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Direct	
  photons	
  are	
  all	
  photons	
  except	
  those	
  origina<ng	
  from	
  hadron	
  decay.	
  
They	
  penetrate	
  the	
  medium	
  without	
  the	
  interac<on.	
  
It	
  is	
  challenging	
  to	
  iden<fy	
  photon	
  sources.	
  

by	
  pT	
  distribu<on?	
  emiGng	
  angle?	
  

hard	
  scaHering	


(thermal)	
  radia<on	
  from	
  QGP	
  

(thermal)	
  radia<on	
  from	
  HG	


jet-­‐photon	
  conversion	


Jet	
  fragmenta<on	


hadron	
  
decay	
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What	
  is	
  direct	
  photon?	
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Direct	
  photon	
  pT	
  spectra	


arXiv:1405.3940	
  

The	
  pT	
  spectra	
  in	
  Au+Au	
  collision	
  is	
  	
  
enhanced	
  compared	
  with	
  that	
  in	
  	
  
p+p	
  collision	
  scaled	
  by	
  the	
  number	
  of	
  	
  
binary	
  collisions	
  less	
  than	
  4	
  GeV/c.	
  
	
  

The	
  excess	
  of	
  pT	
  spectra	
  is	
  fiHed	
  and	
  	
  
effec<ve	
  temperature	
  is	
  extracted.	
  
(Freeze-­‐out	
  temperature	
  of	
  hadrons	
  	
  
are	
  about	
  100MeV)	
  

Photons	
  in	
  low	
  pT	
  are	
  mainly	
  radiated	
  from	
  very	
  hot	
  	
  
medium	
  at	
  early	
  <me	
  of	
  collisions.	
  

Au+Au	

Centrality	
 Effec<ve	
  temperature	


0%	
  -­‐	
  20%	
   239	
  ±	
  25	
  ±	
  7	
  (MeV)	


20%	
  -­‐	
  40%	
 260	
  ±	
  33	
  ±	
  8	
  (MeV)	


40%	
  -­‐	
  60%	
 225	
  ±	
  28	
  ±	
  6	
  (MeV)	


arXiv:1405.3940(2014)	


2015/03/13	
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P.R.L.	
  109,	
  122302(2012)	


High	
  pT	
  :	
  very	
  small	
  v2	
  
It	
  could	
  be	
  because	
  photons	
  produced	
  in	
  the	
  ini<al	
  hard	
  scaHering	
  	
  
are	
  dominant	
  plus	
  no	
  interac<on	
  of	
  photon	
  in	
  QGP	
  (RAA≈1).	
  

Low	
  pT 	
  :	
  Comparable	
  to	
  hadron	
  v2	
  at	
  around	
  2	
  GeV/c	
  
It	
  is	
  suggested	
  that	
  photons	
  are	
  emiHed	
  from	
  late	
  stage.	
  

Ellip<c	
  flow	
  of	
  direct	
  photon	
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Direct	
  photon	
  puzzle	

Thermal	
  radia<on	
  photons	
  are	
  dominant	
  in	
  low	
  pT	
  region.	
  
	
  
pT	
  spectra	
  :	
  
EmiHed	
  from	
  very	
  hot	
  medium	
  (Teff	
  ≈	
  240MeV).	
  

-­‐>	
  Photons	
  are	
  dominantly	
  emiHed	
  at	
  early	
  stage.	
  
	
  
Ellip<c	
  flow	
  :	
  
It	
  was	
  expected	
  that	
  photon	
  has	
  small	
  v2,	
  since	
  it	
  includes	
  ones	
  	
  
from	
  early	
  stage	
  having	
  small	
  v2.	
  	
  

-­‐>	
  Photons	
  are	
  dominantly	
  emiHed	
  at	
  late	
  stage.	
  
	
  
	
  
There	
  is	
  a	
  discrepancy,	
  and	
  it	
  is	
  called	
  “direct	
  photon	
  puzzle”.	
  
