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ì  Future	  STAR	  Programs	  
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Quarkonia	  in	  QGP	  

ì  In	  1986,	  Matsui	  and	  Satz	  propose	  J/Ψ	  suppression	  as	  a	  
signature	  of	  QGP	  forma=on	  
ì  Free	  partons	  in	  QGP	  screen	  the	  color	  field	  between	  the	  

charm	  quark	  and	  an=quark	  
ì  The	  J/Ψ	  then	  dissociates	  into	  free	  quarks	  instead	  of	  

decaying	  in	  vacuum	  

ì  Same	  idea	  works	  for	  the	  boYom,	  an=-‐boYom	  pair	  in	  an	  
Upsilon	  

ì  As	  T	  increases,	  the	  Debye	  length	  decreases	  

ì  Suppression	  can	  be	  seen	  as	  a	  Thermometer	  of	  sorts	  
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Sources	  of	  CNM	  Modifications	  

ì  Nuclear	  PDF	  Modifica=on	  
ì  Shadowing	  and	  an=-‐shadowing	  
ì  Gluon	  satura=on	  

ì  Absorp=on/break-‐up	  of	  pre-‐quarkonium	  states	  by	  
nuclear	  remnants	  and	  co-‐movers	  

ì  Enhancement	  of	  pT	  spectrum	  (Cronin	  effect)	  
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Other	  modifications	  to	  production	  

ì  We	  observe	  a	  mixture	  of	  direct	  produc=on	  and	  feeddown	  
ì  J/ψ	  (observed)	  ≈	  0.6	  (J/ψ	  direct)	  +	  0.3	  (𝜒c)	  +	  0.1	  (ψ’)	  
ì  Also	  feeddown	  from	  B-‐>	  J/ψ	  +	  X	  
ì  49%	  of	  observed	  𝛶(1S)	  is	  from	  excited	  boYomonium	  states	  

ì  Produc=on	  mechanism	  (singlet	  vs	  octet	  vs	  mix)	  s=ll	  unknown	  
ì  Type	  of	  pre-‐quarkonium	  state	  can	  affect	  nuclear	  absorp=on	  cross	  

sec=on	  

ì  Hot	  medium	  enhancement	  
ì  Recombina=on	  from	  charm	  pairs	  in	  the	  medium	  
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STAR	  
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EM	  Calorimeter	  
• Electron	  ID	  via	  E/p	  
• Event	  Triggering	  

Time	  Projection	  Chamber	  
• Tracking	  and	  EID	  via	  Ioniza=on	  

Time	  of	  Flight	  
• EID	  thru	  par=cle	  speed	  



J/ψ	  in	  p+p	  200	  GeV	  

ì  STAR	  has	  strong	  coverage	  
out	  to	  14	  GeV/c	  

ì  Prompt	  NLO	  CS+CO	  
describes	  the	  data	  

ì  Prompt	  CEM	  does	  a	  
beYer	  job	  at	  high-‐pT	  
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J/ in p+p 200 GeV  
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direct NNLO: 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. D84, 51 114001 (2011) 
CEM:M. Bedjidian et al., hep-ph/0311048, and R.Vogt private communication 

PHENIX:  Phys. Rev. D82, 012001 (2010) 
STAR 2005&2006: Phys. Rev. C80, 041902(R) (2009) 
STAR 2009 EMC : Phys.Lett. B722 (2013)   

• J/ψ  pT extended to 0-14 GeV/c. 
 

• Prompt NLO CS+CO model 
     describes the data. 
 
• Prompt CEM model  
    describes the high-pT data. 
 
• Direct NNLO* CS model 
     underpredicts  high-pT part.  

direct	  NNLO:	  P.Artoisenet	  et	  al.,	  Phys.	  Rev.	  LeY.	  101,	  152001	  (2008)	  and	  J.P.Lansberg	  private	  
communica=on	  NLO	  CS+CO:	  Y.-‐Q.Ma,	  K.Wang,	  and	  K.T.Chao,	  Phys.	  Rev.	  D84,	  51	  114001	  (2011)	  
CEM:M.	  Bedjidian	  et	  al.,	  hep-‐ph/0311048,	  and	  R.Vogt	  private	  communica=on	  	  
	  

