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Disclaimer

• «Only exceptionally good results» => Highly biased

• More experimental than theoretical (LHC startup)

• More LHC than RHIC

• More Pb-Pb than p-p

• Topics covered
‣ Jets, Photons, High pT Hadrons

‣ Heavy Flavors & Quarkonia
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Goal: Trigger your interest
(more details at http://qm2011.in2p3.fr)

http://qm2011.in2p3.fr
http://qm2011.in2p3.fr
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Open Heavy Flavors
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Heavy quarks as medium probes:!
Energy Loss"

Parton Energy Loss by  
!  medium-induced gluon radiation 
!  collisions with medium gluons 

pred: 

! 

"E(#medium;CR ,m,L)

! 

RAA
" < RAA

D < RAA
B

q: colour triplet 

‘Quark Matter’  

u,d,s: m~0, CR=4/3 
(difficult to tag at LHC) 

g:       m=0, CR=3 
> E loss, dominant at LHC 

c:  m~1.5 GeV, CR=4/3 
small m, tagged by D’s 
b:  m~5 GeV,    CR=4/3 
large mass " dead cone 
         " < E loss 

Q: colour triplet 

g: colour octet 

See e.g.:  
Dokshitzer and Kharzeev, PLB 519 (2001) 199. Armesto, Salgado, Wiedemann, PRD 69 (2004) 114003. 
Djordjevic, Gyulassy, Horowitz, Wicks, NPA 783 (2007) 493. 
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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] 

References 
[1] T. Matsui, H. Satz, J/psi suppression by quark-gluon plasma formation, Physics 
Letters B 178 (4) (1986)  

[2] A. Mocsy and P.Petreczky, PRL  99, 211602 (2007) 

[3] S. Digal, P. Petreczky, H. Satz, Quarkonium feed-down and sequential 
suppression, Phys. Rev. D 64 (9) (2001) 094015 

[4] B. I. e. a. Abelev,  cross section in p + p collisions at s = 200 gev, Phys. Rev. D 
82 (1) (2010) 
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n = 4.59, m0 = 2.7  

Central Mid-Central Peripheral 

STAR capability for heavy flavors

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

9

D0"K-#+ J/!"e+e- !"e+e-

Masui (STAR)
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p+p -> HF + X  at mid rapidity
  long paper with analysis details of the p+p and 

Au+Au submitted
arXiv:1005.1627v2

  long standing discrepancy resolved

 PRL 97, 252002 (2006)

|y|<0.35

 NLO HF calculation with <kT>2=1GeV2/c2 

matches our experimental result 

 working towards the extension at high pT 

[Matt Durham’s talk this afternoon]

[PRL98:192301,2007, Erratum-ibid.106:159902,2011] 

new STAR 
result

NEW PRELIMINARY RESULT

|y|<0.35

[W.M.Alberico, et al.
 arXiv:1101.6008]

Da Silva (STAR)
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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)

Masui (STAR)
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 can cold nuclear matter effects 
explain the large suppression seen in 
Au+Au collisions?

Understanding HF RAuAu

 new preliminary measurement of 
electrons from HF decays in d+Au 
collisions answers this question, NO! 

[Matt Durham’s talk this afternoon]

Da Silva (STAR)
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First B ! J/! RAA 

Minimum bias RAA = 0.37 ± 0.07 ± 0.03 
Central 0-20% RAA= 0.36 ± 0.08 ± 0.03 

catherine.silvestre@cern.ch (LPSC)                    Quarkonia CMS - Quark Matter 2011 27 

partN
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AA
R
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1.4

!Non-prompt J/ (0-100%)

CMS Preliminary
 = 2.76 TeVNNsPbPb  

0.0 < |y| < 2.4
 < 30.0 GeV/c!J/

T
6.5 < p  < 20.0 GeV/c"

T
0.0 < p

b quark energy loss ? 

20-100% 

PbPb  
!sNN=2.76 TeV  

pT 
J/! > 6.5 GeV/c 

Silvestre (CMS)
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High pT Suppression 

 

B!J/! at the pT of  the J/! 
Same level of  suppression as hadrons  

catherine.silvestre@cern.ch (LPSC)                    Quarkonia CMS - Quark Matter 2011 28 

PbPb  
!sNN=2.76 TeV  

Yen-Jie Lee
(Wed. 9h) 

Silvestre (CMS)



13

The D meson RAA (0-20%)!

! Suppression for charm is a factor 4-5 above 5 GeV/c 

Quark Matter 2011, Annecy, 27.05.11                          Andrea Dainese! 31!

Dainese (ALICE)
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systematic uncertainty from pp and Pb-Pb data and scaling factor;
systematic uncertainty on normalization includes uncertainty on TAA 
and the 7% uncertainty on cross section in pp collisions;
centrality dependence of tracking efficiency is not included (<1%);
suppression observed in central collisions, no strong pt dependence.

