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Why dielectrons?

=>  Dileptons are a rich source of physical information
in all collision systems
=  pp: baseline measurements and
high-multiplicity phenomena
= p—Pb: cold nuclear matter effects
measurements
=  Pb-Pb: QGP insights

=>  They are produced during all stages from different
sources and present negligible final-state
interactions
= Allowing to access the whole history of the
system created in each type of collision

=>  Unique probes of the system
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Dielectrons sources
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Dielectrons sources
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Dielectrons sources
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The ALICE experiment

ALICE

e Dielectrons measured at midrapidity

e Inthis talk: pp, p—Pb and Pb—Pb at 5 TeV N Ay
and soft dielectron production in pp at 4 ‘ G voadTo
13 TeV e. FMD

VO scintillators ® o Y ;

Trigger and centrality estimator

. Muon Tracker
13. Muon Wall

14, Muon Trigger
15. Dipole Magriet %
16, PMD

17.AD

Time-Of-Flight (TOF) 19, ACORDE
Tracking and PID (TOF measurement)
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Dielectron production in pp at 5.02 TeV
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Phys.Rev.C 102 (2020) 5, 055204
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N = ALICE, pp e Data 3
S 1oL Vs=502TeV,|n| <08 & Cocktail sum l ) o o .
E 0.2<p, <10 GeVic —Light flaver é Dielectron production in pp collisions is fully
= 4l Pr,<8GeVic -- T > e'e (POWHEG) described by hadronic sources
S + 3.2% norm. uncertainty ~ --- bb — e*e’ (POWHEG) E
Tlo [ ' —
—Jly > e, Jf ¢ :
107 Yoee AN mYes o LF and J/V¥ from parameterized measurements
2l - . :
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mﬁéf é 2Df|tsofmeeande,ee
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= 15E =
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HF cross sections via dielectron
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HF cross sections extraction for both PYTHIA and POWHEG generators
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HF cross sections at different energies
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Phys.Rev.C 102 (2020) 5, 055204
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Dielectron measurements: ALICE
o (Mg, pTvee) fit with PYTHIA 6 pp collisions
= (Mee, Py ) fit with POWHEG
(s = 5.02 TeV: ALICE this result
Vs = 7 TeV: ALICE, JHEP 1809 (2018) 064
Vs = 13 TeV: ALICE Phys. Lett. B788 (2019) 505

22% syst. c€ — e*e” not shown
Measurement based on prompt D” mesons:
o ALICE, Eur. Phys. J. C77 (2017) 550

—— FONLL, M. Cacciari et al.
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Dielectron measurements:
o (M, p, ) fitwith PYTHIA 6
" (Mg p; ) fit with POWHEG
Vs = 5.02 TeV: ALICE this result
Vs = 7 TeV: ALICE, JHEP 1809 (2018) 064
Vs = 13 TeV: ALICE Phys. Lett. B788 (2019) 505
6% syst. bb — e*e” not shown
Single heavy-flavor hadron measurements:
o ALICE, PLB 763 (2016) 507
—— FONLL, M. Cacciari et al.
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Extracted HF cross sections depend on the event generator

Similar results from measurements in different energies of pp collisions
Energy dependence described by FONLL within large model uncertainty
Measurements will be updated by the new ALICE results showing larger baryon fraction than assumed

ALICE

Parallel Talk:

Charm cross section and
fragmentation fractions in
pp collisions with ALICE
27 Jul 2021, 10:15

T06: QCD and Hadronic
Physics
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Dielectron production in p—Pb at 5.02 TeV

Modifications not H LIC E
related to QGP
Phys.Rev.C 102 (2020) 5, 055204
pp c%\ 104 §I T | T T L I T T T | T T LI | T T T | T T T T T T I§
5 TeV N = ALICE, p-Pb e Data 3
€ & 1c° | Vsy=5.02TeV, || <0.8 = Cocktail sum ]
8 02<p, <10GeV/c — Light flavor 3 )
E ) P, <8GeVic -~ T - o'’ (POWHEG x A) 1 LF and J/V¥ from parameterized measurements
o|g 10° - + 3.7% norm. uncertainty - bb — e*e” (POWHEG x A) S
-O -o +A +A E . .
—Jy e,y syete 7 HF normalized by the cross sections extracted from
10 - . . .
p-Pb = - 2D flt.S of m_,and Pree iN PP collisions scaled by
B . atomic mass number (A)
5TeV = =
ok _ No significant deviation from vacuum expectation
=8 —
102 §L h ‘ Possible data-to-data comparison to pp collisions
fl 1 I'I ! I } 1 ! 1 | - ! N | \'l~‘l\'+ Il V- If
_ = 150 E
Pb Pb % g 15 — % =
(S [— — L
5TeV | olc F&% . 3
O 0.5 =
0 0.5 1 1.5 2 2.5 3 3.5
Mee (GeV/c?)
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Rppb of dielectron
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ALICE

