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! Charm and beauty quarks produced in hard-scattering 
processes in the early stage of the collision.

! Initially-produced heavy quarks in Pb-Pb collisions 
propagate through the medium interacting with its 
constituents !  sensitive probes of the properties of 
the QGP. 
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- parton energy loss  via radiative (gluon emission) 
and collisional processes
! color charge
! quark mass
! path length and medium density

$ Eg > $ Eu,d,s > $ Ec > $ Eb

Need to compare 
RAA# , RAAD, RAAB

! Charm and beauty quarks produced in hard-scattering 
processes in the early stage of the collision.

! Initially-produced heavy quarks in Pb-Pb collisions 
propagate through the medium interacting with its 
constituents !  sensitive probes of the properties of 
the QGP. 
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- medium modiÞcation of the hadronization  
process
! quark coalescence mechanism ?

- participation in the collective expansion
! radial and elliptic ßow
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Heavy-flavour decay electrons

QM2014, Darmstadt

TPC: tracking, 
e-ID via dE/dx

TOF: e-ID via time of ßight

Heavy-ßavour decay electrons 
|%| < 0.8:
B !  e + X, B.R.~11%
D !  e + X, B.R.~10%
Subtraction of background 
from:
- & conversion
- neutral meson decays
- J/' decays

e

EMCAL: e-ID via E/p, trigger ITS: primary 
vertex and track 
reconstruction

LHC run Data Sample Lint

2010
Pb-Pb, 

( sNN=2.76 TeV
2.0 !b -1 (0-80%)

2011
Pb-Pb, 

( sNN=2.76 TeV

22 (37) !b -1 in 0-10% 
6 (34) !b -1 in 20-40% 
MB (EMCAL) trigger

4A. Festanti



Heavy-flavour decay electron RAA

QM2014, Darmstadt

Cao, Qin, Bass: PRC 88 (2013) 044907

RAA (0-10%)

5A. Festanti

! Clear suppression observed in     
3 < pT < 18 GeV/c for 10% most 
central Pb-Pb collisions.

! Heavy-ßavour decay electrons 
(charm+beauty decays) dominated 
by b! e at high pT. 

! Theoretical models predict different 
RAA for c! e and b! e.
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Heavy-flavour decay electron RAA

QM2014, Darmstadt

RpPb (min. bias)RAA (0-10%)

! RpPb compatible with unity within 
uncertainties: suppression in Pb-
Pb due to Þnal state effects.

! Clear suppression observed in     
3 < pT < 18 GeV/c for 10% most 
central Pb-Pb collisions.

! Heavy-ßavour decay electrons 
(charm+beauty decays) dominated 
by b! e at high pT. 

! Theoretical models predict different 
RAA for c! e and b! e. C. Jahnke poster

J. Wagner posterCao, Qin, Bass: PRC 88 (2013) 044907

5A. Festanti

 (GeV/c)
T
p

0 2 4 6 8 10 12 14 16 18

AA
R

H
ea

vy
 fl

av
ou

r d
ec

ay
 e

le
ct

ro
n 

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

 = 7 TeVs  with pp ref. from scaled cross section at 
 = 2.76 TeVs  with pp ref. from FONLL calculation at  

 eA c) ACao,Qin,Bass: b (
 eACao,Qin,Bass: c 

|<0.6y = 2.76 TeV, 0-10% central, |NNsPb-Pb, 
ALICE Preliminary

ALI−PREL−68481



)c (GeV/
T
p

0 1 2 3 4 5 6 7 8

A
A

R

0.5

1

1.5

2

2.5

ALICE Preliminary

 = 2.76 TeV, 0-20% centralityNNsPb-Pb, 

 e, |y| < 0.8A c) Ab (
syst. uncertainty
nomalization uncertainty

ALI�éPREL�é74678

Beauty-decay electron RAA

QM2014, Darmstadt

RAA(b! e) (0-20%)

M. Volkl poster

! Analysis based on the study of the electron impact parameter distribution.
! First measurement of the beauty-decay electron RAA indicates RAA < 1 for pT > 3 GeV/c. 

Computer Physics Communications. 77(2), 1993

NEW @QM14
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Beauty-decay electron RAA
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M. Volkl poster
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! Analysis based on the study of the electron impact parameter distribution.
! First measurement of the beauty-decay electron RAA indicates RAA < 1 for pT > 3 GeV/c.
! RpPb(b! e) compatible with unity: b quark affected by the interaction with the hot 

medium.  

RAA(b! e) (0-20%)



Heavy-flavour decay muon RAA

QM2014, Darmstadt
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! Heavy-ßavour decay muon RAA at 
forward rapidity compatible with 
that of heavy-ßavour decay 
electrons at mid-rapidity (|y| < 0.6).

Front 
absorber

!

