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ALICE

o Motivation: dielectrons in heavy-ion collisions

o Dielectron analysis of central Pb—Pb collisions in Run 2 (2015 - 2018)

o Upgrades of the ALICE detector for LHC Run 3

o First look at dielectrons in pp & Pb—-Pb collisions in Run 3 (2022 - ongoing)
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Motivation
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heavy-ion collision hot hadronic phase hadronic decays

Dielectrons (correlated ete- pairs):

o Created in all stages of the collision

o Do not interact strongly (no final-state interactions)

o Carry information about their production mechanism into the detector

—> ideal probes to study the properties of strongly-interacting matter, produced in heavy-ion collisions
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heavy-ion collision hot hadronic phase hadronic decays

Heavy-ion (Pb—Pb) collisions:

o Chiral-symmetry restoration (modification of spectral function for vector mesons)
o Thermal radiation throughout the medium evolution

o De-correlation of heavy-flavor pairs in the medium

o Constrain the space-time evolution of the collision

proton-proton (pp) collisions:
o Vacuum baseline for Pb—Pb studies (heavy-flavor, direct photons, Drell-Yan)
o Establish analysis techniques & search for new physics (onset of thermal radiation)
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Motivation

Composition of the dielectron spectrum:

yield

(GeV/c?)
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Composition of the dielectron spectrum:

o Initial stage of the collision:
Drell-Yan and hard scatterings
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Composition of the dielectron spectrum:

o Initial stage of the collision:
Drell-Yan and hard scatterings

o Thermal radiation from medium:
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Motivation

Composition of the dielectron spectrum:

yield

o Initial stage of the collision:
Drell-Yan and hard scatterings
hot

hadronic

phase

o Thermal radiation from medium:

hot hadronic phase

— separation of collision stages via invariant mass (mee)

Drell-Yan
e —
|__{_"—_T|_T|—m>
0 1.2 2.6 ee
l , (GeV/c?2)
OW mass region
(LMR)
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ALICE

Composition of the dielectron spectrum:

yield

o |nitial stage of the collision:
Drell-Yan and hard scatterings

hot
. | hadronic
o Thermal radiation from medium: \ phase

hot hadronic phase
hadronic

— separation of collision stages via invariant mass (mee) decays

o Large combinatorial & physical backgrounds: hadronic decays x Drell-Yan
° _ Cl O | \
o Light-flavor (LF) mesons and quarkonia (m°, n, p, w, &, J/Y) é———ﬁ—.—m>
o Semi-leptonic decays of correlated heavy-flavor (HF) hadrons 0 1.2 26 Gev/e?)
low mass region
(LMR)
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ALICE

Relevant Detectors for Dielectron Analysis ALICE

Vi N N\ R G

o Tracking
o Electron identification

e

o Inner Tracking System (ITS) I
o Tracking

o DCA measurement
o Photon conversion rejection

o Time of Flight (TOF)
o Hadron rejection
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ALICE

Expectations from known hadronic sources (cocktail): ALICE, arXiv:2308.16704
o i : - . = 5. ALICE [®|Data
o0 [ol ([N No-scaled HF measured in pp at Vs =5.02 TeV E (o Pt (502 T0V St (s
- ¥ 02<p, <10GeVic,n|<08  mcocktail (RS % -modified HF)
—> vacuum baseline = 10k 00<p, <80 GeVio

— Light Flavor w/ p — e*e", e'e X
S Jy — e'e, e'ery
o Good description of m%-Dalitz and J/y decays — 5 — e (N, )-scalec)

—bb — e*e" ((N )scaled
| cC — e'e” (R, Cb ~*_modified)
---bBeee (RS °b ~*_modified)

o Indication of HF suppression compared to pp
— expected due to cold- and hot-nuclear matter effects

o [0 4=[PH include measured Raa of c/b—>et

— modified-HF contribution

o

N

—h

Cocktall

N O

Data

o Overall improved description of the data including
HF suppression

Data
Cocktail

o

5
2
5
1
5
5
2
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ALICE

Subtraction of known hadronic sources without p ALICE, arXiv:2308.16704

o Comparison to theoretical models (R. Rapp): & 10?2 ALICGE
S 0-10% Pb-Pb s, = 5.02 TeV
. . . O 02<p _ < 10 GeV/e, Inel <0.8
o in-medium p from hot hadronic matter 8 | [ 00<p <80GevIc
° a3 ' = |Data - Cocktail (LF w/o p + JAp + (N_)-scaled HF)
HES [¢]Data - Cocktail (LF w/o p + J/y + R:, ~*-modified HF)
% O R.Rapp, Adv. HEP. 2013 (2013) 148253
—Sum
L MR: ’_ ----thermal radiation from QGP
. ‘ in-medium p
: : . .. N : A h limits at 90% C.L.
o Excess compatible with model prediction I oW STOW Hpperimi=
F T N
. . “- (%
o Some tension in 0.5 < mee < 0.7 GeV/c? ; ‘
—> more data needed to confirm RN — Il
IMR: ' III T l k
o Large uncertainties after cocktail subtraction
—> cocktail-independent approach needed to access QGP I Ry Sy S 8

m,. (GeV/c?)

