμ ∧ dxνJμνi Å 2-Ëμ·³ , ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ¨¸ÉμÎ´¨±Ê ¤¨¸±²¨-

´ Í¨°, ±μÉμ·ÊÕ ¶μ±  ´¥ ±μ´±·¥É¨§¨·Ê¥³. —²¥´ ¢§ ¨³μ¤¥°¸É¢¨Ö  ´ ²μ£¨Î¥´
³¨´¨³ ²Ó´μ³Ê ¢§ ¨³μ¤¥°¸É¢¨Õ Ô²¥±É·¨Î¥¸±μ£μ § ·Ö¤  ¸ Ô²¥±É·μ³ £´¨É´Ò³
¶μ²¥³ ¢ Ô²¥±É·μ¤¨´ ³¨±¥.

“· ¢´¥´¨Ö · ¢´μ¢¥¸¨Ö ¤²Ö ¤¥°¸É¢¨Ö (8) ¶·¨´¨³ ÕÉ ¢¨¤

Rμν
k = Jμν

k, (9)

£¤¥ Jμν
k Å ±μ³¶μ´¥´ÉÒ ¨¸ÉμÎ´¨±  ¤²Ö SO(3)-¸¢Ö§´μ¸É¨. �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ

¥¸²¨ ¨¸ÉμÎ´¨± μÉ¸ÊÉ¸É¢Ê¥É, Éμ ³´μ£μμ¡· §¨¥ M Ö¢²Ö¥É¸Ö ¶²μ¸±¨³.
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�¥·¢Ò¥ ¤¢  ¸² £ ¥³ÒÌ ¢ ¤¥°¸É¢¨¨ (8) ¶·¨ ²μ± ²Ó´ÒÌ SO(3)-¢· Ð¥´¨ÖÌ
³¥´ÖÕÉ¸Ö ´  ¢´¥Ï´¨° ¤¨ËË¥·¥´Í¨ ². �μÔÉμ³Ê ¤²Ö ¸ ³μ¸μ£² ¸μ¢ ´´μ¸É¨ Ê· ¢-
´¥´¨° �°²¥· Ä‹ £· ´¦  ´  ¨¸ÉμÎ´¨± ´¥μ¡Ìμ¤¨³μ ´ ²μ¦¨ÉÓ Ê¸²μ¢¨¥
DJk = 0, £¤¥ DJk := dJk + Jj ∧ ωj

k Å ¢´¥Ï´ÖÖ ±μ¢ ·¨ ´É´ Ö ¶·μ¨§¢μ¤´ Ö.
� ¸¸³μÉ·¨³ μ¤´Ê ²¨´¥°´ÊÕ ¤¨¸±²¨´ Í¨Õ qμ(t), £¤¥ t ∈ R Å ¶ · ³¥É·

¢¤μ²Ó ²¨´¨¨ ¤¨¸±²¨´ Í¨¨. ‡ ¶¨Ï¥³ Î²¥´ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ¢¨¤¥

Sint :=
∫

dqμωμiJ
i =

∫
dt q̇μωμiJ

i, (10)

£¤¥ q̇μ := dqμ/dt. �Éμ ¤¥°¸É¢¨¥ ¨´¢ ·¨ ´É´μ μÉ´μ¸¨É¥²Ó´μ ¶·¥μ¡· §μ¢ ´¨°
±μμ·¤¨´ É ´  M (¸ ÉμÎ´μ¸ÉÓÕ ¤μ £· ´¨Î´ÒÌ ¸² £ ¥³ÒÌ) ¨ ¶·μ¨§¢μ²Ó´μ° ¶¥-
·¥¶ · ³¥É·¨§ Í¨¨ ±·¨¢μ° qμ(t). „μ¶Ê¸É¨³, ÎÉμ ¤¨¸±²¨´ Í¨Ö · ¸¶μ²μ¦¥´ 
É ±¨³ μ¡· §μ³, ÎÉμ ¢¸Õ¤Ê ¢Ò¶μ²´¥´μ ´¥· ¢¥´¸É¢μ q̇3 �= 0. „²Ö Éμ£μ ÎÉμ¡Ò
¶·μ¢ ·Ó¨·μ¢ ÉÓ ¤ ´´μ¥ ¤¥°¸É¢¨¥ ¶μ SO(3)-¸¢Ö§´μ¸É¨, ¢¸É ¢¨³ ¢ ¶μ¤Ò´É¥£· ²Ó-
´μ¥ ¢Ò· ¦¥´¨¥ É·¥Ì³¥·´ÊÕ δ-ËÊ´±Í¨Õ:

Sint =
∫

dtd3xq̇μωμiJ
iδ3(x − q) =

∫
d3x

q̇μ

q̇3
ωμiJ

iδ2(x − q),

£¤¥ ³Ò ¶·μ¨´É¥£·¨·μ¢ ²¨ ¶μ t, ¨¸¶μ²Ó§μ¢ ¢ μ¤´Ê δ-ËÊ´±Í¨Õ δ
(
x3 − q3(t)

)
,

¨ δ2(x − q) := δ(x1 − q1)δ(x2 − q2) μ¡μ§´ Î ¥É ¤¢Ê³¥·´ÊÕ δ-ËÊ´±Í¨Õ ´ 
¶²μ¸±μ¸É¨ x1, x2. ’μ£¤  ¢ ·¨ Í¨Ö Î²¥´  ¢§ ¨³μ¤¥°¸É¢¨Ö · ¢´ 

δSint

δωμi
=

q̇μ

q̇3
J iδ2(x − q). (11)

� ¸¸³μÉ·¨³ Ê· ¢´¥´¨Ö (9) ´  Éμ¶μ²μ£¨Î¥¸±¨ É·¨¢¨ ²Ó´μ³ ³´μ£μμ¡· §¨¨
M ≈ R

3 ¸ ¤¥± ·Éμ¢μ° ¸¨¸É¥³μ° ±μμ·¤¨´ É x1 = x, x2 = y ¨ x3. �·¥¤¶μ²μ-
¦¨³, ÎÉμ ¤¨¸±²¨´ Í¨Ö ¶·Ö³μ²¨´¥°´  ¨ ¸μ¢¶ ¤ ¥É ¸ μ¸ÓÕ x3, É. ¥. q1 = q2 = 0
¨ q3 = t. 	Ê¤¥³ ¨¸± ÉÓ ·¥Ï¥´¨Ö Ê· ¢´¥´¨° (9), ±μÉμ·Ò¥ ¨´¢ ·¨ ´É´Ò μÉ-
´μ¸¨É¥²Ó´μ É· ´¸²ÖÍ¨° ¢¤μ²Ó μ¸¨ x3 ¨ ¢· Ð¥´¨° ¢ ¶²μ¸±μ¸É¨ x, y. ‚ É ±μ³
¸²ÊÎ ¥ SO(3)-¸¢Ö§´μ¸ÉÓ ¨³¥¥É Éμ²Ó±μ ¤¢¥ ´¥É·¨¢¨ ²Ó´Ò¥ ±μ³¶μ´¥´ÉÒ:

ωx
3 ¨ ωy

3, (12)

±μÉμ·Ò¥ § ¢¨¸ÖÉ μÉ ÉμÎ±¨ ´  ¶²μ¸±μ¸É¨ (x, y) ∈ R2 = C. „²Ö ´ Ìμ¦¤¥´¨Ö
·¥Ï¥´¨° ¢¢¥¤¥³ ±μ³¶²¥±¸´ÊÕ ±μμ·¤¨´ ÉÊ

z := x + iy, z̄ := x − iy.

’μ£¤  ¤¢¥ ¢¥Ð¥¸É¢¥´´Ò¥ ±μ³¶μ´¥´ÉÒ SO(3)-¸¢Ö§´μ¸É¨ (12) μ¡Ñ¥¤¨´ÖÕÉ¸Ö ¢
μ¤´Ê ±μ³¶²¥±¸´ÊÕ:

ωz
3 :=

1
2
ωx

3 − i

2
ωy

3,

ωz̄
3 =

1
2
ωx

3 +
i

2
ωy

3
⇔

ωx
3 = ωz

3 + ωz̄
3,

ωy
3 = iωz

3 − iωz̄
3.

(13)
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‘μμÉ¢¥É¸É¢ÊÕÐ¨° É¥´§μ· ±·¨¢¨§´Ò ¨³¥¥É Éμ²Ó±μ μ¤´Ê ²¨´¥°´μ ´¥§ ¢¨¸¨³ÊÕ
±μ³¶²¥±¸´ÊÕ ±μ³¶μ´¥´ÉÊ

Rzz̄
3 = 2(∂zωz̄

3 − ∂z̄ωz
3), (14)

±μÉμ· Ö ²¨´¥°´  ¶μ ¸¢Ö§´μ¸É¨. �Éμ ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ ¢ ¶²μ¸±μ¸É¨ x, y
¤¥°¸É¢Ê¥É £·Ê¶¶  ¢· Ð¥´¨° SO(2), ±μÉμ· Ö Ö¢²Ö¥É¸Ö  ¡¥²¥¢μ°. Šμ³¶²¥±¸´μ-
¸μ¶·Ö¦¥´´ Ö ±μ³¶μ´¥´É  ¨³¥¥É ¢¨¤

Rzz̄
3 = 2(∂z̄ωz

3 − ∂zωz̄
3) = −Rzz̄

3 = Rz̄z
3. (15)

…¸²¨ Éμ²Ó±μ ¤¢¥ ±μ³¶μ´¥´ÉÒ SO(3)-¸¢Ö§´μ¸É¨ (12) μÉ²¨Î´Ò μÉ ´Ê²Ö, Éμ
±¢ ¤· É¨Î´Ò¥ ¸² £ ¥³Ò¥ ¢ ±·¨¢¨§´¥ (2) μ¡· Ð ÕÉ¸Ö Éμ¦¤¥¸É¢¥´´μ ¢ ´Ê²Ó, ¨
³Ò ³μ¦¥³ · ¸¸³ É·¨¢ ÉÓ ¨¸ÉμÎ´¨±¨ ¢ ¢¨¤¥ δ-ËÊ´±Í¨°, É ± ± ± Ê· ¢´¥´¨Ö
· ¢´μ¢¥¸¨Ö (9) ¸É ´μ¢ÖÉ¸Ö ²¨´¥°´Ò³¨. ’¥¶¥·Ó § Ë¨±¸¨·Ê¥³ ¨¸ÉμÎ´¨±

Rzz̄
3 = 4πiAδ(z), A ∈ R, (16)

£¤¥ δ(z) Å ¤¢Ê³¥·´ Ö δ-ËÊ´±Í¨Ö ´  ±μ³¶²¥±¸´μ° ¶²μ¸±μ¸É¨. Ÿ¸´μ, ÎÉμ ÔÉμÉ
¨¸ÉμÎ´¨± μ¡² ¤ ¥É ¢· Ð É¥²Ó´μ° ¸¨³³¥É·¨¥°.

