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Topics: 
• Δ𝑚𝑠 measurement 
• 𝜙𝑠 from 𝐵𝑠 → 𝐽/Ψ Φ 
• 𝐵𝑠  → 𝐾+ 𝐾− lifetime measurement 



CP-violation in 𝐵𝑠 mixing  

𝐵𝑠 

𝐵𝑠  

𝐽/Ψ Φ 
Interference between mixing and decay gives rise to  
CP violating phase 𝜙𝑠 = 𝜙𝑀  − 2 𝜙𝐷 

𝐵𝑠 → 𝐽/Ψ Φ dominated by tree-level transition  
( small penguin contribution ~ 10−4  − 10−3 ) 

New Physics in mixing:  𝜙𝑠 = 𝜙𝑠
𝑆𝑀 + 𝜙𝑁𝑃 

NP 
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𝜙𝑀 
−𝜙𝐷 

𝜙𝐷 

𝜙𝑠 in Standard Model well predicted and small:  
0.0363 ± 0.0017 rad  
 [CKMfitter Eur.Phys. J.C41 1-131 (2005)] 



Angular Analysis of 𝐵𝑠  → 𝐽/Ψ Φ 

P -> VV decay:  
final state is mixture of CP even and CP odd eigenstates 
 

𝐶𝑃 𝐽/Ψ Φ = 𝜂𝐶𝑃 𝐽/Ψ ⋅ 𝜂𝐶𝑃 Φ ⋅ −1 𝑙 

Described by three polarization amplitudes:   𝐴⊥ (CP-odd) 
𝐴0 , 𝐴∥ (CP-even) 

Final states described by three transversity angles:  Ω = *𝜑, 𝜃, 𝜓+ 
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Likelihood fit to disentangle CP states 

Physics Parameters: 
Γ𝑠, ΔΓ𝑠, 𝐴0

2, 𝐴⊥
2, 𝛿∥, 𝛿⊥, Δ𝑚𝑠, 𝜙𝑠 

Only measurable with tagging information 



Selection of 𝐵𝑠 → 𝐽/Ψ Φ and control channels 

Selection similar for all 𝐵 → 𝐽/Ψ 𝑋 channels 
 
Single- and Di – 𝜇 unbiased trigger lines ( no cuts on proper time, IP, …) 
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𝐵+  → 𝐽/Ψ 𝐾+ 𝐵0  → 𝐽/Ψ 𝐾∗0 𝐵𝑠
0  → 𝐽/Ψ Φ 

𝑵𝒔𝒊𝒈 = 𝟓𝟕𝟎 ± 𝟐𝟒 

Cuts on kinematic , track and vertex quality variables 
 
Cut at proper time t > 0.3 ps to suppress prompt background 

𝑵𝒔𝒊𝒈 = 𝟔𝟕𝟒𝟏 ± 𝟖𝟓 𝑵𝒔𝒊𝒈 = 𝟐𝟔𝟔𝟖 ± 𝟓𝟖 
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𝟑𝟔 𝒑𝒃−𝟏 

𝜎𝑚 = 7 MeV 𝜎𝑚 = 10.7 MeV 𝜎𝑚 = 8 MeV 



Flavour tagging and Δ𝑚𝑠 measurement 

OS tagger calibration with B+ -> Jpsi K+ 

Measurement of Δ𝑚𝑠 using OS tagger: 

Different decay modes used: 
𝐵𝑠  → 𝐷𝑠 Φ 𝜋  𝜋         (515 ± 25) 
𝐵𝑠  → 𝐷𝑠 K∗ 𝐾  𝜋       (338 ± 27) 
𝐵𝑠  → 𝐷𝑠 K K 𝜋  𝜋      (283 ± 27) 
𝐵𝑠  → 𝐷𝑠 𝐾 𝐾 𝜋  3𝜋   (245 ± 46) 

Δ𝑚𝑠 = 17.63 ± 0.11 𝑠𝑡𝑎𝑡 ± 0.04 (𝑠𝑦𝑠𝑡) 

Per event mistag:  𝜔𝑖 = 𝑝0 + 𝑝1 ⋅ (𝜂𝑖  − < 𝜂 >) 

