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Physics motivation

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

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

BR(B,D→ eνX) ≈ 10%.

pp collisions
• Measure the cross section of electrons from beauty-hadron decays in pp collisions and provide

the required reference for corresponding studies in large systems.
• Test of perturbative Quantum ChromoDynamics.

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

heavy quarks 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.

Cut 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

Cut 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
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Analysis strategy: pp 7 TeV and p-Pb 5.02 TeV

Identify inclusive electrons using Time Projection Chamber (TPC) and Time of Flight
(TOF) detectors with ALICE.

The electrons from beauty-hadron decays have larger impact
parameter or distance of closest approach (DCA) to the
primary vertex compared to the electron background from
other sources.

Limit on the minimum DCA of the electron candidate tracks
is applied to increase the signal to background ratio.

The remaining electron background is estimated in the MC and then subtracted, based on
other ALICE measurements by re-weighting the background sources in PYTHIA to match
with the measured ones.
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Analysis Strategy: Electrons from beauty decays via DCA cut method
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The b → e have larger DCA compared to their background ⇒ cut on the minimum DCA to
increase the S/B ratio.
Background sources are estimated, based on other ALICE measurements by re-weighting the
relevant background sources in PYTHIA to match the measured ones.
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Analysis strategy:Pb-Pb 2.76 and 5.02 TeV analyses at low and high pT

Steps low pT high pT

Identify inclusive
electron yield

TPC-TOF TPC-EMCal (Electromagnetic
Calorimeter)

Remove hadron
contamination

Subtract hadron DCA distribution
scaled to match the estimated hadron
contamination

Remove
conversion and

non-HF electrons

Subtract the main background from
photonic sources using data-driven
photonic electron tagging method

Fit four MC templates (Dalitz,
conversion electrons, c → e,

and b → e) to inclusive
electron DCA

Remove c → e Fit two MC templates (c → e and b
→ e) to non-photonic electron DCA
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Analysis Strategy: Electrons from beauty decays via DCA fits

Low-pT analysis, DCA templates like Dalitz, conversion
electrons, c → e, and b → e obtained using MC and fit
to data using a log-likelihood fitting routine.

High-pT analysis, ⇒ just two templates for c → e and b
→ e since, Dalitz, conversion electrons and hadron
contamination are removed using data-driven method.

DCA templates are further corrected to better match to
the data since they are not well reproduced in the Monte
Carlo sample.

• Shift DCA mean and correct resolution using
Improver task.

• Reweight the D + B meson pT spectra.
• Correct Λc/D0, D+/D0, and D+

s /D0 ratios in the
charm template based on ALICE measurements.
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Results: Electrons from beauty decays in pp at 7 and p-Pb at 5.02 TeV

0 1 2 3 4 5 6 7 8

 )
2 )

c
) 

(m
b

/(
G

e
V

/
y

d
T

p
/(

d
σ

2
) 

d
T

p
π

1
/(

2

7−10

6−10

5−10

4−10

3−10

2−10
1

Ldt = 2.2 nb∫ = 7 TeV, sALICE pp, 

3.5% normalization uncertainty

(a)

 e→ c) →b (
 e→c 

 e→ c) →FONLL b (
 e→FONLL c 

0 1 2 3 4 5 6 7 8

D
a
ta

/F
O

N
L
L

0.5
1

1.5
2

2.5
3

3.5

(b)

 e→ c) →b (

0 1 2 3 4 5 6 7 8

D
a
ta

/F
O

N
L
L

0.5
1

1.5
2

2.5
3

3.5

(c)

 e→c 

)c (GeV/
T

p 
0 1 2 3 4 5 6 7 8

e
→

e
/c

→
c
)

→
 b

(

0.5
1

1.5
2

2.5
3

3.5
4

total uncertainty

(d)

ALI−PUB−115364

)c (GeV/
T

p
0 1 2 3 4 5 6 7 8 9 10

  
p
P

b
R 

0.5

1

1.5

2

2.5

3
ALICE e→ c) →b (

 < 0.14
cms

y1.06 < − = 5.02 TeV, 
NN

sPb, −p

FONLL + EPS09NLO shad.

Blast wave calculation

: Coherent scattering + CNM energy losset al.Sharma 

: Incoherent multiple scatteringet al.Kang 

ALI−PUB−112578

Measured cross section is in agreement with the FONLL predictions.
RpPb of electrons from beauty hadron decays is consistent with unity in the measured pT range.
It is also in the agreement with the theoretical predictions in the pT range under study.
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Results: Electrons from beauty decays in Pb-Pb at 2.76 TeV
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Indication of smaller supression of b (→ c)→ e with respect to b, c → e at low/intermediate pT.
RAA consistent with various theoretical models that consider mass-dependent radiative and
collisional energy loss.
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Results: Electrons from beauty decays in Pb-Pb at 5.02 TeV
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RAA shows good agreement with Run 1 measurement.
Hint of smaller supression of b (→ c)→ e with respect to b, c → e.
RAA consistent with models that consider mass-dependent radiative and collisional energy loss.
Analysis of new pp reference at 5.02 TeV is ongoing which would reduce the systematic
uncertainties in the RAA measurement and can give more precise results.
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Summary

Electrons from beauty hadron decays are measured using the ALICE detector which offers
excellent particle identification as well as excellent vertex and track position resolution.

Measurements were done using two different approaches:

• By subtracting the electrons from background sources using other ALICE measurements (pp
7 TeV and p-Pb at 5.02 TeV).

• By using DCA template fit method where the DCA templates of the electrons from different
sources are fitted to the inclusive electrons using the log-likelihood fit approach (Pb-Pb at
2.76 and 5.02 TeV).

RAA hints at smaller supression of b (→ c)→ e with respect to b, c → e at both 2.76 and
5.02 TeV at low/intermediate pT.

All the measurements are consistent with the theoretical predictions within uncertainties.
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Outlook

Nuclear modification factor of beauty-hadron decay electrons in semi-central Pb-Pb
collisions at 5.02 TeV.

New pp reference at 5.02 TeV using the DCA template fit method will be available soon
for improving the precision on RAA in Pb-Pb collisions.

The measurements of the beauty-hadron decay electrons will be improved with the
upcoming ALICE detector upgrade.
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BACK-UP
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ALICE: RUN2
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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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Analysis Strategy: Electrons from beauty quarks via DCA Template fits

Low-pT analysis, DCA templates like Dalitz, conversion
electrons, c → e, and b → e obtained using MC and fit
to data using a log-likelihood fitting routine.

High-pT analysis, ⇒ just two templates for c → e and b
→ e since, Dalitz and conversion electrons are removed
using data-driven method along with the hadron
contamination.

DCA templates are further corrected to better match to
the data since they are not well reproduced in the Monte
Carlo sample.

• Shift DCA mean and correct resolution using
Improver task.

• Reweight the D and B meson pT spectra.
• Correct Λc/D0, D+/D0, and D+

s /D0 ratios in the
charm template based on ALICE measurements.
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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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