Nuclear modification factor Rppb:

1 dobe’ /dme.
A dolt [dmee
LF (m_ <1 GeV/c?) and HF (m__>1 GeV/c?) present

different scaling behaviours - dependence of the LF
fraction

Rpr (mee ) —

Theory calculations compatible with both models:
= charm shadowing (EPSQ9) - disfavoured in IMR
=  thermal radiation (HG+QGP) - disfavoured in
m_<0.5 GeV/c?
Important to separate thermal radiation from
HF in the IMR

=
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Dielectron production in peripheral Pb—Pb collisions at 5.02 TeV

Peripheral collisions @ L. . . . H LIC E
Preliminary results of dielectron production in 50-70 % and 70-90 %
op - central Pb—Pb collisions (2015 + 2018)
o RN LR WA R DL LA BRI LN B
L E  ALICE Preliminary
5 Tev 2 10 - - . .
Zgg S :’;bo‘_/:Tgeran:fl’M - HF normalized by the cross sections
UIU’ ! obtained in pp collisions scaled by
2 . . .
binary nucleon-nucleon collisions
e 70-90% Data . . e
= 50.70% atax 0 No significant excess observed when
compared to vacuum cocktails
p-Pb :
5TeVv 3
Pb-Pb
3
5TeV | &
ALI-PREL-486396 Mg, (GeV/c?)
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Dielectron production in peripheral Pb—Pb collisions at 5.02 TeV

Peripheral collisions @ L. . . . H LIC E
Preliminary results of dielectron production in 50-70 % and 70-90 %
op - central Pb—Pb collisions (2015 + 2018) | | | |
L 3 L B L L B L L B & TE Lk 3
kS E ALICE Preliminary § E  ALICE Preliminary 3
5TeV| 3 10 poroys,-502Tev . . 3 '°E Pb-Pbsy=502TeV =
Zgg © b, ~0206eVic, In <08 -> HF normalized by the cross sections 3 f Pre7026eVen|<08 E
sls ! obtained in pp collisions scaled by ’ifw; o 7090% Data E
= . .. zVE = 50-70% Data x 10° E
~0.00% Data binary nucleon-nucleon collisions ol Sum cocktail E
50-70% Data x 10° =>» Nossignificant excess observed when ;.f 3
compared to vacuum cocktails i 3
P E 0 E
5TeV 2 -  Data is fairly well compatible with ol =
2 additional sources of thermal 107k -
E .. F P T R T B B
§ ra d | at' on K= 2 ; Cocktail (w/o p) + thermal (R. Rapp) é
= S 1sE- =
f ; 1; s |
_F R. Rapp, Adv. High Energy Phys. 2013 (2013) 148253 5§ °s& =
g sp = E =
Pb-Pb 3 - Partonic Sources Hadronic Sources | £ *E— Cookail o p) + thermal (R. Rapp) E
E 8 1.55— —:
5TeV| & e || M, <12GeV/c? | =
, ‘ a & q;’]ié & & e | & °°F
: Y of : : : ; '
ALI-PREL-486396 Mee (GeV/CZ) (T>,V;?< e g q - >D.A/\\’/:< e ALI—PREL—:JBSdOS " v " " Mee (Ge‘V/Cz)
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Low-p_.__dielectron excess in peripheral collisions

Peripheral collisions

@ Preliminary results of dielectron production in 50-70 % and 70-90 %

PP
5 TeV

p—Pb
5 TeV

Pb—Pb

5 TeV

central Pb—Pb collisions (2015 + 2018)

