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Motivation
Dielectron production

Several sources of correlated electron pairs in Pb—Pb:
—> Separation via invariant mass

At higher masses (1.1 < mg, < 2.7 GeV/c?):
= Correlated semi-leptonic decays of heavy flavour (HF)
= Quark-gluon plasma (QGP)

At lower masses (0.14 < mg, < 0.9 GeV/c?):

= Pseudoscalar and vector mesons (1%, n, p, ®, )
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3 Hadron-gaé (HG) phase

- Temperature of the HG
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Motivation
Dielectron production

Several sources of correlated electron pairs in Pb—Pb:
—> Separation via invariant mass

At higher masses (1.1 < mg, < 2.7 GeV/c?):
= Correlated semi-leptonic decays of heavy flavour (HF)
= Quark-gluon plasma (QGP)

At lower masses (0.14 < mg, < 0.9 GeV/c?):
= Pseudoscalar and vector mesons (1%, n, p, w, ¢)
= Hadron-gas (HG) phase

At vanishing mass (mee — 0):
= Equivalent to real-photon measurement
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Dielectron production ALICE

Dielectron spectrum

Several sources of correlated electron pairs in Pb—Pb: L B B RN B
—> Separation via invariant mass

Yield

At higher masses (1.1 < mg, < 2.7 GeV/c?):
= Correlated semi-leptonic decays of heavy flavour (HF)
= Quark-gluon plasma (QGP)

At lower masses (0.14 < mg, < 0.9 GeV/c?):
= Pseudoscalar and vector mesons (1%, n, p, ®, $)
= Hadron-gas (HG) phase

At vanishing mass (mee — 0):
= Equivalent to real-photon measurement

coovav b N b e by |
0.5 1 :

Measurements in pp: 0 1.5 2 2.5

= Vacuum baseline for Pb—Pb studies (HF, direct photons)

= Search for new phenomena in high-multiplicity (HM) events or at low momenta
Phys. Rev. Lett. 127, 042302 (2021)
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Dielectron production in pp at /s =13 TeV lem %

Minimum bias (MB)
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ALICE

Analysis of the full Run 2 data set
- Poster by H. Murakami: Session 2 T13

Increase of statistics compared to previous publication:
Phys. Lett. B 788 (2019) 505

MB: a factor of 3.8 & HM: a factor of 4.4

Updated hadronic cocktail estimation
with independent measurements at+/s = 13 TeV

- 1 and n mesons in the same multiplicity intervals
- Poster by J. Konig: Session 1 T14 2

MB (pree > 1 GeV/c) well described by hadronic sources
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Dielectron production in pp at /s =13 TeV lem %

High multiplicity (HM) ALICE
- 1 """E"M = Analysis of the full Run 2 data set
N imi e Data i i '
O _ .4 ALICE Preliminary . B - Poster by H. Murakami: Session 2 T13
S 10 High-mult. pp s = 13 TeV .'_'j.':z":YYe?; N/’
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% 1074 — g%izz-ﬁpymm)) » Updated hadronic cocktail estimation
- B Cocktail sum with independent measurements at+/s = 13 TeV
<
- 105 k - 1 and n mesons in the same multiplicity intervals
- Poster by J. Konig: Session 1 T14 2
1077 —> Larger cocktail uncertainties due to multiplicity
o 15 dependence of HF production
E .
O
8 198
3 = Within uncertainties no sign of thermal radiation in
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Direct-photon fraction in pp at /s =13 TeV
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ALICE

Direct photons in pp
= Important baseline for Pb—Pb
—> Search for possible thermal contributions in HM pp events

Kroll-Wada formula fy; used for extraction:

fit =7 X fair + (1 =71) X fip + fur

Direct-photon fraction r :

Mee — 0

"= Yair/Yina Ydir/Yind  Link to real-photon yield
= Direct-photon fraction r as the only free parameter
= Spectrum fitted above pion mass

—> Large reduction of systematic uncertainties compared

to real-photon measurement
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Direct-photon fraction in pp at /s =13 TeV lemﬁ %

da Ydir / Yincl

Comparison to published results and theory ALICE
MB HM
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Significant reduction of statistical and systematic uncertainties in new analysis
—> Direct-photon fraction in MB in good agreement with pQCD calculations

- Measurement in HM compatible with MB results

Poster by H. Murakami: Session 2 T13 ALICE Dielectrons | QM22 Krakéw | Jerome Jung | Uni Frankfurt ]_O



ratio to Cocktail

Dielectron production in central Pb—Pb at \/syy = 5.02 TeV Ve %

Invariant-mass spectrum ALICE
""]""I""l""l""l""l"":
102k ALICE Preliminary (e]Data EW? ) ) o .
0-10% Pb-Pb at {5y, = 5.02 Tev ¥ Cocktail sum NET= 2 Comparison to hadronic cocktail, including:

