
Multiplicity dependence of  

heavy-flavor production  

and double heavy-flavor production  

in pp collisions at the LHC 

• Physics motivations: from pQCD to DPS and MPI 

• Overview of experimental results 
 - ALICE (J/Ψ, D, non-prompt J/Ψ vs. charged-particle multiplicity) 

 - CMS (ϒ(n) vs. charged-particle multiplicity) 

 - LHCb (double heavy-flavor production) 

• Conclusions 
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pQCD and inclusive observables  
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Jet production cross section: 

Inclusive cross section: pp -> Jet +X 

Sarah Porteboeuf-Houssais, SGW2013 

X.N.Wang, M.Gyulassy, Phys. Rev. D45 (1992) 844-856 

Limitation at high energy  

MPI 
needed 
at high 
energy 



3 

Double Parton Scatterings (DPS) Sarah Porteboeuf-Houssais, SGW2013 

Two independent scattering processes 
Two hard interactions 

Assume factorisation of PDF’s 

Cross section: 

m=2 when A and B are distinguishable 
m=1 when indistinguishable 

Represent the probability for a scattering B to 
occur, given A already done 

1. Z. Phys. C34, 163 (1987); 2. Phys. Lett. B268, 145 (1991); 3. Phys. Rev. D 47 4857 (1993); 4. Phys. Rev. D56, 3811 (1997); 5. Phys. Rev. D 81,052012 (2010);  6. ATLAS-CONF-2011-

160; 7. arXiv/hep-ph:1306.4169  

Possible impact on charm and bottom production at LHC7  

A 

B 

Measurements since 1986: 

Properties of 𝞂eff: 
-collision energy independent 
-process independent 
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 Several hard interactions can occur in a pp collision  

 The number of elementary interactions is connected to multiplicity 

 In this picture : particle yield from hard processes should increase 
with multiplicity 

Multiple Parton Interaction (MPI) 

=> Test interaction between hard component and soft component in pp 
collisions : full collision, color flow, energy sharing. 

=> Studying particle yield as a function of multiplicity is a test for MPI scenario! 

 A naïve picture 

 A less naïve picture 
 Some of the parallel interactions can be soft 

 Re-interaction of partons with others: ladder splitting 

 Re-interaction within ladders either in initial state: screening, or in 
final state (eg. PYTHIA color reconnection scenario) 

Sarah Porteboeuf-Houssais, SGW2013 

 ISR/FSR, hadronic activity of a hard process 

 A more complex picture 

 High multiplicity 7 TeV pp events comparable to RHIC Cu-Cu collisions PHOBOS, Phys. Rev. C 83, 024913 (2011) 

 Collectivity in pp K. Werner at al. Phys.Rev.C83:044915,2011 / k. Werner at al. J.Phys.Conf.Ser.316:012012,2011 

 Final state effects on quarkonium production S. Vogel et al. J.Phys.Conf.Ser. 420 (2013) 012034/ T. Lang Phys.Rev. C87 (2013) 2, 024907 

 Quarkonium production mechanism still to be understood, while open charm and beauty production 
is well described by pQCD 
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Link with measurements Sarah Porteboeuf-Houssais, SGW2013 

 Heavy-flavor vs. multiplicity 

Help to understand heavy-flavor production in complete events and production mechanism! 

Observable related to the underlying event accompanying heavy-flavor production 

ALICE measurements (s. 7-10)  
Inclusive J/Ψ vs. mult Phys. Lett. B 712 (2012) 3 

D mesons vs. mult  
Non-prompt J/Ψ vs. mult  
 

CMS measurement (s. 11-13) 

ϒ(n) vs. mult 
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN13003 

 Double heavy-flavor production  

Cross section measurement connected to DPS … 

… but contributions from:  
         higher order diagram Single Parton Interaction (SPS) 
         gluon splitting (g->cc) 

Phys. Rev. D 84, 094023 (2011) 

Example : Feynman diagrams contributing to the  
gg->2J/Ψ process 

LHCb measurement (s. 14-16)  
 J/Ψ pair production  Phys. Lett. B 707 (2012) 52  

double charm production  JHEP 06 (2012) 141  

Connected with MPI … 
… but contributions from: 
 hadronic activity associated with heavy-flavor production 
 gluon splitting (g->cc)  
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Pre-LHC era 

Z.Phys.C41:191,1988 

NA27 observed that events with charm  
have on average a larger charged  

particle multiplicity in 400 GeV/c pp  
collisions. 

Events with Charm with NA27 Double J/Ψ with NA3 

PLB 114 (1982) 457,  PLB 158 (1985) 85  

Sarah Porteboeuf-Houssais, SGW2013 

13 J/ΨJ/Ψ 

16±4 J/ΨJ/Ψ 



ALICE 
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D mesons  
with the central barrel,  
pT >1 GeV/c, |y| < 0.5 
D0-> Kπ 
D+->Kππ 
D*+-> D0π 

Charged particles  
with the central barrel 
 |η|<1 

Sarah Porteboeuf-Houssais, SGW2013 

J/Ψ 
pT >0 
J/ψ -> e+e-, |y| < 0.9 with the central barrel 
J/ψ -> μ+μ-, 2.5<y<4 with the muon spectrometer 
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ALICE observed a linear increase of the relative 
inclusive J/ψ yield vs. charged particle density in pp 

collisions at √s = 7 TeV 
Phys. Lett. B 712 (2012) 3, 165–175 

Inclusive J/ψ production with ALICE Sarah Porteboeuf-Houssais, SGW2013 

Not reproduced by 
Pythia 6.4,  

J/Ψ produced in 
hard sub-processes 

Reproduced by percolation model : 
total multiplicity and number of J/Ψ 

proportional to elementary initial parton-
parton  interactions (elementary strings) 

