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Modes Covered

• Modes covered and data sample used

Modes Data (BB̄) Reference

B0
→ ηK0, ηη, η′η′, ηφ, η′φ 324 M PRD 74, 051106(R) (2006)

B0
→ ηη′, η′π0, ηπ0 232 M PRD 73, 071102(R) (2006)

B → φπ 232 M PRD 74, 011102(R) (2006)

B0
→ K

∗0
K0 † 232 M PRD 74, 072008 (2006)

† First search, others updates

• Submodes included:

K0 → K0
S(π+π−) π0 → γγ φ → K+K−

η3π → π+π−π0 ηγγ → γγ K
∗0

→ K−π+

η′
ηππ → ηγγπ

+π− η′
γρ → γρ0 ρ0 → π+π−

• All submodes are combined to obtain final results:
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Motivations

• Motivation: difference of ACP for
b → ss̄s penguin processes and
b → cc̄s (∆S = Sf − sin 2β ∼ 3σ
difference)

� Sensitive to

a) New Physics
b) SM polution (b → u);

� B0 → η(′)X, φX and K∗K help
understand the SM polution for
SφK0 and Sη′K0 .

sin(2βeff) ≡ sin(2φe
1
ff)

b→ccs
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 K
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b→qqs

-2 -1 0 1 2

World Average 0.68 ± 0.03

BaBar 0.12 ± 0.31 ± 0.10

Belle 0.50 ± 0.21 ± 0.06

BaBar 0.55 ± 0.11 ± 0.02

Belle 0.64 ± 0.10 ± 0.04

BaBar 0.66 ± 0.26 ± 0.08

Belle 0.30 ± 0.32 ± 0.08

BaBar 0.33 ± 0.26 ± 0.04

Belle 0.33 ± 0.35 ± 0.08

BaBar 0.17 ± 0.52 ± 0.26

BaBar 0.62 +-0
0
.
.
2
3
5
0 ± 0.02

Belle 0.11 ± 0.46 ± 0.07

BaBar 0.62 ± 0.23

Belle 0.18 ± 0.23 ± 0.11

BaBar -0.84 ± 0.71 ± 0.08

BaBar Q2B 0.41 ± 0.18 ± 0.07 ± 0.11

Belle 0.68 ± 0.15 ± 0.03 +-0
0
.
.
2
1
1
3

Naïve average 0.52 ± 0.05

H F A GH F A G
ICHEP 2006

PRELIMINARY

• Theoretical interest: SU(3)f , QCDF, soft collinear eff. theory:
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Analysis Strategy

• Reconstructed B (PID applicable)
(∆E, MES/MB)

• Event shape: continuum ∼ jetlike,
BB̄ ∼ isotropic MES (GeV/c2)

0

0.05

0.1

0.15

5.26 5.28

• Signal
continuum°

∆E (GeV)
0

0.05

0.1

-0.2 0 0.2

qq̄: | cos θT | peak near 1, BB̄: flat in CMS
• Build standard unbinned maximum likelihood:

L =
1

N !
exp (−

∑

j

nj)

N
∏

i=1

[

∑

j

njPj(~xi, ~αj)

]

,

|Tθ|cos
0 0.1 0.2 0.3 0.4 0.5 0.6

Continuum°
• Signal

0.7 0.8 0.9 1

Ar
bi

tra
ry

 s
ca

le

N =
∑

j

nj : total events#, nj : events# of the jth component (j ≥ 3),

~x: variables (MES/MB , ∆E, event shape (F), MR, cos θV ...),
~αj : parameters for probability density functions (PDFs),
Pj(~xi): probability of event i to be component j.

• Corrected bias if applicable due to correlations between variables neglected
in ML (for detail, see references).
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B0 → ηπ0, η′π0 and ηη′

Mode B (×10−6) S(σ) UL(CL=90%)

ηπ0
0.6

+0.5

−0.4
± 0.1 1.3 < 1.3

η′π0
0.8

+0.8

−0.6
± 0.1 1.4 < 2.1

ηη′
0.2

+0.7

−0.5
± 0.4 1.3 < 1.7

• PRD 73, 071102(R) (2006)

• constrain ∆Sη′K0

• e.g. B0 → η′
ηπππ

0 ⇒

◦ B = (0.8+0.8
−0.6 ± 0.1) × 10−6 mea-

sured

◦ assumed B = 50 × 10−6

(red lines X62.5)
• consistent with BELLE
Mode B (×10−6) S(σ) UL(CL=90%)
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+1.02+0.25

