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A Large lon Collider Experiment

Dielectron pairs in heavy-ion collisions

MADAI Collaboration fL
*

0.1 fm/c ~1 fm/c ~10 fm/c

Initial state Pre-equilibruim QGP and expansion

Dielectrons (e*e~) allow one to study the whole
space-time evolution of the medium

* Produced during all stages of the collision
» Unaffected by strong final-state interactions

Hadronization Hadronic hase and freéze-oL

=

Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024
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A Large lon Collider Experiment

Dielectron pairs in heavy-ion collisions

MADAI Collaboration

~10 fm/c

0.1 fm/c

Initial state Hadronic phase and freéze

Pre-equilibruim QGP and expansion

Dielectrons (e*e~) allow one to study the whole
space-time evolution of the medium

* Produced during all stages of the collision
» Unaffected by strong final-state interactions

Sasaki, Nucl.Phys. A830, 649 (2009)

Quark Gluon Plasma

At LHC energies: studies of deconfined phaseof @ || Hadromps  \  _ _.c.ec=cm
matter in the regime of high Tand ug~ 0 ‘ Color
» Chiral symmetry restoration, thermal radiation ‘ Superconductor

nucleaNphys.

* Need to know the background from hadronic decays! C

Mg

Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024




A Large lon Collider Experiment

Dielectron mass spectrum

ALICE

Dielectron mass spectrum in heavy-ion collisions

Yield (log. scale)

Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024 3



A Large lon Collider Experiment

Dielectron mass spectrum ALICE

Low mass region (mee < 1.1 GeV/c?) Dielectron mass spectrum in heavy-ion collisions

» Pseudoscalar and vector mesons (1%, n, n’, w, ¢)

Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024 3



A Large lon Collider Experiment

Dielectron mass spectrum

Low mass region (mee < 1.1 GeV/c?)

* Pseudoscalar and vector mesons (119, n, n’, w, ¢)
Intermediate mass range (1.1 < mee < 2.7 GeV/c?)
* Thermal radiation from quark-gluon plasma

» Correlated semi-leptonic decays of HF hadrons

ALICE

Dielectron mass spectrum in heavy-ion collisions

Yield (log. scale)

Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024 3



A Large lon Collider Experiment

Dielectron mass spectrum

Low mass region (mee < 1.1 GeV/c?)

* Pseudoscalar and vector mesons (119, n, n’, w, ¢)
Intermediate mass range (1.1 < mee < 2.7 GeV/c?)
* Thermal radiation from quark-gluon plasma

» Correlated semi-leptonic decays of HF hadrons

* Dielectron spectrum from thermalised source ~e-m/T
» Approximate time ordering of the mass spectrum

ALICE

Dielectron mass spectrum in heavy-ion collisions

Yield (log. scale)

Mee

- Emission time

Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024 3



A Large lon Collider Experiment

Dielectron mass spectrum ALICE

Low mass region (mee < 1.1 GeV/c?) Dielectron mass spectrum in heavy-ion collisions

* Pseudoscalar and vector mesons (119, n, n’, w, ¢)
Intermediate mass range (1.1 < mee < 2.7 GeV/c?)
* Thermal radiation from quark-gluon plasma

» Correlated semi-leptonic decays of HF hadrons

Yield (log. scale)

Mee

: : Emission time
» Dielectron spectrum from thermalised source ~e-m/T e —

» Approximate time ordering of the mass spectrum

Measurements in pp collisions are crucial to understand this hadronic background!
* Vacuum baseline for the studies in heavy-ion collisions
* Interesting phenomena beyond expected hadronic decays?

Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024 3
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dE/dx in TPC (arb. units

A Large lon Collider Experiment

The ALICE apparatus in Run 2 (2015-2018) ALICE

Unique tracking and PID capabillities to study the production —aaR N
of low-mass dielectrons at the LHC energies!

* Inner Tracking System: vertex, tracking, PID (dE/dx)
* Time Projection Chamber: tracking, PID (dE/dx in gas)
» [ime-of-Flight: PID (via TOF [3)

* VO at forward rapidity: event triggering,
multiplicity & centrality determination

P
o
— T — .
- ——— — T — — '

= 1 55 '.'
}I//// , : \ . :’ ’ £ lg'
[ ]/ /N ¥
i [

dE/dx in ALICE TPC
:l L I T T I T T | T T |:' I,! ':: :' if T T I T T | T T I TT I: m_ 1 _1
- ALICE Performance ; & B4 1 Lo
900Epp-pb 5, = 5.02 TeV: jif1 H- ERNSI
800 = |
700} - 0.9 =
"0 ERRE =
SO0 E 07l . ] Collision system Analysed luminosity
400F- - 8 s E
= - 3 .-~ ALICE performance ]
S00E ; 0.6/% - ppis=13TeV =l Pb-Pb Vsyn =5.02 TeV 85 pb-1in 0-10%
200 ' 3 L U T o -
g 30 nb-! minimum bias (MB
s e PR | . pp Vs =13 TeV 4 b o (MB)
R R TSy 2 R A ST 9.8 pb~! high multiplicity (HM)
5 4 -3 2 -1t 0 1 2 3 4 5 0-470.5 1 1.5 2 2.5 3 3.5 4
p/z (GeV/c) p (GeV/c)

Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024 4



A Large lon Collider Experiment

Dielectron spectrum in pp 13 TeV ALICE

] ] — = 15 =
* Increase of statistics by factor ~ 4 A - - - ;
. . . = ALICE Preliminary ¢ Llala . - ALICE Preliminary e Llala -
> e 0 s Ta~ N -1 -0 —> —
compared to previous publication [1] 3 minbins ppiE=13Tey T T J10E gt pois- 3Ty TR TIES
:’ pT,e > 0.2 GeV/e, |77e| <08 .- n'—yee,nN—owee ; (0-0.072% INEL) .. n'—=yee,n—wee _;
e 1<p__< 6GeVk p—ee ] p, >02GeVic, In|<0.8 p—ee 3
. . . c +99, |’eg| not sh == =7 €'e,m—> e'e E © == =7 €e,n— e'e ]
» Updated estimation of hadronic = EL  #edobalunc notshonn o—>nee, g ee, gl 3 1<Py,,< 6CeVe o> ee, ¢ e, g o'
' o : == Jhp —yee, Jp —ee . ] == Jhp =y e'er, Jp — ete” 3
decays thanks to independent £ \ — 65— ee (PYTHIA) 1. B — 65— ee (PYTHIA) E
. \/ _ < g—‘: ‘\ "Q Y — bb—e'e” (PYTHIA) = : & — bb— e'e” (PYTHIA) =
measurements inpp atvs =13 TeV 3§ [ " = Cockal sum i Y = Cocktail sum :
RN iy S ® E
1073 1 'y A 59— i che s S i = s AT At e i =
N T e ‘e gn b E T e o 3
r / ,-T Sy L~ Sy \\'Q ‘ . /:_“::fi' 3 . \\”‘“' b‘=‘=‘=" %mq.tojl _
L4 1 S — 7 g T E
107* —’L‘. * ,\’;\\ E = “ - *"""‘\_- ~ ek ;
1 { . l-l‘_' 1",.‘/“ N B i ¥ \ . " : \ . -\\_—_
= _‘|iii:iii""*'iiiiiii"i"'i‘wiiiiii'iiii"'i\!iiiiii\ii\_ ||'||||||||||"T“|iiiiiii|||i||||iim'ii~/|'i\|/i‘ii§
@ i ] ]
T 1.5 4 1.5 _
AT TP e W p———
o = ﬁ%ﬁ W@q#] ' Ebﬁﬁﬂimiﬁ t """""""" 1 YT g Ty T T e LT e ey e
© - oo x i
o 0.5 N N
D C 111 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | [ C 111 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | L 1 1 | | L 1 1 |
0 0.5 1 1.5 2 2.5 3 3.5 4 0 0.5 1 1.5 2 2.5 3 3.5 4

m.. (GeV/c?) m,. (GeV/c?)

[1] ALICE, Phys. Lett. B 788 (2019) 505 Thermal dielectrons in ALICE | I. Vorobyev | ICHEP | 19.07.2024 5



A Large lon Collider Experiment

Dielectron spectrum in

* Increase of statistics by factor ~ 4
compared to previous publication [1]

* Updated estimation of hadronic
decays thanks to independent
measurements in pp at Vs = 13 TeV

" Ola
7 fe
8 /m i,

ul
NO['t ’ 72 .'00

w

Data/Cocktai

ALICE Preliminary e Data
nbiaspp(s=13Tev T T Ve .
min.bias ppVs=13TeV "y &' .

p,. > 0.2GeVic,In | <0.8 ... n—yee,nN—wee

1<p. < 6GeVk p—ee
T.ee -= = e'eT, m — e'e” =
b—>mnee,p—>n ee,p—ee
== Jp — v e'e’, Jhp — e'e”
— CC — e'e” (PYTHIA) _

+2% glc’)bal unc. not shown

MB data is well described by expected hadronic contributions

I Large uncertainties from HF decays for hadronic cocktail in HM events

[1] ALICE, Phys. Lett. B 788 (2019) 505

~ — bb— e'e” (PYTHIA)

“’o"?’f‘:‘ W Cocktail sum 7

_-':L |:.:t.:||:.:|l i —

AL U — .:‘:E‘::.I.j:.:n:. 1 ]

) — '\\\ r‘\\' |: :

e B & (i h 3

} | | = |i| 'iii’i'i\!iiiiii\ii\_
| o

g g

+ oo ;

1 1 | ] | | [ 1 ] | ] | 1 1 | ] | L1 1 -

0 0.5 1 1.5 2 2.5 3 3.5 4

M. (GeV/c?)

(B

ALICE

1g
[ ALICE Preliminary e Data
107 ) e >y e'e _g
high-mult. ppVs =13 TeV ey e ]

