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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 

Motivations 

=> 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, QGP France 2013 

 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 effect on quarkonia production S. Vogel et al. J.Phys.Conf.Ser. 420 (2013) 012034/ T. Lang Phys.Rev. C87 (2013) 2, 024907 

 Quarkonia production mechanism still to be understood, while open charm and beauty 
production is well described by pQCD 



3 

Overview of  
(mostly ALICE) Experimental Results 

Sarah Porteboeuf-Houssais, QGP France 2013 
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NA27 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. 

ALICE observed a linear increase of the 
relative inclusive J/ψ yield vs. charged 
particle density in pp collisions at √s = 7 TeV 

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

Inclusive J/ψ with ALICE 

Sarah Porteboeuf-Houssais, QGP France 2013 

Events with Charm with NA27 



5 

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, QGP France 2013 
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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, QGP France 2013 
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Comparison with PYTHIA 8 

Sarah Porteboeuf-Houssais, QGP France 2013 



Why to compare to PYTHIA? 
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 The model used need to provide the soft part and the hard part of the 
event in the same computation, an inclusive computation is not enough.  
MC well suited 

 The hard part should contain heavy quarks: PYTHIA, Cascade.  

 Even if we know PYTHIA is not intended for J/Ψ study: a good start and a reference in MC world! 

 Several possible physics interpretation:  
 MPI,  
 hadronic activity  
 gluon fluctuation in the proton and proton size effect   

Sarah Porteboeuf-Houssais, QGP France 2013 



9 

How to produce heavy states in Pythia8 ? 

 In the 2->2 first hard sub-process: hard production  

p 

p 

Pre-resonant state (NRQCD):  
decay into J/Ψ or ϒ 

2) Resonance production 

c/b 

c/b 

1) Open heavy-flavour production 

p 

p 

c/b 

c/b 

Partons, connected to strings 

gg->ccbar 
gc->gc 

Can be color singlet 
gg->J/Ψ+g 

 In the 2->2 hard sub-processes of MPI: hard production 

Same production mechanisms  

Complement the contribution from first hard  sub-process  

 Beam remnant treatment 

Sarah Porteboeuf-Houssais, QGP France 2013 
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 String fragmentation 

u 

u c c 

D0 D0 

A MB event can still produce J/Ψ and D 
mesons via gluon splitting and string 
fragmentation 

cc pair production suppressed as compared 
to u, d ,s, but available  
Is it possible to switch it off? 

Higher states not available 

 Gluon splitting (g->QQbar, gluons originated from ISR/FSR) 

p 

p 

Any hard 2->2  
sub-process (gg->gg for example) 

c/b 

c/b 

Partons, connected to strings 

p 

p 

Any hard 2->2  
sub-process (gg->gg for example) 

cc cluster decay into J/Ψ 

Other c/b connected to strings 

Color reconnection make this contribution 
in PYTHIA6.4 

( N.B Cluster: small peace of string, decay directly into hadrons) 

Sarah Porteboeuf-Houssais, QGP France 2013 How to produce heavy states in Pythia8 ? 

In PYTHIA8 : cc->J/Ψ,  with c and c 
originating from various sources, no explicit 
cluster state 
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 Count the charged multiplicity in event where 
a trigger particle is produced (J/Ψ, D) 

 Compare with charged multiplicity in MB 

! Charged Multiplicity means number of charged particles per pseudo-rapidity unit at 
mid-rapidity 

N 

Nch 

In J/Ψ/D event 

N 

MB 

 Ratio of the two charged multiplicity distributions and normalize by the 
mean multiplicity and number of event 

The strategy Sarah Porteboeuf-Houssais, QGP France 2013 

Nch 
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How to tag the origin of heavy states? 

 Start from the particles,  
and reconstruct the mother chain until the origin 

 For example a D meson, origin is a string that contains a c quark,  
Identify this c quark 
Find the initial mother and check its status 

 A status code is attributed to particles when they are created. In 
PYTHIA  : 

 Tag this D with the status code of initial mother 

Sarah Porteboeuf-Houssais, QGP France 2013 
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1) Basic parameter sets and process selection: Minimum Bias (SOFTQCD),  
all default in version 8.157 

But NO contribution 
from the first hard 
process!  

2 main contributions: 
- Hard from MPI 
- Gluon splitting from 

ISR/FSR  

Different behavior for 
high multiplicities: 
Need more statistics 
to conclude 

Total (red squares): linear dependence, look like in the data  

Sarah Porteboeuf-Houssais, QGP France 2013 
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2) A plot with pT slices 

To be done: pT slices with tagging of origin 
Will need higher statistics but could disentangle contributions   
 An idea to be tested: ISR/FSR should contribute to low pT 

Sarah Porteboeuf-Houssais, QGP France 2013 
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3) Minimum Bias color reconnection off 

Motivated by impact of color reconnection scenario in PYTHIA 6 (cluster contribution)  
Normalization with MB, color off 

Linear dependence 
(y=x),  
same for ISR/FSR and 
MPI  

Count the number of 
MPI? 

NO contribution from 
the first hard process!  

