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Brief Introduction
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LHCb Experiment

a The primary purpose of the
LHCb experiment is to try and
understand why the universe
appears to be composed almost
entirely of matter, but no
antimatter

a LHCb recording data 2010-present

a 634 physics papers published

a Not specifically designed for
heavy-ion collisions

a Top 4 most cited papers with
4,907 citations Inspire HEP citation list (as of October 10, 2022)
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LHCb Detector Upgrade ⋆ See Matt Durham’s talk, Week 3

Runs 1 & 2 Runs 3–4

Designed for searches of new physics in beauty and charm hadron decays ⋆

z Measures particles from pT > 0 at forward pseudorapidity 2 < η < 5

LHCb tracking fully upgraded for Run 3 (2022–2026)
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PHENIX Experiment

a The primary purpose of the
PHENIX experiment was to
detect and characterize the Quark
Gluon Plasma (QGP) using data
collected from A + A, p + A, and
pp collisions

a PHENIX recorded data 1999-2016

a 210 physics papers published

a Specifically designed for heavy-ion
collisions

a Top 4 most cited papers with
6,281 citations

Inspire HEP citation list (as of October 10, 2022)
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PHENIX Muon and Central Arms

Muon arms measure muons and unidentified charged hadrons

Mid-rapidity arms measure electrons, photons and identified hadrons

The PHENIX detector has been fully dissembled and replaced by sPHENIX
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Recent LHCb and PHENIX analyses focus on the following collision
systems and present the following measurements:

pp collisions at
√
s = 5, 8, and 13 TeV

pPb collisions at
√
sNN = 8.16 TeV

PbPb collisions at
√
sNN = 5 TeV

pp, pAl, pAu, Cu+Au, Au+Au
collisions at

√
sNN = 200 GeV

1 J/ψ production and polarization

2 J/ψ elliptic flow

3 Fixed target J/ψ and D0 production

4 J/ψ and ψ(2S) production in UPC

5 Bottomonium nuclear modification

6 bb̄ production

7 ϕ-meson nuclear modification
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Small System Results
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Charged Hadron Modification in p+Al

a Minimal modification in

most peripheral bin40−72%

a Clear suppression in most

central bin0−5% in

projectile-going direction

(fwd)

a Clear enhancement in 0-5%
bin in target-going direction
(bkwd)

z ⟨N0−5%
part ⟩ = 5.1

Phys. Rev. C 101, 034910 (2020)

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.101.034910
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Charged Hadron Modification in p+Au

a Minimal modification in

most peripheral bin60−84%

a Strongest suppression in
most central bin0−5%

z ⟨N0−5%
part ⟩ = 10.7

a Strong enhancement in most
central bin0−5% in
target-going direction (bkwd)

z Consistent with pQCD
calculation
Phys. Lett. B 740,23

Phys. Rev. C 101, 034910 (2020)

https://www.sciencedirect.com/journal/physics-letters-b/vol/740
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.101.034910


Quarkonia and Heavy Flavor at LHCb and PHENIX 11 / 41

Charged Hadron Modification in p+Al and p+Au

a All models at fwd rapidity agree

well with RpA as function of η

a Models for RpAu at backward
rapidity as function of η:

z nCTEQ15 and EPPS15
models underpredict
enhancement

z pQCD model describes
data well Phys. Lett. B 740,23

a pQCD calculations for RpA

bkwd rapidity as function of

⟨Npart⟩ also agree with data

Phys. Rev. C 101, 034910 (2020)

https://www.sciencedirect.com/journal/physics-letters-b/vol/740
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.101.034910
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ϕ Modification in Small Systems

ϕ-meson nuclear modification in p+Al, p+Au, d+Au, and 3He+Au systems

z Hint of experimental ordering of RHeAu < RdAu < RpAu in most central collisions (?)

