A 735 DE gy
SO
<l I A'i /s =)
Q

Relativistic hydro solution with application to
pseudo-rapidity distribution
at RHIC and LHC

Ze-Fang Jiang', Tamas Csorg023,
C. B. Yang!, Maté Csanad+.

1Central China Normal University, Wuhan, China
2Wigner RCP, Budapest, Hungary
3 EKU KRC, Gyongyds, Hungary
4EOtvos University, Budapest, Hungary

Presented at “4th Day of Femtoscopy”, Oct 30th 2018.
Many thanks to:
Xin-Nian Wang, T. S. Biro, M. I. Nagy.



Motivation

The next phase ... will focus on detailed investigations of the QGP, “both
to quantify its properties and to understand precisely how they emerge
from the fundamental properties of QCD”

-- The frontiers of nuclear science, a long range plan

- What is the initial temperature and thermal evolution of the produced matter?

- What is the viscosity of the produced matter? ... http://www.bnl.gov/physics/rhiciiscience/

Preliminary work
~ The exact solutions and results of the perfect fluid. (CNC, CKCJ)

Csorg6, Nagy, Csanad (CNC) arXiv: 0605070, 0710.0327, 0805.1562,
Csanad, et. arXiv:1609.07176. Z. F. Jiang, et. arXiv: 1711.10740, 1806.05750.
Csorgé, et. arXiv: 1805.01427, 1806.11309, 1810.00154.



Outline

The next phase ... will focus on detailed investigations of the QGP, “both
to quantify its properties and to understand precisely how they emerge
from the fundamental properties of QCD”

-- The frontiers of nuclear science, a long range plan

- What is the initial temperature and thermal evolution of the produced matter?

Outline

1. A perturbative solution of viscous hydrodynamics.
Z. F. Jiang, et. arXiv:1808.10287.
2. Final state spectrum compared with the RHIC and the LHC
data.
3. Summary and outlook.




Relativistic accelerated viscous hydrodynamic

Longitudinal acceleration effect makes the fluid

cooling faster.
The viscosity will creating heat and makes the fluid shear viscosity

T* = eu*u’ —(p+T1)A™ + " '

u" =(cosh€,0,0,sinh Q) A" =g" —u"u"

Shear viscosity tensor: 7" Bulk viscosity: II. -
bulk viscosity

Shear tensor:

1 i
ot = O = (5(AEAG + AFAY) - gAWA(M)a@fuﬁ.

The fundamental equations of the viscous fluid:

e = Kp) 8’UT'UV=O.



Equations of viscous hydrodynamic

The second law of thermodynamics: 2,5” 20
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viscous hydro: near-equilibrium system

The Navier-Stokes approximation,
" =2nc™”| |1l = —4’(8/)14")

The shear viscosity and bulk viscosity,

Strongly coupled AdS/CFT prediction: n/s=1/4r~0.08 DT Son etal 05

Via lattice calculation: é//S <0.015 (fOI’ 37;) H.B. Meyer, et,al. 07 10.3717



Accelerating viscous hydrodynamic equation

Based on the conservation law, the energy equation and
Euler equations are :
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Accelerating viscous hydrodynamic equation

In Rindler coordinate, the energy equation and Euler
equation reduce to:

—= oQ
T T Q. II,Q" =0
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Bjorken approximation: Without accelerating:
II; =0, Qns) = ns [y #0 Q) = ns

J.D.Bjorken, Phys.Rev. D27 (1983) 140-151. | | A. Muronga, Phys. Rev. C69(2004), 034904.
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Solutions form hydrodynamic equations

The temperature profile: WP
T[GeVip.s
T =% (7) * , 8

v [exp[—;(—:(l — %)?73] + HRfll (26 + exp[‘%f(l - é)nﬂ — (2¢ +1) (@) 1)]
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Contribution from ideal terms. Contribution from viscous effect
pt_ i Reynolds number
¥ T [A. Muronga, arXiv: 0309055 ]

» A non-zero Reynolds numbers R;' makes cooling rate smaller,
A non-vanishing acceleration € makes the cooling rate is larger.

Open question: setting viscosity as the perturbative term.

(Z.F. Jiang, C.B. Yang, Chi Ding, Xiang-Yu Wu. arXiv: 1808.10287 )




Temperature evolution

—€=0.00 —— k=1, Special EoS

778 — — k=3, Hadron gas 1.0
e, —— k=7, From PHENIX
e ey —— k=10, Lattice QCD
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Acceleration
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- Acceleration effect comes from the pressure gradient, makes the
cooling ratio larger than non-acceleration flow.

[M. Nagy, T. Csorgé, M. Csanad: arXiv:0709.3677v1]
- EoS is an important modified factor.

