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Direct Photon 

Paquet et.al. PRC93,044906(2016)

The state-of-the-art hydrodynamic model 
+ photon production processes except decay photons  

The results are smaller than experimental data at RHIC and LHC.
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Photon Production  

Campbell@QM2017

hydrodynamic model 

under discussion
The contribution may 
not be so small.  
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Photon emission at 
hadronization
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Radiative Recombination in QGP 
One of Photon Production Processes 
• Photon emission at hadronization process 
– Photon’s flow is as strong as hadrons’ flow.

• A photon is produced from pairing of hadrons
– Radiative recombination brings enhancement of photon yield.  

quark

antiquark meson

g

Recombination Model 

Radiative Recombination in QGP
• Non perturbative process
• Not possible to use the inverse 

process
• Not equilibrium process 
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Recombination 
• A hadronization model 

• One of successful models
– Baryon/Meson ratios
– Nuclear modification factors
– Quark number scaling in elliptic flow   

recombining 
partons:
p1+p2=ph

fragmenting parton:
ph = z p, z<1

ReCo

Frag.

Fries, Mueller, CN and Bass, PRC68(2003)

quarks hadron  

The recombination process occurs at 
moderate PT.
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Quark Number Scaling

PHENIX,nucl-ex:0608033

KET = mT �mMinimum bias Au+Au�
sNN = 200

Caveat: Braking of quark number scaling is 
observed at LHC. 
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Recombination 
• A hadronization model 

• One of successful models
– Baryon/Meson rations
– Nuclear Modification factors
– Quark number scaling in elliptic flow 

• Reduction of entropy and  violation of energy conservation 

recombining 
partons:
p1+p2=ph

fragmenting parton:
ph = z p, z<1

ReCo

Frag.

quarks hadron  

Ex. Duke
The recombination process occurs at 
moderate PT.

Fries, Mueller, CN and Bass, PRC68(2003)
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ReCo with Photon Emission
• Entropy and Energy Conservation

quark

antiquark meson

g

Intermediate State

ReCo model Resonance decay

Resonance-like 
state is produced 
through the 
recombination 
model.

Photons are 
emitted from 
decay of the
intermediate 
state.

Spectral function of intermediate state  
normalization



C. NONAKA

Number of g from Meson Formation

Recombination 

��
dn�

d3k�
= c�(k�

CM (M�, P )� k0)

Photons are emitted from moving 
resonance.

Isotropic at rest squeezed with boost 

dNM

d3P
� [�p(p)]2

� e�P�/T�eff

thermal distribution  of quarks 

T �
eff = Th

�
1 + vT

1� vT

T �
eff = Th

�
1 + vT

1� vT
: hadronization temperature

blue shifted with transvers flow

Recombination Photon 

*

M* distribution

� �(M� � 2Mq)
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Features of the Model (2D)

• PT distribution
– M and g  : shift to low PT

– Kinematics: threshold value
– Teff :

• Elliptic flow

• Quark Number Scaling   

M� �M + �
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

quark

antiquark meson

g

Intermediate state

ReCo model Resonance decay

momentum shift
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Centrality Dependence @RHIC
RHIC

Transverse flow 

Hadronization temperature 

Fugacity  

vT = 0.6

Th = 155 MeV

�u,d = 1, �ū,d̄ = 0.9

M*=0.6 GeV

fit function: f(x) = a*exp(-x/b) 
Fitting range PT [2:5]   

Mstar Meson gamma

Slope
[MeV]

320 303 287
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Photon’s PT Spectra @ RHIC

� = 0.1
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Mstar Meson gamma

Slope
[MeV]

320 303 287

2-5 GeV
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Contribution from Other Resonances

M*=600 MeV 
M*=800 MeV

� = 0.1
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�(K) = 0.7
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v2 for p @RHIC 
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v2 for K @RHIC 
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v2 for photon @RHIC 
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Photon Production  

Campbell@QM2017

hydrodynamic model 

under discussion
The contribution may 
not be so small.  
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Photon emission at 
hadronization

Pratt 
Campbell
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Quantitative Analyses
thermalization hydro hadronization freezeoutcollisions

Experimental data

New 
hydrodynamics 
code

Moreland et al.,PRC92,011901(2015)

Bass et al., Prog.Part.Nucl.Phys.(1998)
Bleicher et al., J.Phys.G25,1859(1999)

TRENTO UrQMD

Ke et al.,PRC96,044192(2017)

