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§  Debye screening of heavy quark potential 
à Quarkonia are expected to dissociate 
  T. Matsui, H. Satz, Phys.Lett. B178, 416 (1986) 

 

Probing the sQGP with quarkonia 

Charmonia  (cc): ���
J/Ψ, Ψ’, χc   
 

Bottomonia (bb): ���
ϒ(1S), ϒ(2S), ϒ(3S),χB  

_ 

_ 
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§  Debye screening of heavy quark potential 
à Quarkonia are expected to dissociate 
  T. Matsui, H. Satz, Phys.Lett. B178, 416 (1986) 

 

§  Sequential melting: Different states  
dissociate at different temperatures 

 Á. Mócsy, P. Petreczky, Phys. Rev. D77, 014501 (2008) 

Quarkonia may serve as sQGP thermometer 

Probing the sQGP with quarkonia 

Charmonia  (cc): ���
J/Ψ, Ψ’, χc   
 

Bottomonia (bb): ���
ϒ(1S), ϒ(2S), ϒ(3S),χB  

_ 

_ 
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Complications… 

Number of participants 

PHENIX: PRC 84 (2011) 054912  
ALICE: PRL 109,072301 (2012)  

§  Cold nuclear matter effects 
§  Nuclear shadowing  

(PDF modification in the nucleus) 
§  Initial state energy loss 
§  Co-mover absorption 

§  Hot/dense medium effects  
§  Coalescence of uncorrelated  

charm and bottom pairs 

§  Feed-down 
§  χc, ψ’, B-meson decay to J/ψ 
§  χb, ϒ(2S), ϒ(2S) to ϒ(1S) … 
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Complications… 

Contribution of different effects is not well understood 

Number of participants 

PHENIX: PRC 84 (2011) 054912  
ALICE: PRL 109,072301 (2012)  

§  Cold nuclear matter effects 
§  Nuclear shadowing  

(PDF modification in the nucleus) 
§  Initial state energy loss 
§  Co-mover absorption 

§  Hot/dense medium effects  
§  Coalescence of uncorrelated  

charm and bottom pairs 

§  Feed-down 
§  χc, ψ’, B-meson decay to J/ψ 
§  χb, ϒ(2S), ϒ(2S) to ϒ(1S) … 
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Experimental approach: RAA 
§  p+p collisions: Reference system and pQCD benchmark 

 
§  d+A, p+A: Understand cold nuclear matter effects 

 
§  A+A: Hot medium effects on top of those 
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Experimental approach: RAA 
§  p+p collisions: Reference system and pQCD benchmark 

 
§  d+A, p+A: Understand cold nuclear matter effects 

 
§  A+A: Hot medium effects on top of those 

 
 
  Some other measurements and observables (not covered) 

§  Collectivity (azimuthal anisothropy v2, radial flow) 
§  Polarization measurements 
§  Production in ultraperipheral collisions 

 

RAA =
1
Ncoll

dNAA / dy
dNpp / dy

Measuring the nuclear modification factor 
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Turning the knobs 
§  Collision energy: 39, 62.4, 200 GeV 

à Change relative contributions of dissociation and recombination 

§  System size/asymmetry: Au+Au, U+U; d+Au, Cu+Au … 
à Change relative contributions of hot/cold effects 
à Test sequential melting at different energy densities 

§  Centrality 
à Tune hot matter effects via path length 

§  Rapidity and momentum 
à Tune CNM and regeneration effects 

 

§  Charmonium vs. Bottomonium states 
à Test sequential melting  

§  J/ψ is abundant but prone to various “disturbing” effects 
§  ϒ is much less affected by regeneration and co-mover absorption 
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RHIC 

PHENIX 
STAR 

BRAHMS 
PHOBOS RHIC: Broad physics program 

§  Heavy ions: Au+Au, Cu+Cu, U+U,  
√sNN=7.7–200 GeV 

§  Polarized protons up to √s = 510 GeV 
§  Asymmetric systems (d+Au, Cu+Au) 
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Central arms: |y|<0.25, Δφ = (2 x π/2) 
 J/ψ, ϒ àe+e– 

§  DC, PC: dE/dx identification 
§  RICH, EMCal: Electron ID 

  

