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Outline	
  

• Mo:va:on	
  for	
  measuring	
  Upsilons	
  

•  The	
  Solenoidal	
  Tracker	
  At	
  RHIC	
  and	
  its	
  
triggers	
  

•  ϒ	
  produc:on	
  cross	
  sec:on	
  in	
  p+p	
  
•  ϒ	
  produc:on	
  and	
  CNM	
  effects	
  in	
  d+Au	
  

•  ϒ	
  Nuclear	
  Modifica:on	
  Factor	
  in	
  Au+Au	
  

•  Conclusions	
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  Goal:	
  Quarkonia	
  states	
  in	
  A+A	
  
Charmonia:	
  J/Ψ,	
  Ψ’,	
  χc	
  	
   	
  	
  	
  	
  	
  BoXomonia:	
  ϒ(1S),	
  ϒ(2S),	
  ϒ(3S)	
  
Key	
  Idea:	
  Quarkonia	
  Melt	
  in	
  the	
  plasma	
  

•  Color	
  screening	
  of	
  sta:c	
  poten:al	
  between	
  heavy	
  quarks:	
  

•  Suppression	
  of	
  states	
  is	
  determined	
  by	
  TC	
  and	
  their	
  binding	
  energy	
  

•  La`ce	
  QCD:	
  Evalua:on	
  of	
  spectral	
  func:ons	
  ⇒	
  Tmel:ng	
  

Sequen:al	
  disappearance	
  of	
  states:	
  
	
   ⇒	
  Color	
  screening	
  ⇒	
  Deconfinement	
  

	
   ⇒	
  QCD	
  thermometer	
  ⇒	
  Proper:es	
  of	
  QGP	
  

H.	
  Satz,	
  HP2006	
  

When	
  do	
  states	
  melt?	
  
Tdiss(Ψ’)	
  ≈	
  Tdiss(χc)<	
  Tdiss(ϒ(3S))	
  <	
  Tdiss(J/Ψ)	
  ≈	
  Tdiss(ϒ(2S))	
  <	
  Tdiss(ϒ(1S))	
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Measuring	
  the	
  Temperature	
  

S.	
  Digal,	
  P.	
  Petreczky,	
  H.	
  Satz,	
  hep-­‐ph/0110406	
  	
  

Dissocia:on	
  temperatures	
  of	
  quarkonia	
  states	
  

La`ce	
  QCD	
  Calcula:ons:� Quarkonia’s	
  suppression	
  paXern	
  
	
  	
  QGP	
  thermometer	
  

•  For	
  ϒ	
  produc:on	
  at	
  RHIC	
  
•  A	
  cleaner	
  probe	
  compared	
  to	
  J/Ψ	
  	
  

•  co-­‐mover	
  absorp:on	
  →	
  negligible	
  
•  recombina:on	
  →	
  	
  negligible	
  

–  d-­‐Au:	
  Cold	
  Nuclear	
  MaXer	
  Effects	
  
•  Shadowing	
  /	
  An:-­‐shadowing	
  at	
  y≈0	
  

•  Challenge:	
  low	
  rate,	
  rare	
  probe	
  
–  Large	
  acceptance	
  detector	
  
–  Efficient	
  trigger�

•  Expecta:on:	
  
–  ϒ(1S)	
  no	
  mel:ng	
  
–  ϒ(2S)	
  likely	
  to	
  melt	
  
–  ϒ(3S)	
  melts	
  

A	
  .Mocsy,	
  Summer	
  Quarkonium	
  Workshop,	
  BNL,	
  2011	
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STAR	
  

EM	
  Calorimeter	
  
• |η|	
  <	
  1	
  

• Full	
  φ	
  coverage	
  
• Electron	
  ID	
  via	
  E/

p	
  
• Event	
  Triggering	
  

Time	
  Projec:on	
  
Chamber	
  
• |η|	
  <	
  1	
  

• Full	
  φ	
  coverage	
  
• Tracking	
  and	
  EID	
  
via	
  Ioniza:on	
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Triggering	
  on	
  ϒ	
  decays	
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E2	
  Cluster	
  

L0	
  
Trigger	
  
Tower	
  

Level	
  0	
  Trigger	
  (p+p,d+Au,Au+Au):	
  
• Hardware-­‐based	
  
• Fires	
  on	
  at	
  least	
  one	
  high	
  tower	
  

Level	
  2	
  Trigger	
  (p+p,d+Au):	
  
• Sosware-­‐based	
  
• Calculates:	
  

• Cluster	
  energies	
  
• Opening	
  angle	
  
• Mass	
  

E1	
  Cluster	
  

High	
  rejec:on	
  rate	
  allowed	
  us	
  
to	
  sample	
  en:re	
  luminosity	
  	
  



ϒ	
  in	
  p+p	
  200	
  GeV	
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|y| < 0.5 
∫L dt = 7.9 ± 0.6 pb-1 

Nϒ(total)= 67±22(stat.) 
Phys.	
  Rev.	
  D	
  82	
  (2010)	
  12004	
  

3�

n=1

B(nS)× σ(nS) = 114± 38+23
−24 pb



ϒ	
  in	
  p+p	
  200	
  GeV,	
  Comparisons	
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STAR √s=200 GeV p+p ϒ+ϒʹ′+ϒʺ″→e+e- cross 
section consistent with pQCD and world data trend 

Phys.	
  Rev.	
  D	
  82	
  (2010)	
  12004	
  



ϒ	
  in	
  d+Au	
  200	
  GeV	
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|y|	
  <	
  0.5	
  
∫L	
  dt	
  =	
  32.6	
  nb-­‐1	
  

Nϒ(total)=	
  172	
  ±	
  20(stat.)	
  

