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• Why LHCb?   
 

• Insides in LHCb  
 

• Angular Measurement 
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Lifetime Measurement 
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1. Why not rely on simulation 
 

2. Data driven method to measure decay 
time resolution 
 

3. Recap 
 

4. Data driven method to measure decay 
time dependent reconstruction 
efficiency ( Tag and Probe)              
 

5. Fit 



Recap 
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Current World averages 

0.2% relative error! 

𝑃𝐷𝐹 = exp −𝑡/𝜏 ⊗ 𝑅𝑒𝑠 𝑡, 𝑡′ ∙ 𝐴𝑐𝑐(𝑡′) 
 

trec 

What we fit 

Why we don’t want to 
trust simulation 



B to jpsi KS 

Decay Time Acceptance 

𝛽~𝒪 10−2 ps−1 → Δ𝜏~20 fs 
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𝐵𝑠
0 → 𝐽/𝜓𝜙 



Measured lifetime after different 
Selection and Reconstruction steps 
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Reconstruction in the VELO 
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Track from origin 
 
• straight line in R-z plane 
• same 𝜙 

Track from B decay 



VELO reconstruction efficiency 

Simulation Data 
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Tag and Probe 
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Corrected Lifetime acceptance 
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Ratio LHCb 1 𝐟𝐛−𝟏 Theory 

𝜏𝐵+ / 𝜏𝐵0 1.074 ± 0.005 ± 0.003  1.04−0.02
+0.05

 
 

𝜏Λ𝑏
0  / 𝜏𝐵0 0.929 ± 0.018 ± 0.004  0.935 ± 0.054 

𝜏𝐵𝑠0→𝐽/𝜓𝜙 / 𝜏𝐵0  0.971 ± 0.009 ± 0.004  - 

𝜏𝐵+ /𝜏𝐵− 1.002 ± 0.004 ± 0.002  1 

𝜏𝐵0/ 𝜏𝐵 0 1.000 ± 0.008 ± 0.009  1 

𝜏Λ𝑏
0  /𝜏Λ 𝑏

0   0.940 ± 0.035 ± 0.006  1 

Lifetime LHCb 1 𝐟𝐛−𝟏 World average (2013) 

𝜏𝐵+  1.637 ± 0.005 ps 1.641 ± 0.008 ps 

𝜏B0→J/𝜓K∗  1.524 ± 0.007 ps 1.519 ± 0.007 ps 

𝜏B0→J/𝜓K𝑆  1.499 ± 0.014 ps 1.519 ± 0.007 ps 

𝜏𝐵𝑠0→𝐽/𝜓𝜙 1.480 ± 0.012 ps 1.429 ± 0.088 ps 

𝜏Λ𝑏
0   1.415 ± 0.027 ps 1.429 ± 0.024 ps 
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Test HQE 

Test CPT 



Outline 
 

• Why LHCb?   
 

• Insides in LHCb 
 

• Angular Measurement  

15 



16 

Example from the past:  𝒆+𝒆− → 𝝁+𝝁− 



Example from the past:  𝒆+𝒆− → 𝝁+𝝁− 
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Today:  m(Z) = 91187,6 ± 2,1 MeV 

𝐴𝜇𝜇 = (#𝐹 − #𝐵 )/(#𝐹 + #𝐵) 
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What is an effective theory? 

• What is the interesting physics? 

Classical Mechanics Special Relativity 
??? 
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Goal 

• Simplest necessary framework 
 
• Captures essential physics 
 
• In principle, can be corrected in arbitrary precision 

 Power expansion of special relativity 
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Way to go 

• Determine relevant degrees of freedom 
 

• to get low energy properties of SM 
“integrate” out heavy particles 
 

• To describe physics at scale m² we do not 
need to know what is going on at Λ2 ≫ m2 
 

• One approach: expansion m2/Λ2 
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Beta decay 
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The decay of this lecture 
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Feynman Diagrams 
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Effective Hamiltonian 
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Angle definition (one of many) 



Differential decay rate 
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Js  Amplitudes 
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Amplitudes  Wilson Coefficients 
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Now to the experiment 

Showing analysis with 2011 data.  
2012 data under study at the moment. 
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Mass spectrum 

Nice peaks, but for this analysis this is the background! 
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DiMuon invariant mass squared 𝐪𝟐 

Doing analysis in bins of q2 
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Projections of the angles 
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Results 



What could it be? 

• statistical fluctuation  
    (1 of 24 bin: probability 0.5% ) 

 
• unknown background 

 
• something else unknown 

 
• underestimation of theory uncertainty  
    (in large discussion) 

 
• New Physics … 
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What, if it would be the Wilsons? 

One simple NP scenario: 

photon penguin 
 
ew. penguin 

with 
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Z’ 

Would also affect Bs 
mixing: 

Additional decay 
amplitude: 
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Direct Search for Z’ 

Current limit 



Summary 

• Angular measurements: 
• precise theory calculations  
• precise measurements 

 
• b-s transitions good place to look for New 

Physics 
 

• Deviation from theory found.  New analysis 
with 2x more data on the way. 
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