02<p. <10QEV/e, i |<08 = UNIRWr-3e0, €U
Te e

10 Jy — e'e’,e’e’y
% 00< Pl % 8.0 GeV/c — & - e'e” (POWHEG x <N_>)
—bb — e‘e” (POWHEG x <N_>)

N.oj-scaled HF measured in pp at+/s =5.02 TeV
Phys. Rev. C 102 (2020) 055204
- Vacuum baseline

3
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Data at the edge of the uncertainty of hadronic cocktalil

However: HF contribution is expected to be modified
- CNM and hot medium effects
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Dielectron production in central Pb—Pb at /syy = 5.02 TeV 8097

Invariant-mass spectrum
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cockiail + QGP + in-medium p (R.Rapp, Adv. HEP. 2013 (2013) 148253
~— cocklail + QGP + in-medium p (PHSD, PRC 97 (2018) 064907)

3.5
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ALICE

Comparison to hadronic cocktail, including:

= N -Scaled HF measured in pp at+/s =5.02 TeV
Phys. Rev. C 102 (2020) 055204
- Vacuum baseline

= |nclude measured Ryp Of c/b — e
Phys.Lett.B 804 (2020) 135377

- Modified-HF cocktall

Intermediate-mass region (IMR) from 1.1 < mg. < 2.7 GeV/c?
- Consistent with HF suppression & therm. radiation from QGP

Indication for an excess at lower mass
- Compatible with thermal radiation from HG

ALICE Dielectrons | QM22 Krakéw | Jerome Jung | Uni Frankfurt 12



1.5

1.4

1.3

1.2

1.0

0.9

1.4 |

Direct-photons fraction in Pb—Pb at \/syy = 5.02 TeV 2 %

ALICE
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(4] 0-10% Pb-Pb |s,, = 5.02 TeV from virtual y method

— 3 Direct-photon fraction r extracted with same method as in pp

X 1 .
$ ‘ S Ry — — Yincl
] 1-r Ydecay

- First measurements in Pb—Pb at \/syy = 5.02 TeV:

.I.ll]

= Good agreement with real-photon method
Talk by M. Danisch: Parallel Session T13

L[lll

= Smaller syst. uncertainties at low pr
] compared to real photons

i

10

= Virtual-photon measurement limited by statistics

P, (GeV/c)

Figure corrected after the conference

ALICE Dielectrons | QM22 Krakéw | Jerome Jung | Uni Frankfurt ]_3



(GeV/c)™?

Direct-photons Pb—Pb at /syy = 5.02 TeV lemﬂ %

Direct-photon yield — Effective-temperature extraction ALICE
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Direct-photons Pb—Pb at \/syy = 5.02 TeV

Direct-photon yield — Theory comparison
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ALICE

Data compared to models including thermal & pQCD photons:

Thermodynamic models:

-: Radiation from all stages of the collision including
the pre-equilibrium phase

_: Therm. radiation from QGP & hadr. many body calc.

and meson-exchange reactions
P. Dasgupta: Thermal photons with fluctuations in the initial-state

Microscopic transport model:
O. Linnyk: Direct photons via PHSD

- Models including thermal radiation tend to overestimate
the data at lower pt

ALICE Dielectrons | QM22 Krakéw | Jerome Jung | Uni Frankfurt
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Direct-photons Pb—Pb at /syn

Experimental comparison overview
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(] Au-Au, |5, = 200 GeV (PLB 770, 451)
WAS98,1.0 < p, < 4.0 GeV/c, upper limit at 90% C.L.
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ALICE

Real-photon measurement in 0-20% Pb—Pb at \/syy = 2.76 TeV
2> T = 297 + 12(stat.) + 41(syst.) MeV
Phys. Lett. B 754 (2016) 235-248

New ALICE results:
Virtual-photon measurement in central Pb—Pb at \/syy = 5.02 TeV

- Need to decrease uncertainties first in order to extract a temperature

ALICE Dielectrons | QM22 Krakéw | Jerome Jung | Uni Frankfurt ]_6
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Direct-photons Pb—Pb at /syy = 5.02 TeV 02022

Experimental comparison overview

10°

10

—h
o

—
<
n

oA
=
w

—h
o
IS

o QUARKMATTER
KRAKOW

ALICE

Real-photon measurement in 0-20% Pb—Pb at \/syy = 2.76 TeV
2> T = 297 + 12(stat.) + 41(syst.) MeV
Phys. Lett. B 754 (2016) 235-248

