
Search for  BR( B
s
   → μ+ μ-)  at  the LHCb 

Detector

Student: Cosme Adrover
Supervised by: Giampiero Mancinelli and Renaud Le Gac

Cosme Adrover (Marseille) Journées Jeunes Chercheurs 2010 11

Journées  Jeunes Chercheurs 2010



OutlineOutline

1. Introduction

2. LHCb Detector (Trigger)

3. Analysis overview

4. Calibration studies

5. Predictions

6. Conclusion



MotivationMotivation

· Good theoretical prediction for BR(B
s
   → μ+ μ-) .

· From experimental point of view is feasible, although represents a 
challenge in terms of back ground rejection.

· Already tried to measure   CDF/D0 experimental upper limit.→

· There is an important gap between the prediction and exp. upper limit.

· B
s
   → μ+ μ- is a key decay to find indirect indications of New Physics.

· It has become one of the golden channels at LHCb (running conditions). 
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IntroductionIntroduction



BB
ss
   →   → μμ++    μμ­­  within the Standard Model   (SM) within the Standard Model   (SM)
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Conservation of charge →  a pair of muons comes from a
 Neutral Current (NC)
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BR(BR(B
S
→ µ+ µ-)S M  = (3.35 ± 0.32) ·10-9 

[M. Blanke et al., arXiv:hep-ph/0604057]
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BR(BR(B
S
→ µ+ µ-)S M  = (3.35 ± 0.32) ·10-9 

[M. Blanke et al., arXiv:hep-ph/0604057]

Loop + Helicity Suppression (m
μ
/m

Bs
)2 → Low BR 

BR(BR(B
S
→ µ+ µ-)9 0 % C  L < 3.6 ·10-8  (experimental upper limit) [CDF Note 9892]

BB
ss
   →   → μμ++    μμ­­  within the Standard Model   (SM) within the Standard Model   (SM)





Motivations for going beyond the SM

     Neutrino flavor oscilations → massive particles 

 From astronomical observations → Dark Matter

 Large number of free parameters → Effective Low Energy Theory 

 No explanation for the Number of Fermion Families

 Gravity is not included in the SM

 Fine Tuning and Hierarchy Problem

 NP Scenarios:

 Two Higgs Doublet Models (2HDM), 

 Minimal Flavor Violation, 

 Minimal Supersymmetric Standard Model (MSSM) – and constrained versions - , 

 Extra Dimensions, 

 Technicolor Models, 

 Little Higgs Models
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General feature in all SUSY gauge theories → Each particle of the SM has a partner

These 'superpartners' have the same quantum numbers but differing by spin 1/2

BR values run from lower than the SM prediction to current experimental upper limit

BB
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General feature in all SUSY gauge theories → Each particle of the SM has a partner

These 'superpartners' have the same quantum numbers but differing by spin 1/2

BR values run from lower than the SM prediction to current experimental upper limit

→ Measuring BR(B
s
 → μ+ μ-) could give us a clear indication of NP

BB
ss
   →   → μμ++    μμ­­   in the MSSM in the MSSM



The LHC and the LHCb Exper imentThe LHC and the LHCb Exper iment

(Emilie's talk)
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The Tr igger System and the Str ippingThe Tr igger System and the Str ipping
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Stripping Process

Offline selection with cuts on
Impact Parameters, Mass,
Distances of flight, χ2 of 
Secondary Vertex (SV)



The Analysis  StrategyThe Analysis  Strategy



_ To extract BR(B
S
→ µ+ µ- ):

1. Selection of B
S
→ µ+ µ- candidates according to the preselection cuts (Stripping).

2. Classification of each event according to:
_ Geometry Likelihood (GL): discriminant method that uses the geometry of the event.
_ Particle Identification Likelihood (PID):  probability that the muons are indeed muons.
_ Invariant Mass Likelihood (IML)

Control Channels (calibration): B
s,d

→ h+ h- (IML, GL), J /ψ→µ+ µ-  (PID) … D0 → K π (GL)

 

3. Normalization 

Channels Pros Cons

B+ → J /ψ K+ Trigger/PID σ(fd/fs) = 13%

B
s,d

→ h+ h- Kinematics Trig/PID

B
s
→ J /ψ Φ f's cancel, σ(BR) = 25%

Trig/PID
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(Recall BR ↓↓)
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B
s