�¥Ï¥´¨¥ Ê· ¢´¥´¨Ö (16) μ¶¨¸Ò¢ ¥É ´μ¢Ò° É¨¶ £¥μ³¥É·¨Î¥¸±μ° μ¸μ¡¥´´μ-
¸É¨. …¸²¨ ¡Ò ÔÉμ Ê· ¢´¥´¨¥ · ¸¸³ É·¨¢ ²μ¸Ó ± ± Ê· ¢´¥´¨¥ ¢Éμ·μ£μ ¶μ·Ö¤± 
¤²Ö ³¥É·¨±¨, Éμ ¥£μ ·¥Ï¥´¨¥ μ¶¨¸Ò¢ ²μ ¡Ò μ¡ÒÎ´ÊÕ ±μ´¨Î¥¸±ÊÕ μ¸μ¡¥´-
´μ¸ÉÓ ´  ¶²μ¸±μ¸É¨ x, y. ‚ ÔÉμ³ ¸²ÊÎ ¥ ·¥Ï¥´¨¥ ¸μμÉ¢¥É¸É¢Ê¥É ±²¨´μ¢μ°
¤¨¸²μ± Í¨¨ ¢ £¥μ³¥É·¨Î¥¸±μ° É¥μ·¨¨ ¤¥Ë¥±Éμ¢ [1]. ’¥¶¥·Ó ¸¨ÉÊ Í¨Ö ¨´ Ö.
ŒÒ · ¸¸³μÉ·¨³ ¤ ´´μ¥ Ê· ¢´¥´¨¥ ± ± Ê· ¢´¥´¨¥ ¶¥·¢μ£μ ¶μ·Ö¤±  ¤²Ö SO(3)-
¸¢Ö§´μ¸É¨ ¨ ¶μ± ¦¥³, ÎÉμ μ´μ μ¶¨¸Ò¢ ¥É ¤¥Ë¥±É ¥¤¨´¨Î´μ£μ ¢¥±Éμ·´μ£μ ¶μ²Ö
(¤¨¸±²¨´ Í¨Õ), ¶·¨ ÔÉμ³ ³¥É·¨±  μ¸É ¥É¸Ö ¥¢±²¨¤μ¢μ°.

“· ¢´¥´¨¥ (16) ¨³¥¥É ·¥Ï¥´¨¥

ωz
3 = − iA

z
, ωz̄

3 =
iA

z̄
. (17)

„²Ö Éμ£μ ÎÉμ¡Ò ¶·μ¢¥·¨ÉÓ, ÎÉμ ÔÉμ ¤¥°¸É¢¨É¥²Ó´μ ·¥Ï¥´¨¥, ³μ¦´μ ¨¸¶μ²Ó§μ-
¢ ÉÓ Ìμ·μÏμ ¨§¢¥¸É´ÊÕ Ëμ·³Ê²Ê (¸³, ´ ¶·¨³¥·, [6])

∂z
1
z̄

= πδ(z) ⇔ ∂z̄
1
z

= πδ(z). (18)

‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¢¥Ð¥¸É¢¥´´Ò¥ ±μ³¶μ´¥´ÉÒ ¨³¥ÕÉ ¢¨¤

ωx
3 = − 2Ay

x2 + y2
, ωy

3 =
2Ax

x2 + y2
. (19)

�Éμ ·¥Ï¥´¨¥ ¡Ò²μ ´ °¤¥´μ ¢ [7].
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‚´¥ μ¸¨ x3 ±·¨¢¨§´  Ö¢²Ö¥É¸Ö ¶²μ¸±μ°, ¨ ¶μÔÉμ³Ê ¸¢Ö§´μ¸ÉÓ § ¤ ¥É¸Ö
Î ¸É´Ò³¨ ¶·μ¨§¢μ¤´Ò³¨ μÉ ´¥±μÉμ·μ° ËÊ´±Í¨¨. ‚ £¥μ³¥É·¨Î¥¸±μ° É¥μ·¨¨
¤¥Ë¥±Éμ¢ ÔÉμ° ËÊ´±Í¨¥° Ö¢²Ö¥É¸Ö ¶μ²¥ Ê£²  ¶μ¢μ·μÉ  θ(x, y) ¥¤¨´¨Î´μ£μ
¢¥±Éμ·´μ£μ ¶μ²Ö ´  ¶²μ¸±μ¸É¨. �Éμ ¶μ²¥ ¤μ²¦´μ Ê¤μ¢²¥É¢μ·ÖÉÓ ¸²¥¤ÊÕÐ¥°
¸¨¸É¥³¥ Ê· ¢´¥´¨°:

∂xθ = − 2Ay

x2 + y2
, ∂yθ =

2Ax

x2 + y2
. (20)

“¸²μ¢¨Ö ¨´É¥£·¨·Ê¥³μ¸É¨ ¤ ´´μ° ¸¨¸É¥³Ò Ê· ¢´¥´¨° ¢´¥ μ¸¨ ¤¨¸±²¨´ Í¨¨

∂xyθ = ∂yxθ

¢Ò¶μ²´¥´Ò, ¨ ³μ¦´μ ¡¥§ É·Ê¤  ¢Ò¶¨¸ ÉÓ μ¡Ð¥¥ ·¥Ï¥´¨¥

θ = −2A arctan
x

y
+ C, C = const. (21)

‡ Ë¨±¸¨·Ê¥³ ¶μ¸ÉμÖ´´ÊÕ ¨´É¥£·¨·μ¢ ´¨Ö C := πA. ’μ£¤  ·¥Ï¥´¨¥ ¶·¨³¥É
¢¨¤

tan
θ

2A
=

y

x
= tan ϕ, (22)

£¤¥ ϕ Å μ¡ÒÎ´Ò° ¶μ²Ö·´Ò° Ê£μ² ´  ¶²μ¸±μ¸É¨ (x, y) ∈ R2. …¸²¨ μ¡μ°É¨
μ¸Ó x3 ¢¤μ²Ó ±μ´ÉÊ·  C, Éμ ¶μ²Ö·´Ò° Ê£μ² ¨§³¥´¨É¸Ö ´  2π. „²Ö Éμ£μ
ÎÉμ¡Ò ¶μ²¥ ¢· Ð¥´¨° θ(x, y) ¡Ò²μ μ¶·¥¤¥²¥´μ, ´¥μ¡Ìμ¤¨³μ ´ ²μ¦¨ÉÓ Ê¸²μ¢¨¥
±¢ ´Éμ¢ ´¨Ö

A =
n

2
, n ∈ Z. (23)

’ ±¨³ μ¡· §μ³, ¶μ²¥ ¢· Ð¥´¨° ¶·¨´¨³ ¥É ¢¨¤

θ = nϕ. (24)

�´μ μ¶·¥¤¥²¥´μ ¢¸Õ¤Ê, §  ¨¸±²ÕÎ¥´¨¥³ · §·¥§  ¶μ ¶μ²Ê¶²μ¸±μ¸É¨, ¸± ¦¥³,
y = 0, x � 0. ‘μμÉ¢¥É¸É¢ÊÕÐ Ö SO(3)-¸¢Ö§´μ¸ÉÓ ¨³¥¥É Éμ²Ó±μ ¤¢¥ ´¥É·¨¢¨-
 ²Ó´Ò¥ ±μ³¶μ´¥´ÉÒ:

ωx
12 = − ny

x2 + y2
= −n

r
sinϕ,

ωy
12 =

nx

x2 + y2
=

n

r
cosϕ,

(25)

£¤¥ r :=
√

x2 + y2 Å ¶μ²Ö·´Ò° · ¤¨Ê¸. �´  μ¶·¥¤¥²¥´  ¢¸Õ¤Ê ´  ¶²μ¸-
±μ¸É¨ x, y, §  ¨¸±²ÕÎ¥´¨¥³ ´ Î ²  ¸¨¸É¥³Ò ±μμ·¤¨´ É, £¤¥ ¥¥ ·μÉμ· ¨³¥¥É
δ-μ¡· §´ÊÕ μ¸μ¡¥´´μ¸ÉÓ (16). ŒÒ ¢¨¤¨³, ÎÉμ SO(3)-¸¢Ö§´μ¸ÉÓ ¨³¥¥É £μ· §¤μ
²ÊÎÏ¥¥ ¶μ¢¥¤¥´¨¥, Î¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ¶μ²¥ Ê£²  ¶μ¢μ·μÉ , ± ± ¨ ¤μ²¦´μ
¡ÒÉÓ ¢ £¥μ³¥É·¨Î¥¸±μ° É¥μ·¨¨ ¤¥Ë¥±Éμ¢.
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’ ±¨³ μ¡· §μ³, ¶·¨ μ¡Ìμ¤¥ ¶μ § ³±´ÊÉμ³Ê ±μ´ÉÊ·Ê C ¢μ±·Ê£ μ¸¨ x3 ¶μ²¥
Ê£²  ¶μ¢μ·μÉ  ³¥´Ö¥É¸Ö μÉ 0 ¤μ 2πn, £¤¥ |2πn| = |Ω| Å ³μ¤Ê²Ó ¢¥±Éμ· 
”· ´± . �Éμ ¢ ÉμÎ´μ¸É¨ ²¨´¥°´ Ö ¤¨¸±²¨´ Í¨Ö ¥¤¨´¨Î´μ£μ ¢¥±Éμ·´μ£μ ¶μ²Ö,
μ¸Ó ±μÉμ·μ° ¸μ¢¶ ¤ ¥É ¸ μ¸ÓÕ x3. �·¨ n = 0 ¤¨¸±²¨´ Í¨Ö μÉ¸ÊÉ¸É¢Ê¥É. �ÉμÉ
¸²ÊÎ ° É·¥¡Ê¥É μÉ¤¥²Ó´μ£μ · ¸¸³μÉ·¥´¨Ö: ¶·¨ A = 0 ¤μ²¦´μ ¡ÒÉÓ ¢Ò¶μ²´¥´μ
· ¢¥´¸É¢μ θ = 0 ± ± ¸²¥¤¸É¢¨¥ Ê· ¢´¥´¨Ö (21).

ŒÒ ¢¨¤¨³, ÎÉμ ´¥É·¨¢¨ ²Ó´ Ö SO(3)-¸¢Ö§´μ¸ÉÓ (25) μ¶¨¸Ò¢ ¥É ¤¥Ë¥±ÉÒ
¥¤¨´¨Î´μ£μ ¢¥±Éμ·´μ£μ ¶μ²Ö Å ¤¨¸±²¨´ Í¨¨. �·¨ ÔÉμ³ É¥´§μ· ±·¨¢¨§´Ò
´¥É·¨¢¨ ²¥´: μ´ · ¢¥´ ´Ê²Õ ¢¸Õ¤Ê §  ¨¸±²ÕÎ¥´¨¥³ ²¨´¨¨ ¤¨¸±²¨´ Í¨¨, ´ 
±μÉμ·μ° μ´ ¨³¥¥É δ-μ¡· §´ÊÕ μ¸μ¡¥´´μ¸ÉÓ (16).

3. „ˆ‘‹�Š�–ˆˆ

� ²¨Î¨¥ ¤¨¸±²¨´ Í¨¨ ³μ¦¥É ¸μ¶·μ¢μ¦¤ ÉÓ¸Ö ¶μÖ¢²¥´¨¥³ ¤¨¸²μ± Í¨°:
ÔÉμ § ¢¨¸¨É μÉ É¥´§μ·  ±·ÊÎ¥´¨Ö. � ¸¸³μÉ·¨³ ¸²ÊÎ °, ±μ£¤  ´  ³´μ£μμ¡· -
§¨¨ M § ¤ ´  ¥¢±²¨¤μ¢  ³¥É·¨±  ¨ SO(3)-¸¢Ö§´μ¸ÉÓ (25), μ¶¨¸Ò¢ ÕÐ Ö ¶·Ö-
³μ²¨´¥°´ÊÕ ¤¨¸±²¨´ Í¨Õ.

Šμ³¶μ´¥´ÉÒ É¥´§μ·  ±·ÊÎ¥´¨Ö ¢ ±μ³¶²¥±¸´μ³ ¡ §¨¸¥ ¤²Ö SO(3)-¸¢Ö§-
´μ¸É¨ (25) ¨³¥ÕÉ ¢¨¤

Tzz̄
1 =∂zez̄

1 − ∂z̄ez
1 + ez

2ωz̄3 − ez̄
2ωz3,

Tzz̄
2 =∂zez̄

2 − ∂z̄ez
2 − ez

1ωz̄3 + ez̄
1ωz3,

Tzz̄
3 =∂zez̄

3 − ∂z̄ez
3.