Forward arms: 1.2<|y|<2.2, Δφ = 2π 
 J/ψ, ϒ àµ+µ– 

§  Muon tracker and Muon ID 
 
 

RHIC/PHENIX 

PHENIX 
STAR 

BRAHMS 
PHOBOS RHIC: Broad physics program 

§  Heavy ions: Au+Au, Cu+Cu, U+U,  
√sNN=7.7–200 GeV 

§  Polarized protons up to √s = 510 GeV 
§  Asymmetric systems (p+Au, d+Au, Cu+Au) 

A Pioneering High Energy Nuclear Ion eXperiment 
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PHENIX 
STAR 

BRAHMS 
PHOBOS 

RHIC/STAR 

Time Projection Chamber 
§  ID via energy loss (dE/dx) 
§  Momentum (p) 
Barrel Electromagnetic Calorimeter 
§  Electron ID and energy 
à  Full azimuth coverage 
à  Uniform acceptance 
 

 |y|<1   
 J/ψ, ϒ àe+e– 

 

The Solenoidal Tracker at RHIC 

RHIC: Broad physics program 
§  Heavy ions: Au+Au, Cu+Cu, U+U,  
√sNN=7.7–200 GeV 

§  Polarized protons up to √s = 510 GeV 
§  Asymmetric systems (d+Au, Cu+Au) 
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PHENIX 
STAR 

BRAHMS 
PHOBOS 

RHIC 
RHIC: Broad physics program 
§  Heavy ions: Au+Au, Cu+Cu, U+U,  
√sNN=7.7–200 GeV 

§  Polarized protons up to √s = 510 GeV 
§  Asymmetric systems (d+Au, Cu+Au) 

The Solenoidal Tracker at RHIC 

Both experiments:  
continuous improvements 
to meet evolving physics goals 

New subsystems for enhanced PID, 
rates, coverage… 

Time Projection Chamber 
§  ID via energy loss (dE/dx) 
§  Momentum (p) 
Barrel Electromagnetic Calorimeter 
§  Electron ID and energy 
à  Full azimuth coverage 
à  Uniform acceptance 
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Inclusive J/ψ spectra  

STAR 2009 EMC : Phys. Lett. B 722 (2013) 55 
STAR 2009 MB: Acta Phys. Polonica B Vol.5, No 2 (2012), 543 
STAR 2005 & 2006:  Phys. Rev. C80, 041902(R) (2009) 
PHENIX 2006:  Phys. Rev. D 85, 092004 (2012) 
 

§  RHIC Data at 200 GeV: 
§  0<pT<14 GeV/c in year 2009 
§  Good agreement with PHENIX 
 

 

Do we understand J/ψ in p+p? 
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Inclusive J/ψ spectra 

STAR 2009 EMC : Phys. Lett. B 722 (2013) 55 
STAR 2009 MB: Acta Phys. Polonica B Vol.5, No 2 (2012), 543 
STAR 2005 & 2006:  Phys. Rev. C80, 041902(R) (2009) 
PHENIX 2006:  Phys. Rev. D 85, 092004 (2012) 
 

direct NNLO CS: P.Artoisenet et al., Phys. Rev. Lett. 101, 152001 (2008) and  
J.P.Lansberg private communication 
NLO CS+CO: Y.-Q.Ma, K.Wang, and K.T.Chao, Phys. Rev. D 84, 51 114001 (2011) and priv. comm. 
CEM: A.D. Frawley, T Ullrich, R. Vogt, Pys. Rept. 462 (2008) 125, and R.Vogt priv. comm.  