(0 - 0.072% INEL)
p. > 0.2 GeVic,In | <0.8
1<p_. < 6GeVl
T,ee

----- n'—yee,n—owee

p— e‘e”
== —>n’e'e, w — ete” .
o —=>nee,p—n’ee,p—>ee
== Jhp =y e'e”, JY — ete” -
— : CcC — e'e” (PYTHIA)
— bb— e'e” (PYTHIA)
20 Cocktail sum

Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024 5
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| | 0]
Extraction of direct photons V ALICE
Any source of real photons can also produce ) E °
virtual photons (— e*e- pair) T .
* Additional dimension: invariant mass — can 9

suppress hadronic background by going to q
Mee = M0 a
— I L L L L L
S 1 ALICEPreliminary 2<p__ < 3GeV/c .
o - ppls=13TeV  r=0.0254 = 0.0068 :
L\E: DL‘ 0.2<p_GeV/c v?/ndf = 5.88/8
"’g | e Data
& 10_1_ L\ - fd|r E
2 %
) - - e
Le. .-,
. e foie
h&t — rfg + (1= r)f e+ foe
102F " e
\
w :
\\_\ :-_-‘ .
103 _‘g;\‘:_':_\%
------------------- |

11 1 | | I A | I A [Nl LI 11 1 | | | I A | | I A
0 005 01 015 02 025 03 0.35
m,, (GeV/c?)



A Large lon Collider Experiment

] [ ] X q
Extraction of direct photons ¢ ALICE
Any source of real photons can also produce ) R
virtual photons (— e*e~ pair) ) A N o

] ] ] ] n ] *
e Additional dimension: invariant mass — can 9
suppress hadronic background by going to q .
Mee = MmO d

o~ L L B B T T

S 1 ALICE Preliminary 2< P, < 3GeVic _

o - pp (s=13TeV r=0.0254 + 0.0068

L\E: DL‘ 0.2<p_GeV/c v?/ndf = 5.88/8

"’g | e Data

€ 107k L\ = i E

= .

_8 - - fir

tm"\-‘_ ...... foi
Eﬂi\_- - .~_~~__rfdir+(1 r)fe+ fue
1072} LY TS
\m I
s |
ﬂ\_\ :-_-‘ -
103k “g;\tl:_\%
104 L 1 Ly llllllllll Cl
0 005 01 0.15 02 025 03 0.35

m,, (GeV/c?)



A Large lon Collider Experiment

Extraction of direct photons

Any source of real photons can also produce
virtual photons (— e*e~ pair)
* Additional dimension: invariant mass — can

suppress hadronic background by going to
Mee = Mo

Fit dielecton mass spectrum above 19 mass with:
f (mee) =T °fdir(mee) + (1 —r) °fLF(mee) +f HF(mee)

* foir and fiLr are normalised to data at mee = 0

o r = (virtual) direct y / inclusive y (at mee = 0)

* v*4ir from Kroll-Wada: ~1/mee (for pree >> Mee)
* Direct-photon yield: ydir = r X Yincl

d*N B 20
dmedN, 3z

4m€2
1 > 1 +
m€€

2mz\ 1

2
Mee Mee

© ALICE
ﬁL & g
¥
N\
V¥ e
9
a Q~
a
N: | I | LI | I | LI | I LI | | I | I | I
§’ 1 ALICE Prelminary 2<p < 3GeV/c -
(\5‘_’/ ;q op Vs=13TeV  r=0.0254 = 0.0068 :
?E: L‘ 0.2 < p_GeVic v2/ndf = 5.88/8
- | e Data
_g 107'F LE\ = Fy E
s 3y fi
tm"\-‘_ ...... foe
Eﬂi\_ “'".s_“_‘-_rfdw"'(‘I r)fe+ fur
1021 Y E
e
. ]
M\ .
= —e
3 TNy,
10—4111|1111|1 1||.."1”11111|1111|1111
0 005 0.1 0.15 02 025 03 0.35

m,, (GeV/c?)
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Extraction of direct photons ¢
Any source of real photons can also produce ) : © 0
virtual photons (— e*e~ pair) ) A §
Egn " " " " *
* Additional dimension: invariant mass — can g
suppress hadronic background by going to q .
Mee = Mo d
o~ I L L L L L
o | S 1 ALICEPrelminary 2<p__ < 3GeV/c .
Fit dielecton mass spectrum above 19 mass with: S8 b ppVs=13TeV  r=0.0254 +0.0068 ‘
.\é DL‘ 0.2<p_GeV/c v?/ndf = 5.88/8
f (mee) = r °fdir(mee) + (1 —r) °fLF(mee) +fHF(mee) §g10_1_ L\ ° ?ata |
S 3 -7 i E
* foir and fLr are normalised to data at mee = 0 3 E.E“‘“{.;-\ ______ ; ‘
 r = (virtual) direct y / inclusive y (at mee = 0) : EﬁL‘L (1= )+ o
* V*dir from Kroll-Wada: ~1/mee (fOr pree >> Mee) 102 Y TS
» Direct-photon yield: ydir = r X Yino | R |
! T\\_\ . l
d’N 20 4m? 2m? 1 107 : A
= —4 /1 ; 1 + > —S E 170 , N 3
dm.dN, 3z me. ms, ) Mg, - — :
TP e |
0 0.05 0.1 (; 15 0

11 1 | | | I A | | I A
2 025 03 0.35
m,, (GeV/c?)
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Direct- photon yield In pp and Pb Pb collisions ALICE

m IIIIIIIIIIIIIIIIIIIIIIIIIIII C\I |||||||||||||||||||||||||||||
O ok ALICE Prellmlnary . N -
% C M B pp E =13 TeV ] E i ALICE Prellmlnal’y
O pp Virtual photon analysis = sl pp Vs =13 TeV |
'8_ b ° d i s |5 10 Virtual photon analysis
— X Vi ata 2> Qi_
oS 108 . S B in_ bi
5 %10 : W. Vogelsang “o o i ® v, data (min. bias) i
W — = NLO pQCD ] 3 It ¢y, data (0 -0.072% INEL) ]
‘i‘ PDF: CT10, FF: GRV | —_ i 0L | .
* C. Shen A
10" "\ —— NLO pQCD E B pp MB & HM i
' PDF: CTEQS6.1M, FF: BFG-Il ] - ¢ | 1
Thermal ’ [ T
--- Total 107 E E
106 = — C _
I
¢
5| _
105 - — 10 - | .
- +
104 L s — 1 O 6 | =
R T T T I U T T T A T T T T T T T Y S B Lo b P b v Py
0 1 2 3 4 5 6 7 0 1 2 3 4 3 6 7
[ (GeV/c) p. (GeV/c)

First measurement of direct photons in small systems at low pr at the LHC energies!
& MB pp data can be well reproduced by both prompt or prompt + calculations

@ Challenging theoretical calculations of direct-photon yield in HM pp events

Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024 7



A Large lon Collider Experiment

Direct- photon yield In pp and Pb Pb colllsmns

IIIIIIIIIIIIIIIIIIIIIIIIIIII

.

ALICE

I l 1 1 | |

m & a E =
INET I ALICE Prellmlnary N S = ALICE -
S pp Vs = 13 TeV o ALICE Preliminary > C 0-10% Pb-Pb \Sy =502 TeV -
O Virtual photon analysis T a2 pp Vs = 13 TeV | O 1= e |Data —=
Q * v data 5 'o|_1 0 Virtual photon analysis ; = = =
— ir 2z | Q > — . —
OIS 108 E d oL |O i ' e - ' —
2 % 0 : W. Vogelsang CANG ® vy, data (min. bias) 1 i Q}_ 10_1 - \\ T \ Pb_Pb 0_1 00/0 B
W == NLOpQCD : 3 $ ¢ 'y, data (0 -0.072% INEL)T S |o = N N =
PDF: CT10, FF: GRV 1 — i oL | o | O | = =
C. Sh ¥ ] - \ N
107 —I\GIIr_]OpQCD E i PR MB & HM ] 25 102 = \?\ —=
PDF: CTEQ6.1M, FF: BFG-Il - i ¢ | . & = \ s
Thermal I [ T B \ ]
--. Total i 1074 - 1072 :_C.Gale etal., PRC 105, 014909 N —
106 - - = — Total Ydlrect =
B ['T:| — ---Prompt (FF: BFG2, nPDF: nCTEQ15-np) .
| — — Pre-equilibrium U\ TS
T 104 & — Thermal (QGP + Hadromc gas) —
105k - = e ey TSI NI S S N
501 — C 7 — -
107 - ] 1.4E arXiv: 2308 16704 E
1.2 =
> AE oo —
S5 — =
_ ~. | " T Te 08 E
104 £ < 107 E O 0.6 ¢ E
- - | - o [ -
0.2 —
caoo o v v v b v b b b e i oo L Ll v b b B b g O: ............................. =

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4
[ (GeV/c) p_ (GeV/c) p_ (GeV/c)

First measurement of direct photons in small systems at low pr at the LHC energies!
& MB pp data can be well reproduced by both prompt or prompt + calculations

@ Challenging theoretical calculations of direct-photon yield in HM pp events

First direct-photon pr spectrum in Pb-Pb at Vsyn = 5.02 TeV!
. Sum of all contributions (prompt, pre-equilibrium, ) overestimates data by ~10

Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024
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Direct-photon yield vs mult ALICE

* |s there a universal scaling of direct-photon yield § E T rrrrTop T T T T T =
' inlici S C ALICE, Pb-Pb, 1.0 < p_ < 5.0 GeV/c, U.L. at 90% C.L. =
with mu_lt/pl/(,‘/ty? g E | e |5y =5.02TeV, arXiv:2308.16704 ¢ (S = 2.76 TeV, (PLB 754, 235)
’ Where IS the onset Of thermal radlathn ? _é\ 10 — * V'Syn = 5-02 TeV, Preliminary + sy = 2.76 TeV, Preliminary
>  F C.Galeetal, PRC 105, 014909 -
© [ —Pb-Pb, |5 = 5.02 TeV | .
~ —Pb-Pb, |5,y = 2.76 TeV ]
1= — Au-Au, {5y = 0.2 TeV g —
~ pp, Vs =13 TeV, 1.0<p_<3.0GeV/c | A~
| % ALICE Preliminary / i
10-1 __C. Shen et al., PRC 95, 014906 |
— A Prompt =
— V Prompt + Thermal B
107 & ﬂ =
- ¥ STAR, 1.0 < p_<3.0 GeV/c -
3 5 = Au-Au, s, = 0.2 TeV (PLB 770, 451)
107 = PHENIX, 1.0 < p_< 5.0 GeV/c E
— Au-Au, s, = 0.2 TeV (arXivi2203.17187) -
- pp, Vs = 0.2 TeV (PRC 91, 064904) _
1074 & pp fit x Tpys, VS =0.2 TeV —
— ENEEEN IR IR EEEEE —
1 10 107 10°

