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RECENT DEVELOPMENT
OF HYDRO MODEL
AFTER “"PERFECT LIQUID"

T.H., P.Huovinen, K.Murase, Y.Nara (in preparation)
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RHIC Scientists Serve Up "Perfect” Liquid

New state of matter more remarkable than predicted -- raising
April 18, 2005

TAMPA, FL -- The four detector groups conducting research at the Relativist
(RHIC) -- a giant atom "smasher" located at the U.S. Department of Energ
Laboratory -- say they've created a new state of hot, dense matter out of t
are the basic particles of atomic nuclei, but it is a state quite different and ¢
had been predicted. In peer-reviewed papers summarizing the first three y
scientists say that instead of behaving like a gas of free quarks and gluons,
matter created in RHIC's heavy ion collisions appears to be more like a ligt
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Importance of PHOBOS finding

» System could (hydrodynamically?) respond to
such a fine structure.
* |slocal thermalization achieved in such a
short length scale (~1fm)?
* Need event-by-event hydro simulations?
* Higher harmonics?



Higher Harmonics is Finite!

* Two particle corre
function is compost

solely of higher
harmonics
miaseemeay 1 @ Away-side two bu
ey just from hydrod
responses?
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(a) v,, p, = 0.75-1.0 GeVic
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-A-KLN + 4mrjs = 2
v Glauber + 4m/s =1 (1)

(c) V.p = 0.75-1.0 GeVic

<-UrQMD + 4m/s =0
-+ Glauber + 4m/s =1 (2)
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!ent Status: E-by-E H2C

hadron gas

Hadronic cascade

3D ideal hydro

*

Monte Carlo I.
(MC-KLN)



Initial Density Fluctuation
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Event-by-event Fluctuation
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Actual collision?
—> Higher order
deformation

ldeal, but unrealistic?
OK on average(?)

Figure adapted from talk
by J.Jia (ATLAS) at QM2011
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Hydro-based event generator

= Analysis of the outputs almost in the same
way as experimental people do.
Demonstration of v, analysis according to
event plane method by ATLAS setup.

E.g.) Centrality cut using E;in FCal region
ATLAS, arXiv:1108.6018



Resolution of Event Plane

Reaction (Event) plane is not known
experimentally nor in outputs from E-by-E H2C.

Event plane method
Event plane resolution using two subevents

R, = \/<COS [n (‘Pn 4 ‘Pnz):>
D, Er;sin nqbl-)

2. E7 i cosng;
c.f.) A.M.Poskanzer and S.Voloshin, Phys. Rev. C 58, 1671 (1998)

n¥, = tan~! (
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Impact of Finite Higher Harmonics

coarse

* Only few people believed N
graining

hydro description of the _
QGP (~ 1995) .

e Hydro at work to describe J < ci @ ]
elliptic flow (~ 2001) ) ]

initial
profile

* Hydro at work (?) to

describe higher harmonics g < 1fm . @ i
(~ 2010) : 7




Conclusion

Physics of the quark gluon plasma

* Strong coupling nature

* Small viscosity

Physics of relativistic heavy ion collisions

* Toward precision physics
» 2" order harmonics = Higher order harmonics
* Equilibration/coarse graining in a small system
* Precise determination of transport coefficients
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