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Mass Fit and Selection
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B0
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BDT to supress combinatiorial.

Partial reconstructed 
background on left tail

Preliminary Preliminary


B0
s → J/ψ( → μ+μ−)ϕ( → K+K−)
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Multilayer Perception (MLP) to 
supress combinatorial.


.Λ0
b → ϕKp

BDT to supress combinatiorial.

 on left tail.


 statistically subtracted
B0 → J/ψKK
Λ0

b → ϕKp



Decay time resolution
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B0

s → ϕ( → K+K−)ϕ( → K+K−)

 Extracted from simulation.

 Effective resolution  60 fs≈

 Extracted from prompt data.

 Effective resolution  43 fs≈


B0
s → J/ψ( → μ+μ−)ϕ( → K+K−)

 Extracted from prompt data.

 Effective resolution  42 fs≈

 Accounted by convolving final pdf with a Gaussian.

 Widths defined as linear calibrations of decay-time error
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2016

B0
s → J/ψKKEur. Phys. J. C 79 


(2019) 706

Eur. Phys. J. C 79 

(2019) 706



Efficiencies
Decay-time Acceptance
 Angular Acceptance


Needed for all the three measurements.




Model based on cubic splines.
ϵ(t) * (pdf ⊛ G)

Only needed in  & 

 Normalization factors to each angular term

 Extracted from simulation iteratively corrected to data


B0
s → ϕϕ B0

s → J/ψKK

Eur. Phys. J. C 79 

(2019) 706
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B0
s → J/ψKK
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B0
s → J/ψKK



Flavor Tagging

Opposite Side (OS) Same-Side (SS)


Calibrated in 
B+ → J/ψK+ 1.SSK

   Calibrated in  

2. SS /SSp ( ) 

  Calibrated in 

B0
s → Dsπ

π sin 2β
B0 → J/ψK*

❖ Flavor of the B meson at production is needed.

❖ Two methods:


1. OS tagging: Information from the opposite b-
hadron.


2.SS tagging: Information from the fragmentation of 
the b-quark associated to the signal.


❖ Two informations: Decisions and Mistags (probability of 
a wrong decision).


❖ Mistags must be calibrated -> Data driven method.

ϵtag = ϵeff(1 − 2ω)2

 
 

B0 → ψK0
s ≈ 4.8 %

B0
s → ϕϕ ≈ 6 %

B0
s → J/ψK+K− ≈ 4.3 %
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B0 → ψK0
S

Full Run2 Results



SψK0
s

= 0.716 ± 0.013 ± 0.008
CψK0

s
= 0.012 ± 0.012 ± 0.003

LHCb-PAPER-2023-013

HFLAV 

Previous HFLAV



S = 0.699 ± 0.017
C = − 0.005 ± 0.015

Preliminary

: Small offset from 0, due to production and FT asymmetries 
❖  & Spline coefficients constrained to their know values.


❖ FT calibration parameters +  constrained to .
Γd, Δmd

𝒜prod B0 → J/ψK*

Precision higher than current average

 In agreement with current average.

NEW!!

Preliminary
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B0 → ψK0
S

sin(2β) ≡ sin(2φ1)
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BaBar J/ψ KS
PRD 79 (2009) 072009

0.657 ± 0.036 ± 0.012

BaBar J/ψ KL
PRD 79 (2009) 072009

0.694 ± 0.061 ± 0.031

BaBar ψ(2S) KS
PRD 79 (2009) 072009

0.897 ± 0.100 ± 0.036

Belle J/ψ KS
PRL 108 (2012) 171802

0.670 ± 0.029 ± 0.013

Belle J/ψ KL
PRL 108 (2012) 171802

0.642 ± 0.047 ± 0.021

Belle ψ(2S) KS
PRD 77 (2008) 091103(R)

0.718 ± 0.090 ± 0.031

LHCb Run 1 J/ψ KS
JHEP 11 (2017) 170

0.750 ± 0.040

LHCb Run 1 ψ(2S) KS
JHEP 11 (2017) 170

0.840 ± 0.100 ± 0.010

LHCb Run 2 J/ψ KS
LHCb-PAPER-2023-013

0.720 ± 0.014 ± 0.007

LHCb Run 2 ψ(2S) KS
LHCb-PAPER-2023-013

0.647 ± 0.053 ± 0.018

World Average
HFLAV

0.708 ± 0.011

HFLAVHFLAV
Summer 2023
PRELIMINARY

b→ccs CCP
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Belle ψ(2S) KS
PRL 108 (2012) 171802
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LHCb Run 1 J/ψ KS
JHEP 11 (2017) 170

-0.014 ± 0.030

LHCb Run 1 ψ(2S) KS
JHEP 11 (2017) 170

-0.050 ± 0.100 ± 0.010

LHCb Run 2 J/ψ KS
LHCb-PAPER-2023-013

0.018 ± 0.013 ± 0.003

LHCb Run 2 ψ(2S) KS
LHCb-PAPER-2023-013

-0.083 ± 0.048 ± 0.005

World Average
HFLAV

0.006 ± 0.010

HFLAVHFLAV
Summer 2023
PRELIMINARY

Preliminary !!! HFLAV
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NEW!!

