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STAR physics focus

in heavy ion collisions

• At top 200 GeV
- Test pQCD in hot and dense medium
- Study medium properties, Equation of State

• RHIC Beam Energy Scan (BES)
- Search for the QCD critical point
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Study structure of QCD phase diagram
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TOF TPC

Magnet

upVPD

STAR experiment

• DAQ1000 since 2009

• Barrel Time-Of-Flight (TOF) (72% at 2009, 100% at 2010)

• High Level online tracking Trigger (HLT)

• Less material inside TPC

BEMC

BBC

EEMC
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STAR plenary talks
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 Wednesday 25/May 11:15  -  Helen Caines (Yale)
 STAR on reconstructed jets and jet-like correlations
 
 Thursday 26/May 08:55  -  Bedangadas Mohanty (VECC)
 STAR: Results from the beam energy scan program

 Thursday 26/May 12:00  -  Paul Sorensen (BNL)
 STAR correlations and fluctuations - vn measurements
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Outline
1. Jets & Heavy flavors
- Jet-hadron correlation, PID triggered correlations

- c&b cross section, spectra and RAA for D mesons in Au + Au

- Quarkonium suppression RAA, and J/ψ v2

2. Electromagnetic & bulk probes
- Photoproduction of ρ0 and J/ψ in the ultra-peripheral collisions

- Di-electron spectrum in p+p & Au + Au

- Discovery of anti-4He

- Bulk correlation; triangular flow, dynamical charge correlation

3. Beam Energy Scan
- Azimuthal anisotropy v2

- Higher moments of net-proton

4. Summary

5
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Jets
& Heavy flavors

6
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Jet-hadron correlation

• Significant broadening and softening of jets in Au + Au

• High pT suppression largely balanced at low pT enhancement
➡ Seems to consistent with radiative energy loss picture

7

Alice Ohlson, Fri/27 18:10

DAA(passoc
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Away side Gaussian width Away side energy balance
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PID triggered correlation

• Strong trigger-PID dependence of the ridge yield

• Near side peak: π > p+K, similarity in d+Au and Au + Au
➡ Consistent with no dilution of near side

8

4 < pT,trigger < 6 GeV/c, pt,assoc. > 1.5 GeV/c
|Δφ| < 0.73

Kolja Kauder, Fri/27 16:00

Min. Bias 0-10%

      π trigger
      p+K trigger

d + Au 200 GeV Au + Au 200 GeV
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First Measurement of  Suppression 
Rosi Reed (UC Davis), for the STAR Collaboration 

Suppression of Quarkonia in heavy ion collisions with 
respect to proton-proton collisions due to the Debye 
screening of the potential between the heavy quarks 
was hypothesized to be a signature of the Quark 
Gluon Plasma (QGP) [1]. Lattice calculations show 
that quantifying the suppression of an entire family of 
Quarkonium mesons can give us a model dependent 
measurement of the temperature of the hot, dense 
matter produced in heavy ion collisions. For the  
family, calculations indicate that the (1S) state should 
not be suppressed at 200 GeV which would give a 
standard candle that the (2S) and (3S) states can 
be compared to. The suppression of Quarkonia can be 
quantified by calculating the nuclear modification factor 
RAA, which is the ratio of the production in Au+Au 
collisions to the production in p+p scaled by the 
number of binary collisions. We will present our results 
for mid-rapidity (1S+2S+3S) production in p+p and 
Au+Au collisions at SNN = 200 GeV. These results will 
be combined into the nuclear modification factor RAA. 
The centrality dependence of RAA will be shown for the 
combined (1S+2S+3S) yield. 

Introduction 

Analysis 

Sequential suppression of 
Quarkonium mesons acts as a 
QGP thermometer. 