§  RHIC Data at 200 GeV: 
§  0<pT<14 GeV/c in year 2009 
§  Good agreement with PHENIX 
 

 
§  Model comparison: 

§  prompt NLO CS+CO:  
describes the data for pT  > 4 GeV/c  

§  direct NNLO*CS: 
misses high- pT  part 

§  Prompt CEM: reasonable description 
of spectra, but overpredicts the data 
at pT∼3 GeV/c 

 

Do we understand J/ψ in p+p? 
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d+Au: J/ψ yields vs. rapidity 
§  d+Au: Cold Nuclear Matter effects 

 PHENIX: PRL 107, 142301 (2011) 
 
§  Forward-backward asymmetry 
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d+Au: J/ψ RdAu vs. rapidity 
§  d+Au: Cold Nuclear Matter effects 

 PHENIX: PRL 107, 142301 (2011) 
 
§  Forward-backward asymmetry 

§  More suppression in “forward” (d-
going) than in “backward” (Au-going) 
direction 

§  CNM Model: Nuclear shadowing  
+ final state ccbar break-up:   

 Eskola, Paukkunen, Salgado,  
 JHEP 04065 (2009) 

§  Reasonably describes minimum bias 
RAA vs. y 

§  Note: does not model centrality 
dependence very well 
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Cu+Au: hot and cold matter effects 

§  Asymmetric suppression 
 PHENIX: PRC 90, 064908 (2014) 

§  Suppression in “backward” (Au-going) 
direction comparable to Au+Au 

§  Even stronger suppression in 
“forward” (Cu-going) direction  
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Cu+Au: hot and cold matter effects 

§  Asymmetric suppression 
 PHENIX: PRC 90, 064908 (2014) 

§  Suppression in “backward” (Au-going) 
direction comparable to Au+Au 

§  Even stronger suppression in 
“forward” (Cu-going) direction  

  
§  CNM model: Nuclear shadowing  

+ final state ccbar break-up  
 Nagle, Frawley, Levy, Wysocki,  
 PRC 84, 044911 (2011) 

§  Qualitatively describes data 
§  No hot effects included 
Consistent with stronger low-x gluon 
suppression in Au than Cu 
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STAR Preliminary 

CEM  p+p references for 39 and 62 GeV:  
Nelson, Vogt et al., PRC87, 014908 (2013) 
Theory: Zhao, Rapp, PRC82, 064905 (2010)	

 

Au+Au J/ψ RAA vs. beam energy 

§  Similar suppression in Au+Au at 200, 62.4 and 39 GeV 
§  Both at mid- and forward rapidity 
§  p+p reference is based on CEM calculations à Large uncertainty 
§  Consistent with theoretical calculations 

PHENIX: PRC86, 064901 (2012) 

STAR mid-rapidity PHENIX forward rapidity 
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STAR Preliminary 

CEM  p+p references for 39 and 62 GeV:  
Nelson, Vogt et al., PRC87, 014908 (2013) 
Theory: Zhao, Rapp, PRC82, 064905 (2010)	

 

Au+Au J/ψ RAA vs. beam energy 

§  Similar suppression in Au+Au at 200, 62.4 and 39 GeV 
§  Both at mid- and forward rapidity 
§  p+p reference is based on CEM calculations à Large uncertainty 
§  Consistent with theoretical calculations 

PHENIX: PRC86, 064901 (2012) 

Does coalescence compensate for melting? 

STAR mid-rapidity PHENIX forward rapidity 
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§  d+Au à study of cold nuclear 
matter effects 

§  RdAu ≈ 1 for high pT 

à CNM effects are small at high-pT 

 

Motivation for high-pT J/ψ  

STAR Preliminary	
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§  d+Au à study of cold nuclear 
matter effects 

§  RdAu ≈ 1 for high pT 

à CNM effects are small at high-pT 

 

Motivation for high-pT J/ψ  

STAR Preliminary	

§  Much less regeneration 

 

Model: 
X. Zhao, R.Rapp, PRC82, 064905 (2010) 
 
Data: 
PHENIX, Nucl.Phys. A 774 (2006) 747 
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High-pT J/ψ in Au+Au 

§  CNM effects are small 

§  Less regeneration 

§  Suppression of high-pT 
J/ψ in central collisions  

 
STAR low-pT : arXiv:1310.3563 
STAR high-pT : PLB722, 55 (2013) 
Liu et al., PLB 678, 72 (2009) 
Zhao and Rapp, PRC 82, 064905(2010), PLB 664, 253 (2008) 
PHENIX Phys. Rev. Lett. 98, 232301 (2007) 



Balaton Workshop ‘15 Quarkonia in STAR, R. Vértesi 24 
High-pT J/ψ in Au+Au 

§  CNM effects are small 

§  Less regeneration 

§  Suppression of high-pT 
J/ψ in central collisions  

 

