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Quark Gluon Plasma (QGP) |

< Radius of the Visible Universe —-

early universe

neutron stars

phase transition (hadron : quark)
de-confinement

critical point search

200

-
o
Q

Temperature T [MeV]

1 . !
Nuclei Net Baryon Density
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evolution of universe from big bang

Parting Company
First Galaxies

Inflation
Quark Soup

1032 Sec. 1 Second 300,000 Years 1 Billion Years
Age of the Universe
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IOGeV/nucIeon looGeV/nucIeo

Nucleus-Nucleus collision simulation
nucleon-hadron cascade in uRQMD
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European Organization for Nuclear Study
(CERN) at Large Hadron Collider (LHC) and
ALICE experiment in Geneva, Switzerland

Brookhaven National Laboratory (BNL) at
Relativistic Heavy-lon Collider (RHIC) and
PHENIX experiment in New York, USA
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Run 168875, Event 1577540 A\
Time 2010-11-10 01:27:38 CET “Q
0,

A EXPERIMENT

Calorimeter
Towers

Experimental data wit

heavy-ion collision

(several k ~ a few 10k particles
per AA collision)

PHENIX

—~—
PH ENIX
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ALICE experiment
at CERN-LHC
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Time of Flight and Aerogel Cherenkov detector
for particle identification (PHENIX)
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charge / momentum
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Reaction Plane Detector

(PHENIX)

Di-jet EM calorimeter | jet
(ALICE)

1 super module #
=288 modules

An ~ 0.7
A¢ = 0.35

4 towers/
module

|

4
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TRD detector control system Forward calorimeter upgrade
for ALICE experiment for ALICE experiment
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A
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Energy loss of quark inside QGP

Phys. Rev. Lett. 91, 072304 (2003)
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S EXPERIMENT
Run Number: 168875, Event Number: 786615
Date: 2010-11-09 23:38:28 CET

symmetric di-jet
E, [GeV] peripheral A+A

Calorimeter

Towers
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‘e . ; Jets in ALICE, Oliver-san’s talk
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High p; direct photon as penetrating probe PRL 109 (2012) 152302
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Energy loss at high p; and re-distribution
of the lost-energy at low p; at RHIC

|A¢|>57/6 |A$|>2x/3 |A¢|>n/2 prompt photon - hadron correlation
N,y = associate hadron yield per trigger y

Y Y Y IAA = NpTy(AA) / NpTy(pp)
PRL 111 (2013) 032301
z
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Number of quark scaling in elliptic flow
--- quark coalescence feature ---

Indication of quark flow (in partonic phase)

o~ T T T T

1st CiRfSE workshop, 13/Mar/2015, Univ. of Tsukuba
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“state-of-art” measurements of
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|n|t|al flnal
Elliptic and triangular expansion
and freeze-out geometry
n=2
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minimum bias p+p events |<—> high multiplicity p+p events |

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

(d) N>110, 1.0GeV/c<p_<3.0GeVIc

R(An,A0)

inter-correlation between di-jets

3 e correlated multi-parton interactions

e collective behavior in small and
dense system

' . ridge structure
beam axis g
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| p+A collisions

P Pb

CMS Preliminary
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Early Universe

_LHC Experiments
J RHIC Experiments

Critical Point Search

Temperature

Beam Energy Scan Program
at RHIC beam energy regime

COIor/
Hadron Gas -
Superconductor
Nuclear
Vacuum Matter Neutron Stars

—

900 MeV
Baryon Chemical Potential

e Divergence of
fluctuation around
Critical Point

e end point of 15t order
phase transition
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Beam direction

Beam energy dependence of 2-particle R|ong
interferometry measurement (HBT effect)

pr direction "
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Fluctuation of conserved quantity

vs beam energy % BESII error
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History of temperature before/after the phase transition
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-
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o” _‘l
-
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Particle spectra are fixed
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1 1.2
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-—

neutron stars

—
-—-—
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Critical Point :
end of 15t order phase transition
non-monotonic behavior
expected fluctuation to diverge
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From high-temperature to high-density

with Beam Energy Scan (BES) program

ol The Phases of QCD
LHC Experiments

Temperature

BES2 program
Au+Au 5-20 GeV
2018 - 2019

Quark-Gluon Plasma

/

~170 Mev_gr.qs-S_(-)y_e_r ‘_ Future FAIR Experiments

!
EP Sl FAIR / J-PARC

Color
Superconductor

/

Nuclear /
_~Vacuum Matter Neutron Stars

0 MeV 2~ - l !
0 MeV 900 MeV
Baryon Chemical Potential

Hadron Gas
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sPHENIX at RHIC-BNL
(New York, USA)

ALICE at LHC-CERN for Luminosity upgrade
(Geneva, Switzerland)

compact calorimeter
jet / high p; probes

MR
Fl&1600m
30Gev v 7OROY

RCS
Fl&300m
3Gevi s ZOROL  25Hz

LINAC

£ £&300m
181MeV 25Hz

J-PARC at JAEA/KEK
for heavy-ion collisions
(Tokai, Japan)
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16 m

Di-jet calorimeter
High-speed read-out

SI5100/300

FAIR at GSI
(Darmstadt, Germany)

; Rare Isotope N

Production Target "j

7 Super-FRS

Antiproton
Production Target
Plasma Physics

Atomic Physics
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Systematic test of energy loss and redistribution
with photons, jets and hadrons

These two effects (energy loss

and redistribution) can not be Closer and closer to
clearly separated experimentally! | | the initial parton energy
I , 9:
Gamma

---=-=> Jet (large R)

Jet reconstruction is to
recover the lost energy to get
the original parton energy.

-=-=-=> Jet (+hadron)

Jet as a control tool to define

path length .
g : *gqﬂo -====> Jet (small R)
| '>%%@$ I

:4— : > 7% (hadron)

| i

: QGP : more and more surface bias
inside surface given by energy loss
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Further tests of hard-soft interplay using correlation
between jet modification and geometry/expansion of QGP

/ ®, dep. analysis \ / ®, dep. analysis \ / Nyt dep. analysis \

o AN AN /

methods

e Multi-particle correlation _

e Jet-hadron / y-hadron correlation Yet another axis as a control parameter

e Jet fragmentation function to define path length, geometry and expansion.

e Di-jet distribution

1st CiRfSE workshop, 13/Mar/2015, Univ. of Tsukuba Quark-Nuclear Matter Division, Shinlchi Esumi
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Research Relation with other groups
within and outside of Japan

CERN®ZE R
LHCHn:#E 25
ALICE. ATLASEE

A BMNERRLTF
TIPSR M Cern)
EAFOUMZB(LHC)
ATLASEEE . ALCERE

Prof. Guillaume Unal {CERN)
Prof. Yves Schutz (IN2P3/CERN)
Dr. Paolo Giubellino (CERN/INFN )
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Dr. David Morrison (BNL)

Dr. Zhangbu Xu (BNL)
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Prof, Johanna Stachel
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Dr. Erik Bramberg (FNAL)
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p+A, Au+Au skt
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Dr. Nu Xu (LBNL/CCNU)
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Summary

LHC --- RHIC --- FAIR/JPARC
Partonic energy loss
Collective behavior
Hard-soft interplay
Fluctuation and critical point
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