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QuarkoniaQuarkonia as a QGP probeas a QGP probe
• J/ψ and ϒ Can be great probes but to 

understand the suppression due to color 
screening we should quantify
• Production mechanism
• Cold Nuclear Matter Effects
• Hot Nuclear Matter Effects

Requires measuring J/ψ and ϒ at a wide range in √s
STAR adds to this effort with its large acceptance + fast trigger

] A. Mocsy and P.Petreczky, 
PRL  99, 211602 (2007)
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Acceptance
|η|<1,  0<φ<2π
Year 2009  72%   of full TOF
Year 2010  100% of full TOF

STAR detector and Particle IDSTAR detector and Particle ID

Time Projection Chamber 
dE/dx, momentum

Time Of Flight detector 
time 1/β

ΕlectroMagnetic Calorimeter
E/p, Trigger

TOFTOF TPCTPC
BEMCBEMC
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COM prediction (for direct J/ψ only) leaves no room for feed-down 
CSM predicts a much steeper trend than our data
CEM seems to describe our data in the large pT range 

Tsallis Blast-Wave model (TBW) describes our data with β = 0
TBW prediction (light hadron parameters) is harder than data 
β=0 vs. regeneration? 

J/J/ψψ spectraspectra
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B B → J/J/ψψ+X+X

J/ψ-hadron azimuthal correlations are used to separate 
direct J/ψ from feed-down from B

Pythia simulations of prompt and B→J/ψ azimuthal
correlation are fit to the data to determine the relative yield
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J/J/ψψ hadronhadron correlationscorrelations

B→ J/ψ+X contributes 10-25% of 
J/ψ at pT > 4 GeV/c at 200 GeV

Consistent with the upper boundary 
of CEM+FONLL calculation

Consistency between hadron spectra 
indicate associated hadrons are 
dominantly from light quarks or gluons 
not heavy quarks

STAR Preliminary

STAR Preliminary
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J/J/ψψ RRAAAA vsvs NNpartpart

Suppression increases with centrality, decreases with pT

Tsinghua
Physics Letters B
Volume 678, Issue 1, 
6 July 2009, 
Pages 72-76 

Zhao+Rapp
Phys. Rev. C 82, 
064905 (2010)
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J/J/ψψ RRAAAA vsvs ppTT and centralityand centrality
J/J/ψψ RRAAAA increases with increases with ppTT in all centralitiesin all centralities

STAR Preliminary STAR Preliminary

STAR Preliminary STAR Preliminary
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J/J/ψψ vv22 vsvs ppTT

J/ψ v2 is consistent with 0 at pT > 2 GeV!

QM2011
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ϒϒ at STARat STAR

Decay channel: ϒϒ → e+e−

Pros
Small background at M~10 GeV/c2

Co-mover absorption is small at 200 
GeV

Recombination negligible at 200 GeV
Cons

Low rate of 10-9 per minbias p+p
interaction

Good resolution needed to separate 
3 S-states

We have learned much from the J/ψ, what can we learn 
from ϒ?
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ϒϒ((1S+2S+3S) cross1S+2S+3S) cross--sectionsection
p+pp+p 200 200 GeVGeV

L = 7.9 ± 0.6 pb-1

Nϒ(total)= 67±22(stat.)

Phys. Rev. D 
82, 012004 
(2010)

Phys. Rev. D 
82, 012004 
(2010)
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STAR 2006 √s=200 GeV p+p
ϒ+ϒ′+ϒ″→e+e- cross section consistent
with pQCD and world data trend

ϒϒ((1S+2S+3S) cross1S+2S+3S) cross‐‐sectionsection

Phys. Rev. D 
82, 012004 
(2010)

Phys. Rev. D 
82, 012004 
(2010)
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DiDi--electronelectron Yield 0Yield 0--60% 60% 
Au+AuAu+Au

Raw yield of ϒ→e+e‐ with |y|<0.5 = 196.6 ±35.8

10σ significance!

Run 10 Data
# of minimum 
Bias events=
4.62x109
# Triggers= 
50M
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DiDi--electron electron Yield by CentralityYield by Centrality
CentralPeripheral

5.9σ 6.7σ 5.3σ

How do we remove the Drell-Yan+bb contribution? 

STAR Preliminary STAR Preliminary STAR Preliminary
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Extracting Extracting ϒϒ(1S+2S+3S) (1S+2S+3S) YieldYield

Drell-Yan+bb = 
n

m
m
A

)1(
0

+
n = 4.59, m0 = 2.7 

Current resolution does not 
allow for a separation of the 
2S+3S states

Large theoretical uncertainty 
in the Drell‐Yan and bb yield

How do we extract a yield 
unbiased by our initial 
suppression assumptions?



Rosi Reed - Heavy Quarkonium 2011 16

Extracting Extracting ϒϒ(1S+2S+3S) (1S+2S+3S) YieldYield

•Fit has 2 free parameters:

•Yield of ϒϒ(1S+2S+3S)(1S+2S+3S)

••Yield of Yield of DrellDrell‐‐YanYan + bb+ bb

•• ϒϒ yieldyield does does NOTNOT come from the linecome from the line‐‐shape!shape!