μ

μ

IP(μ)
PV

IP(B
s
)

DOCA

The Geometry Likel ihoodThe Geometry Likel ihood

GL: combine correlated variables to build a variable that contains 
most of the information related to the geometry of the event.  
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Lifetime B
s
 (SV-PV, P)

Isolation (both muons)

min(IP(μ
1
)/σ(μ

1
), IP(μ

2
)/σ(μ

2
))

DOCA

IP (mother)



The Geometry Likel ihoodThe Geometry Likel ihood
GL: combine correlated variables to build a variable that contains 
most of the information related to the geometry of the event.  
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Signal
Background

'Gausanization' and decorrelation

For each event
 → Δχ2 = χ2

B
 - χ2

S
 

Signal

Background



The GL studies using Low Mass ResonancesThe GL studies using Low Mass Resonances



MC

µ = 1865.4 ± 0.2 MeV
σ = 6.8 ± 0.2 MeV

Yield = 1363 ± 38

Fit: 1Gaussian + linear (higher sideband)

µ = 1864.69 ± 0.03 MeV
σ = 8.5 ± 0.3 MeV

Yield = (7.260 ± 0.009) 105

Fit: 2Gaussian + linear (higher sideband)

DATA

Training process of the GL: 
MC Truth events as Signal
DATA higher sideband as Background

Testing samples:
MC peak region and MC higher sideband
DATA peak reagion and Data higher sideband

Reflections (~99%) D0→ KK
<1% D0→ Keν, Kμν, πμν, Kππ0

→ Bkg subtraction
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DD 00    K →   K → ππ
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Input Var iables  Distr ibutionsInput Var iables  Distr ibutionsMC
DATA
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MC
DATA
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GL Distr ibutionsGL Distr ibutions



MC
DATA

No Isolation

Cosme Adrover (Marseille) Journées Jeunes Chercheurs 2010 14

GL Distr ibutionsGL Distr ibutions



MC
DATA

No Isolation

No Isolation
No IP
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MC
DATA

No Isolation

No Isolation
No IP
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GL Distr ibutionsGL Distr ibutions

B
s
 → h+ h- GL studies have shown

similar results



To do ListTo do List

1. Better understanding of the Isolation (Number of tracks 1. Better understanding of the Isolation (Number of tracks 
higher in data than in MC)higher in data than in MC)

2. The same for IP (smearing track resolution?...)2. The same for IP (smearing track resolution?...)

3. Trigger biases (does the trigger favor events at high GL? …)3. Trigger biases (does the trigger favor events at high GL? …)

4. … Systematics !!!4. … Systematics !!!

15



PredictionsPredictions
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Gaia Lanfranchi
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Exclusion  l imitExclusion  l imit

90% C.L.

ICHEP 2010
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ConclusionsConclusions

_ An overview of the motivations to study B
s
 → μμ it has been presented.

_ I briefly presented the analysis strategy, focusing on the GL.

_ The Expected Upper Limit exclusion has been shown.
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ConclusionsConclusions

_ An overview of the motivations to study B
s
 → μμ it has been presented.

_ I briefly presented the analysis strategy, focusing on the GL.

_ The Expected Upper Limit exclusion has been shown.

“… Le village se réveille ...”



BackupBackup
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● Other leptonic very rare decays:

Reconstruction rather difficult

BR ↓↓

BR ↓↓

Reconstruction rather difficult

Also a promising mode to test SM !!



BB
ss
   →   → μμ++    μμ­­   

This study is completely model independent
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The Large Hadron Collider Beauty (LHCb)The Large Hadron Collider Beauty (LHCb)

_ Designed for precise study of B decays.

_ Forward geometry.

_ Covering region: 300 mrad (XZ plane) and

 250 mrad (YZ plane).

_ Running Luminosity: ~ 103 2  cm-2 s-1 

Most Relevant for B
S
→ µ+ µ-:

Vertex Locator (VELO)
Muon Chambers 



The GL studies using Low Mass ResonancesThe GL studies using Low Mass Resonances

D0(1865) Bs(5366)

Similarities: IP, DOCA
Differences:  Lifetime, minIPS
Isolation ??



D0(1865) Bs(5366)

Similarities: IP, DOCA
Differences:  Lifetime, minIPS
Isolation ??
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