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Brief Timeline



Recent Experimental Results on Heavy Quarkonia in QGP 2 / 36

Timeline of Quarkonia Related Events in Heavy-Ion Physics
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Quarkonia: Charmonia & Bottomonia
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Heavy 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[1],[2] 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 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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Bottomonia in PbPb Collisions at LHC

Contributions from regeneration effects expected to be much weaker for Υ states

z LHC measurements of Υ(1S) RAA much more suppressed than J/ψ RAA

z Bottomonia shows little dependence on pT compared to ALICE charmonia results
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Bottomonia in AA Collisions at RHIC (LHC)

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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Heavy Quarkonia in Small Systems
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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

Nuclear modification at forward, backward rapidity shows similar suppression at low pT

z Forward rapidity modification well described by gluon shadowing[15],[16]

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

Very 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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J/ψ to D0 Ratio in PbNe Collisions at LHC

a Data recorded in fixed-target
mode at

√
sNN = 68.5 GeV

(regeneration effects minimal)

a Strong dependence of J/ψ to
D0 ratio on pT

a J/ψ(D0) cross section assumed
to scale as ⟨Ncoll⟩α ( ⟨Ncoll⟩ )

a Fit α = 0.76± 0.05 suggests no
anomalous J/ψ suppression
(α = 0.92± 0.02 as seen by
NA50 in p A collisions)

Phys. Rev. Lett. 33, 1404

LHCb Data: arXiv:2211.11652

NA50: Phys.Lett.B 410 (1997) 337-343
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J/ψ to D0 Ratio in PbNe Collisions at LHC

a Data recorded in fixed-target
mode at

√
sNN = 68.5 GeV

(regeneration effects minimal)

a J/ψ to D0 ratio shows strong
dependence on pT

a J/ψ(D0) cross section assumed
to scale as ⟨Ncoll⟩α ( ⟨Ncoll⟩ )

a Linear falling trend from pNe
to central PbNe indicates
J/ψ suppression inconsistent
with QGP effects

Phys. Rev. Lett. 33, 1404

LHCb Data: arXiv:2211.11652

NA50: Phys.Lett.B 410 (1997) 337-343
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χc(3872) to ψ(2S) Ratio in pp Collisions at LHC

Ratio of χc(3872) to ψ(2S) shown as a function of charged particle tracks in pp collisions

z Data best described by Comover Model assuming tetraquark structure[19] (cc̄qq̄)

Model on right assumes comovers/regeneration to describe data in different systems[20]
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Charmonia in pA Collisions at RHIC (LHC)
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J/ψ and ψ(2S) modification similar at forward rapidity

z Suggests initial state effects dominate charmonium production

PHENIX, LHCb, and ALICE consistent with final state effects in A-going direction
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Bottomonia in pPb Collisions at LHC

Υ(1S), Υ(2S), and Υ(3S) nuclear modification shown at forward and backward rapidity

At backward rapidity, sequential suppression is less pronounced at high pT (right)

z At low pT (left), significant suppression is seen for Υ(3S) compared to Υ(1S)
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Conclusion

Large System Collisions AA

b Results indicate regeneration affects charmonia measurements at LHC energies

b Contributions from regeneration in Υ(1S) measurements appear small, if any

b Υ(1S) modification shows similar suppression as J/ψ modification at RHIC

Small System Collisions pA

b J/ψ modification versus pT at backward rapidity suggests different nuclear
effects contribute at RHIC compared to LHC energies

b At backward rapidity, higher quarkonia states more suppressed than lower
quarkonia states

b If QGP is formed, it does not appear to be dominant effect on J/ψ
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Potential Future Measurements

RHIC Collaborations

z Υ measurements from sPHENIX in AuAu collisions

z STAR Υ v2 in AuAu collisions (?)

z PHENIX ψ(2S) nuclear modification in AuAu collisions (?)

LHC Collaborations

b χc nuclear modification or ratios

b χb nuclear modification or ratios

b LHC Run3: SMOG fixed target program
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Back-Up
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CMS & ATLAS Elliptic Flow

Lighter hadrons show collective flow while muons from heavier bottom quarks do not

Prompt J/ψ (from primary interactions) and muons from charm decays show nonzero v2

z Collective behavior of charm quarks in pPb and high multiplicity pp collisions
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ALICE Bottomonia in PbPb Collisions

Υ(2S) to Υ(1S) ratio of yields (left) and RAA are shown at forward rapidity vs. ⟨Npart⟩
Hydrodynamic calculations and the Transport Model with regeneration effects are most
consistent with the measured data

z The suppression is best described by models that include hot nuclear matter effects
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Multiplicity Dependent J/ψ Production

First measurements of relative J/ψ yields R vs. normalized event charged particle multiplicity
Nch/⟨Nch⟩ in pp collisions at

√
s=200 GeV

z Multiplicity measured in different rapidities (forward, mid, and backward)

After J/ψ tracks subtracted, PHENIX multiplicity dependence similar at fwd, bkwd y
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Quarkonia Binding Energies

Quarkonia binding energies listed according to J.Phys.G 32 (2006) R25

Note the binding energy of Υ(1S) > binding energy of J/ψ(1S)
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Timeline of Quarkonia Related Events in Heavy-Ion Physics
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