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In Standard Model, no FCNC present at tree level 
- FCNC may proceed through higher-order loop diagrams (e.g. B0

sҦ˃  ˃, B0Ҧ˃ )˃ 
 
 
 
 
 
- Such rare FCNC processes have (very low) non zero branching ratios from SM: 

 
 
 

       
       
 
- BSM theories predict enhancements of these BRs (e.g. {¦{¸ύ Ҧ ƻōǎŜǊǾŀǘƛƻƴ ŀōƻǾŜ {a 
expectation leads to early discovery . 

MOTIVATION 
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CMS DETECTOR  

MUON CHAMBERS 
ÅMade of Drift Tubes, Cathode Strip Chambers and Resistive Plate 

Chambers. 
Å Coverage upto | |́ < 2.4 
ÅMuon pT resolution 1-1.5% upto pT  ˃= 1 TeV 

 

Å  
MAGNET 

Å Superconducting Nb-Ti  coil , 12m long 
and 6m diameter. 

Å Design Magnetic field : 4 Tesla 

HADRON CALORIMETER 
Å Sampling calorimeter made of alternating 

layers of Brass and plastic scintillator. 
ÅWLS fibres used for  collection of signal. 

measured by HPDs. 
Å Energy resolution 10% for 100 GeV pion. 

ELECTROMAGNETIC CALORIMETER 
ÅHomogeneous  calorimeter made of PbWO4 crystals . 
ÅSignal measured by Avalanche Photo diodes. 
ÅEnergy resolution of 1% for 30 GeV e/ .ɹ 

SILICON TRACKER 
Å Inner most 13/14 layers in the Barrel/Endcap  

comprising 100 x 150 ˃m pixels. 
ÅOutermost 10 layers  made of 10 x 180 ˃ m 

and 25 x 180 ˃ m strip detectors. 
Å pT resolution 0.5% for  10 GeV charged track. 
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EVENT RECONSTRUCTION (PARTICLE FLOW) 

Å Muons: Tracker hits, Calo Energy  deposits (ECAL + HCAL), Muon chamber hits 
Å Charged Hadrons: Tracker hits, Calo Energy deposits (ECAL + HCAL) 
Å Electron/Photon (Converted): Tracker hits, Calo Energy deposits (ECAL) 
Å Neutral Hadron: Calo Energy deposits (ECAL + HCAL) 
Å Photon (Unconverted): Calo Energy deposits (ECAL) 

11/15/2014 AEPSHEP 2014, Project Seminar, Group B 6 



ANALYSIS STRATEGY -1 
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ANALYSIS STRATEGY -2 

Multi-variate analysis with BDT was applied (cuts next slide, MVA Input variables in back up) 
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BDT1  

wŜŘǳŎŜǎ ƘҦ ˃fake rate by 50 %  

(to 10-3) @ 90% efficiency 

4.9 GeV < m˃  ˃< 5.9 GeV 

Common Sec. Vtx constraint  

1D BDT 

Min. req. on BDT output optmiz. by 
S/(S+B)1/2 

(Used for B0Ҧ˃  ˃search) 

4 Categories 

CATEGORIZED BDT 

12 categories chosen so as to give 
same exp. Signal yield/ category 

(Used for B0sҦ˃  ˃search) 

MC Sim.: Pythia (Tune Z2) 
Particle Decays: EVTGEN 

Detector Response: GEANT4 



TRIGGER SELECTIONS 

× Dimuon  Trigger  
× L1 Hardware Trigger  

o pʈT > 3 GeV (few kHz)  

× HLT Full tracking and vertexing  

        

HLT Selections: B0
s  ‘‘/  B0  ‘‘ 

 
HLT Selections: B+  *Ⱦ K±  

(Norm.*) and  

B0
s  *Ⱦ ‰ (Control$) 

o Two ‘ with opposite charge, each with pT 
> 4 GeV, |–| < 2.2 GeV 

o pT  > 6.9 GeV  

o 2.9 < m‘‘ < 3.3 GeV 

o Cos  > 0.9 

o L/„(L)>3  (flight length sig.) 

o Distance of closest approach < 0.5 cm 

o P(…2 / dof ) > 15% 

 

 

Detector  Region 7 TeV (2011) 8 TeV (2012) 

Central region(Barrel) 
[| |́ < 1.5 (1.8)] 

PT
‘
  > 4 GeV 

PT
‘‘

  > 3.9 GeV 
 

PT
‘1

  > 4 GeV 
PT
‘2

  > 3 GeV 
PT
‘‘

  > 4.9 GeV 

Forward region(End 
Cap) 
[| ‘́1/‘2| > 1.5 (1.8)] 

PT
‘
  > 4 GeV 

PT
‘‘

  > 7 GeV 
PT
‘
  > 4 GeV  

PT
‘‘

  > 7 GeV 
 

Prob(VTX) > 0.5% 
4.8 < m‘‘ < 6.0 GeV 

Prob(VTX) > 0.5% 
4.8 < m‘‘ < 6.0 GeV 

( ) )r-r( and p b/w Angle : SVPV

mmmma
CCC

T
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Avg Trigger Eff. => (39-85)% dep. on 
channel and Period  
Uncert. => (3-6)% [(1-4)%] for Signal 
(Norm.) samples 

*To minimize uncertainity in ̀ b bbar 

$ To validate MC for potential effects due to 
different fragmentation of B+ and B0

s. 
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Maximum Likelihood Fit (Unbinned) 
ü Signal*: 

¸ Crystal Ball; Normalization fixed by MC expectation 

ü Peaking background (BŸhhô) *: 

 ̧  Sum of Gaussian and Crystal Ball (same mean) 

¸ Yield constrained ( by Log-Normal PDF with rms 
=1ů) to MC expectation  

¸ Normalized to the measured B +ŸJ/ɣ K+ yield 

¸ Yield cross-checked on independent data-set (Single 
ɛ Trigger) 

ü Semileptonic background       
(BŸhɛ˄ /BŸhɛɛ/ɽbҦǇɛ˄) * : 

¸ Normalized to the measured B +ŸJ/ɣ K+ yield 

¸ Modelled using Gaussian kernels from MC 

ü Combinatorial background (2 Distinct Semi. Lept. B 
decays ): 

¸ First degree polynomial 

¸ Validated with independent data set 

ü Signals: 

Likelihood = P(data | theory) 
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ALL POST FIT 

BDT 

CATEGORIES IN 

BACK UP 
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üNo Significant excess observed for B0Ÿɛɛ. 

 

üUpper limit on BR(B0Ÿɛɛ ) < 1.1 x 10-9 is established at 95% CL. 

 

üFor   B0
sŸɛɛ, excess of events is observed at 4.3 standard deviations. 

 

üMeasured  value of BR(B0
s Ÿɛɛ ) = (3.0+1.0

-0.9) x 10-9 is in agreement with 

SM value (3.57 ± 0.30) x 10-9
. 


