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Observation of sequential ϒ suppression in PbPb collisions  
Zhen Hu         (Purdue University           ) on behalf of the CMS Collaboration  

Introduction 
In our universe today, quarks are 
always bound by gluons to form 
the "composite" particles. The 
Quark-Gluon Plasma (QGP) is a 
hot, dense state where the quarks 
and gluons move freely and 
unbound.  This is thought to be the 
situation a few millionths of a 
second after the Big Bang.  
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Outlook 
•  Heavy quarks and QGP 

•  CMuonS detector 

•  2nd year of PbPb@LHC 
–  J/ψ, ψ(2S), ϒ(1S,2S,3S) 
–  B!J/ψX 

•  The big picture 
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Heavy-ion’s MOST  

Suppressed or Alive 
charm bottom 

Fame and Money! 

WANTED 

AWARD 
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Closed heavy-flavor 
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Q
Q

r0,ΔEΨ(2S) ϒ(3S) ϒ(2S) J/ψ ϒ(3S) 
ΔE(GeV) 0.05 0.20 0.54 0.64 1.10 

•  Onia state in a deconfined color 
charged medium: Debye screening 
–  if �D<r0 ! screening of the Q and 

Qbar ! melting of the bound state ! 
yield suppressed.  

–  Screening at different T for different 
states ! sequential melting 

•  Onia: thermometer for the QGP 

A smoking gun signature of the 
QGP is that its high temperature 
causes the sequential melting of 
quarkonia, which manifests itself 
as the suppression excited ϒ 
states in heavy-ion collisions, 
compared to the number of 
quarkonia produced in pp 
collisions. 

Quarkonia in Heavy Ion Collisions 
•  Good candidates to probe the QGP in HIC 

–  Large masses and (dominantly) produced at the early stage 
of the collision via hard-scattering of gluons 

–  Strongly bound resonances 
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! decreasing binding energy 

The start : quarkonia should melt in the QGP 
T. Matsui & H. Satz PLB178, 416 (1986) 

Color Screening 

Quarkonia in Heavy Ion Collisions 
•  Good candidates to probe the QGP in HIC 

–  Large masses and (dominantly) produced at the early stage 
of the collision via hard-scattering of gluons 

–  Strongly bound resonances 

catherine.silvestre@cern.ch (LPSC)                    Quarkonia CMS - Quark Matter 2011 2 

! decreasing binding energy 

The start : quarkonia should melt in the QGP 
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Color Screening 
Quarkonia in CMS 

PbPb run 2011 @         = 2.76 TeV  (Lint = 7.28 µb-1) 
pp run 2011 @        = 2.76 TeV  (Lint = 230 nb-1) 

sNN
s

Suppression of Excited ϒ States 
•  Measure the fraction of excited states ϒ(2S+3S) 

relative to ϒ(1S) 
•  Fraction extracted directly from the simultaneous fit 

to the PbPb and pp data sample (both at 2.76 TeV) 

ϒ(2S) ϒ(1S)
PbPb

ϒ(2S) ϒ(1S)
pp

= 0.21±0.07(stat) ±0.02(syst)

ϒ(3S) ϒ(1S)
PbPb

ϒ(3S) ϒ(1S)
pp

 < 0.17  (95% confidence level)

Extended unbinned maximum likelihood fit 
Signal 

•  Core Gaussian with power law tail for final state radiation 
•  Float Resolution and FSR (fixed in 2010 data analysis)  
•  Peak separation fixed to PDG 

Background 
•  Second order polynomial for pp sample 
•  Error function * exponential for PbPb sample 
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The ϒ(2S+3S) resonances are suppressed with respect 
to the ϒ(1S) state, with a significance exceeding 5 σ.  

In absence (by 
cancellation) of cold 
nuclear matter effects, 
ϒ(1S) and ϒ(2S) show 
no obvious centrality 
dependence, within 
uncertainties, of the 
remaining hot nuclear 
matter induced effects 

Nuclear Modification Factor 
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 (Preliminary)ψPrompt J/

(1S)ϒ

(2S)ϒ

RAA
ϒ (1S) = 0.56±0.08(stat) ±0.07(syst)

RAA
ϒ (2S) = 0.12±0.04(stat) ±0.02(syst)

RAA
ϒ (3S) = 0.03±0.04(stat) ±0.01(syst)

         < 0.10 (95% C.L.)