(26)

�·¨ ÔÉμ³ Tz̄z
i = Tzz̄

i. �¸É ²Ó´Ò¥ ±μ³¶μ´¥´ÉÒ Tz3
i ¨ Tz̄3

i ¢ · ¸¸³ É·¨¢ ¥³μ³
¸²ÊÎ ¥ μ¡· ÉÖÉ¸Ö ¢ ´Ê²Ó.

	Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ ¥¢±²¨¤μ¢μ° ³¥É·¨±¥ ¸μμÉ¢¥É¸É¢Ê¥É ¤¨ £μ´ ²Ó´Ò° ·¥-
¶¥· (¢Ò¶¨¸Ò¢ ¥³ Éμ²Ó±μ ±μ³¶μ´¥´ÉÒ ¢ ¶²μ¸±μ¸É¨ x, y):

ex
1 = ey

2 = 1, ex
2 = ey

1 = 0. (27)

‚ ±μ³¶²¥±¸´μ³ ¡ §¨¸¥ ±μ³¶μ´¥´ÉÒ ¨³¥ÕÉ ¢¨¤

ez
1 =

1
2
ex

1 − i

2
ey

1 =
1
2
,

ez
2 =

1
2
ex

2 − i

2
ey

2 = − i

2
.

(28)

�μ¤¸É ´μ¢±  Ö¢´ÒÌ ¢Ò· ¦¥´¨° ¤²Ö ·¥¶¥·  ¨ SO(3)-¸¢Ö§´μ¸É¨ ¢ Ëμ·³Ê²Ò ¤²Ö
±μ³¶μ´¥´É É¥´§μ·  ±·ÊÎ¥´¨Ö (26) ¶·¨¢μ¤¨É ± ¸²¥¤ÊÕÐ¥³Ê μÉ¢¥ÉÊ:

Tzz̄
1 =

n

4
z − z̄

zz̄
, Tzz̄

2 = − in

4
z + z̄

zz̄
, Tzz̄

3 = 0. (29)
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‚ £¥μ³¥É·¨Î¥¸±μ° É¥μ·¨¨ ¤¥Ë¥±Éμ¢ É¥´§μ· ±·ÊÎ¥´¨Ö μ¶·¥¤¥²Ö¥É ¶μ¢¥·Ì-
´μ¸É´ÊÕ ¶²μÉ´μ¸ÉÓ ¢¥±Éμ·  	Õ·£¥·¸ . �¥·¥Ìμ¤Ö ± ¢¥Ð¥¸É¢¥´´μ³Ê ¡ §¨¸Ê, ¶μ-
²ÊÎ ¥³ ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¶μ¢¥·Ì´μ¸É´μ° ¶²μÉ´μ¸É¨ ¢¥±Éμ·  	Õ·-
£¥·¸ :

dz ∧ dz̄ Tzz̄
1 + dz̄ ∧ dz Tz̄z

1 = dx ∧ dy
2ny

r2
,

dz ∧ dz̄ Tzz̄
2 + dz̄ ∧ dz Tz̄z

2 = − dx ∧ dy
2nx

r2
,

(30)

£¤¥ r :=
√

x2 + y2. �É¸Õ¤  ¢ÒÉ¥± ¥É, ÎÉμ ¤¨¸±²¨´ Í¨Ö ³μ¦¥É ¸μ¶·μ¢μ¦¤ ÉÓ¸Ö
· ¸¶·¥¤¥²¥´¨¥³ ¤¨¸²μ± Í¨°. �Éμ · ¸¶·¥¤¥²¥´¨¥ ´¥¶·¥·Ò¢´μ ¢ ¶²μ¸±μ¸É¨ x, y
¨ ¨³¥¥É μ¸μ¡¥´´μ¸ÉÓ ´  ²¨´¨¨ ¤¨¸±²¨´ Í¨¨ (μ¸¨ x3). ‚¥±Éμ· 	Õ·£¥·¸  ²¥-
¦¨É ¢ ¶²μ¸±μ¸É¨ x, y, ¥£μ ¶²μÉ´μ¸ÉÓ ¢· Ð É¥²Ó´μ-¸¨³³¥É·¨Î´  ¨ ¨´¢ ·¨ ´É´ 
μÉ´μ¸¨É¥²Ó´μ ¸¤¢¨£μ¢ ¢¤μ²Ó μ¸¨ x3. �·¨ r → ∞ ¶²μÉ´μ¸ÉÓ ¢¥±Éμ·  	Õ·£¥·¸ 
¸É·¥³¨É¸Ö ± ´Ê²Õ.

‡�Š‹�—…�ˆ…

‚ ¸É ÉÓ¥ ¶μ± § ´μ, ÎÉμ ¤¥°¸É¢¨¥ —¥·´ Ä‘ °³μ´¸  ¢ £¥μ³¥É·¨Î¥¸±μ° É¥μ-
·¨¨ ¤¥Ë¥±Éμ¢ μ¶¨¸Ò¢ ¥É ²¨´¥°´Ò¥ ¤¨¸±²¨´ Í¨¨. ‚ · ¸¸³μÉ·¥´´μ³ ¶·¨³¥·¥
²¨´¥°´μ° ¤¨¸±²¨´ Í¨¨ μ´μ ¶·¨¢μ¤¨É ± ´¥É·¨¢¨ ²Ó´μ° SO(3)-¸¢Ö§´μ¸É¨. ‘μμÉ-
¢¥É¸É¢ÊÕÐ¨° É¥´§μ· ±·¨¢¨§´Ò ¨³¥¥É δ-μ¡· §´ÊÕ μ¸μ¡¥´´μ¸ÉÓ ¢¤μ²Ó μ¸¨ ¤¨¸-
±²¨´ Í¨¨. � ¸±μ²Ó±μ ¨§¢¥¸É´μ  ¢Éμ·Ê, · ´¥¥ ÔÉ  μ¸μ¡¥´´μ¸ÉÓ ¢ ²¨É¥· ÉÊ·¥
´¥ μ¶¨¸Ò¢ ² ¸Ó. �Éμ ´¥ ±μ´¨Î¥¸± Ö μ¸μ¡¥´´μ¸ÉÓ ´  ¶²μ¸±μ¸É¨ x, y, É ±
± ± ³¥É·¨±  ¥¢±²¨¤μ¢ ,   μ¸μ¡¥´´μ¸ÉÓ SO(3)-¸¢Ö§´μ¸É¨. Šμ³¶μ´¥´ÉÒ É¥´-
§μ·  ±·ÊÎ¥´¨Ö É ±¦¥ ´¥É·¨¢¨ ²Ó´Ò. �É¸Õ¤  ¸²¥¤Ê¥É, ÎÉμ ²¨´¥°´ Ö ¤¨¸±²¨´ -
Í¨Ö ¸μ¶·μ¢μ¦¤ ¥É¸Ö ´¥¶·¥·Ò¢´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¤¨¸²μ± Í¨°. � ¸¶·¥¤¥²¥-
´¨¥ ¤¨¸²μ± Í¨° É ±¦¥ ¨´¢ ·¨ ´É´μ μÉ´μ¸¨É¥²Ó´μ ¢· Ð¥´¨° ¢ ¶²μ¸±μ¸É¨ x, y
¨ É· ´¸²ÖÍ¨° ¢¤μ²Ó μ¸¨ ¤¨¸±²¨´ Í¨¨.

Œ¥Éμ¤Ò ¨ ¶μ¤Ìμ¤Ò, ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¢ ¸É ÉÓ¥, · ¸¸³μÉ·¥´Ò, ´ ¶·¨³¥·,
¢ [8Ä13]. �μ²ÊÎ¥´´μ¥ ·¥Ï¥´¨¥ ¸É·Ê´´μ£μ É¨¶  ³μ¦¥É ¡ÒÉÓ ¢ ¦´μ ¢ £· ¢¨É -
Í¨¨ ¨ ±μ¸³μ²μ£¨¨ (¸³., ´ ¶·¨³¥·, [14Ä16]).

�¢Éμ· ¢Ò· ¦ ¥É ¡² £μ¤ ·´μ¸ÉÓ –¥´É·Ê ´ ÊÎ´ÒÌ ¨¸¸²¥¤μ¢ ´¨° (‚ ²Ó¤¨-
¢¨Ö, —¨²¨) §  £μ¸É¥¶·¨¨³¸É¢μ ¨ „¦. ‡ ´¥²²¨ §  ¸μÉ·Ê¤´¨Î¥¸É¢μ. ˆ¸¸²¥¤μ¢ ´¨¥
¢Ò¶μ²´¥´μ §  ¸Î¥É £· ´É  �μ¸¸¨°¸±μ£μ ´ ÊÎ´μ£μ Ëμ´¤  (¶·μ¥±É 14-50-00005).
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VISIBLE AND DARK GROUPS OF SPACETIME

S. Catto ∗

The Graduate School, City University of New York, New York, NY, USA, and

Theoretical Physics Group, Rockefeller University, New York, NY, USA

A remarkable correspondence exists between lattices generated by discrete Jordan
algebras and symmetries of superstrings, strongly suggesting that all known superstring
theories are related and descend from a more general theory related to the ConwayÄSloane
transhyperbolic group. Cartan tori have visible spaces and G/H Cartan generators as dark
builders of G and determined by root lattices. E10 is shown as the dark group of the
visible (9 + 1) space time with the Lorentz group O(9 + 1). Embedding of the higher
exceptional groups is also presented.

‡ ³¥Î É¥²Ó´μ¥ ¸μμÉ¢¥É¸É¢¨¥ ³¥¦¤Ê ·¥Ï¥É± ³¨, ¶μ·μ¦¤¥´´Ò³¨ ¤¨¸±·¥É´Ò³¨ °μ·-
¤ ´μ¢Ò³¨  ²£¥¡· ³¨, ¨ ¸¨³³¥É·¨Ö³¨ ¸Ê¶¥·¸É·Ê´ Ê¡¥¤¨É¥²Ó´μ Ê± §Ò¢ ¥É ´  Éμ, ÎÉμ
¢¸¥ ¨§¢¥¸É´Ò¥ É¥μ·¨¨ ¸Ê¶¥·¸É·Ê´ ¸¢Ö§ ´Ò ¨ ¶·μ¨¸Ìμ¤ÖÉ μÉ ¡μ²¥¥ μ¡Ð¥° É¥μ·¨¨, ¸¢Ö-
§ ´´μ° ¸ É· ´¸£¨¶¥·¡μ²¨Î¥¸±μ° £·Ê¶¶μ° Šμ´¢¥°Ä‘²μ ´ . Š ·É ´μ¢¸±¨¥ Éμ·Ò ¨³¥ÕÉ
´ ¡²Õ¤ ¥³Ò¥ ¶·μ¸É· ´¸É¢  ¨ ± ·É ´μ¢¸±¨¥ £¥´¥· Éμ·Ò G/H ± ± ¸±·ÒÉÒ¥ ±μ´¸É·Ê±-
Éμ·Ò ¤²Ö G, μ¶·¥¤¥²¥´´Ò¥ ±μ·´¥¢Ò³¨ ·¥Ï¥É± ³¨. E10 ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ ¸±·ÒÉμ°
£·Ê¶¶Ò ¢¨¤¨³μ£μ (9 + 1) ¶·μ¸É· ´¸É¢ -¢·¥³¥´¨ ¸ £·Ê¶¶μ° ‹μ·¥´Í  O(9 + 1). ’ ±¦¥
¶·¥¤¸É ¢²¥´μ ¢²μ¦¥´¨¥ ¢Ò¸Ï¨Ì ¨¸±²ÕÎ¨É¥²Ó´ÒÌ £·Ê¶¶.

