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e Introduction: beam energy dependence of vl and v2
® Non-equilibrium transport model JAM with EoS effect
e Results on vO, v1 and v2 at high baryon density region

first-order phase transition:
vO: harder, v1: negative v2:larger

® Summary



Determination of EOS at high density from an
anisotropic flow in heavy ion collisions
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A minimum in the excitation function of the
by — <p_x > directed flow

pPT
D.H.Rischke, et.al Heavy lon Phys.1, 309(1995)

The effect of the softening of the EoS J.Steinheimer,et.al.Phys.Rev.C89(2014)
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V1 from hydrodynamics and PHSD

Y. B. lvanov, A.A.Soldatov, V. P. Konchakovski, W. Cassing, Y. B. lvanov and V. D. Toneev,
Phys. Rev. C91, no. 2, 024915 (2015) Phys. Rev. C90, no. 1, 014903 (2014)
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No minimum! Switching time too late?

JAM+soft EoS supports this conjecture.
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QGP signal: formation of tilted ellipsoid

(2) EoS with ph, tr. 0 QGP  Au+Aub=3fm (1) pure hadr, EoS
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D.H.Rischke, Y.Pursun,J.A.Maruhn,H.Stoeckeer,W.Greiner,
Heavy lon Phys. 1, 309 (1995)

QGP Eo0S predicts wiggle in hydro




Wiggle: QGP signal in the directed flow?

Au+Au J.Brachmann,et.al. Phys.Rev.C61 (2000)
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L. P. Csernai, D. Réhrich, PLB 45 (1999), 454.

Baryon stopping + Positive space-momentum
correlation leads wiggle ( no QGP)

QGP Eo0S predicts wiggle in hydro

R.Snellings, H.Sorge, S.Voloshin, FWang, N. Xu, PRL (84) 2803(2000)



Wiggle: QGP signal in the directed flow?

RQMD v2.4
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This picture is only applicable at Ecm > 30 GeV




|

v

Proton v1 is negative without meson-baryon
interactions in transport model
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Twisted initial condition from CGC

A. Adil, M. Gyulassy, T.Hirano, Phys. Rev. D73, 054902(2006)

0.04

b=91fm
0.03F Dashed Line BGK, Solid Lines CGC

0.02}

0.01F

_D'Dilz -15 -1 -0.5 0 0.5 1 1.5 2

Rapidity (1)



JAM microscopic transport model

® Follow spece-time propagation of particles based on cascade method
® Resonance and string excitation and decays
® Rescattering among all hadrons

ROMD based on Constraint Hamiltonian Dynamcis
Sorge, Stoecker, Greiner, Ann. Phys. 192 (1989), 266.
ROMD/S: Tomoyuki Maruyama, et al. Prog. Theor. Phys. 96(1996),263.

Single particle energy: p? _ \/P? 4+ 77%2 + 2m;V;
. Pi m; OV . m; OV
ri="75*t 0 Di=—) —

Py Zj: p) Op; Z p) Or;

Arguments of potential r; — r; and p; — p; are replaced by
the distances in the two-body c.m.
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Mean field potential
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Pressure in the collision term

Virial Theorem

1
P = Pfree + ﬁ Z[(p,’b _pZ) Ty T (p; _pj) | rj]
() -
~
1 Contribution from two-body scattering
P ree — omtr 1 1
/ sy | 42 P

Momentum conservation p; + p;- = Di T+ Dj

Repulsive orbit (p; — p;) - (r; — r;) > 0 enhances the pressure
Attractive orbit (p; — p;) - (r; — 7;) < 0 reduces the pressure

Impose attractive orbit in the collision - softening of E0S



FE.OS modified collision term

H. Sorge, Phys. Rev.Lett. 82,2048 (1999)

1 / /
(4,7)
The momentum change is constrained by
/ (P — Pfree)
(p; —pi) - (ri —7;) =3 (At; + Aty)
P