13
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ALICE
Separation of prompt and non-prompt sources based on their decay topology:
— distance-of-closest approach (DCA) to the primary vertex:
o Tracks of prompt decays (LF) - small DCA
o Tracks of late decay time (HF) - large DCA
DCA:
DCA;
2 2 DCA
o DCA of the pair: DCAge = (DCA1/04) ; (DCAy/0)) * vertex .// ¢
DCA;
vertex
o Method only relies on the well-known decay kinematic prompt non-prompt

— independent of cocktail and theory input

o Requires high-resolution vertex detector
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ALICE

Upgrades for LHC Run 3

o New ITS CMOS MAPS technology

—> improved pointing resolution
and faster readout

o New

— higher data acquisition rate
due to continuous readout
(up to 50 kHz in Pb-Pb & 1 MHz in pp)

2023&2024: factor ~20 more Pb-Pb and
~1000 more pp events than in Run 1&2
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ALICE
First dielectron analysis with pp data from 2022: 2022 data

o High statistical precision due to upgraded ALICE detector

ALICE Performance = Unlike-sign

o Much further in mass ¥ pp Vs =13.6 TeV O Like-sign

compared to published Run 2 results i,“efg'igGeYéfé 7] <0.8 . Signal
Phys. Lett. B 788 (2019) 505 & arXiv:2411.14366 E No =579 %

—> enables search for prompt sources in pp
(Drell-Yan & onset of thermal radiation)

— topological separation (DCAce)
of prompt & non-prompt sources crucial
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ALICE

Extract DCAce templates from full MC simulation 2022 data
—> separate prompt and non-prompt dielectrons

o Prompt: LF & J/P decays
o Charm: DO, D%, Ds & Ac decays

ALICE Simulation MC templates

_ — Prompt
pp Vs=13.6 TeV Charm
p. > 0.2 GeV/c, n_|<0.8

(c7)

z
ee

-+= Non-prompt J/y
o Beauty: different decay channels of b-hadrons

o Nlon-prompt J/W: constrained from Run 2 measurement

1/dN., dN2"/dDCA
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ALICE

Template fits are performed directly to raw spectra 2022 data
in different mass intervals:

ALICE Performance = Data
pp Vs=13.6 TeV —MC template sum
p._ > 0.2 GeV/c, |ne| <0.8 Charm

3.00 < m, <3.05GeV/c2 -—Beauty
— Prompt

(67

z
ee

o J/ region as control region with dominant prompt signal

— data well described by sum of all templates
— validating DCA resolution in MC simulations

- Non-prompt J/y

1/dN., dN/2*/dDCA

=
~—
L
©
A
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ALICE
Template fits are performed directly to raw spectra IMR region 2022 data

in different mass intervals:

ALICE Performance = Data
pp Vs=13.6 TeV —MC template sum
p._ > 0.2 GeV/c, |ne| <0.8 Charm

210 < m,, <2.30 GeV/c2 --Beauty
— Prompt

(67

z
ee

o J/ region as control region with dominant prompt signal

— data well described by sum of all templates
— validating DCA resolution in MC simulations

ee

- Non-prompt J/y

ee

o [MR as region of interest
— search for additional prompt signal

— data at high DCAce fully described by HF templates
— additional prompt contribution at small DCAce
preferred by data

<
@)
O
RS
:

Z
©
2
S

Data/Fit
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Goal: unfold mass spectrum via DCA fits
—> separate sources independently from hadronic cocktail

DCAce template fits performed in slices of mee:
o LF peaks described by prompt contribution

o Non-promjpt HF contribution describes continuum

— Indication for prompt contribution in IMR

1/N,, dN2"/dm,, (GeV/c?)™

Next steps:
o Final correction

o Comparison to hadronic cocktail sources
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ALICE Performance
pp Vs=13.6 TeV
p. > 0.2 GeV/c, 7 |<0.8

ALICE

Data

Fit contributions
Prompt
Non-prompt
stat. uncert. only




ALICE

ALICE Performance = Run2,pp {s=13 TeV
p. >0.2GeVic N, =4.41x10% IR = 1 kHz ALICE Performance