chh/dnl77 L,

[1] ALICE, Phys. Lett. B 754 (2016) 235
[2] ALICE, arXiv:2308.16704 Thermal dielectrons in ALICE | I. Vorobyev | ICHEP | 19.07.2024 8
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Direct-photon yield vs mult ALICE

* |Ss there a universal scaling of direct-photon yield
with multiplicity?
* Where is the onset of thermal radiation?

ALICE, Pb-Pb, 1.0 < p_< 5.0 GeV/c, U.L. at 90% C.L.
® \s\ = 5.02 TeV, arXivi2308.16704 ¢ \s, = 2.76 TeV, (PRB 754, 235) —
VSan = 5:02 TeV, Preliminary + {syy =276 TeV, P&nary

C. Gale et al., PRC 105, 014909

— Pb-Pb, |5y, = 5.02 TeV

Recent measurements by ALICE in Pb—Pb are in — Pb-Pb, {5, = 2.76 TeV
agreement with model predictions: Au-Au, sy = 0.2 TeV

» Real photons in 0-20% Pb-Pb at Vsnn = 2.76 TeV [1] e oo 10 <P < 8.0 Gelle

% ALICE Preliminary

 Virtual photons in 0—-10% Pb—Pb at Vsnn = 5.02 TeV [2] 10-1 C- Shen etal., PRC 95, 014906

A Prompt
ﬂ '

STAR, 1.0 < p. < 3.0 GeV/c
m Au-Au, \sy = 0.2 TeV (PLB 770, 451)
PHENIX, 1.0 < p_ < 5.0 GeV/c
Au-Au, \[s\, = 0.2 TeV (arXiv:2203.17187)
pp, Vs = 0.2 TeV (PRC 91, 064904)
pp fit x Tpa, Vs =0.2 TeV

10 10? 10°
chh/dnln L

dN/dy of Y direct
5
|
+

V Prompt + Thermal

T T
[>=0t¢

A
IIII|

[1] ALICE, Phys. Lett. B 754 (2016) 235
[2] ALICE, arXiv:2308.16704 Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024 8



A Large lon Collider Experiment

Direct-photon yield vs mult ALICE

* |Ss there a universal scaling of direct-photon yield
with multiplicity?
* Where is the onset of thermal radiation?

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, (WM, 235) -

\/SNN =5.02 TeV, Preliminary + \/sNN =2.76 TeV, Prellginary
C. Gale et al., PRC 105, 014909
— Pb-Pb, \/SNN =5.02 TeV

Recent measurements by ALICE in Pb—Pb are in — Pb-Pb, {5, = 2.76 TeV
agreement with model predictions: Au-Au, sy = 0.2 TeV

» Real photons in 0-20% Pb-Pb at Vsnn = 2.76 TeV [1] e oo 10 <P < 8.0 Gelle

% ALICE Preliminary

» Virtual photons in 0-10% Pb-Pb at Vsnn = 5.02 TeV [2] 10-1 -C- Shen etal., PRC 95, Ogﬁ

dN/dy of Y direct
5
|
+

A Prompt
V Prompt + Thermal

\

¥ STAR, 1.0 < p_ < 3.0 GeV/c
A T
» Au-Au, \syy = 0.2 TeV (PLB 770, 451)
PHENIX, 1.0 < p_<5.0 GeV/c
Au-Au, \[sy = 0.2 TeV (arXiv:2203.17187)
pp, Vs = 0.2 TeV (PRC 91, 064904)
pp fit x Tpa, Vs =0.2 TeV

10 10? 10°
chh/dnln L

I Measurements in small systems are a crucial input for
theoretical models!

« Virtual photons in pp at Vs = 13 TeV vs multiplicity

A
IIII|

[1] ALICE, Phys. Lett. B 754 (2016) 235
[2] ALICE, arXiv:2308.16704 Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024 8
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Dielectron mass spectrum in central Pb—Pb events

(B

ALICE

Hadronic decay cocktail is implemented using: 2 F e
° 10°
* HF cross section measured in pp at Vs = 5.02 TeV > |
and scaled with Ncoll g@ 108 00<p,
* Indication of HF suppression compared to pp =
—.3 1
<

* Modified HF production, including measurement of
Raaforc /b — et o

 Better overall description of the data

1072

107°

0-10% Pb-Pb \s,, =5.02 TeV
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(B

Dielectron mass spectrum in central Pb—Pb events ALICE

Hadronic decay cocktall is implemented using:

* HF cross section measured in pp at Vs = 5.02 TeV
and scaled with Ncol

* Indication of HF suppression compared to pp

* Modified HF production, including measurement of
Raaforc /b — et

 Better overall description of the data

& A hint for low-mass excess with ~1.30 significance
 Contribution from p meson produced thermally
via T~ — p — ete-

Both theoretical models ( [1], PHSD [2]) can
describe the data well

! QGP radiation in the IMR is absorbed by HF cocktail
uncertainty!

