
�¨¸Ó³  ¢ �—�Ÿ. 2018. ’. 15, º 3(215). ‘. 187Ä188

”ˆ‡ˆŠ� �‹…Œ…�’���›• —�‘’ˆ– ˆ �’�Œ��ƒ� Ÿ„��. ’…��ˆŸ

LATTICE QCD THERMODYNAMICS AND RHIC-BES
PARTICLE PRODUCTION WITHIN GENERIC
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A. N. Tawˇk1

Egyptian Center for Theoretical Physics, Modern University for Technology and Information, Cairo
World Laboratory for Cosmology and Particle Physics, Cairo

The current status of implementing the Tsallis (nonextensive) statistics in high-energy physics is
brie	y reviewed. The remarkably low freezeout temperature, which apparently fails to reproduce the
ˇrst-principle lattice QCD thermodynamics and the measured particle ratios, is discussed. The present
work suggests a novel interpretation for the so-called ©Tsallis temperatureª. It is proposed that the low
Tsallis temperature is due to incomplete implementation of the Tsallis algebra through exponential and
logarithmic functions to the high-energy particle production. Substituting the Tsallis algebra into grand-
canonical partition-function of the hadron resonance gas model seems not assuring full incorporation
of nonextensivity or correlations in that model. The statistics describing the phase-space volume, the
number of states, and the possible changes in the elementary cells should be rather modiˇed due to
interacting correlated subsystems, of which the phase-space is consisting. Alternatively, two asymptotic
properties, each is associated with a scaling function, are utilized to classify a generalized entropy
for such a system with large ensemble (produced particles) and strong correlations. Both scaling
exponents deˇne equivalence classes for all interacting and noninteracting systems and unambiguously
characterize any statistical system in its thermodynamic limit. We conclude that the nature of lattice
QCD simulations is apparently extensive and accordingly the BoltzmannÄGibbs statistics is completely
fulˇlled. Furthermore, we have found that the ratios of various particle yields at extremely high and
extremely low energies of RHIC-BES are likely nonextensive but not necessarily of the Tsallis type.

