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• Why LHCb? 
 

• Insides in LHCb  
 

• Angular Measurement 
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principles of experimental 
particle physics 

 
example:  

precision lifetime measurements 
of b hadrons at LHCb 
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b-hadron lifetime – spectator model 

use for lifetime estimation 
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Influence of spectator quarks 

destructive Pauli interference W exchange 
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Theoretical calculation 

 Heavy Quark Expansion (HQE)  
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Heavy Quark Expansion 

[ A. Lenz, 2014 , arXiv:1405.3601 ]    

𝜏 𝐵+ /𝜏 𝐵𝑑 = 1.04−0.01
+0.05 ± 0.02 ± 0.01  𝜏 𝐵𝑠 /𝜏 𝐵𝑑 = 1.001 ± 0.002  

𝜏 Λ𝑏 /𝜏 𝐵𝑑 = 0.935 ± 0.054  
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Current World averages 

HFAG 

Recent results 
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𝐁+ → 𝐉/𝛙 𝐊+ 
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𝐁+ → 𝐉/𝛙 𝐊+ 

proton bunches proton bunches 
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𝐁+ → 𝐉/𝛙 𝐊+ 

B+ 

proton bunches proton bunches 
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𝜇+ 

K+ 
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𝐁+ → 𝐉/𝛙 𝐊+ 

B+ 

proton bunches proton bunches 

𝜇− 

𝜇+ 

VELO 

“Beampipe” 

K+ 

14 



𝐁+ → 𝐉/𝛙 𝐊+ 

B+ 

proton bunches proton bunches 

𝜇− 

𝜇+ 

VELO 

“Beampipe” 

K+ 

15 



𝐁+ → 𝐉/𝛙 𝐊+ 

B+ 

proton bunches proton bunches 

𝜇− 

𝜇+ 

VELO 

flight distance 

“Beampipe” 

K+ 
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VELO Tracking 

z 

R 

x 

y 
1. 2. 
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Long Track 
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Long Track 
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Trigger 
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decay time cut of 0.3 ps  (τ = 1.5 ps) 

B0 → J/𝜓K𝑆 

B0 → J/𝜓K𝑆 
How to reduce the rate? 

7,835 events 183,804 events B0 → J/𝜓K𝑆 

prompt background 
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Data Processing 

Gauss Boole 

Brunel DaVinci Moore 

Simulation 

Tracks Particles Trigger 

Decays Detector Response 
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Reconstructed Signal candidates: 
 
       229.000     B+ → J/𝜓 K+ 
          71.000     B0 → J/𝜓 K∗, 
          17.000     B0 → J/𝜓K𝑆, 
          19.000     Bs

0 → J/𝜓 ϕ ,  
             3.900    Λ𝑏

0  → J/𝜓 Λ ,   

Data Samples 
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How to separate signal and background? 
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Sideband Subtraction 
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m and x must be uncorrelated! 



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

ttrue  trec 

𝑅𝑒𝑠 𝑡, 𝑡′   :  Decay Time Resolution 
𝐴𝑐𝑐 𝑡         :  Reconstruction & Selection Efficiency 

Lifetime Measurements 

trec − ttrue  
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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. Data driven method to measure decay 
time dependent reconstruction 
efficiency:              

 Tag and Probe 
 

1. Fit 



The good… 

Why not just trust simulation? 
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...,the bad… 

low energetic particles: 
• much multiple scattering 
• 10% uncertainty on material 
• Misalignment of the detector 
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... and the ugly 
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low energetic particles: 
• much multiple scattering 
• 10% uncertainty on material 
• Misalignment of the detector 



Decay Time Resolution 

Prompt J/𝜓𝐾+𝐾− candidates 

true J/𝜓 + random kaons  

𝜎~45fs 
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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 

Tag 

Tag 

Tag 
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Tag and Probe 

Tag 

Tag 

Tag 

Probe 
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K+ 
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B mass without using VELO for 
K+ reconstruction 



Correcting PV reconstruction 

Before correction After correction 

Primary 
Vertex 

Decay Vertex 

IP 

B+ 
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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 



Systematic Uncertainty 

Uncertainty Comment Value 

Bs
0 → J/𝜓 ϕ B0 → J/𝜓K∗ B+ → J/𝜓K+ Bs

0 → J/𝜓KS Λ𝑏
0  → J/𝜓 Λ 

 VELO Reconstruction 
Precision of efficiency 
measurement 

2.3 fs 2.3 fs 2.0 fs 0.9 fs 0.5 fs 

 MC Statistic Simulation sample size 2.4 fs 2.3 fs 1.7 fs 2.9 fs 3.7 fs 

 Trigger efficiency Control sample size 2.5 fs 1.2 fs 1.1 fs 2.0 fs 2.0 fs 

 Mass-time correlation 
Fit mass in different 
decay time bins 

0.7 fs 1.8 fs 1.4 fs 2.1 fs 3.0 fs 

 Background modeling Different fit models 0.4 fs 0.2 fs 0.1 fs 2.2 fs 2.1 fs 

 Mass modeling Different fit models 0.5 fs 0.2 fs 0.1 fs 0.4 fs 0.2 fs 

 Peaking background 
Misreconstructed 
decays 

0.4 fs - - 0.3 fs 1.1 fs 

 Effective lifetime bias Angular acceptance 1.6 fs - - - - 

 Prod. asymmetry Proton collider - - - 1.1 fs - 

 LHCb length scale VELO alignment 0.3 fs 0.3 fs 0.4 fs 0.3 fs 0.3 fs 

 Total systematic 4.6 fs 3.9 fs 3.2 fs 4.9 fs 5.7 fs 

 Statistical 11.4 fs 6.1 fs 3.5 fs 12.8 fs 26.5 fs 
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Summary 

Showed precision measurement of lifetimes 
 
 
Model independent test of QCD 
 
 
Next lecture: NEW PHYSICS measurement 
(with observed deviation!) 
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