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Introduction

B.F. B0 φφK0, ACP
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B φφK Update 414fb-1

New

Update B.F. B± φφK±

B ωh (h=K±, K0, π±, π0) Update 350fb-1

B.F. B0 ωK0(U.L B.F.)New

Update B.F. B± ωK±, B ωπ, ACP

Previous results(78fb-1)

[ Phys. Rev. Lett. 91, 241802 (2003) ]

[Phys.Rev.D70, 012001(2004)]

Large?

We add more data and 
add mode.
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KEKB & Belle Detector
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Lday = 1.2fb-1

Ltot      =655fb-1@25th OCT



Continuum suppression with Event topology
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Event topology
Fisher discriminant
from modified
Fox-Wolfram moments.

Spin parity 
conservation
B flight direction,
cosθB

Decay time 
difference
Decay time difference B flavor tagging information

Tag quality parameter

+

Signal
e+e－ qq

dominant background

qqSignal
SignalLR

+
=

e+e－ qq :



hep-ex/0508052
submitted PRD

B ωh



Introduction of B ωh 
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B ωK0

B ωK+

B ωπ+ QCD Factorization (QCDF)
B.F. ≒10-5～10-6

Perturbative QCD (PQCD):
61022.3)( −±± ×=→ KBBr ω
600 1007.2)( −×=→ KBBr ω

Nucl.Phys. B675, 333(2003)

Phys.Rev.D72, 013006(2005)

Phys.Lett.B 525, 56(2002)

Eur.Phys.J.C23, 275(2002)
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600 109.1)( −×<→ ωπBBr
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−
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Previous results @ 78fb-1

[Phys.Rev.D70, 012001(2004)]

There are theoretical
expections.

Update with 350fb-1

Just upper limit



B ωK B.F.(350fb-1)
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Mode Yield B.F.(x10-6) Sig.
ωK± 19.5σ

ωK0 9.3σ

4.20
4.195.259 +

−
0.8
0.75.41 +

−

5.06.01.8 ±±
3.04.4 8.0

7.0 ±+
−

B ωK (π+π−π0)K
Unbinned maximum Likelihood  2D fit (ΔE, Mbc) 

ωK0

ωK±

e+e- qq
b u

Miss PID
K+ as π+

ωK0

ωK±



B ωπ B.F.(350fb-1)
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Mode Yield B.F.(x10-6) Sig.
ωπ+ 17.1σ

ωπ0 1.5σ

3.20
3.198.224 +

−
8.4
1.49.5 +

−

5.06.00.7 ±±
.).(9.0 LU<

B ωπ (π+π−π0)π
Unbinned maximum likelihood  2D fit (ΔE, Mbc) 

ωπ0

ωπ±

e+e- qq
b u

Miss PID
π+ as K+

ωπ±

ωπ0

Still
upper limit



ACP of B ωh
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b u
d,s
u－

b d,s

u,c,t u,d,s
u,d,s
－－－

Tree(T) Penguin(P)

Generally ACP is small in SM

Vub
Vuq

Vqb Vqq



ACP of B ωh
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b u
d,s
u－

b d,s

u,c,t u,d,s
u,d,s
－－－

Tree(T) Penguin(P)

Generally ACP is small in SM sensitive to New Physics.

Vub
Vuq

Vqb Vqq

b d,s

New particle? u,d,s
u,d,s
－－－

New physics in loop

If NP in loop, 
ACP can be deviated

from zero.



ACP of B ωh (350fb-1)
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Mode ACP

01.008.005.0 ±±

02.009.002.0 ±±−

±± → KB ω
±± → ωπB

Each ACP is consistent 
with zero.

ωK+ ωK－

ωπ+ ωπ-

B+ B－

Miss PID
K+ as π+

e+e- qq

Miss PID
K+ as π+



Summary of B ωh 
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@386 M BB-

We update the result for charged modes.

We succeed to measure B.F.

We need more data for this mode.



B φφK



Introduction of B φφK
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The first study about b sssss decay

B φφK

b s

u,c,t s
s
s
s－
－

u u

－ －

－－－
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Introduction of B φφK
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The first study about b sssss decay

The same final states through charmonium (ηc) decays

B φφK B ηc( φφ)K
b s

u,c,t s
s
s
s－
－

u u

－ － －b s
s
s
s
－

－

c

s

c－

u u
－

－－－

－－



M4K spectrum
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ηc
J/ψ

M4K (GeV/c2)

M4K (GeV/c2)

1.Charmless deacay contributed region:
B φφK (KK)(KK)K

2.Charmonium decay contributed region:
B ηc( φφ) K (KK)(KK)K

M4K<2.85(GeV/c2)

We perform analysis for each region.

Zoom up



(a)φφ (b)φKK (c)4K

1.Background from non-resonant B φ(KK)K/5K 
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Non-resonant components: 
B φ(KK)K and 5K are subtracted from signal yield.



1.Charmless B φφK B.F.(441fb-1)

Minori WATANABE DPF/JPS 1st Nov 2006

Mode Yield B.F.(x10-6) Sig.
φφK± 9.5σ
φφK0 4.7σ

37.6
77.52.34 +

−
04.3
44.227.7 +

−

27.018.3 6.0
52.0 ±+

−

24.031.2 00.1
74.0 ±+

−

Signal region: M4Κ < 2.85 MeV/c2

Unbinned maximum likelihood 2D fit (Mbc,ΔE)

φφK±

M4K (GeV)
φφK0 φφK0

φφK±



2. Charmoinum B φφK B.F.(441fb-1)
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ηc

ηc J/ψ

ηc J/ψ

φφ

φΚΚ

4Κ

M4K

Select charmonium signal candidates
in M4K spectrum.

