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Electromagnetic Radiation in A+A Collisions:

Hubble Expansion:

—a
.

Initial qg-Compton

* powerlaw spectrum
* X NCOH
* no collective motion
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Introduction

» Direct photons have long been considered a golden probe to understand of the evolution
of relativistic heavy-ion collisions — from the quark-gluon plasma (QGP) phase to the
hadron-gas (HG) phase.

» Direct photons traverse the medium unmodified due to the small cross section of
electromagnetic interaction

» These penetrating photons encode information about the environment

» High transverse momentum pr direct photons —— dominated by photons created from
initial hard-scattering processes

* Low pris dominated by radiation from the evolving partonic/hadronic medium —— earlier
terminology: thermal photons

» Current measurements —— additional sources and mechanisms of direct-photon
production —— new name: non-prompt photons
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Direct photon puzzle

(a) Invariant yield
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Result - four different R, PHENIX measurment

* Internal conversion
(PRL 104, 132301)

 External conversion far

from vertex
(PRL 91, 064904)
* Real photons in
calorimeter
(PRL 109, 152302)

 External conversion close

to the vertex
(arXiv:2203.17187)

...................

---------

[ (@) 0%-20% f (b) 20%—40% I
2 5_— Au + Au 1) 3
|, = 200 GeV 1 ié T PHENIX i
o 2l @ " =+ x ‘}%
X f 5. 088 . 3 it * @‘} ]
1.5F S"ﬁ 1B e oo bl & =
E ) a f ]
1;_%_ e _‘_ _# ____________ ___!é_!_._ _______________ ___.
[ () 40%-60% " 1 (d)60%-93% ' ;
2.5F o This paper + « PRL 104, 132301 .
2; o PRC 91, 064904 } = PRL 109, 152302 :
e !

5F '}'I'%H‘ 2 ‘}

E pl « % ¥ o F% % +
15_!'!@!_‘_[’_0_ N 1] L Foga@o TR R ANAN |
e e S By SR
P, [GeVic] p_ [GeVI/c]
The new results are compared with all other published PHENIX
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Yield of direct photons
in p+p and Au+Au at 200GeV New! |
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Effect of System size and Collision Energy
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System Size and Energy Dependence of
Direct Photon Yield

The integrated direct photon yield scaling function: 10F oreartioen <s0cavra ]

dN,  [ermac dNgT oN Bl

kil f i dpr = A X ( ch )O‘ ]? fit p+p 200 GeV 7‘*;,‘,!%*.";5, E

dy pT.min de dy d ] . 10~ ;_ scaled by N, F,%"}? _;

O = :

« Agreement with other direct-photon results %10_2;_ “ﬂ P

* Fit for previously published data: a =1.23 + 0.06 = - . AutAu62.4GeV -

10—3 - = Au+Au 200 GeV —

+ 0.18 = > Cu+Cu200GeV  J

« Fit from the current data: a =1.11 + 0.02 + 0.09 4L T

» a smaller than predicted —— HG = 1.25 and QGP : Pb+Pb 2760 GeV
- 1.8 BT

 The same scaling holds over vastly different dNy/dnl

collision energies (39-2760GeV) and systems

CuCu - PbPb
( ) PHENIX: Phys. Rev. C 109 (2024) 4, 044912
PHENIX: Phys. Rev. C 107 (2023) 2, 024914

ALICE: Phys. Lett. B 754 (2016) 235-248

9/4/2024 New Trends in High-Energy and Low-x Physics - Sfantu Gheorghe, Romania 10



System Size and Energy Dependence of
Direct Photon Yield
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Universal scaling behavior observed in all A+A systems PHENIX: Phys. Rev. C 109 (2024) 4, 044912

No obvious pr dependence observed PHENIX: Phys. Rev. C 107 (2023) 2, 024914
ALICE: Phys. Lett. B 754 (2016) 235-248
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Elliptic flow (v,) of Direct photons

ELLIPTIC FLOW LTI * Fireball from collision rapidly expands
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Elliptic flow (v,) of Direct photons
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Thermal Photon Model Calculations

Model calculations qualitatively reproduce

”]2— - T ———— o T L
Ny - pRoisomerz T shape but falls short quantitatively
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at higher py, the yield is well described, but
there the theory completely misses the flow
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C. Gale et. al. Phys. Rev. C 105 014909 (2022)
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Summary

» Bigger PHENIX dataset : 10 x more statistic — + confirm
ear tl_e”r rlesults + new kind of analysis — "direct photon puzzle”
Is still alive

* More photons emitted from Au+Au collisions than can be
accounted for in model calculations

 Large “thermal” yield at py < 4GeV
* Prompt photon dominates at pr > 5GeV

* In this p; range, the yield is larger than what would be expected
from a rapidly but anisotropically expanding hadronic fireball
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