TPC 
| | < 1, 0 <  < 2  

Tracking  momentum 
dE/dx  electron ID 

BEMC 
| | < 1, 0 <  < 2  
E/p  electron ID  

High-energy tower trigger 

E2 Cluster 

E1 Cluster 

L0 Trigger Tower 

L2 Parameters 
(pp only)  

E1 Cluster,  
E2 Cluster,  

Cos( ),  
Invariant 

Mass 

High Tower  
ET  > 3.5 GeV (pp)   
     > 4.0 GeV (AuAu) Rejection 

~105 in pp 
Can sample 

full luminosity 

TPC tracks that extrapolate 
to R=0.04 in to trigger 

 

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

E/p and dE/dx of matched 
tracks are used to select 
e+ and e- tracks 

Track pairs combined into:  

e+e- = N+- = Signal + Background 
e-e-+e+e+ = N--+N++ = Background 

Yield of bb and Drell-Yan determined by fitting S with 3 Crystal Ball functions for the (1S+2S+3S) 
states and power law multiplied by an erf functions for Drell-Yan and bb 

Extracting  requires knowledge of the bb and Drell Yan background.  There are 
large theoretical uncertainties in these yields at 10 GeV.  Yield of Drell-Yan and bb 
was parameterized as A/(1+m/m0)n where n=4.69 and m0 =2.7 from ref [4].  The 
yield was set by fitting this parameterization with 3 crystal-ball functions representing 
the yield  

= N+- - N-- - N++ - DY+bb This allows a model independent measurement of the  
yield 

Ratios and masses of the (1S+2S+3S) states fixed to their PDG values 

Conclusions 
RAA (0-60%)=0.56±0.11(stat)+0.02/-0.14(sys) 

RAA (0-10%)=0.34±0.17(stat)+0.06/-0.07(sys) 

S+2S+3S) is suppressed in central 
collisions! 3  away from RAA = 1  

3x the p+p statistics (run 9) + ~2x the Au+Au 
statistics (run 11) will decrease the uncertainty 
by more than a factor of 2.  

 in p+p 200 GeV  

 in Au+Au 200 GeV  

 Trigger 

Abstract 
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At  200 GeV [3]: 

(3S) should be completely dissociated 

2S) state may dissociate  

(1S) state should survive 
[2] 
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82 (1) (2010) 
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Central Mid-Central Peripheral 

STAR capability for heavy flavors

• Clear signal for D0 mesons, J/ψ and ϒ in Au + Au collisions

9

D0→K-π+ J/ψ→e+e- ϒ→e+e-
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Charm cross section

• Charm cross section is consistent with upper bound of FONLL 
calculation in p+p

• Charm cross section follows number of binary collision scaling
➡ Charm quarks are mostly produced by initial hard scattering

10

Yifei Zhang, Fri/27 16:00FONLL: M. Cacciari et al, PRL95, 122001 (2005)
NLO: R. Vogt, EPJ. ST 155, 213 (2008)
d+Au: STAR, PRL94, 062301 (2005), electron: PHENIX, PRL97, 252002 (2006)
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FIG. 17: (Color online) Invariant cross section of electrons ( e
++e−

2
) from bottom (upper-left) and charm meson (upper-right)

decay, together with the ratio of the corresponding measurements to the FONLL predictions for bottom (lower-left) and charm
electrons (lower-right). The solid circles are experimental measurements. The error bars and the boxes are respectively the
statistical and systematic uncertainties. The solid and dotted curves are the FONLL predictions and their uncertainties. The
dashed and dot-dashed curves are the FONLL prediction for B→D→e, i.e. electrons from the decays of D mesons which in
turn come from B meson decays.

despite the large difference in background. This mea-
surement and PHENIX measurement are consistent with
each other within the quoted uncertainties. After correct-
ing a mistake in the photonic electron reconstruction effi-
ciency, the published STAR result using year 2003 data is
consistent with our present measurements. We are able
to disentangle the electrons from bottom and charm me-
son decays in the non-photonic electron spectrum using
the measured ratio of eB/(eB + eD) and the measured
non-photonic cross section. The integrated bottom and
charm electron cross sections ( e

++e−

2 ) at 3 GeV/c < pT <
10 GeV/c are determined separately as

dσ(B→e)+(B→D→e)

dye
|ye=0 = 4.0± 0.5(stat.)± 1.1(syst.)nb

dσD→e

dye
|ye=0 = 6.2± 0.7(stat.)± 1.5(syst.)nb.

FONLL can describe these measurements within its
theoretical uncertainties. Future measurements on low-
pT electrons from bottom meson decay are important to

overcome the large uncertainties of the derived total bot-
tom quark production cross section that originate mostly
from the large variations of theoretical model prediction
in the low-pT region.

