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Introduction

• Multiplicity dependence of D-meson self-normalized yields in pp and p-Pb!
     collisions!
• Ratios of D-meson yields in p-Pb collisions in multiplicity intervals relative 

to pp collisions (QpPb)

IN THIS TALK

D-meson production in minimum bias p-Pb 
collisions showed that : 
• RpPb ~ 1 
• models with Cold Nuclear Matter (CNM) 
effects (shadowing/saturation, energy loss) 
describe the data within uncertaintes
Large suppression of D mesons at high 
pT observed in Pb-Pb collisions is a Þnal 
state effect due to charm quark in-
medium energy loss

RpPb

Talk: S. Li

arXiv:1405.3452

New

New

R.Russo

Talk: 
A.Festanti
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ALICE Detector ZERO DEGREE NEUTRON CALORIMETER (ZN)
• 115 m from the interaction point  
• |η| > 8.7 
• measures the energy deposit in the very forward 

direction 

TUNGSTEN ALLOY + !
QUARTZ FIBERS

Detectors used for 
multiplicity measurement

Pbp

R.Russo
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ALICE Detector

Pb
p

VZERO DETECTOR (VZEROA+VZEROC)
•trigger 
•multiplicity determination 

Detectors used for 
multiplicity measurement

R.Russo
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ALICE Detector

SILICON PIXEL DETECTORS (SPD)

Detectors used for 
multiplicity measurement

• SPD inner radius: 4 cm!
• SPD outer radius: 7 cm!
• SPD coverage: |η|<1

ITS

• innermost layers of the Inner Tracking System (ITS) 

R.Russo
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ALICE Detector

pp collisions at √s = 7 TeV

p-Pb collisions at √sNN = 5.02 TeV

• ~ 3x108 events collected in 2010 
• trigger: V0 and SPD

• ~ 108 events collected in 2013 
• trigger: V0 
• Ep = 4 TeV, EPb =(208)x1.58 TeV, √sNN = 5.02 TeV 
• ycms = 0.465 (in proton direction)

R.Russo
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D-meson reconstruction
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 KA+D

 = 5.02 TeV, 102 M eventsNNsmin. bias p-Pb, 

6/07/2013

2 0.0003 GeV/c! = 1.869 "

2 0.0003 GeV/c! = 0.010 m

 0.8 !) 59.7 mSignificance (3

 133 !) 7166 mS (3

) 0.9926 mS/B (3

ALI−PERF−52390

➣ D0 →K- π+ (BR 3.88%, cτ=123 μm)!
➣ D+ → K- π+ π+  (BR 9.13%, cτ=312 μm)!
➣ D*+ → D0 π+ (BR 67.7%, strong decay)!
!

selection based on 
decay vertex 
topology and PID

D mesons reconstructed in ALICE Central Barrel

Invariant Mass Analysis

R.Russo



• Multiplicity dependence of D-meson self-normalized yields in pp and 
p-Pb collisions!

IN THIS TALK

• Ratios of D-meson yields in p-Pb collisions in multiplicity intervals 
relative to pp collisions 

8
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!
• Multiparton Interactions (MPIs) at the LHC? 
!
!
!
!
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D vs multiplicity - Physics motivation

!
➣particle production in high energy pp collisions at the LHC 

expected to have a substantial contribution from MPIs 
➣CMS: measurement of jet and underlying event ➞ better 

agreement with models including MPIsEur. Phys. J. C 73 (2013) 2674!

!
! poster: E. 

Leogrande

➣ALICE minijet analysis in pp ➞ increase of MPIs with 
charged particle multiplicity JHEP 09 (2013) 049!

R.Russo
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D vs multiplicity - Physics motivation

What has been observed for heavy flavours:

!
• Multiparton Interactions (MPIs) at the LHC? 
!
!
!

!

➣ NA27 (pp collisions at √s = 28 GeV): events with charm have 
larger charged particle multiplicity NA27 Coll. Z.Phys.C41:191

➣ LHCb: double charm production agrees better with models 
including double parton scattering J. High Energy Phys., 06 (2012) 141!

➣ ALICE: approximately linear increase of J/ψ yield as a 
function of multiplicity arXiv:1202.2816 [hep-ex]!

poster: 
E.Leogrande

R.Russo

!
➣particle production in high-energy pp collisions at the LHC 

expected to have a substantial contribution from MPIs 
➣CMS: studies on jet and underlying event ➞ better 

agreement with models including MPIsEur. Phys. J. C 73 (2013) 2674!