Phenomenological model
Parametrization

�µTµ� = 0
<latexit sha1_base64="ciYSgQRhmr/+4EfD3Y986UWhcu0=">AAACBnicbVC7SgNBFL0bXzG+Vi1FGIyCVdi10UYI2lhGyAuycZmdTJIhs7PLzKwQllQ2/oqNhaK2+QY7P8Te2UREEw8MczjnXu69J4g5U9pxPqzcwuLS8kp+tbC2vrG5ZW/v1FWUSEJrJOKRbAZYUc4ErWmmOW3GkuIw4LQRDC4zv3FLpWKRqOphTNsh7gnWZQRrI/n2vhdjqRnmvhcmqHqTZp8nkhE6Rw7y7aJTciZAP8SdJcXy4efrGAAqvv3udSKShFRowrFSLdeJdTvNRhBORwUvUTTGZIB7tGWowCFV7XRyxggdGaWDupE0T2g0UX93pDhUahgGpjLEuq9mvUz8z2slunvWTpmIE00FmQ7qJhzpCGWZoA6TlGg+NAQTycyuiPSxxESb5AomhLmT50n9pOQ6JffapHEBU+RhDw7gGFw4hTJcQQVqQOAOHuAJnq1769F6sd6mpTnru2cX/sAafwFsmpqz</latexit><latexit sha1_base64="IoF5/AhdlR/nepA6Wxi+YyKZNUs=">AAACBnicbVC7SgNBFJ31GRMfq5YiDEbBKuzaaCMEbSwj5AXZdZmdTJIhs7PLPAJhSWXjr9hYKGor+Ad2fojWziYimnhgmMM593LvPWHCqFSO827NzS8sLi3nVvKF1bX1DXtzqy5jLTCp4ZjFohkiSRjlpKaoYqSZCIKikJFG2D/P/MaACEljXlXDhPgR6nLaoRgpIwX2rpcgoShigRdpWL1Ks8/jegRPoQMDu+iUnDHgD3GnSbG8//H0Oih8VgL7zWvHWEeEK8yQlC3XSZSfZiMwI6O8pyVJEO6jLmkZylFEpJ+OzxjBA6O0YScW5nEFx+rvjhRFUg6j0FRGSPXktJeJ/3ktrTonfkp5ohXheDKooxlUMcwygW0qCFZsaAjCgppdIe4hgbAyyeVNCDMnz5L6Ucl1Su6lSeMMTJADO2APHAIXHIMyuAAVUAMYXINbcA8erBvrznq0nielc9Z3zzb4A+vlC2U6nC0=</latexit><latexit sha1_base64="IoF5/AhdlR/nepA6Wxi+YyKZNUs=">AAACBnicbVC7SgNBFJ31GRMfq5YiDEbBKuzaaCMEbSwj5AXZdZmdTJIhs7PLPAJhSWXjr9hYKGor+Ad2fojWziYimnhgmMM593LvPWHCqFSO827NzS8sLi3nVvKF1bX1DXtzqy5jLTCp4ZjFohkiSRjlpKaoYqSZCIKikJFG2D/P/MaACEljXlXDhPgR6nLaoRgpIwX2rpcgoShigRdpWL1Ks8/jegRPoQMDu+iUnDHgD3GnSbG8//H0Oih8VgL7zWvHWEeEK8yQlC3XSZSfZiMwI6O8pyVJEO6jLmkZylFEpJ+OzxjBA6O0YScW5nEFx+rvjhRFUg6j0FRGSPXktJeJ/3ktrTonfkp5ohXheDKooxlUMcwygW0qCFZsaAjCgppdIe4hgbAyyeVNCDMnz5L6Ucl1Su6lSeMMTJADO2APHAIXHIMyuAAVUAMYXINbcA8erBvrznq0nielc9Z3zzb4A+vlC2U6nC0=</latexit><latexit sha1_base64="Ya05Q7gHUXf67uWL1N4DQxmS70g=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqmTc6EYounFZoQ+hMw6ZNNOGZjJDHkIZunLjr7hxoYhbv8Gdf2OmLaKtB0IO59zLvfdEGWdKI/TllJaWV1bXyuuVjc2t7R13d6+tUiMJbZGUp/I2wopyJmhLM83pbSYpTiJOO9HwqvA791QqloqmHmU0SHBfsJgRrK0Uuod+hqVmmId+YmDzLi8+X5gxvIAIhm4V1dAE8Id486QKZmiE7qffS4lJqNCEY6W6Hsp0kBcjCKfjim8UzTAZ4j7tWipwQlWQT84Yw2Or9GCcSvuEhhP1d0eOE6VGSWQrE6wHat4rxP+8rtHxeZAzkRlNBZkOig2HOoVFJrDHJCWajyzBRDK7KyQDLDHRNrmKDWHh5EXSPq15qObdoGr9chZHGRyAI3ACPHAG6uAaNEALEPAAnsALeHUenWfnzXmflpacWc8++APn4xuiKpfk</latexit>

TSW = 150 MeV
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Large and Small Systems
p+Pb

�
sNN = 5.02 TeV
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• Parameters in TRENTO are fixed at 0-5 % centrality.
• p=0.013 (saturation-based theory),  nPbPb=98, npPb=108

• We succeed in reproducing centrality dependence of rapidity 
distribution in  Pb+Pb and p+Pb collisions. 

Pb+Pb

Moreland et al, 1808. 02106

�
sNN = 2.76 TeV
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Nakamura and CN,   in preparation

η η

ALICE collaboration, PRC91.064905
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Towards Quantitative Analyses
Thermal photon from 
Hydrodynamic Model

Arnold, Moore, Yaffe, JHEP12(2001)009
Photon emission ratio

Preliminary
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Summary
• Photon production through hadronization
– Hadrons: consistent with ReCo
– Large yield and v2 of g
– Energy conservation in the

recombination model

• Working in progress
– Effects of baryons 
– Check the violation of quark number scaling 
– Quantitative analyses with hydrodynamic Model 

quark

antiquark meson

g

Intermediate state

ReCo model Resonance decay


