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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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not be so small.



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.

Radiative Recombination in QGP
* Non perturbative process

. . uark
* Not possible to use the inverse i !
process
* Not equilibrium process
antiqua meson

—>Recombination Model
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Recombination

Fries, Mueller, CN and Bass, PRC68(2003)
e A hadronization model :
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— Baryon/Meson ratios
— Nuclear modification factors

— Quark number scaling in elliptic flow
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Caveat: Braking of quark number scaling is
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Recombination

Fries, Mueller, CN and Bass, PRC68(2003)
* A hadronization model 1o - ————— )
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One of successful models  (GoW)

— Baryon/Meson rations
— Nuclear Modification factors

— Quark number scaling in elliptic flow

* Reduction of entropy and violation of energy conservation
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ReCo with Photon Emission

* Entropy and Energy Conservation

_ Y Photons are
Reson.ance—llke quark — emitted from
state is produced r~ decay of the
through- the- intermediate
recombination 1‘ meson state
model. antiquark '

Intermediate State
ReCo model Resonance decay
dN . (dN,. Y dn,(M.,P)
E;/ 3 - :@dAM;*;;)(AW;;:)J‘d‘ 3 g}, 3
d’k, d’P d’k,

normalization

Spectral function of intermediate state
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Number of y from Meson Formation

e

~ o(M* —2M,)

Recombination

AN
d3P ~ [wp(p)]Q

thermal distribution of quarks

~ o PL/Tisy
M* distribution
1+ v
1 — vT

crf = Th
blue shifted with transvers flow

T3, : hadronization temperature
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d3ky
Photon ~\
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Photons are emitted from moving
resonance.

D

Isotropic at rest
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Features of the Model (2D)
M* — M + v -

* Py distribution }1‘\

— M and y :shift to low P; antiquark | meson
Intermediate state

— Kinematics: threshold value

ReCo model Resonance decay
— Tff: ( N ([ M2 N
T Ta(M) ~ T | Tsly) = (1- 1)
 Elliptic flow
,7 ) | kT
o (K1) ~ o} (Pr)  v3(kr) ~ 03" (~—5m)
|| M?2

_ momentum shift
 Quark Number Scaling
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Centrality Dependence @RHIC

RHIC

centrality dependence@RHIC
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Photon’s P; Spectra @ RHIC

Photon 10 Photon
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Contribution from Other Resonances

Phqton
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v, for t @RHIC
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v, for K @RHIC
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v, for photon @RHIC
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Quantitative Analyses e

collisions thermalization  hydro hadronization  freezeout

Okamoto and Nonaka,PRC98,054906(2018)

TRENTO New UrQMD

, hydrodynamics
Phenomenological model 4

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

Moreland et al.,,PRC92,011901(2015) a THY — 0
Ke et al.,PRC96,044192(2017) H

Tsw = 150 MeV Cornelius, Huovinen and Petersen
Denicol,Niemi,Molnar,Rischke,PRD85,114047 (2012) Cooper-Fry formula
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Large and Small Systems

Nakamura and CN, in preparation

Pb+Pb /snyny = 2.76 TeV p+Pb VSNN = 5.02 TeV
- ALICE collaboration, PRC91.064905
H xcen {O —e—i * T T T T T
MRt T o @ [ R
o Aﬁ:_(I)CEE::‘e:ﬁg%?g —e—i II'e XLICE:centrglityOtos e
-~ 0-5% ALICE :cen10t020 o » ALICE: contraiity 10t 20 o |
. _xum §%¥i¥£é§§§§§§}§§}£i§{¥¥ | o L X (fm)
5 5-10% § 40l
. 1400 |- f%é H;Hh“‘*#% },{.h é% S w0 .
1200 |- }% £ li % B 30 [ T m"
1000 | %] ﬂﬂﬁ@%@!@g;mhgﬁu h % 20 L .:E;.-
R 0, o o~ m
wo| Tt 10-20% iﬁ% S I Pt
wol .3t T T
5 = 4 2 ' P " =2 6 -5 -4 -3 2 1 - 1 2 3 a 5

 Parameters in TRENTO are fixed at 0-5 % centralityllw londet al, 1808, 02106
* p=0.013 (saturation-based theory), np,p,=98, nsggf 08"
We succeed in reproducing centrality dependence of rapidity

distribution in Pb+Pb and p+Pb collisions.
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Towards Quantitative Analyses

Thermal photon from
Hydrodynamic Model

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

Pratt
Campbell

' Photon emission at
hadronization

E:ree streaming]

hadrons
[Hadron Gas |

(Quark Gluon Plasma]} hydrodynamic model

KM i
A C. NONAKA

under discussion
The contribution may
not be so small.

Pre-equilibrium phase l

Strong field — Glasma?|
Initial hard scattering

Campbell@QM2017



KM i

Summary

Photon production through hadronization

— Hadrons: consistent with ReCo

: Y

— Large yield and v, of y quark

— Energy conservation in the >\
recombination model antiquark 1‘ meson

Intermediate state

_ . ReCo model Resonance decay
Working in progress

— Effects of baryons

— Check the violation of quark number scaling
— Quantitative analyses with hydrodynamic Model
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