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[. INTRODUCTION

TION

Motivation
» Deeper understanding of rehadronization
» More precise description of the fireball evolution
» Mass dependence of inverse slope
New solution
» Non-relativistic, expanding fireball
» Hadro-chemical and kinetic freeze-out stage
» Multi-component hadronic matter
» Equation of state is from lattice QCD
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PHENIX Collaboration: arXiv:nucl-ex/0307022
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Exact HYDRO

II. HYDRO EQUATIONS

Non-relativistic, perfect fluid hydrodynamics

» Strongly coupled quark matter - QM (T > Tchem)
% +V(ov)=0
Oe . .
T + V (eV) = —pVV

» Chemically frozen, mc. hadronic matter - HM (T < Tepem)

%’;" +V (m?) =0
% +V(ev) = —pVVv

Z mjn; <(;9t + \7’V> V= —Vp




II. HYDRO EQUATIONS

Temperature equations
» Strongly coupled quark matter - QM (T > Tchem)

e=raom(T)p
_oT
P= 1+k
d HQ/\//T . -

» Chemically frozen hadronic matter - HM (T < Tcpem)
g = IQHA//(T)p

p=> p=TY n

L,dTmHM T] (0 +VV) T+ TVV =0

T. Csérgé, M.I. Nagy: arXiv:1309.4390
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II. HYDRO EQUATIONS
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I[II. MULTI-COMPONENT SOLUTION
Triaxial (X#Y#Z) solution
> Velocity field (wg = 0)
X(t) Y (¢) _Z(t)

» Entropy and particle density

- Vo rf ry rz2
o(F,t) = ooy exp <_2X2 ~3v2 a7

» Where V), = V(th), nip=n; (F: 0, th)
LANDAU’S IDEA

0'(?, th) . nj (7, th)

O'(F: 0, th) n,-(?: 0, th)

S.V. Akkelin, T. Csérgé and others: arXiv:hep-ph/0012127(for single component)


https://arxiv.org/abs/hep-ph/0012127

I[II. MULTI-COMPONENT SOLUTION

Spheroidal (X=Y#Z), rotating solution
» Velocity field (wg # 0)

v:@r—wr v:@r—kwr v:@r
CTRMTTTOY TR F 20"
w(t):woRfE)t)

» Entropy and particle density

T. Csérgé, M.I. Nagy: arXiv:1309.4390 (for single component)



http://arxiv.org/abs/1309.4390v3

Exact HYDRO

I[II. MULTI-COMPONENT SOLUTION

» Boundary conditions

tp: no more quarks in the medium, only hadrons

Tom(tn, 2) = Tum(th, 7) = Tchem
Vom(tn) = Vem(th)
km(Tom(th)) = krm( Thm(th))
{Xam(tn), Yam(tn), Zom(tn)} = {Xum(tn), Y (tn), Zrm(tn)}

BOUNDARY COND.

ANSATZ

Even for the hadronic matter phase, the scales are independent of
the particle species:

{Xi,Yi, Zi} ={X, Y, Z}, Vi.




III. MULTI-COMPONENT SOLUTION

So

Dynamical equations
» Strongly coupled quark matter (T > Tcpem)

14+ k(T) (o = 0)

: 5 1
— 2 2: e —
RR—R 22= 1y (@#0)

(1+HQM)[d FVQMT} r

%
R B 720
dT 1t rgm| TV

» Chemically frozen, mc. hadronic matter (T < Tchem)

N N - T
XX =YV =2Z=00 (w=0)
RE_RW?—zs— (wo # 0)
(m) °
d(HH/\/IT)T V_
—ar T v 0




I[II. MULTI-COMPONENT SOLUTION

Compare to the single component hadronic matter
» Ellipsoidal symmetry (wo = 0)

Xk=vv-zz-1
m
» Spheroidal symmetry (wg # 0)
RE— R =271
m
> Difference: m <= (m)
> min;p
m) =~ ~ 280 MeV
=

CONCLUSION

The X, Y and Z scales are independent of the particle species.

