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B-oscillation 

Simplified Schroedinger equation describing oscillation and decay 

 𝐵𝐿  = 𝑘 𝐵𝑠
0 + 𝑙 𝐵𝑠

0  

 𝐵𝐻 = 𝑘 𝐵𝑠
0 − 𝑙 𝐵𝑠

0  

Mass eigenstates ≠ flavour eigenstates → mass difference ∝ osc. frequency 

Dominant Feynman diagrams 
(Standard Model) 
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Analysis strategy 

• Use data set taken in 2011                                 
(integrated luminosity 1 fb−1) 

• Reconstruct 𝐵𝑠
0 → 𝐷𝑠

−𝜋+ in 5 different 𝐷𝑠
−decay modes 

• ∼ 34000 signal candidates 

• Mean decay time resolution 44 fs 

• Need flavour at production                                                 
→ flavour tagging algorithms 

• Use invariant mass to separate signal from background 

• Unbinned maximum likelihood fitter in mass and decay 
time 

• Blinded analysis 
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𝐃𝐬
− → 𝛟𝛑− 

𝐃𝐬
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Decay time 
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Decay time PDF: 
 

𝑃𝐷𝐹 ∝  𝑒−Γ𝑡 ⋅  𝐶𝑜𝑠ℎ  
ΔΓ

2
𝑡 ± 𝐷 ⋅ 𝐶𝑜𝑠 Δ𝑚 𝑡   ⨂𝑅 𝜎𝑡  

Need decay time 
dependent analysis 

flavour specific  
final state 
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Decay time 
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Need decay time 
dependent analysis 

Production flavour from 
tagging algorithms 

𝐷 =  1 − 2𝜔𝑚𝑖𝑠𝑡𝑎𝑔  

𝜋− 

flavour specific  
final state 
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Decay time 
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Need decay time 
dependent analysis 

Production flavour from 
tagging algorithms 

𝐷 =  1 − 2𝜔𝑚𝑖𝑠𝑡𝑎𝑔  

Need excellent decay time 
resolution 
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Measuring Δ𝑚𝑠 
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 significance: 𝜎 Δ𝑚𝑠 ∝ 𝜀𝐷2𝑒−
Δ𝑚𝑠𝜎𝑡

2

2  

perfect tagging + resolution 

simulation 
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Measuring Δ𝑚𝑠 
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perfect tagging + resolution perfect tagging, realistic resolution 

∼ 𝟕𝟎% for 
𝝈𝒕 = 𝟒𝟒 fs 

 significance: 𝜎 Δ𝑚𝑠 ∝ 𝜀𝐷2𝑒−
Δ𝑚𝑠𝜎𝑡

2

2  
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Measuring Δ𝑚𝑠 
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perfect tagging + resolution perfect tagging, realistic resolution 

realistic tagging, realistic resolution 

𝟑. 𝟓% in data 

 significance: 𝜎 Δ𝑚𝑠 ∝ 𝜀𝐷2𝑒−
Δ𝑚𝑠𝜎𝑡
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Result 
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Result 
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 𝚫𝒎𝒔 = 𝟏𝟕. 𝟕𝟔𝟖 ± 𝟎. 𝟎𝟐𝟑 𝒔𝒕𝒂𝒕 ± 𝟎. 𝟎𝟎𝟔 𝒔𝒚𝒔𝒕  𝒑𝒔−𝟏 

Dominant systematics from decay length scale and momentum scale 

LHCb 
preliminary 
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Backup 



• Opposite side taggers 
– exploits 𝑏𝑏  pair production 

by partially reconstructing 
the second B-hadron in the 
event 

• Same side kaon tagger 
– exploits hadronization of 

signal 𝐵𝑠-meson 

• Combined tagging power 
– 𝜀𝐷2 = 3.5 ± 0.5% 
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Flavour Tagging 

𝜀 =
# 𝑡𝑎𝑔𝑔𝑒𝑑 𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒𝑠

# 𝑎𝑙𝑙 𝑐𝑎𝑛𝑑𝑖𝑑𝑎𝑡𝑒𝑠
             𝜔 =

# 𝑡𝑎𝑔𝑔𝑒𝑑 𝑤𝑟𝑜𝑛𝑔

# 𝑡𝑎𝑔𝑔𝑒𝑑
                𝐷 =  1 − 2𝜔  

Tagging efficiency Mistag probability Dilution 


