EiTO0—7

> & LT b23T)

///

@ RIK=N




« B AEIETC CETIAEEICH U CEER
. fl%(c_QGPb\bd),mE&E]‘

BENSWNEERSTRMEL— B

— QGPHIEAN S DA ET 12T 5 = A )

vV ANRD N)LOAEE (~e ®T) Q5 QGPREHITE

— QGPZA A1 LNVRER{LZZEIT DdNEDD
. 7]/1’7)|/$lﬁ’ﬁ|$ EBICLKAINTT—AV D DE=Z1L
dDcontinuumpits

log scale
Cocktail

--- Thermal (eq)
— Thermal (off)

=+ Drell-Yan
—— Open Charm

thermal: e_Ev/T

Decay photons
(m0—y+y, nov+y, ...

=10 GeV/c

ke
2
>
c
@)
e
@)
L
al

(d’N/AMdy)/<N > [GeV ]

05 13

3-6GeVic
R.Rap, nucl-th/0204003 M__ [GeV]







= Fireball senario
= Semi-QGP w/o viscous

s PHENIX

@Calorimeter
@Conversion

Au+Au 20-40%

520066V /

HAIFFE D DR ERINZE K TFEALU TULVED D TERE Y,
v RERINZE - mEDE early stageh5DFS
v KRSk, — JO—HFEULlate stageS5DFHS ?
- FTCIRICFIRDE N
Photon emissions at 1) Glasma & 2) méson production




Bottom-up thermalization scenario (FFa& ADFER)
v BIRAEENARE = Glasmah S OSxSO TE

MOMENTUM SCALE
R.Baier et al., Phys. Lett. B 539, 46 (2002)

SATURATION

. Hard gluon scatterings
il.  Soff gluon bath
. Heat-up by remaining hard gluons



« Bottom-up thermalization scenario (Fha & ADFHER)
v BIEAEEYREE = Glosmah S OET = SDETE
LHC /sny = 2.76 TeV, Npay = 383

i) (if) (i) thermal

RHIC /syy = 200 GeV, Npare = 353

(i) (i) (i) thermal

| — Bottom-up
Early-Hydro

QGP lifetime

QGP Iifeﬁmeé

o LT 5 ET _ ‘
th x 7 1/3

« QGP@LHC energyld&k DL \Lifetime
v RHIC energy C(3GlasmahS DRETDE|SHMENN
v’ Peripheral collision(C DU T HEER



« Bottom-up thermalization scenario (Fha & ADFHER)
v BIRAEENARE = Glasmah S OSxSO TE

Qs,max = 1.4 GeV Qs,max =2 GeV

Early-hydro scenario
Bottom-up scenario*

RHIC /sy = 200 GeV

« GlasmaDFEFEREKICHEVQUKTFIE
v Small Q.. Early-Hydro scenario &consistent
v Large Q,: Glasma 5Dk D KE1R3T

— RSV, ZVEDHEZ Rl [CARR I DdWEH D




2) PHOTONS AT MESON PRODUCTION

vV XV

v RecombinationfFd

T meson

Resonance-like
state (P, M)

Resonance decay

antiquark

ReCo model

o I\AAZEMDIHFEZRE(QM' 17DIFR)

centrality dependence@RHIC

meson b=3.0 fm
meson/5 b=5.5 fm
meson/25 b=7.5 fm
meson/100 b=9.0 fm
® & ~°: PHENIX(0-10%)

® @ °/5: PHENIX(10-20%)
® & ~°/25: PHENIX(20-30%)

® & ~°/100: PHENIX(30-40%) |

A NN N s

v Temperature@Hadronization: T,=175MeV
v OMcentrality dependencez iR (p<4GeV/c)




« ReCombination model + photon emission (fRE = ADFER)

[
o
-

— direct v
— meson

[
o
[=)

® & ~: PHENIX(10-20%)

=
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o

Resonance: 0.328
. Meson: 0.340
e Gamma :0.320
[ ]

&
<
=
Q
&
=
Eloz
2,
=
T
=
=
k=

pr [GeV/c]

+ p;spectra : F—AZBIHR

% % direct y: PHENIX(0-20%)

Photon

— direct v

- meson

% % direct v: PHENIX(20-40%)
® & «°: PHENIX(30-40%)

=
o
[

[(GeV/c)?]

