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1. Physics
The aim of the experimental study of CP violation is to measure the 

CKM angles 𝛼, 𝛽 and 𝛾 by studying the decays involving quark 

transitions corresponding to the CKM matrix elements. CP-violation in 

B-mesons can be studied by studying the oscillations of B-mesons to 

corresponding anti B-mesons and vice-versa. 

There are two interfering 

processes – a direct decay of 𝐵s
0

and a decay from 𝐵s
0 − 𝐵s

0
mixing 

to a common final state.

𝝓𝐬 - A weak phase difference between the mixing 

amplitude and decay amplitude, is related to the 

CKM matrix via 𝜙s ≈ −2𝛽s, with 𝛽s = arg[−𝑉ts𝑉tb
∗ /

𝑉cs𝑉cb
∗ ]. 

𝜞𝐬 - The average of the decay widths of the light 

and heavy mass eigenstates.
∆𝜞𝐬 - Difference between the decay widths of the 

light and heavy mass eigenstates. 

Mixing 

parameters

If New Physics is involved, we expect different values of 

𝝓𝐬 and ∆𝜞𝐬 compared to Standard Model prediction1,2.

2. Angular Analysis
The final state of a 𝐵s

0 → 𝐽/𝜓𝜙 decay is an admixture of CP even 

and odd states. A time dependent angular analysis3, involving the 

statistical contribution of CP even and odd states, is required for the 

extraction of mixing parameters. 

A total of 9 physics parameters which includes 3 mixing parameters 

and 6 nuisance parameters describing the strong decay dynamics.

The event is identified by the final decay products: 

𝑩𝒔
𝟎 → 𝑱/𝝍𝝓 where 𝑱/𝝍 → 𝝁+𝝁− and 𝝓 → 𝑲+𝑲−

Step 1: Reconstruction- 𝜇+𝜇− are reconstructed from dimuon 

triggers and 𝐾+𝐾− are reconstructed from the events that are not

𝜇+𝜇− and satisfy the invariant mass of 𝜙.

Step 2: Candidate Selection - Fix invariant masses of muon tracks 

and kaon tracks to the masses of Τ𝐽 ψ and 𝜙, respectively, and then fit 

the tracks of each combination to a common vertex.

Step 3: Proper decay time calculation for each candidate.

3. Reconstruction and Candidate Selection

4. Maximum Likelihood 

Fit

to extract 9 physics 

parameters 5. Results  
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Run 2 (2015-17)4 – 80.5 fb-1 at 13 TeV

Run 1 (2011-12)5 – 19.5 fb-1 at 7 and 8 TeV

Statistically combined 

data, 𝟗𝟗. 𝟓 fb-1

The values from the 13 TeV analysis are consistent with those obtained 

in the previous ATLAS analysis using 7 TeV and 8 TeV data.

The measurement of the CP-violating phase 𝝓𝐬 is consistent 

with the Standard Model prediction, and it improves on the 

precision of previous ATLAS measurements. 

Systematic Uncertainties include calibration in flavor tagging, Inner 

Detector misalignment, misidentified particles, best candidate 

selection, and Monte Carlo simulations. For each parameter, total 

systematic uncertainty is obtained by adding all the contributions in 
quadrature.

Step 4: Flavor Tagging - Identify the flavor 

of the 𝑏-hadron produced through opposite 

side tagging where 𝑏 − ത𝑏 correlations are 

used to infer initial signal flavor of the other 

𝑏-hadron. Lepton tagging and jet tagging 

when lepton is not present are used.

• A combination of signal and 
background probability density 

functions (PDFs) in the observables.
• Physics parameters are included in 
the signal time-angular PDF which is 
a joint PDF of proper decay time and 

decay angles. This is derived from 
differential decay rate assuming no 

direct CP violation is involved.
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