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RHIC at BNL, sqrt(sNN) = 10 - 200 GeV/c  
(New York, USA) 	

LHC at CERN, sqrt(sNN) = 0.5 - 5.5 TeV/c 	
(Geneva, Switzerland)	

Colliding Nucleus	

Colliding Nucleus	
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PHENIX	

STAR	

CMS	

ATLAS	

ALICE	Experiments	  at	  RHIC	  and	  LHC	
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CMS	  

STAR	  

PHENIX	  

Experimental	  data	  
a	  few	  k	  to	  10k	  parQcles	  per	  collision	  	
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Nucleon	  or	  Quark	  parQcipant	  scaling	
QM14, PHENIX	
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Chemical	  Freeze-‐out	  temperature	  :	  	  
	  	  	  ParQcle	  species,	  raQos	  are	  fixed	  
	  	  	  at	  the	  end	  of	  inelasQc	  interacQons	  	

Thermal	  Freeze-‐out	  temperature	  :	  	  
	  	  	  ParQcle	  spectra	  are	  fixed	  
	  	  	  at	  the	  end	  of	  elasQc	  interacQons	  	

Ini5al	  temperature	  :	  	  
	  	  	  Direct	  thermal	  photon	  measurement	

ini5al	  temperature	

History	  of	  temperature	  before/aUer	  the	  phase	  transiQon	  	

Cri5cal	  Point	  :	  	  
	  	  	  1st	  order	  phase	  transiQon	  
	  	  	  non-‐monotonic	  behavior	  
	  	  	  expected	  fluctuaQon	  to	  diverge	

cri5cal	  point	  	
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arXiv:1405.3940	

Enhanced	  thermal	  photon	  producQon	  at	  low	  pT	

•  Virtual	  and	  real	  photon	  measurements	  via	  
internal	  and	  external	  conversion	  methods	  
with	  electron	  pair	  measurements	  

•  Real	  photon	  measurements	  with	  EMcal	  	  
•  IniQal	  temperature	  of	  300∼600MeV	

independent	  slope	  w.r.t.	  centrality	
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PHENIX,	  QM14	

Direct	  (thermal)	  photon	  v2	  and	  v3	  

•  comparable	  to	  hadron	  for	  both	  v2	  and	  v3	  at	  2∼3GeV/c	  
•  significant	  contribuQon	  from	  photons	  from	  later	  stages	  	  

(inconsistent	  with	  early	  photons	  from	  hoaer	  period)	  
•  flaaer	  pT	  dependence	  of	  v2	  at	  low	  pT	  

v2	 v3	

v2	

v3	

vn	  =	  <	  cos	  n(φ parQcle -‐	  Φn
plane)	  >	  

(n=2	  :	  ellipQc	  flow),	  (n=3	  :	  triangular	  flow)	

有限温度密度系と格子シミュレーション研究会、5/Sep/2015、筑波大学	 ShinIchi	  Esumi,	  Univ.	  of	  Tsukuba	 9	



PRL 109 (2012) 152302 

RAA	  
	  
	  
	  

PRL 109 (2012) 122302 

High	  pT	  direct	  photon	  	  
as	  penetraQng	  probe	

v2	

π0	 γdir	

γinc	

2.76TeV	  Pb+Pb	

π0	  
	  	  

(surface)	

γ	

N	  (A+A)	  
Ncoll	  N(p+p)	  

RAA	  =	  	

relaQve	  yield	  with	  respect	  
to	  a	  simple	  independent	  
superposiQon	  of	  pp	  data	  

pT	  >	  5	  GeV/c	 hadron	 γdir	

RAA	 < 1	 ∼ 1	

v2	 > 0	 ∼ 0	
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PRL	  112	  (2014)	  122301	  

PRL	  111	  (2013)	  032301	

Energy	  loss	  at	  high	  pT	  and	  re-‐distribuQon	  	  
of	  the	  lost-‐energy	  at	  low	  pT	  at	  RHIC	

prompt	  photon	  -‐	  hadron	  correla5on	  	  
NPTY	  =	  associate	  hadron	  yield	  per	  trigger	  γ	  
IAA	  =	  NPTY(AA)	  /	  NPTY(pp)	

γ	

h	
h	

jet	

High	  pT	 Low	  pT	

jet	  -‐	  hadron	  correla5on	  	  
SPT	  =	  associate	  hadron	  pT	  sum	  per	  jet	  
DAA	  =	  SPT(AA)	  -‐	  SPT(pp)	

High	  pT	  suppression	

Low	  pT	  enhancement	
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ModificaQon	  of	  jet	  F.F.	  at	  LHC	  
re-‐distribuQon	  to	  lower	  pT	  	  
and	  to	  larger	  angle	

Phys.	  Rev.	  C	  90	  (2014)	  02490	

CMS	  QM2014	
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Number	  of	  quark	  scaling	  in	  ellipQc	  flow	  
-‐-‐-‐	  quark	  coalescence	  feature	  -‐-‐-‐	  

PRL99	  (2007)	  052301	

x

y z

Hadronic	  phase	

Partonic	  phase	  (QGP)	  	

IndicaQon	  of	  quark	  flow	  (in	  partonic	  phase)	
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EllipQc	  flow	  with	  PID	  
at	  RHIC	  and	  LHC	  

STAR,	  QM14	

200GeV	  Au+Au	qq	  
qqq	

ss	  
sss	

•  High	  staQsQcs	  measurements	  allow	  	  
a	  precise	  comparison	  of	  v2(p)	  and	  v2(φ).	  

