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Dielectrons in heavy-ion collisions )

MADAI Collaboration

Initial state

Hard processes  Quark-Gluon Plasma ., Hadronization/  Hadronic decays
Hadron Gas

Dielectrons:

« Are produced at all stages of the collision

» Leave the system with small final-state interactions

— Carry information from the whole space-time evolution of the system
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MADAI Collaboration e
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0.1 fm/c 1 fm/c

MR Hard processes  Thermal radiation . Thermal radiation Hadronic decays
from QGP from hadron gas

Dielectrons:

« Are produced at all stages of the collision

» Leave the system with small final-state interactions

— Carry information from the whole space-time evolution of the system

Give insight into:

« Deconfinement with thermal radiation from the Quark-Gluon Plasma
« Chiral-phase transition ({gg)=0) with modification of the p meson/thermal radiation from the hadron gas
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Dielectron sources

Dielectrons come from many different sources ALICE

Light-flavour mesons:

 Dalitz decays (11°,n,w,n',®) and 2-body decays (p,w,P) of mesons

(GeV/c?)™
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n’,n,,1',¢ -Dalitz

dN
dm,,

* p particularly interesting:

» Short lifetime compared to the one of the fireball (=10 fm at the LHC)
* Decay (and regeneration) in the hot medium

? where chiral symmetry is predicted to be partially restored
?/ — Study modification of p spectral function and thermal production of p
;_’{.
g * pp and p-Pb collisions provide crucial baseline measurements
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Dielectron sources
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Dielectrons come from many different sources

ALICE

Heavy-flavour mesons:

0

A
(557

g 4

v,

Dielectrons from correlated heavy-flavour hadron decays

Complementary to single heavy-flavour hadron measurements
Sensitive to kinematical correlation between Q and Q
Affected by gluon shadowing, heavy-quark energy loss and thermalization

Dominant over a wide invariant mass range at the LHC
— need additional experimental means to separate them
from prompt sources (thermal radiation)
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Dielectron sources

Dielectrons come from many different sources ALICE

Thermal radiation:

R -
> » Hadronic sources (m__ < 1.2 GeV/c?):
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Dielectron sources

Dielectrons come from many different sources ALICE

P;: .. spectra in 60-80% central Au+Au
at \'s,,, =200 GeV in # m_ regions (STAR)  Photo-production:

403
—'-0\ 10 STAR-200GeV Ru: 0.40-0.76 GeV
S - =2
S 107 . D.76-1.2 GeV x 10
8 10 . 1.20-2.6 Gev x 107
= TY—ete
8 M e in—-medium p + QGP i
1‘3{ - (h?ll.’e.ultra-ptirlp?eral
= i collisions withou
> ="
< 10

hadronic interaction)

« yy—e*e  continuum in m__ scaling with Z*
from coherent electromagnetic fields of the colliding nuclei

. Produce soft e*e" pairs (low p; )

p; .. (GeV/c) « Small centrality dependence compared to that of thermal radiation

Szczurek, A.,arXiv:1903.06080[hep-ph] — Relative contribution increases in peripheral collisions
STAR Phys. Rev. Lett. 121 (2018) 132301
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A Large lon Collider Experiment

Central barrel

ALICE

Dielectrons measured at mid-rapidity (|n | < 0.8)
in the central barrel

4 4\ e,

e Inner Tracking System -
Tracking, vertexing, particle identification
 Time Projection Chamber
Tracking and particle identification
 Time-Of-Flight
Particle identification
V0 hodoscopes
Trigger, centrality estimator

Heavy-ion data shown in this talk

Pb-Pb at \/SNN =2.76 TeV 2011 (Run-1) = 20M Centrality trigger 0-10%
Pb-Pb at \/SNN =5.02 TeV 2015 (Run-2) = 80 M Minimum-bias

Analysis of the Pb-Pb data at \/sNN = 5.02 TeV from 2018 ongoing (expect ~ 9 more statistics in 0-10% centrality)
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pp reference measurements at Vs =7 TeV and Vs = 13 TeV

ALICE

pp Vs =7 TeV pp Vs =13 TeV
ALICE JHEP 1809 (2018) 064
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- Dielectron production well understood for p; . > 0.2 GeV/c
 Heavy-flavour contributions dominate for m_ > 0.5 GeV/c?
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S. Scheid Sat. 09:45
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Topological separation of e*e- sources in pp at Vs =7 TeV

ALICE
pp Vs =7 TeV
. ALICE JHEP 1809 (2018) 064 .;qx?ﬂ
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” « Separate non-prompt (D,B) from prompt (light-flavour, thermal)
3 dielectron sources with Distance of Closest Approach (DCA)
DCA,, (o) D mesons: ¢t = 150 ym, B mesons: ¢r = 470 pym
DCA_ (prompt) < DCA_(charm) < DCA__(beauty) * Not yet used in Pb-Pb analyses pp and p-Pb results

S. Scheid Sat. 09:45
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0-10% central Pb-Pb collisions at Vs, = 2.76 TeV

ALICE Phys. Rev. C 99, 024002
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ALICE

Run 1 (2011 data): pioneering study in Pb-Pb collisions
no use of DCA__ yet

» Corrected e*e"yield in the ALICE acceptance
» Vacuum cocktail of known hadronic sources based on:
Measured 1° spectrum
Measured K/11° ratio in Pb-Pb and n/m®ratio in pp for n
« m_scaling for other hadrons

« cc and bb contributions from PYTHIA normalized to pp x N_,
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0-10% central Pb-Pb collisions at \/SNN =2.76 TeV