High-pT J/ψ suppression is clearly an sQGP effect 

STAR low-pT : arXiv:1310.3563 
STAR high-pT : PLB722, 55 (2013) 
Liu et al., PLB 678, 72 (2009) 
Zhao and Rapp, PRC 82, 064905(2010), PLB 664, 253 (2008) 
PHENIX Phys. Rev. Lett. 98, 232301 (2007) 
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U+U: Higher energy densities 

RHIC √sNN=193 GeV U+U data (2012) 

§  Reach higher Npart than in Au+Au 

§  Reach higher Ncoll than in Au+Au 

§  Provide ~20% higher energy density 

Open Charm Production 
– U+U – 

14 
U+U collisions could have 20% higher energy density than Au+Au  

Centrality [%]
0 10 20 30 40 50 60 70

A
uA

u
Bε/

U
U

Bε

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

Au+Au Collisions 

U+U Collisions 

+ 

+ 

+ 

Kikola, Odyniec, Vogt, PRC 84, 054907 (2011) 
Masui, Mohanty, Xu, PLB 679, 440 (2009) 

Oblate 

Prolate 

Quark Matter 2014, Zhenyu Ye 

Further test of dissociation-coalescence interplay 

STAR preliminary 
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§  U+U trend generally similar to Au+Au 

J/ψ RAA in 193 GeV U+U 
PHENIX, PRC 86, 064901 (2012) 
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PHENIX, PRC 86, 064901 (2012) 

§  U+U trend generally similar to Au+Au 
§  Indication of weaker suppression in central U+U 

J/ψ RAA in 193 GeV U+U 

More coalescence in U+U than in Au+Au? 
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ϒ in p+p – baseline 

ϒ
y

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

/d
y 

(p
b)

σd
× - l+ lB

(1
S+

2S
+3

S)
,  

ϒ

0

20

40

60

80

100

120

140

160

180

200
STAR

 = 200 GeVNNs
-l+l →(1S+2S+3S) ϒ

(a)

STAR
pp
dAu / 1000

PHENIX
pp
dAu / 1000

R. Vogt
NLO pQCD CEM

pp
dAu / 1000

Phys.Lett. B735 (2014) 127 

§  p+p ϒ cross section vs. y, 
compared to pQCD 
predictions 

 R. Vogt, Phys. Rep. 462125, 2008 
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ϒ in p+p – baseline and pQCD test 

ϒ
y

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

/d
y 

(p
b)

σd
× - l+ lB

(1
S+

2S
+3

S)
,  

ϒ

0
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200
STAR

 = 200 GeVNNs
-l+l →(1S+2S+3S) ϒ

(a)

STAR
pp
dAu / 1000

PHENIX
pp
dAu / 1000

R. Vogt
NLO pQCD CEM

pp
dAu / 1000

 (GeV)s
210 310

 (p
b)

y=
0

/d
y|

ϒσ
 d⋅ B

-110

1

10

210

310 STAR, p+p, |y|<1.0
CFS, p+A
E605, p+A
CCOR, p+p
R209, p+p

R806, p+p
pUA1, p+
pCDF, p+

CMS, p+p
NLO CEM, MRST HO,

=1µ, m/2 m=4.75 GeV/c

(1S+2S+3S)ϒ

STAR Preliminary 

§  p+p ϒ cross section, 
compared to world data trend 

Phys.Lett. B735 (2014) 127 

§  p+p ϒ cross section vs. y, 
compared to pQCD 
predictions 

 R. Vogt, Phys. Rep. 462125, 2008 
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ϒ RdAu – CNM effects 

ϒ
y

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

dA
u

(1
S+

2S
+3

S)
 R

ϒ

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2
 (1S+2S+3S)dAuSTAR R

STAR p+p Syst. Uncertainty
PHENIX
Shadowing, EPS09 (Vogt)

)eEnergy Loss (Arleo, Peign
Energy Loss + EPS09

(b)

