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HBT - BEC  basics 
–  Correlation Function:  •  Detecting two identical 

bosons emitted from  
sources 1 & 2 at A & B 

•  Two-boson correlation 
function          reflects 
source dimensions 
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CMS Detector 
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Very large coverage (                                 )! 
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•  Experimentally  
 

 
 
 
 

 
–  Background pair selection 

»  Same event, opposite charges (       resonances) 
»  Rotation of 1 track of the pair 
»  Mixed events (       ) 

 

–  Double ratios          reduce bias: 

BEC - pp @ 0.9 & 2.36 TeV - 2009 data 
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Summary of results – pp collisions @ 0.9 TeV 

–  Leading syst. uncertainties: choice of ref. sample  
r.m.s. spread between results (             ;               )    
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[PRL 105, 32001 (2010)] 

      

R (Q) =C  [ 1 +λ Ω(Qr) ] (1 + δQ) 
            Ω(Qr) = exp(−Qr)

Fit 

Ω(Qr)∝ exp −(Qr)2⎡
⎣⎢

⎤
⎦⎥  

     → χ2 /N
dof
> 9

Min bias 
2009 

Min bias 
2010 

0.9 TeV  ~ 280 k ~ 4.8 M 

2.36 TeV  ~ 14 k 

7 TeV ~ 2.7 M 

 s

Sandra S. Padula                        BEC in pp collisions @ LHC with CMS - ISMD 2011 

λ = 7% r = 12%



2010 results - pp collisions 0.9 & 7 TeV 
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•  Reference sample: same sign tracks, mixed events, ~ multiplicity 
•  MC simulation: Pythia 6 - Tune Z2 

      Ω(Qr) = e−Qr  

[JHEP05 029 (2011)] 
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Dependence on kT  and  Nch 

Nch   
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Fit parameters  vs.  kT  and  Nch  

 Ω(Qr)= e−Qr

JHEP05 029 (2011) 
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r - dependence on Nch  

–  Fit to data 

     r  (Nch
) = a ⋅N

ch
1/3  

[JHEP05 029 (2011)] 

M. Lisa, AIP Conf. Proc. V. 828, 226 (2006) 

<Nch>~12.1 

<Nch>~19.2 



The dip structure in HBT - pp collisions 

  -- MC reproduces the resonance 
structure in the opposite charge  
 

  -- MC shows a correlation also in 
same charge (no BEC in MC) 
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-- Ratio opposite charge pairs/reference sample 
à correlation on top of the resonances  
 

-- Mixing events breaks the above correlation 
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The dip structure step by step 
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The dip structure step by step 
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The dip structure - 1 
Ω= e−(Qr )

[     - model à Csörgő & Zimányi, N.P. A 517, 588 (1990); Metzger et al., P. L. B663, 114 (2008) ] 
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•  For                     :                   =485/194 (0.9 TeV) & 739/194 (7 TeV) 
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The dip structure - 2 
»  Observed in         experiments at LEP [L3, Eur. Phys. J. C71, 1648 (2011) ] 
»  This is the first observation of this anticorrelation in pp collisions!  
»  Using Eq. (R*) to fit data:                = 213/192 (0.9 TeV) and                = 215/192  

                                                                                                                                                                         (7 TeV)  
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(at the minimum) 
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Summary & conclusions 
•  Bose-Einstein Correlations à measured at CMS detector in 0.9 TeV, 2.36 

TeV and 7 TeV  pp collisions 

•  Shown: BEC data & parameter fits  
–  trends seen in parameters do not depend on fit function (checked with 

r  first moments) 

•  Inclusive radius parameter :   
–  reflects increase  in  Nch  with 

•  Correlations as Double Ratios binned in Nch &  kT 

–  r  decreases with kT for high multiplicity events Nch 
»  similar behavior with kT is seen in AA collisions  (         collective behavior) 
»  in pp collisions also seen by E735 (Tevatron), STAR, PHENIX and ALICE 

•  Anticorrelation of like-sign pairs à 1st observation in pp collisions by CMS 
–  Better χ2/Ndof  à param. describing time evolution of the source 

(assumes broad distr. in       and strong         correlations) 
–  Dip depth decreases with increasing Nch 
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EXTRAS 
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More results - pp 0.9 TeV & 2.36 TeV 

•  Dependence of the fit parameters 
        on charged multiplicity (Nch) 
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Fit functions - pp sqrt{s}=0.9 & 7 TeV  

–  Double ratios 

•  Gaussian fit                                                    bad (reduced      > 9) 

•  Exponential fit  

•  Levy fit 

      R(Q) =C[1 +λ Ω(Qr)](1 + δQ) 

     Ω(qr) exp[−(Qr)α ]

    Ω(qr) exp[−(Qr)2 ]

    Ω(qr) exp(−Qr)
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Dependence on kT  and  Nch  -  tables 
•  Double ratios (2010 pp data) - exponential fits 

 

 

»  Systematic errors → λ = 4.5% (0.9 TeV) ; 9.6% (7 TeV) 
                            r = 6.8% (0.9 TeV) ; 11.1% (7 TeV) 

     Ω(Qr) = e−Qr
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Double ratios  
–  Construction of reference sample         to reduce bias: 
 

 
 

 

 
–  Calculated for all 7 reference samples  [PRL 105, 32001 (2010)]  
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Systematic Uncertainties- 2010 pp run 

•  Choice of reference sample à main uncertainty in r  
»  Estimate with r.m.s. spread with         ref. samples 
»  Additional à choice of MC sample (r.m.s. spread with          samples) 
»  7 TeV data more affected by MC choice  

≠
≠
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Coulomb FSI - Gamow factor  
–  Charged pairs: Coulomb interaction         affect the low-Q region  
–  Can be parametrized by Gamow factors: 

•  Testing compatibility: [dNOS/dQ(data)]/[dN/dQ(MC)]  vs  
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