NEW!!

NEW!!
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B0
s → ϕϕ LHCb Combination  
9 fb−1

 mrad
ϕss̄s
s = − 74 ± 69
|λ | = 1.009 ± 0.030

LHCb Run2  6 fb−1

 mrad
ϕss̄s
s = − 42 ± 75 ± 9

|λ | = 1.004 ± 0.030 ± 0.009

Polarization dependence: No 
dependence observed

Run1 + Run2

Run2

Run1 + 15 +16

Run1

❖  and  gaussian constrained to LHCb measurements.Γs, ΔΓs Δms

arXiv:2304.06198v2

2011

 Most precise measurement of CPV in 
penguin dominated decays. 
 In agreement with SM.

NEW!!

NEW!!

9

https://arxiv.org/abs/2304.06198


B0
s → J/ψK+K−

LHCb Run2  6 fb−1

 mrad 

 
  

  

 

ϕcc̄s
s = − 39 ± 22 ± 6

|λ | = 1.001 ± 0.011 ± 0.005
ΔΓs

d = − 0.0057+0.0013
−0.0015 ± 0.0014 ps−1

ΔΓs = 0.0846 ± 0.0044 ± 0.0024 ps−1

Δms = 17.743 ± 0.033 ± 0.009 ps−1

Preliminary Preliminary

Preliminary Preliminary

❖ Spline coefficients & FT coefficients Gaussian constrained 

LHCb-PAPER-2023-016
HFLAVNEW!!

Polarization dependence: No 
dependence observed
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 Combinationϕcc̄s
s HFLAV

SM no penguins HFLAV old

 =  mrad−2βs −36.8+0.6
−0.9
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 =  mradϕcc̄s
s −0.049 ± 0.019

CKMFitter

https://hflav.web.cern.ch
http://ckmfitter.in2p3.fr


 Combinationϕcc̄s
s HFLAV
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Preliminary !!!

SM no penguins HFLAV Preliminary

 =  mrad−2βs −36.8+0.6
−0.9

 =  mradϕcc̄s
s,Prelim. −0.039 ± 0.016

CKMFitter

https://hflav.web.cern.ch
http://ckmfitter.in2p3.fr


Summary
 Measurement of  using full LHCb Run 2 data set, in agreement with the current world 

average. Precision from all channels is higher than the current average.


 Most precise measurement of time-dependent CP asymmetry in any penguin dominated B meson 
decay using  . Result in agreement with SM prediction. No polarization dependence 
observed.


 Most precise measurement of the CP-violation phase , in agreement with SM prediction. No 
evidence of CP violation found. No polarization dependence observed. Most precise measurement 
of  and . 

sin 2β

B0
s → ϕϕ

ϕs

|λ | , ΔΓs Γs − Γd
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Summary
 Measurement of  using full LHCb Run 2 data set, in agreement with the current world 

average. Precision from all channels is higher than the current average.


 Most precise measurement of time-dependent CP asymmetry in any penguin dominated B meson 
decay using  . Result in agreement with SM prediction. No polarization dependence 
observed.


 Most precise measurement of the CP-violation phase , in agreement with SM prediction. No 
evidence of CP violation found. No polarization dependence observed. Most precise measurement 
of  and . 

sin 2β

B0
s → ϕϕ

ϕs

|λ | , ΔΓs Γs − Γd
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Thank you for your attention!



BACKUP



Tracks K0
S

Using kaon track type combination: LL (1/3) , DD(2/3) + LD + UL  (+13%) J/ψ(μ+μ−)
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Main systematics B0 → J/ψK0
s

 uncertainty: Pseudoexperiments generated with input values 

Portability: Differences between control channels and signal modes on FT calibration parameters, create pseudo 
experiments accounting for different calibration.

Different  in simulation, fit to data with different inputs.

Decay-time bias model: Pseudoexperments where the parameters are varied within 1 


ΔΓd ΔΓd = ± 1σ

Δϵtag
σ
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 system: Polarization dependenceB0
s

B0
s → ϕϕ B0

s → J/ψK+K−
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Systematics B0
s → ϕϕ

Time resolution: Statistical,  Portability (signal and prompt), linear calibration, decay-time bias (from prompt).

Flavor tagging: statistical, Portability, Calibration model, Asymmetry from prompt 

Angular Acceptance: Statistical and Iterative method (Differences between last 2 iterations). 

D+
s
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Systematics B0
s → J/ψK+K−

(×0.01)
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Future Prospects
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1808.08865

              0.011            0.003

          14 mrad         4 mrad

               39 mrad        11 mrad

σ(sin(2β))stat
σ(ϕs(JψKK))stat
σ(ϕs(ϕϕ))stat

Upgrade I Upgrade II