A L e e o L A
S oL ALICE Preliminary E
8 E  Pb-Pbys,=502TeV E
g8 1= P, >02GeV/c,|n|<08 =
%‘5 E pT’ <0.1GeV/c
A0 E
Lr e 70-90% Data
107 = 50-70% Data x 10° E
10—3;_ J Upper Iimit; at 90% C.L. J . . .
el T Sumecoddl E -> Significant excess forp._ <0.1GeV/cina
o wide m__range
10
107k => The effect is larger for more peripheral
10 f collisions
10-9;—
1025—I
s
g L
U:
onendse mg, (GeV/c?)
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Low-p_.__dielectron excess in peripheral collisions

Peripheral collisions @ L. . . . H LIC E
Preliminary results of dielectron production in 50-70 % and 70-90 %
op 0 central Pb—Pb collisions (2015 + 2018)
- SR I I I 3
Y E ALICE Preliminary E
5TeV 3 1L 70-90% Pb-Pb 5, = 5.02 TeV .
PT,e>°621G§v$, In,| <0.8 =>  Consistent with photoproduction calculations
% N _2: e Excess = Data - cocktail 7
.—|2w10 ? Calculations without detector resolution effects: § )
C Photoproduction (Klusek-Gawenda et al.) Ze (|—> e~
108 e Thermal (R.Rapp et al.) - > => =
E E| o e
p_Pb = ] vt% Ze
1074 = =3
5 TeV :
10° E
: ¥ -t > yy—e’e continuumin m__scaling with Z* from
10’6? = . . .« Qe .
coherent electromagnetic field of the colliding nuclei
e iansaaas SRS RARR RN
v 1 =>  Present some centrality dependence
Pb-Pb &F '::'%
STeV | & oy :
00: o : e " 5 s ] M. Klusek-Gawenda, W. Schaefer, A. Szczurek, PLB 814 (2021) 136114
R ’ ' " my, (GeVic?) R. Rapp, Adv. High Energy Phys. 2013 (2013) 148253
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Dielectron production in central Pb—PDb collisions

ALICE

Central collisions Q .. . . .
Preliminary results of dielectron production in 0-20 % central
Pb—Pb collisions (2015)
pp 102 T T T

L L B B B

5TeV| & ALICE Preliminary ol e = =>  HF: PYTHIAG binary nucleon-nucleon collisions scaling
%) 1 O 0-20% Pb—Pb \Swn = 5.02 TeV — nov_yye*‘e' __
e £ 02<p _<8GeVic, g |<08——"N>vee 3 . . .
& B 8 EsiiG e et : -> Differences between data and cocktail observed in
Tee _— —
S 4 —ooee,oonlee - some regions of the invariant mass yield
= H — ¢—e'e, pome'e’, pon'ete E
° — ccoe'e (PYTHIA 6 x N, >
g — bb—e*e (PYTHIA 6 x N_,,) B
p Pb E 10‘1 i — Jly—e'e’, Jy—oyete’ E
5 TeV . i
102 B .
| i
10°° : EI E
T —
S ’ :
Pb-Pb & iE
5TeV | £ .
[m) . i
3 35 4
ALI-PREL-306889 mee (GeV/C2)
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Dielectron production in central Pb—PDb collisions

Central collisions
Q Preliminary results of dielectron production in 0-20 % central

PP
5 TeV

p—Pb
5 TeV

Pb—Pb

5 TeV

ALICE

Pb—Pb collisions (2015)

— T T T T T T T T T T T T T T T
ALICE Preliminary -o- Data
—— Cocktail

0-20% Pb-Pb |5 = 5.02 TeV — 10 yyete
£ 02<p _<8GeVic, g |<08——"N>vee

/ — n'>ye'e, n'owee’e
Tee — p—oe'e
— o—e'e, o-onlete
— o—e'e, 0ome'e, gonlete
—— cc—e'e (PYTHIA6 x N
— bboe*e (PYTHIA6 x N_,,)
— Jly—e'e’, Jy—oyete’

1/N,, dN/dm,, (GeV/c?)"

