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Agenda

• Introduction

• Bs meson oscillation

• CMS Experiment

• Event reconstruction  J/ψ ϕ→μ-μ+K- K+

• Results & expectations with 2011 Data

• Conclusion
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Why Bs meson?
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• Accuracy studies

• This decay provides one of the best ways to determine the 
height of the unitarity triangle 
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Bs meson oscillation

• Oscillation frequency is given by

• 2 CP eigen-states BHs  BLs  with different  life 
times  

•  
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Bs meson oscillation

5

∆Γ = ΓH

s
− ΓL

s

Oscillation frequency is given by 2 CP eigen-states 
BHs  BLs  with different  life times 
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• Interference of both decays involves CP violating 
phase  Φs

• Φs expected to be small in the SM (  ≈ -0.04) 

• Large observed Φs  = new physics

• b - factories run below threshold of Bs production,   
best result from  Bs  mixing come from Tevatron 
(last Saturday were released latest LHCb results)
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Characteristic signal with untagged analysis
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What can be observed:
Angular correlations
What I want to measure:
CP even/odd eigenstate
ΔΓs  
Assumed Φs =0 

Decay rate
Physical angles defined to describe the decay

α
Θ

=physical parameters like decay 
time,difference decay time, and 
= three angles defined by the decay

φs
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Theory
Differential decay rate:

Θ≡(cosϑ,φ,cosψ)
α≡physical parameters

Individual angular distributions

|A0|2 + |A⊥|2+|A|||2=1
8

CHAPTER 1. INTRODUCTION AND MOTIVATION
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Figure 1.5: Bs→ J/ψφ decays can happen after mixing (a) and before (b).

decay axis, in one case with the linear polarisation vectors parallel (�) and in the
other perpendicular (⊥) to each other.

The differential decay rate can be written as

d4Γ(Bs(t))
dΘdt

= f (Θ,α, t) =
6�

i=1
Oi(α, t) · gi(Θ) , (1.28)

where Oi are kinematics-independent observables and gi the angular distributions.
The set of physical parameters is represented by α and the angles which define the
kinematics are generically denoted by Θ. The time evolution of the different observ-
ables is given by bilinear combinations of the polarization amplitudes. For a sample
of Bs→ J/ψ(→ µ+µ−)φ(→ K+K−) decays without distinction weather a Bs or B̄s was
produced, these are [7]:

O1 = |A0(t)|2

= |A0(0)|2
�

e−ΓL t + e−ΓH t − | cosφs|
�

e−ΓH t − e−ΓL t
��

,

O2 = |A�(t)|2

= |A�(0)|2
�

e−ΓL t + e−ΓH t − | cosφs|
�

e−ΓH t − e−ΓL t
��

,

O3 = |A⊥(t)|2

= |A⊥(0)|2
�

e−ΓL t + e−ΓH t + | cosφs|
�

e−ΓH t − e−ΓL t
��

,

O4 = �m(A∗�(t)A⊥(t))
= −|A�(0)||A⊥(0)| cos(δ1) sinφs(e−ΓH t − e−ΓL t) ,

O5 = �e(A∗0(t)A�(t))
= |A0(0)||A�(0)| cos(δ2−δ1)

�
e−ΓL t + e−ΓH t − | cosφs|

�
e−ΓH t − e−ΓL t
��

,

O6 = �m(A∗0(t)A⊥(t))
= −|A0(0)||A⊥(0)| cos(δ2) sinφs(e−ΓH t − e−ΓL t) . (1.29)

The width difference is defined as ∆Γs = ΓH
s − ΓL

s and the mean is Γ̄s = (ΓH
s + Γ

L
s )/2.

Since the overall phase of the polarization states is not observable, two strong phases
are defined as δ1 ≡ arg |A∗�A⊥| and δ2 ≡ arg |A∗0A⊥|. These are CP conserving, and
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Figure 1.7: Projections of the differential decay rate d4Γ(Bs(t))/dΘdt on the three angular
axes. The C P-even and C P-odd contributions are indicated by the green and pink
line respectively. Input values used are given in Tab. 1.1.

