
�b!!!!s penguin : b!!!!sss (φφφφK(*)), 
b!!!!sssss(φφφφφφφφK), b!!!!sγγγγ,b!!!!sll

�B!!!!hh charmless decays modes: 
Kππππ,ππππππππ,KK,ρρρρh,ωωωωh,ρρρρρρρρ

�New resonance B!!!!K(ππππππππJ/ψψψψ)

Rare B decays in Belle
Andrzej Bożek (INP Kraków)

_
_

For Belle collaboration

_

ICFP2003 Andrzej Bożek



Particle Identification
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Kinematic variables for the ΥΥΥΥ(4S)

σ ~ 2.7 MeV/c2

σ ~ 9 MeV/c2
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Pure b!s penguins in SM

B!φ K+, B!φ Ks, B!φ K*

In the SM, sin(2φ1)= sin(2φ1) (B!φKS) 
interesting  indirect CPV results for B!φ K0
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B!φ K+, B!φ Ks, B!φ K*

16.9%=ε
16.5σ=significance
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Y(4S)on fb 78 :used Data  -1
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B!φ K+, B!φ Ks, B!φ K*

6.9%=ε
11.3σ=significance
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−
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=Ns (Ksπ+)

2.1%=ε (Ksπ+)
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B!φ K*  polarization measurement
K+zzzz θθθθtr

|A0|2 = 0.43 ± 0.09 ± 0.04
|A |2 = 0.41 ± 0.10 ± 0.04
(CP odd and CP even states)

and
arg(A ) = 0.48 ± 0.32 ± 0.06
arg(A ) = -2.57 ± 0.39 ± 0.09

Decays amplitudes & parametres
->A0 , A  , A , θθθθtr , θθθθ , φφφφtr

Where Ax are complex 
amplitudes

T =

K*

Amplitudes are determined by
unbinned max likelihood fit:
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Y(4S)on fb 78 :used Data  -1

B!φ K+, B!φ Ks, B!φ K*
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� One more ss popping from 

�Modes search:                                  with                          .

�We also look for 4K from: 
and                           decays.

�Possible large DCPV and Glueball search.

sssb→

00, KBKB φφφφ →+→+ 2/85.2 cGeVM <φφ

,,,)2200( −+→→→ KKccJf φηφφηφφ
−+→−+→ KKJKKc φψη /),(2 )(2/ −+→ KKJ ψ
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Data used: 90 fb-1 on Υ(4S)
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Radiative and Electroweak B decays
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Sensitive to different types of New Physics than Xs γ
New observables : forward-backward asymmetry, M(ll)

CP asymmetry in B!!!! Xs γ is expected to be small (less than 1%).
Some non-SM models allow large (up to 10%) ACP without changing the B.F.



ICFP2003 Andrzej Bożek



ICFP2003 Andrzej Bożek

Mbc Mbc
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�B!!!!Kππππ,,,,ππππππππ,,,,KK proceeds through tree and penguin diagram.
�Interference of the tree and penguin diagram can leed to
Direct CP Violation.

�Branching fraction and CP asymetries of these mode provide
information for the CKM angle φ2 and φ3 (but not straightforward
because of complicated hadronic effects).

�Each B.F. of B!!!!ππππππππ ((((B0!!!!ππππ++++ππππ−−−− , , , , B++++!!!!ππππ++++ππππ0 , , , , B0!!!!ππππ0ππππ0, , , , B!!!!... ... ... ... etc.) 
is necessary for the isospin analysis to extract φ2 using B!!!!ππ ππ ππ ππ ....
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Evidence for π0π0
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fits.  and  D-2by  obtained Yields EM bc ∆
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fits.  and  D-2by  obtained Yields EM bc ∆
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Include B-flavor-tagging
information r for better
continuum suppression

Data used: 78 fb-1 on Υ(4S) ICFP2003 Andrzej Bożek



))(( 00 −+±±± →→ ππππρρB

Data used: 78 fb-1 on Υ(4S)

first observation

First observation of charmless & strangless
vector-vector mode
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))(( 00 −+±±± →→ ππππρρB

Data used: 78 fb-1 on Υ(4S)

ρρρρρρρρ final state is vector-vector system -> give S ,P or D wave
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Belle have confirmed previous observation of ωK+>ωπ+
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Summary

�Great performance of KEK-B. (Reached to 1034cm-2s-1: 158 fb �1)

� Update B!!!! Kππππ,,,,ππππππππ,,,,KK,ρρρρh,ωωωωh
� First obserwation of  B!!!! VVcharmless & strangless decay: B!!!! ρρ.
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Results obtained on full 
data sample 140fb-1
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KEKB Collider

The KEKB Collider (8 x 3.5 GeV, X angle)
World record:

L=(1.0 x 1034)/cm2/sec  
Int(L dt)= 158 fb-1

On-resonance 140 fb-1
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µ / KL detection
14/15 lyr. RPC+Fe

Tracking + dE/dx
small cell + He/C2H5

CsI(Tl) 16X0

Aerogel Cherenkov cnt.
n=1.015~1.030

Si vtx. det.
3 lyr. DSSD

TOF counter

SC solenoid
1.5T

Belle DetectorBelle Detector

8GeV e−

3.5GeV e+
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