PACS: 11.25.Hf; 05.50.+q

∗E-mail: Sultan.Catto@baruch.cuny.edu, catto@aya.yale.edu
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PROBING THE HOLOMORPHIC ANOMALY
OF THE D = 2, N = 2, WESSÄZUMINO MODEL

ON THE LATTICE

S. Nicolis ∗

CNRSÄLaboratoire de Math�ematiques et Physique Th�eorique (UMR 7350)

F�ed�eration de Recherche ©Denis Poissonª (FR 2964)

Universit�e ©Franc�ois Rabelaisª de Tours, Tours, France

We study a generalization of the Langevin equation, which describes �uctuations, of
commuting degrees of freedom, for scalar ˇeld theories with worldvolumes of arbitrary
dimension, following Parisi and Sourlas and correspondingly generalizes the Nicolai map.
Supersymmetry appears inevitably, as deˇning the consistent closure of system+�uctuations
and it can be probed by the identities satisˇed by the correlation functions of the noise
ˇelds, sampled by the action of the commuting ˇelds. This can be done effectively,
through numerical simulations.

We focus on the case where the target space is invariant under global rotations,
in Euclidean signature, corresponding to global Lorentz transformations, in Lorentzian
signature. This can describe target space supersymmetry.

In this case a cross-term, which is a total derivative for Abelian isometries, or when
the ˇelds are holomorphic functions of their arguments, can lead to obstructions. We
study its effects and ˇnd that, in two dimensions, it cannot lead to the appearance of the
holomorphic anomaly, in any event, when �uctuations are taken into account, because
continuous symmetries cannot be broken in two dimensions.

ŒÒ ¨§ÊÎ ¥³ μ¡μ¡Ð¥´¨¥ Ê· ¢´¥´¨Ö ‹ ´¦¥¢¥´ , μ¶¨¸Ò¢ ÕÐ¥¥ Ë²Ê±ÉÊ Í¨¨ ±μ³-
³ÊÉ¨·ÊÕÐ¨Ì ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò ¤²Ö É¥μ·¨° ¸± ²Ö·´μ£μ ¶μ²Ö ¸ ³¨·μ¢Ò³¨ μ¡Ñ¥³ ³¨
¶·μ¨§¢μ²Ó´μ° · §³¥·´μ¸É¨, ¸²¥¤ÊÖ � ·¨§¨ ¨ ‘Ê·² ¸Ê ¨ ¸μμÉ¢¥É¸É¢¥´´μ μ¡μ¡Ð Ö ± ·ÉÊ
�¨±μ² Ö. ‘Ê¶¥·¸¨³³¥É·¨Ö ¶μÖ¢²Ö¥É¸Ö ´¥¨§¡¥¦´μ ± ± μ¶·¥¤¥²ÖÕÐ Ö ¸μ£² ¸μ¢ ´´μ¥
§ ³Ò± ´¨¥ ¸¨¸É¥³  +Ë²Ê±ÉÊ Í¨¨, ¨ ¥¥ ³μ¦´μ ¨¸¸²¥¤μ¢ ÉÓ Éμ¦¤¥¸É¢ ³¨, ±μÉμ·Ò³ Ê¤μ-
¢²¥É¢μ·ÖÕÉ ±μ··¥²ÖÍ¨μ´´Ò¥ ËÊ´±Í¨¨ ¶μ²¥° ÏÊ³ , μÉμ¡· ´´ÒÌ ¤¥°¸É¢¨¥³ ±μ³³ÊÉ¨·Ê-
ÕÐ¨Ì ¶μ²¥°. �Éμ ³μ¦´μ ¸¤¥² ÉÓ ÔËË¥±É¨¢´μ ¸ ¶μ³μÐÓÕ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö.

ŒÒ Ëμ±Ê¸¨·Ê¥³¸Ö ´  ¸²ÊÎ ¥, ±μ£¤  É ·£¥É´μ¥ ¶·μ¸É· ´¸É¢μ ¨´¢ ·¨ ´É´μ μÉ´μ¸¨-
É¥²Ó´μ £²μ¡ ²Ó´ÒÌ ¢· Ð¥´¨° ¢ ¥¢±²¨¤μ¢μ° ¸¨£´ ÉÊ·¥, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì £²μ¡ ²Ó´Ò³
¶·¥μ¡· §μ¢ ´¨Ö³ ‹μ·¥´Í  ¢ ²μ·¥´Í¥¢μ° ¸¨£´ ÉÊ·¥. �Éμ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ μ¶¨¸Ò¢ ÉÓ
¸Ê¶¥·¸¨³³¥É·¨Õ É ·£¥É´μ£μ ¶·μ¸É· ´¸É¢ .

∗E-mail: Stam.Nicolis@lmpt.univ-tours.fr
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‚ ÔÉμ³ ¸²ÊÎ ¥ ¶¥·¥±·¥¸É´Ò° Î²¥´, Ö¢²ÖÕÐ¨°¸Ö ¶μ²´μ° ¶·μ¨§¢μ¤´μ° ¤²Ö  ¡¥²¥¢ÒÌ
¨§μ³¥É·¨°, ³μ¦¥É ¶·¨¢¥¸É¨ ± ¶·¥¶ÖÉ¸É¢¨Ö³. ŒÒ ¨§ÊÎ ¥³ ¥£μ ÔËË¥±ÉÒ ¨ μ¡´ ·Ê¦¨-
¢ ¥³, ÎÉμ ¢ ¤¢Ê³¥·¨¨ μ´ ´¥ ³μ¦¥É ¶·¨¢¥¸É¨ ± ¶μÖ¢²¥´¨Õ £μ²μ³μ·Ë´μ°  ´μ³ ²¨¨ ¶·¨
ÊÎ¥É¥ Ë²Ê±ÉÊ Í¨°, ¶μ¸±μ²Ó±Ê ´¥¶·¥·Ò¢´Ò¥ ¸¨³³¥É·¨¨ ´¥ ³μ£ÊÉ ¡ÒÉÓ ´ ·ÊÏ¥´Ò ¢ ¤¢ÊÌ
¨§³¥·¥´¨ÖÌ.

PACS: 05.10.Gg



”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��
2018. ’. 49. ‚›�. 5. ‘. 1474

SO(2, 3)� NONCOMMUTATIVE GRAVITY:
COUPLING WITH MATTER FIELDS

M.Dimitrijevi�c �Ciri�c ∗, D.Go�canin ∗∗, N. Konjik ∗∗∗,
V. Radovanovi�c ∗∗∗∗

University of Belgrade, Belgrade

In this paper the noncommutative gravity is treated as a gauge theory of the noncom-
mutative SO(2, 3)� group, while the noncommutativity is canonical. The SeibergÄWitten
(SW) map is used to express noncommutative ˇelds in terms of the corresponding com-
mutative ˇelds. In addition to pure gravity, we consider couplings to matter ˇelds, in
particular fermion and U(1) gauge ˇelds. The analysis can be extended to non-Abelian
gauge ˇelds and scalar ˇelds.

‚ ÔÉμ° · ¡μÉ¥ ´¥±μ³³ÊÉ É¨¢´ Ö £· ¢¨É Í¨Ö · ¸¸³ É·¨¢ ¥É¸Ö ± ± ± ²¨¡·μ¢μÎ´ Ö
É¥μ·¨Ö ´¥±μ³³ÊÉ É¨¢´μ° £·Ê¶¶Ò SO(2, 3)�, ¶·¨ ÔÉμ³ ´¥±μ³³ÊÉ É¨¢´μ¸ÉÓ Ö¢²Ö¥É¸Ö
± ´μ´¨Î¥¸±μ°. �Éμ¡· ¦¥´¨¥ ‡ °¡¥·£ Ä‚¨ÉÉ¥´  ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¢Ò· ¦¥´¨Ö ´¥±μ³-
³ÊÉ É¨¢´ÒÌ ¶μ²¥° ¢ É¥·³¨´ Ì ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ±μ³³ÊÉ É¨¢´ÒÌ ¶μ²¥°. Š·μ³¥ Î¨¸Éμ°
£· ¢¨É Í¨¨ ³Ò · ¸¸³ É·¨¢ ¥³ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ¶μ²Ö³¨ ³ É¥·¨¨, ¢ Î ¸É´μ¸É¨, ¸ Ë¥·-
³¨μ´´Ò³ ¨ U(1) ± ²¨¡·μ¢μÎ´Ò³ ¶μ²Ö³¨. �´ ²¨§ ³μ¦´μ · ¸¶·μ¸É· ´¨ÉÓ ´  ´¥ ¡¥²¥¢Ò
± ²¨¡·μ¢μÎ´Ò¥ ¶μ²Ö ¨ ¸± ²Ö·´Ò¥ ¶μ²Ö.

PACS: 04.60.-m

∗E-mail: dmarija@ipb.ac.rs
∗∗E-mail: dgocanin@ipb.ac.rs
∗∗∗E-mail: konjik@ipb.ac.rs
∗∗∗∗E-mail: rvoja@ipb.ac.rs
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NSVZ RELATION IN SUPERSYMMETRIC THEORIES
REGULARIZED BY HIGHER DERIVATIVES

K. V. Stepanyantz ∗

Lomonosov Moscow State University, Moscow

We investigate the NSVZ equation in N = 1 supersymmetric gauge theories, which
relates the β-function to the anomalous dimension of the matter superˇelds. In particular,
we argue that it is closely connected with the non-renormalization theorem for the three-
point gauge-ghost vertices (in which one external leg corresponds to the quantum gauge
superˇeld). By using ˇniteness of these vertices, the exact NSVZ β-function can be
equivalently presented in the form of a relation between the β-function and the anomalous
dimensions of the quantum gauge superˇeld, of the FaddeevÄPopov ghosts, and of the
matter superˇelds. This equation allows explaining how the NSVZ equation appears in the
perturbation theory for theories regularized by higher covariant derivatives and constructing
the NSVZ scheme in all orders in the case of using this regularization. The results are
veriˇed by an explicit three-loop calculation of the terms quartic in the Yukawa couplings.

ˆ¸¸²¥¤Ê¥É¸Ö NSVZ-Ëμ·³Ê²  ¢ N = 1 ¸Ê¶¥·¸¨³³¥É·¨Î´ÒÌ ± ²¨¡·μ¢μÎ´ÒÌ É¥μ-
·¨ÖÌ, ±μÉμ· Ö ¸¢Ö§Ò¢ ¥É β-ËÊ´±Í¨Õ ¸  ´μ³ ²Ó´μ° · §³¥·´μ¸ÉÓÕ ¸Ê¶¥·¶μ²¥° ³ É¥·¨¨.
‚ Î ¸É´μ¸É¨, ¶·¨¢μ¤ÖÉ¸Ö  ·£Ê³¥´ÉÒ ¢ ¶μ²Ó§Ê Éμ£μ, ÎÉμ μ´  É¥¸´μ ¸¢Ö§ ´  ¸ É¥μ·¥³μ° μ
´¥¶¥·¥´μ·³¨·μ¢±¥ ¤²Ö É·¥ÌÉμÎ¥Î´ÒÌ ± ²¨¡·μ¢μÎ´μ-¤ÊÌμ¢ÒÌ ¢¥·Ï¨´ (¢ ±μÉμ·ÒÌ μ¤´ 
¢´¥Ï´ÖÖ ²¨´¨Ö ¸μμÉ¢¥É¸É¢Ê¥É ±¢ ´Éμ¢μ³Ê ± ²¨¡·μ¢μÎ´μ³Ê ¸Ê¶¥·¶μ²Õ). ‘ ¨¸¶μ²Ó§μ-
¢ ´¨¥³ ±μ´¥Î´μ¸É¨ ÔÉ¨Ì ¢¥·Ï¨´ ÉμÎ´ Ö NSVZ β-ËÊ´±Í¨Ö ³μ¦¥É ¡ÒÉÓ Ô±¢¨¢ ²¥´É´μ
¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ ¸μμÉ´μÏ¥´¨Ö ³¥¦¤Ê β-ËÊ´±Í¨¥° ¨  ´μ³ ²Ó´Ò³¨ · §³¥·´μ¸ÉÖ³¨
±¢ ´Éμ¢μ£μ ± ²¨¡·μ¢μÎ´μ£μ ¶μ²Ö, ¤ÊÌμ¢ ” ¤¤¥¥¢ Ä�μ¶μ¢  ¨ ¸Ê¶¥·¶μ²¥° ³ É¥·¨¨. �Éμ
¸μμÉ´μÏ¥´¨¥ ¶μ§¢μ²Ö¥É μ¡ÑÖ¸´¨ÉÓ, ± ± NSVZ-Ëμ·³Ê²  ¶μÖ¢²Ö¥É¸Ö ¢ É¥μ·¨¨ ¢μ§³Ê-
Ð¥´¨° ¤²Ö É¥μ·¨°, ·¥£Ê²Ö·¨§μ¢ ´´ÒÌ ¢Ò¸Ï¨³¨ ±μ¢ ·¨ ´É´Ò³¨ ¶·μ¨§¢μ¤´Ò³¨, ¨ ¶μ-
¸É·μ¨ÉÓ NSVZ-¸Ì¥³Ê ¢μ ¢¸¥Ì ¶μ·Ö¤± Ì ¢ ¸²ÊÎ ¥ ¨¸¶μ²Ó§μ¢ ´¨Ö ÔÉμ° ·¥£Ê²Ö·¨§ Í¨¨.
�¥§Ê²ÓÉ ÉÒ ¶·μ¢¥·¥´Ò Ö¢´Ò³ É·¥Ì¶¥É²¥¢Ò³ ¢ÒÎ¨¸²¥´¨¥³ ¤²Ö ¸² £ ¥³ÒÌ Î¥É¢¥·Éμ°
¸É¥¶¥´¨ ¶μ Õ± ¢¸±¨³ ±μ´¸É ´É ³.

