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• Introduction

• CP violation in Bs J/

• Branching ratio Bs J/   f0
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CP Violation @ D0
I. CP violation in decay: 

a) Study of Direct CP Violation in B±→J/ψK±(π±) Decays

Phys. Rev. Lett. 100, 211802 (2008), 2.8 fb-1

II. CP violation in mixing: 

a) Search for CP Violation in Bs
0→μ+Ds

−X Decays in pp Collisions at √s = 1.96 TeV

Phys. Rev. D 82, 012003 (2010), 5.0 fb-1

a) Evidence for an Anomalous Like-Sign Dimuon Charge Asymmetry

Phys. Rev. D 82, 032001, (2010), 6.1 fb-1

(update will be presented today by G. Borissov)
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CP Violation @ D0

III. CP violation in interference between a 
decay with mixing and a decay without 
mixing: 

a) Evidence for the Decay Bs
0→Ds

(*)Ds
(*) and a Measurement of ΔΓs

CP/Γs

Phys. Rev. Lett. 102, 091801 (2009), 2.8 fb-1

b) Measurement of the Bs
0 Mixing Parameters from the Flavor-Tagged 

Decay Bs
0→J/ψφ

Phys. Rev. Lett. 101, 241801 (2008), 2.8 fb-1 (update in this presentation)

b) Measurement of the relative branching fraction of B0s-->J/psi 
f0(980), f0(980)-->pi+pi- to B0s-->J/psi phi, phi-->K+K- , 8 fb-1 (in this 
presentation)
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CP Violation in BsJ/ψ + , f0
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Final CP-states 
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S-wave K+K- could contribute ~10% under the -peak in BsJ/ψ +  (S.Stone and 

L.Zhang, Phys. Rev. D 79, 074024 (2009)). It has to be taken into account with unknown 

phase and fraction. 

Preliminary



Extraction of s, ΔΓs, Δms, ...
• Different CP-states correspond to different mass states in 

the limit of no direct CP-violation
– CP-odd  Bs

H

– CP-even  Bs
L

– They also have different lifetimes  ΔΓs

• Formulae adopted from F.Azfar et al., JHEP 1011:158,2010
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 Δms



Extraction of s, ΔΓs, Δms, ...
• Some combinations are sensitive to these parameters 

– R. Fleischer, hep-ph/0703112
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Data Samples

21 July 2011 CP violation @ D0 / S.Burdin 9

8 fb-1



BsJ/ψ +  analysis
• Admixture of CP-even (L=0,2; A0, A) and CP-odd (L=1; A) states

• Angular analysis is used to separate the CP components and measure 
the lifetimes of each component and phase s
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BsJ/ψ +  analysis
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• Definitions of nine real measurables



Event selection
• Two reconstructed muons of 

opposite charge  J/ψ candidates
•  candidates from opposite 

charged tracks assuming the 
tracks are kaons

• Bs candidates from J/ψ and 
candidates

• Cuts on kinematic and mass 
variables
– Pt(K±)>0.4GeV
– 2.84<M(μ+μ-)<3.35GeV 
– 1.01<M(K+K-)<1.03GeV
– 5.0<M(μ+μ-K+K-)<5.8GeV
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Before BDT After BDT

~5k signal events

Background Suppression
• The BDT is used to suppress background

– Prompt 

– b-inclusive 

• Simple-cut selections (a la published in 2008) 
were used for cross-check and systematic 
uncertainties
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Probability Density Function

• where 
– - angles

– D – initial state tagging dilution,

– - acceptance, 

– R(t) – resolution

–
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Detector Acceptance and Resolution

• Data selection criteria were 
applied to flat MC distributions 
weighted with data
– difference in Pt distributions from 

trigger
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• The distribution of the 
time resolution

• MC – squares

• Data - crosses

PreliminaryPreliminary



Maximum Likelihood Fit
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Fit Results
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BDT sample Simple-cut sample



Systematic Uncertainties

• Different widths of 

• Variations of resolution parameters

• Variation of initial-state tagging 
parameters

• Acceptance
– Difference between the BDT and Simple-cut 

samples

• Markov Chain Monte Carlo technique was 
used for systematics and combination
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BsJ/ψ +  Preliminary Result 
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Sensitivity to Δms

• The mixing-induced CP-violation should 
manifest itself as a               oscillation 
with the amplitude proportional to sin(s)
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B0
s → J/ψ f0(980)

• CP-odd final state  complicated 
angular analysis is not needed
– Independent measurement of βs

• Measurement of lifetime gives 
independent information on ΔΓs

• The first step is to measure the 
branching ratio
– with respect to BsJ/ψ + 
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B0
s → J/ψ f0(980)

• Muon trigger

• Identical critera for J/ψ f0(980) 
and J/ψ + 

• BDT to suppress backgrounds

• 49876  J/ψ f0(980) events

• Branching ratio
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Summary

• Bs
0 mixing parameters, amplitudes and phases of 

the polarization amplitudes were measured in 
the BsJ/ψ +  analysis using 8fb-1 data sample.
– KK S-wave contamination increased the 

uncertainties.

• Measured branching ratio of B0
s → J/ψ f0(980) 

agrees with other experiments.
– Next step is the CP-violation measurements.

• Combination with other D0 measurements of CP-
violation parameters will be performed soon.

• Stay tuned!
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Backup Slides
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DZero Detector
• Spectrometer : Fiber and Silicon Trackers in 2 T Solenoid 
• Muons : 3 layer system & absorber in Toroidal field
• Hermetic : Excellent coverage of Tracking, Calorimeter and 

Muon Systems
Toroid & 
solenoid polarity 
flipped regularly

Low background 
single and dimuon 
triggers 
large BμX
semileptonic samples
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Independent Determination of Fs
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Opposite Side Tagging
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BDT variables (prompt)
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BDT variables (non-prompt)
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BDT Output
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BDT Variables (prompt)
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BDT Variables (inclusive b)
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Markov Chain Monte Carlo

• Since s is correlated with ΔΓs we want to know how the 
likelihood depends on these variables.

• Start from the minimum obtained from the fit.

• Generate a multivariate gaussian                   point x

• Where Σ is the covariance matrix.

• Calculate α=L(x)/L(μ)

• Generate random number r = U(0; 1)

• If r <α accept the new point μ=x

• Continue until reach the amount of points desired.

• We generate 1M events for each Markov Chain
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• Standard Model Lagrangian
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