[1] Rapp, Adv. HEP . 2013 (2013) 148253
[2] Song et al., PRC 97 (2018) 064907
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Excess spectrum in central Pb—Pb events

Subtraction of all known hadronic
sources except p meson

Data compared to the sum of:
* Thermal radiation from QGP

d Nexcess
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|\ —sum - =
|\ --- thermal radiation from QGP - 7= 0.12
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T Arrows show upper limits at 90% C.L. — 0.1
| \ arXiv:2308.16704 -
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[=|Data - Cocktail (LF w/o p + J/p + (Nco">-scaled HF)
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PHSD, PRC 97 (2018) 064907

--- thermal radiation from QGP

e
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/
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-~

LY

PHSD

Arrows show upper limits at 90% C.L.
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Excess spectrum in central Pb—Pb events ALICE

Subtraction of all known hadronic

1T'_' O.2_II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II||_ -.T'_' O.2_II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_

sources except p meson L L 0r10% Popb o 1% F on10% P (o -
2 ~ 0-10% Pb-Pb s, = 5.02 TeV 102 ~ 0-10% Pb-Pb s, = 5.02 TeV -

= 0.18f 02<p, <10 GeVie, N1 <08 R. Rapp 1 3 0.181 02<p,_<10 GeVie, In1<08 PHSD -
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o Z|° {\ R.Rapp, Adv. HEP. 2013 (2013) 148253 1 Z|° -| PHSD, PRC 97 (2018) 064907 -

* Thermal radiation from QGP 5 0.1o0 — UM 1 ot —m :
= 0.12[K ... thermal radiation from QGP - = 0.12[7 __. thermal radiation from QGP i

° B in-medium p 7] B in-medium p ]
0.1 Arrows show upper limits at 90% C.L. — 0.1 Arrows show upper limits at 90% C.L. —
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i4 Overall in a good agreement wi 0.06 | — X 4 oos{| L -
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Excess spectrum in central Pb—Pb events ALICE

Subtraction of all known hadronic

1T'_' O.2_II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II||_ -.T'_' O.2_II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_

sources except p meson L L 0r10% Popb o 1% F on10% P (o -

A ~  0-10% Pb-Pb |5, = 5.02 TeV 1 2 ~  0-10% Pb-Pb |5, = 5.02 TeV -

= 0.18f 02<p, <10 GeVie, N1 <08 R. Rapp 1 3 0.181 02<p,_<10 GeVie, In1<08 PHSD -

S 0 16: 0.0<p__ <80 GeVic 1 O 0 16: 0.0<p_ <80 GeVic -

- " "r [=]Data - Cocktail (LF w/o p + J/p + (NCO”>-scaIed HF) B - "7 [=]Data - Cocktail (LF w/o p + J/p + (Nco">-scaled HF) B

Data com pa red to the sum Of: e 0.14EF [¢]Data - Cocktail (LF w/o p + J/p + R:’;’_’ei-modified HF).  3g 0.145F [¢]Data - Cocktail (LF w/o p + J/p + HZ’Z_’ei-modified HF) ]

o Z|° {\ R.Rapp, Adv. HEP. 2013 (2013) 148253 1 Z|° -| PHSD, PRC 97 (2018) 064907 -

* Thermal radiation from QGP 50 1oH —SUm 1 8040l M :

= 0.12[K ... thermal radiation from QGP - = 0.12[7 __. thermal radiation from QGP i

° B in-medium p ] B in-medium p ]

0.1 Arrows show upper limits at 90% C.L. — 0.1 Arrows show upper limits at 90% C.L. —

0.08 5 \qilv.2308.16704 B - 0.08/] arXiv:2308.16704 B -

¥ Overall | d t with H | 3 : :

i4 Overall in a good agreement wi 0.06 | — X 4 oos{| L -

theoretical models: o0ar| 1411 ] 4 = TNs - o.0aft] | 1411 T LN -

: : AL I AN Ji= TR e S N AN Ji=

» Expanding fireball [1] 000k T B 000 T 1l — TN ||
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I Tension between data and theory in 0.5 < mee < 0.7 GeV/c2 mass range

*4.00 (2.70) using Nco-scaled (modified) HF cocktall
* More data is needed to investigate this discrepancy!

