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§  Quarkonia in heavy ion collisions 

§  ϒ measurements with the STAR experiment 

§  Results  (√sNN=193..200 GeV, mid-rapidity) 
§  p+p     à  pQCD baseline 
§  d+Au     à  CNM effects 
§  Au+Au and U+U  à  sQGP modification 

§  Outlook 
§  New high-statistics measurements, √s=500 GeV p+p 
§  Muon Telescope Detector (MTD) 

Outline 
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Quarkonia in the sQGP 
§  Debye screening of heavy quark potential 
à Quarkonium states are expected to dissociate 
  T. Matsui, H. Satz, Phys.Lett. B178, 416 (1986) 

Charmonia: J/Ψ, Ψ’, χc       Bottomonia: ϒ(1S), ϒ(2S), ϒ(3S),χB  
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Quarkonia in the sQGP 
§  Debye screening of heavy quark potential 
à Quarkonium states are expected to dissociate 
  T. Matsui, H. Satz, Phys.Lett. B178, 416 (1986) 

 

§  Sequential melting: Different states are  
expected to melt at different temperatures 

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

Quarkonia may serve as sQGP thermometer 

Charmonia: J/Ψ, Ψ’, χc       Bottomonia: ϒ(1S), ϒ(2S), ϒ(3S),χB  
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ϒ measurements at RHIC 
§  J/ψ yield is strongly affected by recombination, 

 feed-down, co-mover absorption 
 

Model: 
R. Rapp et al., Prog.Part.Nucl.Phys.  
65 (2010) 209 
 
Data: 
PHENIX, Nucl.Phys. A 774 (2006) 747 

à P. Chaloupka’s talk 
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ϒ measurements at RHIC 
§  J/ψ yield is strongly affected by recombination, 

 feed-down, co-mover absorption 
 

 

§  ϒ recombination and co-mover absorption are negligible at 
RHIC energies 

§  However: Low production rate makes it a difficult measurement 
 Requires good acceptance and specific triggering 

ϒ states provide a cleaner probe at RHIC 

à P. Chaloupka’s talk 

Model: 
R. Rapp et al., Prog.Part.Nucl.Phys.  
65 (2010) 209 
 
Data: 
PHENIX, Nucl.Phys. A 774 (2006) 747 
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U+U: Higher energy densities 
Open Charm Production 

– U+U – 

14 
U+U collisions could have 20% higher energy density than Au+Au  
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Quark Matter 2014, Zhenyu Ye 

STAR preliminary 

RHIC √sNN=193 GeV U+U data (2012) 

§  Reach higher Npart than in Au+Au 
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U+U: Higher energy densities 

RHIC √sNN=193 GeV U+U data (2012) 

§  Reach higher Npart than in Au+Au 
 

§  Provide higher energy density 

Open Charm Production 
– U+U – 

14 
U+U collisions could have 20% higher energy density than Au+Au  
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Quark Matter 2014, Zhenyu Ye 

Way to test the sequential melting hypothesis 

STAR preliminary 
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ϒ measurements in RHIC/STAR 

ϒ à e+e–  (BR ~ 2%) 
§  Large invariant mass (mee~10 GeV/c2) 
§  Back-to-back electron-positron pair 
§  Rather energetic electrons (typically >3 GeV) 
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ϒ measurements in RHIC/STAR 

ϒ à e+e–  (BR ~ 2%) 
§  Large invariant mass (mee~10 GeV/c2) 
§  Back-to-back electron-positron pair 
§  Rather energetic electrons (typically >3 GeV) 

a central Au+Au event in STAR 
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1. Triggering on ϒ events 

§  L0: ‘High tower trigger’ saves events with high energy hit  
in the Barrel Electromagnetic Calorimeter (BEMC) tower 

§  L2 in p+p and d+Au only – software trigger: 
coarse reconstruction of cluster energy, opening angle, invariant mass 

L0,L2 

L2 


Large acceptance  electron ID
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Triggering capability 
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1. Trigger on energetic 
hits in the BEMC 
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2. Finding electron tracks 

