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jet quenching, parton energy loss
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L PHENIX Au+Au, \[sg, = 200 GeV, 0-10% most central

¢ (PRC83, 024090)

[ Bl PFIL101 232301)  fip (arXiv:1102.0753)

d}w 0-20% cent. (arXiv:1105.3467)
F K* (arXiv:1102.0753)
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Flow

Azimuthal angle ( phi ) dependence (v,=1/2)

dN, dN,

— 2V cosn

dyd’p,dg dydsz ZﬂZ Y Pr)cosng

n=1 directed flow n=2 elliptic flow n=3 triangular flow
- +

(DRSS )




Flow as a signature of QGP

Coordinate anisotropy
(eccentricity)

Momentum anisotropy

Confined
in a small
region

Most effectively converted when
the matter is a perfect fluid
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Hydrodynamics explains flow data
for the first time at RHIC energy

centrality: 0.30% | gryarg curves: Relativistic hydrodynamics

200 GeVr +m . . . . . ]

« 200 GeVK! T, =165 MeV, Bl W/o viscosity (ideal fluid)
200GeVp+p | T, =130 MeV - can describe the elliptic flow

200 GeVA+A
200 GeV Cascade data.
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Parton energy loss : comparison with dAu

. Final state suppression . Initial state enhancement
& 2: I ‘ I | I | I | I | I | : é 2: I | I ‘ I ‘ I | I I | :
o1 gf Au+Au 200GeV B E
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energy loss

Slide from Wiedemann



Photons from QGP

Fit results Clear deviation from scaled photon

Cent. dN/dy(p;>1GeV/c) T(MeV) y2/DOF . . . .
0:20% 150:0.23:035 221+19:19 4.7/4 |RASCEIUEUTNYRRCNLY

20-40% 0.65+0.08+0.15 217+18+16 5.0/3 - “Thermal photon”
MB  0.49:0.05+0.11 233+14+19 3.2/4 -
/ thermal radiation from QGP

> 230 MeV at RHIC
> 300 MeV at LHC
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Melting quarkoniums

EEITapm s per il O-cbar potential at finite T

T<Tc linear + Coulomb

T>Tc Yukawa with Debye screening

0 02 04 06 08 1 12 14 16 18 2 + data CMS PbPb {5, = 2.76 TeV
— PbPbfit || Cent 0-100%, |y| < 2.4

------ pp shape || L, =150ub”

pi >4 GeV/c

Heavy quarkoniums (charmoniums,
botommoniums) are created just after
the collision, which then
enter QGP and melt.
J/psi suppression

by Matsui-Satz

1/<r> [fm™]
Y(1S)

Y(2S)
Y(3S)
- Quarkonium as

thermometer

11 12
Mass(uw) [GeV/c?]
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Collectivity in small systems

SHe+AU

» *He+Au at |'s, = 200 GeV

. 0-5% Central

® PHENIX v, arxiv:1507.06273
_ = PHENIX v,
- AMPT

T =SONIC
0.2 =—superSONIC =
—|PGlasma+Hydro "

0.25

PHENIX, PRL 114, 192301 (2015)
PHENIX, PRL 115, 142301 (2015)
AMPT: arXiv:1501.06880
SONIC: arXiv:1502.04745
IP+Hydro:arXiv:1407:7557

p+Au

" p+Auat |s,, = 200 GeV

| 0-5% Central P

= PHENIX v,

- AMPT, arXiv:1501.06880

| =SONIC, arXiv:1502.04745

| —superSONIC, arXiv:1502.04745
IPGlasma+Hydro, arXiv:1407.7557

d+Au

. d+Au at \s__ =200 GeV
| 0-5% Central
» PHENIX v,, arXiv:1404.7461
AMPT
==SONIC
==superSONIC
- |PGlasma+Hydro

N

P [GeVic] P, [GeVic]

WHAT IS THE ORIGIN OF THIS COLLECTIVITY?

Don’t escape to an easy solution
such as assuming creation of QGP!!

ENIX

preliminary
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Direct photon puzzle

Direct photons :

all photons except decay photons
including prompt photons, thermal photons, etc.

Up-to-date hydrodynamic calculation for thermal photons
(Paquet, Shen, Denicol, Luzum, Schenke, Jeon, Gale 2016)

PHENIX +—— }

Direct =—— 1

Ed Thermal ===-=- ]
Prompt —— 3
Non-cocktail —— ]

F/s=200 GeV

O 05 1 15 2 25
pr (GeV)

0.3 | =~ PHENIX(2015) AvAu2040%  Photons have large v2 of the
f e Thermal Vs=200 GEVE .
0.25: same order of v2 of pions
o 0.2 — ]
8, 15 Up-to-date thermal photon
3 '01 calculation
T - consistent with v2 data
0'05§ - but underestimates yield by
0005 1 15 2 25 3 factor of 2 to 3 (at RHIC)

pT (GeV)

Let’s think of another source of
photon emission!



#$7LLVETIL  Fujii, Itakura, Nonaka in preparation

Photon’s elliptic flow @ RHIC

Assume parton v2 (a source of flow) V, (p;) o P, =1.3GeV
1+(p; / po)°
0.25 photon 0.25 photon
— direct 4 — direct
- Mmeson - meson
020! * % direct v: PHENIX(Conversion) |] 0.20l * ¥ direct »: PHENIX(Conversion) |]
A A direct v: PHENIX(Calrimeter) ® ® ~°: PHENIX(0-20%)
® @ ~°: PHENIX(0-20%)
0.15¢} 0.15}
b=5.5 fm
0.10- 0.10}
0.05} 0.05l
0-005 2 4 6 ) 10 12 0.00; : ; : 5 o =

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

Photon’s v2 has the same magnitude and same shape as v2 of pions.
Small momentum difference consistent with scaling (TM/T7=1.06).

Cf: violation of NCQ

A M? M? f
P () g, ki (k") ~, _ :
() [M' M ]  (K7) {u YE ] scaling appears
: in high pt region
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Dilepton enhancement

min. bias Au+Au at\[s,, = 200 GeV There is no theory

* DATA

] < 0.35 -+: ¢ - ee (PYTHIA) R.Rapp & H.vanHees that can describe this

p-r > 0.2 GeV/c ¢ — ee (random correlation) —cocktail
—sum w/ p vacuum
--sum w/ p broadening Iarge enhancement
-sum/ p dropping)
—partonic yield (PY)
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