Sarah Porteboeuf-Houssais, QGP France 2013 
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4) HardQCD, pTcut=10 Gev/c 

Motivation: find a process selection with contribution from the first hard process, 
the first physics contribution (MPI second order) 

BINGO !!!! 
(full green triangle) 

Normalization with MB 
(SOFTQCD V 8.157) 

Implemented processes: 

gg2gg, gg2qqbar, qg2qg, 
qq2qq, qqbar2gg, 
qqbar2qqbarNew, gg2ccbar, 
qqbar2ccbar, gg2bbbar, 
qqbar2bbbar 

Sarah Porteboeuf-Houssais, QGP France 2013 

! Process selection intended for inclusive hard study only,  
with a strong phase space cut 
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5) Charmonia 

Motivation: find a process selection with contribution from the first hard process: 
The first physics contribution (MPI second order) 

BINGO !!!! 
(full green triangle) 

Normalization with 
MB standard 

Different trend than hard,  
Maybe a bias due to physics 

selection. 

Sarah Porteboeuf-Houssais, QGP France 2013 

! Process selection intended for inclusive study only 
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Conclusions (1) 
Sarah Porteboeuf-Houssais, QGP France 2013 

 High multiplicity pp collisions are non trivial interactions!  

 Inclusive J/Ψ (central + forward), D mesons with 
pT slices and non prompt J/Ψ with the ALICE 
experiment 
 present a similar global trend within the current 

statistical and systematic uncertainties 

 PYTHIA 8 Minimum Bias look like data without 
involving first hard processes, only MPI 
 Can we really compare? 
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What to do next? 

 Increase statistics  
 inclusive J/Ψ comparable at central/forward region? 
 D in pT slices: slope dependence in question 
 go higher multiplicities: change of slope to study 
 try to fit (exponential) 

 D and non-prompt J/Ψ in the forward region 
  

 Other system than pp 
 
      Compare at higher multiplicities the results from various systems (pp, p-Pb, 

Pb-Pb) and energy. 
 
 Recent p-Pb results, hints for collective effect Alice arXiv:1307.3237 / B. Z. Kopeliovich et al. arXiv:1308.3638 

        => Maybe an interesting way  to look at observables would be as a function of 
initial energy density, e.g. multiplicity in final state   

 

Sarah Porteboeuf-Houssais, QGP France 2013 

http://inspirehep.net/author/Adare%2C A.?recid=1235307&ln=fr
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What to do next? 

 Other observables: Ψ’, ϒ and other hard probes (isolated photon, jets …) 

Universality, hard scale at play 
Possible final state effect on quarkonia?  

RHIC d-Au 200GeV PHENIX arXiv:1305.5516 

If a final state effect is linked with multiplicity,  
should be seen in pp vs. mult at 7 TeV also!!!!!! 

Sarah Porteboeuf-Houssais, QGP France 2013 

RdAu different for J/Ψ and Ψ’ 
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What to do next? 

 Proposition:  
an Underlying Event (UE) event study with quarkonia as trigger particle, “à la Rick Field” 

Study meant to understand interplay between jet and UE in pp collisions 

Use J/Ψ and D as trigger particle ? 

Sarah Porteboeuf-Houssais, QGP France 2013 

Already discussed by F. 
Hautmann @MPI2011 
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Conclusions (2) 

Still many work to be done! 

Sarah Porteboeuf-Houssais, QGP France 2013 
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Comparisons of D mesons  
within the same pT bin (2<pT<4 GeV/c) 

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

uncertainties. 

Sarah Porteboeuf-Houssais, QGP France 2013 
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J/ψ signal in 7 TeV pp data 

With the Muon spectrometer With the central barrel 
 L=7.7 nb−1 L=4.5 nb−1 

Sarah Porteboeuf-Houssais, QGP France 2013 
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J/ψ signal in 7 TeV pp data 
K. Aamodt et al.,  Phys. Lett B704(2011), 442-455, arXiv/1105.0380 

 Inclusive J/y production in the rapidity ranges |y| < 0.9 and 2.5 < y < 4, through the decays J/y →e+e− and J/y →μ+μ−.  
 Lint = 5.6 nb−1 (for the J/y → e+e−channel) and Lint = 15.6 nb−1 (for J/y → μ+μ−) 
 pT-integrated cross sections : σ_{J/y} (|y| < 0.9) = 10.7 ± 1.0 (stat.) ± 1.6 (syst.)+ 1.6 (λ_HE = 1) − 2.3 (λ_HE = −1) mb  
                                                           σ_{ J/y }(2.5 < y < 4) = 6.31 ± 0.25 (stat.) ± 0.76 (syst.)+ 0.95 (λ_CS = 1) − 1.96 (λ_CS = −1) mb.  

Sarah Porteboeuf-Houssais, QGP France 2013 
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PYTHIA comparison : first attempt 

PYTHIA 6.4 Physics 

Sarah Porteboeuf-Houssais, QGP France 2013 
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PYTHIA comparison : first attempt 

PYTHIA 6.4  Physics 

Sarah Porteboeuf-Houssais, QGP France 2013 
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Sarah Porteboeuf-Houssais, QGP France 2013 PYTHIA comparison : first attempt 

PYTHIA 6.4 J/Ψ 