§  Find tracks in the Time Expansion Chamber (TPC)  
based on Fractional energy loss dE/dx  

 -1.2<nσe<3   (A+A analyses) 


Large acceptance  electron ID
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2 coverage in |η|<1  


Electron  ID

 via E/p ~ 1 


Triggering capability 
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2. Find electron 
tracks in the TPC 

1. Trigger on energetic 
hits in the BEMC 
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3. Matching 

§  Clusterize energy in the BEMC 
 Cluster: 3 adjacent towers with most of the energy deposit 

§  Project TPC tracks onto clusters to match them 
 ΔRmatch = √(Δη2+Δφ2) < 0.04 


Large acceptance  electron ID
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Electron  ID

 via E/p ~ 1 


Triggering capability 
  

10 

2. Find electron 
tracks in the TPC 

1. Trigger on energetic 
hits in the BEMC 

3. Match BEMC clusters 
and TPC tracks 
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Large acceptance  electron ID

 
 


Tim
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charged particle tracking,  
 2 coverage in |η|<1.3 
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Electron  ID

 via E/p ~ 1 


Triggering capability 
  

10 

4. ID in the calorimeter 

§  Cluster energy matches track momentum 
 0.75<E/p<1.4  (U+U analysis) 

§  Energy deposit is compact, mostly in a single tower 
 triggered e±: Etower/E>0.7, associated e±: Etower/E>0.5   (U+U analysis) 

1. Trigger on energetic 
hits in the BEMC 2. Find electron 

tracks in the TPC 

3. Match BEMC clusters 
and TPC tracks 

4. ID cuts in the 
BEMC 
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Peak extraction (U+U example) 

§  Combinatorial background 
is fitted with exponential, 
then subtracted 
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Peak extraction (U+U example) 

§  Combinatorial background 
is fitted with exponential, 
then subtracted 

§  Shape of Drell-Yan is from 
pQCD calculations;  
open bb contribution is 
from PYTHIA 

§  ϒ peak shape is from 
embedded MC simulation 

§  Normalization of ϒ peak 
and Drell-Yan+bb is fitted 
simultaneously 

Note: log-likelihood method 
applied in the fits 

_

_
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ϒ x-section and pT-spectrum in U+U 

STAR preliminary 

PLB91, 481 (1980). 
PRL88, 161802 (2002). 
PRD83, 112004 (2011) 

Major systematic uncertainties (%) 
(STAR preliminary) 

Geometrical acceptance +1.7 
 -3.0 

Trigger efficiency +1.1  
 -3.6 

Tracking efficiency 11.8 
TPC electron identification +4.0 

-6.4 

TPC-BEMC matching 5.4 
BEMC electron identification 5.9 
Embedding pT and y shapes 2.1 
Signal extraction +4.8 

  -18 

ϒ cross section (STAR preliminary) 

U+U 193 GeV, 0-60% centrality 
 
 
 
 
                                                      stat.         syst 

Bee
dσ AA

ϒ

dy |y|<1

= (4.37±1.09 +0.65
−1.01

) µb

Expected T is extrapolated  
from ISR, CDF and CMS 
pp (pp) results 

_
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ϒ in p+p and d+Au 
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ϒ in Au+Au 
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Phys.Lett. B735 (2014) 127 

ϒ in Au+Au 200 GeV, |y|<1 
∫L dt = 1075 µb-1 
Nϒ = 254 ± 29 
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ϒ in p+p – QCD baseline 
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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 – QCD baseline 
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§  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
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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
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(b) §  Models include  
§  Gluon nPDF (Anti)shadowing 
§  Initial parton energy loss 

§  Indication of suppression at 
mid-rapidity beyond models 
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Phys.Lett. B735 (2014) 127 

Phys.Lett. B735 (2014) 127 

§  STAR data consistent with E772 
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ϒ RAA 
Au+Au, d+Au: Phys.Lett. B735 (2014) 127 

Au+Au data 
 

•  Peripheral data and d+Au (|y|<1) 
is consistent with no suppression 

•  Significant suppression  
in central data 
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ϒ RAA 
Au+Au, d+Au: Phys.Lett. B735 (2014) 127 

