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Motivation
Dilepton Production
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Pb Pb collisions:

Á Chiral-symmetry restoration: modification of vector mesons

Á Thermal radiation throughout the medium evolution

Á Decorrelation of heavy-flavor pairs in the medium

Á Coherent photoproduction in peripheral collisions

p Pb collisions:

Á Study cold nuclear matter (CNM) effects

(shadowing, energy loss)

Á Onset of thermal radiation in high-multiplicity (HM)

pA collisions

pp collisions:

Á Vacuum baseline for p Pb and Pb Pb studies

(heavy-flavor (HF), Drell-Yan, direct photons) 

Á Search for new phenomena in HM events or at low momenta

Ὡ

Ὡ

Coherent photoproduction

Correlated open-charm production



Outline
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Pb Pb collisions at          5.02 TeV:

Á Fully-corrected dielectron

ÁὙ & model comparison

Á Coherent photoproduction

pp & p Pb collisions at        5.02 TeV:

Á Dielectron production cross sections

Á Heavy-flavor cross section extraction

ÁὙ incl. model comparison

pp collisions at ί 13 TeV:

Á Soft dielectron production cross section Ą arXiv:2005.14522

Áɤ and הproduction at forward rapidity as a function of multiplicity

Outlook for Run 3 & 4

Ą arXiv:2005.11995



ALICE apparatus
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Inner Tracking System

Å Vertexing

Å Tracking 

Å PID

ÅMultiplicity estimation

Time Projection Chamber

Å Tracking 

Å PID

Time of Flight

Å PID

V0 at forward rapidity

ÅMB & HM event triggering

ÅMultiplicity estimation 
Ὡ Ὡ

Muon chambers

Å tracking

Muon trigger

Å triggering

Low-mass dielectrons

System Analysed luminosity

pp ί 5.02 TeV 19.93 nbī1

p-Pb ί 5.02 TeV 0.299 nbī1

Pb-Pb ί 5.02 TeV 10 ɛbī1

pp ί 13 TeV (B=0.2T) 9.38 nbī1

pp ί 13 TeV (Muons) 36 pb



ALICE apparatus
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Å tracking
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Time of Flight

Å PID

Inner Tracking System

Å Vertexing

Å Tracking

Å PID

ÅMultiplicity estimation

Muon trigger

Å triggering

Low-mass dimuons

System Analysed luminosity

pp ί 5.02 TeV 19.93 nbī1

p-Pb ί 5.02 TeV 0.299 nbī1

Pb-Pb ί 5.02 TeV 10 ɛbī1

pp ί 13 TeV (B=0.2T) 9.38 nbī1

pp ί 13 TeV (Muons) 36 pb



Dielectron production
pp at 5 TeV
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arXiv:2005.11995

First measurement of the dielectron production 

in pp collisions at ί 5.02 TeV

Production (ὴ πȢςGeV/c) fully described by 

hadronic sources (e.g. cocktail)

Ą Important baseline for p Pb and Pb Pb 

at ί 5.02 TeV



Dielectron production
pp at 5 TeV

ALICE Dileptons | ICHEP 2020 | 30.07.2020 | Jerome Jung | Uni Frankfurt 7

First measurement of the dielectron production 

in pp collisions at ί 5.02 TeV

Production (ὴ πȢςGeV/c) fully described by 

hadronic sources (e.g. cocktail)

Ą Important baseline for p Pb and Pb Pb 

at ί 5.02 TeV

Extract heavy-flavor production (HF) cross 

sections in the intermediate mass region (IMR: 

1.1 < ά < 2.7 GeV/ὧ):

- 2D template fits in ά and ὴȟ
- Comparison of POWHEG and PYTHIA6

arXiv:2005.11995

ά ὴȟ

PYTHIA6 POWHEG

ϳÄ„ Äώ524 ± 61 (stat.) ± 26 (syst.) ± 115 (BR) µb 756 ± 80 (stat.) ± 38 (syst.) ± 166 (BR) µb

ϳÄ„ Äώ34 ± 4 (stat.) ± 2 (syst.) ± 2 (BR) µb 28 ± 5 (stat.) ± 1 (syst.) ± 2 (BR) µb

Ą Model dependence 



Dielectron production
Heavy-flavor production in pp 
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arXiv:2005.11995

Comparison of the ÃÃand ÂÂcross section in dielectron measurements at 5, 7 and 13 TeV

