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Topics 

1.  Introduction: Υ(nS) in pp and PbPb @ LHC 

2.    Screening, gluodissociation and damping 

       of the Υ(nS) and χb(nP) states 

3.  Feed-down cascade including χb(1P) and χb(2P) states 

4.  Comparison with CMS data 

5.  Conclusion 
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CMS Collab., CMS-PAS-HIN-10-006 (2011) 

Υ suppression as 
a sensitive probe for  
the QGP 

  No significant effect 
      of regeneration 
   mb≈ 3mc            cleaner 
      theoretical treatment 

  More stable than J/ψ 

EB(Y1S) ≈ 1.10 GeV 
EB(J/ψ) ≈ 0.64 GeV 
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CMS Collab., PRL 105, 252301 (2010), and this conf. 

RAA[Y(1S)]: 0.62 ± 0.11 (stat) ± 0.10 (sys) 

1.  Y(1S) ground state is suppressed in PbPb: 

A clear QGP indicator 

2.  Y(2S, 3S) states are suppressed in PbPb: 

R
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   Debye screening may prevent the formation of (or dissolve the) Y states 
     before gluodissociation occurs: Start with the consideration of screening,  
     with initial populations estimated from pp results at the same c.m. energy: 
     static suppression   

   At LHC energies gluon-induced dissociation of the Y(1S) ground state 
     is expected to yield a large contribution to its suppression due to  
     the substantial thermal gluon density in the qgp at midrapidity (≈16/fm^3 
     at T=400 MeV): dynamic suppression 

  The imaginary part of the potential (effect of collisions) contributes  
      to the broadening of the Y(nS) states: damping  

    Feed-down from the excited Y states to the ground state substantially  
      modifies the populations: indirect suppression 
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Screened potential: rD Debye radius, αeff = 0.471 effective coupling 
                                accounting for short-range Coulomb exchange, 
                                   σ ≈ 0.192 string tension  (Jacobs et al.; Karsch et al.) 

= mD, Debye mass 

Binding energy at  
temperature T; 
M=Meson mass 

Real part: 
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From the numerical solution of the 
Schoedinger equation 

From: F. Brezinski and G. Wolschin,  
           Phys. Lett. B 707 (2012) 534  (arXiv:1109.0211) 
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Gluodissociation cross section in leading order, with coulombic wfct 

Born amplitude for the interaction of gluon clusters according to 
Bhanot&Peskin in dipole approximation  / Operator product expansion 

The cross section is obtained via the optical theorem from the forward 
scattering amplitude 



Hard_Probes_2012 10 

for the Gluodissociation cross section. 

which yields an expression that can be extended to include 
the screened rather than the coulombic eigenfunctions  

Insert a complete set of eigenstates           of the adjoint repulsive 
(octet) Hamiltonian with eigenvalues  k2/m to consider also the 
string part of the potential: 
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For zn        0 the expression by Bhanot&Peskin results    

For 1S etc. 

1S result agrees with effective field theory: Brambilla, Escobedo, Ghiglieri, Vairo 2011 
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Dynamical model for the expanding fireball with QGP lifetime tQGP and  
Y formation time tF as free parameters; vz=0.9c, vx=vy=0.6c 
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Calculated damping widths 
for Y(1S) and       (1P), 
and corresponding gluo- 
dissociation widths. 

Medium contributions from hard  
thermal loop approx., to 1st order 

�b
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Complex potentials:  
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Laine et al. 2007; Beraudo et al. 2008 
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Initial populations in pp computed using an 
inverted cascade from the final  
populations measured by CMS and CDF(      ) 
[Nfinal(1S):=1]     Ninitial 

3S: 0.387 

2S: 0.371 

1S: 0.458 

Ninitial 

2P: 0.976 

1P: 1.29 

�b
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Decay matrix for the five states involved  

with 

(use a cumulative decay matrix C since multiple decays 
may occur before detection of the states)  

Calculate final from initial population vector 
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RAA
CMS(1S) = 0.62±0.11(stat)±0.10(sys) , min. bias (0-100%) 

Model result for   tF=0.1 fm/c, tQGP=8 fm/c: RAA
th(1S)=0.60  

                     for   tF=0.5 fm/c, tQGP=8 fm/c: RAA
th(1S)=0.71  

Model result for    tF=0.1 fm/c, tQGP=8 fm/c: (2S+3S)/1S=0.46 +0.26/-0.08 
(theoretical uncertainties from error bars in the input data) 

Leaves room for additional suppression mechanisms 

tF: Y formation time 
tQGP: QGP lifetime 
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Y(1S) Y(2S+3S)/Y(1S) 

Leaves room for additional suppression mechanisms 
in particular, for the excited states. 

Consider 

  Screening (potential model) 

  Gluodissociation (OPE with string tension included)  

  Collisional damping (imaginary part of potential)                            

  Feed-down from excited states 
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 The suppression of the Υ(1S) ground state in PbPb collisions at LHC 
energies through screening, gluodissociation, damping and reduced 
feed-down has been calculated, and is found to be in good 
agreement with the CMS result. 

 The enhanced suppression of the Υ(2S+3S) relative to the 1S state    
in PbPb as compared to pp collisions at LHC energies (CMS) is 
consistent with the model within the (large) error bars for 
sufficiently small Υ formation times. There is room for additional 
suppression mechanisms.  

for a detailed comparison: 
expected from the Nov/Dec 2011 LHC run for 2.76 TeV PbPb.

Υ
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