Au+Au and U+U data 
 

•  Peripheral data and d+Au (|y|<1) 
is consistent with no suppression 

•  Significant suppression  
in central data 

Trend in U+U follows and extends trend in Au+Au 
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ϒ RAA – data vs. models 
Au+Au, d+Au: Phys.Lett. B735 (2014) 127 

Model calculations: 
 
•  Strong binding scenario,  

CNM effects included 
Emerick, Zhao, Rapp, Eur. Phys. J A48, 72 (2012) 

•  Potential model based on heavy 
quark internal energy ‘B’ 
assumes 428 < T < 443 MeV 
Strickland, Bazov, Nucl. Phys.  A879, 25 (2012) 

•  Potential model based on heavy 
quark free energy ‘A’ disfavored 

ϒ suppression indicates color deconfinement 
However: CNM effects need further study 
à Planned p+Au run at RHIC for 2015 
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ϒ RAA  – RHIC comparison 
Au+Au, d+Au: Phys.Lett. B735 (2014) 127 

PHENIX Collaboration, arXiv:1404.2246 
 

§  STAR vs. PHENIX: 
data are consistent 
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ϒ RAA  – RHIC & LHC comparison 
Au+Au, d+Au: Phys.Lett. B735 (2014) 127 

PHENIX Collaboration, arXiv:1404.2246 
CMS Collaboration, PRL 109 (2012) 222301  

§  STAR vs. PHENIX: 
data are consistent 

§  RHIC vs. LHC: 
§  High-Npart suppression 

comparable at LHC and RHIC 
§  Suppression of ϒ appears to be 

~flat at LHC 
à is suppression driven  
    by the energy density? 

  
Note the uncertainties, however 
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partN
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ϒ(1S) RAA in Au+Au 

§  ϒ(1S) RAA is consistent with unity in d+Au and 
peripheral and mid-central Au+Au 

§  Indication of suppression consistent with model 
calculation in central Au+Au 

Model calculations 

•  Strickland-Bazov model B: 
Hot and cold effects 
Nucl. Phys.  A879, 25 (2012) 

 
•  Liu-Chen model: 

Dissociation of Quarkonium 
No CNM effects 
Phys. Lett. B697 (2011) 32 

Phys.Lett. B735 (2014) 127 
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Excited ϒ states in Au+Au 

Au+Au 

Phys.Lett. B735 (2014) 127 

Central Au+Au: 
 

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

§  ϒ(1S) suppression is 
similar to high-pT J/ψ 
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Central Au+Au: 
 

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

§  ϒ(1S) suppression is 
similar to high-pT J/ψ 

ϒ suppression pattern supports sequential melting 

Excited ϒ states in Au+Au 

Au+Au 

Phys.Lett. B735 (2014) 127 
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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 

41 

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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Outlook: analyses underway 
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Au+Au √sNN=200 GeV, 2011 
 ~ 2800 ub-1 

§  same setup as in 2010 

 
 

p+p √s=500 GeV, 2011 
 ~ 22 pb-1 

§  Double x-section, L0-only 
§  pT spectrum 
§  Excited-to-ground ratio 
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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  +- 

22 

MTD (MRPC) 

jaroslav.bielcik@fjfi.cvut.cz 

Outlook: Muon Telescope Detector 
§  Outermost, gas detector 
§  Physics goal: Precision 

measurement of heavy 
quarkonia through the 
muon channel 

§  Acceptance:  
45% in azimuth, |y|<0.5 
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Outlook: Muon Telescope Detector 
§  Outermost, gas detector 
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measurement of heavy 
quarkonia through the 
muon channel 
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Complete in 2014, sampled ~13.8 nb-1 in Au+Au data 
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§  Strong ϒ suppression in √sNN=200 GeV central Au+Au data 

§  New √sNN=193 GeV U+U measurement confirms Au+Au 
trend and extends it to higher Npart 

§  Similar RAA at RHIC and LHC in most central collisions 

§  Sequential melting: ground state is suppressed, no evidence 
for surviving excited states in central Au+Au collisions 