STAR: Phys.Lett. B735 (2014) 127 

§  Models include  
§  Gluon nPDF (Anti)shadowing 
§  Initial parton energy loss 

§  Indication of suppression at 
mid-rapidity beyond models 

RdAu = 0.48 ± 0.14(stat) ± 0.07(syst) ± 0.02(pp stat) ± 0.06(pp syst) 
          
  |y|<0.5 
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ϒ RdAu – CNM effects 

ϒ
y

-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

dA
u

(1
S+

2S
+3

S)
 R

ϒ

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2
 (1S+2S+3S)dAuSTAR R

STAR p+p Syst. Uncertainty
PHENIX
Shadowing, EPS09 (Vogt)

)eEnergy Loss (Arleo, Peign
Energy Loss + EPS09

(b) §  Models include  
§  Gluon nPDF (Anti)shadowing 
§  Initial parton energy loss 

§  Indication of suppression at 
mid-rapidity beyond models 

Mass Number (A)
10 210

 , 
   

   
 

/2
)

pd
σ

A
(

pA
σ

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

2

pp
σ

A
/2

dA
σ

 scaling0.96A

C Ca Fe W
Au

(a)

 = 40 GeV, 0<y<1.05NNsE772 1S (pA), 
 = 40 GeV, 0<y<1.05NNsE772 2S+3S (pA), 

 = 200 GeV, |y|<1.0NNsSTAR 1S (dAu), 

STAR: Phys.Lett. B735 (2014) 127 

Phys.Lett. B735 (2014) 127 

§  STAR data consistent with E772 
despite difference in energy 
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RAA of ϒ states in Au+Au 
STAR:  
Phys.Lett. B735 (2014) 127 

ϒ suppression pattern supports sequential melting 

§  Peripheral ϒ consistent 
with no suppression 

§  Central ϒ shows  
significant suppression 

§  Central ϒ(1S):  
indication of a 
suppression 

§  Excited states ϒ(2S) and 
ϒ(3S) consistent with 
complete melting 
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RAA of ϒ states: Au+Au vs. U+U 

New U+U data extends Au+Au trend – is U+U different? 

§  Peripheral ϒ consistent 
with no suppression 

§  Central ϒ shows  
significant suppression 

§  Central ϒ(1S):  
significant  
suppression 

§  Excited states ϒ(2S) and 
ϒ(3S) consistent with 
complete melting 

§  Hint of their presence in 
U+U collisions 
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RAA of ϒ states: data vs. models 

Strickland, Bazov, Nucl.Phys.A 879, 25 (2012) 
§  No CNM effects,   428<T<443 MeV 
§  Potential model ‘B’ based on  

heavy quark internal energy 
§  Potential model ‘A’ based on  

heavy quark free energy (disfavored) 

Liu, Chen, Xu, Zhuang, Phys.Lett.B 697, 32 (2011) 
§  Potential model, no CNM effects 
§  T=340 MeV, only excited states dissociate 

Emerick, Zhao, Rapp, Eur.Phys.J A48, 72 (2012) 
§  CNM effects included 
§  Strong binding scenario 

Suppression indicates ϒ melting in a deconfined medium 

However: CNM effects to be understood à RHIC 2015 p+Au run 
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Summary 

_ 

Hot medium effects: Significant suppression of high-pT J/ψ, and 
similar ϒ(1S) suppression in central A+A collisions 

§  ϒ(2S) and ϒ(3S) suppression is stronger than ϒ(1S) 
à clear signal of melting in a deconfined medium 

§  ϒ suppression in most central collisions similar to LHC 

J/ψ regeneration:  
§  Larger suppression at RHIC than LHC 
§  Similar suppression in central 39, 62.4 and 200 GeV data 

CNM effects:  
§  Important role played for J/ψ and may be important for ϒ 
§  Forward-Backward difference in asymmetric systems: nuclear shadowing 

U+U measurements: similar suppression patterns to Au+Au 
§  May be more J/ψ coalescence in central collisions 
§  Indication of ϒ(2S+3S). Confirmed central ϒ(1S) suppression 
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Outlook: STAR MTD 

