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Motivation:  
search for new physics 

In SM Bs
0
μμ and B0

μμ have a highly suppressed rate: 

*Buras arXiv:1009.1303.  

Decay channel BF SM 
predictions* 

Bs
0 → μ+μ− (3.2 ± 0.2) × 10−9  

B0 → μ+μ−  (1.1 ± 0.1) × 10−10 

  Should there be some new physics, the branching 
ratio could be enhanced ,  it’s a good way to probe 
new  physics. 
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The ATLAS detector 
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The CMS detector 

CALORIMETERS 

TRACKER 

MUON 
ENDCAPS 

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

Chambers (RPC) 
Drift Tubes (DT) 

Pixels 
Silicon Strips 

ECAL Scintillating PbWO4 Crystals 

HCAL Plastic scintillator 
Brass 

SOLENOID 
B = 3.8 T 

MUON BARREL 

weight: 12500 t 
overall diameter: 15 m 
overall length: 21.6 m 

JINST 3, S08004 (2008) 
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The ATLAS  and CMS data used in the analysis 
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CMS has special triggers for Bs, the total integrated luminosity  used for the 
analysis is  5 fb-1 .  ATLAS has similar triggers,  and the total integrated 
luminosity  used for the analysis is  2.4 fb-1 .  



Analysis strategy 

 All the selections chosen with the signal regions blinded 

      Using sample B± → J/ψK± → (μ+μ-) K±  for normalization     

 To avoid uncertainties of the bb ̄ production cross section 

 To avoid  uncertainty of luminosity measurement 

 To mitigate the efficiency effects 

Br Bs
0 ®m+m-( ) =

NS

Nobs
B+

fu

fs

etot
B+

etot
Br B+( )

fs / fu = 0.267 ± 0.021 [LHCb arxiv:1111.2357] 
Br(B+) from the PDG  
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                        ATLAS                    CMS 

 |ηmax|       1.0                1.5                 2.5            1.4                      2.4 

Dimuon mas 
Resolution  

   60MeV         80MeV       110MeV         40MeV               60MeV 

Dividing the sample into different eta regions, because the mass resolution is different 

CMS 



Signal versus Background 

 Signal B(s)
0
μ+μ-:  

 two isolated  muons  

 invariant mass around m(B(s)
0) 

 Displaced secondary vertex aligned 
with dimuon momentum 

 Backgrounds 
 two muons 

 one muon one fake 

 Two fakes like  (Bs
0
K- K+) 

 

 
Fake rate was determined by control 
sample:  

D*+D0π+K-π+π+,    Λpπ- 

K, π fake to μ:  0.10%  +- 0.02%  (CMS) 

P fake to μ:  0.05%  +- 0.01%  (CMS) 
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Signal selection: most 
discriminating variables in CMS 

 Pointing angle α3D 

 Flight length significance l3D/σ(l3D) 

 

Data side-bands (background)  vs signal MC: 
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CMS CMS 



Isolation in CMS 
 Isolation cone around the Primary vertex: 

 

 

 Tuned to minimize MC/data discrepancies and maximize bkg rejection m

z

m

I =
p^ B( )

p^ B( ) + p^
trk

å
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We take the nearest vertex 
in Z direction as  the primary 
vertex 

CMS 

Pile up 



Multivariate analysis in ATLAS 
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28 variables  were tried at the beginning, 
14 variables were used finally 



No bias found in MVA 

11 



12 

Optimized cuts 
 for  
 CMS  
 
and ATLAS 



MC validation 

The efficiency is determined by MC,  which  is validated 
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CMS  
Bs→J/ψφ 

B+→J/ψK+ 



Pile-up independent 
 in 2011: <NPV> = 8 

 Selections have been tuned to be pile-up independent 

 e.g. isolation searches only for tracks coming from the same  
primary vertex or not associated to any others 

α3D 
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CMS 

CMS and ATLAS checked pile-up dependence with B+→J/ψK+ 



Bh- h+ simulation  
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hh 

CMS 

Background is determined by sideband, but the peak decays 
Bhh is determined by MC, where fake rate is tuned with 
control sample  



Systematics in CMS 
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Systematics in ATLAS 
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Variable B0
μμ Barrel Bs