−0.96−0.34
3.1

E [GeV]∆
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

Ev
en

ts
 / 

40
 M

eV

0
50

100
150
200
250
300
350
400

E [GeV]∆
-0.3 -0.2 -0.1 0 0.1 0.2 0.3

Ev
en

ts
 / 

40
 M

eV

0
50

100
150
200
250
300
350
400 (a)η′ηπππ0

 [GeV]ESm
5.25 5.26 5.27 5.28 5.29

Ev
en

ts
 / 

2 
M

eV

0

50

100

150

200

250

300

 [GeV]ESm
5.25 5.26 5.27 5.28 5.29

Ev
en

ts
 / 

2 
M

eV

0

50

100

150

200

250

300
(b)

 [GeV]’ηm
0.92 0.94 0.96 0.98 1

Ev
en

ts
 / 

2.
5 

M
eV

0
20
40
60
80

100
120
140
160
180
200

 [GeV]’ηm
0.92 0.94 0.96 0.98 1

Ev
en

ts
 / 

2.
5 

M
eV

0
20
40
60
80

100
120
140
160
180
200 (c)

Fisher discriminant
-3 -2 -1 0 1 2 3 4

Ev
en

ts
 / 

bi
n

0
100
200
300
400
500
600

Fisher discriminant
-3 -2 -1 0 1 2 3 4

Ev
en

ts
 / 

bi
n

0
100
200
300
400
500
600 (d)

BELLE: PRL 97, 061802 (2006),
PRD 71, 091106(R) (2005)
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B0 → ηK0, ηη, ηφ, η′φ, and η′η′

Mode B(10−6) S(σ) UL(CL=90%)

ηK0
1.8

+0.7

−0.6
± 0.1 3.6 < 2.9

ηη 1.1
+0.5

−0.4
± 0.1 3.1 < 1.8

ηφ 0.1 ± 0.2 ± 0.1 − < 0.6

η′φ 0.2
+0.4

−0.3
± 0.1 0.5 < 1.0

η′η′
1.0

+0.8

−0.6
± 0.1 1.8 < 2.4

• PRD 74, 051106(R) (2006)
• constrain ∆Sη′K0 and ∆SφK0

• good agreement with BELLE
(hep-ex/0608033, PRD, 71 091106
(2005) )

Mode B (×10−6) S(σ) UL(CL=90%)

ηK0
1.1 ± 0.4 ± 0.1 2.9 < 1.9

ηη 0.7
+0.7

−0.6
± 0.1 1.1 < 2.0

• Projections w/ a cut on LS/(LS +
∑

Lbg)
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B → φπ

Mode B(×10−6) UL

B+
→ φπ+

−0.04±0.17+0.04
−0.04 0.28

B0
→ φπ0 0.12±0.13+0.03

−0.04 0.24

• PRD 74, 011102(R) (2006)
• constrain ∆SφK0

• B0 → φπ0 (left), B+ → φπ+ (right)
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B → K
∗0

K0

• First search for B → K
∗0

K0

B(×10−6) S(σ) UL(CL=90%)

0.2
+0.9+0.1
−0.8−0.3 0.3 < 1.9

• PRD 74, 072008 (2006)
• constrain ∆SφK0
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Summary of Results

• Comparison with the previous BaBar and BELLE results

2

4

6

8

10

-2 0 2 4 6

B0
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Ûη′φ
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• Updates (BABAR)
◊ Previous (BABAR)
s BELLE

Br(10−6)                                    
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• Updates (BABAR)
◊ Previous (BABAR)
s BELLE

B0
ÛK− ∗0K0
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Br(10−6)                                      

• Much tighter ULs
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Constraints on ∆S

• Grossman et al.: |∆S| ≡ |S − sin 2β| = 2 cos 2β sin γ cos δ|ξ|

where ξ ≡
V ∗

ubVus

V ∗

cb
Vcs

au

ac (PRD 68,015005 (2003))

SU(3) relates ac,uf of Af ≡ A(B0 → f) = V ∗
cbVcsa

c
f + V ∗

ubVusa
u
f

to sum of bc,uf ′ of non-s. amp. Af ′ ≡ A(B0 → f ′) = V ∗
cbVcdb

c
f ′ + V ∗

ubVudb
u
f ′

to obtain bound on ξ̂ ≡
∣

∣

∣

Vus

Vud
×

V ∗

cbVcda
c+V ∗

ubVuda
u

V ∗

cb
Vcsac+V ∗

ub
Vusau

∣

∣

∣
=

∣

∣

∣

ξf+(VusVcd)/(VudVcs)
1+ξf

∣

∣

∣

in terms of Br’s or UL’s as

|ξ̂
η′K0 | ≤

∣

∣

∣

Vus

Vud

∣

∣

∣

{

0.59

√

B(η′π0)

B(η′K0)
+ 0.33

√

B(ηπ0)

B(η′K0)
+ 0.14

√

B(π0π0)

B(η′K0)

+0.53

√

B(η′η′)

B(η′K0)
+ 0.38

√

B(ηη)

B(η′K0)
+ 0.96

√

B(ηη′)

B(η′K0)

}

.