Acknowledgments

We thank the RHIC Operations Group and RCF at
BNL, the NERSC Center at LBNL and the Open Sci-
ence Grid consortium for providing resources and sup-
port. This work was supported in part by the Offices
of NP and HEP within the U.S. DOE Office of Science,
the U.S. NSF, the Sloan Foundation, the DFG cluster of
excellence ‘Origin and Structure of the Universe’of Ger-
many, CNRS/IN2P3, FAPESP CNPq of Brazil, Ministry
of Ed. and Sci. of the Russian Federation, NNSFC, CAS,
MoST, and MoE of China, GA and MSMT of the Czech
Republic, FOM and NWO of the Netherlands, DAE,
DST, and CSIR of India, Polish Ministry of Sci. and
Higher Ed., Korea Research Foundation, Ministry of Sci.,
Ed. and Sports of the Rep. Of Croatia, and RosAtom of
Russia.

Bottom cross section

• Disentangle B decay contribution to non-photonic electron

• Bottom decay electrons consistent with FONLL calculation

11

B decay D decay

p+p
200 GeV

STAR, PRD83, 052006 (2011)
FONLL, M. Cacciari et al, PRL95, 122001 (2005)
M. Cacciari, R. Vogt, private communication

Xin Li, poster board 44, Thu/26

Wenqin Xu, Mon/23 17:30



Hiroshi Masui         QM2011, Annecy, France, May 22-28, 2011 /29

D0 RAA 

• First measurement of D0 RAA, RAA ~ 1 in pT < 3 GeV/c

• Blast-wave fit favors higher Tkin, smaller βT for D0 than light hadrons
➡ D0 freeze-out earlier than light hadrons

12

Yifei Zhang, Fri/27 16:00

BW(πKp) Blast-wave fit results,
STAR, PRC79, 034909 (2009)
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J/ψ spectra & RAA

• Extend J/ψ spectra up to 10 GeV/c

• High pT (pT > 5 GeV/c) J/ψ suppression at central collisions

13

Zebo Tang, Tue/24 15:40  
STAR CuCu: PRC80, 041902(R) (2009), PHENIX: PRL98, 232301 (2007)
Y. Liu et al, PLB678, 72 (2009) and private comminication 
X. Zhao and R. Rapp, PRC82, 064905( 2010) and private communication

TBW fit, Z. Tang et al, 
arXiv:1101.1912
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ϒ RAA

• ϒ(1S+2S+3S) 
suppression at central 
collisions

- Similar suppression with high 
pT J/ψ

• First measurement of ϒ 
suppression

• Statistical uncertainty will 
be improved by more than 
a factor of 2

- × 3 in p+p 2009

- × 2 in Au+Au 2011

14

Rosi Reed, poster
 board 48, Thu/26
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J/Ψ v2

• J/ψ v2 ~ 0 up to pT ~ 8 GeV/c in mid-central 20-60%
➡ Disfavors coalescence from thermalized charm quarks

15

Hao Qiu, poster 
board 60, Thu/26

STAR Preliminary

Zebo Tang, Tue/24 
15:40  

charged hadrons, STAR, PRL93, 252301 (2004)
φ, STAR, PRL99, 112301 (2007)
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Electromagnetic
& bulk probes

16
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STAR preliminary

STAR preliminary

Ev
en

ts

STAR preliminary

Ev
en

ts

ρ0, J/Ψ photoproductions

• Heavy vector mesons in 
ultra-peripheral collisions

- Sensitive low x gluon distribution
➡ Initial conditions

• ρ0 and J/ψ peak at low pT

- Consistent with expectations for 
coherent photoproductions

• No significant rapidity 
dependence of cross section 
ratio (J/ψ)/ρ0

- Higher than Klein-Nystrand 
model calculations

17

Janet Seger, poster
 board 55, Thu/26 ρ0

J/ψ

Data   
Model*

* S. R. Klein, J. Nystrand, PRC60, 014903 (1999)
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Di-electron spectrum in p+p

• Data is reproduced by 
cocktail simulations

• Provide a reference for 
Au + Au collisions

18

Bingchu Huang, poster 
board 102, Thu/26

Jie Zhao, Thu/26 15:40
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Di-electron spectrum in Au+Au

• Enhancement in low mass 
region at central 0-10%

- ρ contribution not included in 
the cocktail

- In-medium modification of ρ ?