Comparison of ϕ (s, s̄) to π0 (u, d) shows no clear strangeness enhancement
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bb̄ Invariant Yields in p+p Collisions

Comparison of PYTHIA6 models based on different bb̄ production mechanisms

z Flavor creation and flavor excitation mechanisms dominate production

z At RHIC energies, gluon splitting less significant than at LHC energies
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σbb̄ vs.
√
s in p+p Collisions

Bottom cross section σbb̄ as a function of
√
s for PHENIX, STAR, HERA-B, ALICE, LHCb

z Cross section measurement consistent with world data

z Data well described by NLO pQCD calculation [1]

J
H
E
P

0
2
(2
0
2
1
),

0
0
2

P
h
y
s.

R
e
v
.
D

1
0
2
,
0
9
2
0
0
2
(2
0
2
0
)



Quarkonia and Heavy Flavor at LHCb and PHENIX 15 / 41

Angular Coefficients

P. Faciolli, Quarkonium in Hot Medium (2009) and Eur. Phys. J. C 69, 657 (2010)

J/ψ polarization characterized by spin alignment of positively charged decay lepton

λθ, λϕ and λθϕ determined using Helicity, Collins–Soper, or Gottfried–Jackson frames

λθ ={+1, 0,−1} ⇒ fully transverse, fully zero, or fully longitudinal J/ψ polarization

Frame invariant angular decay coefficient λ̃ can be used for consistency check
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J/ψ Polarization λθ

Phys. Rev. D 102, 072008 (2020)

J/ψ polarization as a function of pT in all three frames is consistent with zero

z NRQCD Model [2] in both Helicity and Collins–Soper frames agrees with data

J/ψ polarization at both mid and forward rapidity consistent with zero



Quarkonia and Heavy Flavor at LHCb and PHENIX 17 / 41

J/ψ Polarization λ̃

Phys. Rev. D 102, 072008 (2020)

J/ψ polarization as a function of pT in all three frames is consistent with zero

z Neither NRQCD or Color Singlet Models [3] can be ruled out

At forward rapidity, J/ψ polarization consistent with longitudinal polarization
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J/ψ Production, Forward Rapidity

Inclusive J/ψ differential cross section compared to prompt J/ψ calculations

z Non-prompt J/ψ contribution more significant at high pT
z LO NRQCD+Color Glass Condensate [4] at low pT overestimates data

ψ(2S)/J/ψ ratio consistent with world data - no clear energy dependence
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J/ψ Production in pp Collisions
Prompt Nonprompt

Ratio of differential J/ψ cross-section at 13 TeV vs. 5 TeV increases with pT

z Discrepancy between prompt J/ψ ratio & CGC+NRQCD [4] (errors mostly cancel)

z Nonprompt J/ψ data consistent with FONLL [5] predictions as function of pT
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J/ψ Nuclear Modification in pPb Collisions

Prompt Nonprompt

At forward rapidity, prompt and nonprompt J/ψ nuclear modification consistent with nPDF
predictions (EPS09 LO, nDSg LO) [6]

Prompt J/ψ RpPb more suppressed than EPS09 LO, NLO for −4.5 < y < −2

J
H
E
P

0
2
(2
0
2
1
),

0
0
2

J
H
E
P

1
1
(2
0
2
1
)
1
8
1



Quarkonia and Heavy Flavor at LHCb and PHENIX 21 / 41

EPS Shadowing Predictions, 2008
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LHC D-meson Measurements

LHCb and ALICE D-meson nuclear modification plotted as a function of Bjorken-x

z Data extended now beyond x−4 fractional momentum in the nucleus
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J/ψ Nuclear Modification in p+Au Collisions
⋆ See Tony Frawley’s talk, Week 2

EPPS16 and nCTEQ15 with and without re-weighted LHCb D-meson data

z Re-weighted EPPS16 and nCTEQ15 describe PHENIX data well at forward rapidity ⋆
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Bottomonium Nuclear Modification in pPb Collisions

At both forward and backward rapidity, hint of stronger Υ(2S) suppression than Υ(1S)