The individual angular distributions in Eq. 1.28 are then given by the following com-
binations of trigonometric functions [7]:

g1 = 2 cos2ψ(1− sin2 θ cos2ϕ) ,

g2 = sin2ψ(1− sin2 θ sin2ϕ) ,

g3 = sin2ψ sin2 θ ,

g4 = sin2ψ sin2θ sinϕ ,

g5 = 1/
�

2sin 2ψ sin2 θ sin 2ϕ ,

g6 = 1/
�

2sin 2ψ sin 2θ cosϕ . (1.32)

The differential decay rate as function of only one angle at a time is presented in
Fig. 1.7 with the C P-even and C P odd contributions displayed separately with input
values from Tab. 1.1.

Table 1.1: Input values for the Bs mixing parameters, decay amplitudes, strong and weak
phases in the simulation of the Bs→ J/ψφ Monte Carlo sample [9].

parameter assumed value
τs = 1/Γ̄s 1.405× 10−12 s
∆Γs/Γ̄s -0.2
∆ms 17.8 ps−1

|A0(0)|2/Γs 0.570
|A�(0)|2/Γs 0.217
|A⊥(0)|2/Γs 0.213
δ1 π

δ2 0
φs -0.04
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Fit in 4-Dimensions assuming ϕs=0

9

Θ≡(cosϑ,φ,cosψ)
α≡physical parameters
G≡Gaussian resolution function

Theoretical projections

P=(ε(t).ε(Θ).f(Θ,α,t) )⊗G(t,0,σt)

ε(Θ)≡ angular distribution efficiency
 ε(t)≡time efficiency
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protons

General multi-purpose 
detectorCMS

• Inner tracker detector:                       
Silicon Pixel tracker and silicon strip 
tracker

• Energy measurements:             
Electromagnetic calorimeter       
Hadron calorimeter

• Superconducting solenoid (3.8 T)

• Muon chamber with iron return yoke weight 14.500 T

Components:

Tuesday, August 30, 2011
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• Muons selection:

• PT ( μ)> 3.5 GeV/c

• |J/Ψmass-J/Ψnominal|<150 MeV/c2

• J/Ψ candidate with  PT(J/Ψ)> 7 GeV/c
• Kinematic fit and J/Ψ constraint
• Bs Vertex Probability >2%
• Both PT (K )> 0.7 GeV/c
• |ϕmass-ϕnominal|< 10 MeV/c2

• 5.20 MeV/c2  <  Mass (Bs)  < 5. 65 MeV/c2

• PT (Bs) > 8 GeV/c

Bs selection cuts
CMS work in progess
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φ[rad]

4-D ML fit assuming Φs=0
CMS work in progress

cosθ ct [cm]

variable input MC fit output

|A⊥|2 0.16 0.17 ± 0.1
|A0|2 0.6 0.64 ± 0.1
ΔΓBs 6.85x1010 6.84x1010 ± 1.3x1010

τBs 0.044 0.045 ± 0.001

cosψ

MC
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DATA

13
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Bs mass and decay length time

14
                   ct [cm]J/Ψ ϕ  [GeV/c2]

•Fit 
•Signal component 
•Background component
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Bs mass candidates 

signal 
region

Side Band1 Side Band 2

  Mass    5366.8± 0.26 MeV/c2

      σ      0.015

 J/Ψ ϕ [GeV/c2]

Bs ct/σct>5
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4-Dimension ML fit assuming Φs=0

Fit in the signal region 5.30<BsMass<5.43
PDFtotal =(PDFSB )+ (f(Θ,α,t) ⊗G(t,σt))
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•Fit 
•CP Even component 
•CP Odd component

ct [cm]

cosψ φ[rad]

CMS work in progress

cosθ
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Summary

• Working on measurement of ΔΓ

• Working on trigger acceptance

• Expecting final result at the end of 2011 with full 
statistics

• Exciting times ahead, new physics WHERE???
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Thanks!
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