40-80%

0-10%

Inclusive Muon RAA

15Monday, May 23, 2011

Zhang (ALICE)
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Quarkonia
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Cesar L. da Silva - Quark Matter 2011 - Annecy, France 5

Measures leptonic decays of heavy flavor and quarkonia
Results in p+p, d+Au, Cu+Cu and Au+Au at s1/2=200

in forward and mid rapidities
open heavy flavor->leptons, J/ψ,ψ’,χc,Υ(1S,2S,3S)

h

µ

|y|<0.35  ΔΦ=2x!/2 1.2<|y|<2.2   ΔΦ=2!

Da Silva (PHENIX)
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Cesar L. da Silva - Quark Matter 2011 - Annecy, France 17

Trying to understand J/! suppression 
in Au+Au collisions...

[arXiv:1103.6269v1]
 Tc ~ 170 MeV

T/Tc1 2 3

!"
ψ’
J/ψ

spectral function estimations

 inverse slope of thermal photons 
measured by PHENIX  is 
221±28MeV  [PRL104, 132301 (2010)]

 hydro models fitted to the 
thermal photon data suggest 
Tinit ~300-600 MeV

 who survives?

 if J/ψfrom ψ’ and !c  fully suppressed RAA drops to 0.6

 42±9 %
 (in p+p)

Cold matter effects 
not included

Da Silva (PHENIX)
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Cesar L. da Silva - Quark Matter 2011 - Annecy, France 24

J/! in lower energy Au+Au collisions

 energy comparison: same detector, rapidity range and centrality

 no p+p reference at 62 GeV and 39 GeV, using yield relative to  
peripheral events (Rcp)

 suppression similar in all energies given the current uncertainties
 but, CNM effects expected to be different 

[presented on Tuesday by Abhisek Sen]

Da Silva (PHENIX)
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Cesar L. da Silva - Quark Matter 2011 - Annecy, France 26

p+p

d+Au

Au+Au

|y|<0.35

|y|<0.35

PHENIX

STARresult coming up

result coming up
[Shawn Whitaker’s poster]
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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



23
Hiroshi Masui         QM2011, Annecy, France, May 22-28, 2011 /29
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p
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N
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-1110
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-410
    STAR

10!0-60%
0-20%
20-40%/5
40-60%/10

    PHENIX
10!0-60%

0-20%
20-40%/5
40-60%/10

 = 200 GeVNNs+X,    J/Au+Au 

STAR Preliminary

=0)TBW (fix 
TBW prediction

=0)TBW (fix 
TBW prediction

J/! spectra & RAA

• Extend J/! spectra up to 10 GeV/c

• High pT (pT > 5 GeV/c) J/! 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

Masui (STAR)
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J/! v2

• J/! 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)
", STAR, PRL99, 112301 (2007)

Masui (STAR)
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! RAA

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

- Similar suppression with high 
pT J/!

• First measurement of ! 
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

Masui (STAR)
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Compact Muon Solenoid 

catherine.silvestre@cern.ch (LPSC)                    Quarkonia CMS - Quark Matter 2011 5 

MUON BARREL 

  

Silicon Strips  
Pixels 

  

  

  
 Cathode Strip Chambers (CSC) 
Resistive Plate Chambers (RPC) 

  Drift Tube (DT) 
 

  

SOLENOID 
3.8 T B-field 

TRACKER 

MUON ENDCAPS 

  
  

  

Resistive Plate 
Chambers (RPC) 

Silvestre (CMS)
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Nuclear Modification Factor 

partN
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 = 200 GeVNNsAuAu  
PHENIX: |y|<0.35
PHENIX: 1.2<|y|<2.2
(both arXiv:1103.6269)

!Prompt J/

CMS Preliminary
 = 2.76 TeVNNsPbPb  

0.0 < |y| < 2.4
 < 30.0 GeV/c

T
6.5 < p

Comparison to J/! in AuAu 
collisions at !sNN = 200 GeV 
•  Measured at much lower pT 

•  Surprising qualitative 
agreement in centrality 
dependence 

•  Suppression in the most 
central collisions seems 
the same 

Torsten Dahms (LLR) 18 

PHENIX data: arXiv:1103.6269 

Dahms (CMS)
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!(1S) RAA 

•  Comparison with STAR 
–  CMS !(1S) RAA(0-100) = 0.62 ± 0.11 ± 0.10 
–  STAR !(1+2+3S) RAA(0-60) = 0.56 ± 0.11 +0.02

-0.10 

catherine.silvestre@cern.ch (LPSC)                    Quarkonia CMS - Quark Matter 2011 32 

PbPb  
!sNN=2.76 TeV  

R. Reed  
(poster)  
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 = 200 GeVNNsAuAu  
STAR preliminary
|y|<0.5

CMS Preliminary
 = 2.76 TeVNNsPbPb  

0.0 < |y| < 2.4
 < 30.0 GeV/c"J/

T
6.5 < p  < 20.0 GeV/c!