PACS: 11.30.Pb

∗E-mail: stepan@m9com.ru
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EXACT RESULTS IN EXPLICIT THREE-LOOP
CALCULATIONS USING HIGHER DERIVATIVES

FOR N = 1 SQCD

A. L. Kataev 1, 2, A. E. Kazantsev 3, ∗, K. V. Stepanyantz 3

1 Institute for Nuclear Research of the Russian Academy of Sciences, Moscow
2 Moscow Institute of Physics and Technology (State University), Dolgoprudny, Russia

3 Lomonosov Moscow State University, Moscow

We calculate the three-loop Adler D-function of N = 1 SQCD regularized by higher
covariant derivatives and ˇnd the subtraction scheme in which the exact NSVZ-like relation
for this function proposed in [1, 2] is valid.

‚ÒÎ¨¸²Ö¥É¸Ö É·¥Ì¶¥É²¥¢ Ö D-ËÊ´±Í¨Ö �¤²¥·  N = 1 ‘Š•„, ·¥£Ê²Ö·¨§μ¢ ´´μ°
¢Ò¸Ï¨³¨ ±μ¢ ·¨ ´É´Ò³¨ ¶·μ¨§¢μ¤´Ò³¨, ¨ ´ Ìμ¤¨É¸Ö ¸Ì¥³  ¢ÒÎ¨É ´¨°, ¢ ±μÉμ·μ°
¸¶· ¢¥¤²¨¢μ ¶·¥¤²μ¦¥´´μ¥ ¤²Ö ÔÉμ° ËÊ´±Í¨¨ ¢ · ¡μÉ Ì [1, 2] ÉμÎ´μ¥ �˜‚‡-¶μ¤μ¡´μ¥
¸μμÉ´μÏ¥´¨¥.

PACS: 12.38.-t

∗E-mail: kazancev@physics.msu.ru
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INDUCED GRAVITY MODELS
WITH EXACT BOUNCE SOLUTIONS

E. O. Pozdeeva ∗, S. Yu. Vernov ∗∗

Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscow State University, Moscow

We study dynamics of induced gravity cosmological models with the sixth-degree
polynomial potentials that have been constructed using the superpotential method. We ˇnd
conditions on the potential under which exact bounce solutions exist and study the stability
of these solutions.

ˆ¸¸²¥¤μ¢ ´  ¤¨´ ³¨±  ±μ¸³μ²μ£¨Î¥¸±¨Ì ³μ¤¥²¥° ¨´¤ÊÍ¨·μ¢ ´´μ° £· ¢¨É Í¨¨ ¸
¶μ²¨´μ³¨ ²Ó´Ò³¨ ¶μÉ¥´Í¨ ² ³¨ Ï¥¸Éμ° ¸É¥¶¥´¨, ¶μ¸É·μ¥´´Ò³¨ ³¥Éμ¤μ³ ¸Ê¶¥·¶μ-
É¥´Í¨ ² . � °¤¥´Ò Ê¸²μ¢¨Ö ´  ¶μÉ¥´Í¨ ², ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö ¸ÊÐ¥¸É¢μ¢ ´¨Ö ÉμÎ´ÒÌ
·¥Ï¥´¨° É¨¶  μÉ¸±μ± , ¨ ¨§ÊÎ¥´  ¸É ¡¨²Ó´μ¸ÉÓ ÔÉ¨Ì ·¥Ï¥´¨°.

PACS: 04.50.Kd

∗E-mail: pozdeeva@www-hep.sinp.msu.ru
∗∗E-mail: svernov@theory.sinp.msu.ru
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DISCRETENESS OF FUZZY DE SITTER SPACE

M. Buri�c, D. Latas ∗

University of Belgrade, Belgrade

We discuss properties of fuzzy de Sitter space deˇned within the algebra of de Sitter
group SO(1, 4). We ˇnd that the embedding coordinates have discrete spectra in the
(ρ, s = 1/2) unitary irreducible representation of the principal continuous series.

�¡¸Ê¦¤ ÕÉ¸Ö ¸¢μ°¸É¢  · §³ÒÉμ£μ ¶·μ¸É· ´¸É¢  ¤¥ ‘¨ÉÉ¥· , μ¶·¥¤¥²¥´´μ£μ ¢  ²-
£¥¡·¥ £·Ê¶¶Ò ¤¥ ‘¨ÉÉ¥·  SO(1, 4). ŒÒ ´ Ìμ¤¨³, ÎÉμ ±μμ·¤¨´ ÉÒ ¢²μ¦¥´¨Ö ¨³¥ÕÉ
¤¨¸±·¥É´Ò¥ ¸¶¥±É·Ò ¢ Ê´¨É ·´μ³ ´¥¶·¨¢μ¤¨³μ³ ¶·¥¤¸É ¢²¥´¨¨ £² ¢´μ° ´¥¶·¥·Ò¢´μ°
¸¥·¨¨ (ρ, s = 1 − 2).

PACS: 03.65.Fd

∗E-mail: majab@ipb.ac.rs, latas@ipb.ac.rs
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SUSY-LIKE RELATION IN EVOLUTION OF GLUON
AND QUARK JET MULTIPLICITIES

B. A. Kniehl 1, A. V. Kotikov 2, ∗

1 II. Institut f éur Theoretische Physik, Universitéat Hamburg, Hamburg, Germany
2 Joint Institute for Nuclear Research, Dubna

We show the new relationship [1] between the anomalous dimensions, resummed
through next-to-next-to-leading-logarithmic order, in the DokshitzerÄGribovÄLipatovÄAlta-
relliÄParisi (DGLAP) evolution equations for the ˇrst Mellin moments Dq,g(μ

2) of the
quark and gluon fragmentation functions, which correspond to the average hadron mul-
tiplicities in jets initiated by quarks and gluons, respectively. This relationship, which
is independent of the number of quark �avors, strongly improves previous treatments by
allowing for an exact solution of the evolution equations. So far, such relationships have
only been known from supersymmetric QCD.

„¥³μ´¸É·¨·Ê¥É¸Ö ´μ¢μ¥ ¸μμÉ´μÏ¥´¨¥ [1] ³¥¦¤Ê  ´μ³ ²Ó´Ò³¨ · §³¥·´μ¸ÉÖ³¨ ¶μ-
¸²¥ ¶¥·¥¸Ê³³¨·μ¢ ´¨Ö É·¥Ì ¸É ·Ï¨Ì ®¤¢ ¦¤Ò ²μ£ ·¨Ë³¨Î¥¸±¨Ì¯ ¢±² ¤μ¢ ¢ Ô¢μ²Õ-
Í¨μ´´ÒÌ Ê· ¢´¥´¨ÖÌ „μ±Ï¨Í¥· Äƒ·¨¡μ¢ Ä‹¨¶ Éμ¢ Ä�²É ·¥²²¨Ä� ·¨§¨ („ƒ‹��) ¤²Ö
¶¥·¢ÒÌ ³μ³¥´Éμ¢ Œ¥²²¨´  Dq,g(μ2) ±¢ ·±μ¢μ° ¨ £²Õμ´´μ° ËÊ´±Í¨° Ë· £³¥´É Í¨¨,
±μÉμ·Ò¥ ¸μμÉ¢¥É¸É¢ÊÕÉ ¸·¥¤´¨³ ³´μ¦¥¸É¢¥´´μ¸ÉÖ³  ¤·μ´μ¢ ¢ ¸É·ÊÖÌ, ¨´¨Í¨¨·μ¢ ´-
´ÒÌ ±¢ ·± ³¨ ¨ £²Õμ´ ³¨ ¸μμÉ¢¥É¸É¢¥´´μ. �É  § ¢¨¸¨³μ¸ÉÓ, ´¥ μ¡Ê¸²μ¢²¥´´ Ö ±μ²¨-
Î¥¸É¢μ³ ±¢ ·±μ¢ÒÌ  ·μ³ Éμ¢, ¸¨²Ó´μ Ê²ÊÎÏ ¥É ¶·¥¤Ò¤ÊÐ¨¥ ¨¸¸²¥¤μ¢ ´¨Ö, ¶μ§¢μ²ÖÖ
ÉμÎ´μ ·¥Ï ÉÓ Ô¢μ²ÕÍ¨μ´´Ò¥ Ê· ¢´¥´¨Ö. „μ ¸¨Ì ¶μ· É ±¨¥ μÉ´μÏ¥´¨Ö ¡Ò²¨ ¨§¢¥¸É´Ò
Éμ²Ó±μ ¢ · ³± Ì ¸Ê¶¥·¸¨³³¥É·¨Î´ÒÌ μ¡μ¡Ð¥´¨° Š•„.

PACS: 12.38.Cy; 12.39.St; 13.66.Bc; 13.87.Fh

∗E-mail: kotikov@theor.jinr.ru
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POISSON BRACKETS SYMMETRY
FROM THE PENTAGON-WHEEL COCYCLE

IN THE GRAPH COMPLEX

R. Buring 1, ∗, A. V. Kiselev 2, ∗∗, N. J. Rutten 2

1 Mathematical Institute, Johannes Gutenberg University of Mainz, Mainz, Germany
2 Johann Bernoulli Institute for Mathematics & Computer Science,

University of Groningen, Groningen, The Netherlands

Kontsevich designed a scheme to generate inˇnitesimal symmetries Ṗ = Q(P) of
Poisson brackets P on all afˇne manifolds Mr; every such deformation is encoded by
oriented graphs on n + 2 vertices and 2n edges. In particular, these symmetries can be
obtained by orienting sums of non-oriented graphs γ on n vertices and 2n− 2 edges. The
bi-vector �ow Ṗ = Or(γ)(P) preserves the space of Poisson structures if γ is a cocycle
with respect to the vertex-expanding differential d in the graph complex.

A class of such cocycles γ2�+1 is known to exist: marked by � ∈ N, each of them
contains a (2�+1)-gon wheel with a nonzero coefˇcient. At � = 1 the tetrahedron γ3 itself
is a cocycle; at � = 2 the KontsevichÄWillwacher pentagon-wheel cocycle γ5 consists of
two graphs. We reconstruct the symmetry Q5(P) = Or(γ5)(P) and verify that Q5 is a
Poisson cocycle indeed: [[P ,Q5(P)]]

.
= 0 via [[P ,P ]] = 0.

