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Part I
Introduction
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Heavy Flavour Physics at LHC
Heavy flavours in Pb-Pb collisions, tomography of QCD medium:

nuclear modification factor, RAA(pT,η)

Dead cone in heavy quark radiative energy 
loss: gluon radiation suppressed at Θ<mQ/EQ.

Color charge dependence of parton energy 
loss: gluons loss more energy than quarks in 
QCD medium.
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RAA: ratio of particle yields in AA 
collisions to that in pp collisions scaled 
by the number of binary collisions.

EM interactions strong interactions
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Heavy Flavour Physics at LHC

understand heavy quark in-
medium energy loss 
mechanism:

radiative vs. collisional 
energy loss;

heavy-to-light ratio:
mass and color charge 
dependence of parton 
energy loss,
distinguish different QGP 
scenarios.

Heavy flavours in Pb-Pb collisions, tomography of QCD medium:
nuclear modification factor, RAA(pT,η)
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Heavy Flavour Physics at LHC
Heavy flavours in Pb-Pb collisions, tomography of QCD medium:

azimuthal anisotropic flow, vn(pT,η)

low pT region:
initial conditions of QCD medium,
degree of thermalization of 
heavy quarks in QGP;

high pT region:
path length dependence of 
heavy quark energy loss;

Phys. Rev. Lett. 98 (2007) 172301
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Part II
Heavy-Flavour Measurements 

with ALICE
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Heavy-Flavour Measurements with ALICE

The heavy-flavour physics is investigated in various decay channels 
and rapidity regions with ALICE.
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D-meson Measurements (|η|<0.5)
/

pointing angleepointing

secondary vertexprimary vertex

D reconstructed momentum 0
D flight line0
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/

impact parameters ~100    mµ

Strategy: D mesons are reconstructed via 
the secondary vertices displaced of few 
hundred micrometers.
Main selection criteria:
pT and impact parameter of single tracks;
separation between primary and secondary 
vertices (pointing angle), suppress the 
combinatorial background;
PID (π, K and p) using TOF+TPC, reject 
combinatory background, mainly at low pT.
Signal extraction: invariant mass analysis.

Tagged channels:
D0→K-π+

D*+→D0(→K-π+)π+s

D+→K-π+π+

Ds+→φ(→K+K-)π+

)2) (GeV/cπInvariant Mass (K
1.75 1.8 1.85 1.9 1.95 2 2.05

2
E

n
tr

ie
s 

/ 
1

0
 M

e
V

/c

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

22000

=2.76 TeVNNsPbPb, 

Centrality: 0-7.5%
 0.001± = 1.864 µ

 0.002± = 0.010 σ

 432±) = 12803 σS (3

) = 0.087σS/B (3

+π
-

 K→
0D

>1 GeV/c
T

p

25/07/2012

ALI−PERF−32796

9Wednesday, March 27, 13



Heavy-Flavour Decay Electrons (|η|<0.9)
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Electron PID: TPC (dE/dx)+TOF+TRD+EMcal
Main source of background:

photon conversions;
Dalitz decays of neutral mesons;
quarkonia decays;
direct photons;
Drell-Yan processes.

Background subtraction:
invariant mass method: to remove π0, Dalitz, photon 
conversions;
cocktail: different background sources using Monte Carlo 
hadron-decay generator.

Heavy-Flavour decay electrons dN/dpT obtained after 
subtraction of the background from the inclusive electron 

spectrum.
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Heavy-Flavour Decay Muons (2.5<|η|<4)

muon trigger matching: 
reject hadrons that punch 
through the absorber;
pointing angle to the 
vertex: remove beam-gas 
and particles produced in 
the absorber.

Track selection:
-4<η<-2.5: acceptance of ALICE MUON spectrometer;

-4<η<-2.5
dipole magnet

front absorber

trigger chamberssmall angle absorber muon filter

TPC

tracking chambers
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Decay Muon Subtraction in Pb-Pb Collisons

Input: K/π spectra in pp collisions and RAA in Pb–Pb collisions 
at central rapidity measured with ALICE [J. Phy. G, G38 (2011) 124014 & 124080];
extrapolate K/π spectra in pp collisions to forward rapidity:

with σy=3.3 estimated from PYTHIA and PhoJet (error≃15%);
get K/π spectra in Pb–Pb collisions at forward rapidity via:

varying K/π RAA between 0 and 200% to estimate the 
systematic uncertainty on unknown quenching effect at 
forward rapidity.
produce the K/π decay muon background in Monte-Carlo 
with fast detector simulation.
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Part III
Results and Discussions
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RAA of Heavy Flavours at Mid-rapidity

RAA of D0, D+ and D* agree within uncertainties;
large uncertainties do not allow us to conclude on the enhancement of strange/non-strange D 
meson yield that is predicted at low/intermediate pT if c quarks hadronize by recombination in 
the medium;
strong suppression for both D mesons and heavy-flavour decay electrons is observed in central 
Pb-Pb collisions.
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RAA of Heavy-Flavour Muons in Forward Rapidity