At backward rapidity, nPDFs alone do not fully describe modification of either state

z nPDF+comovers [7] calculations provide better description of data

J
H
E
P

0
2
(2
0
2
1
),

0
0
2

J
H
E
P

1
1
(2
0
1
8
)
1
9
4



Quarkonia and Heavy Flavor at LHCb and PHENIX 25 / 41

Medium to Large System Results
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J/ψ & D0 Production in PbNe Collisions

Fixed target configuration with p or Pb projectiles at GeV COM energies

z Noble gases injected into VELO using SMOG (System for Measuring Overlap with Gas)

Fit to ratio of J/ψ to D0 vs. Ncoll consistent with NA50 results in p+A collisions

z α′ indicates no anomalous J/ψ suppression as seen in NA50 PbPb results
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J/ψ Elliptic Flow in Au+Au Collisions

J/ψ elliptic flow in Au+Au at RHIC compared with LHC PbPb measurements

Nonzero elliptic flow at LHC could be due to coalescence, which is stronger effect at LHC
energies than at RHIC energies
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Coherent J/ψ Production in PbPb UPC

Fit to the log of p2T distribution performed to isolate coherent from incoherent production

Differential cross-section for coherent J/ψ production decreases as function of y

z Several of the CGC-based predictions (blue dotted, solid magenta & solid green
curves) overestimate the J/ψ production
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Coherent ψ(2S) Production in PbPb UPC

First measurement at LHC for coherent ψ(2S) production at forward rapidity

z pQCD calculations (red curves) by Guzey et al. describe data well at large y

Ratio of ψ(2S) to J/ψ not as well described by CGC predictions (blue curves)
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Summary
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Quarkonia and Heavy Flavor Summary

➀ J/ψ Production in pp and pPb Collisions

z Discrepancy between prompt J/ψ data and CGC+NRQCD at low pT
z Prompt J/ψ RpPb more suppressed than EPS09 NLO for −4.5 < y < −2

➁ Bottomonium Nuclear Modification in pPb Collisions

z Hint of stronger Υ(2S) than Υ(1S) suppression at both rapidities

z At backward rapidity, nPDFs alone do not fully describe modification

➂ J/ψ and D0 Production in Fixed Target PbNe Collisions

z Ratio of J/ψ to D0 vs. Ncoll shows no anomalous QGP suppression

➃ Charmonium Production in Ultra-Peripheral PbPb Collisions

z First measurement of coherent ψ(2S) production at forward rapidity

z Ratio of coherent ψ(2S) to J/ψ consistent with pQCD predictions

➃ Elliptic Flow in Haevy-Ion Collisions

z J/ψ elliptic flow in A+A collisions consistent with zero at RHIC energies
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Back-Up
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ϕ Elliptic Flow in Cu+Au Collisions

Elliptic flow of ϕ-meson shown in symmetric (Au+Au, U+U) versus anti-symmetric (Cu+Au)
collision systems

z Scaling with participant eccentricity of second order (ϵ2) represents dependence
of v2 on shape of nuclear overlap region
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More Information on ϕ Elliptic Flow

arXiv 2207.10745
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Credit: Jiayin Sun, Quark Matter 2022

https://indico.cern.ch/event/895086/contributions/4729901/
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Credit: Li Xu, Quarkonium as Tools 2022

https://indico.cern.ch/event/1084752/contributions/4560675/
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Credit: Daniel Berninghoff, CERN-Poster-2021-1047

https://cds.cern.ch/record/2770579/files/Poster-2021-1047.pdf
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Credit: Hans Dembinski, Deep Inelastic Scattering 2019

https://indico.cern.ch/event/749003/contributions/3302406/
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Credit: Sara Sellam, Strangeness in Quark Matter 2022

https://indico.cern.ch/event/1037821/contributions/4842882/
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Credit: Elisabeth Maria Niel, Large Hadron Collider Physics 2022

https://indico.cern.ch/event/1109611/contributions/4787819/