Consistent with independent measurements of HF cross sections at mid-rapidity

FONLL describes the data and the ίdependence well within model uncertainties

PYTHIA

POWHEG

ÃÃ ÂÂ



Dielectron production
p-Pb at 5 TeV
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First measurement of the dielectron production 

in p Pb collisions at ί 5.02 TeV

HF cocktail obtained by ὔ scaling of the cross 

section extracted in pp collisions at ί= 5.02 TeV

Ą No significant deviation from vacuum expectation

(possible CNM effects for HF in IMR rather small)

Ą Direct data-to-data comparison to eliminate 

cocktail uncertainties

arXiv:2005.11995



Dielectron production
p-Pb at 5 TeV
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Low mass region (LMR: ά < 1.1 GeV/ὧ):

- Different scaling behavior of light-flavor production

Intermediate mass region (IMR: 1.1 < ά < 2.7 GeV/ὧ):

- Data consistent with unity

Comparison to theory expectations:

- Cocktail with shadowing effect (EPS09) 

disfavored in the IMR 

- Thermal radiation (Rapp) overestimates the data in   

LMR, but improves agreement at higher masses 

Important to disentangle different dielectron sources

Ą Suppressing non-prompt decays

Ą Selecting high-multiplicity events 

arXiv:2005.11995

Ὑ ά
ρ

ὃ

Ä„ Äά

ϳÄ„ Äά



Dielectron production
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Most central Pb Pb events (0-20%):

- Data consistent with measured “ & ϳὐ‪
Ą Standard candle

- IMR: ρȢρ άÅÅ ςȢυGeV/ὧ:

Suppression?

ĄModification of HF production

- Highest energy densities

Ą Strongest medium effects expected

- LMR: πȢρτ άÅÅ πȢυτGeV/ὧ:

Enhancement?

Ą Prompt & thermal photons from HG?

0-20%

Pb-Pb at 5 TeV



Dielectron production
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Most central Pb Pb events (0-20%):

- LMR: πȢρτ άÅÅ πȢυτGeV/ὧ:

Enhancement?

Ą Consistent with QGP radiation by Rapp

0-20%

Pb-Pb at 5 TeV



Dielectron production
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Most central Pb Pb events (0-20%):

- LMR: πȢρτ άÅÅ πȢυτGeV/ὧ:

Enhancement?

Ą Consistent with QGP radiation by Rapp

Analysis of high-statistics data set from 2018 ongoing:

- 10 times more in 0-10 % (central)

- 9 times more in 30-50 % (semi-central)

0-20%

Pb-Pb at 5 TeV



Dielectron production

ALICE Dileptons | ICHEP 2020 | 30.07.2020 | Jerome Jung | Uni Frankfurt 14

Clear excess observed at low ὴ in peripheral PbïPb:

Ą Consistent with coherent photoproduction

Ą Similar to the observation by STAR

More differential studies with 2018 data: 

- Event plane angle 

- Sensitivity to magnetic field

0-20%

Pb-Pb at 5 TeV

>
Ὡ

Ὡ

[Phys. Rev. Lett. 121.132301 (2018)]



Dielectron production
óanomalousô dileptons in pp
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CERN ISR ïAFS (1987):

Excess of dielectrons over expectation from known 

hadronic sources in a óelementaryô collision system

Ą Similar effects also observed in real-photon channel

Low-mass region (LMR) excess:

-πȢπυ ϳ'Å6ὧ ά πȢφ ϳ'Å6ὧ
- ὴȟ ρ'Å6Ⱦὧ

Ą No other experiment could probe this region

Dedicated low B-field campaign (B = 0.5 T Ÿ 0.2 T):

- Electron selection down to ὴ > 0.075 GeV/c

- Better TOF acceptance & conversion rejection

ĄAllows us to challenge the AFS measurement

ÐÐȟί φσ'Å6
Ȣ ▬╣ȟ ϳ'Å6╬

Ȣ ▬╣ȟ ϳ'Å6╬

V. Hedberg, PhD thesis, Lund (1987)

arXiv:2005.14522



Dielectron production
Soft dielectrons in pp at 13 TeV
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Enhancement also observed at LHC energies

πȢρτ ά πȢφ'Å6Ⱦὧ & ὴȟ πȢτ'Å6Ⱦὧ

Ą 1.69 ± 0.14 (stat.) ± 0.18 (syst.) ± 0.36 (cocktail)

–contribution dominating source of the cocktail unc.

