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Road Map

➡ Introduction

✓ Physics Motivation

✓ Overview of the ALICE experiment

➡ D meson production

✓ D0, D+, D*+  production cross section

✓ Yield of prompt D mesons as a function of charged particle 

multiplicity
➡ Comparison of prompt D mesons, prompt  and non prompt J/ψ 

production as a function of charged particle multiplicity
➡ Summary
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Physics Motivation-I

• The LHC is a heavy flavour factory

• Charm quarks are produced in hard partonic scatterings on a short time scale

• Test NLO perturbative QCD at LHC energies

• pp cross section provides the reference for studying the medium effect in Pb-Pb 

• Test Multi-Parton Interactions (MPI)

•Several hard interactions possible in one pp collision

•Number of elementary interactions related to

         multiplicity

• In this picture : particle  yield should increase with 

    multiplicity

• Investigate the interaction between the hard and soft components in the full pp 
collision 
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• ⟨dNch/dη⟩ in high multiplicity pp collisions at LHC (√s = 7 TeV) comparable to 
that  of CuCu interactions at RHIC (√sNN = 200 GeV)  PHOBOS, Phys. Rev. C 83, 024913 (2011)

•Hints of Collective effects in proton-proton collisions K. Werner at al. Phys. Rev. C83:044915, 2011        

•A larger multiplicity in events with charm 

    production with respect to those without

   charm was observed in 1988 by the NA27 

    Collaboration

•ALICE observed an increase of the relative 

    inclusive J/ψ yields vs charged particle 

    density in pp collisions at √s = 7 TeV.

• Same trend in the 2 channels (central and forward rapidity region)

  Does this hold for other observables also e.g: D, B mesons?                        
          

Physics Motivation-II
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 = 7 TeVsALICE pp 

ALI−PUB−42097

ALICE Coll., Phys. Lett. B 712 (2012) 3, 165–175
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ALICE detectors ALICE detector

Z. Yin (CCNU) ATHIC 2012, Pusan, South Korea November 14-17, 2012 5 / 21
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ALICE detectors ALICE detector

Z. Yin (CCNU) ATHIC 2012, Pusan, South Korea November 14-17, 2012 5 / 21

Central barrel:|η|<0.8
D mesons: 
D0 → K-π+, D+ → K-π+π+, 

D*+ → D0(→Kπ)π+, Ds+→ φπ+→ K+K-π+

Quarkonia: 
J/ψ → e+e-
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ALICE detectors ALICE detector

Z. Yin (CCNU) ATHIC 2012, Pusan, South Korea November 14-17, 2012 5 / 21

Central barrel:|η|<0.8
D mesons: 
D0 → K-π+, D+ → K-π+π+, 

D*+ → D0(→Kπ)π+, Ds+→ φπ+→ K+K-π+

Quarkonia: 
J/ψ → e+e-

Muon Spectrometer: -4 <η<-2.5
Quarkonia: 
J/ψ → µ+µ-
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ALICE detectors ALICE detector

Z. Yin (CCNU) ATHIC 2012, Pusan, South Korea November 14-17, 2012 5 / 21

Central barrel:|η|<0.8
D mesons: 
D0 → K-π+, D+ → K-π+π+, 

D*+ → D0(→Kπ)π+, Ds+→ φπ+→ K+K-π+

Quarkonia: 
J/ψ → e+e-

ITS: vertexing + tracking 
TPC: tracking + PID (π, K, e)
TOF: PID (π, K, p)
V0: trigger

Muon Spectrometer: -4 <η<-2.5
Quarkonia: 
J/ψ → µ+µ-
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Main Selection: displaced-vertex topology
   e.g: D0    K-π+
• pair of opposite-charge tracks with large impact 

parameters
• good pointing of reconstructed D momentum to 

the primary vertex

Tracking and Vertexing performance is crucial!
• Inner Tracking system (ITS) with 6 Si layers
• Two pixel layers at 3.9 cm (closest barrel layer 

at LHC) and 7.6 cm.
• Track impact parameter resolution is ~75µm at 

pT = 1 GeV/c 
    well described in MC

Z Conesa del Valle at MPI@LHC 2012 3- 7 December 2012

D meson reconstruction

8
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✴ Selection strategy: displaced vertices
✴ Main geometrical selections: 

‣ Impact parameter of the tracks,
‣ Angle between the meson flight line and the 

particle momentum.

