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Physics motivation

Charm and beauty quarks are produced via initial hard scattering processes at the early
stages of the collision.

mc,b � Quantum ChromoDynamics scale parameter (ΛQCD ≈ 200 MeV).

BR(B,D→ lνX) ≈ 10%.

pp collisions
• Provide the required reference for corresponding studies in large systems.
• Test of perturbative Quantum ChromoDynamics.
• Look for the signs of collectivity in muliplicity dependence study of heavy-flavour leptons.

Pb-Pb collisions
• Study the mass dependent energy loss of quarks in hot QCD medium and participation of

heavy quarks to the collective expansion of the system.

p-Pb collisions
• Study the cold nuclear matter effects.
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ALICE detector: Identification of electrons at low pT

Hits in both SPD layers to minimize the
number of tracks from photon conversions.

Selection on deviation from the expected
electron dE/dx .

|tTOF − teTOF| < 3σelectron
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ALICE detector: Identification of electrons at high pT

Hits in both SPD layers to minimize the
number of tracks from photon conversions

Selection on deviation from the expected
electron dE/dx .

E/p: energy deposited in the EMCal / track
momentum (0.9 < E/p < 1.2) p/E

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

E
n

tr
ie

s

0

200

400

600

800

1000

1200
ALICE Performance c < 6 GeV/

T
p4 < 

 = 5.02 TeV
NN

s0­10% Pb­Pb, 

Electrons+Hadrons

Electrons

Hadrons

ALI−PERF−119871

Sudhir Pandurang Rode January 24, 2020 5 / 26



ALICE detector: Identification of muons

Heavy-flavour decay muon signal extraction: subtract
muons from primary π, K decays via simulations with
data-tuned π, K abundances.

Background of µ from W/Z/γ∗ decays subtracted with
templates obtained from Monte-Carlo simulations
(POWHEG).

Background of µ from J/ψ decays is subtracted.
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MUON SPECTROMETER (−4 < η < −2.5, 2◦ < θ < 9◦)
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Results: pT-differential cross sections in pp collisions

ALI-PUB-327771

Test for pQCD calculations and reference for pA and AA collisions.

Measured cross sections of heavy-flavour leptons are in agreement with the pQCD predictions.
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(arXiv:1910.09110 [nucl-ex]) (PLB 708 (2012) 265)

(c+b) → electrons
pp 5 TeV



Results: pT-differential cross sections in pp collisions
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Measured cross sections of heavy-flavour electrons are in agreement with the
FONLL predictions and lie on the upper edge of the FONLL band for all energies.

In the ratios of the cross-sections at different energies, factorization scale
uncertainties dominate the FONLL band and part of the uncertainties cancels out.
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Results: pT-differential cross section of b ( → c) → e in pp collisions
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Electrons from beauty hadron decays are measured according to
DCA template method.

Measured beauty electron cross section and fraction of
b (→ c) → e to c, b → e are in agreement with FONLL predictions.

Contribution from beauty quarks starts to dominate beyond pT > 4
GeV/c .
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RpPb Results: Leptons from heavy-flavour decays in p-Pb collisions

ALI-PUB-340012
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RpPb of electrons from heavy-flavour and beauty hadron
decays is consistent with unity in the measured pT range.

It is also in the agreement with various theoretical predictions
which include initial state effects.

heavy-flavour decay muons described by calculations including
cold nuclear matter effects: Different x regimes explored in
different rapidity ranges with heavy-flavour probes.
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Phys. Lett. B 754(2016) 81-93 JHEP 1707, (2017) 052(c+b) → e (c+b) → muons

p-going (forward)

Pb-going (backward)



Results: Heavy-flavour lepton yield vs. multiplicity

D mesons and heavy-flavour leptons show faster than linear
increase w.r.t charged-particle multiplicity in both systems.

Insight into processes in the collisions at the partonic level,
such as Muti-Parton Interactions (MPI).

Results are fairly well described by PYTHIA in pp collisions
with MPI and Color Reconnection (CR) on.
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Pb–Pb
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RPbPb Results: Leptons from heavy-flavour decays in Pb-Pb collisions
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(arXiv:1910.09110 [nucl-ex]) (c+b) → electrons

RAA of electrons from
heavy-flavour decays in Run 2 is
measured in different centrality
classes and suppression
decreases.

For different centralities, it is
consistent with various
theoretical models which include
radiative and collisional energy
loss.



RPbPb Results: Leptons from heavy-flavour decays in Pb-Pb collisions
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RAA of heavy-flavour decay muons measured in Run 2 shows
good agreement with Run 1 measurement.

RAA is compared with the theoretical predictions of muons
from charm and beauty contributions.

It shows consistency which those models that consider
radiative and collisional energy loss.
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(c+b) → muons



Results: Electrons from beauty decays in Pb-Pb collisions
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Hint of smaller supression of b (→ c)→ e with respect to b, c → e.

Indication of a centrality dependence of the energy loss in the medium in the beauty sector. New
pp reference at 5 TeV is used which has improved the precision on the statistical and systematic
uncertainties.

RAA consistent with models that consider mass-dependent radiative and collisional energy loss.

Sudhir Pandurang Rode January 24, 2020 16 / 26



Summary

pT-differential cross sections of heavy-flavour leptons in pp collisions are consistent with
the theoretical predictions.

Nuclear modification factors (RpA) of heavy-flavour leptons in p–Pb collisions are
consistent with unity and agrees with the theoretical prediction which includes initial state
effects.

Heavy-flavour lepton yields show faster than linear behavior with respect to charge
particle multiplicity in pp and pPb collisions.

RAA of heavy-flavour leptons agree with the theoretical predictions which include
radiative and collisional energy losses.
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Outlook

With the ongoing detector upgrades, the precision on the measurement will considerably increase.
The improved impact-parameter resolution, together with the improved luminosity of the LHC
accelerator complex, will improve the significance of the upcoming measurements.
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Thank You...
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BACK-UP
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Analysis Strategy: Electrons from beauty quarks via DCA cut method

The b → e have larger DCA compared to the
electron background ⇒ cut on the minimum
DCA to increase the S/B ratio.

In pp and p-Pb collisions, |DCA| > [64+780
× exp(0.56pT)] (DCA in µm, pT in GeV/c)).
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(pp 7 TeV and p-Pb 5.02 TeV)



Results: Electrons from beauty quarks in Pb-Pb at 5.02 TeV
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RAA shows good agreement with Run 1 measurement.
Indication of smaller supression of b (→ c)→ e with respect to b, c → e at low/intermediate pT.
The scaled pp reference is used which is obtained from scaling it from 7 TeV using FONLL.
Analysis of new pp reference is ongoing which would reduce the systematic uncertainties in the
RAA measurement and can give more precise results.
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ALICE: RUN3
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Models
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Models
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