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Original idea of color screening (Matsui and Satz 1986):

Quarkonium in QGP suppressed 
(Debye screening of QCD)

Sequential melting of quarkonium states 
as QGP thermometer

Alternative Scenario Statistical Hadronization 

Color screening

Recombination at phase boundary

Cold Nuclear Matter effects 

Nuclear parton distribution functions

Nuclear absorption 

Hadron comover dissociation 

Quarkonium Suppression a Signature for Deconfinement
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Color Screening

cc

To date no agreed upon interpretation 

of quarkonia measurements
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Not at RHIC & LHC
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tf ~ 0.35 fm  

J/, ’ccVacuum 
formation: precursor

Complex interplay of 
different effects in matter:

Nuclear
PDFs

color screening

comover dissociation

recombination

Nuclear
absorption
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tf ~ 0.35 fm  

J/, ’ccVacuum 
formation: precursor

Emphasis late stage 
effects on charmonium:

Nuclear
PDFs

color screening

comover dissociation

recombination
Study ’ to J/ with system size and rapidity



The PHENIX Experiment
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The PHENIX Experiment
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Central Arms
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J/, ’ 

Vertex tracker (VTX)

|h| < 1.2

Vertex tracker (FVTX)

1 < |h| < 3

Improved  mass resolution

4 disks per arm (z = 20, 25, 31, 38 cm) 

48 overlapping sensor wedges per disk

each wedge:

2 columns of strips 2.8 to 11.2 mm in r

75 m spacing in r

Sensor HDIHDI

FPHX Chips (13 per column)

Mini-strips are oriented to 
approximate an arc

Sensor
 2 columns of strips

 1664 strips per column

 strip length 2.8 to 11.2 mm

 75 micron spacing

 48 wedges per disk (7.5˚/
sensor, 15˚/wedge)

 0.5 mm overlap with adjacent 
wedges

FPHX Chip
 1 column readout

 128 channels 

 ~ 70 microns channel spacing

 Dimensions –9mm x 1.2 mm 



+- pair detection 

FVTX: tracking before absorber

absorber: dE/dx and dqms

MuTr: momentum after absorber

MuID:  identification 

Mass resolution w/o FVTX

p-resolution negligible

dE/dx correction ~50%

dqms contribution ~50%

Mass resolution with FTVX

p-resolution negligible

dE/dx correction ~100%

dqms contribution negligible

Improved Mass Resolution with FVTX
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p+p at 200 GeV

w/o FVTX with FVTX

MuIDMuTr

FVTX

𝑑𝑬

𝑑𝑥
𝜹𝜽𝒎𝒔

absorber

magnetJ/

+

-

𝝈𝒎~𝟏𝟒𝟓MeV 𝝈𝒎~𝟗𝟓MeV

With FVTX ’ peak 

clearly visible

J/         ’ J/         ’



Available data sets at sNN = 200 GeV 

’ to J/ ratio

Available Data Sets
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𝑩𝝁𝝁
𝝍′
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𝑩𝝁𝝁
 𝑱 𝝍
𝝈  𝑱 𝝍

=
𝑵𝒎𝒆𝒂𝒔
𝝍′

𝑵𝒎𝒆𝒂𝒔
𝑱/𝝍

𝛀𝝍′𝝐𝝍′

𝛀  𝑱 𝝍𝝐  𝑱 𝝍

𝝐𝝍′
𝒕𝒓𝒊𝒈

𝝐  𝑱 𝝍
𝒕𝒓𝒊𝒈

relative acceptance efficiency

GEANT simulation: ~ 0.8

relative 

trigger efficiency 

from MB  data ~ 0.97

PHENIX: arXiv:1609.06550



p+p Data
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J/ and ’ yields consistent 

in forward and backward rapidity

forwardbackward

PHENIX: arXiv:1609.06550



’ /(J/) vs pT

PHENIX data is not feed down 
corrected 

Only moderate pT dependence 

Small deviation around 2-3 GeV 
possibly related to bottom feed 
down

Integrated ’ /(J/) 

not very sensitive to s 

’ to J/ Ratio for p+p Collisions at 200 GeV
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PHENIX preliminary

