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Brief Introduction
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PHENIX, Past & Present

PHENIX Overview

b 2000–2016

PHENIX recorded heavy-ion data at

RHIC for 16 years

b Publications

PHENIX has > 200 physics papers

published (76 in Phys. Rev. Lett.)

b Presentations/Theses

Zenodo contains ∼600 materials

b Recent Highlights

2023 direct photon measurement BNL

News Release

Data Preservation

z 2021–Present

Efforts led by Gabor David, Maxim

Potekhin, Christine Nattrass and team

of undergraduates at UT Knoxville

z Publications

PHENIX data from 202 publications

uploaded to HEPData

z Recent News

BNL News Release on UT Knoxville

data preservation efforts

https://zenodo.org/communities/phenixcollaboration/?page=1&size=20
https://www.bnl.gov/newsroom/news.php?a=121250
https://www.bnl.gov/newsroom/news.php?a=121250
https://www.bnl.gov/newsroom/news.php?a=221570
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STAR, Present & Future

STAR Overview

b 2000–2025

STAR has been recording heavy-ion

data at RHIC for 23 years

b Publications

STAR has > 300 physics papers

published (105 in Phys. Rev. Lett.)

b Publication Database

Searchable database on Drupal

b Recent Highlights

2023 Υ(1S) and Υ(2S) measurement

BNL News Release

Data Preservation

z 2020–Present

Efforts likely began around 2020, when

papers published in 2001 were

uploaded in early 2020

z Publications

STAR data from 304 publications

uploaded to HEPData

z Present

STAR appears to require HEPData for

publication (as PHENIX now does)

https://drupal.star.bnl.gov/STAR/publications/filter
https://www.bnl.gov/newsroom/news.php?a=121097
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RHIC & the Electron-Ion Collider

RHIC to stop running June 2025 - sPHENIX, STAR expected to complete data taking

Some EIC construction scheduled to begin in year 2024 (infrastructure, accelerator systems)
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Quarkonia in Small Systems
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Multiplicity Dependent J/ψ Production

First PHENIX measurement of relative J/ψ yields R vs. normalized event charged particle
multiplicity Nch/⟨Nch⟩ in p+p collisions at

√
s=200 GeV
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Multiplicity Dependent J/ψ Production

z Multiplicity dependent measurements vary based on rapidity of Nch

After J/ψ tracks subtracted, PHENIX multiplicity dependence similar at fwd, bkwd rapidity
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Multiplicity Dependent J/ψ Production

J/ψ relative yields compared with PYTHIA8 Detroit tune for RHIC energies

Data is shown for J/ψ multiplicity both before and after J/ψ tracks subtracted

z Multi-parton interactions are required to reproduce PHENIX data
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Charmonia in pAu Collisions

y
2− 0 2

pA
u

R

0

0.5

1

1.5

2
1.2 < |y| < 2.2, Inclusive PHENIX

=200 GeVNNs(2S), p+Au ψ =200 GeVNNs, p+Au ψJ/

(2S) EPPS16 (Shao et al.)ψ
 EPPS16 (Shao et al.)ψJ/

(2S) nCTEQ15 (Shao et al.)ψ
 nCTEQ15 (Shao et al.)ψJ/

At forward rapidity, J/ψ and ψ(2S) modification show similar suppression

z Data well described by EPPS16 and nCTEQ15[1],[2],[3] shadowing predictions

At backward rapidity, nPDF effects alone cannot describe ψ(2S) modification
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ψ(2S) to J/ψ Ratio at RHIC and LHC
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(b)

The ψ(2S) to J/ψ ratio in p+p collisions at RHIC, LHC show no clear energy dependence

Comparison of the p+A to p+p ratio strongly suggests final state effects in p+A
collisions at backward rapidity, as initial state effects expected to largely cancel
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J/ψ in Large & Small Collisions at RHIC

Mid-rapidity results in AuAu and pAu are compared as a function of pT

z Very different pT dependence observed in the two collision systems

Inclusive J/ψ measurements in pAu collisions show suppression at low pT

z All models appear to describe the suppression reasonably well at low pT
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J/ψ in pAu Collisions at RHIC

Modification at forward, backward rapidity shows similar suppression at low pT

z Forward rapidity modification well described by gluon shadowing[10],[11]

Backward rapidity suppression consistent with Transport Model predictions[12] (includes
nuclear absorption effect)
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J/ψ in pPb Collisions at LHC

At forward rapidity, similar modification as seen at RHIC - suggests similar mechanism

