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Introduction
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EM probes of the QGP

@ Real/virtual photons: produced in all stages of the fireball
evolution.
» Virtual photon = Dilepton

Final detected
particles
Freeze-out g

Initial state QGP phase Hadronization

Early time dynamics

Time: 0 fm/c < ~10" fm/c

[ALICE, EPJIC 84 (2024) 8, 813]

@ Qon <K as = Penetrating probes: minimal medium interaction

after created.
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Dileptons and photon spectral function

@ Photon spectral function: current-current correlator
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@ Dilepton production rate in the plasma rest frame: probing the
trace part
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» Invariant mass M = v K2.
» Kinematic factor B(§) = (1 + 2£)y/1 — 4¢.
» Generalize to any frame by w — v - K and |k| — /(u - K)? — M2,
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Dilepton polarization

@ The preferred direction that /T emits
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'\ ) into.
r*

@ Measured in the rest frame of v* =
Special direction set by the plasma
velocity in this frame u,.

» Even if the plasma is at rest in the lab

U (T, )
— frame.
@ Quantification: polarization coefficients
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Aoy Sin 20, cos ¢y + )\j) sin? 0 sin 2¢y + Aé}d) sin 20, sin ¢).
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Polarization and spectral function

@ p'” decomposed wrt the fluid velocity u*:

K* puvutu” Pun — PL

@ In complementary to rate « pj, = 2p1 + py1, polarization measures
Pa = PT — PL-
@ In HX frame where €, = /2 for a plasma at rest in the lab frame
(6=0)
Ag ~ PT — PL
PT T PL
see, e.g., E. Speranza et al, PLB 2018 [1802.02479].
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Polarization coefficient with flow effect

e Starting from Kapusta & Gale

dN 4e* ng(w)
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@ Generalize to any fluid velocity u* = (1, V).
@ Integrate out irrelevant kinematics

N = 3 (xz—3) (1—4€) pa |
Fa+20) 0~ (- D) (1- 4 pa
> with x, = (uf)?/ &2, & = m} /K.
o Includes flow info i, = i+ (& — 1) (i - k)k — %5 — Embedded in

M
hydro simulation.
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NLO dilepton polarization

As M — 0, the LO process qg — ("¢~ becomes kinematically
forbidden.
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Spectral function at LO and NLO

@ Leading order p,,: a single fermion loop for qG annilation
» Phase space vanishes as M — 0.
@ Next-to-leading order + Landau-Pomeranchuck-Migdal: gluon
mediated processes [J. Churchill, et al, PRC 2024, 2311.06675]

n-° . “Q” O(1)

» “NLO" = NLO + LPM hereon.
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Comparing LO and NLO polarization

Centrality 0-20 %

@ Real photons have
only T polarization
= For M < 3 GeV,
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Phenomenological approach to pre-eq

Fireball side:

o KgMPgST: evolves T,"(7,x) by QCD kinetic theory.

@ Landau matching THu" = Eu” = T extracted from QCD EoS.
Dilepton side:

@ Differential rate with T — T.

@ Less quarks than chemical eq. = suppression factor
FPo* = SF(T, T)f;/qc_l.

q/9
@ To rate: LO channel qg — ~* has two quarks; NLO channels

involve 1 or 2 quarks =- less suppressed
dRP®* = SF? . dR{Y) + SF - dRy; o

@ Suppression index a € (1,2).
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Pre-equilibrium dileptons: results

1" -7
@ Pre-eq dileptons are the - oo pee Po+Pb @ 5.02.A Tev 1
H H - — total ) B
major contributor of the 08[= - hydro Centralty 0-20 % ]
polarization in IMR - IMR: 1< M < 3 Gev

1 GeV < M < 3 GeV.

» Chemically: richer in
gluon = larger \g.

» Thermodynamically:
higher “temperature”
= stronger medium
effect = larger \g.

pr[GeV]

*uncertainties from all possible o values.
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Drell-Yan dileptons

@ DY dileptons: hard
partonic reactions at
the first instant.

@ pQCD processes, NLO
calculation by DY
Turbo [S. Camarda, et al,
EPJC 2020, 1910.07049].

@ Dominate polarization

signals for M 2> 3 GeV.
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Off-equilibrium effects

[ For a more complex p"”
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More than a single decomposition

@ Vector/tensor elements other than u”
» EM field F*, vorticity w*, shear tensor 7#*, diffusion n* ...
= more complex tensor structure in p"”
@ T & L decomposition of p** no longer holds.
@ Obtain an equation for Ay for p,, = p(o) +0puu.

@ Inmy =0 limit

2 (1 + Al ) Sp — ( - Aéo)) (6px + 0py)
4(1 +28)pv

ox = (342

> where dpj = dpj,e'ef.
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Shear induced polarization

@ Shear correction §pt”
obtained by kinetic theory 0.0

.00 { —— no shear
= limited in LO. ——_—

@ Enhancement observed in ~oo] e
low M region. . Eotqq':yow
@ See also dilepton )
polarization induced by ~0.03
plasma anisotropy: M.
Coquet, et al, PRL 2024 -0041
[2309.00555]. ° : 2 e : :
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Summary

@ Dilepton polarizations provide a direct window to measure the
in-medium photon spectral function, especially for pao = p7 — p1.

@ NLO correction in p" changes polarization signal significantly.

@ Pre-eq dileptons are the main contributor to polarization in IMR;
DY dileptons HMR.

Outlook
@ Potential of probing vector/tensor elements of the QGP.
@ Higher order in oy, lattice inputs.
@ Including hadronic gas p"” = a complete description.
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Backup: the frames
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