» New ALICE results:
Virtual-photon measurement in central Pb—Pb at \/syy = 5.02 TeV

- Need to decrease uncertainties first in order to extract a temperature

Consistent with a universal scaling behaviour of direct-photon yield
with charged-particle multiplicity postulated by PHENIX
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Dielectron production in central Pb—Pb at \/syy = 5.02 TeV

Excess-yield determination
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QGP + in-medium p (R.Rapp, Adv. HEP. 2013 (2013) 148253)

Arrows show upper limits at 95% C.L.
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ALICE

Excess yield = Data — cocktail (w/o p contribution)

Invariant mass allows to separate different
thermal contributions

Mee < 1 GeV/c? : Contributions from Hadron Gas
Mee > 1 GeV/c? : QGP radiation
- Current understanding of the cocktall

limits the interpretation of the data

—> Develop cocktail independent approach

ALICE Dielectrons | QM22 Krakéw | Jerome Jung | Uni Frankfurt ]_8



DCA.. analysis in central Pb—Pb at \/syy =5.02 TeV Qﬁ?mﬁ

v A& DCA
DCA;  *Vertex . A ?
DCA, | Vertex
prompt non-prompt

Distance-of-closest approach (DCA):

DCA? + DCAZ
DCAge =

2

ALICE

Separation of prompt and non-prompt sources based
on their decay topology:

= DCAgc (thermal) < DCA.e (HF)

Gives access to measurements of;

- Thermal radiation at low DCA..

- Suppression of HF production at high DCAg.

ALICE Dielectrons | QM22 Krakéw | Jerome Jung | Uni Frankfurt 19
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Data/Cockt.

DCA.. analysis in central Pb—Pb at  /syy =5.02 TeV Ven %

Intermediate-mass region
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Prompt signal * Non-prompt signal

ALICE

First DCA.. analysis in Pb—Pb at /syy = 5.02 TeV
Comparison to N.,-scaled cocktail:
= Beauty dominates the spectrum at high DCA..

=  Charm more prominent at low DCAg.

- Data below HF expectation

—> Clear indication of HF suppression

ALICE Dielectrons | QM22 Krakéw | Jerome Jung | Uni Frankfurt 20
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DCA.. analysis in central Pb—Pb at \/syy =5.02 TeV

DCA template fit
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—bb se'e (POWHEGKN_%0.74) ]
-Jly > e'e,Jly > ye'e E
~in-med. hadr.+QGP [Rapp]»2.64_|
Upper limit at 90% C.L. e

L
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15
DCA, (o)
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ALICE

Extraction of prompt thermal signal via template fits:

= Beauty contribution fixed via separate fit at high DCA..
bb: 0.7440.24(stat.)+0.12(syst.) (w.r.t. N, scaling)

= Simultaneous fit of charm and prompt contribution
ccC. 0.434+0.40(stat.)+0.22(syst.) (w.r.t. N.o; scaling)
. 2.6443.18(stat.)+0.29(syst.) (w.r.t. R. Rapp)

ALICE Dielectrons | QM22 Krakéw | Jerome Jung | Uni Frankfurt
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DCA., analysis in central Pb—Pb at /syy =5.02 TeV lemﬂ %

DCA spectra — template fits ALICE
Fit result Nﬂ Extraction of prompt thermal signal via template fits:
g 1003\'
R AL CE Preiiminary LW BN . = Beauty contribution fixed via separate fit at high DCA4e
(s 0-10% Pb-Pb s, =5.02TeV —Syst. unc. of data bb: 0.74+0.24(stat.)+0.12(syst.) (w.r.t. N.o;; Scaling)

1.1<m,, <26 GeV/c? (Ostat. unc. of fit 8

Theory comparison:

7 = Simultaneous fit of charm and prompt contribution
ccC. 0.434+0.40(stat.)+0.22(syst.) (w.r.t. N.o;; scaling)
prompt: 2.64+3.18(stat.)+0.29(syst.) (w.r.t. R. Rapp)

== Thermal R. Rapp

= Thermal PHSD 6

4 Results in agreement with:
= Charm suppression
= Thermal contribution in the order of Rapp/PHSD

+  Method independent of hadronic cocktail:

- Smaller syst. uncertainties

- More statistics enables the extraction of a thermal
prompt/prompt dielectron yield in the IMR

ALICE Dielectrons | QM22 Krakéw | Jerome Jung | Uni Frankfurt 22




Outlook
Dielectron production in Run 3 and 4

New Pb—Pb data taking at the end of this year

New ITS and upgrade of the TPC to a GEM based readout system:

- Increase the readout rate in Pb—Pb by a factor 100
- 13 nb~! MB Pb—Pb planned

- Improve the vertex pointing resolution by a factor 3-6
- Improves topological separation (DCAg.)