Slope (from 2-5 GeV) | = _ ) Slope (from 2-5 GeV)

Resonance: 0.328
Meson: 0.340
Gamma :0.320

v Low p; CDGapldEKiDE



« ReCombination model + photon emission (fRE = ADFER)

— direct v

— meson

% % direct y: PHENIX(Conversion)
A A direct v: PHENIX(Calrimeter)
& & °: PHENIX(0-20%)

pr [GeV/c] pr [GeV/c]

« prspectra: F—AH%EZBR & v, : T—H BN

v Low p; CDGapldK ‘O BH\AY 2 DFS CiihAD
v ALICED#ERBHIR
- BEREZZERE UK DABIRETE(CEART



« New data from PHENIX
v 1R&HEs (C KBDNBREFEIRZFIAE UISAIE

— AU+AU: MB 39(MB)GeV
v RIEEFI(C K BDABBEFERZFIH U ITAIE
— Cu+Cu: 200(0-40,MB)GeV

Au+Au— 7y + X, lyl<0.35 P_I-F[E_NIX Au+Au— 7y + X, lyl<0.35
7\

preliminary 20-40%, |'sy, =62.4 GeV

'_Y_
PH--ENIX
preliminary 0-20%, \s,, =62.4 GeV

Fit Exp[-pT/T eff] Fit Exp[-pT/T eff]

T
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T, =0.193 + 0.030 + 0.023 GeV
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« New data from PHENIX
v iRtgs ([C KDIER e FEZ A U HIE
— AUTAU; 0-20,20-40 GeV
v ARIESEFIC K DAEREFE IR ZFIAE UISBIE
— Cu+Cu: 200(0-40,MB)GeV

N Au+Au— 7y + X, lyl<0.35
PH “ENIX TR

N Au+Au— 7 + X, lyl<0.35
PH “ENIX
preliminary 0-86%, sy, =62.4 GeV

F preliminary 0-86%, |sy, =39 GeV

Fit o Exp[-pT/T eff] Fit oc Exp[-pT/T eff]

T

T,, = 0.211+ 0.024 + 0.044 GeV . Tey =0.177 £ 0.031+ 0.068 GeV
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New data from PHENIX

v iRihas(C K DI F IR ZF A

UTZEIE

— AUtAU: 62.4(0-20,20-40,MB), 39 (MB)GeV

v ARIESEF(C K DAEREF = FI R
GeV (F“ SXREE < ADFER)

— Cu+Cu:

Cu+Cu —> v + X, lyl<0.35
S\ = 200 GeV, 0 -40%

e Direct photons
J— Aexp(-pT/ T,) + power-law fit

} —— Ta-scaled pp fit
\'re,, = 332461 (stat)+52(syst) MeV

t

[(GeV/c)F

d*N

1

>
©
-
Q
©
-
Q
=
N

Cu+Cu
0-40%

R
PH:<ENIX
preliminary

3
P, [GeV/c]

UTZAIE

Cu+Cu— vy + X, lyl<0.35
\Syy =200 GeV, 0 -94%

e Direct photons
—— Aexp(-p r/ T.,) + power-law fit

— T,,-scaled pp fit
} T, = 288+49(stat)+50(syst) MeV

\

[(GeV/c)]

.

N
3

2rnp_dp_dy

1

Cu+Cu
MB

TN
PH:<ENIX
preliminary

3
P, [GeV/c]



AN E (CBA S HVEN,  RIFIE
v A X Nygi® Fit: a=1.35

v URDIN— N EIELIC & B ARE U Tz (B2 5T &
HXE R, « (Ngp/2)/V-T N qi~2-3Ng,

N
PH-<ENIX
preliminary
Au+Au— y + X, lyl<0.35
Y-y at \'s,, =200 GeV PRC 91, 064904

dir prom t

® v, at = 62.4 GeV
AV, " at sNN=39 GeV

Cu+Cu—y +X, lyl<0.35
\ LN at \s,,=200GeV ;.-

dir ‘' prompt

Fit=A x N*

part

o =1.35+0.09




v Teff ;é EEEEtI; E@zzi’ﬂfﬂg
v’ Radial flow(C K BBlue-shift — T > Ty

w
(o))
o

T (MeV/c)

PHENIX
39GeV
0-86% +

200GeV

0-20%
PHENIX
62.4GeV
0-20%

|




» Radial flow(B)#1E : Terr = Toy/1+B/1— P
v B(3Ix, K, pBITEFER (CBlast-wave fit CTEH UTeED

O: PHELERR

. Ty~150MeV(~T.) & B30\ suniRIFIE
— Late stageMS5DFSHNZECH ? FIERREANDRE (X ?



