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Outline

➢  Results in p-Pb collisions at √s
NN 

= 5.02 TeV 

➢  J/ψ production versus centrality at backward, mid and        

    forward rapidity  [arXiv:1506.08808]

➢  ψ(2S) production versus centrality at backward and             

    forward-y  [preliminary] 

➢  Comparison with theoretical models
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Charmonia in the medium

➢ High density colour-charge QGP screens the charmonium binding potential

➢ (Re)combination of cc pairs at the LHC energies

Hot Nuclear Matter Effects: Nucleus-Nucleus (A-A) collisions

➢ Nuclear PDFs are different compared to the ones of free nucleons  (shadowing)

➢ Coherent energy loss of the incoming gluon / cc pair with the nuclear medium

➢ Break-up of the cc pair via interactions with nucleons

Cold Nuclear Matter Effects (CNM): proton-Nucleus (p-A) and Nucleus-Nucleus (A-A) collisions

Charmonium production is sensitive to the medium created in the collision

Charmonium production in Pb-Pb collisions : Hugo PEREIRA DA COSTA (Tuesday)
J/ψ yield enhancement at very low p

T 
:
 
Gines MARTINEZ-GARCIA (Wednesday)ALICE related talks

➢ Break-up due to interactions with hadronic resonance gas (comovers)

The study of charmonia in p-A collisions is fundamental to disentangle hot and cold nuclear 

matter effects



ALICE Collaboration  | XXV Quark Matter | September 27 - October 3, 2015 Kobe | Marco Leoncino 4

lab

Central Barrel: J/ψ  e→ +e- (|y
lab

|<0.9)

Electrons tracked using ITS and TPC
Particle identification with TPC, via dE/dx

Charmonium in ALICE: detectors used in the analysis

+
-



ALICE Collaboration  | XXV Quark Matter | September 27 - October 3, 2015 Kobe | Marco Leoncino 5

lab lab

Muon spectrometer: J/ψ, ψ(2S)  → μ+μ- (2.5<y
lab

<4)

Muons identified and tracked in the muon 
spectrometer: tracking and trigger chambers,

absorber system, dipole magnet
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Electrons tracked using ITS and TPC
Particle identification with TPC, via dE/dx
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lab lab

Muon spectrometer: J/ψ, ψ(2S)  → μ+μ- (2.5<y
lab

<4)

Muons identified and tracked in the muon 
spectrometer: tracking and trigger chambers,

absorber system, dipole magnet

Central Barrel: J/ψ  e→ +e- (|y
lab

|<0.9)

Electrons tracked using ITS and TPC
Particle identification with TPC, via dE/dx

Charmonium in ALICE: detectors used in the analysis

+

-+
-

ZDC (Zero Degree Calorimeters):  determination of the collision centrality
SPD (Silicon Pixel Detector): primary vertex reconstruction 



J/ψ, ψ(2S)  → μ+μ-

-4.46<y
cms

<-2.96

L
int

 = 5.81 ± 0.20 nb-1

Dimuon trigger

Pb

p

J/ψ  → e+e-

-1.37<y
cms

<0.43

L
int

 = 51.4 ± 1.9 μb-1

MB trigger

p

Pb

J/ψ, ψ(2S)  → μ+μ-

2.03<y
cms

<3.53

L
int

 = 5.01 ± 0.19 nb-1

Dimuon trigger

p

Pb
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 Pb-p configuration  p-Pb configuration 

Beam energy asymmetry (E
p
=4 TeV, E

Pb
=1.58 A·TeV, A=208) causes a shift in rapidity: two rapidity 

ranges studied with the muon spectrometer, inverting the direction of the p and Pb beams

Data samples

Backward rapidity Mid-rapidity Forward rapidity
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Centrality determination in p-Pb collisions

Pb-Pb: charged-particle multiplicity + Glauber

p-Pb: large multiplicity fluctuations and small number of participants: 

centrality selection based on multiplicity may select a biased sample 

of nucleon-nucleon collisions

Centrality determination in p-Pb collisions

 [Phys. Rev. C 91, 064905 (2015)]

