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Outline 
 
 
• Introduction 

 
 

• Latest 𝜙𝜙𝑠𝑠 measurement in b-meson decays 
- 𝜙𝜙𝑠𝑠𝑠𝑠�̅�𝑠𝑠𝑠  in 𝐵𝐵𝑠𝑠0 → 𝜙𝜙𝜙𝜙(𝜙𝜙 → 𝐾𝐾+𝐾𝐾−) decay LHCb-CONF-2018-001 

- 𝜙𝜙𝑠𝑠𝑑𝑑𝑑𝑑
�𝑠𝑠 in 𝐵𝐵𝑠𝑠0 → (𝐾𝐾+𝜋𝜋−)(𝐾𝐾−𝜋𝜋+) decay JHEP03(2018)140 

 

• Summary 
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LHCb detector 
• Designed for beauty and charm physics, 2.0 < 𝜂𝜂 < 5.0 
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LHCb data 
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LHCb: 𝝈𝝈(𝒑𝒑𝒑𝒑 → 𝒃𝒃𝒃𝒃�) ≈ 𝟎𝟎.𝟑𝟑 𝐦𝐦𝐦𝐦 @𝟕𝟕 𝐓𝐓𝐓𝐓𝐓𝐓 
           𝝈𝝈(𝒑𝒑𝒑𝒑 → 𝒃𝒃𝒃𝒃�) ≈ 𝟎𝟎.𝟓𝟓 𝐦𝐦𝐦𝐦 @𝟏𝟏𝟑𝟑 𝐓𝐓𝐓𝐓𝐓𝐓 

RUN-I  
1 fb-1 of pp collisions at 7 TeV 
2 fb-1 of pp collisions at 8 TeV 
 
RUN-II (2015~2018  13 TeV) 
2 fb-1 of pp collisions ( 2015~2016 ) 

Have large data sample for b physics 



b physics 
 

• Rare B meson decays 
- 𝐵𝐵(𝑠𝑠)

0 → 𝜇𝜇+𝜇𝜇−, 𝐵𝐵(𝑠𝑠)
0 → 𝑒𝑒±𝜇𝜇∓, 𝐵𝐵 → 𝐾𝐾𝑒𝑒𝜇𝜇……  

 
• b-hadrons spectroscopy 

- 𝛯𝛯𝑏𝑏𝑐𝑐, Ω𝑏𝑏𝑐𝑐0 , 𝐵𝐵𝑐𝑐∗ ….. 
 
 

• CP violation in B meson decays 
- time-integrated CP measurement ( 𝛾𝛾 measurement ) 
- time-dependent CPV ( 𝜙𝜙𝑠𝑠 measurement ) 
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Time-dependent decay rate 
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- CPV terms 𝐴𝐴𝑓𝑓ΔΓ, 𝐶𝐶𝑓𝑓(driect CPV), 𝑆𝑆𝑓𝑓(mxing induced CPV) 
- 𝑞𝑞, 𝑝𝑝 mixing parameters in |𝐵𝐵𝐿𝐿(𝐻𝐻)� = 𝑝𝑝|𝐵𝐵(𝑠𝑠)

0 � ± q|𝐵𝐵�(𝑠𝑠)
0 � 

Need identification of initial flavour and precise 
reconstruction of decay time 



Flavour tagging 
• Tag the initial flavour 

- Same side(SS) : using charges of particles produced in association with signal B 
- Opposite side(OS) : using charges of decay products of the other B hadron 
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imperfect taggers  

tagging efficiency ε, mistag ratio 𝜔𝜔 

(1) 𝐶𝐶𝑓𝑓(𝑆𝑆𝑓𝑓) → (1-2𝜔𝜔)𝐶𝐶𝑓𝑓(𝑆𝑆𝑓𝑓)  
(2) tagging power ε(1 − 2𝜔𝜔)2 

ε(1 − 2𝜔𝜔)2 ~ 3.73 % for 𝐽𝐽/𝜓𝜓𝐾𝐾+𝐾𝐾− in Run I analysis  



Time resolution 
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 𝜎𝜎𝑡𝑡 ~ 45 fs, dilution ~ 0.73 𝐶𝐶𝑓𝑓(𝑆𝑆𝑓𝑓)   



𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠̅𝑠𝑠 in 𝐵𝐵𝑠𝑠0 → 𝜙𝜙𝜙𝜙(𝜙𝜙 → 𝐾𝐾+𝐾𝐾−) decay
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Feynman diagram 
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 Mixing induced CPV phase 𝜙𝜙𝑠𝑠 = arg (𝜆𝜆𝑓𝑓) 
excellent probe for physics beyond the SM 



Time-dependent amplitude  
• Extract the 𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠̅𝑠𝑠 from the fit of 𝑡𝑡 and helicity angles 
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- 𝒜𝒜, total amplitude containing P-(𝜙𝜙(1020)) & S- (𝐾𝐾+𝐾𝐾−) wave 
- 𝐾𝐾𝑖𝑖 𝑡𝑡 , decay time model containing CPV terms; Γ𝑠𝑠, ΔΓ𝑠𝑠, Δ𝑚𝑚𝑠𝑠 are from 
previous measurements 



Selection and mass spectrum  
• Run I&2,  5fb-1 

- reconstructed with requirements on vertex fit quality, PT,  𝜒𝜒𝐼𝐼𝐼𝐼2 …… 
- MVA training with PT of (B,𝜙𝜙,K), 𝜂𝜂 of (B,𝜙𝜙) ……. 
- background : combinatorial,  Λ𝑏𝑏0 → 𝜙𝜙𝑝𝑝𝐾𝐾− 
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Optimized cut ~ 0.9995 

Calculate sWeight to substract background 

2016 



Time-dependent amplitude fit 
• Multidimensional fit to t and helicity angles 

- time resolution [41,44] fs, tagging power ~ 5.74 %  
- data point, total fit, CP-even P-wave, CP-odd P-wave, S- & double S-wave 
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Systematic 
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AA, TA & TR : angular acceptance, time acceptance &  time resolution 

Parameters Run 1&2, 5 fb-1 Run 1, 3 fb-1 

𝜙𝜙𝑠𝑠𝑠𝑠�̅�𝑠𝑠𝑠 −0.07 ± 0.13 ± 0.02 rad −0.17 ± 0.15 ± 0.03 rad 

𝜆𝜆  −1.02 ± 0.05 ± 0.03 −1.04 ± 0.07 ± 0.03 



𝜙𝜙𝑠𝑠𝑑𝑑𝑑𝑑
�𝑠𝑠 in 𝐵𝐵𝑠𝑠0 → (𝐾𝐾+𝜋𝜋−)(𝐾𝐾−𝜋𝜋+) decay
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Feynman diagram 
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 Mixing induced CPV phase 𝜙𝜙𝑠𝑠 = arg (𝜆𝜆𝑓𝑓) 
excellent probe for physics beyond the SM 



Selection and mass spectrum  
• Run 1, 3 fb-1 

- consider 𝐾𝐾±𝜋𝜋∓𝜖𝜖 [750,1600] MeV 
- reconstructed with requirements on vertex fit quality, PT,  𝜒𝜒𝐼𝐼𝐼𝐼2 …… 
- MVA training with kinematic and geometric quantities….. 
- combinatorial, misID, partial reconstructed and physical background  
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Calculate sWeight to substract background 



Time-dependent amplitude   
• 𝐾𝐾±𝜋𝜋∓ combination with spin 0,1,2  

- dominated by 𝐾𝐾0∗(800)0, 𝐾𝐾0∗(1430)0,𝐾𝐾∗(892)0 and 𝐾𝐾2∗(1430)0 
 
 
 
 

 
 
 
 

• Time-dependent amplitude  
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Time-dependent amplitude fit 
• Multidimensional fit to t, 𝐾𝐾±𝜋𝜋∓ mass and helicity angles 

- tagging power ~ 5.15 %  
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Systematic 
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First measurement in b → 𝑑𝑑�̅�𝑑𝑠𝑠 trainsitions 
𝜙𝜙𝑠𝑠𝑑𝑑𝑑𝑑