T
0.0 < p

Silvestre (CMS)
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!(2S+3S) Suppression 

catherine.silvestre@cern.ch (LPSC)                    Quarkonia CMS - Quark Matter 2011 34 
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 = 2.76 TeVNNsPbPb  
0-100%, 0.0 < |y| < 2.4

 < 20 GeV/c
T

0 < p
-1bµ = 7.28 intL

 > 4 GeV/cµ

T
p

 (fixed to MC)2 = 92 MeV/c!

data
PbPb fit
pp shape

Hypothesis: no suppression ⇒ p-value 1%  
Significance of  the suppression 2.4 "#

PbPb  
!sNN=2.76 TeV  

•  Pros of  a double ratio 
–  Acceptance cancels 
–  Efficiency cancels 

•  Potential differences  
–  Remaining systematics 9%, 

from line shapes 
!(2S+3S) !(1S)

PbPb

!(2S+3S) !(1S)
pp

= 0.31"0.15
+0.19 ±0.03
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arXiv : 1105.4894 
Submitted to PRL 

Silvestre (CMS)
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Jets, Photons, High pT hadrons
(@LHC)
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Di-jet Asymmetry

• Update:

– Full statistics

– Iteration step in 

background 

estimation

– Correction for flow  

in underlying event

– MC down to 35 GeV
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Charged particle RCP

28

Strong suppression seen in more central events via charged RCP 
No η dependence observed
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for details, see talk by Sasha Milov (3:20pm Thurs.)

Steinberg (ATLAS)
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Exotica
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Hard probes: Ncoll scaling from W± production

20

W yields extracted using an empirical fit to single muon spectra:
heavy flavor (adapted from p+p) and simulated PYTHIA W± template 

Pinned to most central events (RPC), Ncoll scaling observed.

ATLAS Preliminary

0-10%             

for details, see talk by Rikard Sandström (3:20pm Thurs)
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Conclusion

• Very rich QM edition with the first Pb-Pb LHC run

• QGP@LHC looks like a «perfect» liquid (similar to RHIC)

• Jet quenching

• Hadron suppression as a function of PT

• Open charm and beauty suppression @ LHC

• Charmonia @ LHC
‣ J/Psi : Less suppressed that RHIC => recombination could play a role

‣ Upsilon: Suppression observed (CMS/STAR)

More work needed for the interpretation
Theoreticians/Experimentalists
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Backup
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Quarkonia Production with CMS 

•  First non-prompt J/! in HI 

–  b-quark energy loss 

•  Prompt J/!  

  significantly suppressed 

•  "(2S)+"(3S) excited states suppressed 
– Consistent with 40% "(1S) suppression 
 

catherine.silvestre@cern.ch (LPSC)                    Quarkonia CMS - Quark Matter 2011 36 
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arXiv : 1105.4894 
Submitted to PRL 

PAS CMS HIN-10-006 

Silvestre (CMS)
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! States 

catherine.silvestre@cern.ch (LPSC)                    Quarkonia CMS - Quark Matter 2011 30 
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16 catherine.silvestre@cern.ch (LPSC)                    Quarkonia CMS - Quark Matter 2011 

Torsten Dahms 
Tuesday 15h00 

Zhen Hu 
Monday 19h10 

Jorge Robles  
Thursday 15h00 

PAS CMS HIN-10-006 

Silvestre (CMS)
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Quark Matter 2011, Annecy, 23-28 May 2011 

Prompt vs. non-prompt J/! in PbPb 

Torsten Dahms (LLR) 11 

First time that prompt and non-prompt J/! have 
been separated in heavy ion collisions 

Mihee Jo 
(Poster) 
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  new measurement of J/ψ yield in the mid 
and forward rapidities  color octet state may cross part of the 

nuclear matter as a pre-resonant state

[arXiv:1105.1966]

[arXiv:1003.4319]
[PRD81,014020 (2010)]

[PRL100,032006]

[PRD82,012001 (2010)]

J/! Production Mechanism 

 only models with color octet formation 
describe the data

  J/ψ polarization measured to be small
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! States 

•  Very good dimuon mass resolution 
      ! separation of  the 3 ! states 

catherine.silvestre@cern.ch (LPSC)                    Quarkonia CMS - Quark Matter 2011 12 

pp !s=7 TeV  

|"µ| < 2.4 
# = 100 MeV/c2 

|"µ| < 1 
# = 67 MeV/c2 

1S 

2S 
3S 

1S 

2S 
3S 
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Di-muons from CMS 

8 catherine.silvestre@cern.ch (LPSC)                    Quarkonia CMS - Quark Matter 2011 

pp !s=7 TeV  
Silvestre (CMS)
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Vertex detectors

VTX |y|<1

 taking data right now in Au+Au collisions

FVTX 1.2<|y|<2.4

 large reduction of backgrounds → smaller systematics
 c/b separation through displaced vertices

 will also improve mass resolution 
allowing ψ’ measurements at forward 

rapidity

 starting in 2012 runσ ~ 100μm
beam profile

Da Silva (PHENIX)
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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.
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Bottom cross section

• Disentangle B decay contribution to non-photonic electron

• Bottom decay electrons consistent with FONLL calculation
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