Hypothesis:

➢ Centrality defined using the deposited energy in the 

ZDC (nucleons produced in de-excitation processes or

knocked out by wounded nucleons) 

➢ Charged-particle multiplicity at mid-y scales with N
part

 

Method:

➢

➢
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Data Analysis
Charmonium production cross-sections

B.R. = Branching Ratio 

J/ψ         μ+μ- = (5.96 ± 0.03) 10· -2

J/ψ         e+e-  = (5.97 ± 0.03) 10· -2

ψ(2S)         μ+μ-  = (7.8 ± 0.9) 10· -3

where:

N
J/ψ, ψ(2S)

 = raw number of J/ψ, ψ(2S)

σ
MB

 = Minimum Bias cross section

N
MB

 = number of Minimum Bias events

A x ε = Detector Acceptance·Efficiency

Nuclear modification factor:

Q
pPb

 instead of R
pPb

 because of possible  biases on  ‹T
pPb

› 

     ‹T
pPb

› = nuclear overlap function

[ALICE and LHCb public note:
ALICE-PUBLIC‐2013-002,
LHCb-CONF‐2013‐013]

Reference pp cross-section:

No pp cross-section reference at √s =5.02 TeV available:

obtained from interpolations of √s = 2.76 and √s =7 TeV data
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Dimuon decay channel

➢ Signal: extended Crystal Ball and pseudo- 

Gaussian functions

➢ Background: variable width Gaussian and 

polynomial·exponential functions

➢ J/ψ mass and width are left free

➢ ψ(2S) mass and width tied to J/ψ 

Dielectron decay channel

➢ Signal: bin counting in the region 

2.92-3.16 GeV/c2

➢ Background:  mixed events

Signal extraction

Yields are extracted from the opposite sign dimuon/dielectron invariant mass spectra 

[arXiv:1506.08808]
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Results: J/ψ
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➢ J/ψ production has been studied as a function of rapidity and p
T  

[JHEP 1506 (2015) 055]

➢ Backward rapidity: no significant nuclear effects on J/ψ are observed

➢ Mid and Forward rapidity: J/ψ suppression at low p
T  

(p
T
< 5 GeV/c)

➢ Study of data as a function of centrality is important for a deeper understanding of the 

role of CNM effects on J/ψ production

J/ψ  in p-Pb collisions: centrality integrated R
pPb

 vs p
T
 and y  

Cynthia HADJIDAKIS, poster 610

Backward-y (J/ψ  → μ+μ-) Mid-y (J/ψ  → e+e-) Forward-y (J/ψ  → μ+μ-)
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J/ψ nuclear modification factor vs centrality

[arXiv:1506.08808]

Backward-y (J/ψ  → μ+μ-) Mid-y (J/ψ  → e+e-) Forward-y (J/ψ  → μ+μ-)

➢ Backward rapidity: hint for an increase of Q
pPb

 with increasing centrality

➢ Mid-rapidity: hint for J/ψ suppression

➢ Forward-rapidity: J/ψ suppressed in all the centrality classes
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J/ψ nuclear modification factor vs centrality

[arXiv:1506.08808]

Backward-y (J/ψ  → μ+μ-) Mid-y (J/ψ  → e+e-) Forward-y (J/ψ  → μ+μ-)

➢ Backward rapidity: hint for an increase of Q
pPb

 with increasing centrality

➢ Mid-rapidity: hint for J/ψ suppression

➢ Forward-rapidity: J/ψ suppressed in all the centrality classes

➢ CEM+EPS09 NLO: describes the results in each rapidity range

➢ Coherent Energy loss: good agreement with data except at backward rapidity
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J/ψ nuclear modification factor vs centrality

[arXiv:1506.08808]

Backward-y (J/ψ  → μ+μ-) Mid-y (J/ψ  → e+e-) Forward-y (J/ψ  → μ+μ-)

