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Quark Gluon Plasma (QGP)

-« Radius of the Visible Universe —»
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Relativistic Heavy-lon Collider (RHIC) at
Brookhaven National Laboratory (BNL)
STAR and PHENIX experiments
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Large Hadron Collider (LHC) at European
Organization for Nuclear Study (CERN)
ALICE, ATLAS and CMS experiments
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Tile calorimeters

% LAr hadronic end-cap and
forward calorimeters
Pixel detector
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Muon chambers Solenoid magnet | Transition radiation tracker
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PHENIX
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Chemical and Thermal Freeze-out
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Elliptic expansion in pre-hadronic phase

Phys. Rev. Lett. 99, 052301 (2007), PHENIX
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Higher harmonic order collective expansion of QGP
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Initial spatial fluctuation
(triangularity)

Momentum anisotropy
triangular flow v,
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(HBT measurement)

Source geometry (size, shape and time A
duration) at the end of freeze-out via
two particle quantum interferometry
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Thermal photon radiation and collective flow

- significant low p; photon excess
with much higher temperature than T;

. elliptic
- comparable v, with hadrons expansion
Phys. Rev. Lett. 104, 132301 (2010)
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Energy loss (jet quenching)

Phys. Rev. Lett. 105, 252303 (2010)
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Ridge structure

A small but high-temperature/density
system might be created in high
multiplicity pp and pA collisions...

Are they collective/expanding?

Min. bias p+p High mult. p+p

Minimum Bias

no cut on multiplicity and N>110

(b) MinBias, 1.OGeVIc<pT<3.OGeVIc

R(AN,A0)

A\
#
G

New “ridge-like” structure extending to large An at Ap ~0

JHEP 09 (2010) 091, Eur. Phys. J. C 72 (2012) 2012
Phys. Lett. B 718 (2013) 795-814
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] i QMO09: J. Konzer
Left/right asymmetry of Ridge and Mach-cone
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Hard-soft coupling via geometry and expansion

- strong @, dependence and left/right asymmetry (coupled with energy loss and flow)
- broad out-of-plane correlation enhanced more in central (redistribution and expansion)

- weak @, dependence
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Trigger h dependence
of An distribution

(associate yield per trigger
with AMPT simulation)

Tri
7] g

look at the asymmetry in
An =nhss° —n\ "¢ (associate
distribution with respect to
trigger n) in order to see the
hard-soft coupling with
longitudinal density profile
and/or expansion
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RHIC beam energy scan program
to look for critical behaviors --- critical point and 15t order phase transition ---
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net-Baryon number fluctuation is
expected to reflect the critical point
as a non-monotonic behavior

Net-proton
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Strong magnetic field

L or.B I

[frnl
)
<9
2

12fm/c N

o
N 1T

-7.5F -
—10F v = aitbw

Flow

0755250 25 5 7.5 10
zZ [fm]
J. Brachmann et al., PRC 61, 24909 (2000).

3 oo ' ‘ ' | STAR Preliminary [ ' ' : ] f ® 10-40%: v, Slope
Py STAR Preliminary, QM12 0.1 m E895: p
~‘§: °‘°°‘5 200 GeV Au+Au T 39 GeV Au+Au T 27 GeV Au+Au L 1 NA49: p
vumosg— N ;pprlte:lg_: _g_* ek ke _E_ W 0 05:_ ‘ '- STAR: P
oo el WPl | 1 008 ok 1 STAR:
. 5 f i ® STAR:
(?n.oms— F ES % % O:- -------------- {% ----------------------------------- -‘ .~
b ] = ¥
g oo 19.6 GeV Au+AuT 11.5 GeV Au+AuT 0.06 i IZ? ¥
gnm_ I __ STAR Preliminary § L o ®
] . ™
9 e —— ] i -0.05
onee i i { ooar x 0.05F % n ¥
) 3 1 & ALICE B A
g i STAR Prefiminary
% Most Central % Most Central % Most Central > % * STAR - ol X PR |
0.02 * PHENIX z %
.§ e PHOBOS I :n
© CERES Bosu
- . 2 B %
Beam energy dependence of charge of . e - 0.0 W |
asymmetry and flow (v,, v,, v,....) signals : o E895 (proton) | 3 ‘;p: on :
> - :
in order to look for any non-monotonic -0.02 L——sssaut P 3 -.- URQMD :
i :Phys. Rev. Le 1 10 10 10 10 [ -.. AMPT
b e h avior s::bﬁl)rhghy: Re\:-.lter;ggi’, iéggi gg(l)g)) \|| S (G eV) i AMPT(S) ¥
cERes s oo A6 s\ TN [ (string Metting) ¥ ¥
E877: Nucl. Phys. A 638, 3c(1998). | . |
E895: Phys. Rev. Lett. 83, 1295 (1999). >
STAR 130 and 200 GeV: Phys. Rev. C 66,873 034904 (2002); Phys. Rev. C 72,790 014904 (2005) 10 10

V sy (GeV)

30/Jul/2013, Riken Workshop for sSPHENIX Shinlchi Esumi, Univ. of Tsukuba 18



sPHENIX upgrade at RHIC, New York, USA
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