SEMBENDAE (TA b2)

\/ALICE RUN S COHIE(CH

v’ Low-p; photonSWIRREE (CBURRT/RL S thermal di-
(1<m,.<3GeV)AIEN L DEE (PHENIX&AL

v HFRASEITE ? (B0 E 1 77 1MES)

« Small system (p+p & pt+A)

v PHENIX: d+Au, He3+Au7g EDmost-central eventsdfz

PEITH
v’ ALICE: p+p high-multiplicity events(BR A4 _E= A







27 GeV STAR Preliminary

cocktail

—— cocktail + modal | {[!

5 39 GeV STAR Preliminary

TN ANESS/dM, [ (Gevic™) ']
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HITE (CR%IH

BUDHEfE : p MASS BROADENING

Inin@17.3 GeV: NA60, AIP Conf. Proc. 1322 (2010) 1

o T~ A -]

dN,,/dy

v [EEBEDS A7 AT A X JFEITR)LF—

— 17.3-200GeV (SPS&RHIC)
v’ p mass broadening CitBA T E 3

— ERIRE

EDTA T LMMKFE

x10°°

_I—Il—lle){)( V AutA | I | | Iz —20

B » u+Au

| e 193 Gev USU 0.40<M,<0.75 GeV/c s

[~ —k— 62.4 GeV Au+Au

B —'—39(:xev My

R j“t T STAR preliminary B l !

— == 17.3 GeV In+In ’.::::-' l —14

B [ 12

B { —10

- I*.i l Theory lifetime: —8
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Hot baryonic matter
Moo>150MeVIC R EREEIN=

Au+Au (s, =2.4 GeV
0~40%m

1/2 (np+pp)

ZAN

HADES

Preliminary

100 125 150 175 200
T (MeV)

.6




HSD with p° drop.+broaden.
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« Hoft baryonic matter
¢ M,>150MeVI(CXREiEmiNE

v p-baryon interaction + p
mass broadening CatBH C
=3 (Coarse-grained

transport model)

— A™-Dalitz
p—oe'e
p-nbremss. =:-:-: n-N bremss.
- === P+A+DrEmS. e = Sum
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« Hoft baryonic matter
¢ M,>150MeVI(CXREiEmiNE
v p-baryon interaction + p
mass broadening CatBH C
=23 (Coarse-grained
transport model)
v’ Exponential fit:
Tiope=71MeV

0-40% centrality

—— single Boltzmann

= 70.67+4.44 MeV/k,

| x?/ndf ~3.92/13 |

'H|**<

04 06 0.
M, [GeV/c?]




 Bulk viscosityZETEICANIEETIL
v |IP-Glasma + Viscous Hydro + UrQMD [PRL115,132301]
v J\ROZ DOEERGER (AN/dY, (pr), v, )Z ik
v Hadronic matter(HM)Mh 5 ddi-leptonZz#iiz(CEA

Charged hadron v, <p;>formz, K, p

—— (Ys)(T)+[n/s=0.095] (©/s)(T)+[n/s=0.095] ——

n/s=0.095 Data from ALICE n/s=0.095 ———
n/s=0.16 ' Pb-Pb Vsyn=2.76 TeV

Data from ALICE
Pb-Pb \/SNN:2.76 TeV

(p7) [GeV]

Centrality (%) Centrality (%)



Bulk viscosityZst&(ICANTZEETIL
v IP-Glasma + Viscous Hydro + UrQMD [PRL115,132301]
v Bulk viscosityZz ZE I D E. HMTODRERE T HFETNNC

(C/s)(T)+[n/s=0.095] ——
n/s=0.095 ——
n/s=0.16 ——

X=y=2.55 fm
Pb-Pb 20-40%

\/SNN=2.76 TeV




 Bulk viscosityZETEICANIEETIL
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v IP-Glasma + Viscous Hydro + UrQMD [PRL115,132301]
v Bulk viscosityZzZRE I D E. HMTORERE FHRRTHNC

— HMM S D di-leptoniXE & v, HMENN

dN/dy v,

(©/s)(T)+[n/s=0.095] - - - - "~ EPb-Pb 20-40% (€/s)(T)+[n/s=0.095]
n/s=0.095 - - - - 1 EVSnN=2.76 TeV _ n/s=0.095
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e \
e/
1/, QGP+HM
W

Pb-Pb 20-40%
\/SNN=2.76 TeV
Tow=145 MeV
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v Sune Npg
—>Thermcl di-lepton
SHEEREDTULS,
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