➢ Backward rapidity: hint for an increase of Q
pPb

 with increasing centrality

➢ Mid-rapidity: hint for J/ψ suppression

➢ Forward-rapidity: J/ψ suppressed in all the centrality classes

➢ CEM+EPS09 NLO: describes the results in each rapidity range

➢ Coherent Energy loss: good agreement with data except at backward rapidity

➢ Co-moving hadrons: negligible effect on the J/ψ at forward (and mid-) rapidity; at backward J/ψ better 

described without 
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➢ Backward rapidity: hint for an increase of Q
pPb

 with increasing centrality

➢ Mid-rapidity: hint for J/ψ suppression

➢ Forward-rapidity: J/ψ suppressed in all the centrality classes

➢ CEM+EPS09 NLO: describes the results in each rapidity range

➢ Coherent Energy loss: good agreement with data except at backward rapidity

➢ Co-moving hadrons: negligible effect on the J/ψ at forward (and mid-) rapidity; at backward J/ψ better 

described without 

➢ CGC + CEM model: agreement at forward-y for central events

J/ψ nuclear modification factor vs centrality

Backward-y (J/ψ  → μ+μ-) Mid-y (J/ψ  → e+e-) Forward-y (J/ψ  → μ+μ-)

[arXiv:1506.08808]
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J/ψ Q
pPb

 vs p
T
 and centrality

Peripheral collisions:

➢ J/ψ Q
pPb

 is compatible with unity in the full 

p
T
 interval

Central collisions:

➢ backward rapidity: J/ψ Q
pPb

 is compatible with 

unity over the full p
T
 range, hint of a Q

pPb
 increase 

for p
T
 > 1 GeV/c

➢ Forward rapidity: J/ψ is suppressed at low 

 p
T 

 (p
T 

<
 
5GeV/c)

Backward-y (J/ψ  → μ+μ-) Forward-y (J/ψ  → μ+μ-)
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J/ψ Q
pPb

 vs p
T
 and centrality

Peripheral collisions:

➢ J/ψ Q
pPb

 is compatible with unity in the full 

p
T
 interval

Central collisions:

➢ backward rapidity: J/ψ Q
pPb

 is compatible with 

unity over the full p
T
 range, hint of a Q

pPb
 increase 

for p
T
 > 1 GeV/c

➢ Forward rapidity: J/ψ is suppressed at low 

 p
T 

 (p
T 

<
 
5GeV/c)

     Theoretical models:
➢ CEM+EPS09 NLO model in reasonable agreement 

with data 

➢ Energy loss model in agreement with data 

at backward rapidity

Backward-y (J/ψ  → μ+μ-) Forward-y (J/ψ  → μ+μ-)
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J/ψ Q
pPb

 vs p
T
 and centrality

Peripheral collisions:

➢ J/ψ Q
pPb

 is compatible with unity in the full 

p
T
 interval

Central collisions:

➢ backward rapidity: J/ψ Q
pPb

 is compatible with 

unity over the full p
T
 range, hint of a Q

pPb
 increase 

for p
T
 > 1 GeV/c

➢ Forward rapidity: J/ψ is suppressed at low 

 p
T 

 (p
T 

<
 
5GeV/c)

     Theoretical models:
➢ CEM+EPS09 NLO model in reasonable agreement 

with data 

➢ Energy loss model in agreement with data 

at backward rapidity

➢ CGC+CEM model in agreement with data Backward-y (J/ψ  → μ+μ-) Forward-y (J/ψ  → μ+μ-)
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Results: ψ(2S)
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➢ ψ(2S) is more suppressed than the J/ψ at both backward and forward rapidities 

➢ Shadowing and energy loss, expected to be almost identical for J/ψ and ψ(2S), cannot 

describe the larger ψ(2S) suppression compared to the J/ψ

➢ Measurements as a function of the centrality can shed further light on the ψ(2S) production 

in p-Pb collisions 

ψ(2S)  in p-Pb collisions: centrality integrated R
pPb

 vs p
T
 and y  

Backward-y Forward-y

[JHEP 1412 (2014) 073]