K=1 a very special case, CNC solution.

k=7 comes from [ PHENIX, arXiv:nucl-ex/0608033v1] .
- Viscosity effect make the cooling rate samller. [H. Song, S. Bass, U.
Heinz. et, PRL2011]




Temperature evolution
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The acceleration
effect is almost
fully
compensated
by the viscous

" contribution.
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Freeze-out hypersurface:

pudX* = mr7y cosh@-1 ((Q — 1)n,) cosh(Q2 — y)rdrdodn,

[M. l. Nagy, T. Csérgd, M. Csanad: arXiv:0709.3677v1]

The transverse momentum distribution (academic study):

d’N 7R}
2nprdprdy B (27")3

+o0 mT
/ my cosh((e + 1)ns — y) exp [—

T(T: 778)
1-c 14+€ |1 .
X (Tf cosh ™« (en,) + To0r ) [gg(p% — 2m2-sinh?((e + 1)n, — y))
1¢

— =2 (P} + mi-sinh?((e + 1), — y))] )dm

cosh((e + 1)ns — y)

-Temperature solution,

-viscosity, acceleration parameter, mass, space-time rapidity...

D. Teaney, 2003. P. R. C 68, 034913, a special case when there is no
acceleration effect (€=0).
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(Pseudo-) Rapidity distribution

Rapidity distribution

Contribution from perfect fluid

AN wR: [t (1 i ArT3(ryns) A8(L+€)T*(7,ms
- I / {COShT(EnS) i (rns) (4 + )T (7,75)
dy (2n) cosh“((e+ 1)ns —y)  cosh™((e + 1)ns — )

X [%g(l — 2sinh*((e + 1)ns — y)) — ég cosh?((e + 1)1, — y)] }dns

Rapidity distribution (academic study),
- the integral valuelerror « m?|, this is a good approximation for the
particle that mass m is little.

‘ Pseudo-rapidity distribution

‘JTR2 +°° e my
= dppy|1— . mrpr cosh((€ + 1) —y) exp ~ cosh((e + 1)ns — y)
mT cosh”y (7,7s)

(Tf cosh™ ¢ (ens) % lg s( 2 — 9m2 sinh®((e + 1), — y)) — %g(pT + mZ sinh?®((e + 1)1, ’u))D

Contribution from perfect fluid _

12



Particle's distribution (academic study)

‘ Numerical results (Rapidity distribution):
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£/s=0.015,

€=0.06, T ,=140 MeV

k=3
n/s=0.16

Acceleration parameter extracted from RHIC and the LHC data:

vaww /IGev] 4| : \2/NDF
130 Au+Au 563.94+59.5 0.076x0.003 9.41/53
200 Au+Au  642.6+61.0 0.062+0.002 12.23/53
200 Cu+Cu 179.5+17.5 0.060+0.003 2.41/53
2760 Pb+Pb 16154+39.0 0.035x0.003 5.50/41
5020 Pb+Pb 19294+47.0 0.032+0.002 33.0/27
5440 Xe+Xe 1167+26.0(41] 0.030+0.003 — /=

V'S0
VS0 =1 GeV

A=0.045 and B=0.23

Z.F. Jiang, C.B. Yang,

- a ()"

Particle's distribution

at finial state, the dn/dy and dn/dy are effected sensitively

by the acceleration parameter and EoS.
The model’s prediction for XeXe@5440 GeV works well!

A simple description of acceleration parameters is obtained.

Chi Ding, Xiang-Yu Wu.
arXiv: 1808.10287.
Accepted by Chin. Phys. C
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Particle's distribution (academic study)

‘ Numerical Results (Rapidity distribution):
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T
AR \\
Numerical results (pseudo-rapidity distribution):
2500 — Hydro Model
il HAL L S Red line: prediction for
2000 e ; XeXe @ 5440 GeV.
o | ___— | Data: ALICE@QM2018,
J 1805.04432.
= 1000
Z.F. Jiang, C.B. Yang,
i Chi Ding, Xiang-Yu Wu.
. arXiv: 1808.10287.
. Accepted by Chin. Phys. C

Particle's distribution

- atfinial state, the dn/dy and dn/dy are effected sensitively
by the acceleration parameter and EoS.

- The model’s prediction for XeXe@5440 GeV works well!

- A simple description of acceleration parameters is obtained.




A brief summary and outlook

Summary:

1. A perturbative solution with viscous correction are
obtained.

2. The final state spectrum are obtained and described
well the RHIC and the LHC data.

Outlook:

1. 2rd |I-S problem, magenetic hydrodynamics, CLVisc
3+1D code;

2. Fast parton disturbance evolution on accelerating
medium background...
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Thank you for
your attention

arXiv: 1609.07176, 1711.10740, 1805.01427,
1806.05750, 1808.10287 ...
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