• Charm contribution from 
PYTHIA × Nbin (0.96 mb) 
overestimate the data at 
intermediate mass region  
→ modification of charm ? 
thermal radiation ?

19

Jie Zhao, Thu/26 15:40
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Baryon Number
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Discovery of anti-4He

• Discovery of 18 anti-4He based on TPC+TOF+HLT

• Consistent with thermal & coalescence model expectation

20

Liang Xue, Mon/23 15:00

Nature 473, 353-356, (19 May 2011) 
doi:10.1038/nature10079



Hiroshi Masui         QM2011, Annecy, France, May 22-28, 2011 /29

Triangular flow

• v3 observed. Peak at mid-central, similar to v2

• Sensitive to the initial geometry, v3 ∝ ε3part

21

peripheral central

Paul Sorensen, Thu/26, 12:00

Related posters

Tue/24
Li Yi, board 33
Jim Thomas, board 43

Thu/26
Chanaka De Silva, board 15

cos3(φ1-φ2) for |Δη| > 0.6
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Dynamical charge correlation

• Difference of opposite and same sign 
decreases with decreasing energy

- More details, different approaches in Dhevan’s 
talk and related posters

22

Related posters
Tue/24
Quan Wang, board 34
Hui Wang, board 95

Dhevan Gangadharan, Fri/27 15:40
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of reaction plane
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Beam Energy Scan
23

• Search for
✓ Turn off signature of QGP
✓ QCD Critical point
✓ Signature for softening of 

EOS
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RHIC Beam Energy Scan (BES)

24

Year √sNN 
(GeV)

# of good 
events

2010
7.7 ~5M

2010 11.5 ~11M2010
39 ~170M

2011 19.6 ~17M
2011 5 -
2012 27 -

‣Turn off signature of QGP
 NCQ scaling of v2
 suppression of RAA
 charge separation w.r.t reaction plane
 ...
‣QCD critical point
 higher moments of conserved quantities
 particle ratio fluctuations
 ...
‣Softening of EOS
 azimuthal HBT
 azimuthal anisotropy v1, v2, ...
 ...
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Particle ratio fluctuations

• No strong energy dependence of K/π fluctuations in central 0-5% Au 
+ Au collisions from STAR data

25

STAR TPC+TOF
π: 0.2 < pT < 1.4 GeV/c
K; 0.2 < pT < 1.4 GeV/c

Terence Tarnowsky,
 Mon/23 16:00
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Higher moments of net-proton

• Consistent with Lattice QCD 
and Hadron Resonance 
Gas (HRG) model at higher 
energies

• Start deviating from HRG 
model at 39 GeV

26

STAR Preliminary

Terence Tarnowsky,
 Mon/23 16:00

Sσ = χ(3)
B /χ(2)

B

κσ2 = χ(4)
B /χ(2)

B
1. Connection to susceptibilities
2. Higher order, more sensitivity 
to the correlation length

19.6, 62.4 and 200 GeV: STAR, PRL105, 022302 (2010)

Xiaofeng Luo, poster
 board 141, Thu/26
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Higher moments of net-proton

• Consistent with Lattice QCD 
and Hadron Resonance 
Gas (HRG) model at higher 
energies

• Start deviating from HRG 
model at 39 GeV

26

STAR Preliminary

Terence Tarnowsky,
 Mon/23 16:00

Sσ = χ(3)
B /χ(2)

B

κσ2 = χ(4)
B /χ(2)

B
1. Connection to susceptibilities
2. Higher order, more sensitivity 
to the correlation length

19.6, 62.4 and 200 GeV: STAR, PRL105, 022302 (2010)

Xiaofeng Luo, poster
 board 141, Thu/26
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Azimuthal anisotropy v2

• v2(φ) does not follow the trend for other hadrons at 11.5 GeV

• Significant difference of v2 between baryon and anti-baryon at 7.7 
and 11.5 GeV

27

Alexander Schmah,
Mon/23, 18:50

STAR Preliminary

62.4 GeV Λ-Λ: STAR, PRC75, 054906 (2007)−
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Summary (i)

• Jet-hadron correlation
- Appears to be consistent with radiative energy loss picture