✴  Particle identification: K identification thanks 
to TPC+TOF helps to reject background at 
low pT

‣ TPC allows K/π separation up to ~0.6 GeV/c,
‣ TOF allows K/π separation up to ~2 GeV/c.

Particle Identification (TOF + TPC) to reduce 
background, mainly at low pT

•TPC allows K/π separation up to ~0.6 GeV/c,  

•TOF allows K/π separation up to ~2 GeV/c

D meson reconstruction

Z Conesa del Valle at MPI@LHC 2012 3- 7 December 2012

D meson reconstruction
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✴ Selection strategy: displaced vertices
✴ Main geometrical selections: 

‣ Impact parameter of the tracks,
‣ Angle between the meson flight line and the 

particle momentum.

✴  Particle identification: K identification thanks 
to TPC+TOF helps to reject background at 
low pT

‣ TPC allows K/π separation up to ~0.6 GeV/c,
‣ TOF allows K/π separation up to ~2 GeV/c.

JHEP 01 (2012) 128.
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D mesons cross sections: !
pp 7 TeV, D0, D+, D*, |y|<0.5"

Hot and dense QCD at LHC, Santiago, 08.02.12                          Andrea Dainese! 15!

!  1 < pt < 24 GeV/c, with 5 nb-1 (2010 statistics) 
!  y acceptance is pt-dep (Δy~1.0$1.6): data scaled to |y|<0.5  

FONLL: Cacciari et al., private comm. 
GM-VFNS: Kniehl et al., private comm. 

JHEP 01 (2012) 128  JHEP 01 (2012) 128

FONLL: Cacciari et al., private comm. 
GM-VFNS: Kniehl et al., private comm.

✤ 1 < pt < 24 GeV/c, with 5 nb-1 (2010 statistics)

✤ pQCD predictions (FONLL and GM-VFNS) are compatible with our data

d mesons cross section in pp@ 7 tev

D0    K-π+ D+    K-π+ π+ D*+    D0 + π+

8Friday, March 2, 12
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increasing pT

D meson signal vs pT

Signals in 1<pT<24 GeV/c, with 5 nb-1
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Z Conesa del Valle at MPI@LHC 2012 3- 7 December 2012

Prompt D0, D+, D*+ Cross Sections

✴ At √s = 7 TeV, D0, D+, D*+: 1 < pT < 24 GeV/c, with 5 nb-1

✴ At √s = 7 TeV, Ds+: 2 < pT < 12 GeV/c, with 5 nb-1

✴ At √s = 2.76 TeV: 1 < pT < 12 GeV/c, with 1.1 nb-1 
✴ Data well described by pQCD predictions (FONLL and GM-VFNS)
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FONLL: Cacciari et al., private comm.
GM-VFNS: Kniehl et al., private comm.

ALICE Coll., JHEP 01 (2012) 128.
ALICE Coll., JHEP 07 (2012) 191.
ALICE Coll., PLB 718 (2012) 279.

 D0, D+, D*+ measured in pT range 1-24 GeV/c, with 5 nb-1
 Data well described by pQCD predictions 

•On upper side of FONLL
•On lower side of GM-VFNS
• kt factorization approach

D0, D+ and D*+ cross section in pp collisions @ 7 TeV

JHEP 01 (2012) 128.

M. Cacciari, S. Frixione, N. Houdeau, M.L. Mangano, P. Nason, and G. Ridolfi, 
CERN-PH- TH/2011-227 (2011), arXiv:1205.6344 (2012).
B. A. Kniehl et al., DESY 12-013, MZ-TH/12-07, LPSC 12019, arXiv:
1202.0439 (2012).
Maciula, Szczurek, arXiv:1301.3033
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Multiplicity determination
✴ Multiplicity estimator: number of track segments 

(or tracklets) of the Silicon Pixel Detector (2 
innermost layers of the Inner Tracking System).

✴ 2010 data, with MB trigger: SPD or V0A or V0C.
✴ The analysis, performed on a data sample of 

Lint = 5 nb-1, required corrections to account for 
the detector performance variation vs time.
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✴ Ntracklets ∝dNch/dη 
✴ ⟨dNch/dη⟩ = 6.01 ± 0.01(stat.) +0.20-0.12(syst.) 

for |η|<1.0

ALICE Coll., Eur. Phys. J. C 68 (2010) 345.
ALICE Coll., Phys. Lett. B 712 (2012) 3, 165–175

SPD layers of radii of 3.9 cm (1cm from beam vacuum  tube) 
and 7.6 cm. Formed by 9.8×106 pixels of size 50(r$) × 425(z) 
%m2, with intrinsic spatial resolution of 12(r$) × 100(z) %m2.