!
!
➣ALICE minijet analysis in pp ➞ increase of MPIs with 
charged particle multiplicity JHEP 09 (2013) 049!

http://arxiv.org/abs/1202.2816
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D vs multiplicity - Analysis strategy
Self-normalized yield in multiplicity intervals relative to multiplicity integrated value

Multiplicity integrated yields!
in pT intervals

    

R.Russo

Y corr =
Y mult/(✏mult ⇥Nmult

event

)

Y tot/(✏tot ⇥N tot

event

/✏trigger)
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D vs multiplicity - Analysis strategy
Self-normalized yield in multiplicity intervals relative to multiplicity integrated value

MULTIPLICITY ESTIMATOR = Ntracklets • tracklets = track segment reconstructed in the  SPD (|η|<1)

Multiplicity differential yields!
in pT intervals

R.Russo

Y corr =
Y mult/(✏mult ⇥Nmult

event

)

Y tot/(✏tot ⇥N tot

event

/✏trigger)
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• efficiency does not show a strong 
multiplicity dependence 

• efficiency increases with 
increasing pT

D vs multiplicity - Analysis strategy
Self-normalized yield in multiplicity intervals relative to multiplicity integrated value

Efficiency

R.Russo

Y corr =
Y mult/(✏mult ⇥Nmult

event

)

Y tot/(✏tot ⇥N tot

event

/✏trigger)
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Beauty feed-down subtraction

• part of the D meson yield from B decay 
!
• we want the prompt D meson yield 
!
• assumption: fprompt does not depends 

on multiplicity 
!
• systematics on beauty feed-down 

subtraction evaluated investigating the 
dependence of fprompt on multiplicity

prompt D+

Primary!
Vertex

Self-normalized yield in multiplicity intervals relative to multiplicity integrated value

R.Russo

Y corr =
Y mult/(✏mult ⇥Nmult

event

)

Y tot/(✏tot ⇥N tot

event

/✏trigger)
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Beauty feed-down subtraction

• part of the D-meson yield from B decay 
!
• we want the prompt D meson yield 
!
• assumption: fprompt does not depends 

on multiplicity 
!
• systematics on beauty feed-down 

subtraction evaluated investigating the 
dependence of fprompt on multiplicity

feed-down D+

B

Primary!
Vertex

Self-normalized yield in multiplicity intervals relative to multiplicity integrated value

R.Russo

Y corr =
Y mult/(✏mult ⇥Nmult

event

)

Y tot/(✏tot ⇥N tot

event

/✏trigger)

prompt D+
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Beauty feed-down subtraction

• part of the D-meson yield from B decay 
!
• we want the prompt D meson yield 
!
• assumption: fraction  fprompt does not 

depend on multiplicity 
!
• systematic uncertainty due to beauty 

feed-down subtraction estimated by 
making the beauty contribution vary 
with multiplicity by up to a 
factor 2

Self-normalized yield in multiplicity intervals relative to multiplicity integrated value

* fprompt
* fprompt

R.Russo

Y corr =
Y mult/(✏mult ⇥Nmult

event

)

Y tot/(✏tot ⇥N tot

event

/✏trigger)

feed-down D+

B

Primary!
Vertex

prompt D+
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D0, D+, D*+ corrected yields vs mult, pp

!
• Self-normalized D-meson yields in different pT bins are in agreement within 

uncertaintes 
• D0, D+ and D*+-meson results compatible within uncertaintes 
• D0, D+ and D*+-meson yields show an increase with charged-particle multiplicity
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D0, D+, D*+ corrected yields vs mult, p-Pb

p-Pb p-Pb

• D0, D+ and D*+-meson yields show an increase with charged-particle multiplicity 
• D0, D+ and D*+-meson yields are consistent within uncertaintes

R.Russo

Posters: A. Festanti, J. Wilkinson
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• Average D-meson self-normalized yields show an increase with charged-particle 
multiplicity 

• Results in different pT bins are in agreement within uncertaintes

D-meson average, p-Pb collisions

p-Pb p-Pbp-Pb

R.Russo
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Comparing pp and p-Pb collisions

• highest multiplicity events in pp collisions mainly due to MPIs 
• highest multiplicity events in p-Pb collisions also originate from higher number 

of binary collisions 
!
!

p-Pb
pp

R.Russo
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Comparison with Pb-Pb collisions

!
• trend reflects evolution of Ncoll and RAA with centrality 
• caveat comparing pp with Pb-Pb collisions: highest multiplicity bin corresponds 

to 10% of the total cross section in Pb-Pb but only 1% in pp collisions 
!

p-Pb
pp

p-Pb
pp

Pb-Pb

Pb-Pb

R.Russo
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Comparison with J/Ψ

• J/Ψ also shows an increasing trend with multiplicity  
• note different rapidity and pT intervals between the measurements (different 

CNM effects expected in p-Pb - different Bjorken-x values probed)

Talk: J. Martin 
Blanco

pp p-Pb

R.Russo
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Comparison with Υ 

• Υ measurement from CMSarXiv:1312.6300  shows increasing trend in pp, p-Pb and 
Pb-Pb collisions

p-Pb
pp

Pb-Pb

R.Russo

arXiv:1312.6300



• Multiplicity dependence of D-meson self-normalized yields in pp and 
p-Pb collisions!