Bck-y Fwd-y
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ψ(2S)/J/ψ ratio

➢ Smaller values compared to pp collisions

➢ Decreasing trend at backward rapidity as a function of the 

increasing centrality

➢ Larger ψ(2S) suppression compared to the J/ψ

ψ(2S)/J/ψ ratio vs centrality
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[ψ(2S)/J/ψ]
pPb

/[ψ(2S))/J/ψ]
pp

 

➢ PHENIX results in d-Au collisions at √s
NN

=0.2 TeV at mid- 

rapidity are qualitatively similar to ALICE measurements

➢ QGP + Hadronic Resonance Gas (Du and Rapp) and  comover 

dissociation (Ferreiro) models describe the observed ψ(2S) 

suppression

ψ(2S)/J/ψ ratio

➢ Smaller values compared to pp collisions

➢ Decreasing trend at backward rapidity as a function of the 

increasing centrality

➢ Larger ψ(2S) suppression compared to the J/ψ

ψ(2S)/J/ψ ratio vs centrality
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ψ(2S) Q
pPb 

vs centrality

➢ Backward-y: very different trend between ψ(2S) and J/ψ Q
pPb

 indicating a larger ψ(2S) suppression 

as a function of the increasing collision centrality

Global uncertainties  Grey BOX @1:  common to J/ψ and ψ(2S) Green BOX @1: J/ψ only

Backward-y
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ψ(2S) Q
pPb 

vs centrality

➢ Backward-y: very different trend between ψ(2S) and J/ψ Q
pPb

 indicating a larger ψ(2S) suppression 

as a function of the increasing collision centrality

➢ Forward-y: indications for smaller ψ(2S) Q
pPb 

compared to the J/ψ

Global uncertainties  Grey BOX @1:  common to J/ψ and ψ(2S) Green BOX @1: J/ψ only

Backward-y Forward-y
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ψ(2S) Q
pPb 

vs centrality

➢ Backward-y: very different trend between ψ(2S) and J/ψ Q
pPb

 indicating a larger ψ(2S) suppression 

as a function of the increasing collision centrality

➢ Forward-y: indications for smaller ψ(2S) Q
pPb 

compared to the J/ψ

➢ Theoretical models based only on shadowing and energy loss in disagreement with ψ(2S) data

Global uncertainties  Grey BOX @1:  common to J/ψ and ψ(2S) Green BOX @1: J/ψ only

Backward-y Forward-y



ALICE Collaboration  | XXV Quark Matter | September 27 - October 3, 2015 Kobe | Marco Leoncino 27

ψ(2S) Q
pPb 

vs centrality

➢ Backward-y: very different trend between ψ(2S) and J/ψ Q
pPb

 indicating a larger ψ(2S) suppression 

as a function of the increasing collision centrality

➢ Forward-y: indications for smaller ψ(2S) Q
pPb 

compared to the J/ψ

➢ Theoretical models based only on shadowing and energy loss in disagreement with ψ(2S) data

➢ Interaction with comovers represent a possible explanation for the larger ψ(2S) suppression

Global uncertainties  Grey BOX @1:  common to J/ψ and ψ(2S) Green BOX @1: J/ψ only

Backward-y Forward-y



ALICE Collaboration  | XXV Quark Matter | September 27 - October 3, 2015 Kobe | Marco Leoncino 28

ψ(2S) Q
pPb 

vs centrality

➢ Backward-y: very different trend between ψ(2S) and J/ψ Q
pPb

 indicating a larger ψ(2S) suppression 

as a function of the increasing collision centrality

➢ Forward-y: indications for smaller ψ(2S) Q
pPb 

compared to the J/ψ

➢ Theoretical models based only on shadowing and energy loss in disagreement with ψ(2S) data