- Talks by A. Alkin: Parallel Session T15

* KRAKOW

"0 207272

o | QUARKMATTER

§ot

ALICE

T 7T 177 [ L

- ALICE Upgrade Simulation
Pb-Pb s, =5.5TeV

—_—

T 117

T T T 1 T 7T I T T 177 L

Rapp p (broad)
Rapp QGP

J

L L L 111l

0-10%, L, =3nb"
ITS2, B=02T
h/.l <0.8

P, > 0.2 GeV/c

light-hadron decays w/o p
cc — e'e

—— ‘measured’

[77] Syst. uncert. sig.+ bkg.
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Summary

Analysis of full Run 2 dataset of pp at /s =13 TeV

—> Significant increase in statistics & reduction of syst. uncertainties

—> Extraction of direct-photon fraction in MB & HM events

Measurement of dielectron production in central Pb—Pb collisions at \/syy = 5.02 TeV

—> First measurement of direct-photon yield
—> Limits for thermal radiation

—> First DCA.. analysis in Pb—Pb to separate
thermal radiation & heavy-flavor background

1/N,, dN/dDCA,, (o)’

Data/Cockt.

0 1 2 3 4 5 6
p_ (GeV/c)
o 10° ET LI I ) O
Q) E ALICE Preliminary
% 0-10% Pb-Pb at |5, = 5.02 TeV
S 102 . =
> E - [ Jy™ (PCM)
Zla F N [y = rx ™ (PCM)
© % 10k -
o 10k T E|
3 -
- = ==
10 r r T —3 54 — -
I~ ALICE Preliminary ®Data q E ‘.' X = 3
1100 06 ' T =Cocktail sum E ¢
E HORFD-PE S =002T8Y C o e (POWHEGXN,__x0.43) ] F ==
10! 04<p,  <8GeVic —bb se'e (POWHEGKN,,#0.74) 107" | == E|
E 11, <0.8,1.2< my<26GeV/c? _jny ,e'e. Jiy >yee E| E T 3
[~ ‘. -1 -« ®
10 2L in-med. hadr.+QGP [Rapp]x2 64_| j‘ ]
Upper limit at 90% C.L. B 102k | ] .|
1073 — F pQCDNLOxX T, ™~ =—— 3
4 [ PDF:CT14, FF: GRV \ ~— l ]
o
a 3l w=p, —
10 | E 107 w=05p, = E|
5 \ r ,u=2.0p]
10°F = + [ uncertainty of extrapolation ;
= 10741 P TR S BRI | L1
10 °k 3 = - 0 1 2 3 4 5 6
- = P, (GeV/ce)
10 ;* |
5 E
1 " i *
qu [
0 5 10 15 20

. KRAKOW
"0 20727
—g0'2__""|""l""l""l""l""
>.-_ I . .
~. [ ALICE Preliminary e Data, L, =30.3nb™
>20.15~  vVirtual photon analysis ¥ 90%C.L. .
L f W~ —— NLO pQCD (W. Vogelsang)
0.1 =)

ALICE, PLB 788 (2019) 505
- / 90%C.L, L, =7.87nb"
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CE
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ALICE

Backup
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ALICE apparatus

Low-mass dielectrons

Inner Tracking System

» Vertexing
« Tracking
« PID

Qﬂ QUARKMATTER
* KRAKOW
"0 20727

ALICE

' AT In IWmYm | "\ . .
L._LLULA S S — et System Analysed luminosity

Pb—Pb JSny = 5.02 TeV 10 “b_1

pp Vs = 13 TeV XXX nb~1

o
rr—\ ——N—

i gE - >
r- - > = e illll” |\l'
IW// an /et : '
(s .y .

» Tracking
« PID

Time Projection Chamber

Time of Flight
« PID

VO at forward rapidity

« MB & HM event triggering
« Multiplicity estimation
« Centrality determination
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Dielectron production in semi-central Pb—Pb at \/syy = 5.02 TeV Qﬁ?m

Cocktail weighting method ALICE
Parametrisation of measured of HF electron Ry
ALICE HFe measurement - Contains CNM effects & energy loss in the medium
g 2_llllll| T 1 lllllll I 1 IIIIIII 1 1 lIIIIII 1 LI
T 8k ALICE 1 1 . _
L6b  PbPb, {5~ 502 TeV i b -f Disentangle CNM effects using EPS09
W eqeamemay " 1 CNM effects & energy-loss affect pair production differently
1.2F (JHEP 10 (2018) 061) F .
: 1 3 CNM Energy loss
Affects whole pair Affects each
; electron independently

