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J/ψ Production Associated with Jets

➢The J/ψ production mechanism is not fully understood

➢Benefits of studying J/ψ production with jets

• Related to fragmentation process

• Better understanding of J/ψ production 

➢J/ψ within a jet studies from RHIC (inclusive) and LHC (prompt):
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RHIC LHC

(LHCb, Phys. Rev. Lett. 118, 192001 (2017))

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.192001
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J/ψ Production vs. Jet Activity

➢Quarkonium production from color singlet model (CSM) 
should result in larger jet activity (number of jets per event)
than from color octet mechanism (COM)

➢Study of J/ψ production with jet activity is a more straightforward  
analysis that can be used to distinguish between CSM and COM

(arXiv:1903.09185 [hep-ph])

(Pietro Faccioli, Particle polarizations in LHC physics, Course on Physics at the LHC 2014)
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https://arxiv.org/abs/1903.09185
https://indico.cern.ch/event/298327/contributions/680607/attachments/560916/772746/LIP_curso_polarization.pdf


➢Located at Brookhaven National Laboratory on Long Island, New York

➢Covers full azimuthal angle and mid-rapidity (|η| < 1)
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The STAR Detector

Muon Telescope Detector (MTD)
• Trigger on and identify Muons
• |η| < 0.5

Time Projection Chamber (TPC)
• Momentum of charged particles
• |η| < 1

Relativistic Heavy Ion Collider Solenoidal Tracker at RHIC
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Analysis Strategy

➢Aim: J/ψ cross section as a function of jet activity (number of jets)

➢Data set: p+p collisions at s = 200 GeV in 2015
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J/ψ production 
with jet activity

(final result)

True Number of Jets

(unfolding technique)

True Number of J/ψ

(efficiency & acceptance)

Reconstruction of
J/ψ and jets

Jets: Use charged tracks,
done by anti-kT algorithm
with R = 0.4 and 0.6

J/ψ: Dimuon decay channel       

This talk
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Jet Finding Associated with J/ψ Production
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➢pT
jet ≥ 3 GeV/c to suppress the combinatorial jets
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Obtain Jet Information

3 ≤ Jet pT < 3.5 GeV/c 3.5 ≤ Jet pT < 4 GeV/c

Fit Mμμ in different jet pT ranges (R = 0.4)

-0.2 ≤ Jet η < -0.1 0.1 ≤ Jet η < 0.2

Fit Mμμ in different jet η ranges (R = 0.4)
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Raw Jet η

Raw Jet pT Raw Jet φ

Raw Nconstituent in Jets
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Raw NJ/ψ vs. Raw Jet activity
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Raw NJ/ψ vs. Raw Jet activity
R = 0.4, Njet = 0

R = 0.4, Njet = 1 R = 0.4, Njet = 2

➢pT
jet ≥ 3 GeV/c to suppress the combinatorial jets
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Summary

➢Study J/ψ production with jet activity can help to distinguish
between CSM and COM J/ψ production mechanisms

➢Following analysis steps were presented:

• Reconstruction of charged jets associated with J/ψ production

• J/ψ reconstruction via dimuon decay channel

• Extraction of raw jet pT, η, φ information 
and raw NJ/ψ vs. raw jet activity

Future Work

➢Correct Njet and obtain an unfolded result

➢J/ψ production cross section vs. corrected Njet

➢Work on systematic uncertainties

➢Compare to theoretical calculations
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Data Set and Event Selection

➢Run15 pp collision@200 GeV

➢Trigger Selection

• Dimuon trigger

➢Vertex Selection

• |TPC Vz| ≤ 100 cm

• |TPC Vz – VPD Vz| ≤ 6 cm

➢Track Quality Selection

• Primary Tracks

• NHitsFit ≥ 15

• NHitsdEdx ≥ 10

• NHitsFit/NHitsMax ≥ 0.52

• DCA < 1.5 cm

➢Track Kinematic Selection

• pT ≥ 0.2 GeV/c

• |η| ≤ 1
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J/ψ Reconstruction

➢Dimuon Decay Channel

➢Muon Candidate

• pT ≥ 1.3 GeV/c

• |η| < 0.5

• Matched to MTD hits

➢Muon Identification

• Likelihood Ratio Method

• Variables:
Δy×q/σΔy×q, Δz/σΔz, ∆ToF, nσπ and DCA

➢J/ψ Reconstruction

• Opposite sign pair of muon candidates

Without Muon ID Selection

With Muon ID Selection
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Jet Reconstruction

➢FastJet Library

➢Anti-kT algorithm, R = 0.4 and R = 0.6

➢Input particles for Jet Finding

• A dimuon pair

• Charged tracks from TPC

- pT ≥ 0.2 GeV/c

- |η| ≤ 1

- without muons from each μμ pair

• Set all MTPC track as Mπ

➢Jet Selection

• pT
jet ≥ 3 GeV/c

• |ηjet| ≤ 1-R
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R = (Δη)2+(Δφ)2

R

axisjet
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J/ψ in Different Njet Events

➢With both of different R, J/ψ are concentrated in events with Njet ≤ 2

Raw Njet = 0 Raw Njet = 1 Raw Njet = 2

R = 0.4

R = 0.6
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Put Dimuon Pairs into Jet Reconstruction

➢Most of the two muons from J/ψ candidates (|Mμμ - MJ/ψ| ≤ 3σJ/ψ)
have a ΔRμμ larger than the diameter of jets

➢As a result, these muons cause further contributions to Njet

➢Need to reject this effect of muons on my Njet

μ

μ

hadrons
μμ pair

hadrons

∆Rμμ vs. pT
μμ

∆Rμμ = 0.8

∆Rμμ = 1.2

∆Rμμ = (Δημμ)
2+(Δφμμ)

2


