
36 th Winter Workshop on Nuclear Dynamics, March 1st-7th, Puerto Vallarta, Mexico

Elisa Meninno on behalf of the ALICE Collaboration

Stefan Meyer Institute for Subatomic Physics, Vienna 



Outline

E. Meninno / Joint Annual Meeting of SPS and ÖPG 2019

ÅPhysics motivation
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ÅLow mass dielectron analyses in ALICE

ÅStudies in pp, pïPb and PbïPb collisions

ÅLow mass dimuon analyses in ALICE

ÅResults in pp and PbïPb collisions

ÅOutlook

36th Winter Workshop on Nuclear Dynamics, 1-7 March 2020 2Elisa Meninno (SMI)



E. Meninno / Joint Annual Meeting of SPS and ÖPG 2019

Å Leptons and photons and experience no strong 

interactions, can therefore directly probe the full 

extension in space of collisions

Å Transparent probes

Å Dileptons emitted from many sources during all

stages of the collisions

Å Investigate the whole history of the medium

Å Small systems used as reference

measurements

Å pp and pïPb collisions

Electromagnetic probes
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Dilepton mass spectrum
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Åɟ:

Å Sensitive to chiral symmetry restoration

Å Study thermal production of ɟ and modification of ɟ

spectral function

ÅūŸǎ+ǎīallows to study strangeness production 

mee < 1.1 GeV/c2ÅDalitz decays ( 0́,ɖ,ɤ,ɖ',ū) and 2-body decays 
(ɟ,ɤ,ū) of light-flavour mesons 

Different sources
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Dilepton mass spectrum
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1.1 < mee < 2.7 GeV/c2

ÅůbẠand ůcc complementary to direct heavy-

flavour hadron measurements

Å Nuclear Parton Distribution Functions (nPDFs) 

in p-Pb and Pb-Pb collisions

Å Energy loss, partial thermalization of  correlated 

charm and beauty quarks 

Å Dileptons from decays of correlated 
heavy-flavour hadrons

Different sources

π
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Dilepton mass spectrum
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Thermal radiation

ÅHadronic gas 

ÅQuark-gluon plasma

Different sources
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Dilepton mass spectrum
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Thermal radiation

In the intermediate mass region (IMR)

Å Thermal radiation from the partonic phase
Ἤ╝▄▄

Ἤ□▄▄
~ □ Ⱦ▄□▄▄Ⱦ╣

ÅChallenging due to the dominant contribution 

from charm and beauty hadrons

ÅHadronic gas 

ÅQuark-gluon plasma

Different sources
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Dilepton photo production 
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Å Excess with respect to hadronic and thermal sources in 

peripheral collisions

Å Compatible with calculations for dielectron production 

from coherent photon-photon interactions

o Photo-Production

STAR, Phys. Rev. Lett. 121. 132301
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The ALICE apparatus
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The ALICE apparatus
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Inner Tracking System (ITS)

vertexing, tracking, PID

|ɖ| < 0.9

Time Projection Chamber (TPC)

Tracking, PID via dE/dx 

measurement

|ɖ| < 0.9

Time-Of-Flight detector (TOF):

PID via time-of-flight 

measurement

|ɖ| < 0.9

V0

Trigger and centrality

determination

-3.8 < ɖ< -1.7 (V0C)

2.8 < ɖ< 5.1 (V0A)

Forward muon spectrometer:

Trigger + tracking -4 < ɖ< -2.5
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The ALICE apparatus

36th Winter Workshop on Nuclear Dynamics, 1-7 March 2020 8Elisa Meninno (SMI)

Inner Tracking System (ITS)

vertexing, tracking, PID

|ɖ| < 0.9

Time Projection Chamber (TPC)

Tracking, PID via dE/dx 

measurement

|ɖ| < 0.9

Time-Of-Flight detector (TOF):

PID via time-of-flight 

measurement

|ɖ| < 0.9

V0

Trigger and centrality

determination

-3.8 < ɖ< -1.7 (V0C)

2.8 < ɖ< 5.1 (V0A)

Forward muon spectrometer:

Trigger + tracking 

-4 < ɖ< -2.5

Data samples used here:

pp collisions:

ÅRun1 Ó= 7 TeV (2009 - 2013), Ó= 8 TeV (2012)

Å Run 2  ί= 5.02 TeV (2015, 2017) and ί= 13 TeV (2015 - 2018)

pïPb collisions:

Å Run 1 ί.. υȢπςTeVςπρσ

Å Run 2 ί.. υȢπςTeVςπρφ

PbïPb collisions

Å Run 1 ί.. ςȢχφTeVςπρπȟςπρρ

Å Run 2 ί.. υȢπςTeVςπρυȟςπρψ
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Electron identification
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Muon spectrometer:

ÅComposed of absorber, tracking stations, 

dipole magnet, iron wall and trigger stations

Å Absorber to remove hadrons

Å Iron wall absorbs residual secondary

hadrons

The ALICE apparatus



ÅObtain spectrum via like-sign subtraction

for dielectrons:

Å Track quality cuts applied to ensure only ñgoodò 

quality tracks are used

Å Particle identification performed

Å Photon conversion into dileptons needs

to be removed

LSall = R . ὔ Ȣὔ

USsignal= USall - LSall

Additional factor to account 

for different acceptances

between ++ and -- tracks
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Å Background evaluated with event mixing technique for dimuon analysis

