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Charmonium at RHIC
The PHENIX Detector
Charmonium Measurements in PHENIX

p-p Collisions
d-Au Collisions
First Measurement in Au-Au Collisions

Summary, conclusions, and outlook.
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Charmonium Physics at RHICCharmonium Physics at RHIC

We expect a screening of the attractive potential 
as we approach the deconfinement transition

This color screening may results in a decrease in 
the number of heavy quarkonia states 

Alternative models predict enhancement from     
c-cbar  coalescence as the collision volume cools.

Comparisons between various collision species are very 
important.
Studies done via both dielectron and dimuon channels 
in PHENIX. 



Marzia Rosati - ISU 4

PHENIX CollaborationPHENIX Collaboration
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Two central arms for 
measuring hadrons, 
photons and electrons

Two forward arms for 
measuring muons

PHENIX DetectorPHENIX Detector

J/ψ→ee  in central arms
electron measurement in range:                             
|η| ≤ 0.35
pe ≥ 0.2 GeV/c

J/ψ→µµ in forward arms
muon measurement in range:
1.2 < |η| < 2.4
pµ ≥ 2 GeV/c

Event characterization 
detectors in middle
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Electron IdentificationElectron Identification
PHENIX has excellent electron identification capabilities.

Ring Imaging Cherenkov Counter - threshold selection
TEC/TRD - dE/dx and TR measurement
Electromagnetic Calorimeter - Energy-Momentum match

EMC energy / Momentum

All charged tracks

Background

Net signal
Real

Apply RICH cut
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Di-electron analysisDi-electron analysis

Identify electron
• RICH ring cut
• 0.5 < E/p < 1.5

Di-electron invariant mass 
spectra
Subtract combinatorial 
background
• Signal = N+- - ( N++ + N--) 

Count J/ψ

Correct for acceptance and 
efficiencies
→ Cross section

Example : dAu sample

Mass Resolution ~ 100 MeV
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Muon MeasurementsMuon Measurements

Muon identifier (MuID)
5 gaps per arm filled with planes of transversely oriented Iarocci tubes

Muon tracker (MuTR)
3 stations of cathode strip chambers per arm
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Di-muon analysisDi-muon analysis

Identify muons
Depth in Identifier

Di-muon inv. mass spectra

Subtract combinatorial 
backgrounds 

Signal = N+- -2√(N++)(N--)

Work in progress to quantify 
physical backgrounds :

Open charm & beauty,  
Drell-Yan,   a hint of ψ’

For now: fit gauss J/ψ+exp bg

Correct for acceptance and 
efficiencies 
→ Cross section

Example : dAu North Arm Sample

Mass Resolution ~ 150 to 200 MeV
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Do we understand the basic 
production mechanism?

Do we understand the basic 
production mechanism?

The production mechanism of charmonium in p-p collisions is not 
yet well understood.

Color evaporation model, Color singlet model, Color octet model
Polarization, Rapidity dependence (electron and muon channels) 
Production of J/Ψ, Ψ',.. states

We need a good measurement of J/ψ cross section in p+p at RHIC
Base line for pA and AA
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Integrated cross-section : 
234 ± 36 (stat) ± 34 (sys) ± 24(abs) nb 

e+e–

µ+µ– Results consistent 
with shapes from 
various models 
and PDF.

Take the PYTHIA
shape to extract     
our cross-section

Phys.Rev.Lett.92, 051802,2004 

J/Ψ in p+p Collisions @ 200 GeV
(2002 data)

J/Ψ in p+p Collisions @ 200 GeV
(2002 data)
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Energy ScalingEnergy Scaling

Phenomenological fit for average pT
p = 0.531, q= 0.188 

Cross-section well described by e.g. Color Evaporation Model.
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total cross section from Run3 data BR.σtot = 159 nb ± 8.5 % ± 12.3 %
total cross section from Run2 data BR.σtot = 234 ± 36 ± 34 ± 24 nb 

J/Ψ in p+p Collisions @ 200 GeV
(2003 Preliminary data)

J/Ψ in p+p Collisions @ 200 GeV
(2003 Preliminary data)
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Charmonium in d-Au CollisionsCharmonium in d-Au Collisions