Good agreement with world data

’ /(J/) and cc cross section 

approximately factorize 

𝑩𝝁𝝁
𝝍′
𝝈𝝍′

𝑩𝝁𝝁
 𝑱 𝝍
𝝈  𝑱 𝝍

𝒑𝒑

= 𝟐. 𝟒𝟑 ± 𝟎. 𝟏𝟖 𝒔𝒕𝒂𝒕 ± 𝟎. 𝟐𝟗(𝒔𝒚𝒔)

PHENIX: arXiv:1609.06550
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p+Au Data
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forwardbackward

consistent J/ yields and 

visibly smaller ’ yield Au-going rapidity

PHENIX: arXiv:1609.06550



p+Al Data
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forwardbackward

Low ’ statistics, 

indication for smaller ’ yield Au-going rapidity

PHENIX: arXiv:1609.06550



3He+Au Data
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forwardbackward

Low ’ statistics, 

indication for smaller ’ yield Au-going rapidity

PHENIX: arXiv:1609.06550



Double ratio method minimizes systematic uncertainties

acceptance  efficiency factors cancel 

Branching ratios cancel

Insensitive to cross section changes that effect both J/ and 

Double Ratio vs Rapidity
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p(He)-going side like pp

’ is suppressed on A 

going side 

*

*E.G. Ferreiro PLB749(15) 98 

and private communication

PHENIX: arXiv:1609.06550



Comover Dissociation of Quarkonium
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Dissociation by comovers 

with cross section  𝝈𝝍′
𝒄𝒐 and 𝝈𝑱/𝝍

𝒄𝒐

Given transverse comover density 𝝆𝒄𝒐

Survival probability:  𝑺 ~ 𝒆−𝝈
𝒄𝒐𝝆𝒄𝒐

 
𝝈𝝍′

𝝈  𝑱 𝝍

𝒑+𝑨
𝝈𝝍′

𝝈  𝑱 𝝍

𝒑+𝒑

∝
𝑺𝝍′

𝑺𝑱/𝝍
≈ 𝟏 − (𝝈𝝍′

𝒄𝒐 − 𝝈𝑱/𝝍
𝒄𝒐 )𝝆𝒄𝒐

Assume only comover dissociation:

Plot    
𝝈𝝍′

𝝈  𝑱 𝝍

𝒑+𝑨
𝝈𝝍′

𝝈  𝑱 𝝍

𝒑+𝒑

vs  𝝆𝒄𝒐



Comover Dissociation of Quarkonium
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PHENIX: arXiv:1609.06550

Approximate comover density:  𝝆𝒄𝒐 ∝
𝒅𝑵

𝒅𝒚
/ 𝑺𝑻

from AMPT

transverse size 

from Glauber MC



Comover Dissociation of Quarkonium
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PHENIX: arXiv:1609.06550

Approximate comover density:  𝝆𝒄𝒐 ∝
𝒅𝑵

𝒅𝒚
/ 𝑺𝑻

from AMPT

transverse size 

from Glauber MC

RHIC and LHC data 

from small systems 

consistent with comover 

interpretation



Summary

PHENIX measured ’ over J/ small systems s 200 GeV 

p+p, p+Al, p+Au and 3He+Au 

forward and backward rapidity 1.2 <|y|<2.2

’ over J/ in p+p collisions

Consistent with data at other collision energies

cc production and J/, ’ formation approx. factorize

’ over J/ in small systems 

Forward rapidity (p/He-going) consistent with p+p collisions

Backward rapidity (A going) ’ is suppressed

’ suppression is consistent with comover dissociation within 

large experimental uncertainties
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Thank you