Signal	
  has	
  ~8σ	
  significance	
  
pT	
  reaches	
  ~	
  5	
  GeV/c	
  

3�

n=1

B(nS)× σ(nS) = 35± 4± 5 nb

STAR Preliminary 



ϒ	
  in	
  d+Au	
  200	
  GeV,	
  Comparison	
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σdAu	
  =	
  2.2	
  b	
  	
  	
  σpp	
  =	
  42	
  mb	
  
Nbin	
  =	
  7.5	
  ±	
  4	
  for	
  minbias	
  dAu	
  

STAR √s=200 GeV d+Au ϒ+ϒʹ′+ϒʺ″→e+e- cross section 
consistent with pQCD and minimal shadowing effects 

RdAu = 0.78± 0.28± 0.20



ϒ	
  in	
  Au+Au	
  200	
  GeV	
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Raw	
  yield	
  of	
  ϒ→e+e-­‐	
  with	
  |y|<0.5	
  =	
  197	
  ±	
  36	
  

∫L	
  dt	
  ≈	
  1400	
  µb-­‐1	
  



ϒ	
  in	
  Au+Au	
  200	
  GeV,	
  Centrality	
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Peripheral Central 

STAR Preliminary STAR Preliminary STAR Preliminary 



ϒ	
  in	
  Au+Au	
  200	
  GeV,	
  RAA	
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ϒ	
  in	
  Au+Au	
  200	
  GeV,	
  Comparison	
  

April	
  11,	
  2012	
   WWND	
  2012	
  -­‐	
  A.	
  Kesich	
   14	
  

0-10% Centrality 
STAR Preliminary 

10-30% 
Centrality 
STAR Preliminary 

30-60% 
Centrality 
STAR Preliminary 

• La`ce-­‐based	
  sta:c	
  model	
  
• S.	
  Digal,	
  P.	
  Petreczky,	
  and	
  H.	
  Satz,	
  Phys	
  Rev.	
  D	
  64,094015	
  (2001)	
  

• Gives	
  1.1	
  ≤	
  T/Tc	
  ≤	
  2.3	
  for	
  most	
  central	
  events	
  
• Consistent	
  with	
  only	
  1S	
  survival	
  



ϒ	
  in	
  Au+Au	
  200	
  GeV,	
  Comparison	
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Figure 11: RHIC Υ(1s+ 2s+ 3s) suppression factor determined via Eq. (73) compared with experimental

data from the STAR collaboration [78]. The three different lines correspond to different assumptions for the

shear viscosity to entropy ratio 4πη/S ∈ {1, 2, 3}. In all plots we used
√
sNN = 200 GeV and implemented

cuts of 0 < pT < 20 GeV and |y| < 0.5.

at relatively low central temperatures, we still obtain a non-vanishing suppression factor for

these states. This is due to the fact that near the edges, where the temperature is lower, one

does not see suppression of the states. Upon performing the geometrical average prescribed

in Eq. (70) we see that a large fraction of the states produced can survive even when the

central temperature of the plasma is above their naive dissociation temperature.

In Fig. 10 we show the inclusive suppression factor Rfull
AA[Υ(1s)] obtained using the feed

down prescription presented in Sec. 7. As can be seen from these figures, potential model A

(free energy) predicts much stronger suppression than potential model B (internal energy).

As we can see the result has a significant dependence on the assumed shear viscosity to

entropy density ratio. This could, in principle, be used to constrain η/S from RHIC data

on bottomonium suppression.

8.1.1. RAA for Υ(1s+ 2s+ 3s) and comparison to STAR data
Due to limited statistics and resolution the STAR collaboration does not report separate

suppression factors for the Υ(1s), Υ(2s), and Υ(3s) states. Instead, they compute an effec-
tive total suppression of all three states by integrating the counts in a muon-invariant mass

window which encompasses all three states

RAA[Υ(1s+ 2s+ 3s)] ≡
� m+

m−
dmµµ nAA

µµ� m+

m−
dmµµ n

pp
µµ

, (72)

where m− and m+ are muon pair invariant masses which cover the Υ(1s), Υ(2s), and

Υ(3s) spectral peaks, e.g. m− = 8.5 GeV and m+ = 11 GeV. If the spectral peaks have

approximately the same width and are well separated, as is the case with these three states,

27

• Assumes	
  dynamic	
  system	
  evolu:on	
  and	
  feed-­‐down	
  
• Model	
  A	
  uses	
  Free	
  Energy	
  
• Model	
  B	
  uses	
  Internal	
  Energy	
  
• The	
  three	
  curves	
  cover	
  a	
  range	
  428	
  MeV	
  ≤T0≤442	
  MeV	
  
• Clearly,	
  more	
  sta:s:cs	
  are	
  needed	
  to	
  reach	
  a	
  conclusion	
  

M.	
  Strickland	
  and	
  D.	
  Bazow,	
  arXiv:1112.2761v4	
  



Conclusions	
  and	
  Outlook	
  

• Measured	
  ϒ	
  produc:on	
  in	
  p+p,	
  d+Au,	
  and	
  	
  
Au+Au	
  collisions	
  at	
  200	
  GeV	
  

•  Produc:on	
  in	
  d+Au	
  consistent	
  with	
  binary	
  
scaling	
  and	
  cold	
  nuclear	
  maXer	
  effects	
  

•  Au+Au	
  results	
  consistent	
  with	
  complete	
  2S+3S	
  
suppression	
  in	
  central	
  collisions	
  

•  Increased	
  sta:s:cs	
  from	
  run	
  11	
  will	
  further	
  
decrease	
  RAA	
  uncertain:es	
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