T

=>  HF: PYTHIAG binary nucleon-nucleon collisions scaling

=> Differences between data and cocktail observed in
some regions of the invariant mass yield

=>  Heavy-flavour suppression observed

e

107
P |
10 /“z
T =
X p ]
8 i :
© ®
= ?
a . .
3 35 4
ALI-PREL-306889 Mge (GGV/CZ)
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Dielectron production in central Pb—PDb collisions

Central collisions Q .. . . . H LIC E
Preliminary results of dielectron production in 0-20 % central
Pb—Pb collisions (2015)
PP ‘.:_\102 L N BT N B RERE . L .
5TeV| % ALICE Preliminary Selsm 3 =>  HF: PYTHIAG binary nucleon-nucleon collisions scaling
E 10 0-20% Pb-Pb |5 = 5.02 TeV — 10 syete _;I
= 02<p <8GeVic,|n <08 T>vee E . . .
& b <8 GaVic e iooete E -> Differences between data and cocktail observed in
K —ooe'e oonlee - some regions of the invariant mass yield
= — ¢—e’e’, ¢ome’e, oo ete E
° — cc—e'e’ (PYTHIA 6 + EPPS16) x N, ]
= — bb—e*e” (PYTHIA 6 x N,y 1 .
p-Pb | = 107" B N — Jyoe'e, Jyrete = =>  Heavy-flavour suppression observed
5 TeV B SN s (reduced when including nPDF - EPPS16)
1072 5 Eskola, K.J., Paakkinen, P., Paukkunen, H. et al. Eur. Phys. J. C77, 163 (2017)
10°° [_e =
\/\._.\:
i, m | | | / I :
4 .
8 2 =
Pb-Pb & . ? 3
5ol N E%B] s
5 TeV g | 7 :ﬁ | '. ]
0 05 N_ 15 2 5 3 35 4
ALI-PREL-306894 mee (GeV/CZ)
29/07/2021 Low-mass dielectron measurements with ALICE - Hermann Degenhardt (USP) 18




Dielectron production in central Pb—PDb collisions

Central collisions Q .. . . . H LIC E
Preliminary results of dielectron production in 0-20 % central
op Pb—Pb collisions (2015)
P L L A B B SR I . .. .
5TeV| % ALICE Preliminary Sl ’ =>  HF: PYTHIAG binary nucleon-nucleon collisions scaling
> 107 E™ 0-20% Pb-Pb | 5 = 5.02 TeV ---- n'ye’e E
2 0.2<p, <8GeVic, [,/ <08 . ﬂjﬁz sl 3 . ) ]
2 o =t Ella ol PG . -> Differences between data and cocktail observed in
g 10 M "re ---- poe'e, pome’e’, 9onlete E . . . .
kS <o- ceee (PYTHIAG x N,y) = some regions of the invariant mass yield
2 ) ---- bbse*e’ (PYTHIA 6 x N_,) .
- 1 . —_ (ng I; in;jmed. p(l(qRapp)))
o —_— radiation (Rapp = .
Pb 2 Adv. HEP 2013 (2013) 148253 E =>  Heavy-flavour suppression observed
pP— - and PRC 63 (2001) 054907 ] . ]
5 TeV i N (reduced when including nPDF - EPPS16)
|l = Llowm__is described by models including thermal
LT ~ 1 — radiation
X ]
g 3
Pb—Pb S - .
5TevV | £ hd =
(o ) ) ) ) ) ]
08 1 12 14 16
ALI-PREL-307971 mee (GeV/Cz)
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Dielectron production in central Pb—PDb collisions

Central collisions
Q Preliminary results of dielectron production in 0-20 % central H LIC E
op Pb—Pb collisions (2015)
T [ e e B L B B B
5TeV| ALICE Preliminary Sl i = HF: PYTHIAG binary nucleon-nucleon collisions scaling
> 0-20% Pb-Pb \ s = 5.02 TeV __ 19 syete T
o 10p 02<p, <8GeVic, <08 ——N>1€e 3 ) ) )
& R <otove e e : -> Differences between data and cocktail observed in
= “‘ :E’:Sf’f:’iifeﬁoe@- - some regions of the invariant mass yield
© \ — cg—>e+e" (P\;]THIA 6 x N_y) ]
= — bb—e*e (PYTHIA 6 x N_,,) 1 .
p-Pb | = 107§ — Jye'e, Jyorete = =>  Heavy-flavour suppression observed
5 TeV ] (reduced when including nPDF - EPPS16)
102 B 3
7. 3 : => Low m__is described by models including thermal
10—3 = N = . .
.f Q'\: radiation
s ) t‘ 3 =>  Analysis in central Pb—Pb using 2018 data (higher
Pb-Pb G , IR statistics) ongoing! - 10x in 0-10% centrality
5TeV | & 9 e | © | o
a : : m—
0 05 1 15 2 25 3 35 4
ALI-PREL-306889 mee (GeV/C2)
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Soft dielectron production in pp at 13 TeV
ALICE