[1] Rapp, Adv. HEP . 2013 (2013) 148253
[2] Song et al., PRC 97 (2018) 064907 Thermal dielectrons in ALICE | |. Vorobyev | ICHEP | 19.07.2024 10
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Separation of prompt / non-prompt sources ALICE
Test of the topological separation with DCAee in J/y region DCA\2 [ DCA,\’
e o (522 + (%))

o Is well known, charm and beauty scaled by modified HF cocktail
» Data well described by sum of all templates

/\e

o 10 =T T T T T T T T T ] T T T T | T T T T
I\b/ - ALICE @®lData DCAZ *,

® 1 = 0-10% Pb—Pb \[s =5.02 TeV = Cocktail (RZ>*"-modified HF + J/y)3 DCA 1 }i\/e rtex \ |
6 10_1 :_0.4 <P, < 10 GeVic, |n | <0.8  —cg se'e” (RS modified) DCAl Ve rte.;(
Q ; 2.6 < Mee < 3.1 GeV/c? _b5_>e+e- (RZ/Ab—m* modified)
O Jy > e'e, ye'e = prompt non-prompt
% Prompt J/y N

> . E

o J/y region
< .
=~ E
—

Data
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E o 1y
;—arXiv:23ds.16704
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Separation of prompt / non-prompt sources
Test of the topological separation with DCAee in J/yp region DCA,\? [ DCA,\’
pon.= o5 (222 + (222))

o Is well known, charm and beauty scaled by modified HF cocktail
» Data well described by sum of all templates

Extraction of prompt thermal signal with DCAece template fit in IMR:
*charm: 0.43 * 0.40 (stat.) £ 0.22 (syst.) w.r.t. Ncon scaling

. J
o 1 2.64 * 3.18 (stat.) £ 0.29 (syst.) w.r.t. Rapp’s model P /\e
o 10 = T T T T T T T T ] T T T T I T T T L —_ 10 | | | ' I | , | | I | | | | I | | | |
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6 10_1 5—2: P, ;01 (;e\C;Lsz 0.8 Ci —e'e (Ria | modified) S 10~ 0.4 < P, < 10 GeVic, |n | < 0.8 —bE—e'e (N ) scaled x 0.74) DCA]. Vertex
e F 20 S Mee = 9.1 BEVIC —bb—e'e” (Rix ° modified) A 1.2 < me, <26 GeVic? Jy — e'e, ye'e : ' "
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< = Upper limit at 90% C.L. 3
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Separation of prompt / non-prompt sources ALICE

Test of the topological separation with DCAece In J/Wp region DCA,\? [ DCA,\>
- /1y is well known, charm and beauty scaled by modified HF cocktall DA = \0'5 ( o, > i < o, >
» Data well described by sum of all templates
Extraction of prompt thermal signal with DCAece template fit in IMR:
*charm: 0.43 * 0.40 (stat.) £ 0.22 (syst.) w.r.t. Ncon scaling /
. : 2.64 *+ 3.18 (stat.) * 0.29 (syst.) w.r.t. Rapp’s model et [0 et |°
zb/ ?ALICE | lEData | E "Tt-; 0 AILICIE S IEDlatal B § DCA2 ;
3 1 E 0-10% Pb—Pb \[s, =5.02 TeV  =Cocktail (R%2*-modified HF + JAy)3 \:) 1 0-10% Pb—Pb s, = 5.02 TeV _Ckat?”‘S(?I:In ) scaled x 0.43) = DCAl %Vertex DCA } z
< 1 - 0.4 < L. <10GeVic, |n | <08 —cg e'e (RZ modified ] o 4< . evic. <0 —CE—>e+e_ o Scaled x 0. : :
8 10 ?2'6<;‘;‘3<3'1 Gewczn —bb—e'e’ (I(?Z/X"a modified)) E;) 10_1 (1).421<‘r:7:<;?6(336\<;/02mel - _qufiz*(:,v;oﬁ;?aledX0.74) _§ ' Vertex
= e E s e prompt non-prompt
5 rompt J/y _E S 10_3 —
25 J/y region 25 :
= . E = 107} 1 T Independent of hadronic cocktail!
\ E 100} T : 4 :
%I — s { *More statistics and better topological
5 \t— O7F 4  separation will enable the extraction
107F R o, of thermal contribution
= 2farXiv:2308.16704 : = 2 arXiv:2308.16704 .
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Outlook: dielectron production in Run 3 and 4 ALICE

. “e
J. Liu G'.)Bu?“?&ﬁ &-’/ $ Scy,
. Li 0 Juts 7 /
|., 18 Jul, 10:45 2'\'en'a°e 28 7.:;/(//, oegper
2B ry 4
— New Inner Tracking System (ITS)
— 7 barrels, 10 m? silicon tracker

‘ based on MAPS (12.5 G pixels’
New GEM-based TPC ]

with continuous readout S
New Muon Forward 79 . US
Tracker (MFT) - 5 disks 29 Jyy Shpiy
y based on,MAPS OyerF’/ 79..00
O['2
Y. Melikyan

1 B 19 Jul, 08:48
New Trigger and Readout Terrace 2B

Upgrade of readout

— —
electronics of all detector,
new Central Trigger
, Processor
T o hf
= \ d~ o
, p.R 24