ALICE
ALICE Phys. Rev. C 99, 024002
T s L AR s B L e e T
10° ALICE L gg::itailsum =
= Pb—Pb, |s, = 2.76 TeV, 0-10% == ;”:Yveie =
& 10 & p >04GeVic,|n <08 .. woyee =
i ' = m:)eea%qjm: n:eeee -
e Tof skl e
= A bb — ee (<N>xpp, PYTHIAS) ] Run 1 (2011 data): pioneering study in Pb-Pb collisions
|
BE pe el no use of DCA__ yet
“|2€’ 108 Be” V' e e, SR o « Data/vacuum cocktail ratio in low mass region:
ot b ! 1.40 £ 0.28 (stat.) £ 0.08 (syst.) £ 0.27 (cocktail)
F | _ in0.155<m_<0.7 GeV/c?
= . 4 R Rapp, Adv. HEP 2013 (2013) 148253 = °
8 3.5 and PRC 63 (2001) 054907 — ] ) . .
T 55 £ == PHSD, aniv:1803.02698 [nuck =  * Models including thermal dielectron production:
& e = « Expanding fireball model: R.Rapp [1]
2 3 = « Transport approach: PHSD [2]
T 0.5
C 0
050041 02 03 04 05 06 07 08 NI Data consistent with thermal dielectron production
228 e (GeVic?) Reduced sensitivity (stats., cc background)

[1] R.Rapp, Adv. HEP 2013 (2013) 148253, Phys. Rev. C63 (2001) 054907
[2] T.Song, W.Cassing, P.Moreau, E.Bratkovskaya arXiv:1803.02698 [nucl-th]
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0-20% central Pb-Pb collisions at Vs, = 5.02 TeV
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ALICE

Run 2 (2015 data): data compared to vacuum cocktail:

* Results also compatible with low-mass enhancement
Factor 1.15 + 0.18 (stat.) £ 0.31 (syst.) £ 0.17 (cocktail)
in0.15<m__<0.7 GeV/c?

* Indication for charm suppression
at intermediate mass (1.1 <m__ < 2.5 GeV/c?)
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0-20% central Pb-Pb collisions at Vs, = 5.02 TeV

ALICE
L102 o R o T | e R e e i e e L R T T B o | R s
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‘*5 —— Cocktalil il
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Zm 1 — bb—e*e (PYTHIA 6 x N_,) |
S 107§ —Jseair e = * Results also compatible with low-mass enhancement
. Factor 1.15 + 0.18 (stat.) £ 0.31 (syst.) £ 0.17 (cocktail)
10—2 = in 0.15 < mee < 0.7 GeV/C2
5 ) | ™ * Indication for charm suppression

| A< Better description if cold-nuclear matter effects are
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© T . -
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Peripheral Pb-Pb collisions at \/SNN =5.02 TeV

« Excess observed at low p__ in peripheral Pb-Pb collisions in 1.1 <m_ < 2.7 GeV/c?

» No significant excess observed in 0-40% central Pb-Pb collisions
» 3.6 0 excess in 70-90% central Pb-Pb collisions

(GeVic?)?

ee

dN/dm

— Could be related to photo-production of e*e (no prediction available so far)

Dielectron p___ spectra
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Peripheral heavy-ion collisions: from RHIC to LHC

ALICE

Low p. __excess in peripheral heavy-ion collisions

— also observed by the STAR Collaboration at RHIC:
e Inthe same p,  range

« With a relative excess slightly larger than at LHC
— Can be described at RHIC by calculations for coherent photo-production of e*e-

Dielectron p___ spectra

RHIC LHC
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Summary and Outlook

ALICE

Low-p,  dielectron production:
Excess of 3.60 in 70-90% central Pb-Pb collisions (data compatible with expectation in 0-40% centrality)
— Photo-production yy—e*e not included in the cocktail yet

— Outlook: study B field effects
« Study of p spectral function modification and thermal radiation from the medium:

Limited by statistics and heavy-flavour background (no use yet of DCA )

— Analysis of 2018 Pb-Pb data on going (x9 more stats in 0-10%)
— Maijor upgrades of ITS and TPC for Run3: better DCA resolution (x3 in xy and x5 in z), higher acquisition rate (x100)

Feasibility study with 3nb-’

dedlcated low B field run (0.2 T) Expected excess spectrum
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— p spectral function
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3 2
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=10 =107 = — Early T of the medium
: | : with ~20% unc.

10} < 1074} -

. ._ ;\‘j\ . .

5 S N T N TR T U 2 IO I\h_ PR BT N PO T oy ST TSR B ! N g T {:

0 0.5 1 1.5 2 2.5 0 0.5 1 15 2 25
Mee (Ge\”cz) Mee (Ge‘ﬁcz)

CERN-LPCC-2018-07 (arXiv:1812.06772)
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Thank you
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Peripheral Pb-Pb collisions at \/SNN =5.02 TeV

« Excess observed at low p__ in peripheral Pb-Pb collisions in 1.1 <m_ < 2.7 GeV/c?
Including shadowing for cc (EPS09 & EPPS16 nPDFs)

— Reduce the cocktail yield slightly
— Increase cocktail systematic uncertainties
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Intense magnetic field created in heavy-ion collisions

ALICE

Maximum strength ~ 10" Teslas at the LHC

F=¢gvxB 0B
E=-——
V x 5

Lorentz force — Hall current Faraday efffect
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Deflection of e*e™ pairs

ALICE

Without magnetic field With magnetic field

COS & COS @
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