3

g a0 S o] > Anomalous soft-dilepton and -photon excess already
@102? op (5=13TeV, B-02T § 8 *F !,?o:i'::;‘;g:gm ] reported by other experiments
gm I(:7'0|7<5 (;si,)Tpf 1<0 (fj\g:wc ] E s :E(i_:gh_{f?;\%r (p+o+9+1) . . . .o .
& e Tee Qﬁsoi 0.15 < me, < 0.6 GeV/c] =>  Special data taking with reduced magnetlc field of 0.2 Tin
§ 1 } E o ALICE aIIows. to access electrons with Pre down to 0.075
] ° +5% Globa une. - GeV/c for this purpose
o E =>  Cocktail underpredicts data by a factor of 1.61 + 0.13 (stat.)
] +0.17 (syst.) £ 0.34 (cocktail) in:
o = p,,.<04GeV/c
! = 0.15<m_<0.6 GeV/c?
10 >  No excess observed in different regions as lower m__ or
< 2 ' higher p_.,
%1.5:— E 1 Eﬂ:ﬁ ED i ]
S =>  No multiplicity dependence observed
0 07102 03 04 05 0b 0 02 04 06 08 1 12 14
R RO/ — P; o (GEV/C) V. Hedberg PhD thesis, Lund (1987); DLS Collaboration,Phys. Rev. Lett. 61 (1988) 1069-1072; M.R.Adams et al.

Phys. Rev. D27 (1983) 1977-1998; K.J. Anderson et al. Phys. Rev. Lett. 37 (1976) 700-802; A.Belogianni et al.
Phys.Lett.B548 n 3 (2002) 122-128, 129-130; J.Antos et al. Z. Phys. C59 (1993) 547-554




do/dm,.dy (mb / GeV/c?)
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Soft dielectron production in pp at 13 TeV

arXiv: 2005.14522 (PRL)
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ALICE

=>  Excess yield cannot be reproduced by calculations of initial-
and final-state hadrons bremsstrahlung or by thermal
dielectron production predictions
=>  Possible mechanism:
= The radiation comes from a back-reaction of the
vacuum to a non-perturbative back-to-back qq pair
(charge oscillation arising from leading quarks ripping
meson-like fermions from the Dirac sea)
=  Strong non-perturbative phenomena only seen with

e‘eory

O. Garcia-Montero, ArXiv:2104.07050v1; D. E. Kharzeev and F. Loshaj, Phys. Rev.
D89, 074053(2014), arXiv:1308.2716
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Summary

ALICE

pp ->  Reference measurement for p-Pb and Pb-Pb
5 TeV => Charm and beauty cross sections measured
p—Pb => Nossignificant modification of heavy-flavour production
5TeV =>  Separation of dielectron sources and multiplicity studies ongoing
@ => Nossignificant excess observed compared to vacuum cocktails for Pre> 0.2 GeV/c in peripheral collisions
Pb—Pb - Low- Py .. EXCESS compatible with coherent photoproduction in perlpheral collisions
5TeV Q > Possible excess from thermal radiation in low m__in
=>  Heavy-flavour suppression in
=> Significant excess in soft dielectron production
=>  Current theoretical models can not reproduce the excess, although recent calculations aim to
=> No significant multiplicity dependence
=> ITS and TPC upgrade for Run 3 and Run 4: Improved resolution, faster readout, continuous readout
=>  Better vertex pointing resolution - Better separation of HF from prompt sources via DCA
=> Higher acquisition rate: gain by a factor 100 in Pb—Pb statistics in Run 3 and Run 4
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Summary

ALICE

->  Reference measurement for p-Pb and Pb-Pb
=> Charm and beauty cross sections measured