PartN
0 50 100 150 200 250 300 350

A
A

R

0

0.2

0.4

0.6

0.8

1
-µ

+
µ→(1S)ϒ

-µ
+
µ→(2S)ϒ

-µ
+
µ→(3S)ϒ

, |y|<0.5-e+e→(1S+2S+3S)ϒ

STAR Muon Telescope Detector
 Au+Au-1 p+p, 20 nb-160 pb

ϒ projection 

<Npart> 

R
A

A
 

Muon Telescope Detector 
§  Outermost, gas detector 
§  Precision measurement of heavy 

quarkonia through the muon 
channel 

§  Acceptance: 45% in azimuth, |y|<0.5 
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Outlook: STAR MTD 
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, |y|<0.5-e+e→(1S+2S+3S)ϒ

STAR Muon Telescope Detector
 Au+Au-1 p+p, 20 nb-160 pb

ϒ projection 
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R
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A
 

Muon Telescope Detector 
§  Outermost, gas detector 
§  Precision measurement of heavy 

quarkonia through the muon 
channel 

§  Acceptance: 45% in azimuth, |y|<0.5 

~13.8 nb-1 Au+Au data from 2014 – first results out! 
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Outlook: STAR HFT, PHENIX FVTX 
§  Innermost, silicon detector subsystems 
§  STAR HFT (2014) and PHENIX VTX (2011) at midrapidity 
§  PHENIX FVTX (2012) at forward rapidity 
§  Highly improved tracking with secondary vertex reconstruction 
à Separation of prompt J/ψ production and BàJ/ψ  

7 

Intermediate Silicon Tracker: 

single-sided double-metal silicon pad  

sensors with 600 µm × 6 mm pitch 

σr-φ: 170 µm              σz: 1800 µm 

radius: 14 cm            X/X0 < 1.5 % 
See details at poster M-30 by Yaping Wang 

The task of SSD and IST is to guide the track from TPC to the innermost PXL detector with high hit density.  

Silicon Strip Detector: 

existing detector with new faster electronics 

double sided silicon strip modules with 95 µm pitch 

σr-φ: 20 µm  

σz: 740 µm 

radius: 22 cm 

X/X0: 1 % 

HFT Design�

Qiu Hao 

STAR Heavy Flavor Tracker PHENIX VTX and FVTX 
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Thank you! 

Backup >>> <<< Talk 
^^  ̂

Sunrise over the Keszthely bay 

Special acknowledgements to 
Aneta Iordanova 
Barbara Trzeciak 
Petr Chaloupka 
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J/ψ in p+p – polarization 

§  2<pT<6 GeV/c 
§  STAR+PHENIX 

consistent with NLO
+CSM 
§  Higher statistics 

needed to discriminate 

§  p+p 500 GeV results 
will improve precision 
for future CNM 
calculations 

8
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FIG. 4: (Color online.) Polarization parameter λθ as a function of J/ψ pT (red stars) for |y| < 1. The data is compared with
the PHENIX result (black solid circles) [10] and two model predictions: NLO+ Color Singlet Model (CSM) (green dashed lines
represent a range of λθ for the direct J/ψ , and the hatched blue band is an extrapolation of λθ for the prompt J/ψ) [9] and
NRQCD calculations with color-octet contributions (COM) [8] (gray shaded area). The blue line is a linear fit (Ax + B) to
RHIC points.

polarization of the correlated background using our data.
Instead, we use the value obtained by the PHENIX exper-
iment [10]. They found that the continuum polarization
is between −0.3 and 0.3. We estimate a systematic un-
certainty by simulating cos θ distributions for the residual
background taking two extreme values of λθ: −0.3 and
0.3. Then those cos θ distributions are subtracted from
the corrected cos θ distributions from the data, assuming
that the residual background is 5% of the J/ψ yield, in
order to estimate the influence of the continuum back-
ground polarization on the measured λθ.

J/ψ signal extraction

The systematic uncertainty associated with the J/ψ
signal extraction is estimated by counting the number of
J/ψ particles using the simulated J/ψ signal shape. The
J/ψ signal from the simulation is extracted in each pT
and cos θ bin and fitted to the data.