There	
  is	
  no	
  models	
  to	
  explain	
  both	
  observables	
  simultaneously.	
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Ψ3	


Ψ2	


Ψn	
  :	
  Par<cipant	
  Plane	

Third	
  order	
  azimuthal	
  anisotropy	
  (v3)	


The	
  higher	
  order	
  flow	
  is	
  origina<ng	
  from	
  the	
  	
  
fluctua<on	
  of	
  the	
  shape	
  of	
  par<cipant	
  zone.	
  
It	
  is	
  expected	
  to	
  constrain	
  the	
  ini<al	
  geometry	
  	
  
calcula<ng	
  model	
  and	
  η/s	
  of	
  QGP.	
  

N(�� n) / 1 + 2

X
vn cos {n(�� n)}

vn = hcos {n(�� n)}i

pT(GeV/c)	


vn	


P.R.L.	
  107,252301	


6	




(GeV/c)
T

p
0 5 10

 γ
R

1

1.5

2

2.5
Calorimeter
External conversion
virtual photon

0-20 %
dec./Ninc.=NγR

(GeV/c)
T

p0 2 4

  γ
R

1

1.2

1.4

(GeV/c)
T

p
0 5 10

2v

0

0.1

0.2 20-40 %

(GeV/c)
T

p
0 5 10

3v

0

0.1

0.2
Neutral pion
Inclusive photon

20-40 %

(GeV/c)
T

p
0 5 10

4v

0

0.1

0.2 20-40 %

1.	
  π0,	
  γinc.	
  vn	
  measurement	
  
	
  
	
  
	
  
2.	
  γdec.	
  vn	
  es<ma<on	
  from	
  π0	
  vn	
  	
  
Meson	
  spectra	
  are	
  assumed	
  by	
  mT	
  scaling.	
  
Meson	
  vn	
  are	
  assumed	
  by	
  the	
  number	
  of	
  	
  
cons9tuent	
  quark	
  (NCQ)	
  scaling.	
  
	
  
	
  
	
  
3. γdir.	
  vn	
  extrac<on	
  
	
 ⌫dir.n =

R�⌫inc.n � ⌫dec.n

R� � 1

Analysis	
  flow	
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The	
  comparison	
  of	
  neutral	
  pion	
  and	
  direct	
  photon	
  vn	


•  In	
  high	
  pT	
  region	
  
Direct	
  photon	
  vn	
  is	
  close	
  to	
  zero.	
  

It	
  is	
  consistent	
  with	
  the	
  expecta<on	
  that	
  prompt	
  photons	
  having	
  	
  
vn≈0	
  are	
  dominant.	
  (RAA≈0)	
  

•  In	
  low	
  pT	
  region	
  
Direct	
  photon	
  has	
  non-­‐zero	
  and	
  posi<ve	
  v2	
  and	
  v3.	
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Centrality	
  dependence	
  of	
  γdir.	
  and	
  π0	
  vn	
  in	
  low	
  pT	


Strong	
  dependence	
  for	
  v2	
  	
  :	
  	
  weak	
  dependence	
  for	
  v3	
  
	
  
It	
  could	
  be	
  suggested	
  that	
  photon	
  vn	
  is	
  created	
  by	
  the	
  expansion	
  of	
  	
  
the	
  medium	
  from	
  the	
  ini<al	
  geometry.	
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Based	
  on	
  hydrodynamic	
  model.	
  
Hadron	
  observables	
  in	
  low	
  pT	
  region	
  are	
  well	
  described	
  by	
  the	
  	
  
parameters	
  when	
  kine<c	
  freeze-­‐out.	
  