PHENIX:	  Phys.	  Rev.	  D82,	  012001	  (2010)	  
STAR	  2005&2006:	  Phys.	  Rev.	  C80,	  041902(R)	  (2009)	  
STAR	  2009	  EMC	  :	  Phys.LeY.	  B722	  (2013)	  	  
	  



J/ψ	  in	  d+Au	  

ì  Predic=on	  assumes	  shadowing	  and	  addi=onal	  nuclear	  absorp=on	  of	  3	  mb	  
ì  Fit	  to	  data	  gives	  σabs=2.8+3.5-‐2.6	  (stat.)	  +4.0-‐2.8	  (syst.)	  +1.8-‐1.1	  (EPS09)	  mb	  
ì  No	  sign	  of	  Cronin	  enhancement	  
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J/ in d+Au 200 GeV  
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E.Eskola, H.Paukkunenea and C.Salgo, Nucl. Phys. A 830, 599 (2009) R.Vogt, Phys. Rev. C 81, 044903 (2010) 

• Cold nuclear effects are important to interpret the heavy ion results. 
• Good agreement with model predictions using EPS09 nPDF parametrization 
     for the  shadowing,  and  J/ψ  nuclear  absorption  cross  section. 
• σabs

J/ψ =                                                                           fit to the data. mbEPSsyststat )09(.)(.)(8.2 8.1
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K.	  Eskola,	  H.	  Paukkunen	  and	  C.	  Salgado,	  Nucl.	  Phys.	  A	  830,	  599	  (2009)	  
R.Vogt,	  Phys.	  Rev.	  C	  81,	  044903	  (2010)	  	  



J/ψ	  	  in	  A+A	  

ì  CNM	  s=ll	  affects	  A+A	  
measurements	  and	  must	  
be	  considered	  

ì  Zhao	  and	  Rapp	  model	  
assumes	  σabs=7.3±1	  mb	  
ì  Includes	  shadowing	  

ì  High-‐pT	  J/ψ	  interact	  less	  
with	  the	  QGP	  

6/18/14	  STAR	  Quarkonium	  9	  

RAA vs. Npart 
Y. Liu, et al., PLB 678:72 (2009)  
X. Zhao and R.Rapp, PRC 82, 064905(2010) 

jaroslav.bielcik@fjfi.cvut.cz 

• RAA for pT < 5 GeV/c: 
    Low-pT data agrees with  
    both models. 
 
• RAA for pT > 5 GeV/c: 
     High-pT data less suppressed  
     than low-pT. 
 
• More suppression 
    in central than in peripheral  
    even at high pT. 
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STAR low-pT  arXiv:1310.3563 
STAR high-pT Phys.Lett. B722 (2013) 
 

 PHENIX Phys. Rev. Lett. 98, 232301 (2007) 

Data:	  
STAR	  low-‐pT	  arXiv:1310.3563	  
STAR	  STAR	  high-‐pT	  Phys.LeY.	  B722	  (2013)	  55	  
PHENIX	  Phys.	  Rev.	  LeY.	  98,	  232301	  (2007)	  
Models:	  
Y.	  Liu,	  et	  al.,	  PLB	  678:72	  (2009)	  
X.	  Zhao	  and	  R.Rapp,	  PRC	  82,	  064905(2010)	  	  



J/ψ	  	  in	  A+A	  

ì  But	  Zhao	  and	  Rapp	  miss	  
the	  high-‐pT	  data	  

ì  Room	  for	  more	  studies?	  
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FIG. 3: (Color online.) J/ψ RAA versus p
T

for several cen-
trality bins for Au+Au collisions at

√
s
NN

= 200 GeV. The
statistical (systematic) uncertainties are shown with vertical
bars (open boxes). The filled boxes about unity on the right
show the size of the normalization uncertainty. PHENIX low-
p
T

J/ψ results [8] and STAR high-p
T

results in Cu+Cu col-
lisions [17] are shown for comparison. The curves are the
predictions by Model I (Liu et al.) [13] and Model II (Zhao et
al.) [14].

in [17, 23]. We note that this method is data-driven,
although it relies also on the validity of PYTHIA’s
[34, 35] modeling of the near-side associated hadron
distributions. The effect is found to be 10-25% for
4 < p

