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A puzzlingly large photon v2 (and spectra)
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Unexpec tedly 
large direc t 
photon v2

Also: large 
direc t photon 
spec tra
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Outline

● Hydrodynamical model & hadrons
● Evaluating thermal photons
● Comparison with measurements & 

discussion
● Status of the direct photon puzzle



5

Hydrodynamical model

● Event-by-event IP-Glasma (t<0.4 fm/c)
● Hydrodynamics - MUSIC (t>0.4 fm/c)

(S c henke, Tribedy, 
Venugopalan. 201 2)

2+1 D sec ond-order (visc ous) relativistic  hydrodynamic s

Bulk E OM 

S hear 
E OM 

T/T
peak

Inspired from:
HRG: Noronha-Hostler, Noronha and Greiner. 2009
(Lattic e: K arsc h, K harzeev and Tuc hin. 2008)

(from Denic ol, Kodama, Koide, Mota. 2009)

Bulk visc os ity: Peak at T=1 80 MeV

S hear visc os ity: η/s=0.095(LHC );0.06 (RHIC )
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Hydrodynamical model

● Event-by-event IP-Glasma (t<0.4 fm/c)
● Hydrodynamics - MUSIC (t>0.4 fm/c)

● Afterburner UrQMD (T<Tsw)

2+1 D sec ond-order (visc ous) relativistic  hydrodynamic s

At RHIC : T
sw

=165 MeV

At the LHC : T
sw

=145 MeV



LHC √s
NN

=2760 GeV

 (see Ryu et al, PRL  1 1 5, 1 32301 )

Multiplic ity of 
p+, K + &  p

Mean transverse 
momentum of p+, 

K + &  p

V
2/3/4

 of c harged 

hadrons

Hydro with bulk = good description of hadrons
(not possible here without bulk)

 (S angwook       
Ryu's  poster)
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Direct photons

How are they computed?
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Photon production

Prompt photons: NLO perturbative QCD + nuclear p.d.f.'s 
+ isospin effect, scaled by the number of binary collisions

Thermal photons:

“Thermal” photon produc tion 
rate

S pac etime profile of 
medium



Thermal photon emission rate

● Photon production rate

Temperature very hot (QGP)less hot (hadronic D.O.F.)

Effective 
Lagrangian

Perturbative 
expansion in a

s

(Switch at 180 MeV)

Texas A&M/McGill (Turbide, 
Rapp, Gale et al)

QGP LO (Arnold, Moore, 
Yaffe. 2002)

Inc lude
c orrec tions  

due to 
visc os ity (Compton scattering & 

quark-antiquark annihilation
 + bremsstrahlung)

(Meson gas 
+ photons from r spct fct 
+ pion brem. + p-r-w channels )



Thermal photon emission rate
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Lagrangian
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Post-hydrodynamics photons

Photons  after hydro phase?
Hadrons: UrQMD
Photons: 
Not yet c alc ulated 
from transport  model

▶ Run hydro to lower 
temperature (1 05 MeV) 
instead

Initial 
c onditions

Hydrodynamic s

       Afterburner

C oarse-grained UrQMD vs  hydro: Huovinen et al. 2002
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Direct photons

Comparison with data from 
RHIC and the LHC
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RHIC √s
NN

=200 GeV: spectra

Direc t photon spec tra

0-20% 20-40%RHIC
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RHIC √s
NN

=200 GeV: v
2

Direc t photon v
2

RHIC  
0-20%

RHIC  
20-40%

New data: S tay tuned for Ric hard Petti's  (PHE NIX) 
talk at 9h40
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LHC √s
NN

=2760 GeV:
Prompt, thermal & direct

Direc t photon spec tra Direc t photon v
2

LHC  0-40%

New data just published: see ALIC E  talk at 1 0h
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Direct photons

Effect of bulk viscosity
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Bulk: change shape of v2

Medium expands  for longer with a reduc ed transverse flow
► More photons , softer photons  ◄
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Effect of viscosity on the rates

Direc t photon v
2 LHC  0-40%

Viscous corrections 
to rate suppress 
the v

2
 at high p

T

(And only part of 
the rates  are 
c orrec ted)
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Direct photons

Late stage photons and 
hadronic rates



21

Late stage photons

LHC  0-40%

S ignific ant c ontribution of late s tage photons  to v2

► Need afterburner c alc ulation?  ◄
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Hadronic rate channels

LHC  0-40%

► Using latest hadronic  rates  is  important ◄
(many emission channels contribute)

(no df)
(no df)
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Verdict: puzzle or not?

● Modern hydro + latest hadronic photon rates 
= reasonable agreement with measurements, 
mild tension at worst

● Large thermal photon v2

● Late stage photons & hadronic rates are 
important for photon v2

Thermal photons can explain most low p
T
 

direct photon excess and v
2
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Where do we go from here?

● Late stage photons: transport model?
● Photon emission rates: QGP/cross-

over/hadronic thermal rates & effect of 
viscosity

● Prompt photons: Parton energy loss vs 
fragmentation photons; jet-QGP photons

● Include other proposed sources of photons?



Backup
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Hadronic rates comparison

LHC  0-40%

(no df)

(no
df)

Two different hadronic  rates  c alc ulations:
Texas-A& M/Mc Gill and S tony Brook (Zahed-Dusling)
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RHIC √s
NN

=200 GeV

Multiplic ity of 
p+, K + &  p

Mean transverse 
momentum of 

p+ &  K +

v
2
 and v

3
 of 

c harged 
hadrons
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Dual effect of viscosity
Thermal photons:

E
d3 N

d3 k
=∫d4 X [E Γideal

d3 k
(Kμ ,uμ(X) ,T (X))+E Γviscous

d3 k
(Kμ ,uμ(X) ,T (X) ,πμν(X) ,Π(X ))]

● Viscosity modifies:
– The photon emission rate

– Spacetime profile of the temperature, flow, volume, ...
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Viscosity vs spacetime profile
Thermal photons:

E
d3 N

d3 k
=∫d4 X [E Γideal

d3 k
(Kμ ,uμ(X) ,T (X))+E Γviscous

d3 k
(Kμ ,uμ(X) ,T (X) ,πμν(X) ,Π(X ))]

● Viscosity modifies:
– The photon emission rate

– Spacetime profile of the temperature, flow, volume, ...



Bulk vs spacetime/flow profiles

Inc reased spac etime 
volume

S maller flow veloc ity

uτ
=√1+(ux

)
2
+(uy

)
2

50% 
increase

Without 
bulk

With bulk
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Bulk: change shape of v2

LHC  0-40%



Other thermal rates
Direc t photon spec tra Direc t photon v

2

LHC  0-40%
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RHIC √s
NN

=200 GeV: v
2

Direc t photon v
2

0-20% 20-40%RHIC

0