Parallel Talks (T12: Detector R&D and Data
No significant modificatj Handling): _
S ti f dielect ° First results of the newly installed,
€paration of dielectron MAPS based, ALICE Inner Tracking
System - 26 Jul 2021, 10:30

vl

e e Preparation for ALICE data processin . . .
No significant excess ob: a,,dpa,,a,ys,-s in LHC Run 3 .p23 Jul J p,.>0.2 GeV/cin peripheral collisions

Low-p_ _ excess compat 2021, 10:00 'ir')heral collisions
. e  Future upgrades of ALICE for Run 4 -

Possible excess from th.e 29 Jul 2021, 10:00

Heavy-flavour suppressil e  ALICE 3 -29 Jul 2021, 11:15

®8

Significant excess in soft dielectron prod(Zv’\gh
Current theoretical models can not repr e excess, although recent calculations aim to

No significant multiplicity dependence

ITS and TPC upgrade for Run 3 and Run 4: Improved resolution, faster readout, continuous readout
Better vertex pointing resolution - Better separation of HF from prompt sources via DCA
Higher acquisition rate: gain by a factor 100 in Pb—Pb statistics in Run 3 and Run 4
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Thank you!




Electron identification
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Dielectron signal

ULS correlated ULS uncorrelated ALICE

Electrons are separated as like-sign (LS) and
unlike-sign (ULS) charged pairs

ULS carries both correlated (signal) and
uncorrelated (background - combinatorial s
effect of the method) physical information
LS carries uncorrelated (mostly) physical =
information

The dielectron signal is obtained by the
subtraction of the identified background (LS)
from the ULS pairs: ¥

S’Lgnal = ULS — R \/N+_|_ -N__

Additional factor to take into /
account acceptance differences
between different LS charged pairs
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Soft dielectron production

In pp at 13 TeV

ArXiv: 2005.14522 (PRL)
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ALICE

Anomalous soft-dilepton and -photon excess already
reported by other experiments

Low magnetic field of 0.2 T in ALICE allows to access
electrons with p__down to 0.075 GeV/c for this purpose

Cocktail underpredicts data by a factor of 1.6 in:
= Pree < 0.4 GeV/c
= 015<m <OGGeV/c

No multiplicity dependence observed

No excess observed in different regions as lower m__or
higher Pree

V. Hedberg PhD thesis, Lund (1987); DLS Collaboration,Phys. Rev. Lett. 61 (1988) 1069-1072; M.R.Adams et al.
Phys. Rev. D27 (1983) 1977-1998; K.J. Anderson et al. Phys. Rev. Lett. 37 (1976) 700-802; A.Belogianni et al.
Phys.Lett.B548 n 3 (2002) 122-128, 129-130; J.Antos et al. Z. Phys. C59 (1993) 547-554
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Soft dielectron production in pp at 13 TeV

A

rXiv: 2104.07050v1
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ALICE

=> Qualitative study by now, lacking the quark mass - limiting

>

lighter quarks calculations

Recently calculated possible mechanism:

= The radiation comes from a back-reaction of the
vacuum to a non-perturbative back-to-back qq pair,
triggering meson-like excitations that couples to
photons

=  Charge oscillation arising from leading quarks ripping
meson-like fermions from the Dirac sea

Proposed Model: D. E. Kharzeev and F. Loshaj, Phys. Rev. D89,

074053(2014), arXiv:1308.2716
Calculation by: O. Garcia-Montero, ArXiv:2104.07050v1
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Outlook

ALICE

3
=> ITS and TPC upgrade for Run 3 and Run 4 go
-> Improved resolution, faster readout S
=  New readout chambers (GEM’s and SAMPA), E ALICE
continuous readout §102
=
=>  Better vertex pointing resolution S Lo
= Allowing to access electrons with smaller p_ 10
=  Better separation of HF from prompt sources T ——
via DCA [ @ eoeosae corn &
> Higher acquisition rate )
= Drastically increasing the luminosity oot 1 10 p (GeVic)

Parallel Talks (T12: Detector R&D and Data Handling):
° First results of the newly installed, MAPS based, ALICE Inner Tracking System - 26 Jul 2021, 10:30
e  Preparation for ALICE data processing and analysis in LHC Run 3 - 28 Jul 2021, 10:00
° Future upgrades of ALICE for Run 4 - 29 Jul 2021, 10:00
e ALICE 3-29 Jul 2021, 11:15
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