T
< 12 GeV/c as shown in Fig. 1(c). Within err-

ors our data are consistent with the Fixed Order plus
Next-to-Leading Logarithms (FONLL) plus CEM pre-
diction [36, 37] indicated by the curve and uncertainty
band. More precise measurements using displaced vertex
techniques [38, 39] similar to those employed by CDF in
p + p̄ collisions at

√
s = 1.96 TeV and by ATLAS and

CMS in p+p collisions at
√
s = 7 TeV [40–42] are needed

to quantify the anticipated energy dependence [36, 37].
The measured J/ψ p

T
spectra in Au+Au collisions for

different centralities are shown in Fig. 2, and are consis-
tent with the low-p

T
J/ψ results from PHENIX in the

region of overlap in p
T
. The continuous curves depict fits

based on the Tsallis statistics Blast-wave (TBW) model
to the combined STAR and PHENIX data with the ra-
dial flow velocity β fixed to zero [43]. The fits reproduce
the data reasonably well. Under the assumption that the
J/ψ flows like light hadrons [43, 44], the TBW calcula-
tions shown as dashed curves underpredict the yields at
low p

T
. This could be due to a small (or zero) radial

flow or a significant contribution from charm quark re-
combination that would enhance the yield at low p

T
, or

both.

partN
0 50 100 150 200 250 300 350

AA
R

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8
0-10%10-20%20-30%30-40%40-60%

STAR
STAR Cu+Cu

)>0
T

pPHENIX   (
±πSTAR 
Liu et al.Model I, 
Zhao et al.Model II, 

/cGeV>5 Tp

200GeV Au+Au

FIG. 4: (Color online) RAA versus Npart for high-p
T

J/ψ,
low-p

T
J/ψ from PHENIX [8], and high-p

T
π± from STAR

[45, 46]. The statistical (systematic) uncertainties are shown
in vertical bars (boxes). The shaded green band about unity
shows the systematic uncertainties from Nbin and the box
about unity on the right shows the RAA normalization uncer-
tainty from the statistical and global systematic uncertainties
of the p+p reference data.

Figure 3 shows the J/ψ RAA versus p
T

for different
centrality bins. The STAR Cu+Cu J/ψ results [17] are
also shown. For p

T
> 5 GeV/c, J/ψ RAA in the 40-

60% centrality bin is consistent with unity and with our
previous measurement in Cu+Cu collisions with a simi-
lar average number of participants (Npart). The curves
show two theoretical calculations [13, 14] describing the
data reasonably well. These calculations include contri-
butions from prompt production and statistical charm
quark regeneration. The suppression of the prompt J/ψ
component in the model calculations is mainly due to
the color-screening effect. The model from Zhao et al.
(Model II) [14] also includes the J/ψ formation-time ef-
fect and the B-hadron feed-down contribution.

For p
T
> 5 GeV/c, J/ψ production follows the scal-

ing of the cross section, E d3σ
dp3 = g(xT )/(

√
s)n, with

xT = 2pT/
√
s [47, 48] observed in p+p collisions at

√
s

= 200 GeV [17]. This indicates that soft processes do
not alter high-p

T
J/ψ production. In this p

T
region, the

CNM and cc̄ recombination effects are expected to be
negligible in heavy-ion collisions [13, 14], and AdS/CFT
predicts suppression in the QGP for direct J/ψ [15].

We present high-p
T
(p

T
>5 GeV/c) RAA as a function

of Npart in Fig. 4. No significant suppression of high-p
T

J/ψ production is observed in mid-central to peripheral
collisions (30-60%, Npart ! 140). In central collisions
(0-30%, Npart " 140), high-p

T
J/ψ are significantly sup-

Data:	  
Phys.	  LeY.	  B	  722	  (2013)	  55	  
Models:	  
Y.	  Liu,	  et	  al.,	  PLB	  678:72	  (2009)	  
X.	  Zhao	  and	  R.Rapp,	  PRC	  82,	  064905(2010)	  	  



Upsilons	  in	  d+Au	  

ì  STAR	  and	  PHENIX	  
results	  in	  good	  
agreement	  with	  
predic=on	  

ì  Except	  for	  at	  |y|<0.5,	  
in	  good	  agreement	  
with	  just	  EPS09	  and	  
EPS09	  +	  Energy	  Loss	  