Obtaining the dilepton spectrum
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ÅSofter pT spectra while 

increasing rapidity
Å PYTHIA8 provides fair 

description of the pT

distributions

Å PHOJET describes data 

only for 1 < pT < 2 GeV/c
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Dimuon production

Dimuon invariant mass spectrum for a pT-

and rapidity-integrated data sample 

Å Double-differential study of z meson production vs pT and rapidity:

pp

PYTHIA8: Eur.286Phys. J.C74no. 8, (2014) 3024

PHOJET:Z. Phys.C66(1995) 203ς214
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Dimuon production

Å -zmeson production cross section vs pT

at various energies

Å hardening of the pT spectra with 

increasing energy observed

Å Increase of the production with the energy 

Å well described by PHOJET

Å understimated by PYTHIA8 (Monash tune), 

although the trend of data is reproduced

pp

PYTHIA8:Eur.286Phys. J.C74no. 8, (2014) 3024

PHOJET:Z. Phys.C66(1995) 203ς214



Å RAA measured in central and semi-peripheral collisions

Å Clear decrease observed in the RAA for pT > 4 GeV/c in 

central collisions 

Å Less pronounced decrease for semi-peripheral 

collisions 

Dimuon production

36th Winter Workshop on Nuclear Dynamics, 1-7 March 2020 13Elisa Meninno (SMI)

PbïPb



Å RAA measured in central and semi-peripheral collisions

Å Clear decrease observed in the RAA for pT > 4 GeV/c in 

central collisions 

Å Less pronounced decrease for semi-peripheral 

collisions 

Dimuon production
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Åū-RAA at forward rapidity reduced to ~ 0.65 at 

central collisions

Å Results at forward and mid-rapidity compatible 

within uncertainties

Å Hint for similar mechanisms of interaction with 

the medium

Eur. Phys. J. C 78 (2018) 559

PbïPb



Dielectron measurements in pp collisions

ÅSpectrum compared with cocktail of known hadronic sources

ÅData well described by cocktail within uncertainties

ÅSimilar results in pp collisions at ί= 7 TeV and 13 TeV (in backup)

--
- -

E. Meninno / Joint Annual Meeting of SPS and ÖPG 2019

-
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pp@ ί= 5 TeV

Å Light flavour from parametrized 

measurements and particle ratios

Å Heavy flavour from POWHEG or PYTHIA, 

normalized to measured ůbb and ůcc at 7 

TeV, extrapolated to 5 TeV with FONLL-
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Dielectron measurements in pp collisions

ÅHF cross section extracted with a 2D mee pT,ee fit (pp@5,7,13 TeV)

Å Model dependence observed in all available energies

Å Charm and beauty cross sections compatible with previous measurements of HF hadron decays

pp@ ί= 5 TeV
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Dielectron measurements in pp collisions

pp@ ί= 7 TeV

ÅDCA dielectron spectra in IMR used to extract charm and beauty cross section 

Å Additional fit with DCA (in pp collisions at ί= 7 TeV)

Å Heavy-flavour hadrons have a delayed decay

Å D-meson cʐ= 150-300 ɛm, B-meson cʐ= 450 ɛm

DCAee(prompt) < DCAee(charm) < DCAee(beauty)

DCA useful variable to discriminate charm and beauty 

hadron decay electrons
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Dielectron measurements in pp collisions

pp@ ί= 7 TeV

ÅHF cross section extracted with a 2D mee pT,ee fit (pp@5,7,13 TeV) and DCA fit (pp@7TeV)

ÅModel dependence observed in all available energies

Å Charm and beauty cross sections compatible with previous measurements of HF hadron decays

Å Fit results of (mee, pT,ee) and DCAee spectra in agreement within uncertainties



o First measurement of důcc/dy and důbb /dy in pp at ãs = 5.02 TeV
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Dielectron measurements in pp collisions
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ÅSpectrum in good agreement with cocktail of 

known hadronic sources

ÅHeavy flavour from PYTHIA or 

POWHEG (backup) based on Ncoll

scaled measured ůbb and ůcc at 7 TeV

Measurements in p - Pb collisions
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pïPb@ ίὔὔ= 5 TeV
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Measurements in p - Pb collisions
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ÅCurrent precision doesnôtallow for 

conclusions on potential cold nuclear

matter effects (PYTHIA+EPS09)

ÅSpectrum in good agreement with cocktail of 

known hadronic sources

ÅHeavy flavour from PYTHIA or 

POWHEG (backup) based on Ncoll

scaled measured ůbb and ůcc at 7 TeV

pïPb@ ίὔὔ= 5 TeV



DCAee (distance of closest approach) 

useful variable to discriminate charm and beauty hadron decay electrons from prompt sources (thermal radiation).
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DCA studies
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Machine learning approach provides better 

separation then simple DCA selection
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DCA studies
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Outlook:

Better DCAee resolution expected in Run 3

Ą better separation of prompt and non-prompt sources

Machine learning approach provides better 

separation then simple DCA selection

DCAee (distance of closest approach) 

useful variable to discriminate charm and beauty hadron decay electrons from prompt sources (thermal radiation).
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ÅDeviation from unity for mee < 1 GeV/c2

ÅExpected since LF source donôt scale with Ncoll

ÅComparison to models including only scaling 

effects or nuclear shadowing (EPS09)

ÅData compatible with both models within 

uncertainties

ÅData central points closer to EPS09 for 

mee < 1 GeV/c2

RpPb
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ÅCompatible with unity in the IMR

ÅCompatible with for D-meson RpPb

RpPb = 
Ⱦ

ȟ
Ⱦ

ȟ