	
  
6	
  parameters	
  
•  Kine9c	
  freeze-­‐out	
  temperature	
  :	
  Tf	
  
•  Average	
  transverse	
  rapidity	
  :	
  <ρ>	
  
•  Rapidity	
  anisotropy	
  :	
  ρ2,	
  ρ3	
  	
  
•  Spa9al	
  density	
  anisotropy	
  :	
  s2,	
  s3	
  	
  

Blast	
  wave	
  model	
  predic<on	
  for	
  photon	
  observables	


In-­‐plane	
  
<ρ>	
  +	
  ρn	
  
1	
  +	
  sn	


Out-­‐plane	
  
<ρ>	
  -­‐	
  ρn	
  
1	
  -­‐	
  sn	


Expanding	
  	
  
direc<on	
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Photon	
  observables	
  predicted	
  by	
  blast	
  wave	
  model	


The	
  photon	
  pT	
  spectra	
  and	
  vn	
  are	
  predicted	
  as	
  a	
  massless	
  par<cle.	
  
	
  
The	
  pT	
  spectra	
  predicted	
  with	
  Tf=104	
  MeV	
  &	
  <ρ>=0.66	
  and	
  	
  
Tf=240	
  MeV	
  &	
  <ρ>=0	
  are	
  similar.	
  
It	
  could	
  be	
  due	
  to	
  blue	
  shir	
  correc<on.	
  
The	
  vn	
  with	
  <ρ>=0	
  is	
  zero.	
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Direct	
  photon	
  azimuthal	
  anisotropy	
  is	
  measured	
  in	
  Au+Au	
  	
  
200	
  GeV	
  collisions	
  at	
  RHIC-­‐PHENIX	
  experiment.	
  
	
  
n  In	
  high	
  pT	
  region	
  

p Photon	
  vn	
  is	
  close	
  to	
  zero	
  while	
  hadron	
  shows	
  non-­‐zero	
  vn.	
  
ü  Prompt	
  photons	
  which	
  are	
  vn≈0	
  are	
  dominant.	
  

	
  
n  In	
  low	
  pT	
  region	
  

p  It	
  is	
  found	
  non-­‐zero	
  and	
  posi<ve	
  v3	
  in	
  low	
  pT.	
  
ü  Photon	
  vn	
  is	
  created	
  by	
  the	
  expansion	
  of	
  medium	
  from	
  	
  

the	
  ini<al	
  geometry.	
  
p  Blast	
  wave	
  model	
  describes	
  photon	
  observables	
  well.	
  

ü  It	
  is	
  suggested	
  that	
  the	
  evolu<on	
  of	
  the	
  medium	
  is	
  needed	
  	
  
to	
  be	
  taken	
  into	
  account.	
  

Summary	
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Thermaliza<on	
 Hydrodynamics	
  	
 Freeze-­‐out	
  
Hadroniza<on	


The	
  proper<es	
  of	
  photon	
  in	
  high	
  energy	
  heavy	
  ion	
  collision	
  
•  emiHed	
  during	
  all	
  stages	
  of	
  the	
  collisions	
  
•  don’t	
  interact	
  with	
  the	
  medium	
  
We	
  can	
  access	
  the	
  evolu<on	
  of	
  the	
  collision.	
  

QGP	
 Hadron	
  Gas	
  (HG)	
Collision	


Hadron	

Photon	


Hard	
  scaHering	


Photon	
  analysis	
  in	
  heavy	
  ion	
  collision	
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Hadronic	
  decay	
  photon	

The	
  pT	
  spectra	
  and	
  vn	
  are	
  es9mated	
  from	
  π.	
  

pT	
  spectra	
  :	
  mT	
  scaling	
  
vn	
  :	
  quark	
  number	
  scaling	
  

	
  

π	


η	


ω	



meson	
  pT	
  spectra	
 γdec.	
  pT	
  spectra	

contribu9on	
  ra9o	
  (Ri)	


meson	
  v2	
 γdec.	
  v2	


ρ	


η’	
  
all	
  γdec.	


vdec.n =
X

i

Rivdec.in

p
0

T

=
q

p2
T,⇡

0 +M2
meson

�M2
⇡

0

mT	
  scaling	
  
	
  
	
  
decay	
  photon	
  vn	
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PHENIX	
  detector	

CNT	
  
|η|	
  <0.35	


1.0<	
  |η|	
  <2.8	


Data	
  set	
  :	
  Au+Au	
  √sNN=200GeV	
  collisions	
  
4.4	
  billion	
  events	
  are	
  analyzed.	


vn = hcos {n(�� n)}i
16	
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The	
  excess	
  of	
  direct	
  photon	


P.R.L.	
  94,	
  232301	
  
arXiv:1405.3940	
  
P.R.L.	
  104,	
  132301	


R� = Ninc./Ndec.

