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FINITE-SIZE EFFECTS IN THE FREE ENERGY DENSITY
FOR ABELIAN (ANTI-)SELF-DUAL GLUON FIELD

IN SU(3) GLUODYNAMICS

S. N. Nedelko 1, V. E. Voronin 2

Joint Institute for Nuclear Research, Dubna

Finite-size effects in the free energy density for Abelian (anti-)self-dual gluon ˇeld are investigated
within SU(3) gluodynamics. In particular, the role of gluon quasi-zero modes is studied. The effective
potential is calculated within the framework of zeta function regularization for ˇnite spherical four-
dimensional region of radius R in Euclidean space-time. In order to obtain the correct strong-ˇeld
behavior of the effective potential, which is determined by the asymptotic freedom, the quasi-zero gluon
modes have to be treated beyond one-loop approximation in line with the argumentaion of Leutwyler.
Conditions for appearance of the global minimum of the free energy density at ˇnite nonzero values of
both the ˇeld strength and the region size are discussed.

ˆ¸¸²¥¤ÊÕÉ¸Ö ÔËË¥±ÉÒ ±μ´¥Î´μ£μ μ¡Ñ¥³  ¤²Ö ¶²μÉ´μ¸É¨ ¸¢μ¡μ¤´μ° Ô´¥·£¨¨  ¡¥²¥¢μ£μ
( ´É¨)¸ ³μ¤Ê ²Ó´μ£μ ¶μ²Ö ¢ SU(3)-£²Õμ¤¨´ ³¨±¥. ‚ Î ¸É´μ¸É¨, ¨¸¸²¥¤μ¢ ´  ·μ²Ó ±¢ §¨´Ê²¥¢ÒÌ
³μ¤ £²Õμ´μ¢. �ËË¥±É¨¢´Ò° ¶μÉ¥´Í¨ ² ¢ÒÎ¨¸²¥´ ¢ ±μ´¥Î´μ³ Î¥ÉÒ·¥Ì³¥·´μ³ Ï ·¥ · ¤¨Ê¸  R
¸ ¶μ³μÐÓÕ ·¥£Ê²Ö·¨§ Í¨¨ ζ-ËÊ´±Í¨¥°. —Éμ¡Ò ¶μ²ÊÎ¨ÉÓ ±μ··¥±É´Ò° ¶·¥¤¥² ¸¨²Ó´μ£μ ¶μ²Ö ¤²Ö
ÔËË¥±É¨¢´μ£μ ¶μÉ¥´Í¨ ² , μ¶·¥¤¥²Ö¥³Ò°  ¸¨³¶ÉμÉ¨Î¥¸±μ° ¸¢μ¡μ¤μ°, ±¢ §¨´Ê²¥¢Ò¥ ³μ¤Ò · ¸¸³μ-
É·¥´Ò ¢´¥ É¥μ·¨¨ ¢μ§³ÊÐ¥´¨°. �¡¸Ê¦¤ ÕÉ¸Ö Ê¸²μ¢¨Ö ¶μÖ¢²¥´¨Ö £²μ¡ ²Ó´μ£μ ³¨´¨³Ê³  ¶²μÉ´μ¸É¨
¸¢μ¡μ¤´μ° Ô´¥·£¨¨ ¶·¨ ±μ´¥Î´ÒÌ §´ Î¥´¨ÖÌ ´ ¶·Ö¦¥´´μ¸É¨ ¶μ²Ö ¨ · §³¥·μ¢ Ï · .
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