
Heavy Flavor and Quarkonia in PHENIX 0 / 28

Heavy Flavor and Quarkonia

Krista Smith,

on behalf of the PHENIX Collaboration

Quark Matter Houston 2023

September 5, 2023



Heavy Flavor and Quarkonia in PHENIX 1 / 28

Brief Introduction
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Quarkonia & Heavy Flavor Overview

Three recent PHENIX analyses focus on the following collision systems
and investigate the following:

2013 p+p at
√
s = 510 GeV

2014 3He+Au, Au+Au at√
sNN = 200 GeV

2015 p+p, p+Al, p+Au at√
sNN = 200 GeV

2016 d+Au, Au+Au at√
sNN = 200 GeV

❶ Do we see evidence for multi-parton
interactions at RHIC energies?

❷ Are there final state effects on charmonium
production in p+p collisions?

❸ Is there evidence of mass ordering for
charged hadron vs. open heavy flavor v2?
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PHENIX Muon Arms

b Forward Silicon Vertex Detector
(FVTX)

z 4 layers of silicon strip stations for
precision measurement of track
trajectory

z Charged particle multiplicity

b Muon Tracker (MuTr)

z 3 cathode strip chambers measure
momentum of charged tracks

b Muon Identifier (MuID)

z 5 layers of steel absorbers for hadron
and muon separationSouth arm: -2.2 < η < -1.2

North arm: 1.2 < η < 2.4
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Quarkonia & Heavy Flavor Results
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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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ψ(2S) to J/ψ Ratio at RHIC and LHC
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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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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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https://indico.cern.ch/event/1139644/contributions/5491056/
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Open Heavy Flavor v2 at RHIC

Hadron (e.g. Kaon or a charged pion) 

Muon 

• Hit
MuTr 

MulD 

•

Charged hadron tracks shown stopping in Muon Arm absorber, last gap 0 of MuID

Heavy flavor muon tracks shown penetrating the full length of Muon Identifier



Heavy Flavor and Quarkonia in PHENIX 12 / 28

Open Heavy Flavor v2 at RHIC
See

pos
ter
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First-ever RHIC measurement of open heavy flavor elliptic flow at forward rapidity

z Open heavy flavor v2 consistent with PHENIX mid-rapidity results

Mass ordering apparent where lighter charged hadrons (left) show stronger elliptic flow

z Only 2014 data shown (2016 data will increase statistics ∼ 4 times)

https://indico.cern.ch/event/1139644/contributions/5491056/
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Conclusion

Small System Collisions p+p

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 ψ(2S) to J/ψ ratio in p+p collisions shows weak dependence on multiplicity

z =⇒ No evidence for ψ(2S) final state effects in p+p collisions at RHIC

Large System Collisions A+A

b First RHIC measurement of open heavy flavor v2 at forward rapidity

z Results consistent with PHENIX mid-rapidity measurements, suggesting similar
QGP effects (temperature/pressure gradients) at both rapidities

z =⇒ Mass ordering observed at forward rapidity
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Back-Up
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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 215 physics papers

published (75 in Phys. Rev. Lett.)

b Presentations/Theses

Zenodo contains ∼400 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 ∼200 PHENIX

publications uploaded to HEPData

z Present

Still have PHENIX data from ∼30

publications to upload

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
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J/ψ in A+A Collisions at RHIC (LHC)
See
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PHENIX J/ψ RAA shows stronger suppression than ALICE at both forward and mid-rapidity

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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https://indico.cern.ch/event/1139644/contributions/5456424/
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Motivation for Current Work
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Recent PHENIX Heavy Ion Talks
QM 2022, WWND 2023, DIS 2023, and HP 2023 (all talks hyperlinked)

Charm and bottom quark energy loss and flow measurements in Au+Au collisions by PHENIX

J/ψ forward rapidity azimuthal anisotropy in Au+Au collisions at 200 GeV measured by PHENIX

Nuclear modification of hard scattering processes in small systems at PHENIX

J/ψ and ψ(2S) production in small systems with PHENIX

Low pT direct photon production at RHIC measured with PHENIX

Exploring jet modification via γ-hadron and π0-hadron correlations in Au+Au collisions at PHENIX

Study of multiplicity-dependent charmonia production in p+p collisions at PHENIX

Systematic study of the energy loss in QGP at RHIC-PHENIX

Transverse single spin asymmetries of charged hadrons from p+p, p+Al, and p+Au collisions in PHENIX

Recent longitudinal spin asymmetry and cross section results at PHENIX

Transverse single-spin asymmetry of midrapidity π0 and η mesons in p+Al and p+Au collisions at PHENIX

PHENIX measurements of azimuthal anisotropy of heavy flavor hadrons and J/ψ in Au+Au collisions

https://indico.cern.ch/event/895086/contributions/4744010/
https://indico.cern.ch/event/895086/contributions/4744018/
https://indico.cern.ch/event/895086/contributions/4743963/ 
https://indico.cern.ch/event/895086/contributions/4743956/
https://indico.cern.ch/event/895086/contributions/4743967/ 
https://indico.cern.ch/event/895086/contributions/4744005/ 
https://indico.cern.ch/event/1196342/contributions/5238274/
https://indico.cern.ch/event/1196342/contributions/5238275/
https://indico.cern.ch/event/1199314/contributions/5189566/ 
https://indico.cern.ch/event/1199314/contributions/5189572/
https://indico.cern.ch/event/1199314/contributions/5189565/
https://wwuindico.uni-muenster.de/event/1409/contributions/2030/
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Charmonia in PbPb Collisions

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

Transport Model predictions expect sizeable regeneration at LHC energies

z qq̄ pairs close in phase space can recombine to form a quarkonium state
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Charm & Bottom v2 in A+A Collisions

PHENIX v2 at central rapidity show mass ordering consistent with RAA results

Elliptic flow results for charm and bottom differ at RHIC and LHC energies

PHENIX is currently working to extend these measurements to forward rapidity

z Necessary for a more complete understanding of heavy flavor interactions with QGP
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Charged Particle 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/
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Multiparton Interactions (MPI)
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Top left: PHENIX, Phys.Rev.C 92 (2015) 3, 034913. Bottom left: PHENIX, Phys.Rev.Lett. 98 (2007)

172301. Right: ATLAS and CMS.