Phys. Rev. Lett. 109 (2012) 112301

Suppression is observed and is 
independent of pT within 
uncertainties (in the measured pT 
interval);
stronger suppression in central 
than peripheral collisions, reaching 
a factor of about 3–4 in the 10% 
most central collisions;

in the pT region (pT>6 GeV/c), beauty 
contribution is dominant in pp 
collisions, according to FONLL 
calculations.
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Similar HF decay e (|y|<0.6) and μ (2.5<y<4.0) RAA in 0-10%;
difficulty: comparison of RAA of D mesons and that of HF decay 
electrons must consider semi-leptonic decay kinematics (pTe~0.5 pTB at 
high pT);
RAA of D mesons shows a similar trend as light hadrons in 0-10%.

pT-differential RAA of Heavy Flavours
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D meson and HF muon RAA at high-pT show a similar centrality trend;
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Comparison with Model Predictions

Model implementing radiative energy loss (BDMPS-ASW) 
and rad.+dissoc. (Vitev) can describe both muon and D 
meson data;
small contribution of shadowing is expected for muons 
with pT>4 GeV/c; to be confirmed with p-Pb 2013 data.

EPS09 shad. [JHEP 0904 (2009) 065]
Vitev rad.+dissoc. [Phys. Lett. B713 (2012) 224]
BAMPS [J. Phys. G38 (2011) 124152]
BDMPS-ASW rad. [Phys. Rev. D71 (2005) 054027]

Phys. Rev. Lett. 109 (2012) 112301
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Elliptic Flow of Heavy Flavours in Central Rapidity

measured with event plane method;
consistency among different D mesons;
non-zero v2 (3 sigma effect) for D mesons in 2<pT<6 GeV/c and 
heavy flavour electrons in 2<pT<3 GeV/c;
similar v2 magnitude of D mesons and charged hadrons.
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v2 of Inclusive Muons at Forward Rapidity

Inclusive muon v2 is measured up to 10 GeV/c (the background is 
not subtracted) with Lee-Yan-Zeros (LYZ) and event plane 
methods;
results from LYZ are systematically lower than those from EP 
method: fluctuations or non-flow correlations are suppressed;
indication for larger v2 in semi-central than central collisions.
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HF Electron RAA and v2 at RHIC and LHC

Similar magnitude of heavy-flavour electron RAA (3<pT<9 GeV/c) and v2 
(1.5<pT<4 GeV/c) at √sNN=200 GeV (PHENIX) and √sNN=2.76TeV (ALICE),

Caveat: c/b contribution to the HF electron spectra may differ at RHIC 
and LHC.
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RAA and v2: Model Comparisons

The simultaneous description of HF Electron RAA 
and v2 is challenging.

Armesto et al., PRD71 (2005) 054027
Horowitz et al., J. Phys G38 (2011) 124114
Alberico et al., Eur. Phys. J c71 (2011) 1666
van Hees et al., PRC73 (2006) 034913
Fochler et al., J. Phys. G38 (2011) 124152
Sharma et al., PRC80 (2009) 054902
He et al., PLB713 (2012) 224
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RAA and v2: Model Comparisons

The simultaneous description of D 
meson RAA and v2 is challenging.

Armesto et al., PRD71 (2005) 054027
Horowitz et al., J. Phys G38 (2011) 124114
Alberico et al., Eur. Phys. J c71 (2011) 1666
van Hees et al., PRC73 (2006) 034913
Fochler et al., J. Phys. G38 (2011) 124152
Sharma et al., PRC80 (2009) 054902
He et al., PLB713 (2012) 224
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Part IV
ALICE Upgrade:

Muon Forward Tracker

See Antonio’s talk for more details on the MFT.

24Wednesday, March 27, 13



Challenge of muon spectrometer for 
single muon analysis: separate muons 
from D- and B-hadron decays,

Separate Muons from D- and B-hadron Decays

DR
AF

T

Con
fid

en
tia

l52 2. Performance Studies for the Muon Forward Tracker

Figure 2.20: Offset distributions of muons for three pT bins. The red histogram is
the sum of muons originating from charm decays (green), beauty decays (blue) and
background (black).

plates for each signal and background components†. In particular, for each template1195

associated to the charm, beauty and background components, we apply a distortion1196

according to the patterns shown in Figure 2.21. The deformed MC templates are then1197

used to perform a new fit of the global offset distributions. The resulting systematic1198

uncertainties for open charm and open beauty production are compiled in Table 2.51199

and Table 2.6, for two values of the amplitude of the fluctuations (1 % and 2 %).1200