V0 scintillator hodoscopes at -3.7 <!< -1.7 and 2.8 <!< 5.1

Multiplicity Estimation

•Multiplicity estimator: number of track 
segments (or tracklets) in the Silicon Pixel 
detector

•2010 data, with MB trigger: SPD or V0A or 
V0C.

•Analysis performed on a data sample of
    Lint = 5 nb-1

•Ntracklets ∝ dNch/dη

 ⟨dNch/dη⟩ = 6.01 ± 0.01(stat.) +0.20-0.12(syst.)   
for |η|<1.0

 ALICE Coll., Eur. Phys. J. C 68 (2010) 345. 
 ALICE Coll., Phys. Lett. B 712 (2012) 3, 165–175
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D meson signal in various multiplicity bins

D0, D+, D*+  signal studied
• in 5 multiplicity bins, with Number of tracklets (1,9,14,20,31,50) and 
• 3-5 pT bins (1,2,4,8,12,20) GeV/c
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e.g. D* in 4<pT< 8 GeV/c
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Raw yield correction 

Z Conesa del Valle at MPI@LHC 2012 3- 7 December 2012

Corrections and systematic uncertainties
✴ The raw yields in a given multiplicity bin (Ymult) are corrected by the 

reconstruction and analysis acceptance × efficiency (ϵmult) and divided by the 
respective values on the multiplicity integrated sample (mult int).

✴ This is normalized by the number of events in each multiplicity bin (Neventmult) 
and corrected to that of inelastic collisions (Neventinelastic) 

11

✴ Systematic uncertainties:
‣ Relative charged particle multiplicity:

‣ Multiplicity bins, dNch/dη: 5.4% 
‣ ⟨dNch/dη⟩ measurement: +3.3% -2% 

‣ Relative prompt-D meson yields:
‣ Yield extraction: vary the signal and background fit function, 5-10%
‣ Topological selections: redo the analysis varying the analysis cuts, 5-10%
‣ Monte Carlo: description of the signal, Nch and the detector conditions, 10%
‣ Feed-down: consider that non-prompt D yields can vary with Nch 

by 1/2 (2) at low (high) multiplicity, typically 5%
‣ Normalization: trigger efficiency correction factor 0.85+7%-3% ALICE Coll., arXiv:1208.4968 (2012)

d2N
dpTdyD
d2N

dpTdy

E =
Y mult/(✏mult ⇥Nmult

event)

Y mult int/(✏mult int ⇥N inelastic
event )

; N inelastic
event = Nmultint

event /0.85.

ALICE Coll., Phys. Lett. B 712 (2012) 3, 165–175

ALICE Coll., Eur. Phys. J. C 68 (2010) 345.

•The raw yields in a given multiplicity bin (Ymult) are corrected for detector 
acceptance × reconstruction and selection efficiency (εmult) and divided by the 
respective values on the multiplicity integrated sample ( Ymult int & εmult int).

•Normalized to the number of events in each multiplicity bin (Neventmult) and 
corrected to that of inelastic collisions (Neventinelastic)

•fractions of prompt D mesons (fprompt) in the multiplicity bins are assumed to be 
equal to those in the multiplicity integrated sample, so cancel in the ratio

•fprompt evaluated with FONLL and taken into account in the systematic uncertainties
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Relative charged particle multiplicity:
•Uncertainties on (⟨dNch/dη⟩) /dNch/dη due to deviation from linear dependence 
of dNch/dη on Ntracklet: 5.4 %                          Phys. Lett. B 712 (2012) 3, 165–175

•⟨dNch/dη⟩ measurement: +3.3% -2%             Eur. Phys. J. C 68 (2010) 345.