➢ Interaction with comovers represent a possible explanation for the larger ψ(2S) suppression

➢ QGP + Hadron Resonance Gas model in fair agreement with data

Global uncertainties  Grey BOX @1:  common to J/ψ and ψ(2S) Green BOX @1: J/ψ only

Backward-y Forward-y
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Double Ratio vs cc crossing time in the nucleus (      ) 

Two independent crossing time sampling have been implemented:

the two methods provide consistent results

selecting different centrality classes

selecting different p
T
 intervals

 ‹ L › =  average length of nuclear matter traversed by the cc pair (Glauber)

         can be compared with the resonance formation time            (            0.15 fm/c  )

[D. McGlinchey, A.D. Frawley and R. Vogt, Phys. Rev. C87 (2013) 054910]

≿
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Backward rapidity

Scaling of double ratios with         :

➢ agreement between ALICE and PHENIX and with different         sampling

➢ could be an indication of an effect related with break-up in the nucleus (even if                     )

Double Ratio vs cc crossing time in the nucleus (      ) 

≾
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Backward rapidity

Scaling of double ratios with         :

➢ agreement between ALICE and PHENIX and with different         sampling

➢ could be an indication of an effect related with break-up in the nucleus (even if                     )

Forward rapidity

➢           <<          : observed suppression can not be due to the resonance break-up in the nucleus

≾

Double Ratio vs cc crossing time in the nucleus (      ) 
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➢ The ALICE Collaboration has studied the inclusive J/ψ and ψ(2S) production in p-Pb 

collisions at √s
NN

=5.02 TeV, as a function of the centrality

Conclusions
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➢ The ALICE Collaboration has studied the inclusive J/ψ and ψ(2S) production in p-Pb 

collisions at √s
NN

=5.02 TeV, as a function of the centrality

➢ The study of the J/ψ nuclear modification Q
pPb 

 factor shows that:

      - at backward rapidity: hint for an increase of  Q
pPb 

with increasing centrality 

      - at mid-rapidity: hint for J/ψ suppression

      - at forward-rapidity: J/ψ is suppressed in all the centrality classes

➢ Models based on shadowing and energy loss in fair agreement with data

Conclusions
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➢ The ALICE Collaboration has studied the inclusive J/ψ and ψ(2S) production in p-Pb 

collisions at √s
NN

=5.02 TeV, as a function of the centrality

➢ The study of the J/ψ nuclear modification Q
pPb 

 factor shows that:

      - at backward rapidity: hint for an increase of  Q
pPb 

with increasing centrality 

      - at mid-rapidity: hint for J/ψ suppression

      - at forward-rapidity: J/ψ is suppressed in all the centrality classes

➢ Models based on shadowing and energy loss in fair agreement with data

➢ The ψ(2S) is more suppressed than the J/ψ in particular at backward-y

➢ Shadowing and energy loss alone cannot explain the larger ψ(2S) suppression

➢ Final-state effects (like interaction with co-moving hadrons) are required

Conclusions
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➢ The ALICE Collaboration has studied the inclusive J/ψ and ψ(2S) production in p-Pb 

collisions at √s
NN

=5.02 TeV, as a function of the centrality

➢ The study of the J/ψ nuclear modification Q
pPb 

 factor shows that:

      - at backward rapidity: hint for an increase of  Q
pPb 

with increasing centrality 

      - at mid-rapidity: hint for J/ψ suppression

      - at forward-rapidity: J/ψ is suppressed in all the centrality classes

➢ Models based on shadowing and energy loss in fair agreement with data

➢ The ψ(2S) is more suppressed than the J/ψ in particular at backward-y

➢ Shadowing and energy loss alone cannot explain the larger ψ(2S) suppression

➢ Final-state effects (like interaction with co-moving hadrons) are required

Thank you!