ì  Further	  studies	  
warranted	  at	  |y|<0.5	  
ì  Nuclear	  remnants?	  
ì  Co-‐movers?	  
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Upsilon	  Suppression	  

ì  STAR	  has	  measured	  
Upsilons	  in	  p+p,	  d+Au,	  
Au+Au,	  and	  U+U	  

ì  Results	  for	  |y|<1	  

ì  Rapp	  model	  assumes	  
σabs=0-‐3	  mb	  

ì  RdAu	  result	  suggests	  
minimal-‐to-‐no	  CNM	  
suppression	  
ì  Higher	  sta=s=cs	  

needed	  
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• RAA	  of	  ϒ(1S)	  is	  consistent	  with	  1	  in	  d+Au	  and	  peripheral	  and	  mid-‐central	  Au+Au	  
• Indica=on	  of	  suppression	  consistent	  with	  model	  calcula=on	  in	  central	  Au+Au	  
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J/ψ	  in	  pPb	  at	  LHC	  

ì  LHCb	  and	  ALICE	  results	  at	  forward	  rapidi=es	  

ì  EPS09	  can’t	  explain	  p-‐going	  suppression	  
ì  Addi=onal	  energy	  loss	  needed	  

6/18/14	  STAR	  Quarkonium	  14	  

y
-4 -2 0 2 4

pP
b

R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

 < 14 GeV/c
T

p

EPS09 LO
EPS09 NLO
nDSg LO
E. loss
E. loss + EPS09 NLO

 ψLHCb, Prompt J/
 = 5 TeVNNspPb 

LHCb(a)

y
-4 -2 0 2 4

pP
b

R

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

 < 14 GeV/c
T

p

EPS09 LO
nDSg LO

 from b ψLHCb, J/
 = 5 TeVNNspPb 

LHCb(b)

Figure 5: Nuclear modification factor R
pPb

as a function of y for (a) prompt J/ mesons and (b)
J/ from b, together with the theoretical predictions from (yellow dashed line and brown band)
Refs. [2,42], (blue band) Ref. [3], and (green solid and blue dash-dotted lines) Ref. [4]. The inner
error bars (delimited by the horizontal lines) show the statistical uncertainties; the outer ones
show the statistical and systematic uncertainties added in quadrature. The uncertainty due to
the interpolated J/ cross-section in pp collisions at

p
s = 5TeV is 5.5% (8.4%) for prompt J/ 

mesosns (J/ from b).

J/ mesons, are given in Table 5.
Figure 6 shows the forward-backward production ratio RFB as a function of |y|, compared

with theoretical calculations [2–4,42]. The value of RFB for J/ from b is closer to unity
than for prompt J/ mesons, indicating a smaller asymmetry in the forward-backward
production. The results agree with theoretical predictions. The calculation [3] with the
EPS09 NLO nPDF alone predicts a smaller forward-backward production asymmetry for
prompt J/ mesons than observed. Figure 7 shows the forward-backward production ratio
RFB as a function of p

T

for prompt J/ mesons and J/ from b in the range 2.5 < y < 4.0
of the nucleon-nucleon centre-of-mass frame. Theoretical predictions [3,5] are only available
for prompt J/ mesons. The calculation [5] based on parton energy loss with the EPS09
NLO nPDF agrees with the measurement of RFB for prompt J/ mesons. The measured
values of the forward-backward production ratio RFB are given in Tables 6 and 7, where
the results for inclusive J/ mesons are also listed.

6 Conclusion

The production of prompt J/ mesons and of J/ from b-hadron decays is studied in
pPb collisions with the LHCb detector at the nucleon-nucleon centre-of-mass energyp
sNN = 5TeV. The measurement is performed as a function of the transverse momentum

and rapidity of the J/ meson in the region p
T

< 14GeV/c and 1.5 < y < 4.0 (forward)
and �5.0 < y < �2.5 (backward). The nuclear modification factor R

pPb

and the forward-
backward production ratio RFB are determined for the first time separately for prompt
J/ mesons and those from b-hadron decays. The measurement indicates that cold nuclear

10

JHEP	  02	  (2014)	  072	  

10 The ALICE Collaboration
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Fig. 4: The nuclear modification factor for ψ(2S), compared to the corresponding quantity for J/ψ [35]. The
horizontal bars correspond to the width of the rapidity regions under study. The vertical error bars correspond
to statistical uncertainties, the boxes to uncorrelated systematic uncertainties, and the shaded areas to partially
correlated uncertainties. The filled box on the right, centered on RpPb = 1, shows uncertainties that are fully
correlated between J/ψ and ψ(2S). Model calculations tuned on J/ψ , and including nuclear shadowing [46] and
coherent energy loss [47] are also shown. The corresponding calculations for ψ(2S) produce identical values for
the coherent energy loss mechanisms and a 2-3% larger result for nuclear shadowing and therefore are not shown.

