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Shirkov with former vice
Directors of BLTP (2009)
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Shirkov with former vice
Directors of BLTP (2009)
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Galasiewicz at Wroclaw

University (2008)
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Low-momentum pion enhancement — early stage

First heavy-ion collision experiments at CERN SPS with O-Au and S-S at 60 and 200 GeV/n
- low momentum enhancement] of negative particle (pions) yields relative to Bose-distribution

Possible solution of the puzzle - Non-zero chemical potential

and the shape of the py-distribution of hadrons

[ — | in heavy-ion collisions

Ap, X)= — =y » E=/ph+0i +m? PLB 243 (1990) 181
c +1 M. Kataja and P.V, Ruuskanen

Depariment of Physics, University of fvvdskyld, Seminaarinkam 15, SF-40100 Syvdskyid, Finland
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Low-momentum pion enhancement — LHC revival

Explanation of hadron transverse-momentum spectra in heavy-ion collisions at /syy = 2.76 TeV
within a chemical nonequilibrium statistical hadronization model

V. Begun, W. Florkowski, M. Rybczynski, T
PRC 90, 014906 (2014) = 1250
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Low-momentum pion enhancement at LHC -

Onset of Bose-Einstein Condensation of pions ?
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Nonequilibrium statistical approach

nonequilibrium statistical operator p(t)
t

p(t) = limﬂs / dt' eSO, ) pra (E)UT (£, 8) U(t,t') = exp[(i/h)H(t — t')]

— i
limit £ — 0 has to be taken after the thermodynamic limit

relevant statistical operator prei(t) according to Zubarev

The missing irrelevant correlations Pirrel (1) = p(t) — prai(t)

are assumed to be formed dynamically _hjf the action of the time evolution operator U(t,t")

The relevant information is given by the averages of the relevant observables BT;
o _ _ _ _ B =Tr{p()B,}
of the information entropy at given averages is the generalized Gibbs distribution
1
prei(t) =
N Z rel (t)
where the Lagrange multipliers F),(f) are determined by the self-consistency conditions

(Bu)rer = (By)'

rel —

The maximum

e Lon F""(”B’”; Zral(t) = Tre™ 2 n Fn(t)Bn

with (B,): = Tr{pra(t)Bn}.

rel
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Nonequilibrium statistical operator formalism
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Gerd Roepke explains the Zubarev approach to nonequilibrium in the Max-Planck group at
Rostock University (1995)
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Nonequilibrium approach to pion enhancement effect

Hamiltonian with instantaneous and retarded part

H=HO5t—t)+H(t—t)
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Nonequilibrium approach to pion enhancement effect

LHC pion and proton puzzle related ....
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G. Roepke et al., in progress (2018)
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Conclusions

- Zubarev approach to nonequilibrium gives a sound conceptual basis to
describe deviations from equilibrium distributions from particles produced
In heavy-ion collisions, under nonequilibrium conditions

- perfect example for applications is the low-pT pion enhancement as
described with a pion chemical potential that appears as a Lagrange
multiplier of a generalized nonequilibrium statistical operator

- Extension to chemical nonequilibrium situations (e.g., strangeness
production) shall be straightforward

- A microscopic process for the overpopulation of the pion phase space
need to be worked out, e.g., a gluon-to-pion conversion process
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