
CP violation in Bs→ J/ψφ decay
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Direct decay Decay via mixing

• Flavour-changing term in the SM Lagrangian =⇒ Particle-antiparticle oscillations
possible for K0, D0, B0 and B0

s-mesons through loops with two W bosons

• Time evolution of the Bs mixing is defined by mass difference ∆ms = mH
s −mL

s

of the heavy and light mass eigenstates, their width difference ∆Γs = ΓLs − ΓHs

and the CP violating phase φs

Weak phase difference between

Bs − Bs mixing amplitude and

b→ ccs decay amplitude

It is predicted to be of

−0.0363+0.0016
−0.0015 within SM [1]

Might be changed sig-
nificantly by the New
Physics contributions

∆Γs is predicted to be

0.087± 0.021 ps−1 [2]

Not expected to be affected sig-

nificantly by the New Physics

Still interesting in terms of test-

ing the theory

Analysis strategy
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• Time dependent angular analysis

• 3 transversity angles (θT , ψT , φT ) used

• Tagging the flavour of B candidate (see Flavour Tagging section)

CP -even — L = 0, 2

CP -odd — L = 1

Weights for proper
decay time trigger
efficiency

Signal with ampli-
tude fs

Prompt and non-prompt combinatorial back-
ground described with empirical angular distri-
bution (no K−π discrimination) — parameters
fitted in the likelihood

Background from B0 →
J/ψK∗ and B0 → J/ψKπ
with amplitude fB0 — fixed
shapes

Flavour Tagging

• b and b quarks usually come in pairs

• Second quark might also form a B meson

• Using information from that B meson to de-
termine flavour of our candidate

From opposite side
combined muon
cone charge

From opposite side
segment-tagged
muon cone charge

From opposite side
electron cone
charge

From opposite side
jet-charge
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Qµ,e,jet =
∑Ntracks

i qi·(piT)
κµ,e,jet∑Ntracks

i (piT )
κµ,e,jet

— sum over tracks within a cone√
(∆φ)2 + (∆η)2 < 0.5 around the µ/e direc-

tion/over tracks associated with the jet

κµ = 1.1, κe = 1.0 and κjet = 1.1

• Methods combined according to the
hierarchy of performance

• Optimized and calibrated using
B+→ J/ψK+ sample

Results (8 TeV)

Fit results

Summary of systematic uncertainties

E
nt

rie
s 

/ 0
.1

2 
ps

10

210

310

410

510

610
Data

Total Fit

Signal

Background

ψPrompt J/

ATLAS Preliminary
-1 = 8 TeV, 14.3 fbs

 Proper Decay Time [ps]sB
0 2 4 6 8 10 12 14

σ
(d

at
a-

fit
)/

4−
3−
2−
1−
0
1
2
3

E
nt

rie
s 

/ 0
.5

 M
eV

2

4

6

8

10

310×

ATLAS Preliminary
-1 = 8 TeV, 14.3 fbs

Data
Total Fit
Signal

*0KψJ/→0
dB

 Mass [GeV]sB
5.15 5.2 5.25 5.3 5.35 5.4 5.45 5.5 5.55 5.6 5.65

σ
(d

at
a-

fit
)/

3−
2−
1−
0
1
2
3

)
T

ψcos(

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

E
nt

rie
s 

/ 0
.1

10

20

30

310×

ATLAS Preliminary
-1 = 8 TeV, 14.3 fbs

Data
Fitted Signal
Fitted Background
Total Fit

)Tθcos(

1− 0.8− 0.6− 0.4− 0.2− 0 0.2 0.4 0.6 0.8 1

E
nt

rie
s 

/ 0
.1

 

10

20

30

310×

Data
Fitted Signal
Fitted Background
Total Fit

ATLAS Preliminary
-1 = 8 TeV, 14.3 fbs

 [rad]
T

ϕ

3− 2− 1− 0 1 2 3

/1
0 

ra
d

π
E

nt
rie

s 
/ 

10

20

30

310×

Data
Fitted Signal
Fitted Background
Total Fit

ATLAS Preliminary
-1 = 8 TeV, 14.3 fbs

Bs proper decay

time projection

Bs mass projection

cos(ψT ) projectioncos(θT ) projectionφT projection

Summary

• 14.3 fb−1 from 8 TeV data

• 4.9 fb−1 from 7 TeV data

• Statistically combined

7 & 8 TeV data (note the
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φs = −0.094± 0.083(stat.)± 0.033(syst.)rad

∆Γs = 0.082± 0.011(stat.)± 0.007(syst.)ps−1

Result consistent with
the SM predictions
(black marker and line)
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Be the first one to solve the puzzle:


