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Thermal photon emission rates can be calculated by
- dR_T d&p Pp dps 1
TBq ~ 2E.(27)3 2E,(27)3 2E4(27)3 2(27)3

S () F2(05) (L% F3(pg))(279)* 8 (pr+ p2 - ps — Q)

With
FPuE p@

() = fo(E) + fo(E) (Lt To(E)) 5 X 5

We can expand photon emission rates around the
thermal equilibrium:
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Thermal photon emission rates can be calculated by
- dR_T d&p Pp dps 1
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SF (P 2(P5) (1 £ F3(p5))(27)*8 (p1 + p2 — ps — Q)
With
NPy TP°
f(pH) = Sy =
)= @) asr @) )T
We can expe calculated in fluid local rest frame ind the
thermal equili m A

M |?

| 515)




Equilibrium rates
QGP  (AmY 2001)if Hadron Gas
(TRG 2004) |

2
ol ‘H"““-.,_ r r"‘ur\”
r'\-._.l e [,
.;.-_j.
— J
I ¥
i
r § . i
I i




Equilibrium rates off-equilibrium & corrections
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Equilibrium rates off-equilibrium & corrections

__Shen, Paquetetal. (2014)  jt
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- - Ideal smooth hydro v,
- - Full viscous smooth hydro v, n/s=0.08

- — Ideal ebe hydro v, {SP} with multiplicity weight
— Full viscous ebe hydro v, {SP} n/s=0.08

arXiv: 1403.7558
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» |nitial fluctuations increase photons’ elliptic flow
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Thanks to Ralf Rapp and EMMI RRTF
Contributions from the short-lived resonances:

reaction

branching ratio
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EM decays of short-lived resonances (ll)
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Contributions from pre-equilibrium flow and 7+ *:
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Contributions from pre-equilibrium flow and 7 *:
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Pre-equilibrium flow (llI)
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Pre-equilibrium flow (llI)

10°
_ 10}
i
=
()] 0
o 107 |
"=
<10
e
=
T a2
& 10
= - thermal + pQCD
= 1031| --- thermal + pQCD + short lived decay

full results
W W ALICE
107 - - - - '
0.0 0.5 1.0 1.5 2.0 2.5 3.0
pr (GeV)

0.20

0.15

- thermal + pQCD
- == thermal + pQCD + short lived decay
—— full results
. W W ALICE

Small but significant effects in the right direction

Poster:
J-F. Paquet, G21




- We studied photon spectra and their anisotropic flows v, from event-
by-event viscous hyd rodynamlc medium

! s (P)VE(Pr)VE" costn( Y (pr) = §)
vi{SP}(pr) = "
! dypt dpt (Pr) VCh{Z}

+ Shear viscosity suppresses photon v,. Dominant suppression
comes not from flow, but from the viscous correction to the
production rates.

- Elliptic and triangular flow of photons are more sensitive than
hadrons to shear stress at early times and to initial state fluctuations.

- Short-lived resonance decays and pre-equilibrium flow cause
measurable increase of direct photon anisotropic flow.

- Still, experimental data appear to require significantly more photon
rate from the late evolution stage than in implemented in the model

arXiv: 1308.2111, 1308.2440, 1403.7558 https://github.com/chunshen1987/IEBE.git 15(15)
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Viscous effects on photon elliptic flow
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Viscous effects on photon elliptic flow
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Viscous effects on photon elliptic flow
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Viscous effects on photon elliptic flow
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Eq

0

ullibrium rates:

QGP 2 to 2 scattering equilibrium
gs - 01, NF - 3

- (a)

 ——Diagrammatic Approach
- = =Kinetic Approach

== AMY 2 — 2 parameterization
== Dusling

g =l
hd

’

20 25 30 35
kK/I'T
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40

- (b)

== Dusling

QGP 2 to 2 scattering equilibrium
gs = 2.0, Ng = 3

 ——Diagrammatic Approach
- - =Kinetic Approach
== AMY 2 — 2 parameterization

5 10

35

30

15 25 40

- For small g, results from diagrammatic approach
agree well with kinetic approach and AMY

¢ For g = 2.0, diagrammatic approach gives 25% larger
results compared to kinetic approach; difference
are due to cut-off dependence.



VISCous corrections:

0 0 T T T T T
10" | 10t v
= : : g GP 2 to 2 scattering viscous
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. 10 c 10
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¢ For small g, diagrammatic approach agrees with
kinetic approach

-2 For g = 2, the deviations at small k/T may originate
from different higher order O(g*T) contributions
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Photon Emission Rates QGP vs HG
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e QGP rates have very different
o1 dependence compared to

HG rates

e Estimated transition region for

production rates,
T ~ 184 - 220 MeV

7ooHuovinen & Petreczky, Nucl.Phys. A837 (2010) 26-53



Photon Emission Rates QGP vs HG
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(b) |
MCGlb., 5/s=0.08, PbPb @ LHC, 0-40%
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. High pt photons are mostly emitted from high

temperature region

-® Peak photon production around T = 165-200 MeV
due to large hydrodynamic space-time volume
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-» With all available thermal emission sources, our current
calculations still underestimate measured direct photon
spectra at low prat both RHIC and LHC energies

-2 Additional emission sources need to be included to

Improve the agreement between theory and data
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