For 𝐵𝑠  → 𝐽/Ψ Φ:  𝜔𝑒𝑓𝑓 = 32 ± 2 % 

(in 2010 data)  𝜖𝐷2 = 2.2 ± 0.5%  (tagging power) 
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Main systematics: 
Momentum and z-scale 

LHCb-Conf-2011-03 

LHCb-Conf-2011-05 

Unbinned 2d fit: 

𝟑𝟔 𝒑𝒃−𝟏 

CDF: Δ𝑚𝑠 = 17.77 ± 0.10 𝑠𝑡𝑎𝑡 ± 0.07(𝑠𝑦𝑠𝑡) 



CP analysis of 𝐵𝑠  → 𝐽/Ψ Φ  

757 ± 28 events  
 
Point-estimate not meaningful with 
current statistics 
 
Feldman-Cousins method to get 
confidence level contours in ΔΓ𝑠  − 𝜙𝑠 
plane 
 
Here: only statistical error 
 
(systematics effects have been studied 
and are small compared to statistical 
uncertainty) 

𝜙𝑠 ∈ −2.7, −0.5  𝑟𝑎𝑑 @ 68% 𝐶𝐿 
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Standard Model p-value 22% (1.2𝜎) 

LHCb-Conf-2011-06 



Prospects for 𝐵𝑠  → 𝐽/Ψ Φ  

21.07.2011 EPS HEP 2011 7 

Results for 10x more statistics ( 350 − 400 𝑝𝑏−1)  
very soon 
 
→ expect world best measurement of 𝜙𝑠  
     
 

LCHb 36 pb-1 

𝐵𝑆 → 𝐽 Ψ Φ 757 

Proper time resolution 50fs 

OS tagging power 2.2 ± 0.5 % 

SS tagging power - 

280 𝑝𝑏−1 
2010 performance: 

Central values from 2010 analysis as input  
 
Assuming identical performance as 2010 
 
Effect of 10x more statistics SM 



Additional interesting channels for 𝜙𝑠  

First observation of 𝑩𝒔  → 𝑲∗ 𝑲∗ : 
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𝐵𝑅 𝐵𝑠  → 𝐾∗ 𝐾∗ = 
1.95 ± 0.47 𝑠𝑡𝑎𝑡. ± 0.51 𝑠𝑦𝑠𝑡. ± 0.29(𝑓𝑑/𝑓𝑠) ⋅ 10−5 

Branching ratio of 𝑩𝒔  → 𝑱/𝚿 𝑲∗: 
 
Based on 36 𝑝𝑏−1 
 
Assumes all events  are 𝐾∗  → 𝐾 𝜋 for 
𝑚 𝐾𝜋 − 𝑚 𝐾∗ < 150 MeV 

𝐵𝑅 𝐵𝑠  → 𝐽/Ψ 𝐾∗ = 

3.5−1.0
+1.1 𝑠𝑡𝑎𝑡. ± 0.9 𝑠𝑦𝑠𝑡. ⋅ 10−5 

LHCb-Conf-2011-019 

LHCb-Conf-2011-025 

𝐵𝑠  → 𝐾∗ 𝐾∗ 

𝐵𝑠  → 𝐽/Ψ 𝐾∗ 

for ~ 𝟑𝟎𝟎 𝒑𝒃−𝟏 : 

𝐵𝑠  → Φ Φ 

Pure Penguin decays 
Can be used in the extraction of 𝝓𝒔 
 

𝑵𝒔𝒊𝒈 = 𝟐𝟐𝟕 ± 15 



Lifetime measurement of 𝐵𝑠  → 𝐾+ 𝐾− 

𝐵𝑠  → 𝐾+ 𝐾− decay dominated by penguin diagram 
 
Can be used to put constraints on ΔΓ𝑠  
and the mixing phase 𝜙𝑀 
 

Two independent lifetime measurements: 
 