Suppressed 
sequentially: 
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RAA: ϒ(1S), ϒ(2S), ϒ(3S) 

22 

•  ϒ(2S) more suppressed than ϒ(1S) 
•  ϒ(1S):   0.41±0.05±0.04 (0-5%)� 1.01±0.18±0.12 (50-100%) 
•  ϒ(2S):   0.11±0.02±0.06 (0-5%)� 0.30±0.07±0.16 (50-100%)       

•  Relative suppression, same (as in double ratio plot): 
~2.5, 0-5% � 50-100% 

J.Phys.G32:R25,2006	  
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Pros of a double ratio  
•  Acceptance cancels 
•  Efficiency cancels 

Systematic 
•  Fitting model:  
             ϒ(1S) (4-9%), ϒ(2S) (10-40%) and ϒ(3S) 14% 
•  TAA: 4-15% from central to peripheral collisions 
•  Lpp  : 6% 
•  MC efficiency ratio: < 7% 
•  Data and MC simulations: 3% 
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nucleon collision in PbPb relative to that in pp. The RAA observable,132

RAA =
Lpp

TAANMB

U(nS)|PbPb
U(nS)|pp

#pp

#PbPb
, (3)

is evaluated from the ratio of total U(nS) yields in PbPb and pp collisions corrected for the133

difference in efficiencies #pp/#PbPb, with the average nuclear overlap function TAA, number of134

minimum-bias events sampled by the event selection NMB, and integrated luminosity of the pp135

dataset Lpp accounting for the normalization. The centrality-integrated (0–100%) RAA values136

for the individual U states are:137

RAA(U(1S)) = 0.56 ± 0.08 (stat.) ± 0.07 (syst.) , (4)
RAA(U(2S)) = 0.12 ± 0.04 (stat.) ± 0.02 (syst.) ,
RAA(U(3S)) = 0.03 ± 0.04 (stat.) ± 0.01 (syst.) (< 0.10 at 95% CL) .

As the U(3S) peak is not observed above the dimuon continuum (significance less than one stan-138

dard deviation), an upper limit is also presented. The results for the U(1S) and U(2S) obtained139

by performing the measurement in ranges of centrality are displayed in Fig. 2 (right).140

Each factor entering in Eq. (3) contributes to the RAA uncertainty, including Lpp (6%) and TAA141

(4–15%, from central to peripheral collisions). The systematic uncertainties from the fitting pro-142

cedure, used in the determination of the U(1S) (4–9%), U(2S) (10–40%), and U(3S) (14%) signal143

yields, are estimated as previously described for the double-ratio measurement. The ratio of144

efficiencies in Eq. (3) is estimated from MC simulation to deviate by less than 7% from unity145

for the centrality bins considered. Systematic uncertainties on the efficiency ratio are estimated146

by considering variations of simulated kinematic distributions (5–7%) and from differences in147

the efficiency ratio estimations from data and MC simulations (3%). For the former source,148

uncertainties are estimated by applying a weight to the generated U pT and |y| distributions149

that increases linearly from 0.7 to 1.3 over the ranges 0 < pT < 20 GeV/c and 0 < |y| < 2.4.150

For the latter source, reconstruction and trigger selection efficiencies are estimated employing151

a tag-and-probe method [4, 14], using muons from J/y decays in PbPb and pp simulations as152

well as in collision data.153

The results indicate a significant suppression of the U(nS) states in heavy-ion collisions com-154

pared to pp collisions at the same per-nucleon-pair energy. The data support the hypothesis of155

increased suppression of less strongly bound states: the U(1S) is the least suppressed and the156

U(3S) is the most suppressed of the three states. The U(1S) and U(2S) suppressions are observed157

to increase with collision centrality. The suppression of U(2S) is stronger than that of U(1S) in all158

centrality ranges, including the most peripheral bin. It should be noted that this bin (50–100%)159

is rather wide and mostly populated by more central events (closer to 50%). For this most pe-160

ripheral bin, the U(1S) nuclear modification factor is consistent with unity, 1.01 ± 0.12 (stat.)±161

0.22 (syst.), while for the most central bin (0–5%), RAA is 0.41± 0.04 (stat.)± 0.07 (syst.) indicat-162

ing a significant suppression. The observed U(nS) yields contain contributions from decays of163

heavier bottomonium states and, thus, the measured suppression is affected by the dissociation164

of these states. This feed-down contribution to the U(1S) state was measured to be of the or-165

der of 50% [18], however the precision of that measurement precludes quantitative conclusions166

about the suppression of the directly produced U(1S).167

In addition to QGP formation, differences between quarkonium production yields in PbPb168

and pp collisions can also arise from cold-nuclear-matter effects [19]. However, such effects169

should have a small impact on the double ratios reported here. Initial-state nuclear effects are170
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