Šμ´Í¥¢¨Î¥³ ¡Ò²  · §· ¡μÉ ´  ¸Ì¥³  ¶μ¸É·μ¥´¨Ö ¨´Ë¨´¨É¥§¨³ ²Ó´ÒÌ ¸¨³³¥É·¨°
Ṗ = Q(P) ¶·μ¸É· ´¸É¢  ¸±μ¡μ± �Ê ¸¸μ´  ´  ¶·μ¨§¢μ²Ó´μ³  ËË¨´´μ³ ³´μ£μμ¡· -
§¨¨ Mr; ¢¸Ö± Ö É ± Ö ¤¥Ëμ·³ Í¨Ö § ¤ ¥É¸Ö ¸ ¶μ³μÐÓÕ μ·¨¥´É¨·μ¢ ´´ÒÌ £· Ëμ¢,
¸μ¤¥·¦ Ð¨Ì n + 2 ¢¥·Ï¨´ ¨ 2n ·¥¡¥·. ‚ Î ¸É´μ¸É¨, ÔÉ¨ ¸¨³³¥É·¨¨ ³μ¦´μ ¶μ²ÊÎ ÉÓ,
μ·¨¥´É¨·ÊÖ ¸Ê³³Ò ´¥μ·¨¥´É¨·μ¢ ´´ÒÌ £· Ëμ¢ γ ¸ n ¢¥·Ï¨´ ³¨ ¨ 2n − 2 ·¥¡· ³¨
¢ ± ¦¤μ³. �μÉμ± ´  ¶·μ¸É· ´¸É¢¥ ¡¨¢¥±Éμ·μ¢ Ṗ = Or(γ)(P) ¸μÌ· ´Ö¥É ³´μ¦¥¸É¢μ
¶Ê ¸¸μ´μ¢ÒÌ ¸É·Ê±ÉÊ·, ¥¸²¨ γ Å ±μÍ¨±² ¢ ±μ³¶²¥±¸¥ £· Ëμ¢ μÉ´μ¸¨É¥²Ó´μ ¤¨ËË¥-
·¥´Í¨ ²  d, ¶μμÎ¥·¥¤´μ ¶·¥μ¡· §ÊÕÐ¥£μ ¢¥·Ï¨´Ò ¢ ·¥¡· .

ˆ§¢¥¸É´μ, ÎÉμ ¸ÊÐ¥¸É¢Ê¥É ¶μ ±· °´¥° ³¥·¥ μ¤¨´ ¡¥¸±μ´¥Î´Ò° ´ ¡μ· É ±¨Ì ±μ-
Í¨±²μ¢ γ2�+1; ¶·¨ ¶·μ¨§¢μ²Ó´μ³ ´ ÉÊ· ²Ó´μ³ � ∈ N ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ±μÍ¨±² ¸μ¤¥·-
¦¨É (2�+1)-Ê£μ²Ó´μ¥ ±μ²¥¸μ ¸ ´¥´Ê²¥¢Ò³ Î¨¸²μ¢Ò³ ±μÔËË¨Í¨¥´Éμ³. �·¨ � = 1 É¥É· -
Ô¤· γ3 ¸ ³ μ± §Ò¢ ¥É¸Ö ±μÍ¨±²μ³; ¥¸²¨ � = 2, Ê± § ´´Ò° Šμ´Í¥¢¨Î¥³ ¨ ‚¨²Ó¢ Ì¥·μ³

∗E-mail: rburing@uni-mainz.de
∗∗E-mail: A.V.Kiselev@rug.nl
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±μÍ¨±² γ5 ¸ ¶ÖÉ¨Ê£μ²Ó´Ò³ ±μ²¥¸μ³ ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ £· Ëμ¢. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶μ-
¸É·μ¥´  ¸¨³³¥É·¨Ö Q5(P) = Or(γ5)(P) ¨ ¶·μ¢¥·¥´μ, ÎÉμ ¨´Ë¨´¨É¥§¨³ ²Ó´ Ö ¤¥Ëμ·-
³ Í¨Ö Q5 ¤¥°¸É¢¨É¥²Ó´μ Ö¢²Ö¥É¸Ö ¶Ê ¸¸μ´μ¢Ò³ ±μÍ¨±²μ³: Ê¸²μ¢¨¥ [[P ,Q5(P)]]

.
= 0

¢Ò¶μ²´¥´μ ¢ ¸¨²Ê [[P ,P ]] = 0.

PACS: 21.10.Ox
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WALLS OF NONLINEAR SIGMA MODELS
ON SO(2N)/U(N) with N > 3

B.-H. Lee 1, ∗, C. Park 2, 3∗∗, Su. Shin 3, ∗∗∗

1 Sogang University, Seoul
2 Pohang University of Science and Technology, Pohang, Korea

3 Asia Paciˇc Center for Theoretical Physics, Pohang, Korea

We study walls of mass-deformed Kéahler nonlinear sigma models on SO(2N)/U(N).
The talk was based on [1].

ˆ§ÊÎ ÕÉ¸Ö ¸É¥´±¨ ¤¥Ëμ·³¨·μ¢ ´´ÒÌ ¶μ ³ ¸¸¥ ±¥²¥·μ¢ÒÌ ´¥²¨´¥°´ÒÌ ¸¨£³ -
³μ¤¥²¥° ´  SO(2N)/U(N).

PACS: 03.65.Fd

∗E-mail: bhl@sogang.ac.kr
∗∗E-mail: chanyong.park@apctp.org
∗∗∗E-mail: unyoung.shin@apctp.org
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PROCA PARTICLE IN RIEMANNIAN SPACETIMES

A. J. Silenko ∗

Research Institute for Nuclear Problems, Belarussian State University, Minsk

Joint Institute for Nuclear Research, Dubna

Relativistic quantum-mechanical description of electromagnetic, inertial, and gravita-
tional interactions of a Proca (spin-1) particle is presented. Covariant equations deˇning
electromagnetic interactions of a Proca particle with the anomalous magnetic and elec-
tric dipole moments in Riemannian spacetimes are formulated. The relativistic FoldyÄ
Wouthuysen transformation with allowance for only terms proportional to the zero power
of the Planck constant is performed as an example. The Hamiltonian obtained agrees
with the corresponding Hamiltonians derived for scalar and Dirac particles and with their
classical counterpart.

�·¥¤¸É ¢²¥´μ ·¥²ÖÉ¨¢¨¸É¸±μ¥ ±¢ ´Éμ¢μ-³¥Ì ´¨Î¥¸±μ¥ μ¶¨¸ ´¨¥ Ô²¥±É·μ³ £´¨É-
´μ£μ, ¨´¥·Í¨ ²Ó´μ£μ ¨ £· ¢¨É Í¨μ´´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö Î ¸É¨ÍÒ �·μ±  (¸μ ¸¶¨´μ³ 1).
‘Ëμ·³Ê²¨·μ¢ ´Ò ±μ¢ ·¨ ´É´Ò¥ Ê· ¢´¥´¨Ö ¤²Ö Î ¸É¨ÍÒ �·μ±  ¸  ´μ³ ²Ó´Ò³ ³ £-
´¨É´Ò³ ¨ Ô²¥±É·¨Î¥¸±¨³ ¤¨¶μ²Ó´Ò³ ³μ³¥´É ³¨, μ¶·¥¤¥²ÖÕÐ¨¥ ¥¥ Ô²¥±É·μ³ £´¨É´μ¥
¢§ ¨³μ¤¥°¸É¢¨¥ ¢ ·¨³ ´μ¢μ³ ¶·μ¸É· ´¸É¢¥-¢·¥³¥´¨. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·μ¢¥¤¥´μ
·¥²ÖÉ¨¢¨¸É¸±μ¥ ¶·¥μ¡· §μ¢ ´¨¥ ”μ²¤¨Ä‚ ÊÉÌ °§¥´  ¸ ÊÎ¥Éμ³ Éμ²Ó±μ ¸² £ ¥³ÒÌ, ¶·μ-
¶μ·Í¨μ´ ²Ó´ÒÌ ´Ê²¥¢μ° ¸É¥¶¥´¨ ¶μ¸ÉμÖ´´μ° �² ´± . �μ²ÊÎ¥´´Ò° £ ³¨²ÓÉμ´¨ ´ ¸μ-
£² ¸Ê¥É¸Ö ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ £ ³¨²ÓÉμ´¨ ´ ³¨, ¢Ò¢¥¤¥´´Ò³¨ ¤²Ö ¸± ²Ö·´ÒÌ ¨ ¤¨· -
±μ¢¸±¨Ì Î ¸É¨Í, ¨ ¸ ¨Ì ±² ¸¸¨Î¥¸±¨³¨  ´ ²μ£ ³¨.

PACS: 04.62.+v; 03.65.Pm; 04.20.Cv; 11.10.Ef

∗E-mail: alsilenko@mail.ru
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MAGNETIZED SOLUTIONS
IN MINIMAL GAUGED SUPERGRAVITY

J. L. Bl�azquez-Salcedo ∗

Institut f éur Physik, Universitéat Oldenburg, Oldenburg, Germany

We present new black hole solutions in ˇve-dimensional EinsteinÄMaxwellÄChernÄ
Simons theory with a negative cosmological constant. They rotate with two equal-
magnitude angular momenta and they are electrically charged. In addition, they possess a
non-vanishing magnetic potential at inˇnity, where they approach asymptotically a global
AdS5 space-time. We investigate some of their properties, and we show that these black
holes possess a regular extremal limit, and under some additional conditions, a regular
solitonic limit as well.

�·¥¤¸É ¢²¥´Ò ´μ¢Ò¥ ·¥Ï¥´¨Ö Î¥·´ÒÌ ¤Ò· ¢ ¶ÖÉ¨³¥·´μ° É¥μ·¨¨ �°´ÏÉ¥°´ Ä
Œ ±¸¢¥²² Ä—¥·´ Ä‘ °³μ´¸  ¸ μÉ·¨Í É¥²Ó´μ° ±μ¸³μ²μ£¨Î¥¸±μ° ¶μ¸ÉμÖ´´μ°. �´¨ ¢· -
Ð ÕÉ¸Ö ¸ · ¢´Ò³¨ Ê£²μ¢Ò³¨ ³μ³¥´É ³¨ ¨ Ô²¥±É·¨Î¥¸±¨ § ·Ö¦¥´Ò. Š·μ³¥ Éμ£μ, μ´¨
μ¡² ¤ ÕÉ ´¥´Ê²¥¢Ò³ ³ £´¨É´Ò³ ¶μÉ¥´Í¨ ²μ³ ´  ¡¥¸±μ´¥Î´μ¸É¨, £¤¥  ¸¨³¶ÉμÉ¨Î¥¸±¨
¶·¨¡²¨¦ ÕÉ¸Ö ± AdS5 ¶·μ¸É· ´¸É¢Ê-¢·¥³¥´¨. ˆ¸¸²¥¤ÊÕÉ¸Ö ´¥±μÉμ·Ò¥ ¨Ì ¸¢μ°¸É¢ .
�μ± § ´μ, ÎÉμ ÔÉ¨ Î¥·´Ò¥ ¤Ò·Ò μ¡² ¤ ÕÉ ·¥£Ê²Ö·´Ò³ Ô±¸É·¥³ ²Ó´Ò³ ¶·¥¤¥²μ³,   ¶·¨
´¥±μÉμ·ÒÌ ¤μ¶μ²´¨É¥²Ó´ÒÌ Ê¸²μ¢¨ÖÌ Å É ±¦¥ ·¥£Ê²Ö·´Ò³ ¸μ²¨Éμ´´Ò³ ¶·¥¤¥²μ³.