�𝑠𝑠 = −0.10 ± 0.13 𝑠𝑠𝑡𝑡𝑠𝑠𝑡𝑡 ± 0.14 syst  rad 
𝜆𝜆 = −1.035 ± 0.034 𝑠𝑠𝑡𝑡𝑠𝑠𝑡𝑡 ± 0.089 syst   



Statistical precision with more data 
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The statistical precision will be improved ~ 4 times for Run 1-3 and ~14 
times for Run 1-6 

𝜙𝜙𝑠𝑠 precision 



Summary 
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Presents 𝜙𝜙𝑠𝑠 measurement in 𝐵𝐵𝑠𝑠0 → 𝜙𝜙𝜙𝜙 and 𝐵𝐵𝑠𝑠0 → (𝐾𝐾+𝜋𝜋−)(𝐾𝐾−𝜋𝜋+) decay 
 

𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠̅𝑠𝑠 = −0.07 ± 0.13 𝑠𝑠𝑡𝑡𝑠𝑠𝑡𝑡 ± 0.03 syst  rad 
 𝜙𝜙𝑠𝑠𝑑𝑑𝑑𝑑

�𝑠𝑠 = −0.10 ± 0.13 𝑠𝑠𝑡𝑡𝑠𝑠𝑡𝑡 ± 0.14 syst  rad 
No significant CPV is found 
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Thank you ! 



Backup
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LHCb data taking 
 
 
 
 
 
 
 

WenhuaHu ( CCNU ) b-meson decays at LHCb June 22, 2018       25    



Tagging performance 
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𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠̅𝑠𝑠 in 𝐵𝐵𝑠𝑠0 → 𝜙𝜙𝜙𝜙(𝜙𝜙 → 𝐾𝐾+𝐾𝐾−) decay 
• Punzi figure 
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𝜙𝜙𝑠𝑠𝑠𝑠𝑠𝑠̅𝑠𝑠 in 𝐵𝐵𝑠𝑠0 → 𝜙𝜙𝜙𝜙(𝜙𝜙 → 𝐾𝐾+𝐾𝐾−) decay 
• Coefficients of time-dependent terms and angular functions 
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𝜙𝜙𝑠𝑠𝑑𝑑𝑑𝑑𝑠𝑠 in 𝐵𝐵𝑠𝑠0 → (𝐾𝐾+𝜋𝜋−)(𝐾𝐾−𝜋𝜋+) decay     
• Decay-time-dependent amplitude fit results 

 
 
 
 
 
 

 

WenhuaHu ( CCNU ) b-meson decays at LHCb June 22, 2018       29    



𝐶𝐶𝐶𝐶 asymmetry in 𝐵𝐵(𝑠𝑠)
0 → ℎ+ℎ− decay 

• Time-dependent CP asymmetry 
- mixing 𝑞𝑞/𝑝𝑝 = 1, measure 𝐶𝐶𝑓𝑓 , 𝑆𝑆𝑓𝑓 & 𝐴𝐴𝑓𝑓ΔΓ and 𝐴𝐴𝐶𝐶𝐼𝐼𝐵𝐵  with 𝐾𝐾+𝜋𝜋− and 𝐾𝐾−𝜋𝜋+ final states  
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(1) 𝐴𝐴𝐶𝐶𝐼𝐼
𝐵𝐵𝑠𝑠0  , evidence of CPV is found in 𝐵𝐵𝑠𝑠0 → 𝐾𝐾+𝐾𝐾− for the first time 

(2) 4.0 𝜎𝜎 deviation of (𝐶𝐶𝐾𝐾+𝐾𝐾−, 𝑆𝑆𝐾𝐾+𝐾𝐾−, 𝐴𝐴𝐾𝐾+𝐾𝐾−
ΔΓ ) from (0,0,-1) 

𝐾𝐾+𝐾𝐾− 

Run I, 3 fb-1 



𝐶𝐶𝐶𝐶 asymmetry in 𝐵𝐵(𝑠𝑠)
0 → ℎ+ℎ− decay 

• Time-dependent asymmetry 
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