                   
Relative prompt-D meson yields:
 
• Yield extraction: vary the signal and background fit function, 5-10%
•  Topological selections: redo the analysis varying the analysis cuts, 5-10%
•  Monte Carlo: description of the signal, Nch and the detector conditions, 10%
•  Feed-down Subtraction:  using FONLL predictions for B meson pT-differential cross-

section. Account for possible different multiplicity dependence of B and D production 
by allowing the fraction for prompt D mesons obtained via FONLL to vary by a factor 
2 up(down) at high(low) multiplicity, 5%

Normalization: trigger efficiency correction factor 0.85+7%-3%         
                                                          ALICE Coll., arXiv:1208.4968 (2012)

Systematic Uncertainties
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Relative D0 meson yields vs dNch/dη 

•D0 meson yields increase with charged particle multiplicity
•Similar trend in all pT bins. Within the current uncertainties, no pT 
dependence is observed

� T
/dy

dp
D N2 d�

) /
 

T
/dy

dp
D N2 (d

2

4

6

8

10

12

14

 < 2 GeV/c
T

1 < p
 < 4 GeV/c

T
2 < p

 < 8 GeV/c
T

4 < p
 < 12 GeV/c

T
8 < p

 = 7 TeVspp 
 meson, |y|<0.50D

+7%/-3% normalization unc. not shown

�d/d
ch

dN� / d/dch dN
0 1 2 3 4 5B 

fee
d-

do
wn

 un
c.

-0.4
-0.2

0
0.2
0.4  1/2 (2) at low (high) multiplicity×B fraction hypothesis: 

ALI−PREL−45000

� T
/dy

dp
D N2 d�

) /
 

T
/dy

dp
D N2 (d -110

1

10

210

 < 2 GeV/c
T

1 < p
 < 4 GeV/c

T
2 < p

 < 8 GeV/c
T

4 < p
 < 12 GeV/c

T
8 < p

 = 7 TeVspp 
 meson, |y|<0.50D

+7%/-3% normalization unc. not shown

�d/d
ch

dN� / d/dch dN
0 1 2 3 4 5B 

fee
d-

do
wn

 un
c.

-0.4
-0.2

0
0.2
0.4  1/2 (2) at low (high) multiplicity×B fraction hypothesis: 

ALI−PREL−45001

Linear Scale Logarithmic Scale



              SQM 2013                               Renu Bala                    21st-27th July 2013

!
Heavy Flavour at LHC with ALICE"

Andrea Dainese"

(INFN Padova, Italy)"
on behalf of the ALICE Collaboration"

"
Hot and dense QCD at LHC, Santiago, 08.02.12                          Andrea Dainese! 1!

14

Relative D+ meson yields vs dNch/dη 

•D+ meson yields increase with charged particle multiplicity
•Similar trend in all pT bins. Within the current uncertainties, no pT 
dependence is observed
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Relative D*+ meson yields vs dNch/dη 
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•D*+ meson yields increase with charged particle multiplicity
•Similar trend in all pT bins. Within the current uncertainties, no pT 
dependence is observed
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Comparison of relative D meson yields vs dNch/dη 

•The results of D0, D+ and D*+ are consistent within the statistical and 
systematic uncertainties

•Also consistent for all measured pT bins
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Relative inclusive J/ψ and D meson yields vs dNch/dη 

Prompt D meson  and inclusive J/ψ (pT>0) yields show a similar increase with 
charged particle multiplicity.
                                                              ALICE Coll., Phys. Lett. B 712 (2012) 3, 165–175
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Non-prompt J/ψ determination vs. multiplicity
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Z Conesa del Valle at MPI@LHC 2012 3- 7 December 2012
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Relative non-prompt J/ψ fraction vs. dNch/dη

19

✴ Approximately flat 
non-prompt J/ψ fraction with 
charged particle multiplicity

✴ Prompt and non-prompt yields vs 
multiplicity can be obtained combining 
the inclusive yields and the fraction of 
non-prompt yields vs multiplicity
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Global trend vs. multiplicity similar for open charm and beauty: universality?

Relative non-prompt J/ψ and D meson yields vs. dNch/dη
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Summary

✓D meson production cross section measured down to 1 GeV/c,  well 
described by perturbative QCD calculations.

✓Prompt-D meson yields  increase with charged particle multiplicity

✓The results of D0, D+ and D*+ mesons are consistent.

✓  Similar trend observed in all pT bins. Within the  current uncertainties, 
no  pT dependence observed on the D meson multiplicity evolution.

✓Prompt-D meson, prompt and non-prompt J/ψ yields show a similar increase 
with charged particle multiplicity.