1 ly| <0.8,p <3 GeV/c -
T lv| < 0.6, p_ >3 GeV/c ]

| EIlllll 1 11 1 1111 1 l::lllllll 1 1 llllllI 1 IE R + +R - —
0 : 1lo | ” W, = AA(pT,e ) AA(pT,e ) w, = RAA(pT,e"') X RAA(pT,e_)
P, (GeV/c) P (GeVic) 2
Dielectron spectrum dominated —> Total weight w = w; X w, applied as a function of m., & pree

by 1-2 GeV/c region
However: Correction with large uncertainties from HFe Ry, & EPS09
Assumes same suppression for charm & beauty

ALICE Dielectrons | QM22 Krakéw | Jerome Jung | Uni Frankfurt 27
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Dielectron production in central Pb—Pb at /syy = 5.02 TeV 8097

dv 1
A aa (Gevie

Cocktail comparison — Pair-momentum spectra at low masses ALICE
£ T T T | 2 2
e 0.14 < mg. <0.5GeV/c 0.5 <me <1.1GeV/c
T 02<p <10GeVic Iy <08 !Eﬂﬂilmt‘f‘W~miﬁx<";xR"‘A") =
1Dﬂﬂ<nTm<ﬂ,nGéWc Jiv —g L 'vlvvuwlv'vvlvv'vlwrvvlrv'vluxvvlw T T 'L 1'Il"'ll'[‘llf'l"I'Ill'll'l!'ll"l"ll'
, T romEay ] § 1|e— ALICE Preliminary [¢]Data ; § ALICE Preliminary [¢]Data
: R e 0-10% Pb—Pb at {5y, = 5.02 TeV &= Cocktail sum (POWHEG x <N ;>) 3 K 0-10% Pb-Pb at {5, = 5.02 TeV &5 Cocktail sum (POWHEG x <N,,;>)
e = 1 g 02<p  <10GeVic, || <08 &8 Cocktail sum (POWHEG x <N, x a9 o 18 [ _02<p,, <10GeVic,|n| <08 B8 Cocktail sum (POWHEG x <N > x Ay 9
il § ‘2’|§ 10-' == 0.14 < m,, < 0.50 GeV/c? — Lightflavor — e, e*e"X — %|%” 107 E" 050 <m,, <1.10 GeV/c? — Lightflavor — e'e’, e''X
"'l 3 i3 —cC — e'e” (POWHEG x <N, 4>) E "'l 3 —cC — e'e” (POWHEG x <N, 4>)
10° z / —bb > e'e” (POWHEG x <N, >) 3 = —bb - e'e” (POWHEG x <N, ;>)
“““““ -=-C€ - e'e” (POWHEG x <N, ;> x ALY -=-C€ - e'e” (POWHEG x <N, > x AR
- 3 2 . = ;
g 25 ---bb - e'e” (POWHEG x <N,> x Ais E: ---bb > e'e” (POWHEG x <N, > x Ais %)
5= -
% 05 ) —
% 250 .E_
H I??:: ,,,,,, =
,;; —

[ 05 1 15 2 25 3 a5
Mo (GEVIC)

T ,CE F|
8 o 8
e 158 e
5= 1B o
T 05 g
e 1§ o
Ke) = Q
g O0SE . . , . , . . g . . . . , . .
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8,
P e (GeV/c) P e (GeV/c)

Excess yield: pree < 4 GeV/c dominated by thermal radiation
Pree > 4 GeV/c more prompt photons expected
Inclusion of HF modification crucial to describe pre. shape
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Dielectron production in semi-central Pb—Pb at /syy =5.02 TeV 077

