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OU3UKA BDJIEMEHTAPHBIX YACTUII U ATOMHOI'O AOPA. TEOPUA

LATTICE QCD THERMODYNAMICS AND RHIC-BES
PARTICLE PRODUCTION WITHIN GENERIC
NONEXTENSIVE STATISTICS
A. N. Tawfik!

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
briefly reviewed. The remarkably low freezeout temperature, which apparently fails to reproduce the
first-principle lattice QCD thermodynamics and the measured particle ratios, is discussed. The present
work suggests a novel interpretation for the so-called “Tsallis temperature”. 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 modified 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 define 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 Boltzmann—Gibbs statistics is completely
fulfilled. 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.

Kp TKO 00CyXnm ercs TEKyIIWil CT TyC BOIPOC MpPUMEHEHHs CT THCTUKHU LI jutic  (HEedKCTeHCHB-
HOH) B (pu3uKe BBICOKUX dHepruil. O6cyXn I0TCI HEOOBIMHO HU3K S TEMIIEp Typ BBIMOp XHB HUS H
U3MEPEHHbIE COOTHOLIEHHS BHIXOIOB U CTHUII, KOTOpBIE noinyd toTcs B KXJI-TepMOAUH MUKe H pelleTKe,
UCXONSIIEH W3 NepBbIX NPUHLMIOB. IIpeact BiIeHH g p GOT IpeiT I €T HOBYH MHTEpIpeT LU0 T K
H 3bIB eMoil Temmep Typsl LI mmmc . Ilpenmon r ercd, uto temmep Typ Ll mmuc momyd ercsd HU3KOH
IpHU OMUC HUM POXIEHHS Y CTUI B BHICOKO®HEPIETHYECKUX IPOLECC X M3-3 HEMOIHOTrO MPUMEHEHHs
nre6psl 1 JuIMC H  OCHOBe ®KCIIOHEHIM JIbHOMW U JIOT pupMmuydeckoit pyHkuuid. [Togct HOBK — JireGpsI
LI e B yHKIHMIO GOJIBIIOTO K HOHIMYECKOTO P CHpEeTeHHs MOfEMN I' 3 JPOHHBIX Pe30H HCOB, I10-
X0Xe, He 00ecleynB eT MOJHOLEHHOIO Y4eT HEeSKCTEHCHBHOCTH WM KOppelauuid B Monenu. s aToit
LEeM MpeArnoYTUTENbHEee MOAU(MUIIMPOB Th CT THCTUKY, ONHUCHIB IOLIYI0 00beM ¢ 30BOTO MPOCTP HCTB ,
YHCIIO COCTOSHHUN M BO3MOXHBIE U3MEHEHHUS DJIEMEHT PHBIX S4€eK C y4eTOM B3 MMOAECHCTBYIOIIUX KOp-
PEMpPOB HHBIX MOACHCTEM, U3 KOTOPBIX COCTOMT (p 30BO€ MPOCTp HCTBO. B JIbTEpH THBHOM IOAXOfE
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188 Tawfik A. N.

U1 KIT CCUGUK UK 0OOOLIEHHOH ®HTPOIUK IS MOJOOHBIX CHCTEM C GOJbIIMM HC MOIeM (pOXIeH-
HBIX) 4 CTHIL M CHJIBHBIMU KOPPEIALUIMH HCIIONB3YIOTCS B  CHMITOTHYECKHMX CBOWMCTB , K XIO€ U3
KOTOPBIX CBSI3 HO CO CKEWTMHTOBOU (pyHKIed. O6e CKEeMTHHIOBbIe DKCIIOHEHTHI 3 JI 10T KJI CChI 9KBHU-
B JIGHTHOCTH JUISl BCEX B3 MMOICUCTBYIOLIMX M HEB3 UMOJCHCTBYIOIIMX CHCTEM U OJHO3H YHBIM OOp 30M
X P KTepH3yloT JI00YI0 CT THCTHYECKYIO CHCTEMY B TEPMOIMH MHUYecKoM mpenene. [1o mogydeHHbIM pe-
3yJIBT T M J€JT eTcsl BbIBOM, 4TO mpupon KXJ-cuMynsnuii H peleTke sBIsSeTcs SBHO 9KCTEHCHBHOU
U, CIIe[OB TEIbHO, MOXeT ObITh onuc H cT THcTUKoW Bompum H —-T'm66¢ . T KXe GbUIO YCT HOBIEHO,
YTO COOTHOIICHHUSI BBIXOOB P 3MUYHBIX 4 CTHUI[ IPH IKCTPEM JIbHO BBICOKHX M DKCTPEM JIbHO HHU3KHX
sHeprugx RHIC-BES spnsoTcs, ckopee, HE9KCTEHCUBHBIME, HO HEO0S3 TENIPHO I JUTUC-THUI .
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