The	
  excess	
  of	
  direct	
  photon	
  has	
  been	
  	
  
measured	
  in	
  the	
  wide	
  pT	
  range.	
  
	
  
The	
  methods	
  of	
  virtual	
  photon	
  and	
  	
  
external	
  conversion	
  photon	
  are	
  	
  
sensi<ve	
  to	
  low	
  pT	
  region.	
  
	
  
Less	
  than	
  4	
  GeV/c,	
  direct	
  photons	
  are	
  	
  
included	
  by	
  20	
  %	
  in	
  inclusive	
  photon.	
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Why	
  direct	
  photon	
  v3	
  is	
  measured?	


B	


Radial	
  flow	
  effect	
  (blue	
  shir	
  effect)	
  :	
  
It	
  makes	
  apparent	
  temperature	
  higher	
  	
  
than	
  true	
  temperature.	
  
Photons	
  from	
  late	
  state	
  are	
  dominant.	
  
v2>0	
  :	
  v3>0	
  
	
  
Large	
  magne<c	
  field	
  :	
  
Direc<on	
  of	
  magne<c	
  field	
  is	
  strongly	
  	
  
related	
  with	
  Ψ2(R.P.)	
  but	
  not	
  with	
  Ψ3.	
  
v2>0	
  :	
  v3≈0	
  
	
  
	
  
v3	
  measurement	
  could	
  provide	
  addi<onal	
  	
  
constraint	
  on	
  photon	
  produc<on	
  mechanism.	
  

P.R.C	
  89,	
  044910	
  (2014)	


Eff
ec
<v

e	
  
Te
m
pe

ra
tu
re
	


True	
  Temperature	


T 0 = T

s
1 + �

1� �
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Azimuthal	
  anisotropy	
  (Ellip<c	
  flow)	


) 
R.P.

Ψ -φ=(φd
-1 0 1

)
R

.P
.

Ψ -φ
d(

dN

210

310

v2	
  

Reac<on	
  
Plane	


charged	
  par9cle	
  dφ	
  distribu9on	


•  anisotropic	
  pressure	
  gradient	
  in	
  par<cipant	
  zone	
  (Ini<al	
  state)	
  
•  QGP	
  expansion	
  (hydrodynamic	
  mo<on,	
  η/s)	
  

(η	
  is	
  shear	
  viscosity	
  and	
  s	
  is	
  entropy	
  density)	
  
•  hadron	
  produc<on	
  mechanism	
  (coalescence)	
  
	
  

(1)	
  :	
  Ini<al	
  geometry	
  is	
  converted	
  into	
  final	
  azimuthal	
  anisotropy	
  
(2)	
  :	
  (expected	
  to	
  be)	
  sensi<ve	
  to	
  η/s	
  

v2 = hcos {2(�� R.P.)}i
N(�� R.P.) / 1 + 2

X
vn cos {n(�� R.P.)}
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Photon	
  emiGng	
  angle	
  dependence	


Parton	
  
Photon	
  
Par<cipant	
  zone	
  
	
  
It	
  is	
  expected	
  that	
  the	
  emiHed	
  angle	
  of	
  	
  
photons	
  depends	
  on	
  their	
  sources.	
  
	
  
•  Ini<al	
  hard	
  scaHering	
  :	
  v2≈0	
  
•  Medium	
  induced	
  :	
  v2≤0	
  
•  Jet	
  fragmenta<on	
  :	
  v2≥0	
  
•  Radia<on	
  from	
  expanding	
  medium	
  :	
  v2>0	


The	
  measurement	
  of	
  photon	
  azimuthal	
  anisotropy	
  is	
  a	
  powerful	
  	
  
probe	
  to	
  iden<fy	
  the	
  photon	
  sources.	
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Event	
  Plane	
  correla<on	

P.R.L.	
  107,	
  252301	
  (2011)	


Ψ2	
  and	
  Ψ3	
  are	
  uncorrelated.	