β, γ(δ)weak (strong) phase

• We find |∆Sη′K0 | < 0.15 (0.22 formerly) for Sη′K0 @CL=90%

• Gronau et. al., Cη′K0 and Sη′K0 −0.133 < ∆Sη′K0 < 0.152 (6 modes)
and −0.046 < ∆Sη′K0 < 0.094 (ηπ0,η′π0 and ηη′, see hep-ph/0608085)
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∆S for φK0

• ∆SφK0

ξ̂φK0 ≤
∣

∣

∣

Vus

Vud

∣

∣

∣

{

1

2

[

B(K
∗0
K0) + B(K∗0K

0
)

B(φK0)

]

+

√
6

4

[

tB(φη) + sB(φη′)

B(φK0)

]

√
3

4

[

tB(ωη) + sB(ωη′)

B(φK0)

]

+

√
3

4

[

tB(ρ0η) + sB(ρ0η′)

B(φK0)

]

1

4

[B(ρ0π0) + B(ωπ0)

B(φK0)

]

+
1

2
√

2

B(φπ0)

B(φK0)

}

t ≡ cos θηη′ = 0.94, s = sin θηη′ = 0.34 with θηη′ = 20
0

• We find the first constraint (SU(3)f ) |∆SφK0 | < 0.38 for SφK0 @ CL=90%

−1 −0.5
sin (2

0 0.5 1

J/ψ K0

B0 φ K0

B0 η K0

0

[0.59    0.08]

+−[0.687    0.032]

+−[0.39    0.18]

−+

B

eff.β )

S limits∆
from SU(3)

(90% CL)

• consistent with the constraints

• Both charmless S and constraints
on ∆S need further improvement
SJ/ψK0 ∼ 5%, Sη′K0 ∼ 14%
SφK0 ∼ 50%

Feng Liu, University of California, Riverside DPF 2006 & JPS 2006, Honolulu, Hawaii 11



'

&

$

%

Summary

• Improved ULs for B → V P/PP (∆S = Sf − sin 2β for Aη′K0

CP and AφK0

CP )

Modes Reference

B0 → ηK0, ηη, η′η′, ηφ, η′φ PRD 74, 051106(R) (2006)
B0 → ηη′, η′π0, ηπ0 PRD 73, 071102(R) (2006)
B → φπ PRD 74, 011102(R) (2006)

B0 → K
∗0

K0 PRD 74, 072008 (2006)

• Much tighter constraint on |∆Sη′K0 | < 0.15 (0.22 formerly) for Sη′K0

@CL=90%

• We find the first constraint |∆SφK0 | < 0.38 for SφK0 @ CL=90%

• Sη′K0 and SφK0 consistent with current constraints.
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Summary of the Results

• BaBar results (blue), BELLE (black)

Mode S(σ) B(10−6) UL ((10−6) previous Reference

B0
→ ηK0

3.6 1.8
+0.7

−0.6
± 0.1 < 2.9 < 2.5 PRD 74, 051106 (2006)

2.9 1.1±0.4±0.1 < 1.9 hep-ex/0608033

B0
→ ηη 3.1 1.1

+0.5

−0.4
± 0.1 < 1.8 < 2.8

1.1 0.7+0.7
−0.6

±0.1 < 1.9 PRD 71, 091106 (2005)

B0
→ η′η′

1.8 1.0
+0.8

−0.6
± 0.1 < 2.4 < 10

B0
→ ηφ 0.0 0.1 ± 0.2 ± 0.1 < 0.6 < 1.0

B0
→ η′φ 0.5 0.2

+0.4

−0.3
± 0.1 < 1.0 < 4.5

B0
→ ηη′

0.4 0.2
+0.7

−0.5
± 0.4 < 1.7 < 4.6 PRD 73, 071102 (2006)

B0
→ ηπ0

1.3 0.6
+0.5

−0.4
± 0.1 < 1.3 < 2.5

1.8 1.2±0.7 ± 0.1 < 2.5 PRD 71, 091106 (2005)

B0
→ η′π0

1.4 0.8
+0.8

−0.6
± 0.1 < 2.1 < 3.7

3.1 2.79+1.02+0.25
−0.96−0.34

PRL 97, 061802 (2006)

B0
→ φπ0

− 0.12 ± 0.13
+0.03

−0.04
< 0.28 < 0.41 PRD 74, 011102 (2006)

B+
→ φπ+

− -0.04 ± 0.17
+0.04

−0.04
< 0.24 < 1.0

B0
→ K

∗0
K0

0.3 0.2
+0.9+0.1

−0.8−0.3
< 1.9 PRD 74, 072008 (2006)
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