• PID triggered correlation
- Strong trigger-PID dependence of the ridge yields

- No dilution of near-side peak → challenge to simple recombination picture 

• More results in Helen’s talk on Wed/25 11:15

• Charm and bottom cross section are consistent with FONLL

• First measurement of D0 RAA

- Blast-wave model fit suggests D0 freeze-out earlier than light hadrons

• Quarkonium RAA at central collisions
- High pT J/ψ suppression, first measurement of ϒ(1S+2S+3S) suppression

• J/ψ v2 ~ 0 up to 8 GeV/c
- Disfavors coalescence from thermalized charm quarks

28
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Summary (ii)

• Enhancement of low mass di-electron spectrum at 0-10% central 
collisions

- In-medium modification of ρ ? Charm modification ?

• Discovery of anti-4He
- Consistent with thermal & coalescence model expectation

• v3 ∝ ε3,part, sensitive to the initial geometry. More results in Paul’s talk 
on Thu/26 12:00

• Difference of opposite and same sign correlations decreases with 
decreasing energy

• Success of RHIC Beam Energy Scan program in 2010.
- Presented selected results; particle ratio fluctuations, higher moments of net-

proton, v2 

• More results (azimuthal HBT, v1, pT spectra, particle ratio, ...) in 
Bedanga’s talk on Thu/26 8:55

29
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STAR parallel talks

30

Mon. 23, 18:50   Alexander Schmah (LBNL) - Event anisotropy $v_{2}$ of identified hadrons and light nuclei in Au+Au collisions at $\sqrt{s_{NN}}
=$ 7.7, 11.5 and 39 GeV with STAR
Fri. 27, 15:40   Dhevan Gangadharan (OSU) - Search for Local Strong Parity Violation in STAR Using Multiple Observables

Global and Collective Dynamics

Fri. 27, 16:00   Kolja Kauder (UIC) - Leading hadron PID effects in di-hadron angular correlations in STAR
Fri. 27, 18:10   Alice Ohlson (Yale) - Jet-Hadron Correlations in STAR

Jets

Mon. 23, 15:00   Liang Xue (SINAP/BNL) - Observation of the antimatter helium-4 nucleus Hadron thermodynamics and chemistry

Mon. 23, 17:30   Wenqin Xu (UCLA) - STAR Measurements of Bottom to Charm ratio and Heavy Quark Interaction 
with the QCD Medium through Non-Photonic Electron-Hadron Correlations
Tue. 24, 15:40   Zebo Tang (USTC) - J/Psi production and correlation in p+p and R_{AA} at high-pt in Au+Au collisions
Fri. 27, 16:00   Yifei Zhang (LBNL) - Open charm hadron measurement in p+p and Au+Au collisions at $\sqrt{s}$ = 200 GeV in STAR

Heavy flavors

Thu. 26, 15:40  Jie Zhao (SINAP/LBNL) - Dielectron Continuum Production from $\sqrt{s_{NN}}$ = 200 GeV p+p and Au+Au collisions at STAR

Electromagnetic probes

Fri. 27, 15:00   Lokesh Kumar (KSU) - Identified Hadron Production from the RHIC Beam Energy Scan Program in the STAR experiment
Fri. 27, 16:00   Christopher Anson (OSU) - Energy dependence of the freeze out eccentricity from azimuthal dependence of HBT at STAR

Thu. 26, 16:40   Carl Gagliardi (Texas A&M) - STAR Science for the Coming Decade

Energy Scan

Future Facilities and Experiment Upgrades

Mon. 23, 16:00   Terence Tarnowsky (MSU) - Dynamical $K/\pi$, $p/\pi$, and $K/p$ Fluctuations in $\sqrt{s_{NN}}$ = 7.7-200 GeV Au+Au 
Collisions

Correlation and fluctuations



Hiroshi Masui         QM2011, Annecy, France, May 22-28, 2011 /29

STAR posters (Session1)

31

Board/Poster Author Title

16/281 ShuSu Shi Inclusive charged hadron elliptic flow in Au + Au collisions at √sNN = 7.7, 11.5 and 39 GeV