2015/03/13	
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Published	
  
Real	
  photons	
  in	
  EMCal 	
  :	
  1	
  -­‐	
  20	
  GeV/c	
  

large	
  errors	
  at	
  low	
  pT	
  (resolu9on,	
  contamina9on)	
  
Virtual	
  photons	
  from	
  e+e-­‐	
  :	
  1	
  -­‐	
  4	
  GeV/c	
  
	
  
New	
  method	
  
Real	
  photons	
  are	
  measured	
  by	
  e+e-­‐	
  pair	
  	
  
from	
  external	
  photon	
  conversion	
  	
  	
  
at	
  the	
  HBD	
  readout	
  plane.	
  
ü  less	
  hadron	
  contamina9on	
  
ü  good	
  momentum	
  resolu9on	
  
pT	
  range	
  :	
  0.4	
  ~	
  5GeV/c	
  
Extended	
  to	
  lower	
  pT	
  
low	
  sta<s<cs	
  

Direct	
  photon	
  (M.Sanshiro)	


MHBD:	
  Real	
  track	
  
Mvtx	
  	
  :	
  Measured	
  track	
Photons	
  by	
  external	
  conversion	
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1)	
  real	
  photon	
  converts	
  to	
  e+e-­‐	
  in	
  HBD	
  backplane	
  
2)	
  default	
  assump9on:	
  track	
  come	
  from	
  the	
  vertex	
  
3)	
  momentum	
  of	
  the	
  conversion	
  tracks	
  will	
  be	
  	
  
	
  	
  	
  	
  	
  mis-­‐measured	
  (see	
  black	
  tracks)	
  
4)	
  apparent	
  pair-­‐mass	
  (about	
  12MeV)	
  will	
  be	
  measured	
  	
  
	
  	
  	
  	
  	
  for	
  phtons	
  
5)	
  assume	
  the	
  same	
  tracks	
  originate	
  in	
  the	
  HBD	
  backplane	
  
6)	
  re-­‐calculate	
  momentum	
  and	
  pair	
  mass	
  with	
  this	
  	
  
	
  	
  	
  	
  “alternate	
  tracking	
  model”	
  
7)	
  for	
  true	
  converted	
  photons	
  Matm	
  will	
  be	
  around	
  zero	
  

Real	
  track	
  
es<mated	
  track	


M
HB

D[
G
eV

]	


Mvtx[GeV]	


External	
  conversion	
  photon	
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(GeV/c) 
T

p
0 5 10 15

dy T
N

/d
p

2
)d Tpπ

(1
/2

-810

-610

-410

-210

1

210
(Conversion) arXiv:1405.3940

(Calorimeter) P.R.L. 109, 152302

(Calorimeter) P.R.L. 94, 232301

 spectra (0-20%)
T

Direct photon p

Iden<fica<on	
  photon	
  sources	
  
from	
  pT	
  spectra	


The	
  photon	
  sources	
  are	
  iden<fied	
  via	
  	
  
the	
  pT	
  spectra.	


P.R.C	
  89,	
  034908(2014)	


P.R.C	
  84,	
  054906(2011)	
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Iden<fied	
  charged	
  par<cle	
  vn	


It	
  is	
  observed	
  that	
  	
  
•  all	
  harmonics	
  have	
  mass	
  ordering	
  
•  there	
  are	
  meson	
  and	
  baryon	
  spliGng	
  

All	
  par<cles	
  are	
  scaled	
  by	
  modified	
  NCQ	
  scaling.	
  

