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Dielectron DCA in proton–lead
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Different shape for mee region dominated by π0 decays (mee < 0.14 GeV/c2) and region 
dominated by decays from open charm mesons (1.1 < mee < 2.7 GeV/c2). 

Mean DCAee as a function of mee shows sensitivity to mixture of different sources of dielectrons 

Gives possibility to separate prompt and non-prompt sources of dielectron production

Figure 5: Pair DCA spectrum of dielectrons measured in  
p–Pb collisions at √sNN = 5.02 TeV in the mass ranges  
mee < 0.14 GeV/c2 (left) and 1.1 < mee < 2.7 GeV/c2 (right).

Figure 6: Mean Pair DCA as a function of mee measured  in 
p–Pb collisions at √sNN = 5.02 TeV. The distribution shows 
small values (~1) where prompt sources dominate. The 
addition of open charm leads to larger values.

Outlook
Multi-dimensional measurements of dielectron production in p–Pb collisions as a 
function of mee, pT,ee, DCAee, and event multiplicity 

Sensitivity to nuclear modification of σcc and thermal radiation, e.g. QGP 
droplet formation in small systems 

LHC Run 3 upgrade  of ALICE will significantly benefit dielectron measurements 
in terms of high statistics and improvement of DCAee resolution

Why measure dielectrons?

In pp collisions: 
•Vacuum baseline for p–Pb and  

Pb–Pb collisions 
•Study correlations of heavy-quark  

production 
In p–Pb collisions: 
•Modifications of heavy-flavour  

production via CNM effects  
(e. g. shadowing) 

•Possible thermal radiation from  
QGP droplets 

In Pb–Pb collisions: 
•Medium modifications of hadronic sources (chiral symmetry restauration) 
•Radiation from QGP and hadron gas
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Various sources produce correlated pairs of electrons: 
•Pseudoscalar and vector mesons (π, η, ρ, ⍵, ɸ, J/ψ) via direct (e+e-) or 
Dalitz (X e+e-) decays 

•Semi-leptonic decays of open heavy-flavour hadrons  (cc ̅→ DD̅ → XY e+e-) 
•Thermal radiation from QGP and hadronic phase 

Excellent probe to study hot and dense hadronic matter as well as QGP 
properties

Figure 1:  Schematic  illustration 
of a heavy-ion collision and 
possible sources of dielectron 
production

DCA studies for separating prompt and non-prompt dielectrons  
in p–Pb collisions at √sNN = 5.02 TeV with ALICE 
Sebastian Scheid for the ALICE Collaboration 
Hard Probes 2020, Austin, Tx
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Figure 4:  Schematic  illustration 
of a prompt (left) and non-
prompt (r ight) decay of a 
dielectron pair

Idea: 
Use topological separation of dielectrons from decays of heavy flavour (HF) hadrons and 
electrons from prompt sources [4] 
• Decay length of D mesons (~150 μm) and B mesons (~500 μm) leads to electron tracks not 

pointing to the primary collision vertex 
• Electrons from prompt sources, e.g. thermal radiation and Dalitz decays of neutral pions 

point to the vertex

Expectation: DCAee(prompt) < DCAee(charm) < DCAee(beauty)

Calculate the distance-of-closest-approach for the dielectron pairs (DCAee) as the sum of the 
distance of the single electron tracks to the primary vertex, after normalising to the resolution:
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Institut für Kernphysik 

June 2nd,  the Internet

Nuclear modification factor RpPb

Figure 3: Dielectron nuclear modification factor RpPb as a function of mee (left) and pT,ee in the range of 0.5 < mee < 1.1 GeV/c2 (centre) and  
1.1 < mee < 2.7 GeV/c2 (right) measured pp and p–Pb collisions at √sNN = 5.02 TeV. The measurement is compared to hadronic cocktail without any 
modifications (black solid line) and model calculations including nuclear shadowing (red dashed line) or thermal radiation (orange dashed line)

Compare dielectrons in pp and p–Pb collisions as a function of mee and pT,ee : RpPb = σee(p–Pb)/[A * σee(pp)]

Consistent with unity for mee > 1.1 GeV/c2 otherwise 
below 
•Indication of different scaling behaviour for  
light-flavour and heavy-flavour sources

Possible modification would occur at small values of pT,ee 

•Data in 1.1 < mee < 2.7 GeV/c2 favours additional 
source of dielectrons

Data don’t contradict possible thermal thermal radiation in p–Pb collisions [2] 
Inclusion of CNM effects [3] or thermal radiation show behaviour that counter each other 

Means to separate dielectrons from thermal (prompt) and heavy-flavour (non-prompt) sources mandatory to conclude
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e+e- production in pp and p–Pb

Figure 2: Inclusive dielectron cross section as a function of mee measured in pp (left) and p–Pb (right) 
collisions at √sNN = 5.02 TeV. The measurement is compared to hadronic cocktail calculations.

Measured as a function of invariant mass (mee) and pair transverse momentum (pT,ee) 
Compared to the sum of contributions from known hadronic decays (hadronic 
cocktail) [1]. 

Ingedients: 

•pT spectra of π±, ϕ, J/ψ, measured π0/𝝶 ratio, π±/𝞈 and π±/𝞀 ratio from Pythia 8 
Monash 2013, mT scaling of π± to 𝝶’ 

•Templates for cc ̅and bb̅ contribution from POWHEG, cross section from fit to 
measured dielectron cross section in pp collisions at √s = 5.02 TeV
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