Š· É±μ μ¡¸Ê¦¤ ¥É¸Ö É¥±ÊÐ¨° ¸É ÉÊ¸ ¢μ¶·μ¸  ¶·¨³¥´¥´¨Ö ¸É É¨¸É¨±¨ – ²²¨¸  (´¥Ô±¸É¥´¸¨¢-
´μ°) ¢ Ë¨§¨±¥ ¢Ò¸μ±¨Ì Ô´¥·£¨°. �¡¸Ê¦¤ ÕÉ¸Ö ´¥μ¡ÒÎ´μ ´¨§± Ö É¥³¶¥· ÉÊ·  ¢Ò³μ· ¦¨¢ ´¨Ö ¨
¨§³¥·¥´´Ò¥ ¸μμÉ´μÏ¥´¨Ö ¢ÒÌμ¤μ¢ Î ¸É¨Í, ±μÉμ·Ò¥ ¶μ²ÊÎ ÕÉ¸Ö ¢ Š•„-É¥·³μ¤¨´ ³¨±¥ ´  ·¥Ï¥É±¥,
¨¸Ìμ¤ÖÐ¥° ¨§ ¶¥·¢ÒÌ ¶·¨´Í¨¶μ¢. �·¥¤¸É ¢²¥´´ Ö · ¡μÉ  ¶·¥¤² £ ¥É ´μ¢ÊÕ ¨´É¥·¶·¥É Í¨Õ É ±
´ §Ò¢ ¥³μ° É¥³¶¥· ÉÊ·Ò – ²²¨¸ . �·¥¤¶μ² £ ¥É¸Ö, ÎÉμ É¥³¶¥· ÉÊ·  – ²²¨¸  ¶μ²ÊÎ ¥É¸Ö ´¨§±μ°
¶·¨ μ¶¨¸ ´¨¨ ·μ¦¤¥´¨Ö Î ¸É¨Í ¢ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì ¶·μÍ¥¸¸ Ì ¨§-§  ´¥¶μ²´μ£μ ¶·¨³¥´¥´¨Ö
 ²£¥¡·Ò – ²²¨¸  ´  μ¸´μ¢¥ Ô±¸¶μ´¥´Í¨ ²Ó´μ° ¨ ²μ£ ·¨Ë³¨Î¥¸±μ° ËÊ´±Í¨°. �μ¤¸É ´μ¢±   ²£¥¡·Ò
– ²²¨¸  ¢ ËÊ´±Í¨Õ ¡μ²ÓÏμ£μ ± ´μ´¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö ³μ¤¥²¨ £ §   ¤·μ´´ÒÌ ·¥§μ´ ´¸μ¢, ¶μ-
Ìμ¦¥, ´¥ μ¡¥¸¶¥Î¨¢ ¥É ¶μ²´μÍ¥´´μ£μ ÊÎ¥É  ´¥Ô±¸É¥´¸¨¢´μ¸É¨ ¨²¨ ±μ··¥²ÖÍ¨° ¢ ³μ¤¥²¨. „²Ö ÔÉμ°
Í¥²¨ ¶·¥¤¶μÎÉ¨É¥²Ó´¥¥ ³μ¤¨Ë¨Í¨·μ¢ ÉÓ ¸É É¨¸É¨±Ê, μ¶¨¸Ò¢ ÕÐÊÕ μ¡Ñ¥³ Ë §μ¢μ£μ ¶·μ¸É· ´¸É¢ ,
Î¨¸²μ ¸μ¸ÉμÖ´¨° ¨ ¢μ§³μ¦´Ò¥ ¨§³¥´¥´¨Ö Ô²¥³¥´É ·´ÒÌ ÖÎ¥¥± ¸ ÊÎ¥Éμ³ ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ±μ·-
·¥²¨·μ¢ ´´ÒÌ ¶μ¤¸¨¸É¥³, ¨§ ±μÉμ·ÒÌ ¸μ¸Éμ¨É Ë §μ¢μ¥ ¶·μ¸É· ´¸É¢μ. ‚  ²ÓÉ¥·´ É¨¢´μ³ ¶μ¤Ìμ¤¥
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¤²Ö ±² ¸¸¨Ë¨± Í¨¨ μ¡μ¡Ð¥´´μ° Ô´É·μ¶¨¨ ¤²Ö ¶μ¤μ¡´ÒÌ ¸¨¸É¥³ ¸ ¡μ²ÓÏ¨³  ´¸ ³¡²¥³ (·μ¦¤¥´-
´ÒÌ) Î ¸É¨Í ¨ ¸¨²Ó´Ò³¨ ±μ··¥²ÖÍ¨Ö³¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤¢   ¸¨³¶ÉμÉ¨Î¥¸±¨Ì ¸¢μ°¸É¢ , ± ¦¤μ¥ ¨§
±μÉμ·ÒÌ ¸¢Ö§ ´μ ¸μ ¸±¥°²¨´£μ¢μ° ËÊ´±Í¨¥°. �¡¥ ¸±¥°²¨´£μ¢Ò¥ Ô±¸¶μ´¥´ÉÒ § ¤ ÕÉ ±² ¸¸Ò Ô±¢¨-
¢ ²¥´É´μ¸É¨ ¤²Ö ¢¸¥Ì ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¨ ´¥¢§ ¨³μ¤¥°¸É¢ÊÕÐ¨Ì ¸¨¸É¥³ ¨ μ¤´μ§´ Î´Ò³ μ¡· §μ³
Ì · ±É¥·¨§ÊÕÉ ²Õ¡ÊÕ ¸É É¨¸É¨Î¥¸±ÊÕ ¸¨¸É¥³Ê ¢ É¥·³μ¤¨´ ³¨Î¥¸±μ³ ¶·¥¤¥²¥. �μ ¶μ²ÊÎ¥´´Ò³ ·¥-
§Ê²ÓÉ É ³ ¤¥² ¥É¸Ö ¢Ò¢μ¤, ÎÉμ ¶·¨·μ¤  Š•„-¸¨³Ê²ÖÍ¨° ´  ·¥Ï¥É±¥ Ö¢²Ö¥É¸Ö Ö¢´μ Ô±¸É¥´¸¨¢´μ°
¨, ¸²¥¤μ¢ É¥²Ó´μ, ³μ¦¥É ¡ÒÉÓ μ¶¨¸ ´  ¸É É¨¸É¨±μ° 
μ²ÓÍ³ ´ Äƒ¨¡¡¸ . ’ ±¦¥ ¡Ò²μ Ê¸É ´μ¢²¥´μ,
ÎÉμ ¸μμÉ´μÏ¥´¨Ö ¢ÒÌμ¤μ¢ · §²¨Î´ÒÌ Î ¸É¨Í ¶·¨ Ô±¸É·¥³ ²Ó´μ ¢Ò¸μ±¨Ì ¨ Ô±¸É·¥³ ²Ó´μ ´¨§±¨Ì
Ô´¥·£¨ÖÌ RHIC-BES Ö¢²ÖÕÉ¸Ö, ¸±μ·¥¥, ´¥Ô±¸É¥´¸¨¢´Ò³¨, ´μ ´¥μ¡Ö§ É¥²Ó´μ Í ²²¨¸-É¨¶ .
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