arXiv:1412:1038	
  

(a)	
  :	
  v2(KET)/nq	
  
(b)	
  :	
  vn1/n	
  scaling	
  
(a)+(b)	
  :	
  vn(KET)/nqn/2	
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(GeV/c)  
T

p
0 5 10 15 20

T
dy

dpdN
T

 p
π2
1

-1210

-910

-610

-310

1

310
410

0-20 % PHENIX results

Estimated spectra

 1.0× 0π
 1.0× ±π

 0.1× η
 0.01× ω

 1.0×pion 
 0.1× η
 0.01× ω
 0.001× ρ
 0.0001×' η

(GeV/c)  
T

p
0 5 10 15 20

D
at

a/
Eq

ua
tio

n

0.5

1

1.5

2 0π
±π
η

ω

Meson	
  pT	
  spectra	
  es<ma<on	


Since	
  it	
  is	
  difficult	
  to	
  measure	
  mesons	
  except	
  for	
  pion,	
  	
  
the	
  other	
  mesons	
  pT	
  spectra	
  are	
  es<mated	
  by	
  mT	
  scaling	
  	
  
from	
  pion	
  experimental	
  data.	


p
T,meson

=
q

p2
T,pion

+M2
meson

�M2
pion

P.R.C	
  69,034909	
  
P.R.L.	
  101,232301	
  
P.R.C	
  82,011902	
  
P.R.C	
  84,044902	
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Meson	
  vn	
  es<ma<on	

The	
  number	
  of	
  cons<tuent	
  scaling	


It	
  has	
  been	
  known	
  that	
  hadron	
  vn	
  as	
  a	
  	
  
func<on	
  of	
  KET	
  are	
  scaled	
  by	
  the	
  number	
  	
  
of	
  cons<tuent	
  quark.	
  	
  
Meson	
  vn	
  is	
  es<mated	
  from	
  pion	
  vn.	
  

p
T,meson

=

r⇣q
p2
T,⇡

+M2
⇡

�M
⇡

+M
meson

⌘2
�M2

meson

arXiv:1412:1038	
  

(GeV/c)   Tp0 5 10 15

   2v

0

0.05

0.1
2meson v

0-20 %
RxN(I+O)

pion
η

ω
ρ
'η

(GeV/c)   Tp0 5 10 15

   3v

0

0.05

0.1
3meson v

0-20 %
RxN(I+O)

pion
η

ω

ρ

'η

(GeV/c)   Tp0 5 10 15

   4v

0

0.05

0.1
4meson v

0-20 %
RxN(I+O)

pion
η

ω
ρ
'η
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(GeV/c)
T

p
0 1 2 3 4 5

2v

0

0.1

0.2

0.3 2
Direct photon v
0-20 %

Calorimeter
Conversion
Hess et al. (a)
Hess et al. (b)
Linnyk et al.

(GeV/c)
T

p
0 1 2 3 4 5

2v

0

0.1

0.2

0.3

20-40 %
arXiv1403.7558 (a)
arXiv1403.7558 (b)
arXiv1404.3714

(GeV/c)
T

p
0 1 2 3 4 5

2v

0

0.1

0.2

0.3

40-60 %

Model	
  comparison	
  of	
  photon	
  v2	


(Orange)	
  Transport	
  model	
  considering	
  photons	
  from	
  hadron	
  phase	
  
(Blue,	
  red)	
  Fireball	
  model	
  
Hydrodynamic	
  calcula<ons	
  (cyan,	
  pink,	
  and	
  violet)	
  including	
  photons	
  	
  
from	
  late	
  state,	
  are	
  much	
  underes<mated.	
  

PRC	
  84,054906	
  
PRC	
  89,034908	
  

Private	
  communica<on	
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(GeV/c)
T

p
0 1 2 3 4 5

2v

0

0.1

0.2

 (20-40 %)2Direct photon v

Calorimeter
Conversion

(GeV/c)
T

p
0 1 2 3 4 5

3v

0

0.1

0.2

 (20-40 %)3Direct photon v

Hess et al. (a)

Hess et al. (b)

Linnyk et al.

