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Motivation
Studies of normalised quarkonium yield in dependence on the self-normalised multiplicity in p + p collisions at RHIC and the LHC exhibit a stronger than linear increase.
Measurements help with understanding quarkonium production and modelling the formation of the bound states. Multiple effects may play a role in this behaviour:

• Multi-parton interactions (MPIs) [1, 2, 3, 4]

– Multiplicity proportional to energy density

– Quarkonium yield proportional to # of MPIs

• CGC/saturation effects [5, 6]

– Gluon density saturation @ low-x ⇒ influence
on soft-QCD particle production

• String percolation [7]

– Soft-QCD production suppression due to inter-
actions of overlapping colour field strings

STAR Experiment

Located at the Relativistic Heavy Ion Collider in Brookhaven National Laboratory.
Notable subdetectors used for this measurement are:

• TPC - tracking, particle
identification based
on dE/dx

• BEMC - electron ID,
high tower trigger,
high-pT electron
enhancement

• TOF - particle identification
and charged particle
multiplicity measurement

• BBC - instantaneous
luminosity

Previous results

Recent measurements in p + p at 500 GeV from Run11 [8] (Lint ∼ 22 pb−1) are
consistent with the world trend. The 510 GeV p+ p data collected in 2017 used in this
analysis offers up to 10 times the sampled integrated luminosity (Lint ∼ 340 pb−1)
compared to the previous results. Expected to improve statistical uncertainty and
extend multiplicity and pT coverages.
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Analysis

The analysis uses p+p collisions at 510 GeV recorded during Run17. Electron selection
in |η| < 1 and full azimuth via TPC (-1.2 < nσe < 3 - based on dE/dx) and BEMC
(ETOW/ECLU > 0.5, 0.55 < ECLU/p < 1.45, where ETOW is the energy of a BEMC
tower and ECLU is the energy from multiple BEMC towers associated to a cluster).

Dielectrons used to reconstruct Unlike-Sign (US) and Like-Sign (LS) pairs and calculate
invariant mass (triggered electron satisfying high tower energy threshold of ∼5.9 GeV,
associated electron with pT > 1 GeV/c). The signal extraction uses unbinned likelihood
simultaneous fitting of US and LS mass spectra. The total fit comprises of:

• background

– combinatorial background - exponential, LS pairs

– residual background (Drell-Yan, bb̄) - exponential

• signal - 3 one-sided Crystal-Ball functions -
(

Υ(1S) , Υ(2S) , Υ(3S)
)

The constraints used: mass separation of 500 MeV/c2 and 400 MeV/c2 for the Υ(1S)
and Υ(2S), and Υ(2S) and Υ(3S) states, respectively [9]. The Υ signal widths linearly
dependent on Υ state’s mass. The fit is performed in normalised TOF multiplicity bins
(0-1, 1-2, 2-3, 3-4, 4-8), which will be then used to obtain the dependence of the self-
normalised Υ meson multiplicity on the self-normalised charged-particle multiplicity.
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Normalised quarkonium yield is defined as

NΥ/ ⟨NΥ⟩ =
(
NMB/N

bin
MB

) (
Nbin

Υ /NΥ

)
• NΥ - total yield of the Υ meson candidates

• Nbin
Υ - Υ yield in the corresponding charged particle multiplicity bin

• NMB - number of minimum bias events

• Nbin
MB - number of minimum bias events in the corresponding bin

Conclusions
• Largest reconstructed Υ sample (2342 ± 116) in p+ p at

√
s = 510 GeV

at STAR

• Expected improvement of signal extraction using lineshapes from embedded data

• Multiplicity dependence of normalised yield will be calculated

• Systematic uncertainty determination is on-going
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