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Physics motivation for dielectrons
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* Pre-equilibrium radiation

- Reflects parton dynamics in pre-equilibrium and
pre-hydro stage

 Thermal radiation

- Thermodynamical properties and space-time
evolution of hot QCD matter and hadronic matter

E_ Pre-eq: _E
I W\_
§ I I | | I I | | I I | I I AN | | I I | | I I L1 1= 3
0 0.5 1 1.5 2 2.5 3 3.5

N

dielectron invariant mass m,, (GeV/c

)

05.Sep.2023 (QM2023) Daiki Sekihata (CNS, U.Tokyo)



Physics motivation for dielectrons
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- Thermodynamical properties and space-time
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and hadronic matter

* Hadronic decays

- Space-time evolution and medium interaction
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EM signal = Excess beyond known hadronic sources
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ALICE apparatus at the LHC

Inner Tracking System (ITS)
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- Vertexing

- Tracking

Time Projection Chamber (TPC)
- Tracking
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- Particle identification
Time of Flight (TOF)

- Particle identifica

VO at forward rapidity

- Triggering
- Multiplicity determination

Analyzed luminosity *

Pb-Pb at 5.02 TeV 85 ub-1in 0-10%

pp at 13 TeV 30 nb! in minimum-bias (MB), 5.8 pb-! in high-multiplicity (HM) top 0.1% events
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Dielectron production in central Pb—Pb collisions at Vs, = 5.02 TeV
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« Comparison to hadronic cocktails
- N.g-scaled heavy-flavor (HF) (PRC 102 (2020) 055204)
- Modified HF by Rax of c/b—e (PLB 804 (2020) 135377)
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* Raa-modified cocktail can describe data better in the
intermediate mass region (IMR: 1.2 < mg < 2.6 GeV/c?)

- Including parton energy loss and shadowing (EPS09) for
heavy quarks
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Dielectron excess in central Pb—Pb collisions at Vs = 5.02 TeV
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Dielectron production in central Pb—Pb collisions at Vs, = 5.02 TeV
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First DCA,, analysis in central Pb—Pb collisions at Vs, = 5.02 TeV
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First DCA¢e analysis in Pb-Pb collisions

- Template fitin 1.2 < m.. < 2.6 GeV/c?

Scaling factors to obtain the best fit are:
[0.74 £0.24 (stat.) £0.12 (syst.)] X (N¢on1)
- Charm: [0.43 =0.40 (stat.) = 0.22 (syst.)] X (Ncon)

3.17 £3.81 (stat.) £0.35 (syst.) w.r.t. Rapp model
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Extracting direct photon signal from dielectron m,, spectrum
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Direct photon production in central Pb—Pb collisions at Vsyy = 5.02 TeV
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Direct photon dN/dy vs. charged-particle multiplicity

» Latest model describes multiplicity dependence
ALICE, Pb-Pb, 1.0 < p. < 5.0 GeV/c, U.L. at 90% C.L. f d t h t . Id th . nt I
° M= 5.02 TeV, arXiv:i2308.16704 ¢ \(%= 2.76 TeV, (PLB 754, 235 O IreC. p oton yle S within experlme a
VS\ = 502 TeV, Preliminary 4 sy = 2.76 TeV, Preliminary uncertainties.

C. Gale et al., PRC 105, 014909 - Photons from all stages (PRC 105 014909)

— Pb-Pb, \[sy = 5.02 TeV
—Pb-PD, sy =276 TeV See real direct photon productions in ALICE
by Carolina Arata on Sep.5th
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- 1 ALICE also measured direct photons in pp at 13 TeV.
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https://indico.cern.ch/event/1139644/contributions/5540094/

Search for thermal radiation in small systems

minimume-bias pp collisions
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First measurement of direct photons in small
systems at low pt in ALICE

- Direct photon fraction r=0.01 ~ 0.03

Data can be reproduced by both
prompt only and prompt + thermal radiation
in MB pp collisions.

Significant increase of direct photon yields in
high-multiplicity pp collisions

- Challenging to calculate photon productions
in HM pp collisions
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Direct photon dN/dy vs. charged-particle multiplicity

» Latest model describes multiplicity dependence
ALICE, Pb-Pb, 1.0 < p_<5.0 GeV/c, U.L. at 90% C.L. f direct phot ield ithi , tal
® |5\, =5.02 TeV, arXiv:2308.16704 4 \[s, =2.76 TeV, (PLB 754, 235) 0 'reC. p. oton yields within experimenta
VSan = 502 TeV, Preliminary + Vs = 2.76 TeV, Preliminary uncertainties.