§  Unexpected suppression in mid-rapidity d+Au  
 CNM effects need further studies à upcoming p+A run 

Summary 
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§  Strong ϒ suppression in √sNN=200 GeV central Au+Au data 

§  New √sNN=193 GeV U+U measurement confirms Au+Au 
trend and extends it to higher Npart 

§  Similar RAA at RHIC and LHC in most central collisions 

§  Sequential melting: ground state is suppressed, no evidence 
for surviving excited states in central Au+Au collisions 

§  Unexpected suppression in mid-rapidity d+Au  
 CNM effects need further studies à upcoming p+A run 

Summary 

Stay tuned for new ϒàµ+µ– results with MTD 
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Thank You! 
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High-pT J/ψ – motivation J/ψ cold nuclear matter effects 

 Nuclear modification factor 
 
 
 

 RdAu ≈  1  for high pT 

 Cold nuclear effects are small at 
high pT 

 High pT results in A+A collisions 
provide a cleaner probe of the 
J/ψ interaction with the hot 
nuclear matter 

Ota Kukral                   RHIC AGS Annual Users' Meeting 17. 6. 2014             /24 9 

PHENIX data: Phys. Rev. C 87, 034904 (2013) 
Model: E.Eskola, H.Paukkunenea and C.Salgo, Nucl. Phys. A 830, 
599 (2009) 
 

PHENIX dy/dPdNN
dy/dPdNR
T

2
ppcoll

T
2
dAu

dAu 
STAR Preliminary 

RdAu ~ 1 at high PT 
à CNM effects do not play a strong role Less regeneration at high PT 

PHENIX data: Phys. Rev. C 87, 034904 (2013) 

Model: Eskola, Paukkuenna, Salgado, Nucl.Phys.A830, 599 (2009) 
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Outlook: Heavy Flavor Tracker 
§  Innermost, silicon 

detectors (3 subsystems) 
§  Resolves secondary 

vertex 
§  Physics goal: Precision 

measurement of heavy 
quark production 

Complete and taking data in Run14 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 

D0 v2 projection 

Outlook 

19 

•  Newly commissioned STAR HFT detector 
•  2 layers of thin Silicon pixel (MAPS) 
     0.4% X0/layer, 12x12µm, 360M pixels 
•  2 layers of Silicon pad/strip detectors 
     fast readout, bridging TPC and PXL 

•  Stay tuned for greatly improved RAA and 
v2 HF measurements from STAR soon ! 

Talk: Qiu-557; Posters: Lomnitz-M13 and Wang-M30 

HFT CDR STAR-sn0600 IST at 14 cm 

PXL at 2.9 
and 8.2 cm 

SSD at 22 cm 
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Rapp WBS & SBS 

•  Emerick, Zhao, Rapp, Eur. Phys. J 
A48, 72 (2012) 
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Peak extraction 

ß 0-10% 
pT<2GeV à 

 
 
 
 
 
 
 
 
 
 

ß10-30% 
2<pT<4GeVà 

 
 
 
 
 
 
 
 
 
 

ß 30-60% 
pT>4GeVà 
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U+U acceptance and efficiency 
§  15M high-tower-triggered U+U 193 GeV events (263 µb-1) 

§  Divided into 3 
centrality bins: 
•  0 – 10 % 
•  10 – 30 % 
•  30 – 60 % 
  

§  or… 3 bins in pT
ϒ:  

•  0 – 2 GeV/c 
•  2 – 4 GeV/c 
•  4<  GeV/c 

§  Total acceptance & efficiency for ϒà e+e– reconstruction: 
~ 2-3% 

 

 
  

STAR preliminary 
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§  p+p : pQCD baseline 
§  Nuclear modification factor (RdA,AA) 
 
 

 
§  d+Au: generally considered as proxy for CNM 
§  A+A: hot nuclear matter effects – sQGP 

 

Nuclear modification 

RdA,AA
ϒ =

1
Ncoll

NdA,AA
ϒ εdA,AA

−1

Npp
ϒ εpp

−1

RAA=1 if no modification by the medium 


