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EFFECTS OF COMPOSITE PIONS
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THE PNJL MODEL
AT FINITE TEMPERATURE
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b Joint Institute for Nuclear Research, Dubna

c National Research Nuclear University MEPhI, Moscow
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We investigate the effect of composite pions on the behavior of the chiral condensate at ˇnite
temperature within the Polyakov-loop improved NJL model. To this end, we treat quarkÄantiquark
correlations in the pion channel (bound states and scattering continuum) within the BethÄUhlenbeck
approach that uses medium-dependent phase shifts. A striking medium effect is the Mott transition,
which occurs when the binding energy vanishes and the discrete pion bound state merges the continuum.
This transition is triggered by the lowering of the continuum edge due to the chiral restoration transition.
This in turn also entails a modiˇcation of the Polyakov-loop so that the SU(3) center symmetry gets
broken at ˇnite temperature and dynamical quarks (and gluons) appear in the system, taking over the
role of the dominant degrees of freedom from the pions. At low temperatures our model reproduces
the chiral perturbation theory result for the chiral condensate, while at high temperatures the PNJL
model result is recovered. The new aspect of the current work is a consistent treatment of the chiral
restoration transition region within the BethÄUhlenbeck approach on the basis of mesonic phase shifts
for the treatment of the correlations.

ŒÒ ¨§ÊÎ ¥³ ¢²¨Ö´¨¥ ¸μ¸É ¢´μ£μ ¶¨μ´  ´  ¶μ¢¥¤¥´¨¥ ±¨· ²Ó´μ£μ ±μ´¤¥´¸ É  ¶·¨ ±μ´¥Î´μ° É¥³-
¶¥· ÉÊ·¥ ¢ · ³± Ì ³μ¤¥²¨ �ˆ‹ ¸ ¶¥É²¥° �μ²Ö±μ¢ . ‘ ÔÉμ° Í¥²ÓÕ · ¸¸³μÉ·¥´Ò ±¢ ·±- ´É¨±¢ ·±μ¢Ò¥
±μ··¥²ÖÍ¨¨ ¢ ¶¨μ´´μ³ ± ´ ²¥ (¸¢Ö§ ´´μ¥ ¸μ¸ÉμÖ´¨¥ ¨ ±μ´É¨´ÊÊ³ · ¸¸¥Ö´¨Ö) ¢ · ³± Ì ¶·¨¡²¨¦¥-
´¨Ö 	¥ÉÄ“²¥´¡¥± , ¢ ±μÉμ·μ³ ¨¸¶μ²Ó§Ê¥É¸Ö μ¶¨¸ ´¨¥ ¸¤¢¨£  Ë §, § ¢¨¸ÖÐ¥£μ μÉ ¸·¥¤Ò. Ÿ·±¨³
¶·¨³¥·μ³ ¢²¨Ö´¨Ö ¸·¥¤Ò Ö¢²Ö¥É¸Ö ÔËË¥±É ŒμÉÉ , ¢μ§´¨± ÕÐ¨°, ±μ£¤  Ô´¥·£¨Ö ¸¢Ö§¨ ¸É·¥³¨É¸Ö
± ´Ê²Õ ¨ ¤¨¸±·¥É´μ¥ ¸¢Ö§ ´´μ¥ ¸μ¸ÉμÖ´¨¥ ¶¨μ´  ¶μ£²μÐ ¥É¸Ö ±μ´É¨´ÊÊ³μ³. �ÉμÉ ¶¥·¥Ìμ¤ Ì · ±-
É¥·¨§Ê¥É¸Ö ¸´¨¦¥´¨¥³ £· ´¨ÍÒ ±μ´É¨´ÊÊ³ , ¸¢Ö§ ´´Ò³ ¸ ¢μ¸¸É ´μ¢²¥´¨¥³ ±¨· ²Ó´μ° ¸¨³³¥É·¨¨.
�Éμ, ¢ ¸¢μÕ μÎ¥·¥¤Ó, É ±¦¥ ¢²¥Î¥É §  ¸μ¡μ° ³μ¤¨Ë¨± Í¨Õ ¶¥É²¨ �μ²Ö±μ¢  É ±¨³ μ¡· §μ³, ÎÉμ
Í¥´É· ²Ó´ Ö SU(3)-¸¨³³¥É·¨Ö ´ ·ÊÏ ¥É¸Ö ¶·¨ ±μ´¥Î´μ° É¥³¶¥· ÉÊ·¥,   ¢ ¸¨¸É¥³¥ ¶μÖ¢²ÖÕÉ¸Ö
¤¨´ ³¨Î¥¸±¨¥ ±¢ ·±¨ (¨ £²Õμ´Ò), ±μÉμ·Ò¥ ¡¥·ÊÉ ´  ¸¥¡Ö ·μ²Ó ¤μ³¨´¨·ÊÕÐ¨Ì ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò
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