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Outline

1 Introduction

2 B0
s → J/ψ K+K−

NEW!

3 Bs → J/ψ η, J/ψ η ′

4 B0
s → D(∗)+

s D(∗)−
s

FWF grant number P22742-N16 2 Felicitas.Thorne@oeaw.ac.at



The Υ (5S) data sample
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B0
s → J/ψ K+K−

(
121fb−1) ICHEP preliminary

B0
s → J/ψ φ:

important mode for CP violation:
φs sensitive to new physics
→ LHCb (2012): ∆Γs > 0 @ 4.7σ,
compatible with Standard Model
prediction
additional measurement of
B
(
B0

s → J/ψ K+K−
)

→ not measured so far

B0
s → J/ψ f’

2 (1525):
relative branching fraction measured by LHCb and D0
→ should be visible in Belle data sample
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B0
s → J/ψ K+K−

(
121fb−1) ICHEP preliminary

B
(

B0
s → J/ψ φ

)
=

(
1.25± 0.07stat ± 0.20sys

)
10−3

systematic dominated by uncertainty in fs;
B0

s → J/ψ φ not including B0
s → J/ψ K+K− or B0

s → J/ψ f’
2 (1525)

B
(

B0
s → J/ψ K+K−

)
=

(
0.36± 0.04stat ± 0.08 sys

)
10−3

systematic dominated by uncertainty in fs and pdf shape;
B0

s → J/ψ K+K− including B0
s → J/ψ f’

2 (1525), but not B0
s → J/ψ φ
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B0
s → J/ψ K+K−

(
121fb−1) ICHEP preliminary

signal yield for B0
s → J/ψ f’

2 (1525):
25.3± 8.5 events (µ+µ−) and 32.6± 10.5 events (e+e−)

B
(

B0
s → J/ψµ+µ− f’2 (1525)

)
=

(
0.21± 0.07stat ± 0.04 sys

)
10−3

B
(

B0
s → J/ψe+e− f’2 (1525)

)
=

(
0.29± 0.09stat ± 0.05 sys

)
10−3

consistent within statistical error
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B0
s → J/ψ K+K−

(
121fb−1) ICHEP preliminary

combined result:

B
(
B0

s → J/ψ f’
2 (1525)

)
=

(0.24± 0.06stat ± 0.04sys) 10−3

@ 4.0σ including systematic
uncertainty;
systematic dominated by
uncertainty in fs and pdf shape;

relative branching fraction:

B
(
B0

s → J/ψ f’2 (1525)
)

B
(
B0

s → J/ψ φ
) =

19.3± 4.6stat ± 3.1sys %

→ in agreement with LHCb and D0
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Systematic Uncertainties B0
s → J/ψe+e− K+K−

ICHEP preliminary
Parameter Error %

Luminosity 0.847 fb−1 0.7
σ

Υ(5S)

bb
0.014 nb 4.6

fs 0.029 15.0
B
(
J/ψ → µ+µ−

)
0.0006 1.0

B
(
J/ψ → e+e−

)
0.0006 1.0

B
(
φ→ K+K−)

0.005 1.0
B
(
f’2 (1525)→ K+K−)

0.011 2.5
εMC statistic

(
µ+µ−

)
0.001 0.2

εMC statistic
(
e+e−

)
0.001 0.3

εPolarisation
(
µ+µ−

)
0.005 1.5

εPolarisation
(
e+e−

)
0.004 1.3

tracking 1.4
lepton and kaon ID 2.0

PDF shape B0
s → J/ψµ+µ− φ 3.7 events 2.3

PDF shape B0
s → J/ψe+e− φ 4.6 events 2.7

PDF shape B0
s → J/ψµ+µ− K+K− 10.5 events 11.8

PDF shape B0
s → J/ψe+e− K+K− 22.6 events 20.5

PDF shape B0
s → J/ψµ+µ− f’2 (1525) 1.9 events 7.7

PDF shape B0
s → J/ψe+e− f’2 (1525) 3.3 events 10.2
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Bs −→ J/ψ η, J/ψ η ′ PRL 108, 181808 (2012)
new CP-even eigenstates
previous upper limit (by L3):
B (Bs → J/ψ η) < 3.8 · 10−3