Different modification at backward rapidity - essentially no suppression at low pT

z Models predict stronger suppression that what is seen in the data
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Quarkonia in Large Systems
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Charmonia in PbPb Collisions at LHC

J/ψ and ψ(2S) RAA strongly suppressed at high pT - consistent with CMS results

Transport Model predictions[15],[16] expect sizeable regeneration at LHC energies

z qq̄ pairs close in phase space can recombine to form a quarkonium state
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J/ψ Collision Energy Dependence

RAA shown for Au+Au collision energies at RHIC and PbPb collision energies at LHC

z Below 200 GeV, no strong energy dependence observed

Transport Model[17] with dissociation and recombination effects consistent with the data
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J/ψ in AA Collisions at RHIC (LHC)

STAR J/ψ mid-rapidity RAA shows stronger suppression than ALICE mid-rapidity results

z Regeneration effects modify charmonia measurements at LHC energies

At RHIC energies, regeneration not as significant → J/ψ flow consistent with zero
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ψ(2S) to J/ψ Ratio in Isobar Collisions

First-ever RHIC ψ(2S) to J/ψ ratio in A+A collisions shown as function of Npart

z Data is compared to centrality integrated measurements from PHENIX and NA50 (p+A)

Smaller ratio observed in Zr+Zr (Z = 40) & Ru+Ru (Z = 44) relative to p+A measurements
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ψ(2S) to J/ψ Ratio in Isobar Collisions

Gray shaded band represents averaged p+p experimental data from PHENIX, NA50, and ISR

STAR ψ(2S) to J/ψ ratio in isobar collisions compared to ALICE and NA50 PbPb data

z STAR results follow similar trend as the mid-rapidity SPS measurements
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Bottomonia in Au+Au Collisions

Υ(1S) suppression very similar at RHIC and LHC energies

z Possibly due to QGP-related suppression of excited states that decay to Υ(1S)

Both models include feed-down (Υ(2S), Υ(3S), χb) and hot nuclear matter effects
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Summary
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Conclusion

Small System Collisions p+p/A

b Multiplicity dependent J/ψ varies based on η of charged particle tracks

z PHENIX data well described by PYTHIA Detroit tune with MPI

z =⇒ Evidence for MPI at RHIC energies

b Essentially no low pT J/ψ suppression at ALICE at backward rapidity

z =⇒ Suggests different effects contribute at RHIC compared to LHC energies

Large System Collisions A+A

b First ever RHIC measurement of ψ(2S) in A+A collisions by STAR

z =⇒ Centrality dependence follows similar trend as SPS measurements

b Υ(1S) suppression very similar at RHIC and LHC energies

z =⇒ Contributions from regeneration in Υ(1S) measurements appear small, if any
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Back-Up
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Multiplicity Dependent ψ(2S) to J/ψ
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Multiplicity-dependent studies in small systems provide a testing ground for examining the
onset of QGP-like effects

PHENIX (
√
s
NN

=200 GeV) and ALICE (
√
s
NN

=13 TeV) results consistent, with weak
multiplicity dependence more or less consistent with unity

z Note that ALICE results have charged particle multiplicity measured at mid-rapidity
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Multiplicity Dependent ψ(2S) to J/ψ
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ψ(2S) to J/ψ ratios shown with particle multiplicity measured in different |∆η| ranges
Co-moving particle or QGP related final state effects appear to be small in RHIC
p+p collisions, with minimal change in ratio with increasing particle multiplicity

z Overall, both PYTHIA tunes with MPI describe measurements well at lower multiplicity
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Credit: Ron Belmont, Initial Stages 2021

https://indico.cern.ch/event/854124/contributions/4135442/
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Credit: Jongho Oh, ICNFP 2023

https://indico.cern.ch/event/1199102/contributions/5425872/attachments/2682180/4652978/ICNFP2023_JongHo.pdf
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Credit: JongHo Oh, 2022 RHIC/AGS Annual User’s Meeting

https://www.dropbox.com/s/uxfgnh5ieoqole1/RHIC_AGS_User_meeting_poster_Jongho_Oh.pdf?dl=0
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Credit: Zhaozhong Shi, 2023 Initial Stages

https://indico.cern.ch/event/1043736/contributions/5363876/


Recent Quarkonia Results from RHIC 30 / 31

Multiparton Interactions (MPI)
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ψ(2S) to J/ψ Ratio in p+p Collisions

The ψ(2S) to J/ψ ratio in p+p collisions from Tevatron, ISR, SPS, RHIC, and LHC energies

z Up to 7000 GeV collision energy, no clear energy dependence is observed
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