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Uniqueness of electromagnetic and weak probes

Freeze-out ... EPJC 84, 813 (2024)

Hadronisation @ = ...
QGP formation

h

re-equilibrium

Time: 0 fm/c

e Emitted from all stages of the collision
e | eave the system with negligible strong final-state interaction
e Carry undistorted information at the time of their production
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Source of electromagnetic and weak probes

Freeze-out ..o EPJC 84, 813 (2024)
Hadronisation @ ... |

QGP formation
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Time: 0 fm/c <1fm/c ~10 fm/c ~101° fm/c
Hard scatterings Pre-equilibrium phase Thermal radiation Chiral symmetry restoration
e Test pQCD * Mechanism of equilibrium ¢ Constrain space-time evolution ® p broadening
* Constrain nPDFs * Averaged temperature * p-a1 mMixing

* Reference for medium response
(y-jet, Z-jet)
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Direct photons

Schematic view of direct-photon prt spectrum  pirect photons: photons not originating from hadron decays

\ Hot hadronic matter o exp(—p,/T"™) * Prompt photons
> Initial hard scatterings

2 > Fragmentation
">\ QGP
> N \ e Pre-equilibrium radiation
N Y
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> Hot hadronic matter
"\ Prompt
Pre-equilibrium>. ~_ e Jet-medium photons (Not covered in this talk)
- I —————————SSSSS ‘ﬁ
photon pr (GeV/c)

Emission time
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Direct photons in PHENI
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* Nonprompt direct photons = direct photons — prompt photons = pre-eq. + thermal photons
e Experimentally, direct photons in AA — Ncg-scaled pp data at the same energy
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Interpretation of inverse slope Tef
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Vassu Doomra, Sep. 24th
PRC 109, 044912 (2024), PHENIX

e Teff from nonprompt direct photons
* No clear dependence on dNcw/dn,
but small increase is not excluded either

e Naive idea:
> higher pr; earlier emission and higher T
e |In reality:
> Blueshift due to radial flow
- Global effect is small due to integration over

space-time T
- Can be studied by simple model: T, = ;f;
> Pre-eq. contribution 1 2 ;;f

arXiv:2205.12299
arXiv:2305.10669
arXiv:2308.09747
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Direct-photon puzzle
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Vassu Doomra, Sep. 24th
PRC 109, 044912 (2024), PHENIX
Theory curve: PRC 105, 014909 (2022)

e | arge yield: early emission
e | arge v2: late emission

e Difficult to describe the large
yield and v2 simultaneously

* Not observed in ALICE due to

large uncertainty
PLB 789 (2019) 308, ALICE
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Direct-photon HBT in ALICE
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First direct-photon measurement at pr ~ 0.3 GeV/c at the LHC
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Direct photons in small system with ALICE
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MB
HM

Jerome Jung, Sep. 24th

e First measurement of direct photons
in pp at low pr at the LHC

* MB: described by both prompt only
and prompt + thermal radiation

 HM: significant increase of the yield
from that in MB pp

e Challenging to calculate direct
photon yield in HM pp collisions
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Scallng of dlrect-photon vields vs. dNcn/dn

Jerome Jung, Sep. 24th
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Isolated photons iIn ALICE
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Gustavo Conesa Balbastre, Sep. 25th
arxXiv.2409.12641
arXiv:2407.01165

CMS, JHEPO07(2020)116
-~ In"|<1.44,1<1GeVic,R=04
5 Stat. unc. L. . unc.

Syst. unc. (T AA) unc.

e Raa Is consistent with unity
> Not modified in QGP as expected

e Sensitive to fraction of fragmentation
photons passing the isolation cut
1.2F T T 4 » Interesting for theoretical models
pp | » Theory (NLO) controls the isolation
| mechanism for fragmentation y and

et ~ | prompty in both pp and Pb—Pb

f R(0.4/0.2)

_ | NLO (JETPHOX): p'*° <2 GeV/c, BFG Il FF
1 R S op NNPDF40, Pb—Pb nNNPDF30

10 20 30 40 10° . Statistical unc. ATLAS paper
p; (GeVic) - PDF unc. ' JHEP07(2023)086
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Dileptons

Schematic view of dielectron mass spectrum

S
o Hot hadronic matter
-
=
5 dN/dm,, ~ (m, T)"*exp(—m, IT)
2 | \;\»:\ Q G P ee ee ee
q) \\ . a g .
- N Pre-equilibrium
__Drell-Yan
dielectron invariant mass mee (GeV/c2)
Emission time Y

Additional information: invariant mass
e Serves as a clock
» Differentiate EM radiations from different
stages

* No radial flow effect
> Average temperature of QGP without
blueshift

e Sensitive to in-medium spectral function of
P Meson
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Thermal dielectrons with STAR

e BES-| : Vsnn = 19.6, 27, 39, 62.4 GeV
e BES-Il : Vvs\n=7.7. 9.2, 11.5. 14.6, 19.6 GeV
e |sobar collisions (Zr+Zr, Ru+Ru)

STAR BES-I: PRC 107, L061901 (2023)
Chenliang Jin, Sep 24th
Jiaxuan Luo, Sep 24th