Tracking 
chambers

Trigger 
chambers

Dipole 
magnet

Muon tracks reconstructed with the forward ALICE 
Muon spectrometer (-4<%<-2.5)
- Matching tracking !  trigger chambers.
- Cut p vs. DCA
Subtraction of background from primary #± and K± 
decays.

B !  ! + X, B.R.~11%
D !  ! + X, B.R.~10%

7A. Festanti

": 2.5 < y < 4
e: |y| < 0.6

S. Li talk, 15:00



D-meson reconstruction

QM2014, Darmstadt

#
Displaced decay vertices (|#|<0.8):
D0  !  K-$+ (c%=123 "m)
D+  !  K-$+$+ (c%=312 "m)
D*+ !  D0$+

Ds+ !  &$+ !  K-K+$+ (c%=150 "m)

K

LHC run Data Sample Lint

2010
Pb-Pb, 

( sNN=2.76 TeV
2.12 !b -1 (0-80%)

2011
Pb-Pb, 

( sNN=2.76 TeV
23 !b -1 in 0-10% 

6.2 !b -1 in 10-50% 

TPC: tracking, 
PID via dE/dx

TOF: PID via time of ßight

ITS: vertexing, 
tracking

8A. Festanti
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D-meson RAA and RpA vs. pT

QM2014, Darmstadt

! Similar suppression observed for D+s 
meson in 8 < pT < 12 GeV/c
- More statistics needed to conclude about 

the low pT region (predicted enhancement 
of D+s/D at low pT due to recombination).

! Comparison with D-meson nuclear 
modiÞcation factor in p-Pb collisions. 

! Observed suppression (factor 3-5) for 
pT > 5 GeV/c in most central Pb-Pb is 
due to strong Þnal state effects induced 
by hot partonic matter. Kuznetsova, Rafelski EPJ C 51 (2007) 113

He et al. PRL 110 (2013) 112301
Andronic et al. PLB 659 (2008) 149
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arXiv:1405.3452

p-Pb
Pb-Pb 40-80%
Pb-Pb 0-20%

D0, D+, D*+

Ds+



) c (GeV/
T
p 

0 2 4 6 8 10 12 14 16 18 20

 p
ro

m
pt

 D
AA

R 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

|<0.5y meson,|+D
total syst. uncertainties
pp reference syst. uncertainties[ ]

ALICE Preliminary
 = 2.76 TeV

NN
sPb-Pb, 

30-50% centrality

!"# −$%&"−'()(*

) c (GeV/
T
p 

0 2 4 6 8 10 12 14 16 18 20
 p

ro
m

pt
 D

AA
R 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

|<0.5y meson,|+D*
total syst. uncertainties
pp reference syst. uncertainties[ ]

ALICE Preliminary
 = 2.76 TeV

NN
sPb-Pb, 

30-50% centrality

!"# −$%&"−'()(*
) c (GeV/

T
p 

0 2 4 6 8 10 12 14 16 18 20

 p
ro

m
pt

 D
AA

R 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

|<0.5y meson,|0D
total syst. uncertainties
pp reference syst. uncertainties[ ]

ALICE Preliminary
 = 2.76 TeV

NN
sPb-Pb, 

30-50% centrality

!"# −$%&"−'()*+

NEW @QM14
QM2014, Darmstadt

D-meson in 30-50% Pb-Pb collisions

! Suppression for pT > 4 GeV/c observed in the 30-50% centrality class.

D0 D+ D*+

10A. Festanti
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R. Bala poster
! Measurement of the D-meson pT distribution and RAA in the 30-50% centrality class.
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D-meson in 30-50% Pb-Pb collisions
! Comparison of theoretical model predictions to different observables 

simultaneously.
! Constraints on the description of the energy-loss mechanisms. 

Average RAA (30-50%)D0 pT spectrum (30-50%)

TAMU elastic: arXiv:1401.3817
Djordjevic: arXiv:1307.4098
Cao, Qin, Bass: PRC 88 (2013) 044907
WHDG rad+coll: Nucl. Phys. A 872 (2011) 265

NEW @QM14
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MC@sHQ+EPOS: PRC 89 (2014) 014905
Vitev, rad+dissoc: PRC 80 (2009) 054902
POWLANG: JPG 38 (2011) 124144
BAMPS: PLB 717 (2012) 430
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D-meson in 30-50% Pb-Pb collisions

Average RAA (30-50%)Average RAA (0-7.5%)

TAMU elastic: arXiv:1401.3817
Djordjevic: arXiv:1307.4098
Cao, Qin, Bass: PRC 88 (2013) 044907
WHDG rad+coll: Nucl. Phys. A 872 (2011) 265

MC@sHQ+EPOS: PRC 89 (2014) 014905
Vitev, rad+dissoc: PRC 80 (2009) 054902
POWLANG: JPG 38 (2011) 124144
BAMPS: PLB 717 (2012) 430
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! Comparison of theoretical model predictions to different observables 
simultaneously.