Study of "normal nuclear effects": shadowing and 
energy loss

Nuclear dependence of σ(J/Ψ): Aα or σabs (nuclear 
absorption)
dE/dx not expected to be significant effect at RHIC 
energies
Overall absorption expected
Base line for AA
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d-Au Collisionsd-Au Collisions

PHENIX measurements cover different ranges of the 
Au parton momentum fraction where shadowing and 
anti-shadowing are expected

South (y < -1.2) : large X2 (in gold)   ~ 0.09
Central (y ~ 0) : intermediate X2        ~ 0.02
North (y > 1.2) : small X2 (in gold)    ~ 0.003

Eskola, Kolhinen, Vogt hep-ph/0104124

PHENIX µ, North     PHENIX µ, SOUTH
PHENIX e

d Au

North Muon Arm
South Muon Arm

Central Arm
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J/Ψ → µ+µ-

High x2 ~ 0.09

Low x2
~ 0.003

J/Ψ → µ+µ-

Cross section versus pTCross section versus pT

pT is broadened for dAu

∆<pT
2> =  

<pT
2>dAu – <pT

2>pp

1.77 ± 0.35 GeV2

1.29 ± 0.35 GeV2

(preliminary)
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( )ασσ 1972×= ppdA
High x2
~ 0.09

Low x2
~ 0.003pT broadening comparable

to lower energy
(√s = 39 GeV in E866)

dAu/pp versus pT
dAu/pp versus pT
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J/Ψ Rapidity Distribution in dAu and ppJ/Ψ Rapidity Distribution in dAu and pp
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1st J/ψ’s at large 
negative rapidity!

Low x2 ~ 0.003
(shadowing region)

Klein,Vogt, PRL 91:142301,2003
Kopeliovich, NP A696:669,2001 

α compared to lower √s

Data favors (weak) shadowing + (weak) absorption (α > 0.92)
With limited statistics difficult to disentangle nuclear effects.

dAu/pp versus rapiditydAu/pp versus rapidity

RdA
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Charmonium in Au-Au CollisionsCharmonium in Au-Au Collisions

Study of "medium effect" in high density matter
J/Ψ suppression : signature of QGP
J/Ψ formation by c quark coalescence

Experimental plan is to establish that the (to be observed)
charmonium suppression/enhancement pattern results from QGP

Study vs. pT

Study vs. centrality
Study in lighter systems
Study vs. a control 
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Disfavor models with enhancement relative to binary collision scaling. 
Cannot discriminate between models that lead to suppression relative     
to binary collision scaling.

Phys.Rev.C69, 014901,2004 

Coalescence model 
(Thews et al)

∆y = 1.0

∆y = 4.0
Stat. Model 
(Andronic et al.)

Absorption model 
(Grandchamp et al.) 

J/Ψ in Au+Au Collisions @ 200 GeV
(2002 data)

J/Ψ in Au+Au Collisions @ 200 GeV
(2002 data)

PRC 69, 014901 (2004)
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J/ Ψ signal

J/Ψ in Au+Au Collisions @ 200 GeV
(2004 data)

J/Ψ in Au+Au Collisions @ 200 GeV
(2004 data)

Analysis underway of a data sample 
(240 µb-1minbias  events, 270 TB)

Example of Dimuon invariant mass -
South arm - Peripheral AuAu 
Collisions
(40-92%)

(~30% of data set)

Example of Dielectron invariant mass  
minium bias sample
( < 10% of data set)

PHENIX Work in progress
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Near future at RHICNear future at RHIC

Full exploration of J/ Ψ and Ψ’ production versus “Nbinary”
Look forward to future runs with high luminosity where also studies 
for different collision species and with varying energy can be made
Cool-down of the RHIC ring for the upcoming run will start on Nov 8

CuCu collisions and long p-p run
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SummarySummary

p+p collisions: 
we measured total and differential J/ψ cross section, vs pt and y

d+Au collisions: 
evidence for weak shadowing and weak nuclear absorption 
evidence for pt broadening when comparing 

<pt
2>d+Au vs <pt

2>p+p

Au+Au collisions:
Run2 (2002) has low luminosity
Run4 (2004) has 50 times more data, presently being analyzed
New Cu-Cu run about to start

STAY TUNED !

More on “Heavy flavor production in PHENIX” by Olivier Drapier tomorrow