P.R.D 89,026013

arXiv1403.7558 (a)

arXiv1403.7558 (b)

arXiv:1404.3714

Model	
  comparison	
  of	
  v2	
  and	
  v3	


Dark	
  violet	
  is	
  based	
  on	
  magne<c	
  field	
  effect,	
  upper	
  limit	
  is	
  shown.	
  
Model	
  calcula<ons	
  of	
  photon	
  v3	
  are	
  much	
  smaller	
  than	
  experimental	
  	
  
data.	
  
The	
  data	
  of	
  v3	
  may	
  help	
  to	
  constrain	
  parameters	
  in	
  model	
  calcula<ons.	


P.R.D	
  89,026013	
  
arXiv:1404.3714	
  

PRC	
  84,054906	
  
PRC	
  89,034908	
  

Private	
  communica<on	


Private	
  communica<on	


29	




2015/03/13	
 Direct	
  photon	
  (M.Sanshiro)	


The	
  ra<o	
  of	
  v2	
  to	
  v3	
  in	
  pT	
  region	


•  Photons	
  don’t	
  have	
  strong	
  centrality	
  dependence	
  at	
  around	
  	
  
2-­‐3	
  GeV/c	
  

•  Pions	
  increase	
  from	
  central	
  to	
  peripheral	
  
	
  

Photon	
  and	
  pion	
  show	
  different	
  centrality	
  dependence.	
  

π±	
  :	
  arXiv:1412:1038	
  
Model	
  :	
  arXiv:1403.7558	
  
Private	
  communica<on	
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dir.γ/s(0.20) ηMCKLN+
dir.γ/s(0.08) ηMCGlb+
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±π/s(0.08) ηMCGlb+
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20-40 %
theory arXiv:1403.7558
charged pion arXiv:1412.1038
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T
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  3
/v 2v

0
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(GeV/c) 
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p
0 1 2 3 4 5
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N

/d
p

2
)d Tp

π
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-410

-210
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210
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 spectra

T
Direct photon p

Centrality:0-20%
=0.66〉ρ〈=104,fT
=0〉ρ〈=104,fT
=0〉ρ〈=240,fT
=0〉ρ〈=300,fT

(GeV/c) 
T

p
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2v
0
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0.1
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2
Direct photon v

(GeV/c) 
T

p
0 1 2 3 4 5

3v

0

0.05

0.1

0.15 BW prediction
Calorimeter
Conversion

3
Direct photon v

Photon	
  observables	
  predicted	
  by	
  blast	
  wave	
  model	


The	
  pT	
  spectra	
  is	
  well	
  described	
  by	
  	
  
•  Low	
  temperature	
  (Tf=104)	
  with	
  radial	
  flow	
  <ρ>=0.66	
  
•  High	
  temperature	
  (Tf=240)	
  with	
  radial	
  flow	
  <ρ>=0	
  

vn=0	
  with	
  radial	
  flow	
  <ρ>=0	
  
	
  
Blast	
  wave	
  could	
  suggest	
  that	
  photon	
  puzzle	
  is	
  understood	
  by	
  	
  
the	
  radial	
  flow	
  effect.	
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π0	
  and	
  γdir.	
  v2	
  measurement	
  by	
  STAR	


γdir.	
  v2	
  in	
  high	
  ET	
  region	
  are	
  consistent	
  with	
  0	
  within	
  systema<c	
  	
  
uncertainty,	
  while	
  π0	
  has	
  posi<ve	
  v2.	
  

Ahmed	
  M.	
  Hamed	
  	
  
shown	
  at	
  QM	
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photon	
  vn	
  measurement	
  by	
  ALICE	


v2	


It	
  is	
  also	
  observed	
  that	
  γdir.	
  v2	
  is	
  posi<ve	
  in	
  low	
  pT	
  at	
  LHC-­‐ALICE.	
  
v3	
  measurement	
  is	
  ongoing.	


v3	
 γdec.	
  v3	
  
γinc.	
  v3	


arXiv:1212.3995v2	
 Friederike	
  shown	
  at	
  QM	
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