.l <0.8 * Run3, pp {s=13.6 TeV 10-90% Pb—Pb, {s\ = 5.36 TeV
Nev =579 x 10", IR = 500 kHz p._>0.4GeV/c,|n|<0.8

Pb—Pb

o Analysis much more challenging than in pp collisions

o S/B decreases by factor of 100 - much higher precision of background required
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ALICE

First look at dielectron signal in Pb—Pb collisions extracted raw dielectron signal
in Run 3:
o Effeqtive interaction rates be’gween 6 and 43 kHz, ALICE Performance ¢ ULS=S +B
continuous readout (Run 2 trigger rate < 1 kHz) 10-90% Pb-Pb, 5, = 5.36 TeV 0 B=LS xR
- : . 4 GeV . - ULS - B
o 900 million events in 10-90% centrality pte”je /. 1l < 0.8 P o=ULS
++¢0 ——_

(only subset of 2023 Pb-Pb data of 1.5 nb-1) - ——
o About same amount of data recorded in 2024

— characteristic features (m® and J/{ peaks)
clearly visible

Next steps:
o Analysis of full statistics

o DCA analysis
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ALICE

Dielectrons are the ideal probes to study properties of strongly-interacting matter in heavy-ion collisions

Run 2 Pb-Pb: Excess in LMR visible & compatible with theory
However, statistical limitation to extract thermal signal in the IMR

Run 3 pp: High statistical precision due to upgraded ALICE detector
—> unfolding mass spectrum with topological separation possible

Run 3 Pb-Pb: Initial performance studies completed
— further studies to improve signal extraction ongoing
— perform DCA template analysis of raw signal

— more data to be recorded in Run 3 & 4
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ALICE

Emma Ege — Dielectrons with ALICE — Bormio 2025 24



Expectations from known hadronic sources (Cocktail):

o

—> vacuum baseline

o0 4=[|PH include measured Raa of c/b—>et

— modified-HF cocktail

o

Comparison to theoretical models: R. Rapp &
R. Rapp, Adv. HEP. 2013 (2013) 148253 & PHSD, PRC 97 (2018) 064907

—> excess in LMR expected from p mesons produced
thermally in the medium
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o0 [ol ([N No-scaled HF measured in pp at Vs =5.02 TeV

b 0.2< p;. < 10 GeV/c, <038
s 0-0<p;  <80GeVic -~ Cocktail2 + QGP + in-medium p (PHSD)

\®)

Data
Cocktail

; : n o ]
IO Gl I O
! /

Data
Cocktail

o

ALICE
ALICE, arXiv:2308.16704

ALICE

0-10% Pb—Pb s = 5.02 TeV Cocktaill + QGP + in-medium p (R.Rapp)
— Cocktaill + QGP + in-medium p (PHSD)
(
(

Cocktail2 + QGP + in-medium p (R.Rapp)

(@] Data

= Cocktaill (LF w/o p + JAp + (N__ )-scaled HF)
£5 Cocktail2 (LF w/o p + Jhp + R, -modified HF)

QGP + in-medium p (R.Rapp)
-+ QGP + in-medium p (PHSD)




ALICE

First DCA analysis in Pb—Pb at Vs =5.02 TeV ALICE, arXiv:2308.16704
o Extraction of signals via template fits in the IMR:
' ALICE @Data
o -0.74 £0.24 (stat.) +0.12 (syst.) X Neoll scaling 0-10% Pb—Pb |5y, = 5.02 Tey  — cocktall sum
. . . . . . —cc—e'e ((N_ ) scaled x 0.43)
contribution fixed via separate fit at high pree 04 <Py, < 100GV 1] <08 g5 (N scala x 074
2 < Mg < c. ev/c Jy - e'e, ye'e
0 -0.43 + 0.40 (stat.) + 0.22 (syst.) x Neoi scaling - Lipper ik et 60 61

o prompt-2.64 + 3.18 (stat.) £ 0.29 (syst.) x Rapp

— hint for (prompt) thermal dielectrons
—> small systematic uncertainties

However: statistical uncertainties too large to draw conclusions
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ALICE

Raw mass spectra with DCAce selections to separate 2022 data
prompt and non-prompt dielectron sources:

ALICE Performance —DCAZ integrated
pp (s =13.6 TeV =DCAY?>20
p,,>02GeV/c,|n|<0.8 e DCAY <056
N,, =5.79 x 10"

o LF peaks (prompt dielectrons) in low DCAce
distribution included

o Shape of high DCAce distribution determined
by HF decays (non-prompt dielectrons)

/dm,, (GeV/c?)™

raw
ee

o Better pointing resolution of ITS improves separation power

<
©
Zcu
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ALICE

o |dentify electron and positron candidates with TPC dE/dx

A '
; ”;'!.',‘ALICE Performance
J".’

