Chemical Freeze-out Irregularities and Quark Gluon Plasma Formation
A.l. Ivanytskyil, K.A. Bugaev', D.R. Oliinychenko?, V.V. Sagun?,
N Mishustin?, D.H. Rischke3, L.M. Satarov? and G.M. Zinovjev’

GOETHE | 1 Bogolyubov Institute for Theoretical Physics, Ukraine FIAS Frankfurt Institute §
OINTVERSITAT - Frankfurt Institute for Advanced Studies, Goethe-University, Germany for Advanced Studies
BITP FRANKEURT AM MAIN Institute for Theoretical PhySICS, Goethe—UnlverS|ty, Germany
ABSTRACT

A high quality description of the hadronic ratios obtained by the realistic version of the hardon resonance gas model (HRGM) [1] allows us to reveal, at chemical
freeze-out, remarkable irregularities such as an abrupt change of the effective number of degrees of freedom and plateaus in the collision-energy dependence of the
entropy per baryon, total pion number per baryon, and thermal pion number per baryon at lab. energies 6.9-11.6 AGeV [2]. Using the generalized shock adiabat
model we show that these plateaus give evidence for thermodynamic anomalous properties of the mixed phase at its boundary to the quark-gluon plasma (QGP).

IRREGULARITIES AT CHEMICAL FREEZE-OUT OBSERVATION OF PLATEAUS

» HRGM accounts for all hadrons from PDG tables with masses up to 3.2 GeV [1]. It was predicted [3] that the anomalous properties of the mixed phase
can generate the plateaus in energy dependence of s/pg, p!'/pg and

9 p'/pp. The chemical freeze-out data demonstrate such plateaus (see
P=) Pk plf = o= hidid pk = Qup + Qus + QP i3 Flg below). Let us find their parameters:
Huke » The plateaus have heights Ra for A € {s/pg; p!'/ pg; p!°!/ ps}.

px = Toxexp| BX — 2 3 Pi Vik +3° Pi Vil"pf’/z pil, Vig= Z—W(Rk + R))3, » The plateaus are generated by the same physical cause =
T T i T : 2 they have the same width M > 1, iy denotes its beginning.

d3k oxp ( VkZ F m2) » The plateaus are correlated to each other, if x2/dof < 1.

» Equation of state:

J

qbkzgk dm f(m my, I'k)/(

mTh 27)3 T » It Is necessary to find the set of widest correlated plateaus.
» The width effects are accounted by normalized mass distribution f(m, my, '), either For given M and ig the x?/ dof IS defined as
Gauss or Breit-Wigner. 2/ dof Z lo-g/l: 1 (RA B >2
» Strong decays are taken into account [1, 2]. - 3M -3 ’
111 independent hadron ratios measured at +/Syy = 2.7 — 200 GeV are fitted with its minimization with respect to RA gives
x%/dof = 1.16. Even the Strangeness Horn is described with x?/dof =7.5/14. Thus, lo+M 1 lo+M 1
the present model is a precise tool to investigate chemical freeze-out. Ra = /
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GENERALIZED SHOCK ADIABAT MODEL (GSAM)
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» GSAM of central nuclear collisions defines thermodynamic parameters of the compressed matter by the Rankine-Hugoniot-Taub abiabat [3]
(ppX)? — (poXxo)? — (P — Po)(X + Xg) =0, where pg, po, g and Xo = p°;:€° corresponds to initial state.
(P + €0)(Po + €) 1) |

(P + €)(Po + €o)
» The EOS is necessary to complete the shock adiabat equation. The used QGP EQOS is of the MIT Bag model kind, while the hadronic EOS is an effective one,
which successfully describes the the chemical freeze-out data [1, 2].

» Collision energy per nucleon of mass m,, is defined as Ej;p = 2mj, (
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> Thermodynamically normal (2 > 0) and anomalous (. > 0) properties are typical for onephase and twophase regions, respectively ¥ = ( p)

O X2
s/pp=const
The anomalous properties of mixed phase (Ay A2B) lead to instabilities of shock transitions into the region A2BC (see fig. p(X)). In this case a single shgck to the

region AoB should be replace by the shock from O to A, (Chapman-Jouguet point) and by a compressional simple wave starting at point A, (see collision sketch).
For such a solution the entropy is conserved, i.e., the ratio s/pg = const, because the whole entropy production is generated by a shock OA, to the point Az. This
means that by increasing E;;p one generates more compressed states which have the same value of s/pg. Thus, one gets the plateau in E;;p dependence of s/pp.
The important physical consequence of such an instability is also a plateau in the collison-energy dependence of the total number of pions per baryon produced in a
nuclear collision, i.e., p!®/pg(Ejap) ~ const [3], provided by the entropy conservation during the subsequent expansion of the hydrodynamic flow formed by the GSA.
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