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Abstract
An interesting strong dependence on charged-particle multiplicity (Nch) of J/ψ and ϒ production at the LHC and J/ψ at RHIC has been observed. These measurements provide basic information
about particle production mechanisms, especially on an interplay between hard and soft processes (multiple parton interactions, string percolations, color reconnection). In order to better
understand this behavior a study of ϒ production as a function of Nch for different pT ranges and collision energies. Furthermore, by measuring the yield ratios between the excited to ground ϒ
states, ϒ(nS)/ϒ(1S), as a function of Nch, the ϒ(nS)-hadron interactions can be studied.
This poster presents STAR results on the self-normalized inclusive ϒ production yield (ϒ/<ϒ>) measured as a function of self-normalized Nch in √𝑠=500 GeV p+p collisions at RHIC. They are
compared to results from other experiments and model calculations. The models and the data follow qualitatively similar trend of stronger than linear increase in high multiplicity events. The
measured dependence of ϒ(nS)/ϒ(1S) yield ratios on Nch is also presented.

Multiplicity correction via unfolding

High-multiplicity p+p collisions
Strong increase of ϒ/<ϒ> and J/ψ/<J/ψ> self-normalized yields with self-normalized multiplicity
Nch/<Nch> has been observed in high-multiplicity p+p collisions at LHC. Possible explanations:
• MPI – quarkonium is produced in multi-parton interactions [1-3]:

• String Percolation – suppression of soft particle production is caused by interactions
between overlapping strings of color field [4]:

Measured - TofMult

𝑀𝑖 = 𝑆𝑖𝑗 𝑇𝑗

• Detector response matrix 𝑆𝑖𝑗 determined from PYTHIA simulation and STAR detector
simulation
• Measured distributions 𝑀𝑖 are unfolded in order to obtain the corrected ones 𝑇𝑗 using a
Bayesian unfolding method [12]

Results
Ratios vs. Nch
•

• CGC-like saturation effects – density of low-x gluons
saturates, influences particle production from soft QCD
processes [5,6]

No significant dependence on uncorrected
Nch matched to TOF (TofMult)
• ϒ(nS)/ϒ(1S) ratios lower than world
data average, but within 2σ [13]

Baseline for A+A comover interaction studies
Upsilons may be broken up in collisions with hadrons. This contributes to the observed
suppression in A+A collisions and needs to be disentangled from the effect of high temperaturę
QGP. Studies of Nch dependence of ϒ(nS)/ϒ(1S) ratios in p+p collisions provide a baseline
reference.
Comover interaction models – include following effects on quarkonium production [7-9]:
• Comoving medium (+hadrons)
• Shadowing
• Regeneration

Self-normalized ratios vs. self-normalized Nch

• For ϒ(1S), it is expected to be a small effect [10]
• When measured inside a cone of radius Δ𝑅 < 0.5 [11]:
• No strong dependence on localized multiplicity at LHC

• J/ψ and ϒ follow similar trends at RHIC and LHC [1-2,14-15]

STAR experiment

Υ → 𝑒 +𝑒 −
• TPC-tracking and particle identification at midrapidity (p, dE/dx)
• BEMC-electron identification and triggering on high-pT electrons (E)
• TOF-measures particle velocity, TPC tracks matched to TOF to reject pile-up for measuring Nch
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• Both PYTHIA8 with MPI and Percolation Model qualitatively describe the trend in the data [4]
• More precise measurements at high multiplicities are needed in order to distinguish
between the models
• CGC/Saturation model describes the data well within uncertainties [5]
• Consistent with ϒ measurements
• Describes J/ψ data

Conclusions and outlook
• No significant dependence of ϒ(nS)/ϒ(1S) ratios on Nch observed
• STAR results consistent with strong dependence of ϒ/<ϒ> on self-normalized Nch,but
uncertainties are large
• ϒ follows similar trend as J/ψ at RHIC and LHC
• ϒ data are qualitatively described by the PYTHIA and CGC/Saturation, Percolation models
• More precise measurements are needed at high Nch and more differential studies (pT,
forward Nch etc.)
• STAR collected 10x more data in 2017 p+p run for high-pT quarkonium studies
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