PiivRun 3, pp Vs = 13.6 TeV |’
B 'al_a"'r.c,g;; L T
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1 ' |I ' 1 ) 1 1 ’l

TPC p/|z| (GeV/c)
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ALICE

o |dentify electron and positron candidates with TPC dE/dx
o Reject other charged particles (hadrons) with TPC dE/dx

~ALICE Performance

) 1
i

Ly '
1

g ~“£Run 3,ppVs=136TeV |~
iy K
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ALICE

o |dentify electron and positron candidates with TPC dE/dx
o Reject other charged particles (hadrons) with TPC dE/dx

o However: crossing regions

s
A
:

i - .

; ,’;'!.',IALICE Performance

o0 o th

g “:;;Run 3,pp 5=136TeV |
' K

!
i
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ALICE

o |dentify electron and positron candidates with TPC dE/dx
o Reject other charged particles (hadrons) with TPC dE/dx

o However: crossing regions - recover well separated electrons and positrons with TOF 3

. :};='I.-,-)'.::'-~‘ | 3
{ }’;‘.‘,ALICE Performance

i

' |
|

o0 't
Wi Run 3, pp V5 = 13.6 TeV {' T
A} K
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ALICE

o |dentify electron and positron candidates with TPC dE/dx
o Reject other charged particles (hadrons) with TPC dE/dx

o However: crossing regions - recover well separated electrons and positrons with TOF 3

200

) I|‘JI|I
{1
Y ! I

I '
;'!.',‘ALICE Performance

. 180 T A
WIS Run 3, pp Vs = 13.6 TeV |~
ol I\I

160
140
12001
100 :
80/

60

"': : . - p— — s :_‘:_-:’: : / :;; K = A :

g O . 3 e

' 'l" ':'I-' o ’ -t:- ! ?

40 N - ALICE Performance
20 ..!."I‘I':\- ' 'I,"l“':;.“ 'I.' Af"l:-'““:"‘ ':"'L."‘"'l"l." bty B Bt B (g S R Lty o e ) ’ / Run 3’ PP E =13.6 TeV -?:..‘:
N T A STt Lt Bl i T el e T R el ke SR i VR T s .- ; Ry

v v I"{-' :l' :.-'II:".:' ’ IEI I;I,"I 'I..!:ll .“ :"I:'.I\ III |'I||I“I| I:: ll,ll|'.l " ."II| ' |II .\n F'IJ‘II I,III|I\ \l’ l:ll H |I" 'lll " |,' ‘ . ;. ":'- i . 3 : 2

1.5 25 3 35

TPC p/|z| (GeV/c) TO F p (GeV/c)
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Signal Extraction £

Definitions ALICE

Pairing of et and e~ candidates to estimate combinatorial background and extract
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Signal Extraction £

Definitions ALICE

Pairing of et and e~ candidates to estimate combinatorial background and extract

Background (B)

o ULS: unlike-sign pairs from same event N,-same - ULS =" + B
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Sighal Extraction

ALICE

Pairing of et and e~ candidates to estimate combinatorial background and extract

Background (B) Background estimation

o ULS: unlike-sign pairs from same event N,-same - ULS =" + B

o | 5: like-sign pairs from same event Ni+—- = 2 - V(N,52me . [\J__same)
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Sighal Extraction

Pairing of et and e~ candidates to estimate combinatorial background and extract

Background (B) Background estimation

o ULS: unlike-sign pairs from same event N,-same - ULS =" + B
o | 5: like-sign pairs from same event Ni+—- = 2 - V(N,52me . [\J__same)

o R factor: R = Ny_mix / 2 - (N, mix . N__mix)
Correction for different acceptance of ULS and LS pairs using mixed event (R=1+103) > B=15 xR
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Sighal Extraction

Pairing of et and e~ candidates to estimate combinatorial background and extract

Background (B) Background estimation

o ULS: unlike-sign pairs from same event N,-same - ULS =" + B
o | 5: like-sign pairs from same event Ni+—- = 2 - V(N,52me . [\J__same)

o R factor: R = Ny_mix / 2 - (N, mix . N__mix)
Correction for different acceptance of ULS and LS pairs using mixed event (R=1+103) > B=15 xR

- 5S=ULS-B
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ALICE

Upgrades for LHC Run 3 ALICE

3 b \\ N NN - 45 h R

o New i \

— higher data acquisition rate
due to continuous readout
(up to 50 kHz in Pb-Pb & 1 MHz in pp)

-

\\«.
o New ITS CMOS MAPS technology

—> improved pointing resolution
and faster readout

2023&2024: factor ~20 more Pb-Pb and
~1000 more pp events than in Run 1&2
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