•• ϒϒ = N= N++‐‐ ‐‐ NN‐‐‐‐ ‐‐ NN++++ ‐‐ ∫∫DY+bbDY+bb

•• ϒϒ masses are fixed to PDG Valuesmasses are fixed to PDG Values

••Ratios of 1S to 2S to 3S fixed to PDG valuesRatios of 1S to 2S to 3S fixed to PDG values

••Other effects come from simulationOther effects come from simulation
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ϒϒ Yield by centralityYield by centrality

• System uncertainties
– p+p luminosity and BBC trigger efficiency
– ϒ Line-shape
– Drell-Yan and bb background

CentralMid-CentralPeripheral
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ϒϒ(1S+2S+3S) R(1S+2S+3S) RAAAA



Rosi Reed - Heavy Quarkonium 2011 19

ϒϒ and J/and J/ψψ comparison comparison vsvs NNpartpart

Agreement between low pT J/ψ and ϒ is interesting

J/ψ and ϒ(2S) have similar binding energy, difference in RAA could help 
understand systematics
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Comparison STAR and CMSComparison STAR and CMS

Results are  consistent! Results are  consistent! 

QM2011

Phys. Rev. Lett. 107, 
052302 (2011)
2S+3S/1S suppression

STAR data is from 
0-60%

|y|<0.5 

CMS data is from 0-
100%

|y|<2.4

Momentum 
distributions are 
different
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ConclusionsConclusions
• STAR measured J/ψ→e+e- and ϒ(1S+2S+3S)→e+e- at 
√sNN=200 GeV in p+p and Au+Au collisions
• In p+p collisions CEM can describe J/ψ and ϒ(1S+2S+3S)
• The ratio of B → J/ψ to inclusive J/ψ is 10-25% at pT > 4 
GeV/c
• Away side spectra from J/ψ-h correlation consistent with h-h
• In Au+Au collisions

• J/ψ v2 consistent with zero
• J/ψ RAA increases with increasing pT
• In 20-60% high-pT J/ψ RAA~1
• In 0-20% high-pT J/ψ is significantly suppressed
• ϒ(1S+2S+3S) suppressed in central collisions! 3σ away 
from RAA = 1
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Back-up
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ϒϒ Trigger and AnalysisTrigger and Analysis

E2 Cluster

θ

E1 Cluster

L2 Parameters
(pp only)
E1 Cluster, 
E2 Cluster, 
Cos(θ), 

Invariant Mass

High Tower 
ET  > 3.5 GeV (pp)  

> 4.0 GeV (AuAu)L0 
Trigger 
Tower

Data

AuAu

2007

Rejection
~105 in pp
Can sample

full luminosity
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Observed Upsilon Signal

Slide 25

Signal + Background ⇒ unlike-sign electron pairs
Background ⇒ like-sign electron pairs
ϒ(1S+2S+3S) total yield: integrated from 7 to 11 GeV from 
background-subtracted me+e- distribution

Raw Yield: 172 +/- 20 (stat.)
Strong signal (8σ significance)
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Upsilon d+Au Cross Section

Slide 26

Nϒ 172 ± 20

εϒ 0.15 ± 0.02

∫Ldt 32 nb-1

dy 1.0

σ=35 ± 4(stat.) ± 5(syst.) nb

RdAu=0.78±0.28(stat.)±0.20(syst.)
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Slide 27Summer Quarkonia Workshop, June 

2011

With SVT
Without SVT

No Silicon Tracker!
Reduces EM material budget from 0.06 to 0.01 radiation 
lengths. Removed in Run 8 and beyond.
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ϒϒ at STARat STAR
TPC

|η| < 1, 0 < φ < 2π
Tracking → momentum

dE/dx → electron ID

BEMC
|η| < 1, 0 < φ < 2π
E/p → electron ID

High-energy tower trigger

Rosi Reed - Quarkonium Workshop 28
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Analysis Techniques

Phys. Rev. D 82
(2010) 12004

Phys. Rev. D 82
(2010) 12004

Triggered candidates exceed number of 
ϒ by a factor of ~700 (p+p)

TPC tracks that extrapolate to R=0.04 
in η−φ to trigger clusters are 
“matched”

R = √(Δη2+Δφ2)

Rosi Reed - Quarkonium Workshop 29
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Electron PID
E/p and dE/dx of matched tracks are 
used to select e+ and e‐ tracks

Phys. Rev. D 82
(2010) 12004

Electron purity is ~98% in p+p
for single electron case
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Analysis Techniques

31

Line shape is a crystal function 
parameterized by a comparison with 
simulation

⎪
⎪
⎩

⎪⎪
⎨

⎧

−≤
−−

−

−>
−−

−
=

− α
σσ

α
σσσα

xxforxxBA

xxforxx

xnxf
n ,)(

),
2

)(exp(
),,,;(

2

2

)
2

||exp()
||

(
2α

α
−= nnA||

||
α

α
−=

nB

Rosi Reed - Quarkonium Workshop 31

Drell-Yan+bb = 
n

m
m
A

)1(
0

+
n = 4.59, m0 = 2.7 

Parameterization of 
non‐Combinatoric
background:
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ϒϒ((1S+2S+3S) cross1S+2S+3S) cross‐‐sectionsection
New cross‐section measurement with 
~x3 the statistics to be available shortly

S/B region 
higher than 
the 2006 p+p
measurement:

(S/B) ~ 5.76
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