0
μμ Barrel B0

μμ Endcap Bs
0
μμ Endcap 

εtot 0.0029 ± 0.0002 0.0029 ± 0.0002 0.0016 ± 0.0002 0.0016 ± 0.0002 

Nsignal
exp 0.24 ± 0.02 2.70 ± 0.41 0.10 ± 0.01 1.23 ± 0.18 

Ncomb
exp 0.40 ± 0.34 0.59 ± 0.50 0.76 ± 0.35 1.14 ± 0.53 

Npeak
exp 0.33 ± 0.07 0.18 ± 0.06 0.15 ± 0.03 0.08 ± 0.02 

Ntotal
exp 0.97 ± 0.35 3.47 ± 0.65 1.01 ± 0.35 2.45 ± 0.56 

Nobs 2 2 0 4 

           Events selected in CMS 
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Events selected in ATLAS 
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Results on the upper limits 

With CLs at 95%CL: 

CMS observed median expected 

BR(Bs
0
μμ) 7.7 x 10-9 8.4 x 10-9 

BR(B0
μμ) 1.8 x 10-9 1.6 x 10-9 
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ATLAS  observed  expected 

2.2 x 10-8  2.5 x 10-8 



Conclusion 
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CDF CMS ATLAS LHCb SM 

Integrated Luminosity 10 fb-1 5fb-1 2.4 fb-1  1fb-1 

Br(B0→μμ) 95%CL up limit (10-9) 4.6 1.8 1.03 0.10+-0.01 

Br(Bs→μμ) 95%CL up limit (10-9) 31 7.7 22 4.5 3.2+- 0.2 

     A blind analysis searching for the rare decays Bs
0 → μ+μ− and 

B0 → μ+μ−  has been performed by ATLAS and CMS in pp 
collisions at √(s) = 7 TeV, the number of events observed is 
consistent with the yields expected from background, and up 
limits were provided. 

Comparison 



                         

 

             Thank you 
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Backup 
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The ATLAS data used in the analysis 

24 



The defining regions 
For the signal: 

Region definitions Invariant mass (GeV) Region definitions Invariant mass (GeV) 

overall window 4.90 < mμ1μ2 < 5.90 B0 → μ+μ−  window  5.20 < mμ1μ2 < 5.30 

blinding window  5.20 < mμ1μ2 < 5.45 Bs
0 → μ+μ−  window  5.30 < mμ1μ2 < 5.45 

Region definitions Invariant mass (GeV) Region definitions Invariant mass (GeV) 

overall window 4.90 < mμ1μ2K < 5.90 signal region 5.20 < mμ1μ2K < 5.35 

low sideband 5.05 < mμ1μ2K < 5.15 high sideband 5.40 < mμ1μ2K < 5.50 

For the normalization: (Jpsi mass in [3.0, 3.2]) 

For the control: (Jpsi mass in [3.0, 3.2], Phi mass in [0.995, 1.045] and ΔRkk<0.25)  

Region definitions Invariant mass (GeV) Region definitions Invariant mass (GeV) 

overall window 4.90 < mμ1μ2KK < 5.90 signal region 5.27 < mμ1μ2KK < 5.47 

low sideband 5.10 < mμ1μ2KK < 5.20 high sideband 5.50 < mμ1μ2KK < 5.60 
25 

B Mass = 5.28 GeV, Bs Mass = 5.37 GeV 



Combinatorial bkg evaluation 
 Dimuon background = rare + combinatorial background 

 The combinatorial bkg is assumed to have a constant shape 

 checked with inverted isolation sample (syst 4%) 

 The rare  bkg is subtracted from the sidebands 

 scale the remaining event counts proportionally τ: 

t s,d =
Dms,d

5.9 - 4.9 - 0.25
=

width of the side-bands 

width of the signal window 
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The expected number of reconstructed decays assuming SM is 

in each “channel” (Bs, Bd in barrel, endcap) 
 
The total model is 6 poissonian observables (Ns

E, Ns
B, Nd

E, Nd
B, Nb

E, Nb
B) , 2 nuisance 

parameters for background (νb
E, νb

B) and additional nuisance parameters for 
systematic uncertainties. 

Upper limit extraction 
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Results on the upper limits: p-values 

 With CLs at 95%CL 

 

 

 

 p-values for background-only hypothesis 

 

w/o cross 
feed 

w/ SM cross 
feed 

floating 
cross feed 

BR(Bs
0
μμ) 0.06 (1.5σ) 0.07 (1.5σ) 0.11 (1.2σ) 

BR(B0
μμ) 0.11 (1.2σ) 0.29 (0.6σ) 0.24 (0.7σ) 

observed median expected 

BR(Bs
0
μμ) 7.7 x 10-9 8.4 x 10-9 

BR(B0
μμ) 1.8 x 10-9 1.6 x 10-9 

• p-values for SM + bkg 

 w/ SM cross 
feed 

BR(Bs
0
μμ) 0.71 

BR(B0
μμ) 0.86 
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