Phys.Rev. C86 (2012) 034903 
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ALICE : D mesons (D0, D+, D*+)  
in central region (|y|<0.5) 

Approximately linear increase with charged particle multiplicity within uncertainties 
(one could play with fits, but be careful with large error bars) 

Similar trend in all pT bins, the current uncertainties prevent to conclude on 
a possible pT dependence 

Horizontal size of boxes : systematic uncertainty on dN/dƞ/⟨dN/dƞ⟩ 
Vertical size of boxes : systematic uncertainties wo feed-down 

Bottom panels line: relative feed-down systematic uncertainties 

Sarah Porteboeuf-Houssais, SGW2013 
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ALICE : Comparisons of D mesons within the same pT bin  

Prompt D meson (2<pT<4 GeV/c) and 
inclusive J/ψ (pT>0) yield  show a similar 

increase with charged particle 
multiplicity. 

The results of prompt-D mesons and non-
prompt J/ψ 

present a similar trend within the current 
statistical and systematic uncertainties.  

with inclusive J/Ψ with non prompt J/Ψ 
(from B decay) 

Sarah Porteboeuf-Houssais, SGW2013 
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CMS (slide from Lamia Benhabib @ Hard Probes 2013) 

ϒ-> μ+μ-  
pT>0, |y|<1.93 
 

Charged Particles  
|ƞ|<2.4 
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CMS : ϒ(ns) vs. multiplicity Sarah Porteboeuf-Houssais, SGW2013 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN13003 

ϒ(ns) vs. mult in pp :  
linear trend as observed from ALICE J/Ψ and D  

except for the 2 last bins  

ϒ(1s) vs. mult in pPb and PbPb:  
Scale on the same linear trend as observed in pp 
(dashed line) even if absolute multiplicity higher 

Remind percolation 
predictions for J/Ψ. 
But be careful with 
large error bars! 
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CMS : ϒ(n) vs. multiplicity Sarah Porteboeuf-Houssais, SGW2013 

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsHIN13003 

Strong suppression of ϒ(2s) and ϒ(3s) as compared to ϒ(1s), 
possible explanations :   
- Dissociation of excited state due to final state interactions 
 but should be stronger at higher mult in pPb 
 data tend to go in the opposite (blue higher than pink) 
- More hadronic activity when producing a 1S than 2S and 3S 

this should be diluted when increasing multiplicity 
visible only at low mult  

ϒ(ns)/ϒ(1s) for pp and pPb ϒ(ns)/ϒ(1s) adding PbPb (x log scale) 

Strong suppression of ϒ(2s) as compared 
to ϒ(1s) in PbPb 

Interpreted by ϒ sequential dissociation 
Phys. Rev. Lett.107 (2011) 052302 

Phys.Rev.Lett. 109 (2012) 222301 
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LHCb (slide from Fanfan Jing @ Workshop on proton-nucleus collisions at the LHC, ECT* Trento  2013) 

D mesons  
3<pT<12 GeV/c, 2 < y < 4 
D0-> Kπ 
D+->Kππ 
D*+-> KKπ 
Λc

+->pKπ 
 

J/Ψ-> μ+μ-  
pT<12 GeV/c, 2 < y < 4 
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Sarah Porteboeuf-Houssais, SGW2013 

Double J/Ψ cross section (Phys. Lett. B 707 (2012) 52) 

Higher order pQCD computation (Phys. Rev. D 84, 094023 (2011))  

Double J/Ψ production compatible with SPS within error bars 

Double Charm production (JHEP 06 (2012) 141) 

LHCb: Double heavy-flavor production 

Selected results: J/Ψ + Open charm cross section measurement  

Predictions from 
gluon fusion (SPS) measurements 

Phys Rev D57 4385 (1998)  

Phys Rev D73 074021 (2006)  

Eur.Phys.J. C61 693 (2009)  

SPS not supported by measurements 
Room for DPS …  
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LHCb: Double heavy-flavor production Sarah Porteboeuf-Houssais, SGW2013 

… and supported by azimuthal and rapidity correlations. 

! 

Tevatron γ+3 jets 

D0D0(CC) 

If DPS: 
 no angular and 
y correlations 

Green dashed line: expected distribution for 
uncorrelated particles  
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Conclusions Sarah Porteboeuf-Houssais, SGW2013 

 When looking at pp collisions @ LHC: inclusive description is not sufficient  to 
explain all the features of events 

 MPI and DPS play a role in full event description, especially at high multiplicity 

 Important to better understand heavy-flavor production mechanism 

 Heavy-flavor vs. mult: a test for MPI  Double Charm production: a test for DPS 

DPS: explicit MPI with two identified hard processes + X 
DPS should be a contribution to heavy quark vs. multiplicity 

 How to continue:  
 More  particles vs. mult (Ψ’, isolated γ and jets) 
 Higher multiplicities in pp 
 Triple Charm production to access MPI with three identified hard interactions + X 
 Double charm vs. multiplicity 
 More on correlations and hadronic activity around heavy-flavor 
 Theory/MC development  

Universal linear increase with relative  
multiplicity for quarkonia, open 
charm and non prompt J/Ψ (ϒ(1s) in 
question)  

J/Ψ+D can be interpreted in term of DPS 