IN THIS TALK

• Ratios of D-meson yields in p-Pb collisions in multiplicity intervals 
relative to pp collisions (QpPb)

24
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QpPb - physics motivation
Aim: investigate the scaling of charm production in p-Pb collisions w.r.t. pp collisions!
                ➢possible multiplicity dependent modification of the pT spectra in p-Pb?

V0A CHARGED HADRONS QpA

• to perform such a study we need to compare to pp collisions

               ➢multiplicity bias       !
               ➢jet veto bias!
               ➢geometrical bias

Talk: A. Toia

• however in p-Pb collisions biases are 
present in the determination of <Ncoll>: 

• bias depends on estimator used for 
multiplicity determination 

Here: D meson QpPb using V0A and ZNA for multiplicity measurement

R.Russo
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QpPb - Analysis strategy
!
• V0A: <Ncoll> from Glauber fit to V0A amplitude 
       ➢ P(Ncoll) from Glauber simulation 
       ➢ multiplicity from Negative Binomial Distribution 
       ➢ <Ncoll> from fit to V0A amplitude 

• ZNA: <Ncoll> obtained with a “Hybrid Method” 
       ➢ slice events in ZN energy (Pb going side)      
       ➢ <Ncoll> in ZN energy class is obtained by                
scaling the minimum bias value

Talk: A.Toia

R.Russo
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QpPb - Analysis strategy

D*+ - V0A 0-20%
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f
prompt

= fraction of D not coming from B� hadrons decay

BR = BranchingRatio

Poster: G. 
Luparello
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QpPb -Results

• Average D0 and D*+ QpPb show a residual bias which is reduced with the ZNA estimator

V0A ZNA

R.Russo
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QpPb -Results

• Similar pattern for D mesons and high-pT charged particles
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QpPb -Results

ZNA!
D mesons

ZNA!
CHARGED-HADRON

R.Russo

• Similar pattern for D mesons and high-pT charged particles
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Conclusions
• D meson self-normalized yields measured in 

multiplicity intervals in pp and p-Pb collisions 
!
• self-normalized yields show an increasing trend with 

increasing charged-particle multiplicity 
!

• trend compatible in pp and p-Pb collisions 
!
• pp trend suggests presence of MPIs and increased 

hadronic activity at high multiplicity

• QpPb measured for D0 and D*+ using V0A and ZNA as 
multiplicity estimators 

!
• using ZNA we do not observe a multiplicity dependence 

of the D-meson production in p-Pb relative to pp 
collisions
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Backup
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D meson reconstruction and selection

SPD

D0→Kπ

• they decay before reaching the beam-pipe

• D mesons  are fully reconstructed in the 
following hadronic decay modes
➣ D0 →K- π+ (BR 3.88%, cτ 123 μm)!
➣ D+ → K- π+ π+  (BR 9.13%, cτ 312 μm)!
➣ D*+ → D0 π+ (BR 68%, strong decay)!
!

ITS

• invariant mass analysis of fully 
reconstructed decay topologies 
displaced from the primary vertex

• selections on the reconstructed 
topological quantities of the D meson 
decay candidates are applied to 
reduce the combinatorial 
background

• further background rejection achieved exploiting 
the combined PID capabilities of TOF and TPC 

➣ TOF: π/K separation up to 1.5/2 GeV/c !
➣ TPC: π/K separation up to 1 GeV/c 

Decay Lenght

R.Russo
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D vs multiplicity - Analysis strategy
MULTIPLICITY ESTIMATOR = Ntracklets

• tracklets = tracks reconstructed aligning points in the  Silicon Pixel Detector with the 
interaction vertex

• SPD inner radius: 4 cm!
• SPD outer radius: 7 cm!
• SPD coverage: |η|<1

ITS

• SPD acceptance is not uniform along the beam line → Ntracklets distributions are not 
uniform as a function of the primary vertex position (zvtx) 

• correction to get a uniform distriution vs zvtx

R.Russo