! Constraints on the description of the energy-loss mechanisms. 



! RAA measured in-plane and out-of-plane, sensitive to 
- path length dependence of parton energy loss at high pT

- collectivity at low pT  

QM2014, Darmstadt

In-plane Out-of-plane

WHDG rad+coll: Nucl. Phys. A 872 (2011) 265
POWLANG: JPG 38 (2011) 124144
Cao, Qin, Bass: PRC 88 (2013) 044907
MC@sHQ+EPOS: PRC 89 (2014) 014905

Vitev, rad+dissoc: PRC 80 (2009) 054902BAMPS: PLB 717 (2012) 430
TAMU elastic: arXiv:1401.3817
UrQMD: J. Phys. Conf. Ser. 426 (2013) 012032
Djordjevic: arXiv:1307.4098

R. Bailhache talk, 12:40
D. Caffarri poster

Average RAA (30-50%)D0 RAA (30-50%)

D-meson in 30-50% Pb-Pb collisions
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Comparison with pions

QM2014, Darmstadt

! Expected hierarchy in the energy loss: $ Eg > $ Eu,d,s > $ Ec > $ Eb

! D-meson and # RAA as a function of pT compatible within uncertainties. 
! Consistency between RAA(D) and RAA(#) described by theoretical models taking into 

account:
- $ Eg > $ Eu,d,s > $ Ec

- different shapes of the pT distributions
- different fragmentation functions

Djordjevic, arXiv:1307.4098 
Wicks, Horowitz, Djordjevic Nucl. Phys. A 872 (2011) 265

RAA#  <RAAD < RAAB!?

A. Festanti 13



QM2014, Darmstadt

D-meson RAA vs. centrality and comparison with beauty
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! Similar <pT> (~10 GeV/c) for D 
and B mesons (B !  J/').

! Rapidity range slightly different.
! Indication of RAA(D) < RAA(B) in 

central Pb-Pb collisions.

A. Festanti 14
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! pQCD model including mass-dependent radiative and collisional 
energy loss predicts a difference between the D-meson and non-
prompt J/" similar to that observed.

! Similar pattern from other calculations (e.g. BAMPS, WHDG, Vitev et al.).  

D-meson RAA vs. centrality and comparison with beauty

Djordjevic: arXiv:1307.4098

✓ Djordjevic: non-prompt J/' 
RAA considering for energy 
loss
- b quark mass
- c quark mass 

✓ Djordjevic: D meson RAA

to test the 
mass 

dependence
}
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! Similar <pT> (~10 GeV/c) for D 
and B mesons (B !  J/').

! Rapidity range slightly different.
! Indication of RAA(D) < RAA(B) in 

central Pb-Pb collisions.



Conclusion

QM2014, Darmstadt

! Strong suppression  of heavy-ßavours  observed in central Pb-Pb  
collisions for pT > 5 GeV/c

- semi-leptonic inclusive decays

- D mesons

! Indication of RAA < 1 also for electrons from beauty-hadron 
decays  for pT > 3 GeV/c.

! p-Pb results demonstrate that the suppression at high pT in Pb-Pb is 
due to the interaction with the hot partonic medium .

! Larger suppression for D mesons  with respect to B mesons  (non-
prompt J/' by CMS) at pT ~ 10 GeV/c

- described by theoretical models implementing mass dependent  
energy loss

! Results from different observables  (pT spectra, RAA, azimuthal 
anisotropy) compared to theory can constrain the energy loss 
models .

A. Festanti 15



Backup

QM2014, Darmstadt A. Festanti 16



ALICE performance

QM2014, Darmstadt
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! Precise tracking: resolution of the track position at primary vertex ~60 !m for tracks 
of pT=1 GeV/c.

! Excellent particle identiÞcation capabilities:
- TPC: largest separation at low pT (< 0.7 GeV/c) but also in the relativistic rise 

region up to 20 GeV/c. 
- TOF: resolution of ~80 ps. arXiv:1402.4476

A. Festanti 17



Heavy-flavour decay electrons

QM2014, Darmstadt

! Electron identiÞcation applying cuts on:
- speciÞc energy loss in the TPC gas
- E/p

! Non heavy-ßavour decay electrons come from:
- & conversion
- neutral meson decays

! Yield of photonic electrons measured by pairing 
electrons with opposite charged partner tracks and 
requiring the invariant mass of the e+e- pair to be 
close to 0. )2(GeV/ceeM
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! Opposite sign pairs contain true photonic electrons and the combinatorial 
background.

! Combinatorial background estimated by calculating the invariant mass of same 
charge sign electron pairs.