Reconstruct B meson from 
charmonium and kaon.



2. Charmonium B φφK B.F.(441fb-1)
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ηc

ηc J/ψ

ηc J/ψ

ηc(Mbc,ΔE)

φφ

φΚΚ

4Κ

M4K



2. Charmoinum B φφK B.F.(441fb-1)

Minori WATANABE DPF/JPS 1st Nov 2006

ηc

ηc J/ψ

ηc J/ψ

ηc(Mbc,ΔE) J/ψ(Mbc,ΔE)

φφ

φΚΚ

4Κ

M4K



2. Charmonium B φφK B.F.(441fb-1)
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B φφK as a probe for new physics
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[M.Hazumi,Phys. Lett. B583. 285. (2004) ]

SM: No weak phase difference ACP～0
non-SM: New physics can create large CP phase difference

B φφK

ACP ～ 0.4 at most 

B ηc( φφ)K

b s

New particle? s
s
s
s－
－

u u

－ － －b s
s
s
s
－

－

c

s

c－

u u
－

Interference between two decay diagram



ACP B φφK and B ηc( φφ) K interference
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)02.001.0( 19.0
16.0 ±= +

−

ACP is consistent with zero



Summary
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Update of B φφK B.F. and ACP ( with 414fb-1 data)
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Update of B ωh B.F. and ACP ( with 350fb-1 data )

610)5.06.02.8()( −±± ×±±=→ KBBr ω

.).%90(109.0)( 600 LCBBr −×<→ ωπ
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hep-ex/0508052
Submitted PRD

first observation

Non-resonant components are taken in account.

)02.001.0())(( 19.0
16.0 ±=→→ +

−
++ KBA cCP φφη

B φφK mode can be one of probe beyond SM.



Backups
バックアップ

バックアップ

バックアップ



Update results for B φφK (441fb-1)
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ηc
J/ψ

M4K (GeV)

M4K (GeV)

1.Charmless B.F:
B φφK (KK)(KK)K

M4K<2.85(GeV/c)

2.The related charmoniums B.Fs:
B ηc( φφ) K (KK)(KK)K

B ηcK (φKK)K
B ηcK (KKKK)K
B J/ψK (φKK)K
B J/ψK (KKKK)K

In addition,
Non-resonant for ηc and J/ψ:



B reconstruction
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beamrecon EEE −=Δ

2
r

2 P econbeambc EM
r

−=

1.Daughter particle Reconstruction

2. B Reconstruction 

π±, K±：tracking, particle ID
(Aerogel Cherenkov+TOF+dE/dx)

K0
s π＋π－: displaced vertex

π0 γ γ : CsI calorimeter

Two Independent kinematical variables



ACP , HFAG
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HFAG.B.F
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B ηc( φφ)K, Purifying signals
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Non-resonant components: 
B ηc(KK)K, 5K  or B J/ψ(KK)K, 5K
are subtracted from signal yield.

(c)φφ(b)φKK(a)4K



B φφK (441fb-1), Systematic errors
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Summary of B ωh
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Feynman diagram
Mode Tu Cu Ps Pd

○ ‐

‐

○

○

○

‐

‐

○

‐

○

○

B ωK+ ○

B ωK0 ‐

B ωπ+ ○

B ωπ0 ‐

Tu:  b u  Tree color allowed
Cu:  b u  Tree color suppressed
Ps:  b s Penguin
Pd:  b d  Penguin

B ωπ0

B ωK0

B ωK+

B ωπ+
QCD Factorization (QCDF) B.F. ≒10-5～10-6

Perturbative QCD (PQCD):
61022.3)( −±± ×=→ KBBr ω
600 1007.2)( −×=→ KBBr ω

No Tu and Ps small B.F.

And small ACP between B+ and B-.

Nucl.Phys. B675, 333(2003)

Phys.Rev.D72, 013006(2005)

Phys.Lett.B 525, 56(2002)

Eur.Phys.J.C23, 275(2002)



Summary of B ωh
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Feynman diagram
Mode Tu Cu Ps Pd

○ ‐

‐

○

○

○

‐

‐

○

‐

○

○

B ωK+ ○

B ωK0 ‐

B ωπ+ ○

B ωπ0 ‐

Tu:  b u  Tree color allowed
Cu:  b u  Tree color suppressed
Ps:  b s Penguin
Pd:  b d  Penguin

B ωπ0

B ωK0

B ωK+

B ωπ+

610)5.06.02.8( −×±±
68.0

7.0 10)3.04.4( −+
− ×±

.).%90(109.0 6 LC−×<

610)5.06.00.7( −×±±

61022.3)( −±± ×=→ KBBr ω
600 1007.2)( −×=→ KBBr ω

Perturbative QCD (PQCD):

QCD Factorization (QCDF)
B.F. ≒10-5～10-6

No Tu and Ps small B.F.

And small ACP between B+ and B-.

Nucl.Phys. B675, 333(2003)

Phys.Rev.D72, 013006(2005)

Phys.Lett.B 525, 56(2002)

Eur.Phys.J.C23, 275(2002)



B ωh /Summary
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B ωh /B.F. Summary
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01



B ωh ,systematic errors
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