Exploring different total baryon density and temperature

16 : - - - =
10 i SeTAR Au+Au 80{: STAR Preliminary W —&— STAR RuRu + ZrZr 200 GeV (0-80%) U - —®— STAR RuRu + ZrZr 200 GeV (0-80%)
s p;>0.2 GeV/c In®l < 1 > > |
10 Iyeel <1 —— n—e'e & w-onlete —— ¢—e'e & pome'e § 10—6 TLI\'IR fit (200 GeV) § 10—6 i— """"" TII\IR ﬁt (200 GeV)
- Jhy—ete — n’—yete’ ~
1014 T ‘e '—yye'e Q : - - |I| E #
B ey E B + L STAR Preliminary S/ - * - STAR Preliminary
1012 — Cocktail Sum —8— STAR Data § i‘ * . ‘ """" " _,_‘ nan 5 10—7 . 'E'*
1010 77 GeV X 1016 Z-S . Sh “\“ Zﬁ E -E-LL"BT\.
= : \I\—/ ; “\ ; B - E."-.
© 10° *— 9.2 GeV x 10" =3 e £ 10° e .
E : | = 0.3<p_<5.0 GeV/c L = : 0.3<p_<5.0 GeV/c
= 10 7 2 107} Data— Cocktail . S - Data — Cocktail H' i
S 10 <+~ 11.5GeVx 10° 2 - fit by (a*BW+b*M ™) x ™7 “ 2 107 fitby M7 xe™T “|
\ £ | Temperature =199 + 6 MeV & E Temperature =293+ 11 MeV
102 g 3 — 1 L 1 l 1 1 1 I 1 1 1 l 1 L 1 I 1 E B 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1
= . 0.2 0.4 0.6 0.8 1 1.2 0.5 1 1.5 2 2.5
i 14.6 GeV x 10 M., (GeV/c?) M., (GeV/c?)
A
1072 ‘.&‘- . Isobar 200GeV 200GeV
\/A ‘ eCy TimR =199 £ 6 (stat.) £ 13 (sys.) MeV Timr —~ =293 = 11 (stat.) £ 27 (sys.) MeV
el S8 ‘ Seou -
- - Difficult to extract T from LMR due to p broadening.
S S R e ey Sy 6 | . "
B T Looking forward to results in Au+Au at 200 GeV!
e (GEV/C

Sep.26th, 2024 (HP2024)

Daiki Sekihata (CNS, U.Tokyo)



Thermal dielectrons in ALICE

Jerome Jung, Sep. 24
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Excess of dielectron at low mass in ALICE

Jerome Jung, Sep. 24
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Topological separation in ALICE

Florian Eisenhut (poster)
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Dielectrons in PHENIX

Sep.26th, 2024 (HP2024)

_ Run 2015 p+p, Vs =200 GeV, Inl < 0.35
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Vassu Doomra, Sep. 24th

e Huge photon conversion rejection
e Good agreement between measured
signal and hadronic cocktail
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Low-mass and low-pr y* in HADES at S1S13
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e Motivation: extract electric conductivity. Namely, dilepton yield at p = 0 GeV/c with Mee—0.
> Phase-space coverage in low mass and low momentum is critical
e Au+Au at Vsnn = 2.23 GeV with low B field to be collected in 2025
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EW boson productions in ALICE
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e Sensitive to initial condition of nucleus
e Ratio to CT14 is smaller than unity at large rapidity
» Suggests modification of PDF
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PLB 800 (2020) 135048, CMS
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Future facllities

ALICE ITS3: LHC Run4 (2029 - 2032) NAGO+: Alexander Milov, Sep. 24th

. Modulestructure(stave) Wafer-scaled sensor (1chip) IT83 Bong_HWI le, Sep 24th
| FARRA ALICE3: Cas Van Veen, Sep. 24th

e Differential study of thermal radiation
e Chiral symmetry restoration
. Precise pointing resolution is the key to reject leptons from charm hadrons.

=31.5 mm
Absorber - — Magnet RICH
ECAL

ITS half 1B ITS3 engineering model Muon chambers ',

——FCT

TOF

NAG6O+ Lol ALICES Lol Vertex detector

arXiv:2212.14452 arXiv:2211.02491
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Summary

e Direct photons
> Direct photon puzzle still there
- Need common efforts from experiment and theory
» Prompt photons serve as a reference to study medium response in QGP

e Dileptons
» Different ys and temperature with different accelerators
> Significant experimental progress has been recently achieved concerning HF rejection.
> V2 vS. mass will ultimately solve the direct photon puzzle. (LMR: hadronic phase, IMR: partonic phase)

We have variety of temperature results with both direct photons and dielectrons now!

e EWW bosons
> Sensitive to initial condition of heavy-ion beam
» Suggest modification of PDFs

Many thanks to Harald Appelshauser, Raphaelle Bailhache, Vassu Doomra, Jerome Jung, Jean-Francois Paquet, Klaus Reygers,
Shingo Sakai, Florian Seck, Sebastian Scheid, and Ye Zaochen for discussions.
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