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as seen in Wei Zhang’s talk tomorrow

Suppression of J/ψ is seen more in central than peripheral A+A collisions

Also suppressed in high compared to low multiplicity p+p?

1
ALICE, Phys. Rev. Lett. 132 (2024) 042301

Motivation for J/ studies
J/ψ was long seen as a golden probe for the presence of the QGP
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M. Kramer hep-ph/0106120

Hard Scattering Processes within NRQCD
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Predictions from NRQCD as implemented in Pythia 6, purposefully 
involving only hard scattering, and neglecting parton clusters with 
multi-parton interactions. Even beauty hadron feeddown is absent.

ALICE, Physics Letters B, 712 (2012) 165–175

3STAR

A production baseline
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At multiple energies, J/ψ production has been found to rise with 
respect to event multiplicity, at rates that are faster than linear.

STAR, Physics Letters B 786 (2018) 87–93

4STAR

Earlier Measurements



Events that feature more numerous 
multi-parton interactions are more 
likely to feature small impact 
parameters of opposing partons, 
resulting in enhanced hard scattering 
processes such as J/ψ production

brennan.schaefer@lehigh.edu 5STAR

Multi-Parton Interactions

S. Weber et al. Eur. Phys. J. C (2019) 79:36



Percolation of color strings may 
similarly contribute to the faster 
than linear increase by diminishing 
soft hadron production in relation 
to J/ψ production
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E. G. Ferreiro, C. Pajares, Phys.Rev.C 86 (2012) 034903

Percolation



4.5m

VPD VPD

Barrel Electromagnetic Calorimeter
 0.05 x 0.05 (phi x eta) towers
 |<1.0

Time of Flight
 r=208cm,  Δt=100ps,  |η|< 0.9

Beam-Beam Counter
  3.8 < |η| < 5.1

Time Projection Chamber
 52.8 m3,  |η|< 1.0

Vertex Position Detector
 4.24 < |η| < 5.1
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The STAR Detector
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4.5m

VPD VPD

(VPD) Vertex Position Detector
 Measure vertex z-position

(BEMC) Barrel EM Calorimeter
 Trigger on, identify electrons

(BBC) Beam-Beam Counter
  Min-bias trigger

(TPC) Time Projection Chamber
 Tracking and dE/dx

(TOF) Time of Flight
 Pileup track rejection
 Multiplicity estimation 
 Slow non e± veto 

8STAR

Detector Usage



brennan.schaefer@lehigh.edu

4.5m

VPD VPD
9STAR

Dataset

4x increase in luminosity 
above J/ψ vs mult. in  p+p 
200 GeV result

2017 STAR p+p at √s = 510 GeV 
  (79.5 pb-1) 

Event Selection
Trigger: BEMC Tower with
 E > 4.2 GeV

Events in ±40cm from z = 0

Vertex quality selections 
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Correction for dependence of 
tracking efficiencies on occupancy 
effects accompanying luminosity 
rate
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Event Multiplicity

Correction for trigger efficiencies 
found from simulation

TOF Mult. Track Selection
Track Quality Selections

DCA to PV < 1.5 cm

|<1.0

Track Matched to TOF Hit

Event activity is characterized
 using TOF multiplicity: 
number of tracks matched to 

TOF hits

STAR Performance

Minimum Bias Events

p+p √s = 510 GeV/c
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Track Selection
pT > 0.2 GeV/c

|<1.0

DCA to PV < 1.5 cm

Track Quality Selections

Trigger e± Selection
Trigger: Etower > 4.2 GeV

dE/dx: -1.9 < ne < 3.0

BEMC: 2/3 < Ecluster/p < 10/3*

Associate e± Selection
Slow non e± veto (0.97 <  < 1.03)
 OR

BEMC: 2/3 < Ecluster/p < 10/3*

Decay Product Selection

*BEMC Clusters: 3 towers



Fit distribution with CrystalBall
peak + cubic polynomial for 
background

Centroid of CrystalBall core 
fixed to PDG world average

Width is variable in fit
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Analysis Procedure
Reconstruct J/ψ in the 
dielectron channel, using 
the invariant mass method

Construct unlike-sign 
invariant mass distribution

High Multiplicity

Low Mult Mid Mult.
TOFmult: 0-2 TOFmult: 6-8

TOFmult:  11

p+p  √s = 510 GeV

p+p  √s = 510 GeV p+p  √s = 510 GeV



Yield extracted in
    2.6 < Mee< 3.4 GeV/c2

Correct for yield beyond this 
region

For systematic uncertainties 
do both function integration 
and histogram integration
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Yield Extraction

STAR

High Multiplicity

Low Mult Mid Mult.
TOFmult: 0-2 TOFmult: 6-8

TOFmult:  11

p+p  √s = 510 GeV

p+p  √s = 510 GeV p+p  √s = 510 GeV



Uncertainties
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Systematic Uncertainties
Track Quality 1 - 12%
Daughter Electron Selection 1 - 9%
Trigger Efficiency Correction 0 - 13%
Signal & Background 3 - 16%
Total 3 - 17%

Statistical Uncertainties 3 - 26%

Range of uncertainty variations: 
different multiplicity intervals
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Higher reach in multiplicity than 
200 GeV result

Improved multiplicity granularity

Normalized yields at 510 GeV 
consistent with 200 GeV

200, 510, GeV and 13 Tev results:
 similar pT ranges

Hint of splitting between RHIC
 and LHC energies
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Results

STAR, Physics Letters B 786 (2018) 87–93
ALICE, Phys. Lett. B 810 (2020)  135758
ALICE, Physics Letters B, 712 (2012) 165–175
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Unfolding is needed to convert 
TOF multiplicity into charged 
particle multiplicity

Comparisons to different models 
and MC predictions

Parallel study for  mesons in 
progress
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Conclusion and 
Summary

STAR, Physics Letters B 786 (2018) 87–93
ALICE, Phys. Lett. B 810 (2020)  135758
ALICE, Physics Letters B, 712 (2012) 165–175
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Backup
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Model calculations are able to describe the azimuthal 
distribution with respect to the J/ψ in underlying events



Comparable event activity dependence featured in 
production of other open and hidden heavy flavor hadrons

Backup
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Separate efficiency vs multiplicity event selection
corrections are necessary for the J/ψ and min-bias 
distributions

22STAR

Pythia events

• STAR HF Tune
• MB

embedded into 
zerobias and 
reconstructed

Backup
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Backup
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