PACS: 04.65.+e

∗E-mail: jose.blazquez.salcedo@uni-oldenburg.de
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NESTED BETHE ANSATZ
FOR RTT ALGEBRAS OF sp(2n) TYPE

�C. Burd��k ∗, O. Navr�atil ∗∗

Czech Technical Unisersity in Prague, Prague

We study the highest weight representations of the RTT algebras for the R-matrix of
sp(2n) type by the nested algebraic Bethe ansatz. For special representations these models
were solved by Reshetikhin and by Martins and Ramos.

ˆ§ÊÎ¥´Ò ¶·¥¤¸É ¢²¥´¨Ö ¢Ò¸Ï¥£μ ¢¥¸  RTT- ²£¥¡· ¤²Ö R-³ É·¨ÍÒ É¨¶  sp(2n)
¶·¨ ¶μ³μÐ¨  ²£¥¡· ¨Î¥¸±μ£μ  ´§ Í  	¥É¥. „²Ö ¸¶¥Í¨ ²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° ÔÉ¨ ³μ¤¥²¨
¡Ò²¨ ·¥Ï¥´Ò �¥Ï¥É¨Ì¨´Ò³ ¨ Œ ·É¨´¸μ³ ¨ � ³μ¸μ³.

PACS: 03.65.Fd

∗E-mail: burdices@kmlinux.fjˇ.cvut.cz
∗∗E-mail: navraond.fd.cvut.cz
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ONE-LOOP DIVERGENCES
IN THE SIX-DIMENSIONAL N = (1, 0)

SUPERSYMMETRIC YANGÄMILLS THEORY

B. S. Merzlikin ∗

Tomsk State Pedagogical University, Tomsk, Russia

We consider six-dimensional N = (1, 0) supersymmetric YangÄMills theory with
hypermultiplets, which is formulated in N = (1, 0) harmonic superspace. We use the
supergraph technique to study the one-loop divergences in the theory.

� ¸¸³ É·¨¢ ¥É¸Ö Ï¥¸É¨³¥·´ Ö N = (1, 0) ¸Ê¶¥·¸¨³³¥É·¨Î´ Ö É¥μ·¨Ö Ÿ´£ Ä
Œ¨²²¸ , ¸Ëμ·³Ê²¨·μ¢ ´´ Ö ¢ N = (1, 0) £ ·³μ´¨Î¥¸±μ³ ¸Ê¶¥·¶·μ¸É· ´¸É¢¥. ‘ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ É¥Ì´¨±¨ ¸Ê¶¥·£· Ëμ¢ ¨§ÊÎ ÕÉ¸Ö μ¤´μ¶¥É²¥¢Ò¥ · ¸Ìμ¤¨³μ¸É¨ ¢ É¥μ·¨¨.

PACS: 12.10.-g; 12.15.-y

∗E-mail: merzlikin@tspu.edu.ru



”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��
2018. ’. 49. ‚›�. 5. ‘. 1487

ON LAGRANGIAN CONSTRUCTION
OF MASSIVE HIGHER SPINS

SUPERMULTIPLETS IN 3D AdS

T. V. Snegirev ∗

Tomsk State Pedagogical University, Tomsk, Russia

Tomsk Polytechnic University, Tomsk, Russia

We give the component Lagrangian construction of the on-shell N = 1 massive higher
spin supermultiplets in three-dimensional (3D) anti de Sitter (AdS) space. The approach is
based on the frame-like gauge invariant formulation, where massive higher spin ˇelds are
realized through a system of massless ones. We construct massive supermultiplets using a
formulation of the massive ˇelds in terms of the set of gauge invariant objects (curvatures)
in the process of their consistent supersymmetric deformation.

„ ¥É¸Ö ±μ³¶μ´¥´É´ Ö ² £· ´¦¥¢  Ëμ·³Ê²¨·μ¢±  ´  ³ ¸¸μ¢μ° μ¡μ²μÎ±¥ ³ ¸¸¨¢´ÒÌ
N = 1 ¸Ê¶¥·³Ê²ÓÉ¨¶²¥Éμ¢ ¢Ò¸Ï¨Ì ¸¶¨´μ¢ ¢ É·¥Ì³¥·´μ³ (3D) ¶·μ¸É· ´¸É¢¥  ´É¨-¤¥
‘¨ÉÉ¥·  (AdS). �μ¸É·μ¥´¨¥ μ¸´μ¢ ´μ ´  ·¥¶¥·´μ° ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´μ° Ëμ·-
³Ê²¨·μ¢±¥, ¢ ±μÉμ·μ° ³ ¸¸¨¢´Ò¥ ¶μ²Ö ·¥ ²¨§ÊÕÉ¸Ö Î¥·¥§ ¸¨¸É¥³Ê ¡¥§³ ¸¸μ¢ÒÌ ¶μ²¥°.
Œ ¸¸¨¢´Ò¥ ¸Ê¶¥·³Ê²ÓÉ¨¶²¥ÉÒ ¶μ¸É·μ¥´Ò ¢ É¥·³¨´ Ì ± ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´ÒÌ
±·¨¢¨§´ ¢ ¶·μÍ¥¸¸¥ ¨Ì ¸μ£² ¸μ¢ ´´μ° ¤¥Ëμ·³ Í¨¨ ¸Ê¶¥·¸¨³³¥É·¨Î´Ò³ μ¡· §μ³.

PACS: 11.10.-z; 11.15.-q

∗E-mail: snegirev@tspu.edu.ru
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DIFFERENTIAL INVARIANTS AND REALIZATIONS OF
THE DEFORMED SMALLEST GALILEI ALGEBRA

M.Nesterenko 1, 2, ∗, S. Po�sta 2, ∗∗

1 Institute of Mathematics of NAS of Ukraine, Kyiv
2 Czech Technical University in Prague, Prague

Deformations of the smallest Galilei algebra are constructed, and deformed algebras
are realized by Lie vector ˇelds. For these realizations, bases of differential invariants and
operators of invariant differentiation are constructed in the case of two dependent and one
independent variables.

�μ¸É·μ¥´Ò ¤¥Ëμ·³ Í¨¨ ´ ¨³¥´ÓÏ¥°  ²£¥¡·Ò ƒ ²¨²¥Ö ¨ ¨Ì ·¥ ²¨§ Í¨¨ ¢¥±Éμ·-
´Ò³¨ ¶μ²Ö³¨ ‹¨. „²Ö ¶μ²ÊÎ¥´´ÒÌ ·¥ ²¨§ Í¨° ´ °¤¥´Ò ¡ §¨¸Ò ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ
¨´¢ ·¨ ´Éμ¢ ¨ μ¶¥· Éμ·Ò ¨´¢ ·¨ ´É´μ£μ ¤¨ËË¥·¥´Í¨·μ¢ ´¨Ö ¢ ¸²ÊÎ ¥ μ¤´μ° ´¥§ ¢¨-
¸¨³μ° ¨ ¤¢ÊÌ § ¢¨¸¨³ÒÌ ¶¥·¥³¥´´ÒÌ.

PACS: 02.20.Sv; 02.30.Jr

∗E-mail: maryna@imath.kiev.ua
∗∗E-mail: severin.posta@fjˇ.cvut.cz
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CONSTRAINED BRST-BFV AND BRST-BV
LAGRANGIANS FOR HALF-INTEGER

HS FIELDS ON R1, d−1

A. A. Reshetnyak∗

Institute of Strength Physics and Materials Science, Tomsk, Russia

Gauge-invariant Lagrangian descriptions of half-integer higher-spin mixed-symmetric
massless representations of the Poincare group with off-shell algebraic constraints are con-
structed within a metric-like formulation on the basis of a suggested constrained BRST
approach. A gauge-invariant FangÄFronsdal Lagrangian from the constrained BRST for-
mulation is produced entirely in terms of the initial triple gamma-traceless spin-tensor
ˇeld Ψ(μ)n with gamma-traceless gauge parameter. The triplet and quartet formulations
are derived. The minimal (un)constrained BRST-BV actions for above formulations are
obtained from proposed constrained BRST-BV approach.

�  μ¸´μ¢¥ ¶·¥¤²μ¦¥´´μ£μ ¶μ¤Ìμ¤  	�‘’ ¸μ ¸¢Ö§Ö³¨ ¶μ¸É·μ¥´Ò ± ²¨¡·μ¢μÎ´μ-
¨´¢ ·¨ ´É´Ò¥ ² £· ´¦¥¢Ò μ¶¨¸ ´¨Ö ¤²Ö ¡¥§³ ¸¸μ¢ÒÌ ¸³¥Ï ´´μ-¸¨³³¥É·¨Î´ÒÌ ¶·¥¤-
¸É ¢²¥´¨° £·Ê¶¶Ò �Ê ´± ·¥ ¶μ²ÊÍ¥²μ£μ ¢Ò¸Ï¥£μ ¸¶¨´  ¸  ²£¥¡· ¨Î¥¸±¨³¨ ´¥¤¨´ ³¨-
Î¥¸±¨³¨ ¸¢Ö§Ö³¨. Š ²¨¡·μ¢μÎ´μ-¨´¢ ·¨ ´É´Ò° ² £· ´¦¨ ´ ”Ô´£ Ä”·μ´¸¤ ²  ¢μ¸¶·μ-
¨§¢¥¤¥´ ¨§ ² £· ´¦¥¢μ° 	�‘’-Ëμ·³Ê²¨·μ¢±¨ ¸μ ¸¢Ö§Ö³¨ ¢ É¥·³¨´ Ì É·¨¦¤Ò £ ³³ -
¡¥¸¸²¥¤μ¢μ£μ ¸¶¨´-É¥´§μ·´μ£μ ¶μ²Ö Ψ(μ)n ¸ £ ³³ -¡¥¸¸²¥¤μ¢Ò³ ± ²¨¡·μ¢μÎ´Ò³ ¶ · -
³¥É·μ³. ‚Ò¢¥¤¥´Ò É·¨¶²¥É´ Ö ¨ ±¢ ·É¥É´ Ö Ëμ·³Ê²¨·μ¢±¨. Œ¨´¨³ ²Ó´Ò¥ 	�‘’-	‚-
¤¥°¸É¢¨Ö ± ± ¡¥§, É ± ¨ ¸μ ¸¢Ö§Ö³¨ ¤²Ö ¶μ²ÊÎ¥´´ÒÌ ¢ÒÏ¥ ² £· ´¦¨ ´μ¢ ¢Ò¢¥¤¥´Ò ¨§
¶·¥¤²μ¦¥´´μ£μ ¶μ¤Ìμ¤  	�‘’-	‚ ¸μ ¸¢Ö§Ö³¨.

PACS: 11.10.-z

∗E-mail: reshet@ispms.tsc.ru
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SUPERSYMMETRIC BAG MODEL FOR UNIFICATION
OF GRAVITY WITH SPINNING PARTICLES

A. Burinskii ∗

Nuclear Safety Institute of RAS, Moscow

Kerr's gravitational ˇeld of the spinning particles deforms metric topologically on the
Compton distance. We show that supersymmetry resolves a sharp con�ict of quantum the-
ory with gravity, forming a SuperBag as a nonperturbative solution of the supersymmetric
Higgs model, in which the �at quantum interior of the bag is separated by domain wall
from external KerrÄNewman gravity.