dv 1
A aa (Gevie

Cocktail comparison — Pair-momentum spectra at low masses ALICE
e e 0.1 4 < mee < O 5 GeV / c 0. 5 < mee < 1 1 GeV / c
F 02<p <10Cevic, g <08 !E‘*"ml‘f‘w‘miﬁxw;xﬂﬂ") B
10 HD<DTE<H,HGEWC J':V _E L :' ™TT I I I T I I . R D) e ) L T I T [ I T I ' T roee.
, T romEay ] § [~ ALICE Prelnmnna'y E]Dala § 10-' | ALICE Prehmmary [ElDala
: R 8 107! |- 30-50% Pb-Pb al 5, = 5.02 TeV & Cocktail sum (POWHEG x <Ny>) K 30-50% Pb-Pb at |5, = 5.02 TeV &= Cocktail sum (POWHEG x <N,,;>)
i 4 1s [ 02<p, <10GeVic,|n|<08 8 Cocktail sum (POWHEG x <Ny x AR ) T e 02<p <10 GeVic, |n|<0.8 8 Cocktail sum (POWHEG x <Ny, x A5 ")
el i %I%” - 0.14<mee<0.SOGeV/c2 — Lightflavor — e'e”, e'e’X %|%” 0.50<mee<1.10GeVIc"’ — Lightflavor — e'e”, e'e’X
"'l 3 102 = —cC — e'e” (POWHEG x <ch|>) "'l 3 1072 —cC — e'e” (POWHEG x <N o)
s =T E —1bb > e'e” (POWHEG x <N, >) z — b5 > e'e" (POWHEG x <N, 4>)
“““““ - --¢€ - e'e” (POWHEG x <N, > x Afs *°) --¢E - e'e” (POWHEG x <N, > x Ay ’e)
g = e Al --bE »e'e” (POWHEG x <N, > x Aap %) . --bb - e'e” (POWHEG x <ch,> x RER e
o 15 - 10 10
§ 05
£
§ 15 '
g 50 104"
[ 05 T 15 2 25 a5 i
m,. (Gevic?) 7:
& |
1
107 !
i F|
3 E
e e
2 2
e e
§ §
S S
i) i)
80 . . . . . . . g OO . . . . . . .
1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8,
P e (GeV/c) P e (GeV/c)

Excess yield: pree < 4 GeV/c dominated by thermal radiation
Pree > 4 GeV/c more prompt photons expected
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QU/—\RK MATTER

Dielectron production in central PbPb at 5.02 TeV Ve
Cocktail comparison — Pair-momentum spectra at intermediate masses ALICE
o S F acepemnay 0 mows 3 Comparison to binary scaled HF
-8 [ 30-50% Pb-Pb at 5, = 5.02 Tev ¥ Cocktail sum (POWHEG x <No,;>) e - .
| ] 42| 02<py, <10 GovicIn <og S8 Cockisl um (POWHEG x <N x A 9 —>Data overall in good agreement
w éxZ:Lg"'O = 1.10 <m,, <2.70 GeV/c? J,?,, g e)z: e =
] « - E —¢E > e'e” (POWHEG x <N, ;>) ]
s a _;"2 oo romear v m2 o 1 Inclusion of HF modification in the cocktall
Eé Farten 10° -bb > e'e” (POWHEG x <N, 4> x Fo2 *¢)  — . .
e g - Data above cocktail expectation
- TSR R i — !‘LE—/ :

o = M

nnnnnnnnnn

n

—

o

N

—r
N ONOW N W

ratio to Cocktail ratio to cocktail
o

8
1 (GeV/c)
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Direct-photons Pb—Pb at \/syy = 5.02 TeV *2022
Direct-photon fraction extraction ALICE
T =L L L L L L LI LN LN L L I LI = - LINL I L L B LI
& b ALCE Preimi . T 10F imi E
S B reliminary d 3 = ALICE Preliminary =
S [ 0-10%Pb-Pbat {5 =502 TeV . & [ 30-50% Pb-Pbat s =5.02 TeV .
2’ E$ 10l (132 <pp <1 10 ng(/C/ In|<0.8 . 2’ E8 | 02<p, <10GeVic,|n|<08 j
o 2<p. <1.6GeV/ic = \ 1.2 1.6 GeV/c
-l t:% = free [+]Data ] = Ua; 1E < Pree = [*]Data =
= | —r xfy + (1-r) x fe + fie . T2 F —r xfy + (1-r) x e +fie -
B fai ] 3 fai y
1E _ILF E [ —fe 1
2 TIHE 20,039 £ 0.020 (stat) 107 T 0,020 £ 0.015 (stat) =
- x2/NDF = 11.34/4 . o ¥2/NDF = 5.24/4 ]
10 = I _
Ok E 102 E
- S\__; - -
102 = 103 =
:I L1l I L1l Ll 1l I Ll 11 l L 1 1 l i1 I L1 11 [ Ll 1 1= :| 111 I 1 [ | I [ | I [ | l | | I | I I | I 1 11 1:
0 0.05 0.1 015 02 025 03 035 0.4 0 0.05 0.1 015 02 025 03 035 0.4
Mee (GeV/c?) Mee (GeV/c?)

Direct-photon fraction r extracted with same method as in pp: (Krol-Wada function f;;,-)

ffit =r X + (1 o T') X fLF + fHF ALICE Dielectrons | QM22 Krakéw | Jerome Jung | Uni Frankfurt 31



Dielectron production in central Pb—Pb at /syy =5.02 TeV

Nuclear modification factor

.................................

