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Importance of direct photon spectrum

Direct photons (DP): those photons that not coming from hadron decays

Probe towards our understanding of the evolution of relativistic heavy ion collisions

Small cross section of electromagnetic interaction = DP traverse the medium unmodified
Penetrating photons = encode information of the environment (temperature, collective motion)
Low p; regime: mostly the thermal component of the spectrum = can be evaluated by hydro

High p, regime: photons from high scattering processes

Today’s presentation:
° A new analytic formula has been found based on the Csérgé-Kasza-Csandd-Jiang solution Universe 4 (2018) 6, 69
o This formula is compared to PHENIX Au+Au@200 GeV 0-20% dataset  arxiv:2203.17187

Similar efforts was done by Csandd and Mdjer in 2012: central Eur.J.Phys. 10 (2012)
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https://arxiv.org/abs/2203.17187

Nonprompt spectrum of direct photons

The evolution of relativistic heavy-ion collisions:
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Nonprompt spectrum of direct photons

The evolution of relativistic heavy-ion collisions:
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Nonprompt spectrum of direct photons

Focusing on photons:

jet in-medium
bremsstrahlung jet-plasma
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(Graphics by Chun Shen)
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Direct photons =
Inclusive photons — Decay photons

Nonprompt photons = Thermal photons =
Direct photons — Prompt photons

Initial temperature can be extracted
from thermal component!




Nonprompt spectrum of direct photons
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Csorgb-Kasza-Csanad-Jiang (CKCJ) hydro solution

= Rindler coordinates, velocity field:

t—r,

(T,1e) = (\/ﬁ——'f’%,%ln [HTZD

u' = (cosh(Q}), sinh(Q))

= 1+1 dimensional perfect fluid solution:

ne(H) = QH) - H,

QO(H) = e 1A\/,€ —arctan ( ’/"\: i\tanh (H))
o(r,H) = oo (?)Ava(s) [1+ ’;:1sinh2(H)]—%,
T(r,H) = Tp (?)A T(s) [1 + ; — 1sinh2(H)] o

T(s) = 5
k-1

Universe 4 (2018) 6, 69

r, [fm]

Equation of State:
E =KD

(with u=0)
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A: acceleration parameter

l

accelerating solution
realistic dN/dn,




Some earlier success with the CKCJ solution

Quantitatively acceptable description of dN/dnp and R,,,, in Au+Au@200 GeV collisions
Int.J.Mod.Phys.A 34 (2019) 26, 1950147
PHOBOS Au+Au @ 200 GeV, 0-30% centrality
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Some earlier success with the CKCJ solution

Significant correction to Bjorken’s initial energy density

€ [GeV/fm®]

161 Error .
Au+Au @ 200 GeV B c2=0.1
- -
14+ 0 S =74+3 fm” .
GO(KZO,)\) B
ol A=1.26+0.01 |
7=10.2£0.2 fm
10 & (EM)=0.46£0.01 GeV -

[o¢]

Int.J.Mod.Phys.A 34 (2019) 26, 1950147

dN/d| ;=434::2

A*(HBT)=0.42+0.02
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Derivation of the thermal radiation

Double differential spectrum, based on the following integrals:

d*N d¥'p,,
27TppoTd,y eXp p#-u.u) 1
Hrdrdn,dr,d

Using the 1+1 dimensional CKCJ solution: dX»* = W TaTdn.ar.ary
cosh (2 —n.)

}

Assuming homogeneous transverse distribution of temperature
Using Boltzmann approximation of the integrand

Motivated by earlier results: A was assumed to be close to 1
The integral was perfromed by saddle point approximation

The result is evaluated at midrapidity (y=0)
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Analytic formula for the thermal radiation

The new analytic formula, derived from the CKCJ solution:
d2N 2 [1 177" 7 pr 7 pr
= (N S a2 ) =T —
drprdpr V3 [Tfa Tg] Pr [ (‘” 2 Tg) Ty

A and k are collapsed into a (typical behaviour of hydro): « = S 3

T:: freeze-out temperature
T,: initial temperature

<N>: multiplicity at midrapidity
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Fit to experimental data

Good confidence level with realistic
values of physical parameters

Intermediate p; regime = T, can be
determined more precisely

The analytic formula scales with a

Earler results: A was determined by
dN/dn, fits 2 k can be extracted
from a

Data is from: arXiv:2203.17187
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Fit to experimental data
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Earler results: A was determined by
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Data is from: arXiv:2203.17187
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Fit to experimental data

Good confidence level with realistic
values of physical parameters

Intermediate p; regime = T, can be
determined more precisely

The analytic formula scales with a

Earler results: A was determined by
dN/dn, fits 2 k can be extracted
from a

Data is from: arXiv:2203.17187

N(pr) [GeV~?]
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Fit to experimental data

Good confidence level with realistic
values of physical parameters

Intermediate p; regime = T, can be
determined more precisely

The analytic formula scales with a

Earler results: A was determined by
dN/dn, fits 2 k can be extracted
from a

Data is from: arXiv:2203.17187
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Conclusions

New analytic formula for the thermal radiation based on the CKCJ solution:
o Describes well the nonprompt spectrum of the 0-20% Au+Au@200 GeV dataset

> The new formula lacks of radial flow = further corrections are justified
o CKClJ solutions lacks of viscosity = it seems viscous effects are not necessary to describe the data

According to my result, the initial temperature is clearly higher than the Hagedorn temperature:
Ty < To = 0.6192(stat) " 0 2(syst) GeV

My result confirms the earlier conclusion of PHENIX:
The initial temperature of the created medium is too high for hadronic matter.
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