✓Results may indicate that either D meson production in pp collisions is 
connected with a strong hadronic activity, or multi-parton interactions also 
affect the hard momentum scales relevant for charm quark production.
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Backup
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Z Conesa del Valle at MPI@LHC 2012 3- 7 December 2012

Relative prompt and non-prompt J/ψ yields vs. dNch/dη

20

✴ Approximately linear increase with charged particle multiplicity of 
both prompt and non-prompt J/ψ
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Approximately linear increase with charged particle multiplicity of both 
prompt and non-prompt J/ψ

Relative prompt and non-prompt J/ψ yields vs. dNch/dη
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Higher c and b cross sections: 
➡ More abundant heavy flavour  production
➡ Better precision (reduced errors)

what can be learn at lhc?

Measurement of charm production at central rapidity in proton–proton collisions at . . . 13
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Figure 5: Left: The fraction Pv of cd̄ D mesons created in a vector state to vector and pseudoscalar prompt
D mesons [8, 11, 12, 34–37]. The weighted average of the experimental measurements reported in Ref. [38] and
of the LHC data [11, 12] shown in the figure is Pv = 0.60± 0.01, and is represented by a solid yellow vertical
band. Right: Energy dependence of the total nucleon–nucleon charm production cross section [12, 13, 42–44]. In
case of proton–nucleus (pA) or deuteron–nucleus (dA) collisions, the measured cross sections have been scaled
down by the number of binary nucleon–nucleon collisions calculated in a Glauber model of the proton–nucleus
or deuteron–nucleus collision geometry. The NLO MNR calculation [45] (and its uncertainties) is represented by
solid (dashed) lines.

points denote the extrapolation uncertainties alone, whilst the uncertainty bars are the overall uncertain-
ties. Note that in case of proton–nucleus (pA) or deuteron–nucleus (dA) collisions, the measured cross
sections have been scaled down by the number of binary nucleon–nucleon collisions calculated in a
Glauber model of the proton–nucleus or the deuteron–nucleus collision geometry. At

p
s = 7 TeV, our

result and preliminary measurements by the ATLAS [12] and the LHCb Collaboration [13] are in fair
agreement. The curves show the calculations at next-to-leading-order within the MNR framework [45]
together with its uncertainties using the same parameters (and parameter uncertainties) mentioned before
for FONLL. The dependence on the collision energy is described by pQCD calculations. We observe
that all data points populate the upper band of the theoretical prediction.

6 Summary

The measurement of the production of D mesons at mid-rapidity, |y| < 0.5, in pp collisions at
p

s =
2.76 TeV from the hadronic decay channels D0 ! K�p+, D+ ! K�p+p+, and D⇤+ ! D0p+, and their
charge conjugates, has been reported. The transverse momentum distributions are in agreement with
pQCD calculations, even though the central prediction of FONLL [7, 27] (GM-VFNS [6, 31]) seems to
underestimate (overestimate) charm production. The pt-differential cross sections are also in agreement
with a rescaled reference computed from the cross section measured at a higher collision energy

p
s =

7 TeV with high statistics. The rescaling to the lower collision energy [20] was performed by applying
the collision energy dependence as computed by FONLL calculations. These two measurements, taken
together, validate the

p
s–scaling procedure and provide a reference for studying the QCD matter effects

on charm quark production in Pb-Pb collisions at
p

s = 2.76 TeV [33]. An extrapolation to the full
phase space using the shape of the distributions from FONLL yields the total production cross section of
cc̄ pairs at LHC energies. The dependence on the collision energy is described by the pQCD expectations.
The fraction of cd̄ D mesons produced in a vector state is compatible with values from lower energies
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Proton, kaon and pion separation using dE/dx in TPC and TOF  information

tools: Particle Identification

D meson reconstruction in ALICE
! Main selection: displaced-vertex topology
! π/K ID in TPC+TOF helps in rejecting background at low pt

CERN, 19.06.12                                                       Andrea Dainese 16

TPC 
dE/dx vs p

TOF
time (nσ) vs p

arXiv:1203.2160

D meson reconstruction in ALICE
! Main selection: displaced-vertex topology
! π/K ID in TPC+TOF helps in rejecting background at low pt

CERN, 19.06.12                                                       Andrea Dainese 16
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Comparison with PYTHIA 8: an example

•PYTHIA8 minbias tune as reference
•Soft QCD: minbias tune. 