Conclusions
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Backup
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Centrality determination
➢ Centrality: determination of collision geometry based on a 

measured observable

➢ Impact parameter b controls <N
part

> and <N
coll

> 

➢ For small systems b is weakly correlated with <N
part

> and <N
coll

>

[Phys. Rev. C 91, 064905 (2015)]

Detectors 

➢ mid-rapidity: 2 inner ITS pixel layers |η|< 2, |η|<1.4

➢ forward rapidity: V0 scintillator hodoscopes

V0A: 2.0<η<5.1 V0C: -3.7<η<-1.7

➢ ~ beam rapidity: neutron ZDC (ZN) |η|>8.7

Centrality estimators

➢ CL1: number of clusters in 2nd pixel layer

➢ V0C: raw multiplicity in p-remnant side V0

➢ V0A: raw multiplicity in Pb-remnant side V0

➢ ZNA: ZN energy on Pb-remnant side



ALICE Collaboration  | XXV Quark Matter | September 27 - October 3, 2015 Kobe | Marco Leoncino 38

Standard centrality determination

➢ Glauber MC + particle production model

➢ Fit to the measured distribution with Glauber <N
part

> distribution

➢ Obtain <N
coll

> and <T
pA

>

[Phys. Rev. C 91, 064905 (2015)]

V0A

ZNA
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Biases in p-Pb collisions

Multiplicity bias

➢ Large multiplicity fluctuations: centrality selection based on multiplicity may select a sample on 

NN collisions biased w.r.t. a sample defined by cuts on b

Kinematic bias

➢ Events with high-p
T
 particles contribute to event multiplicity and shift events to higher 

centralities

➢ larger bias when centrality estimator overlaps with the region where tracks are measured (CL1)

Purely geometric bias

➢ in peripheral collisions <b
NN

> is larger: reducing the number of MPIs

➢ independent of centrality estimator

[Phys. Rev. C 91, 064905 (2015)]
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Systematic uncertainties: J/ψ 

➢ Type I: correlated uncertainties over centrality

➢ Type II: correlated uncertainties between the rapidity intervals

➢ Type III: p
T
 - correlated uncertainties (only between backward and forward rapidities)

< A x ε > (2.03 < y
cms

 < 3.53) = 0.254 ± 0.013

< A x ε > (-4.46 < y
cms

 < -2.96) = 0.171 ± 0.012 
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A x ε Systematic uncertainties: J/ψ 

< A x ε > (2.03 < y
cms

 < 3.53) = 0.254 ± 0.013

< A x ε > (-1.37 < y
cms

 < 0.43) = 0.072 ± 0.005

< A x ε > (-4.46 < y
cms

 < -2.96) = 0.171 ± 0.012 

2.03 < y
cms

 < 3.53

-4.46 < y
cms

 < -2.96

Acceptance x Efficiency computed with pure signal simulations, using as input J/ψ y and p
T 

kinematical distributions tuned on p-Pb data 
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A x ε and systematic uncertainties: ψ(2S) 

< A x ε > (2.03 < y
cms

 < 3.53) = 0.270 ± 0.014

< A x ε > (-4.46 < y
cms

 < -2.96) = 0.184 ± 0.013 
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pp reference
Available measurement of  the proton-proton cross sections:

[ALICE and LHCb public note:
ALICE-PUBLIC‐2013-002,
LHCb-CONF‐2013‐013]

Interpolation procedure makes use of empirical approach and theoretical calculations (LO CEM, FONLL)
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pp reference (energy dependence)
[ALICE and LHCb public note:

ALICE-PUBLIC‐2013-002,
LHCb-CONF‐2013‐013]

➢ Calculate cross sections at √s = 2.76, 5 and 7 TeV  using CEM and FONLL

➢ Fix the normalization in order to fit existing 2.76 and 7 TeV data 

➢ Re-normalize 5 TeV calculation using the fit results

Use maximum difference between CEM/FONLL and empirical fit as a further uncertainty
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pp reference (rapidity dependence)
[ALICE and LHCb public note:

ALICE-PUBLIC‐2013-002,
LHCb-CONF‐2013‐013]

➢ First interpolate bin-per-bin the measured cross sections, 

with the same procedure used for the integrated results

➢ The pp and p-Pb y-coverage is not exactly the same

(up to 0.5 units mismatch)

➢ Extrapolate with various empirical functions

y-uncorrelated
y-correlated
fit dispersion
theoretical
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pp reference (p
T
 dependence)

[ALICE and LHCb public note:
ALICE-PUBLIC‐2013-002,
LHCb-CONF‐2013‐013]

Forward rapidity analysis:

➢ √s-interpolation (between 2.76  and 7 TeV) of d2σ/dydp
T

➢  Account for rapidity “mismatch” via  empirical shapes 

        (as for y-dependence)

➢ (small) correction for <p
T
> dependence on rapidity

Central rapidity analysis 

➢ Empirical √s-interpolation at y=0 (data by PHENIX, CDF, ALICE)

➢ Neglect small y-shift in p-Pb wrt pp (negligible wrt uncertainties) 

➢ Use scaling properties of p
T
 distributions plotted vs p

T 
/<p

T
>

       (get <p
T
> at 5 TeV from an interpolation of mid-rapidity results at various √s )
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N
J/ψ→l+l- 

= raw number of  J/ψ decaying in dileptons

N
MB

= number of MB events

B.R. J/ψ→µ+µ-=(5.96±0.03)%

A x ε = detector acceptance-efficiency

J/ψ→μ+μ-  differential cross sections
[arXiv:1506.08808v1]
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➢            values extracted fitting the J/ψ        

           differential cross-sections:

C , p
0 

, n : free parameters

➢               increases as a function of the collision 

centrality (steeper trend at forward-y)

➢ Calculations (Arleo et al.) based on coherent energy loss describes data at backward rapidity

➢ CGC with dipole-nucleus scattering  (Ducloué et al.) does not reproduce              centrality 

dependence 

J/ψ p
T
 broadening vs centrality

➢ Theoretical model (Kang et al.) based on CEM 

and initial-final state multiple scattering of 

partons with the medium  in a good agreement 

with ALICE data at backward and forward-y 
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Shadowing   [Vogt, Int. J. Mod. Phys. E22 (2013) 1330007]

Results are obtained in the CEM at NLO in the total cross section. In the CEM, the quarkonium 

production cross section is a fraction F
C
 of all QQ pairs below the HH threshold where H is the 

lowest mass heavy-flavor hadron:

→ 

→                     subprocess cross section 

 → F
C
 is fit to the forward J/ψ  cross section data on only p , Be, Li, C, and Si targets
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Energy loss      [Arleo, JHEP 1303 (2013) 122] 

The heavy quark QQ pair of mass M is produced in a 

color octect state within the time τ
QQ

~1/M and remains 

color octet for a time τ
octect

>>τ
QQ

The QQ pair arises from the splitting of an incoming gluon, followed by a rescattering in the nucleus: 

                                  → momentum broadening through the nucleus A,                                     transverse  

mass of the QQ pair and 

 → Average energy loss:   

 → Energy loss is coherent: neither a purely initial nor final state effect

                                                  → : transport coefficient, is the only parameter, extracted from E866 data
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Interactions with comovers [Ferreiro, arXiv:1411.0549]

The rate equation that governs the density of charmonium at a given transverse coordinate s, 

impact parameter b and rapidity y obeys the expression:

              is the cross section of charmonium dissociation due to interactions with the comoving 

  medium of transverse density

                        is the survival probability of the resonance interacting with comovers (the interaction 

stops when the densities have diluted, reaching the value of the p+p density at the same energy)

                → number of binary nucleon-nucleon collisions per unit of transverse area at  given impact parameter

            → shadowing of the parton distribution functions in a nucleus that affects the comover multiplicity 

  → 3/2 factor to account for neutral comovers

                                                                      → (comover density in pp),            proton radius            
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