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Measurement of D+  meson production in Pb-Pb collisions with the ALICE 

detector at  the LHC
  Renu Bala,  for the ALICE collaboration

Introduction Experimental Setup

Analysis Strategy

ALICE (A Large Ion Collider Experiment) is specifically optimized for the study 
of  heavy-ion collisions at the LHC.
The main detectors of  ALICE, used in this analysis are the:

Track reconstruction: with ITS and TPC  in  𝜂 <|0.9| 

Particle identification with TPC and TOF via the measurement of  the specific 
energy loss dE/dx and of  the time of  flight

➡ separate pions and kaons up to 2 GeV/c 

ITS

TPC

TOF

ALICE detector
➡  Inner Tracking System (ITS), 
➡ Time Projection Chamber (TPC), 
➡ Time Of  Flight (TOF)

Due to their large masses, heavy quarks (charm and beauty) are pre-
dominantly produced via hard scattering in the initial phase of the col-
lision. In heavy ion collisions:

➡ They experience the full evolution of  the system, losing energy while 
     interacting with the medium.

➡ Theoretical models  predict different energy loss   for gluons, light 
quarks and heavy  quarks:

ΔEg> ΔE(u,d,s) > ΔEc >ΔEb

Selection Strategy (D+ → K- π+ π+) Raw Yield Extraction

Results
D meson RAA as a function of  pT

University of  Jammu, India

D meson RAA as a function of  Centrality

➡ Nuclear modification factor is an observable sensitive to energy loss. 
It is defined as: 
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 D+ mesons are fully reconstructed in the following hadronic decay 
mode:

  D+ → K- π+ π+ (Branching Ratio = (9.13±0.19)%)

The signal extraction for this hadronic decay is based on the invariant 
mass analysis of  fully reconstructed decay topologies displaced from the 
primary vertex.

This requires very good im-
pact parameter measure-
ment provided by the Inner 
Tracking  System (ITS)

Correction

<TAA> is the average nuclear  overlap function from Glauber model

D+ meson raw yields extracted from the fits to the 
invariant mass spectra corrected for:
acceptance x efficiency: correction factor from 
MC simulation
B feed down Subtraction:
➡Contribution  of   D+ mesons from B decays evalu-
ated using a MC estimate based on FONLL predic-
tions
➡ Hypothesis on the RAA  of  feed down D+ mesons  
(sensitive to b-quark in-medium energy loss): RAA  
(feed-down) = 2 RAA (prompt). Systematic uncertain 
ties estimated by  varying the hypothesis in the  the 
range 1 < RAA (feed down)/RAA(prompt) < 3.

Sources of  Systematic Uncertainties pp reference

➡ Yield extraction: different fit range, function for 
background (polynomial), signal extraction techniques  
(bin counting after background subtraction vs fit func-
tion integral)
➡ Topological Selections : repeat the analysis with dif-
ferent selection criteria
➡ PID efficiency: evaluate the PID selection effect, re-
peating the  analysis without PID
➡ Tracking efficiency: different track selection criteria

➡ MC pT shape : evaluate the efficiencies with different 

generated D meson pT distributions

➡ Normalization uncertainty on pp reference and TAA
 (GeV/c)
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➡ Reference at √s= 2.76 TeV 
obtained via energy scaling of  
√s=7 TeV data using the ratio of 
FONLL predictions at the two 
energies

➡ Good agreement with 2.76 
TeV data → limited statistics (58 
M events) →2<pT<12 GeV/c
➡ Lack of  pp reference  for 
pT>24 GeV/c: 7 TeV measure-
ment  extrapolated to higher pT 
based on FONLL pT shape

➡ Raw yield extracted in different pT 
intervals by fitting the invariant mass 

distributions of  D+ → K- π+ π+ 

candidates (and charge conjugates) 
which pass the topological and PID 
selections 

➡ The fit function comprises a Gaus-
sian term describing the signal and an 
exponential term for the background

➡ Fig. shows the invariant mass spec-
tra in 8 pT intervals in the range  
3<pT<36 GeV/c for Pb-Pb collisions 
at  √sNN = 2.76 TeV,  centrality class 
0-7.5%   

Main Selection: displaced-vertex topology
      
➡ good pointing of  reconstructed D momentum to the primary 

vertex
➡ distance between primary and secondary vertex.

 Particle Identification (PID) with the TPC and TOF informa-
tion helps  to reduce the background at low pT

➡ 3 σ cut on the difference between the measured  signals in 
TPC and TOF and those expected for the given particle spe-
cies.
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Global properties 
(the bulk) 
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D B

e,μ D νK π

c quark
b quark

- parton energy loss via radiative (gluon emission) 
and collisional processes
‣ color charge (Casimir factor)
‣ quark mass (e.g. dead cone, elastic diffusion 

coefficient)
‣ path length and medium density

- medium modification of the hadronization process
‣ quark coalescence mechanism ?

- participation in the collective expansion
‣ radial and elliptic flow

๏ 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. 

๏ Heavy-flavour production can be described by pQCD in 
pp collisions.

ΔEg > ΔEu,d,s > ΔEc > ΔEb

Need to compare 
RAAπ , RAAD, RAAB

(different fragmentation of 
g and c quark, bulk 
properties)

INTERACTION WITH THE MEDIUM
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➡ D meson RAA shows a  suppression of  factor 4-5 at pT>5 GeV/c 
in central collisions.

➡ Consistent measurement among the different D meson species.

➡ D meson RAA   reproduced within uncertainties by models includ-
ing in-medium energy loss.

➡  Suppression increases from peripheral to central collisions.

➡ Difference between  RAA  of  D-mesons (ALICE) and  non prompt 
J/ψ from B decays (CMS) in central collisions→described by theo-
retical models including mass dependent energy loss.  

Summary
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