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Electroweak probes in heavy-ion collisions

Reactions induced by initial state photons
[ Minjung Kim ]
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High-energy electroweak probes in heavy-ion collisions

Isospin effect+“nuclear p.d.f.s”/shadowing
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Figure by H. Holopainen



High-energy electroweak probes in heavy-ion collisions

Isospin effect+“nuclear p.d.f’s”/shadowing
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High-energy photons in heavy-ion collisions

Isospin effect+“nuclear p.d.f’s”/shadowing Parton energy loss effect
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Isolated photons from ALICE  [Gustavo Conesa Balbastre (ALICE)]
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RXA and binary scaling in Pb-Pb and p-Pb collisions

INAA [Gustavo Conesa Balbastre (ALICE)]
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Binary scaling in d-Au @ 200 GeV [ Vassu Doomra (PHENIX) ]
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~Low-energy photons/dileptons in heavy-ion collisions
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Electromagnetic radiation from deconfined medium

Figure credit: J-F
Paquet and Scott

Moreland " Electromagnetic radiation from medium can probe:

" Chemical equilibration & general early-stage
dynamics of heavy-ion collisions

<rr

" Electromagnetic fields at early time

" Electric conductivity of plasma
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Photons and dileptons
radiation from plasma




Transverse profile (fm)
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Pre-equilibrium emission: a quasiparticle picture

= Photons/dileptons rate per spacetime volume
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f (pq, X) far from Fermi-Dirac/Bose-Einstein at temperature T(X)



Transverse profile (fm)
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Pre-equilibrium emission: a quasiparticle picture

= Photons/dileptons rate per spacetime volume
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= Pre-equilibrium photons/dileptons:
f(py, X) far from Fermi-Dirac/Bose-Einstein at temperature T(X)

" Two different approaches, based on early-time attractors:
= Track thermalization of f(p, X) with QCD kinetic theory [Oscar Garcia Montero]

" Track thermalization of energy-momentum tensor to estimate
f(0a, X) = feq (Pa, X) + 6f (Pa, X) [Xiang-Yu Wu]
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Pre-equilibrium v. thermal dileptons

[Oscar Garcia Montero]
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[X|ang Yu Wu]
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Pre-equilibrium v. thermal dileptons

[Oscar Garcia Montero]
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Magnetic field & pre.-eq dileptons

[ Han Gao ] q g
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Magnetohydrodynamics and electric conductivity

[Nicholas J. Benoit] . [Kento Kimura]
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Thermal dileptons: probing QGP and in-medium
properties of hadrons
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Dilepton invariant mass spectrum: signal vs background
[ Jiaxuan Luo (STAR)] STAR dilepton results for the isobar run

E.: 10° ™ STAR RuRu + ZrZr |5y = 200 GeV (0-80%) Physical background (Cocktails):
; 11" > yee & P — nN—>yee - ® —ee & ® — Tee ° ) - (54 + e =

é SR SR —i- > ee &b —TNee === Jy—> ee 6¢’]/,1/) + —

E '., -=--bb—oee = ==-s- cc — ee — DY — ee e T[ ,n,n — ye e

; i STAR Preliminary — Cocktail Sum —e— Data ° W ~-OT 0 e + e —

-

¢« ¢ onete”

— + - Modified for
e cc—oe'e X
b effect of energy
* bb—-eTe™ X

loss
e Drell-Yan

L )
Loy
10 =
N Teel
Bl -
3 X
.....
.

an il
4

.......

et e e gl d LTS L

CQE—
M., (GeV/c?)

Signal: - p meson decay with finite-temperature effects (“broadening”)
- Dilepton emission from quark-gluon plasma and hadronic interactions
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Dilepton excess in beam energy scan [ Chenliang Jin (STAR) ]

Excess = Measurement - Background
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Dilepton excess in good agreement with
theoretical expectation
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Probes of low temperature, high density medium

[ Kentaro Hayashi ]

Dilepton to study
inhomogeneous chiral
condensed phase
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[Florian Seck]

Dilepton polarization to

distinguish different sources
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Isolating the dilepton background

[ Jerome Jung; Florian Eisenhut; Emma Charlotte Ege (ALICE) ]