C. Polarization parameter λθ

Figure 4 shows the polarization parameter λθ as a func-
tion of J/ψ pT for inclusive J/ψ production. The result
includes direct J/ψ production, as well as J/ψ from feed-
down from heavier charmonium states, ψ

′

and χC (about
40% of the prompt J/ψ yield [20]), as well as from B
meson decays (non-prompt J/ψ) [2]. The non-direct J/ψ
production may influence the observed polarization. The
STAR result (red stars) is compared with the PHENIX
mid-rapidity (|y| < 0.35) J/ψ polarization result for in-
clusive J/ψ [10] (black solid circles). The blue line is a

linear fit, which takes into account both statistical and
systematic uncertainties, to all RHIC points. A trend to-
wards longitudinal J/ψ polarization is seen in the RHIC
data. The fit of a straight line gives a negative slope
parameter −0.16± 0.07 with χ2/ndf = 1.5/4.

STAR observes longitudinal J/ψ polarization in the
helicity frame at pT > 3 GeV/c. The STAR and PHENIX
measurements are consistent with each other in the over-
lapping pT region. Our result can be compared to the
polarization measurements from CDF [5] and CMS [6] at
mid-rapidity for prompt J/ψ. At pT ∼ 5 GeV/c, CDF
observes almost no polarization, λθ ∼ 0 (the polariza-
tion becomes slightly longitudinal as pT increases) while
STAR observes a strong longitudinal polarization in that
pT region. At LHC

√
s = 7 TeV, CMS reports zero polar-

ization at mid-rapidity up to pT 70 GeV/c [6]. However,
if the J/ψ production is xT dependent, the RHIC result
at pT ∼ 2 GeV/c is comparable with the CDF result at
pT ∼ 20 GeV/c and with the CMS result at pT ∼ 70
GeV/c (xT ∼ 0.02, xT = 2pT /

√
s). In addition, ALICE

experiment also reports very small polarization within
2< pT < 8 GeV/c at forward rapidity [7].

The data are compared with two model predictions
for λθ at mid-rapidity: NLO+ CSM [9] and COM [8].
The prediction of the COM [8] for direct J/ψ production,
the gray shaded area, moves towards the transverse J/ψ
polarization as pT increases [5]. The trend seen in the
STAR and PHENIX results is towards the longitudinal
J/ψ polarization with increasing pT , a linear fit to the
RHIC data has a negative slope parameter. Difference
between the COMmodel calculations and the STAR data
in terms of χ2/ndf (P value) is 4.6/3 (2.0 × 10−1) and

arXiv:1131.1621 
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J/ψ spectra, p+p at 500 GeV 

•  Precise measurements at 500 GeV 
•  up to pT=20 GeV 
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J/ψ xT-scaling 

 
 
200 GeV: 
•  high-pT xT-scaling with  

 n =  5.6 ± 0.2 
Phys. Rev. C 80, 041902 (2009) 

•  Breaking of scaling: transition to 
soft processes 

500 GeV:  
•  xT-scaling present  

down to lower pT 
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Experimental approaches 
§  p+p collisions: Reference system and pQCD benchmark 

 
§  d+A, p+A: Understand cold nuclear matter effects 

 
§  A+A: Hot medium effects 
 

RAA =
1
Ncoll

dNAA / dy
dNpp / dy

Nuclear modification Participation in collectivity 

dN
dφ

~1+ 2vn
n
∑ cos n φ −φRP( )( )
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PHENIX dilepton invariant mass  
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§  J/ψ spectrum softer than  
Tsallis Blast-Wave prediction 
§  Small radial flow? 
§  Recombination at low pT? 

      
 
    Tsallis Blast-Wave: 

Hydro-inspired freezeout 
Particles produced according to a Lévy-
distribution 

J/ψ spectra in Au+Au at 200 GeV 

STAR low-pT  Au+Au, CuCu : arXiv:1310.3563     
           high-pT Au+Au: Phys.Lett. B722, 55 (2013) 
           high-pT Cu+Cu : Phys. Rev. C 80 (2009) 041902 
PHENIX: Phys. Rev. Lett. 98 (2007) 232301 
Tsallis B-W: Z.Tang et al., Chin.Phys.Lett. 30, 031201 (2013) 
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J/ψ spectra, Au+Au at 200 GeV 

Y. Liu et al., Phys. Lett. B 678, 72 (2009)  
U. W. Heinz and C. Shen (2011), private communication. 

Coalescence of charm quarks is needed 

§  J/ψ spectrum softer than  
Tsallis Blast-Wave prediction 
§  Small radial flow? 
§  Recombination at low pT? 