6 2 [ LI I LI I | 7. T, | I R N | | | K1 f | I UL LI ! I 1]
g | ALICE Preliminary  [¢]R,,, 0-10% Pb-Pb N/ 5
s 1.8 (5 = 5.02 Tev []A,,, min. bias p-Pb (PRC 102, 055204) ]
§ - __0.2 <P, < 10 GeV/e, Inel <0.8 E
'-g B 0.0< Pr oo < 8.0 GeV/c q
E 14 =
© 5 a
ko) - _
<Zﬁ) 1.2 p | [ ) )

1:'- """""" T =

IllllllllllIlIlllllIllllllllIIlll

[
I

IlIIIlIll

0 0.5

Indication of HF suppression in the IMR in Pb—Pb collisions
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Nuclear modification factor

o QUARK MATTER

Dielectron production in central Pb—Pb at \/syy = 5.02 TeV 2022
Nuclear modification factor ALICE
2 I LI l LI I LI I LI I I | l LILBLIL I UL I UL Ié' I | I B 2 I LI l LI LI I LI L I L l LI L | LI I LI IEI I l I
_ ALICE Preliminary [¢]R,,, 0-10% Pb-Pb 2 _ ALICE Preliminary [*]R,,, 0-10% Pb-Pb
1-8:—%=5_02 TeV [$]R, . min. bias p-Pb (PRC 102 055204)—_ s 1-8_—m=5_02 TeV [s]R,,. min. bias p-Pb (PRC 102 055204)—_
; 6- 0.2<pT‘8< 10 GeV/c, |7]6[ <0.8 - § 1 6: 0.2<p“< 10 GeV/c, |ne[ <0.8 ]
T 0.50 < my, < 1.10 GeV/c? ] § T 1.10 < My, < 2.70 GeV/c? ]
1.4 = £ yaf -
. ] = 140 ]
I ] o K ]
1.2[- - 3 1.2f 1 -
UL S T S = L L D A (R SR =
0.8 - 0.8 t1 .
0.6 - 0.6f B | ! ]
0.4 ] —: 0_:.1,__0 _:
0.2F . : . 0.2 |  —
0:1 | 1 1 I 1 1 1 1 I 1 1 11 I 1 1 11 I | | I | 111 I L1 11 I 11 I: 0:1 L 1 1 I I 1 1 1 I L1 11 I L1 1.1 I L1 11 I L1 11 I L1 11 I L1 1 I:
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
[ (GeV/c) Ps oo (GeV/e)

Signs of suppression as a function of pr .. in Pb—Pb collisions
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Dielectron production in semi-central Pb—Pb at \/syy =5.02 TeV Rk
Cocktail comparison — Invariant-mass spectrum ALICE
& roe e T2 First measurement of the dielectron production
A reliminary [®]Data . . ..
2 10 30-50% Pb-Pb at s, = 5.02 TeV &5 Cocktai sum (POWHEG x <N») In semi-central collisions
= E 02<p. <10GeVic, [p | <0.8 BB Cocktail sum (POWHEG x <N_,> x A2 ")
g K oocpcooceve —lomimeroomeex | | .
1z B : NEW — T e"e” (POWHEG x <N,.>) Compared to different hadronic cocktails:
i == —bb — e’e (POWHEG x <N__>) .
2 ---cE_-»e:e (POWHEG x <N_,> x R'?‘;:., _
1 i Binary N, scaled HF measurement
e - vacuum baseline
100 e —— Y Input: HF measurement from pp at /s = 5.02 TeV
. R o > Phys. Rev. C 102 (2020) 055204
107 b, YV
3 " L B e P B . " 0
g 25 P OE IR e b e
e G ail + + in-medum p s . . .
§ 2 1 Data on the edge of the uncertainty of hadronic expectations
% o ——— —— = o - Tension in the region 0.5 < M. < 1.1 GeV/c?
X 25 . . . -
g 2 " ==t ~4 However: HF contribution is expected to be modified
§ O’; LR ISP = s L M=—N - CNM and hot medium effects
T 0 05 i 75 > 25 3 35
m,, (GeV/c?)
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Dielectron production in semi-central Pb—Pb at /syy =5.02 TeV 077

o | QUARKMATTER

Cocktail comparison — Invariant-mass spectrum ALICE
& e e = First measurement of the dielectron production

> reliminary [e]Data . . ..