)c (GeV/
T
p

0 1 2 3 4 5 6 7 8

))c
b/

(G
eV

/
µ ( Tpdy

/d
σ2

 d⋅
B.

R
. 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16
-µ+µ→(2S)ψ= 5.02 TeV, inclusive NNsALICE, p-Pb 

 < 3.53cmsy  2.03 < 

 < -2.96cmsy-4.46 < 

Fig. 5: The ψ(2S) differential cross sections B.R.·d2σ/dydpT for p-Pb and Pb-p collisions. The horizontal bars
correspond to the width of the transverse momentum bins. The vertical error bars correspond to the statistical
uncertainties, the boxes to uncorrelated systematic uncertainties and the shaded areas to correlated uncertainties.
This last component is partially correlated when comparing p-Pb and Pb-p results. The points corresponding to
negative y are slightly shifted in pT to improve visibility.
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Upsilons	  in	  pPb	  at	  CMS	  

ì  Double	  Ra=os	  of	  
Upsilon	  excited-‐to-‐
ground	  state	  as	  
measured	  by	  CMS	  

ì  Excited	  state	  
suppression	  seen	  in	  
both	  pPb	  and	  PbPb	  
ì  Differen=al	  nuclear	  

absorp=on?	  

6/18/14	  STAR	  Quarkonium	  15	  

(1S)ϒ(2S)/ϒ (1S)ϒ(3S)/ϒ

pp
(1

S)
]

ϒ
(n

s)
/

ϒ
 / 

[
xP

b
(1

S)
]

ϒ
(n

s)
/

ϒ[

0

0.2

0.4

0.6

0.8

1

1.2

1.4
CMS Preliminary

 > 4 GeV/cµ

T
p

 = 5.02 TeVNNspPb 
| < 1.93

CM
µη|

 = 2.76 TeVNNsPbPb 
| < 2.4

CM
µη|

95% upper limit

JHEP	  04	  (2014)	  103	  



CMS:	  Upsilon	  Production	  vs.	  Activity	  

ì  Ac=vity	  and	  Upsilon	  in	  different	  rapidity	  ranges:	  standard	  scaling	  

ì  Ac=vity	  and	  Upsilon	  in	  same	  rapidity	  range:	  enhancement	  of	  1S	  in	  p+p	  (and	  a	  
hint	  in	  d+Au	  
ì  Also	  seen	  at	  CMS	  for	  the	  2S	  and	  hinted	  at	  for	  the	  3S	  
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Binding	  Energy	  

ì  STAR	  and	  CMS	  quarkonia	  RAA	  results	  show	  suppression	  for	  all	  states	  
measured	  

ì  Increased	  suppression	  with	  decreased	  binding	  energy	  as	  predic=on	  by	  
Debye	  screening	  

June	  17,	  2014	  RHIC/AGS	  AUM	  2014	  -‐	  A.	  Kesich	  17	  
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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  
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Recent	  STAR	  Upgrades	  
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ϒ with STAR MTD  

• A detector with long-MRPCs  
– Covers the whole iron bars and leave the gaps in between uncovered.  
– Acceptance: 45% at ||<0.5 
– 122 modules, 1464  readout strips, 2928 readout channels 

• Long-MRPC detector technology, electronics same as used in STAR-TOF 
• Run 2012 -- 10%; 2013 – 60%+; 2014 – 100%:  ϒ  via  +- 
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MTD (MRPC) 

jaroslav.bielcik@fjfi.cvut.cz 
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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 

Heavy	  Flavor	  Tracker	  

Muon	  Telescope	  Detector	  

Adapted	  from	  J.	  Bielcik,	  Hard	  Probes	  2013	  



Future	  STAR	  Upgrades	  

ì  Planned	  upgraded	  to	  TPC	  and	  new	  forward	  tracking	  and	  ID	  
systems	  will	  allow	  reconstruc=on	  of	  forward	  quarkonium	  
ì  Allows	  us	  to	  probe	  into	  the	  an=-‐shadowing	  region	  of	  PDF	  
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• How are the sea quarks and 
gluons, and their spins, 
distributed in space and 
momentum inside the nucleon?  