§  Viscous hydrodynamics  
§  J/ψ decouples at 120..165 MeV  
§  fails at low-pT 
 

§  Y. Liu et al.  
§  Includes J/ψ suppression due to 

color screening 
§  Includes statistical regeneration 
§  peripheral: initial production 

dominates.  
central: regeneration becomes 
more significant at low pT. 
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Phys. Rev. Lett. 111 (2013) 52301 

J/ψ azimuthal anisotropy (v2) 

[31] Yan, Zhuang,Xu, PRL97 (2006) 232301 
[32] Greco, Ko, Rapp, PLB595 (2004) 202  
[34] Zhao, Rapp, PLB 655 (2007) 126 
[35] Liu,Xu,Zhuang, NPA834 (2010) 317c 
[36] Heinz, Chen (2012) 

STAR Au+Au 
√sNN=200 GeV 

§  Unique among hadrons!  
§  Regardless of centrality 
§  Thermalized charm quark coalescence does not dominate production 

J/ψ v2 consistent with non-flow at pT>2 GeV/c  
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Forward (Cu-going): 
§  J/psi probes Cu 

gluons at high-x, Au 
gluons at low-x 

§  Short proper 
crossing time in Au 
probes Eloss 

§  Long crossing 
proper time in Cu à 
ccbar breakup 

Backward (Au-going) 
The other way round 

Cu+Au CNM effects 
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Direct vs. regenerated J/psi vs. √sNN 

L. Grandchamp and R. Rapp, Nucl. Phys. A709, 415 (2002) 
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STAR ϒ measurements – summary 

§  p+p @ 200 GeV 
§  p+p @ 500 GeV 

§  pQCD benchmark 
§  Reference for A+A 
 

§  d+Au @ 200 GeV 
§  CNM effects 

§  Au+Au 
§  Hot nuclear matter effects 
§  Sequential suppression 

§  U+U 
§  Further tests of 

sequential melting 
§  Npart dependence 
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§  Precise measurements 
§  Uncorrected spectra so far 

Upsilons in p+p 500 GeV 
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ϒ RAA  : RHIC & LHC comparison 

§  LHC and RHIC suppressions are comparable at high Npart 

§  Npart dependence of ϒ suppression appears weaker at the LHC 

à Note the uncertainties, however 
Is suppression driven by energy density?  

PHENIX, Phys.Rev. C87 (2013) 
CMS, Phys. Rev. Lett 109 (2012) 222301  
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Excited ϒ states – LHC comparison 

Au+Au 

§  RHIC √sNN=200 GeV Au+Au and  
LHC √sNN=2.76 TeV Pb+Pb collisions: 
Similar suppression of central ϒ(1S) 

Raphael Granier de Cassagnac Quark Matter 2014, Darmstadt 

Five quarkonia 
• The suppression of 5 quarkonia 

was observed in PbPb 
– Well-ordered with binding energy 
– Inclusive bottomonia 
– Charmonia pT > 6.5 GeV 
+ pT-inclusive J/ψ from ALICE less 
suppressed than at RHIC, calling 
for recombination  

• Quarkonia melt in quark matter 
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Talks by Moon & Abdulsalam  
PRL109 (2012) 2220301,  

PAS-HIN-12-014, PAS-HIN-12-007  

Y(1S) 

Y(2S) 
J/ψ 

Phys.Lett. B735 (2014) 127 
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RHIC/STAR 

E/p 
BEMC 

§  Reconstruction: 
J/ψ à e+e– (Bee ~ 6%) 
ϒ   à e+e– (Bee ~ 2.4%) 

§  TPC 
§  dE/dx PID  
§  Large acceptance, 

uniform in a wide 
energy range 

§  TOF 
§  PID using flight time 

§  BEMC 
§  High-pT trigger 
§  PID using E/p  

and shower shape 

§  VPD 
§  Minimum 

bias events 

TPC 
TOF 