1. Absolute measurement of lifetime 
2. Relative measurement with respect to 𝐵0 lifetime 

𝜏𝐾𝐾 = 1.440 ± 0.096 ± 0.008 𝑝𝑠 
(absolute measurement) 
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Fitting decay rate with single exponential gives  
effective lifetime 
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𝟑𝟕 𝒑𝒃−𝟏 

𝟑𝟕 𝒑𝒃−𝟏 

CDF: 𝜏𝐾𝐾 = 1.53 ± 0.18 𝑠𝑡𝑎𝑡 ± 0.02(𝑠𝑦𝑠𝑡) ps 



LHCb has measured many interesting results with 36 pb-1:  
 
 
• World best measurement of Δ𝑚𝑠 using 𝐵𝑠  → 𝐷𝑠 𝜋 
 
  Δ𝑚𝑠 = 17.63 ± 0.11 𝑠𝑡𝑎𝑡 ± 0.04 𝑠𝑦𝑠𝑡  𝑝𝑠−1 
 
• Tagged  analysis of 𝐵𝑠  → 𝐽/Ψ Φ allows to constrain 𝜙𝑠 
   
  𝜙𝑠 ∈ −2.7, −0.5  𝑟𝑎𝑑 @ 68% 𝐶𝐿 
 
• Lifetime measurement of 𝐵𝑠 → 𝐾+ 𝐾− 

 
 𝜏𝐾𝐾 = 1.440 ± 0.096 ± 0.008 ps 

 
 
• first observation of 𝐵𝑠  → 𝐾∗ 𝐾∗, BR measurements, … 
 
 
• Expect world best measurement on 𝝓𝒔 soon … 
  …  and many more interesting results with 2011 data 

Summary 
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BACKUP 
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Tevatron results on 𝜙𝑠 
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D0 Note 6093-Conf 

CDF note 1026 



Control channels 
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Lifetime measurements of 𝑏 → 𝐽/Ψ 𝑋 channels 

Channel LHCb Result ± stat. ± syst. [ps] PDG lifetime [ps] 

𝐵+  → 𝐽/Ψ 𝐾+ 1.689 ± 0.022 ± 0.047 1.638 ± 0.011 

𝐵0  → 𝐽/Ψ 𝐾∗0 1.512 ± 0.032 ± 0.042 1.525 ± 0.009 

𝐵0  → 𝐽/Ψ 𝐾𝑆
0 1.558 ± 0.056 ± 0.022 1.525 ± 0.099 

𝐵𝑠
0  → 𝐽/Ψ Φ 1.447 ± 0.064 ± 0.056 1.477 ± 0.046 

Λ𝑏  → 𝐽/Ψ Λ 1.353 ± 0.108 ± 0.035 1.391−0.037
+0.038  

Main systematic: 
lifetime acceptance 

Fit single  
exponential 
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Untagged Bs → 𝐽/Ψ Φ plots 



𝐵𝑠  → 𝐽/Ψ Φ untagged 

Angular analysis and acceptances cross-checked  
with B0  → 𝐽/Ψ K∗ 

Transversity angle distributions: 

Parameter Result ± stat. ± syst. 

Γ𝑠 0.679 ± 0.036 ± 0.027 

ΔΓ𝑠 0.077 ± 0.119 ± 0.021 

𝐴0 0 2 0.528 ± 0.040 ± 0.028 

𝐴⊥ 0 2 0.263 ± 0.056 ± 0.014 
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Main systematics: 
Background 
Lifetime acceptance 
S-wave 

𝜙𝑠 = 0  
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Untagged Bs → 𝐽/Ψ Φ results 



21.07.2011 EPS HEP 2011 18 

Untagged Bs → 𝐽/Ψ Φ systematics 
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Untagged Bd → J/Ψ K∗ plots 
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Untagged Bd → J/Ψ K∗ results 
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Δ𝑚𝑠 results 
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 Bs → 𝐽/Ψ Φ pdf 
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 Bs → 𝐽/Ψ Φ tagged projections 



21.07.2011 EPS HEP 2011 24 

 Bs → 𝐾+ 𝐾− relative measurement and systematics 
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LHCb MC prospect for 𝑎𝑠𝑙 
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𝐵𝑑 → Φ 𝐾∗ in 2011 data 


