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Quark Gluon Plasma (QGP) |
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RHIC Beam Energy Scan program (BES)

to look for critical behaviors --- critical point and 1%t order phase transition ---

N
o
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100

Temperature T [MeV]

L Nuclei

Net Baryon Density
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Relativistic Heavy-lon Collider (RHIC) at Brookhaven National Laboratory (BNL)
Large Hadron Collider (LHC) at European Organization for Nuclear Study (CERN)

! ixel detector
Toroid magnets \a
AI LAS hambers Solenoid magnet | Transition radiation tracker
emic er
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PHENIX

Run 168875, Event 1577540 AN N '
Time 2010-11-10 01:27:38 CET \\?‘4
A EXPERIMENT
A —

-mn

s -

‘ ¥
J

Heavy lon Collision Event with 2 Jets
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sPHENIX upgrade at RHIC, New York, USA |

_~ HCAL OUTER

— HCAL INNER

" EMCAL
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RCS MR
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3Gevi ./ Z70ORO 25Hz

\ ; Rare Isotope ﬁ\ /

Production Target ,J -

7 Super-ERS

£ £&300m

181MeV 25Hz : Antiproton

Production Target
Plasma Physics

Atomic Physics

Heavy-lon upgrade at J—parc,
Tokai, Japan
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single particle p; spectra,
HBT measurements

- Thermal freeze-out

- T;,(™ ~ 100MeV

- end of elastic interaction
among hadrons

- local thermalization

- Radial expansion, flow

particle yield and ratio

- Chemical freeze-out

- T;, (€N ~ 170MeV

- end of inelastic interaction
among hadrons

- close to the expected
phase boundary
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| YIS BRAMAESY., EHEHRE |
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:: QM12: T. Niida
) —XT D

o I i g _ side view size
RATFRIRR, KES, Bz
EF NP 78R (HBTAERS)

qT-side : RT—side

RT-side' RT-out VS ((I)_(I)z): (¢—q)3) depth + time duration

Ricige®*M < Ry o, 2! for n=2,3 (central)

qT-out : RT-out

_ °c | PHENIX Preliminary,M12 | "€ | Au+Au 200GeV 0-10%
together with v, (p;)P'P —, | e o} @
fitting with Blast Wave c\cxr:w cbuzo
-~ intial 7’ final ~ 10_‘ 0 owe 10_— \
I (O ) @ o)
5o o e ey, 5'W
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---jet quenching---

jet

Phys Rev. Lett. 91 (2003) 072304
; Coroa - —

= d+Au FTPC Au 0-20%
— p+p min. bias

* Au+Au Central
Away-side
suppression

._'* i Ta s

1 2 3 4
A ¢ (radians)

=.EIEXK

Phys. Rev. Lett. 105 (2010) 252303

J

S [\s\y=2.76 TeV 0-10% |
- ATLAS |
EE Pb+Pb
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di-jet energy asymmetry
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® Pb+Pb Data
Op+p Data
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) dN/idAg

(1/N

|$1-6, |

di-jet relative angle

FURKYE, IAE—



A+A

| UwSHED . BREAM AN | [HiBhmult. prA

Pb s -

3 Initial-state geometry ,” a \\\
ppprﬁj‘%O)J:af;l]\éL\ﬁi%%f%\ —® é— collective expansion ‘\\- y »,/'
EI:#':, %%EFE?%%%(—BL\T[is CMS Preliminary ‘—’35;0;,
BB BB DL O AR, o s ] S
EREMMEIRNBIDM ? — e
- PIDEREKRFE. SEEKRFE - :%12

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

Minimum Bias High multiplicity data set
no cut on multiplicity and N>110

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

R(AN,A0)

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 CMS

10550740 60 80 100120 140160 180
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QM12: T. Todoroki

[ CroMEEORE - EEEAFME — AU EOBER —

- strong @, dependence and left/right asymmetry (coupled with energy loss and collective flow)
- broader out-of-plane correlation than in-plane correlation (re-distribution of lost energy)
- some weak @, dependence (in back-up slides)

*‘-
—-
-
I Fu=a
—-

Irig. ‘ ;'In-paﬁe trig.

0 0

0 0

0 0

| ‘ 0 0
0

0

e 2 4FAn/8lg W l<3n/8  {En/B<p W,l<0
S0 T 0

Au+Au 200GeV, hadron-hadron ‘
pT: (2~4)Trig X (1~2)A550 (GeV/C) O 2 J-c 4
vn subtraction, no An cut

A¢ = (I)Asso - q)Trig
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(associate yield per trigger
with AMPT simulation)

v - v -

EEA R R R EEEEEE

Forward-backward
asymmetry is visible

at least in AMPT.

Near side An peak is
backward shifted w.r.t.
trigger m direction.
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l/NTrig CINAsso/dAn
e e L L In ey

s2 N s rrnnnnn

v v v v

ER25F9H138 ., FEMEE P FEDORME IHE

AMPT Peripheral |

b, =10 - fm

AMPT mid-central

iy = 4 - 10 fm

| |A¢| < /4 near side

An =

=.EIEXK

| |Ad| > /4 away side

Asso Tri
n -n'"e
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FEDHESRDEE

RHIC,LHCHNE 2§ . PHENIX ALICEEER T EZEEER . 4T
sqrt(syy) = 200 GeV at RHIC, sqrt(sy,) = 2.76 TeV at LHC

e PHENIX-STARZEERT—42 D K RIFEHT. Z R FIERHAENT

o LHCHMEZR TDsqrt(syy) = 5.5TevEn - Fa B 2R 5L ER
o RHICIEZETHE—L-IRILF—EETEER

RHIC Beam Energy Scan (BES) program sqrt(sy,) = 5 - 20GeV
e RHIC,LHCHNIE RS TDpp, pA, dA, HeAu, CuAu, UU

e SPHENIX, ePHENIX(for elC), ALICE 7w T4 L—F
e FAIR, J-parc EA AV EETVTIL—F
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| Elliptic expansion in pre-hadronic phase
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Thermal photon radiation and collective flow

- significant low p; photon excess

with much higher temperature than T;

- comparable v, with hadrons

Phys. Rev. Lett. 104, 132301 (2010)
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net-Baryon number fluctuation is
expected to reflect the critical point
as a non-monotonic behavior
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Strong magnetic field £ 10} !
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Angle (Length) dependence
of di-hadron correlation

q>t

- high p; single/jet suppression
- high p; di-hadron/di-jet suppression
- High p; v,
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Phys. Rev. Lett. 93 (2004) 252301
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. . QMO89: J. Konzer
Left/right asymmetry in ridge/mach-cone |

_ _ _ R.P STAR Preliminary
Y(]An|>0.7) = Ridge + away-side two-Gaussian :> Au+Au 20-60%
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| Left/right asymmetry in ridge/mach-cone |

Jssian

R.P.

QMO09: J. Konzer

STAR Preliminary
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Correlations relative to ¥, & ¥,,40-50%

Au+Au 200GeV, 40-50%, 2-4@1-2 GeV, v,v,v,(¥,) subtracted with <cos4(¥,- 4)>_v (lPZ)/v (¥,) by ZYAM
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Correlations relative to ¥, & ., 0-10%

Au+Au 200GeV, 0-10%, 2-431-2 GeV, v,v,v,(¥,) subtracted with <cosd(V,-W,)>=v (V) (¥,) by ZYAM

PHENIX, QM12
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Trigger n) 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

< /4 near side
> 1t/4 away side

42024 e e 42024

An — nAsso _ nTrig
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