09
g Ju\s
! c\ub A

Vi

New Beampipe
smaller diameter (36.4 mm), first
detection layer at 20 mm

New Fast Interaction Trigger (FIT)
— 3 detector technologies:

interaction trigger, online
luminometer, forward multiplicity
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Outlook: dielectron production in Run 3 and 4

J. Liu
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&.’/ 78 Sch/e

. )
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/_A \

New GEM-based TPC
with continuous readout
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% New Muon Forward
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] Tracker (MFT) - 5 disks IS 9 Ju/ ';hpi/
= O ’ L ]
bsd I\/IAPS Ve, £y 9. 00
444444 Y. Melikyan
: 19 Jul, 08:48
— New Trigger and Readout Terrace 2B
= Upgrade of readout —
electronics of all detector,
-\ new Central Trigger
T Processor
ne
T . D'Ro 21
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09:
g Ju\a
! c\ub A

o5

» Continuous readout at IR in Pb—Pb up to 50 kHz

4 g r ; ,ij* ! New Beampipe
‘ smaller diameter (36.4 mm), first
] detection layer at 20 mm

New Fast Interaction Trigger (FIT)
— 3 detector technologies:
interaction trigger, online
luminometer, forward multiplicity

x

ALICE
‘T 1 0_2 ét [ | T | T | T T | T | T | T §
&c: = ALICE Performance —DCAZ integrated .
S 10_3‘_ pp Vs = 13.6 TeV = DCAY > 20 B
8 - p, >02GeVic, | |<08 eDCA,<050 =
~ - N, =579x10" ’
() 4 _
g 107¢ E
-O —
> ’
o D

= 107K E
O — e -
> ?‘.:%.-. :

) ® I-I-_._F.

- o

< 10° 3 % E
- ++ 2 g o -
107" & T + 4 ad " ——
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1 0—9 _I | | I | | | 1 1 | I | | | 1 1 | | | 1 1 | I | | | 1 1 |
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M. (GeV/c?)

» Factor 3—6 better vertex pointing resolution — separation of prompt & non-prompt sources
» Expected statistics in Run 3 & 4: >200 pb~*in pp at Vs = 13.6 TeV, ~13 nb-1 in Pb—Pb at Vsnn = 5.36 TeV
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Summary ALICE

fc:mg:. ALICE Preliminary 4 2= F o Tt

: 5 PP 5 - 13 Tev 5 U ooere e msoetey Coman 000 s mmedun o (3 Repn) 2

Measurements of low-mass dielectrons allow for S valproonanabss | & 02<p, <0Gen <os TN TEN TN IED,
2 ® y_data ng 105 O-OET,eﬁ&O GeV/c ---Cockfail2 + QGP + in-medium p (PHSD) "=

[ ] n ] [ mbm 108: ir | |E = Data =
versatile studies of heavy-ion collisions LN e vogekang I oo (s E
. PDF: CT1 OF,)FF: GRV '_|Z £ Cocktail2 (LF wio p + JAp + A7, ~*'-modified HF) §

C. Shen 1 e ]

. ‘ 107 — NLO pQCD E 105 Saus G =
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Back-up slides ALICE
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The ALICE apparatus in Run 2 (2015-2018) ALICE

Unique tracking and PID capabillities to study the production
of low-mass dielectrons at the LHC energies!

* Inner Tracking System: vertex, tracking, PID (dE/dx)

b
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A Large lon Collider Experiment %

The ALICE apparatus in Run 2 (2015- 2018) ALICE

Unique tracking and PID capabillities to study the production
of low-mass dielectrons at the LHC energies!

* Inner Tracking System: vertex, tracking, PID (dE/dx)
* Time Projection Chamber: tracking, PID (dE/dx in gas)

dEldx in ALICE TPC
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A Large lon Collider Experiment

The ALICE apparatus in Run 2 (2015- 2018) ALICE

Unique tracking and PID capabillities to study the production
of low-mass dielectrons at the LHC energies!

* Inner Tracking System: vertex, tracking, PID (dE/dx)

* Time Projection Chamber: tracking, PID (dE/dx in gas)

» Time-of-Flight: PID (via TOF [3)

dE/dx in ALICE TPC
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A Large lon Collider Experiment

The ALICE apparatus in Run 2 (2015-2018) ALICE

Unique tracking and PID capabillities to study the production —aaR N

of low-mass dielectrons at the LHC energies!

* Inner Tracking System: vertex, tracking, PID (dE/dx)

* Time Projection Chamber: tracking, PID (dE/dx in gas)
» Time-of-Flight: PID (via TOF [3)

* VO at forward rapidity: event triggering,
multiplicity & centrality determination
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Direct-photon fraction in pp MB and HM events
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Direct-photon yield in pp MB events and vs multiplicity sLice
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Raw yield and S/B ratio in central Pb—Pb [1] ALICE
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Raa of (di)electrons from HF in central Pb—Pb [1]
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ptee differential yields in central Pb—Pb [1] ALICE
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DCAce template fit in IMR in central Pb=Pb [1] ALICE
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Direct-photon fraction in central Pb—Pb [1] ALICE
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