C. Gale et al., PRC 105, 014909 - Photons from all stages (PRC 105 014909)

— Pb-Pb, |8y = 5.02 TeV
— Pb-Pb, sy = 2.76 TeV
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First raw m,, spectrum in Run 3
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05.Sep.2023 (QM2023) Daiki Sekihata (CNS, U.Tokyo)

7 W0grT T T T 1 T 113 « ALICE recorded huge statistics in 2022 and 2023.
N ALICE Performance -
§ 102 pp (5= 13.6 Tev . - 0.97 pb' analyzed for the left plot
3 p. >0.2GeV/c, In | <0.8 : - 0.03 pb'in Run 2
=~ 10°F N, =579x10" 5
Ew e /M -
© 10 ﬁ/p g« Clear dielectron signals in pp at 13.6 TeV
59 - i .
%“’ 105k 3.‘15 hy . - ° and n Dalitz decays
> - ] - o/p/¢p peak
> 10°L \A - Pip P
= s 8 w(29) - - Jiy and y(2S) peak
10 §— '~.~’+ —§ - Y peak
108 -, Y o - HF continuum in the intermediate and high mass
= B aRst SIUPPY E regions
- —+- ]
10'95— ++—+__%
- New in Run 3 -
10—10 ] ] ] | ] ] ] | ] ] ] | ] ] ] | ] ] ] | ]
0 2 4 6 8 10

14



First raw m,, spectrum in Run 3
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DCA.. spectra with new ITS

» ALICE recorded huge statistics in 2022 and 2023.
- 0.97 pb-" analyzed for the left plot
-0.03 pb'in Run 2
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Separation power with DCA_, in Run 3

10 » ALICE recorded huge statistics in 2022 and 2023.
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Summary

P ALICE measured y"—e*e™ to study early stage of hot and dense QCD matter.
- First direct photon results from small to large systems via dielectrons in ALICE

-- Crucial inputs for theoretical developments in HM pp collisions

-- The latest model including photons from all stages describes Pb—Pb data.
- First DCA,. analysis to separate dielectrons from heavy-flavor and thermal radiation

 Dielectron results become even more exciting in Run 3, 4 and beyond.
- Expected 200 pb' in pp at Vs = 13.6 TeV and 7 nb™' in Pb—Pb at Vsyy = 5.36 TeV in Run 3
- Precise vertexing to separate electrons from heavy-flavor hadrons and thermal radiation

Dielectron in ALICE 3
Poster by Horst Sebastian Scheid

Topological separation of dielectron signals with machine learning
Poster by Jerome Jung
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Impact parameter resolution
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Integrated luminosity in 2022
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Dielectron excess in central Pb-Pb collisions at 5.02 TeV
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Soft dielectron excess in peripheral Pb-Pb collisions at 5.02 TeV
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Soft dielectron excess in peripheral Pb-Pb collisions at 5.02 TeV
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JHEP 06 (2023) 024
- Larger significance in peripheral collisions

« Excess beyond hadronic cocktail

« Excess compared with photon-photon interaction
- All models can reproduce the data within uncertainties.
- STARIight tends to underestimate the data

QED : Leading-order QED
Wigner : Wigner functions in momentum and impact-parameter space
: Equivalent photon approximation approach

Y ~G

Electromagnetic
interaction

Photon-photon
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Direct photon dN/dy vs. charged multiplicity

dN/dy of ydirect |
o
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ALICE, Pb-Pb, 1.0 < p_<5.0 GeV/c, U.L. at 90% C.L.
® |5 = 5.02 TeV, arXiv:2308.16704 ¢ |5, = 2.76 TeV, (PLB 754, 235)
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— Pb-Pb, \/SNN =276 TeV
Au-Au, \/sNN =0.2 TeV

pp, Vs =13 TeV, 1.0 < p, <3.0 GeV/c

% ALICE Preliminary

C. Shen et al., PRC 95, 014906
A Prompt

V Prompt + Thermal

D=0t

PHENIX, 1.0< p_<5.0 GeV/c

+ \sy = 2.76 TeV, Preliminary

New
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STAR, 1.0< p, < 3.0 GeV/c
= Au-Au, \/sNN =0.2TeV (PLB 770, 451)

Au-Au, \[s = 0.2 TeV (arXiv:2203.17187)
pp, s = 0.2 TeV (PRC 91, 064904)
pp fit x Tpa, Vs =0.2 TeV

—
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Latest model describes multiplicity dependence
of direct photon yields within experimental
uncertainties.

- Photons from all stages (PRC 105 014909)

New data points in pp at 13 TeV via dielectrons
-dNg/dn =7 (MB) and 30 (HM)
- Crucial inputs for theoretical developments
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