The second source of systematic is the one coming from the cuts and selections1201

applied to optimize the S/B ratio. In this case, we estimate the systematic by varying1202

the position of the applied cuts by ±10 %, finding an induced variation of ±7 % on1203

the level of the signal. This source of systematics turns to be the dominant one in this1204

analysis.1205

The information stored in the numbers compiled in Tables 2.5, 2.6 and 2.4 can1206

be conveniently condensed in the form of a plot, showing the expected uncertainties1207

on the evaluation of the yields from open charm and beauty (see Figure 2.22). The1208

uncertainties from the selection cuts have been added to the ones from MC shape1209

fluctuations. These results clearly show that it is possible to unfold open charm decay1210

down to down to zero pT with a systematic uncertainty below ⇠ 20%. Even if muons1211

from open beauty decays can be extracted down to low-pT, the level of the systematic1212

uncertainty limits the quality of this result (Table 2.6). The open beauty signal, on1213

the other hand, can be reliably unfolded only for pT ¶ 2 GeV/c.1214

To conclude, we showed that the presence of the MFT greatly improves the mea-1215

surement of open heavy flavor production in the single muon channel, with respect1216

to the current Muon Arm setup: firstly, because it extends the signal extraction to a1217

pT range not accessible by the current spectrometer; secondly, because the analysis1218

strategy based on the decomposition of the offset distributions (not affordable with-1219

† A similar approach will be used for the open heavy flavor analysis in dimuons, as well as for the
analysis of J/ production from beauty hadrons, see Section 2.6.4.

The Muon Forward Tracker principle

Absorber

IP

Dipole
• Actual MUON Spectrometer

• Blurred in the extrapolation to the vertex of the muon tracks

• MUON + MFT
• Matching of muon tracks with MFT clusters

• Improvement of the pointing accuracy

MFT}

17

Distinguish charm and beauty components and background in 
inclusive muon spectra via the combined fit on the offset 
distribution which is related to the decay length of different 
particle species.

➡testing mass dependence of quark in-medium energy loss and 
different QGP scenarios.

offset: 
transverse 
distance between 
the primary 
vertex and the 
muon track.

muon from beauty
muon from charm

background
total
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Performance Results

Estimations of uncertainties

• Very high statistics available: O(err. stat.) = 10-3

• Sources of systematic uncertainties

• Cuts and selections: ±10% on cuts ⇒  ±7% variation on yields

• Used MC shapes: up to 2% shape fluctuation applied

37

Charm Beauty 

Estimations of uncertainties

• Very high statistics available: O(err. stat.) = 10-3

• Sources of systematic uncertainties

• Cuts and selections: ±10% on cuts ⇒  ±7% variation on yields

• Used MC shapes: up to 2% shape fluctuation applied

37

Charm Beauty 

D decay muons and B decay muons are well 
separated down to pT=0 (D decay muon) and 1 
GeV/c (B decay muon);
well controlled systematic uncertainties (<10%).
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Conclusion
Heavy-flavour production has been measured with ALICE in the semi-muonic 
channel at forward rapidity and semi-electronic and hadronic (D mesons) 
channels at central rapidity in Pb-Pb collisions;

a strong suppression is observed in all cases;

results of muons from heavy-flavour decays at forward rapidity are similar to 
that of heavy-flavour electrons and D mesons at central rapidity;

non-zero v2 of D mesons and heavy-flavour decay electrons are observed in 
mid-rapidity region;

challenge for models to describe simultaneously the RAA and v2 of D mesons 
and heavy-flavour electrons;

the MFT should allow to unravel the charm and beauty components down to 
very low pT, and, the upgrade of ALIE Inner Tracker System (ITS) in mid-
rapidity region will allow to separate D and B hadrons with data driven 
approaches as well as to improve dramatically the precision of the D meson 
measurements, to measure the Λc baryon.

Thanks!
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Heavy Flavour Physics at LHC
Heavy Flavours in AA collisions:

tomography of QCD medium,
mass and color charge dependence of 
parton energy loss,
RAA(light hadron)<RAA(D)<RAA(B)

[Phys. Rev. D69 (2004) 114003, Phys. Rev. D71 (2005) 
054027],
Distinguish different QGP scenarios
[J. Phys. G, G38 (2011) 124114];

azimuthal anisotropic flow, vn(pt,η),
low pT region: initial conditions of QCD 
medium, degree of thermalization of 
heavy quarks in QGP,
high pT region: path length dependence 
of heavy flavour energy loss.
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Heavy Flavour in pA collisions:
investigate cold nuclear effects,

initial state radiations,
(anti-)shadowing, kT broadening,
color glass condensate.
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D-meson Measurements (|η|<0.5)
/

pointing angleepointing

secondary vertexprimary vertex

D reconstructed momentum 0
D flight line0

d
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0

K

K

/

impact parameters ~100    mµ

Strategy: D mesons are reconstructed 
via the secondary vertices displaced of 
few hundred micrometers.
Main selection criteria:
pT and impact parameter of single 
tracks;
topological selection (pointing angle), 
suppress the combinatorial background;
PID (π, K and p) using TOF+TPC, reject 
low pT background.
Signal extraction: invariant mass 
analysis.

Tagged channels:
D0→K-π+

D*+→D0(→K-π+)π+s

D+→K-π+π+

Ds+→φ(→K+K-)π+
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