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All object emit electromagnetic radiations, characterized by their temperature
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Photons are “color blind” probe of Quark Gluon Plasma
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Measurement of yield constrains initial conditions,

sources, emission rates and space-time evolution
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Consistent results with different methods
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Universality suggests common source of photon

production independent of collision energy
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Increasing inverse slope with p to above 350 MeV/c
suggests contributions from sources beyond those

=

Phys. Rev. C 109, 044912 (2024)

| | | | |
PHENIX Au + Au, \/sNN =200 GeV
Nonprompt vy

T extraction range

0.8 < p_ < 1.9 GeV/c
2.0 < p_ < 4.0 GeV/c

o e

376 MeV/c

=

.—e_:

-

H B
|IIII|III:

from Hadron Gas

I | I
600

®

1.5
1.4
1.3
1.2
1.1
:
0.9
0.8

Phys. Rev. C 109, 044912 (2024)

§_Au+Au,\/sT,N =200 GeV E
= elifEEn -
— @ nonprompt —
2
IR
: . .
~ PHENIX -
g....I....I....I....I..“..I....I....I....I....I....g
R O, 4 15 6 4 BelO. 10

a independent of p; for direct
and nonprompt photons

Roli Esha

ATHIC 2025

\



Fragment of

gold nucleus

Off-center collisions
between gold nuclei
produce an elliptical
region of quark-
gluon medium.

The pressure gradients
inthe elliptical region
cause it toexplode
outward, mostlyin

the plane of the
collision (arrows).
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Direct Photon Puzzie
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Multi-messenger heavy-ion physics

Quantitative tension with model predictions

 Hybrid model that describes all stages of relativistic
heavy-ion collisions

e Effect of the pre-equilibrium phase on both photonic
and hadronic observables highlighted
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First attempt at measuring the dielectron correlation due to semileptonic decay of charm at RHIC

Hard Probes 2024
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First attempt at measuring the dielectron correlation due to semileptonic decay of charm at RHIC

—h

—h
o
o

—A —h

[GeV/c?]! [In PHENIX Acceptance]

dN
171

Roli Esha

o
~

o o o o
N w N 3

O =
e o R

Run 2

015 p+p, Vs =200 GeV, Inl <0.35
| | | | I | | | | | | | |

3—5 | | | | | | | | | | | | 'lé
5 + + —
: FGe+e' ........ TEO_)79 e ........ Tl_)fye e :
L e n'—>vye'e w—>e'e w7 ete )
—d—oe'e —¢—omnee Jy—>e'e E
n y

— \II' —~ e"‘ @ e cC bB 9
Eh e Drell-Yan - BG... — Cocktalil E
p_== =1.5.GeV/c * &
£ e _, E
B i L PH <ENIX n
preliminary L
I e
' “j\' ...................................... e ................... : :

] F’ e -~ 8 WA St o

| 1 1 { I | l | | l | | | | 1 | 1 | 1 I 1 L | Il |

m,, [GeV/c?]

ATHIC 2025

—_h Ak w—

[GeV/c?T' [In PHENIX Acceptance]

dN
dm,,

o
&

o
N

o
w

I lIIlI||

o
N

Run 2015 p+p, Vs =200 GeV, nl <0.35

Hard Probes 2024

- Data

- bb

FeE===1

_______

______

----CC
----Drell Yan
—bb + ¢cC + DY

o

e

I
I
._;._.._‘
1

'v

:llllllllllllllllIIIIIIIIIIIIIIIIIIIII

PH- <ENIX
preliminary

P <5 GeV/c
p @ ® > 1.5 GeV/c

L | IIIIII|

------------------------------

------
b - -

I II!llll

B L AT I b
T 28nkdinn] .64 1.8 - T28 282

L Uy R e
24 26 2.8
M, [GeV/c?]

Lol
3

\

13



Thermal dileptons from BES

Phys ReV C 107 L()61901 (2023)
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Thermal dielectron spectra with STAR BES-II
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Hard Probes 2024
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Ongoing efforts to establish with p+Au and *He+Au
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» Plethora of exciting new measurements H————
. . : et 5 ; STAR, Au+Au, 1.0 <p_<3.0GeV/c &
with different methods for different systems S [ AN FoSTARDuac 1) S
B ) o) 4 200GeV 3
and collision energies ' STARPreliminary . 5 8
@ 54GeV T QY
- " @ 27GeV ?‘
* Direct photon puzzle still stands at RHIC |
1021 : ALICE, Pb+Pb, 1.0 < P, <5.0GeV/c
] . , —=— 2.76TeV
* Experimental measure of hard scattering SO Y
Nl 5 2(,)0(1}1:Vu, : <pT<5.O GeV/e
—o— 62.4GeV
: : —o— 39GeV
* Direct photons still have a lot to offer! . L AT, |
10 10°
dN,,/dn

Thank you tor your attention!
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(5. = 200 GeV: (S = 200 GeV:
e O Au+Au, 0-20% (STAR) L B Au+Au, 0-20% (PHENIX)

A Au+Au, 20-40% (STAR) + e Au+Au, 20-40% (PHENIX) :? :,U :U
S - V Au+Au, 40-60% (STAR) ] A Au+Au, 40-60% (PHENIX) ElE
S el 5 Au+Au, 60-80% (STAR) E o P+p, 1S =200 GeV (PHENIX) o O
o o P+p. Vs=200GeV (PHENIX) [ == p+pfit, s=200Gev (PHENIX) |2 2 &
— ) — p+pfit, ¥s=200GeV (PHENIX) [ ' | &, ... pQCD, fs = 200 GeV h A :
G CD, Vs = 200 GeV ¢ %
R Y S R, 1 - i 2 5 3
S = P
2 -8k : =
) g =
910“5.— - —~ = <
=3 E - D &S
% C r S —_ N
g S N = o L

6 \ —~ O W

o 10°°F > == —_ =
pa E S L. AT F w B L
o . W™ ., - > © n

lag B L A g _ I O h m

1% s ) A gt ae 3 P
E (a) .......... E
1 L 0. I § SN Bogal I §_Raeie- ) l YR Y '
1 2 3 4
p. [GeV/c] P, GeV/c]

e PHENIX data 1s consistent among several measurements using different techniques
e STAR data 1s significantly lower

The discrepancy 1s not yet resolved
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L (a) Invariant yield : e Large COIltI'lbuthIl. from hadrqn gas and QGP
G 1 I o ) 0.2 : e Thermal rates with hydro (viscous/non
ZFa — Firball, Primordal2 | | Vlsfzous) or .blastwave evolution
ol [ \g QGP w/o viscous A57¢ e Microscopic transport (PHSD)
L 3 - QGP w/ viscous I
— PHSD 0_1: B ARE
) v, and model references b B -3 r.l .u %Ons
10 ' from PRC94, 064901 | g o5 | e Non-equilibrium effects (glasma, etc.)
« / ‘ e Enhanced thermal emission 1n large B-fields
102k ot e Modified formation time and initial conditions
0.2 k A o [FEffects at phase boundary
10°F getalciibiel 4 § e Extended emission
0.15 :—‘Convers'on e Emission at hadronization
4| p
r = Au+Au 20-40% 0.1
C\s=200GeV : el P i .
10°L - 0.05| Qualitative agreement with thermal source
" Yield from PRC91, 064904 3 o8 - : : .« o
I e | O _.| | Quantitative tension with model predictions
0 1 2 3 4
P (GeV/c)
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