M. Kaneta, N. Xu: arXiv:nucl-th/0405068



https://arxiv.org/abs/nucl-th/0405068v1

IV. OBSERVABLES

Inverse slope parameter

» Single particle spectrum of the MC scenario

2 2 2
pXJ py,i pz,/

Nyi(pi - - -
L (p ) x exp 2m; TX7,' 2m; Ty’,' 2m; Tz,i

‘ Single-component Multi-component

Inverse slope
22 .2 I'V. OBSERVABI
Tx = Te + mX; Tx,i = T+ miXg INVERSE SLOPE
wo =0 T, = Tr+mYe Tyi=Tr+mYe
(ellipsoidal) T:=Tf+ mZ;z Tzi=T¢+ m;Z;z

Tx = T{ + m (sz + wfRf) Tx,i = T[ + m; (sz + wfRf)
wo #0 Ty

Te+m (R";z + w?R?) Tyi=T¢+m; (er + W?R?)

(spheroidal) T =T+ mZ',—2 Tei=Tf+ m,.Z'F2

T. Csérgé, S.V. Akkelin and others: arXiv:hep-ph/0108067v4
T. Csérgé, M.I. Nagy, I.F. Barna: arXiv:1511.02593v1
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IV. OBSERVABLES
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PHENIX Collaboration: arXiv:nucl-ex/0307022
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IV. OBSERVABLES

HBT-radii
» Two particle correlation function of the MC scenario
G,i(G) o exp (_qin,i - q)2/R§,i - quii)

H Single-component ‘ Multi-component

R 2 = x; 2 {1 + T—fxﬂ R;? - x'iz {1 + %x}]
wo =0 Ry 2=y, 2 [1+TA'YF2] R;'Z:Y_Z [1+%er]
(ellipsoidal) Ll {1 + %zﬂ Ry2=z;2 {1 + %zﬂ
R 2 = R,,_2 [1 + % (RZ2 + waf)} X—'z = Rf_2 [1 + % (RZ + waf)}
worso || RyZ-R7Z e (REoREGE)| | RS2 R7[1e TE (R4 REGD)]
(spheroidal) Ry =z;2 [1 + %Zﬂ 2oz [1 + %zﬂ

T. Csérgé, S.V. Akkelin and others: arXiv:hep-ph/0108067v4
T. Csérgé, M.I. Nagy, I.F. Barna: arXiv:1511.02593v1
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I'V. OBSERVABL

HBT-RADII
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IV. OBSERVABLES
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D. Kincses: CPOD 2016



https://indico.cern.ch/event/449173/contributions/2174267/attachments/1284435/1909708/kincsesd_cpod2016.pdf

VI. TIME EVOLUTION

Initial and final state conditions
» Ro=2y=5fm
> Ro = Zo =0
» 0o =0, wop=0.05c/fm
> Tp =110 MeV, (m) =280 MeV

A new effect in the hydro description
» The medium has a second explosion

» Starts just after the conversion to the hadron gas

CONDITION OF THE 2ND EXPLOSION

1T
1+k,  (m)

» Where Th - Tchemx Kh = F':( Th)




HYDRO

V. TIME EVOLUTION o
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Exact HYDRO

V. TIME EVOLUTION
Initial temperature (Ty) vs Final state angle (6r)
» Close to Tepem: strong To dependence
> At high initial temperatures: 0¢(To) ~ const.
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SUMMARY

Previous solutions describe a single component transition
New solution for multi-component hadronic matter

Same scales characterize the dynamics for all particle types
The multi-c. scenario doesn’'t complicate the dynamics
Experimental results are in agreement with our theory
New hydro parametrization of lattice QCD EoS
Hadrochemical freeze-out leads to a second explosion

The searching of the relativistic generalization has started

VI. SUMMARY