Topological separation
Approach

Distance-of-closest approach (DCA):
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[ See also Vassu Doomra
(PHENIX) for p+p results ]
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Thermal (direct) photons: probing QGP and in-medium
properties of hadrons
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Photon correlation
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Direct photon Bose—Einstein correlations from ALICE
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Photon correlation

Direct photon Bose—Einstein correlations from ALICE
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Photons in high-multiplicity proton-proton collisions

> ST [ Jerome Jung (ALICE) ]
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Low pr direct photons in beam energy scan

[ Xianwen Bao (poster+flash talk) ]

A+A >y  +X Au-Au@27GeV Also measured at 54.4 GeV

10° Au+Au@ 27GeV

- Centrality:0-20 (x 10?)

- Centrality:20-40 (x 10%)
-+ Centrality:40-60 (x 10%
- Centrality:60-80 (x 10™)

d*Ny,,./2nprdprdy)

Strong incentive to improve low pr photon calculation in proton-proton collisions (or measure it)
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Low pr direct photons in beam energy scan

[ Xianwen Bao (poster+flash talk) ]
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Also measured at 54.4 GeV
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Strong incentive to improve low pr photon calculation in proton-proton collisions (or measure it)




Low pr direct photons in beam energy scan

[ Xianwen Bao (poster+flash talk) | Also measured at 54.4 GeV
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SUMMARY
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= Exciting new data for low py photons and low/intermediate invariant mass dileptons:
o 2 E ool +0.
" STAR photon spectrum in Au-Au @27&54.4 GeV T STAR AutAu10 <p_30Gevie 5
2 | — A@N_ /dn)® Fit to STAR Data( 1o )<>
o) B —-4- 200GeV 5
= STAR dilepton spectrum for isobars and beam energy scan ' STARPrliminary o

y
© @ 27GeV ¥ ?‘

= ALICE low p7 photon spectrum and HBT radii Pb-Pb @ 5.02 TeV "

102k

e

ALICE, Pb+Pb, 1.0 < P, <5.0GeV/c

—=— 2.76TeV
5.02TeV

= ALICE photon spectrum in high-multiplicity p-p @ 13 TeV

PHENIX, Au+Au, 1.0 < P, <5.0GeV/c

= PHENIX dilepton spectrum in p-p @ 200 GeV “F ek
= Great opportunity for the theory community to constrain: dNey/dn

= Early stage of heavy-ion collisions (equilibration, magnetic field, ...)
" Intermediate energy collisions and QCD at finite baryon chemical potential

= Finite temperature properties of QGP and hadrons

J-F PAQUET (VANDERBILT UNIVERSITY)



Multimessenger astrophysics

Gravitational waves

y-rays y-rays

MAGIC

Cosmic rays 4 Neutrinos

Pierre Auger Observatory IceCube

Figure ref.: Mészaros, Fox, Hanna and Murase (2019) Nature Reviews Physics
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Multimessenger heavy-ion physics

mmmmmmmmm (stave) Water-scaled sensor (1chip)

ALICE ITS3: LHC Runé (2029 - 2032) FAIR

NAG0+ Lol
arXiv:2212.14452
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Magnet
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borrowed from
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ALICE3 Lol Vertex detector
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PHENIX

Dileptons in p+p 200GeV

PH.ENIX

Vassu Doomra (Tue. 11:10 Thermal)

Run 2015 p+p, Vs =200 GeV, Il <0.35
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J-F PAQUET (VANDERBILT UNIVERSITY)

Baseline for thermal photons at IMR in Au+Au

PHENIX OVERVIEW at Hard Probes 2024, Sep. 23
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Effective temperatures

[ Chenliang Jin (STAR) ]
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% = —e— STAR Au+Au 27 GeV (0-80%)
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[ Vassu Doomra (PHENIX) ]
Phys.Rev.C 109 (2024) 4, 044912
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Binary scaling in Pb-Pb and p-Pb collisions

dANAA dNPP

dpyT / dpyT = Npinary +(correction from isospin, nuclear p.d.f,, frag. photon energy loss)

pr averaged R4y

15% deviation is seen in peripheral collisions

Peripheral > Central g
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