• Where does the saturation of  
gluon densities set in? 

• How does the nuclear 
environment affect the 
distribution of  quarks and 
gluons and their interactions in 
nuclei?  

Endcap TRD: 
Electron ID and charged 
particle tracking 

Forward Calorimeter System: 
High energy hadrons and jets 

Crystal EM Calorimeter (CEMC): 
Electron ID and precise energy  
measurement 

Use DVCS (or diffractive) 
measurement to extract the 
spatial distribution of  partons 

Di-hadron correlations, probe 
gluon saturation effects in eA Propagation of  a color charge in cold QCD Matter 

quark and gluon helicity 
distributions 

Ming Shao  for the      Collaboration 
Abstract: An Electron Ion Collider (EIC) is being considered as the next  generation QCD facility to understand how the visible universe is built up [1]. More specifically, the EIC will 
probe with unprecedented precision the low Bjorken-x domain where gluons and sea quarks dominate for both nucleons and nuclei. A possible  realization of  the accelerator facility based 
on the (currently operating) Relativistic Heavy Ion Collider (RHIC), called eRHIC, has been proposed [2]. The STAR detector, one of  the two major experiments at RHIC, has planned to 
evolve into eSTAR with a suite of  upgrades optimized for the EIC physics program. The major components of  the baseline upgrades will be introduced. The eSTAR detector 
performance and a broad range of  flagship measurements, which have been identified as part of  the EIC science case, are demonstrated through simulation. eSTAR has been found to be 
well suitable for an initial stage of  eRHIC [3].  

Expected eSTAR performance: 
Detector characteristics and DIS 
kinematics 

Momentum Transfer  

Co
up

lin
g S

tre
ng

th 

Shorter distance  

Understanding the strong interaction and the emergence of  
nucleons and nuclei from the properties and dynamics of  
quarks and gluons in QCD is a fundamental and compelling 
goal of  nuclear science [1]. 
• Little is known at large distance 
• Initial condition unknown in AA  

References: 
1. The EIC Whitepaper, The Electron Ion Collider: The Next QCD Frontier, http://arxiv.org/abs/1212.1701 
2. eRHIC design study, https://indico.bnl.gov/conferenceDisplay.py?confId=727 
3. eSTAR: The Letter of  Intent, the STAR Collaboration,  https://drupal.star.bnl.gov/STAR/starnotes/public/sn0592 

MC generated vs. eSTAR accepted events 

iTPC coverage 

iTPC upgrade:  Re-instrument the inner 
sectors of  Time Projection Chamber, 
extended charged particle acceptance 

inner-sector 

10+100 GeV 



Conclusions	  

ì  STAR	  quarkonium	  results	  probe	  thermal	  nature	  of	  
medium	  

ì  CNM	  effects	  must	  be	  quan=fied	  before	  AA	  results	  
can	  be	  fully	  interpreted	  

ì  RHIC	  and	  LHC	  results	  point	  to	  non-‐negligible	  
nuclear	  absorp=on	  of	  quarkonium	  states	  

ì  Future	  d+Au	  (or	  p+Au)	  runs	  will	  help	  constrain	  CNM	  
effects	  
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Backup	  
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EPS09	  

ì  3	  Inputs	  for	  the	  fits:	  
ì  A+l	  DIS	  collisions	  
ì  DY	  leptoproduc=on	  in	  p+A	  
ì  Pion	  spectra	  from	  d+Au	  and	  p+p	  at	  RHIC	  
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J/ψ	  	  Polarization	  

ì  |y|<1,	  	  
2<pT<6	  GeV/c	  

ì  STAR+PHENIX	  
consistent	  with	  NLO
+CSM	  
ì  Higher	  sta=s=cs	  

needed	  to	  
discriminate	  

ì  p+p	  500	  GeV	  results	  
will	  improve	  precision	  
for	  future	  CNM	  
calcula=ons	  
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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
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