3 1oLl 30-50% Pb-Pb at {5, = 5.02 TeV &5 Cocktail sum (POWHEG x <N,>) in semi-central collisions

e E 02<p_ <10GeV/c, [y |<0.8 ##Cockai sum POWHEG x <N,,>x AR
g K 0o<p  <s0Gevic e pipiniaa _ _ _

3! | NEW 5 o 0" (POWHEG x <) Compared to different hadronic cocktails:

== —bb - e’e (POWHEG x <N, ,>)
i ' ---cC - e’e” (POWHEG x <N_> x Ay, )

ratio to cocktail ratio to cocktail

-=-bb — e’e (POWHEG x <N_> x Ry )

Binary N, scaled HF measurement
- vacuum baseline

Weighted HF based Ry, Of c/b — e*
—> to model a HF suppression

l.‘.."‘ e !
I, TP AN (IR I

cockiail + QGP + in-medium p (R.Rapp, Adv. HEP. 2013 (2013) 148253

— COocklail + QGP + in-medium p (PHSD, PRC 97 (2018) 064907)

Inclusion of HF modification improves the overall description

Compared to theory calculations including thermal radiation

However: Therm. signal in the order of syst. uncertainties

. of the modified cocktall
m,, (GeV/c?)
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Dielectron production in semi-central Pb—Pb at /syy = 5.02 TeV lem %

Excess-yield determination

lllllllllllllllllll'llll

. ALICE Preliminary

30-50% Pb-Pb at |s,,, = 5.02 TeV
0.2< P S 10 GeV/e, I"el <0.8

0.0 < pT'ee <8.0 GeV/c

(GeV/c?)!

Ié!!!'l !Ii iiillll

dm,.

ONexcess

3

10"

1

@
>
~—QGP + in-medium p (PHSD, PRC 97 (2018) 064907)
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10°%

AN

10°*

LI Ill"l

I

e HG QGP
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lllllllll_

[w]Excess = Data - Cocktail (LF w/o p + J/y + POWHEG x <N_.>)
[®]Excess = Data - Cocktail (LF w/o p + J/y + POWHEG x <N > x A%, 9

ool

QGP + in-medium p (R.Rapp, Adv. HEP. 2013 (2013) 148253)

Arrows show upper limits at 95% C.L.
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ALICE

Excess yield = Data — cocktail (w/o p contribution)

Invariant mass allows to separate different
thermal contributions

Mee < 1 GeV/c? : Contributions from Hadron Gas
Mee > 1 GeV/c? : QGP radiation
- Current understanding of the cocktall

limits the understanding of the data

—> Develop cocktail independent approach
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DCA.. analysis in central Pb—Pb at \/syy =5.02 TeV "* 2022
Cocktail-scaled DCA spectra — J/ip region ALICE
jg‘% ' ' Py 10 B y =1 T L T T 5
§ © = ALICE Preliminary #Data W e
] o  TEo10%Po-Poys,, =502Tey  SCooktailsum LE'/ ]
<(‘” E it b, <8GeVic —CC —e'e (POWHEGKN,, x<Aas )
: 107 T S  —bb re'e (POWHEGKN xRS ") —= ) i
8 0 11| < 08,26 < m., <31 GeVict _ pls i I V6 1 Well suited as a control region:
: fg g 10°° = -=Prompt J/y =
1 1O qpof 3 Mixture of prompt & non-prompt sources
i;: @ =
E i L qoalf E : :
- 5 E Jy production well constrained
10°° 3
10 ¢k 2
107 I i _
g of bl - Data well described by DCA.. templates
§ ; | 1 scaled with the hadronic cocktalil
IS 1% l I —— .
©
0 . | ‘ | | ]
0 9 10 12 20
DCA., (o)
Prompt signal > Non-prompt signal
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Dielectron production in central PbPb at 5.02 TeV Te2072
Scaled DCA spectra — Intermediate-mass region ALICE
35 | Wgr—r—————— ]NEWﬁ
) = ALICE Preliminary @ Data 3
TE0-10% Po-Po |5, = 5.02 Tev :S:C:Z"Ls‘;(";wu:ﬁ -
101 [ 94 <Py, <8 GeVic —obe erowrean, a ) | INclusion of weighting with HFe Rpy:

ratio 1o cocktail ratio to cocktail
S = N o =N
i in it in [SRERN)

- Il < 0.8.1.2<m,<26GeV/c? =J/y se'e.Jly >yee E
—in-med. hadronic [Rapp]

—QGP radiation [Rapp]
Upper limit at 90% C.L.

Better description of high DCA.. values

1/N,, dN/dDCA,, ()’
f

Spectrum consistent with theory calculations
for thermal radiation by R. Rapp

2
O
O
Q
i
©
O
15 20
DCA., (o)
Prompt signal > Non-prompt signal
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