Š ± ¨§¢¥¸É´μ, ¤²Ö Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í É¨¶¨Î´μ¥ §´ Î¥´¨¥ μÉ´μÏ¥´¨Ö ¸¶¨´/³ ¸¸ 
μ± §Ò¢ ¥É¸Ö Î·¥§¢ÒÎ °´μ ¡μ²ÓÏ¨³ (20Ä22 ¶μ·Ö¤±  ¢ ¡¥§· §³¥·´ÒÌ ¥¤¨´¨Í Ì). �·¨
ÔÉμ³ £· ¢¨É Í¨μ´´μ¥ ¶μ²¥ Š¥··  ¸ ¶ · ³¥É· ³¨ Ô²¥±É·μ´  ¨§³¥´Ö¥É Éμ¶μ²μ£¨Õ ¶·μ-
¸É· ´¸É¢  ´  ±μ³¶Éμ´μ¢¸±μ³ · ¸¸ÉμÖ´¨¨ Lc ≈ 10−11 c³, É. ¥. ¢¶²μÉ´ÊÕ ± §μ´¥ ¤¥°¸É¢¨Ö
±¢ ´Éμ¢μ° É¥μ·¨¨. ŒÒ ¶μ± §Ò¢ ¥³, ÎÉμ ¢μ§´¨± ÕÐ¨° μ¸É·Ò° ±μ´Ë²¨±É £· ¢¨É Í¨¨
¸ ±¢ ´Éμ¢μ° É¥μ·¨¥° ³μ¦¥É ¡ÒÉÓ · §·¥Ï¥´ ¢ ³μ¤¥²¨ ®¸Ê¶¥·³¥Ï± ¯ Å ´¥¶¥·ÉÊ·¡ -
É¨¢´μ£μ ·¥Ï¥´¨Ö ¸Ê¶¥·¸¨³³¥É·¨Î´μ° ³μ¤¥²¨ •¨££¸ , ¢ ±μÉμ·μ° ¢´¥Ï´¥¥ £· ¢¨É Í¨-
μ´´μ¥ ¶μ²¥ Š¥·· Ä�ÓÕ³¥´  μÉ¤¥²Ö¥É¸Ö ¤μ³¥´´μ° ¸É¥´±μ° μÉ ¶²μ¸±μ£μ ¢´ÊÉ·¥´´¥£μ
¶·μ¸É· ´¸É¢ , · ¸¸³ É·¨¢ ¥³μ£μ ± ± §μ´  ¤¥°¸É¢¨Ö ±¢ ´Éμ¢μ° É¥μ·¨¨.

PACS: 04.65.+e; 11.25.Sq
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SUPERSYMMETRIC DYNAMICS
AND ZETA FUNCTIONS

N.Makhaldiani ∗

Joint Institute for Nuclear Research, Dubna

I consider boson, fermion, and super oscillators, (statistical) mechanism of cosmo-
logical constant, ˇnite approximation of the zeta function and fermion factorization of the
bosonic statistical sum.

� ¸¸³ É·¨¢ ÕÉ¸Ö ¡μ§μ´, Ë¥·³¨μ´ ¨ ¸Ê¶¥·μ¸Í¨²²ÖÉμ·Ò, (¸É É¨¸É¨Î¥¸±¨°) ³¥Ì -
´¨§³ ±μ¸³μ²μ£¨Î¥¸±μ° ¶μ¸ÉμÖ´´μ°, ±μ´¥Î´ Ö  ¶¶·μ±¸¨³ Í¨Ö §¥É -ËÊ´±Í¨¨ ¨ Ë¥·³¨-
μ´´ Ö Ë ±Éμ·¨§ Í¨Ö ¡μ§μ´´μ° ¸É É¨¸É¨Î¥¸±μ° ¸Ê³³Ò.

PACS: 11.30.Pb; 03.65.Yz

∗E-mail: mnv@jinr.ru
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SIGMA MODELS WITH COMPLEX,
GRADED AND η-DEFORMED TARGET SPACES

D.Bykov 1, 2, 3, ∗

1 Steklov Mathematical Institute of RAS, Moscow
2 Arnold Sommerfeld Center for Theoretical Physics,

Ludwig-Maximilians-Universitéat Méunchen, Méunchen, Germany
3 Max-Planck-Institut f éur Gravitationsphysik, Albert-Einstein-Institut,

Potsdam-Golm, Germany

I describe a class of two-dimensional σ-models with complex homogeneous target
spaces, whose equations of motion admit zero-curvature representations. I point out the
relation to models with Zm-graded target spaces and to the so-called η-deformed models.

�¶¨¸ ´ ±² ¸¸ ¤¢Ê³¥·´ÒÌ σ-³μ¤¥²¥° ¸ ±μ³¶²¥±¸´Ò³¨ μ¤´μ·μ¤´Ò³¨ É ·£¥É´Ò³¨
¶·μ¸É· ´¸É¢ ³¨, Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö ±μÉμ·ÒÌ ¤μ¶Ê¸± ÕÉ ¶·¥¤¸É ¢²¥´¨Ö ´Ê²¥¢μ° ±·¨-
¢¨§´Ò. �É³¥Î¥´  ¸¢Ö§Ó ¸ ³μ¤¥²Ö³¨ ¸ Zm-£· ¤Ê¨·μ¢ ´´Ò³¨ É ·£¥É´Ò³¨ ¶·μ¸É· ´-
¸É¢ ³¨ ¨ ¸ É ± ´ §Ò¢ ¥³Ò³¨ η-¤¥Ëμ·³¨·μ¢ ´´Ò³¨ ³μ¤¥²Ö³¨.

PACS: 11.10.-z; 04.50.-h; 12.10.-g

∗E-mail: dbykov@mi.ras.ru
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NSVZ RELATION AND THE DIMENSIONAL
REDUCTION IN N = 1 SQED

S. S. Aleshin ∗

Institute for Information Transmission Problems of RAS, Moscow, Russia

It is known that factorization of the β-function loop integrals into integrals of double
total derivatives is an important ingredient needed for deriving the NSVZ relation by direct
perturbative calculations in N = 1 SQED regularized by the higher derivatives. It allows
one to relate the β-function and the anomalous dimension of the matter superˇelds deˇned
in terms of the bare coupling constant. In this work we ˇnd the analog of this result
in the case of using dimensional reduction regularization in the lowest orders. However,
we demonstrate that in this case the NSVZ relation is not satisˇed for the RG functions
deˇned in terms of the bare coupling constant. Nevertheless, it is possible to impose
boundary conditions on the renormalization constants determining the NSVZ scheme in
the three-loop order for the RG functions deˇned in terms of the renormalized coupling
constant.

ˆ§¢¥¸É´μ, ÎÉμ Ë ±Éμ·¨§ Í¨Ö ¶¥É²¥¢ÒÌ ¨´É¥£· ²μ¢, μ¶·¥¤¥²ÖÕÐ¨Ì ¡¥É -ËÊ´±Í¨Õ
¢ ¨´É¥£· ²Ò μÉ ¤¢μ°´ÒÌ ¶μ²´ÒÌ ¶·μ¨§¢μ¤´ÒÌ, Ö¢²Ö¥É¸Ö ±²ÕÎ¥¢Ò³ Ë ±Éμ·μ³ ¢ ¶¥·-
ÉÊ·¡ É¨¢´μ³ ³¥Ì ´¨§³¥ £¥´¥· Í¨¨ NSVZ-¸μμÉ´μÏ¥´¨Ö N = 1 ¸Ê¶¥·¸¨³³¥É·¨Î´μ°
±¢ ´Éμ¢μ° Ô²¥±É·μ¤¨´ ³¨±¨, ·¥£Ê²Ö·¨§μ¢ ´´μ° ¢Ò¸Ï¨³¨ ¶·μ¨§¢μ¤´Ò³¨. „ ´´μ¥ ¸¢μ°-
¸É¢μ ¶μ§¢μ²Ö¥É ¸¢Ö§ ÉÓ ¡¥É -ËÊ´±Í¨Õ ¨  ´μ³ ²Ó´ÊÕ · §³¥·´μ¸ÉÓ ¸Ê¶¥·¶μ²¥° ³ É¥·¨¨,
¢Ò· ¦¥´´ÒÌ ¢ É¥·³¨´ Ì £μ²μ° ±μ´¸É ´ÉÒ ¸¢Ö§¨. ‚ ¤ ´´μ° · ¡μÉ¥ ¢ ´¨§Ï¨Ì ¶μ·Ö¤± Ì
É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° ´ °¤¥´  ´ ²μ£ É ±μ£μ ·¥§Ê²ÓÉ É  ¤²Ö É¥μ·¨¨ ·¥£Ê²Ö·¨§μ¢ ´´μ° · §-
³¥·´μ° ·¥¤Ê±Í¨¨. �± § ²μ¸Ó, ÎÉμ ¢ ¤ ´´μ³ ¸²ÊÎ ¥ NSVZ-¸μμÉ´μÏ¥´¨¥ ´¥ ¢Ò¶μ²´Ö¥É¸Ö
¤²Ö ·¥´μ·³£·Ê¶¶μ¢ÒÌ ËÊ´±Í¨°, ¢Ò· ¦¥´´ÒÌ ¢ É¥·³¨´ Ì £μ²μ° ±μ´¸É ´ÉÒ ¸¢Ö§¨. ’¥³
´¥ ³¥´¥¥ ¡Ò²¨ ´ °¤¥´Ò £· ´¨Î´Ò¥ Ê¸²μ¢¨Ö ´  ±μ´¸É ´ÉÒ ¶¥·¥´μ·³¨·μ¢±¨, μ¶·¥¤¥-
²ÖÕÐ¨¥ NSVZ-¸Ì¥³Ê ¢ É·¥ÉÓ¥³ ¶μ·Ö¤±¥ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨° ¤²Ö ·¥´μ·³£·Ê¶¶μ¢ÒÌ
ËÊ´±Í¨°, ¢Ò· ¦¥´´ÒÌ ¢ É¥·³¨´ Ì ¶¥·¥´μ·³¨·μ¢ ´´μ° ±μ´¸É ´ÉÒ ¸¢Ö§¨.
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ON THE APPLICATION OF THE METHOD
OF INDUCED REPRESENTATIONS

TO THE CONFORMAL GROUP

I. Kharuk ∗

Moscow Institute of Physics and Technology (State University), Dolgoprudny, Russia

Institute for Nuclear Research of RAS, Moscow

The method of induced representations is applied to the conformal group. By its
means, it is shown that the coset space to be used within the coset space technique for the
construction of conformally invariant theories must include the ©NambuÄGoldstone ˇeldsª
for special conformal transformations. They turn out to be non-dynamical ˇelds whose
dependence on the coordinates is ˇxed by the symmetries.

�¡¸Ê¦¤ ¥É¸Ö ¶·¨³¥´¥´¨¥ ³¥Éμ¤  ¨´¤ÊÍ¨·μ¢ ´´ÒÌ ¶·¥¤¸É ¢²¥´¨° ± ±μ´Ëμ·³´μ°
£·Ê¶¶¥. �·¨ ¥£μ ¶μ³μÐ¨ ¶μ± § ´μ, ÎÉμ ¸³¥¦´Ò° ±² ¸¸, ¨¸¶μ²Ó§Ê¥³Ò° ¤²Ö ¶μ¸É·μ¥-
´¨Ö ±μ´Ëμ·³´μ-¨´¢ ·¨ ´É´ÒÌ ² £· ´¦¨ ´μ¢ ¢ · ³± Ì ±μ´¸É·Ê±Í¨¨ ¸³¥¦´ÒÌ ±² ¸¸μ¢,
¤μ²¦¥´ ¢±²ÕÎ ÉÓ ¢ ¸¥¡Ö ®´ ³¡Ê-£μ²¤¸ÉμÊ´μ¢¸±¨¥ ¶μ²Ö¯ ¤²Ö ¸¶¥Í¨ ²Ó´ÒÌ ±μ´Ëμ·³´ÒÌ
¶·¥μ¡· §μ¢ ´¨°. „ ´´Ò¥ ¶μ²Ö μ± §Ò¢ ÕÉ¸Ö ´¥¤¨´ ³¨Î¥¸±¨³¨ ¸É¥¶¥´Ö³¨ ¸¢μ¡μ¤Ò, ÎÓÖ
§ ¢¨¸¨³μ¸ÉÓ μÉ ±μμ·¤¨´ É μ¤´μ§´ Î´μ Ë¨±¸¨·μ¢ ´  ¸¨³³¥É·¨Ö³¨.

PACS: 11.25.Hf

∗E-mail: ivan.kharuk@phystech.edu