17/284 Yadav Pandit Directed flow of Identified Particles in Au+Au Collisions at √sNN= 39, 11.5 and 7.7 GeV from the 
STAR Experiment

19/291 Michael Mitrovski Elliptic Flow of charged particles in Au+Au collisions at 7.7, 11.5 and 39 GeV from STAR

23/392 Prabhat Pujahari Elliptic Flow (v2) of ρ0 vector-meson in Au+Au Collisions at √sNN = 200 GeV in STAR at RHIC

33/520 Li Yi Triangular Flow and Nonflow by 2-, 4-, and 6-Particle Cumulants from STAR

34/583 Quan Wang Measurement of Charge Multiplicity Asymmetry Correlations to Search for Chiral Magnetic Effect 
in Heavy Ion Collisions

43/576 Jim Thomas Three Particle Correlations as a Probe of Eccentricity Fluctuations

61/395 Shikshit Gupta Charged Particle Ratios for p+p Collisions in √s = 62.4 GeV at RHIC

89/332 Michael Skoby                Forward-Backward Multiplicity Correlations for Identified Particles at STAR

93/362 Amal Sarkar Higher moments of Net Kaon Fluctuation in the Beam Energy Scan of STAR

95/381 Hui Wang Local Parity Violation or Local Charge Conservation/Flow? A Reaction-Plane-Dependent Balance 
Function 

127/274 Aihong Tang A High Level Online Tracking Trigger for the STAR experiment at RHIC

129/335 Liuan Luan  A Novel and Compact Muon Telescope Detector at STAR for Midrapidity Di-lepton Physics at 
RHIC

Tue/24, 17:20
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STAR posters (Session 2)
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Board/Poster Author Title
14/231 Mriganka Mouli Mondal  Jet properties in {\it p+p} and their possible modification in cold nuclear matter in STAR

15/255 Chanaka De Silva           Investigating jet and non-jet contributions to long range pseudo-rapidity correlations in di-hadron measurements from STAR

18/407 Jana Bielcikova              Underlying event studies in d+Au collisions at √sNN=200 GeV from STAR

19/428 Jan Kapitan Jet studies in 200 GeV d+Au collisions from the STAR experiment at RHIC

43/235 Wei Li Non-Photonic Electron and Charged Hadron Azimuthal Correlation in 500 GeV p+p Collisions at  STAR

44/241 Xin Li Measurements of Non-photonic Electron Spectra in p+p Collisions from STAR at RHIC

48/254 Rosi Reed First Measurement of ϒ Suppression

55/328 Janet Seger Ratio of J/ψ to ρ Photoproduction Cross Sections at the Relativistic Heavy Ion Collider with STAR

49/373 Barbara Trzeciak J/ψ polarization in p+p collisions at √s = 200 GeV at STAR

60/401 Hao Qiu Measurement of J/Ψ elliptic flow in Au+Au collisions at √sNN=200 GeV in STAR

94/375 Neha Shah Study of ΛΛ correlations and search for the H-dibaryon with the STAR detector at RHIC

97/238 Patrick Huck Dielectron production in Au+Au collisions at √sNN = 39 GeV at STAR

102/292 Bingchu Huang Low-mass meson production through di-leptonic decays in p+p and Au+Au collisions at √sNN = 200 GeV from STAR

103/295 Christina Markert            Leptonic decay of φ(1020) meson measured with the STAR experiment

141/260 Xiaofeng Luo                  Higher moments of Event-by-Event Net-proton Multiplicity distributions at RHIC

146/348 Lizhu Chen Mix-ratios of Higher Order Moments of Proton and Kaon for QCD Critical Point search at RHIC

151/398 Nihar Sahoo Search for the QCD critical point by higher moments of the net-charge multiplicity distribution

Thu/26, 17:20
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Azimuthal HBT correlation

• Excitation function of freeze-out eccentricity from STAR is consistent 
with a monotonic decrease

34

Christopher Anson, 
Fri/27 16:00
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K/π ratio

• K/π consistent with published results → strangeness enhancement

• K+/π+ is best explained by HRG + Hagedorn model

35

Lokesh Kumar, Fri/27 15:00
Statistical and systematic error
added in quadrature

STAR Preliminary

STAR Preliminary