When P < Pfree: attractive orbit in the collision.
0.6 =

—— 1.0.P.T.s/pg =10 Fully baryon density dependent EoSs are implemented.
O30 —--- LOPT.slpp=20 .~ -
0.4} X-over s/pg=10 . ‘ Cross-over EOS: J. Steinheimer

—-— X-over s/pg = 2'0-""

EOS-Q: Kolb, Sollfrank, Heinz

® Any EoS can be incorporated
® CPU time Is as fast as standard cascade
simulation
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EoS dependence at 6.4 GeV
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Time evolution of v0, v1, v2
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vO,vl, v2 at 6.4 GeV
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V2 is reduced by non.eq-1.0.P. T

K. Paech, H. Stoecker, A. Dumitru, PRCG68 (2003)

Hydro + linear sigma field simulation predicts the reduction of v2 by

the non-quilibrium chiral dynamics
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V2 is enhanced by non.eg-1.0.P.T

C. Herold, M. Nahrgang, |. Mishustin, M. Bleicher, NPA925 (2014)

Hydro + linear sigma field simulation predicts the enhancement of vn by
the non-quilibrium chiral dynamics
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summary

» We proposed a efficient method to incorporate the effect of E0S
Into the microscopic hadronic transport model JAM, and
find a strong EoS dependence of collective flows.

e This non-equilibrium approach predicts the similar beam energy
dependence of directed flow as hydrodynamics.
e.g. Negative slope of proton.

» This model predicts an enhancement of elliptic flow at high baryon
density region (AGS-SPS region) due to softening of EoS.

» Combined analysis of collective flows vO,v1, v2 at high baryon region

e.g. at5 GeV < Ecm < 7.7 GeV will provide important inoformation
on the EoS.

Study of non-equilibrium chiral dynamics



Beam energy dependence of v1

L. Adamczyk et al. (STAR Collaboration)
Phys. Rev. Lett. 112, 162301 — Published 23 April 2014

0.02- : e p T
ﬁﬁi—.-i = Ht#-l:-rf.p:.: | ? |
N i e S e e i o : .
o2k ; | - 10-40% Centrality
0.02 : + g B -
o+ f ai’f‘iﬁgt;i"""'ﬂ""*:;*“ig“ - V E895 proton @ proton -
.02} AANE ST - 0.05 [ NA49 proton O antiproton |
D02 o ' T a ’ 1 v + T
P B S i 1
i s = oot
-0.02f : O + 39GeV: I B .
0.02 i ® - i i
f:?i: ey g
(R s e £ S0 ]
-0.02 i % 1 a7gev * o
G By T ™. ] | — .I’..l '@_
or .""H.E‘l-'""__""" ‘-“L""‘- = B + + N
0.02} ot | waid - Te i * Q i )
0.02F Yo | 1%, 1 ®
7 *"'-E, i @ 1
u -a.a.-‘ EE.“. e LT : ; -------- -
-0.02} DD¢' 4 11.5Gev "’1- i .
0.02f LI & T T o - —
uﬁ‘# . N 0.05 | |
L ] i :,' & 1 11 1 1 1 L 1 L1 1.1 1
7 Rl ¢Li 4 77Gev] $$*_ 10 102

105 0 05 1¥-1 05 0 05 1 \I[ENN (GeV)



V1 from hydrodynamics PHSD/HSD predictions

V. P. Konchakovski, W. Cassing, Y. B. lvanov and V. D. Toneey,
Y. B. Ivanov and A. A. Soldatov, Phys. Rev. C91,
no. 2, 024915 (2015) Phys. Rev. C90, no. 1, 014903 (2014)
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V1 from hydrodynamics

Y. B. Ivanov and A. A. Soldatov, Phys. Rev. C91,
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PHSD/HSD predictions

V. P. Konchakovski, W. Cassing, Y. B. lvanov and V. D. Toneey,
Phys. Rev. C90, no. 1, 014903 (2014)
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