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Quarkonium in pp collisions
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At hadron colliders it provides an important test of QCD
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J/ψ meson production in pp collisions

Prompt : directly in the pp collision (no measured displacement of the vertex) 
   via decay of heavier charmonium states (e.g.        )→

Non-prompt : from the decay of a b hadron

beam beamcollision

J/ψ

beam beamcollision

J/ψ
B

None of the current models describe the prompt J/ψ differential 
cross section and polarization 
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Quarkonium in AA collisions

J/ψ decays after hadronization phase

Nucleus-Nucleus collisions : medium/QGP/deconfinement phase is formed
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Quarkonium in AA collisions

Quarkonium melting and recombination was observed in AA collisions

High pT RAA of J/ψ similar to other hadrons, where jet quenching is believed 
to be the dominant effect

EPJ C78, 509JHEP 05 (2016) 179

https://arxiv.org/pdf/1712.08959.pdf
https://arxiv.org/pdf/1506.08804v2.pdf
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Motivation for “J/ψ in jets”

In pp collisions it may help to clarify the mechanism of J/ψ production, by 
giving the information about :

Non-relativistic QCD matrix elements
Polarization
Double Parton Scattering 

In AA collisions :

Low pT: dissociation scenario in the QGP
High pT: parton energy loss for J/ψ suppression

 J/ψ study :

Fragmentation function

Fraction of J/ψ produced in jets
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Compact Muon Solenoid

Muons from                                     = very clean signature in the detector!  

Jet = collimated spray of particles, originating from quarks and gluons.
Jet leaves signals in the tracker, the electromagnetic and hadronic calorimeters. 
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Jets in CMS

Jets are clustered with anti-kT algorithm 
using R = 0.4

 

“Particle Flow” reconstructs individually each particle in the event, prior to 
the jet clustering, based on information from all relevant sub-detectors.

The reconstructed energy of jets is not the 
same as the true particle-level energy. The 
last one is independent of detector 
response! 
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http://iopscience.iop.org/article/10.1088/1126-6708/2008/04/063/meta
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J/ψ and jet correlation

Muons from the same J/ψ might end up in different jets  →

Jets were reclustered with the J/ψ meson instead 

CMS-PAS-HIN-18-012

http://cds.cern.ch/record/2318344?ln=en
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J/ψ separation : prompt vs non-prompt

2D fits of invariant mass and decay length used to separate 
prompt and non-prompt J/ψ mesons 

invariant mass decay length
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Correction for detector effects
Migration across z bins due to finite jet pT resolution is corrected using unfolding

Detector response from MC simulations

Migration in jet 
pT bins

Migration in z bins

Final results at “particle level” !
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Results : non-prompt J/ψ 

Similar behaviour in data and Pythia

Expected due to the decay kinematics
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Results : prompt J/ψ 

z distribution is too hard :  the jet activity accompanying J/ψ is 
underestimated in Pythia

Looks very similar to non-prompt z distribution
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Results : fraction of J/ψ produced in jets 

Almost 7% of J/ψ produced in jets 
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Results : fraction of J/ψ produced in jets 

Almost 7% of J/ψ produced in jets 

Under-predicted in Pythia
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Results compared to LHCb

Similar results in CMS and LHCb in different kinematic regions

PRL 118, 192001

https://arxiv.org/abs/1701.05116v2
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Recent theoretical developments
J/ψ could be produced in parton shower

Hard parton  shower  gluon of virtuality 2mc  J/ψ→ → →

Better agreement with LHCb results than Pythia

GFIP: Gluon Fragmentation 
Improved Pythia 

FJF: Fragmentation Jet 
Functions

PRL 119, 032002

https://arxiv.org/abs/1702.05525
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Conclusion and prospects

J/ψ are produced in a jettier environment than implemented in Pythia

Indication of prompt J/ψ being produced in a parton shower

Study fragmentation of J/ψ in jets in PbPb

Might change the interpretation of J/ψ suppression in PbPb : 

➢ more than Debye screening + regeneration?
➢ role of jet quenching at high pT?

Conclusion:

Prospects:

Need models which incorporate both quenching and Debye screening to 
understand the quarkonia suppression
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