! Reconstruction efÞciency of photonic electrons calculated from simulations.
! Photonic electrons:

! Background subtracted from inclusive electron yield:

A. Festanti 18
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Beauty-decay electron RAA

QM2014, Darmstadt

! Fraction of electrons from beauty-hadron decay extracted from a Þt to the impact 
parameter distribution based on a maximum likelihood approach.
- templates of the impact parameter distributions of the different electron sources from 

simulations
- wide impact parameter distribution of electrons from the decay of beauty hadrons 

due to their large decay length (c) ~ 490 !m)
! pp reference obtained by scaling 7 TeV measurement to 2.76 TeV. Agreement with the 

results based on a minimum impact parameter cut.

Computer Physics Communications. 77(2), 1993 M. Volkl poster
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Heavy-flavour decay muon RAA

QM2014, Darmstadt
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! Larger suppression (factor 3-4) in the 
10% most central collisions with 
respect to 40-80% centrality class.

! Suppression in the 10% most central 
Pb-Pb collisions due to hot matter 
effect. 
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PRL 109, 112301 (2012)

S. Li talk, 15:00

! Heavy-ßavour decay muon RAA at 
forward rapidity compatible with that of 
heavy-ßavour decay electrons at mid-
rapidity (|y| < 0.6).
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Heavy-flavour decay muons

QM2014, Darmstadt

! For pT > 4-6 GeV/c main background component consists of muons from primary 
pion and kaon decays.

! The pT distribution of muons from heavy-ßavour decays is obtained by 
subtracting the muon background component from the corrected inclusive muon 
distribution.

! In pp collisions subtraction based on Monte Carlo simulations.
! In Pb-Pb collisions contribution of muons coming from primary #± and K± decays 

at forward rapidity was estimated by extrapolating to forward rapidity the pT 
distribution of pions and kaons measured at central rapidity and generating the 
corresponding pT distributions of decay muons (simulation of the decay 
kinematics and of the front absorber).

A. Festanti 21



QM2014, Darmstadt

! Suppression observed for pT > 3-4 GeV/c also in 30-50% class.
! Consistency among the measurements of the three mesons.
! Indication of smaller suppression in 30-50% centrality class with respect to 0-7.5% most 

central Pb-Pb collisions.

D-meson RAA vs. pT in 30-50% Pb-Pb collisions
! Measurement of the D-meson pT distribution and RAA in the 30-50% centrality class.
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QM2014, Darmstadt

WHDG rad+coll: Nucl. Phys. A 872 (2011) 265
POWLANG: JPG 38 (2011) 124144
Cao, Qin, Bass: PRC 88 (2013) 044907
MC@sHQ+EPOS: PRC 89 (2014) 014905

Vitev, rad+dissoc: PRC 80 (2009) 054902BAMPS: PLB 717 (2012) 430
TAMU elastic: arXiv:1401.3817
UrQMD: J. Phys. Conf. Ser. 426 (2013) 012032
Djordjevic: arXiv:1307.4098

D-meson in 30-50% Pb-Pb collisions

NEW @QM14
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arXiv: 1405.2001

R. Bailhache talk, 12:40
D. Caffarri poster
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Comparison with pions

QM2014, Darmstadt

! Expected hierarchy in the energy loss: $ Eg > $ Eu,d,s > $ Ec > $ Eb

! D-meson and # RAA as a function of pT compatible within uncertainties. 
! Consistency between RAA(D) and RAA(#) described by theoretical models taking into 

account:
- $ Eg > $ Eu,d,s > $ Ec

- different shapes of the pT distributions
- different fragmentation functions

RAA#  <RAAD < RAAB?

Djordjevic, arXiv:1307.4098 
Wicks, Horowitz, Djordjevic Nucl. Phys. A 872 (2011) 265
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Comparison with pions

QM2014, Darmstadt

JHEP 09 (2012) 112 
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!! Expected hierarchy in the energy loss: $ Eg > $ Eu,d,s > $ Ec > $ Eb

! D-meson and # RAA as a function of pT compatible within uncertainties. 
! Consistency between RAA(D) and RAA(#) described by theoretical models taking into 

account:
- $ Eg > $ Eu,d,s > $ Ec

- different shapes of the pT distributions
- different fragmentation functions

RAA#  <RAAD < RAAB?



QM2014, Darmstadt

! Models including a mass-dependent energy loss predict a difference between the 
D-meson and non-prompt J/" similar to that observed.  

D-meson RAA vs. centrality and comparison with beauty
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✓ BAMPS: collisional energy loss 
in an expanding medium. 

✓ WHDG: collisional and radiative 
energy loss in an anisotropic 
medium.

✓ Vitev et al.: radiative energy loss 
+ D meson in-medium formation 
and dissociation.

BAMPS: JPG 38 (2011)124152
WHDG: Nucl. Phys. A 784 (2007) 426
Vitev et al.: PRC 80 (2009) 054902 
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