•  Some	  small	  deviaQon	  from	  hydro-‐like	  	  
mass	  dependence	  of	  v2	  at	  low	  pT	  

•  φ	  puzzle	  between	  peripheral	  and	  central	  	  
at	  LHC	  

meson	

baryon	

Number	  of	  
quark	  scaling	  	  
as	  a	  signal	  of	  
partonic	  phase	

meson	

baryon	

2.76TeV	  Pb+Pb	

arXiv:1405.4632	

pT	  (GeV/c)	
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EllipQc	  flow	  	  
in	  a	  small	  system?	  	  

peripheral	  subt.	

d+Au	  in	  
Glauber	  model	

arXiv:1404.7461	  	  	  	  	  pT	  (GeV/c)	

peripheral	  subtracQon	

arXiv:	  1409.1792	5.02TeV	  p+Pb	  :	  	  ATLAS	  
before	  and	  aUer	  jet-‐subtracQon	  

PLB	  726	  (2013)	  164-‐177	
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EllipQc	  and	  Triangular	  expansion	  :	  v2,	  v3	 EllipQc	  and	  Triangular	  shape	  :	  RHBTΦ2,	  RHBTΦ3	

Triangular	  expansion	  and	  shape	  

vn	

n=2	 n=3	

n=2	
n=3	

pT	  [GeV/c]	 PRL112	  (2014)	  222301	  	PHENIX,	  QM12	  
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3He+Au	  collision	  data	  
on	  tape	  in	  RHIC-‐RUN14	

η	PHENIX,	  QM14	

Various	  flow	  	  
studies	  at	  RHIC	
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arXiv:	  1312.4565	
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arXiv:1401.3043 
PRL112 (2014) 16, 162301 

Directed	  Flow	  v1	  
	  

•  System	  pressure	  via	  
interacQon	  

•  EquaQon	  of	  state	  of	  
quark	  nuclear	  maaer	  	  
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L or B 

＋	

＋	

Strong B-field	

charge	  separaQon	  signal	  w.r.t.	  reacQon	  
plane	  from	  local	  parity	  violaQon	  	  	

collision	  centrality	  (%)	

arXiv:1404.1433 
Phys.Rev.Lett. 113 (2014) 052302	
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2c1!

2! X 

Y 

dN/dφ	  ~	  1	  +	  2vncos(n(φ-‐Φ))	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  +	  2a+/-sin(φ-‐Φ)	  
<cos(φ1+φ2-‐2Φ)>	  ~	  -‐<a1a2>	  
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STAR,	  QM14	

FluctuaQon	  of	  conserved	  
quanQQes	  such	  as	  

net-‐baryon,	  net-‐charge	  
distribuQon	  	  

PRL	  112	  (2014)	  032302	

10∼100 GeV	

PRL	  113	  (2014)	  092301	
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X. Luo, CPOD2014	

New	  data	  on	  net-‐proton	  distribuQon	  
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EMCal	  

inner	  HCal	  

BaBar	  magnet	  	  

outer	  HCal	  

Interac5on	  point	  

tracking	  detectors	  

A	  new	  RHIC	  Jet	  detector	

Shutdown	  PHENIX	  detector	  	  
aUer	  run16	  (next	  year)	
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R. Vértesi, Dec/2014,   
14. Zimányi Winter School 

Beam	  Energy	  Scan	  Program	  II	  at	  RHIC-‐STAR	
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•  Target	  inserted	  into	  beam	  pipe	  
•  Only	  a	  small	  percentage	  
•  Does	  not	  interfere	  with	  collider	  mode	  data	  taking	  

R. Vértesi, Dec/2014,   
14. Zimányi Winter School 
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Z. Xu, ICPAQGP2015	

FAIR/J-‐parc	

Summary	  of	  Beam	  Energy	  Scan	  Program	  I	  
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J/psi	  suppression	  	  
and	  regeneraQon	



http://www.pas.tsukuba.ac.jp/
~CiRfSE/index.html	

筑波大学 数理物質系	

金谷センター長	

hap://www2.ccs.tsukuba.ac.jp/people/kanaya/	

CiRfSE	  (サーフス)	
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