- ALICE measurement only down to ὴ πȢτ'Å6Ⱦὧ
-ά scaling overshoots ʂat low ὴ
Ą CERES/TAPS measurement used to constrain low ὴ

arXiv:2005.14522

Eur.Phys.J.C 4 (1998) 249-257



Dielectron production
Soft dielectrons in pp at 13 TeV
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Enhancement also observed at LHC energies

Ą No excess at lower ά or higher ὴȟ

Ą No clear multiplicity dependence within uncertainties

- Most consistent with linear scaling

arXiv:2005.14522



Dielectron production
Soft dielectrons in pp at 13 TeV
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Enhancement also observed at LHC energies

Ą No excess at lower ά or higher ὴȟ

Ą No clear multiplicity dependence within uncertainties

- Most consistent with linear scaling

Acceptance corrected excess yield compared to 

theory predictions:

Ą Data exceeds description of thermal fireball model

or hadronic bremsstrahlung

Independent ʂmeasurement at low ὴ needed to further 

reduce the uncertainties!

arXiv:2005.14522



Dimuon production
Multiplicity dependence in pp at 13 TeV

ALICE Dileptons | ICHEP 2020 | 30.07.2020 | Jerome Jung | Uni Frankfurt 19‫ ה

Measurement of ɤ and הat forward rapidity in 

pp at 13 TeV as a function of multiplicity

Ą Multiplicity estimated independently 

at midrapidity



Dimuon production
Multiplicity dependence in pp at 13 TeV
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Measurement of ɤ and הat forward rapidity in 

pp at 13 TeV as a function of multiplicity 

Self-normalized yield compared to PYTHIA:

- High-ὴ ɤ & הproduction well described

Ą Not sensitive to different mechanisms

High ▬╣

‫ ה



Dimuon production
Multiplicity dependence in pp at 13 TeV
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Measurement of ɤ and הat forward rapidity in 

pp at 13 TeV as a function of multiplicity 

Self-normalized yield compared to PYTHIA:

- High-ὴ ɤ & הproduction well described

Ą Not sensitive to different mechanisms

- Low-ὴ production better description withה

PYTHIA8 + HadronScattering

- Low-ὴ ɤ production additional suppression 
mechanism needed

Ą Further insight on hadron production in 

HM pp collisions required

Low ▬╣

‫ ה



Dielectron production
Run 3 and 4
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New ITS and upgrade of the TPC to a GEM based readout system:

- Improve the vertex pointing resolution by a factor 3-6 

Ą improves topological separation (Ὀὅὃ)

- Increase the readout rate in PbïPb by a factor 100 

Ą 13 nb MB Pb-Pb planned

Dedicated dielectron runs with low magnetic fields (B = 0.2 T):

- Increase statistics in pp collisions by a factor of 400

Ą allows a precise multi-differential analysis

- First Pb-Pb runs (3 nb)

Ą study of soft-dielectron production in medium

Installation of a Muon Forward Tracker (MFT)

- Tracking before the absorber with a new Si tracker

ĄImproved pointing accurary

[CERN-LHCC-2013-020,CERN-LHCC-2013-024,

CERN-LHCC-2015-001, ALICE-PUBLIC-2020-005]

Citron, Z. et al, 1812.06772



Dielectron production
Summary
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Dielectron measurements in pp, pïPb and PbïPb at ί = 5.02 TeV

pp collisions 

Å Baseline for pïPb and PbïPb established 

Å First measurement of ϳÄ„ Äώ& ϳÄ„ Äώ
pïPb collisions 

Å No significant modification of heavy-flavor production 

Å Hint for suppression at smaller masses 

Å Model comparison expects larger suppression 

PbïPb collisions 

Å Possible excess from thermal radiation ~0.5 GeV/ὧ
Å Suppression of heavy flavor from final state effects 

Å Low ὴȟ excess observed 

Soft-dielectron production in pp at ί= 13 TeV

- Enhancement over hadronic decay cocktail observed 

- Multiplicity dependence inconclusive 

ɤ and הproduction at forward rapidity pp at 13 TeV as a function of multiplicity

- Sensitive to the production mechanism at low ὴ
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Backup



Dielectron production
p-Pb at 5 TeV
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arXiv:2005.11995

- Cocktail with CNM disfavored by data

- Thermal contribution improves description below 1 GeV

- Binary collision scaling in LMR above 1 GeV/c

- Additional contribution of thermal radiation   

disfavored in this region



Dielectron production
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Clear excess observed at low ὴ in peripheral PbïPb:

Ą Consistent with coherent photoproduction

Ą Similar to the observation by STAR

More differential studies with 2018 data: 

- Event plane angle 

- Sensitivity to magnetic field

0-20%

Pb-Pb at 5 TeV

>
Ὡ

Ὡ

[Phys. Rev. Lett. 121.132301 (2018)]