@ 90% C.L.
SU(3) flavor symmetry
predicts:

B (Bs → J/ψ η ′)
B (Bs → J/ψ η)

= 1.04±0.04

⇒ test SU(3) symmetry and
η − η ′ mixing

FOR REFERENCE:
M. ACCIARRI ET AL. [L3 COLLABORATION], PHYS. LETT. B
391, 481 (1997);
P. Z. SKANDS, JHEP 0101, 008 (2001)
A. DATTA, H. J. LIPKIN AND P. J. O’DONNELL, PHYS. LETT. B
529, 93 (2002);
C. E. THOMAS, JHEP 0710, 026 (2007);
R. FLEISCHER, R. KNEGJENS AND G. RICCIARDI,
ARXIV:1110.5490 [HEP-PH] (2011);
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Bs −→ J/ψ η, J/ψ η ′ PRL 108, 181808 (2012)

Bs → J/ψ η signal yield:

141± 14 events @ 21.9σ

Bs → J/ψ η ′ signal yield:

86± 14 events @ 10.3σ

all three Υ (5S)→ B(∗)
s B(∗)

s signal regions considered
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Bs −→ J/ψ η, J/ψ η ′ PRL 108, 181808 (2012)

determined branching fractions:

B (Bs → J/ψ η) =
(

5.10± 0.50stat ± 0.25sysi+1.14
−0.79(N

B(∗)
s B(∗)

s
)
)
·10−4

B
(
Bs → J/ψ η ′

)
=

(
3.71± 0.61stat ± 0.18sysi+0.83

−0.57(N
B(∗)

s B(∗)
s

)
)
·10−4

systematic dominated by uncertainty in fs

relative branching fraction:

B (Bs → J/ψ η ′)
B (Bs → J/ψ η)

= 0.73± 0.14stat ± 0.02sys

→ deviation at 2.1σ level with respect to prediction
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Systematic Uncertainties Bs −→ J/ψ η, J/ψ η ′
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B0
s → D(∗)+

s D(∗)−
s

(
121fb−1) to be submitted to PRL

D+
s → φπ+, K0

SK+, K∗0K+, φρ+, K0
SK∗+, K∗0K∗+
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B0
s → D(∗)+

s D(∗)−
s

(
121fb−1) to be submitted to PRL
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B0
s → D(∗)+

s D(∗)−
s

(
121fb−1) to be submitted to PRL

b → ccs saturates decay width
final states are CP-even
eigenstates
φs = 0

determined from branching ratio:

∆Γs

Γs
=

2B
1− B

∆Γs

Γs
= 0.090± 0.009± 0.022

consistent with theory prediciton and
comparable with hadron collider
results
A. LENZ AND U. NIERSTE, JOUR. HIGH ENERGY PHYS. 0706, 072
(2007)
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Systematic Uncertainties B0
s → D(∗)+

s D(∗)−
s

to be submitted to PRL
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Summary

B0
s → J/ψ K+K−

precise measurement of B
(
B0

s → J/ψ φ
)

first measurement of absolute branching ratio of
B0

s → J/ψ K+K−

measurement of B
(
B0

s → J/ψ f’
2 (1525)

)
at 4.0σ;

relative branching fraction consistent with current results
from LHCb and D0

first observation of Bs → J/ψ η, J/ψ η ′

calculated branching fractions consistent with SU(3)
expactations
relative branching fraction shows deviation at 2.1σ level
with respect to prediction

observation of B0
s → D(∗)+

s D(∗)−
s

∆Γs consistent with SM theory prediction and comparable
with hadron collider results
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Thank you for your
attention!
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