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Introduction
• Rare B decays can be described by various tree and 

penguin diagrams
• They are useful to determine the CKM unitarity

triangle
• Search for CP violation and probe new physics
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B Reconstruction

Signals

• Exclusive B decays are kinematically reconstructed by using two (almost) 
independent variables, Mb and ∆E.

• Mb: beam energy constrained B mass.

� ∆E: energy imbalance
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Belle Particle Identification
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• Clear K/π separation is essential to distinguish decays.
– DK/Dπ
– Kπ/ππ/KK etc.
– K*γ/ργ

• Belle use dE/dx + ToF + ACC
– Wide momentum coverage 
– ACC: Aerogel Cherenkov
– Combined into likelihood;

• Calibration with D*+ →D0π+, D0 →K-π+

)π(L+)K(L
)K(L=)K(PID ~1 for K

~0 for π

0 1 2 3 4
p (GeV/c)

dE/dx (CDC)

TOF (only Barrel)

Barrel ACC

Endcap ACC

∆ dE/dX ~7 %

∆ T ~ 100 ps (r = 125cm )

n = 1.010 ∼ 1.028
n = 1.030
( only flavor tagging )

K track (eff.)

π track (fake)
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BaBar Particle Identification
• DIRC θc resolution and K-π separation measured in data ⇒

D*+→ D0π+ → (K-π+)π+ decays
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Continuum suppression

Continuum BB

• Separate jet and spherical shape

• Shape variables:
– Thrust angle:

• The angle between thrust axes of B and other particles
– Super Fox-Wolfram moment or Fisher discriminant

qqee →−+ BBee →−+
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B → η(’)h: Introduction
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Belle results on B → ηK* / η’K
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BaBar results on η(`)K(*)
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B0 → ηK*0 → γγK+π- BABAR

• Tree is CKM suppressed ⇒ b →s Penguin
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B+ → ηK*+ → γγKSπ+ BABAR

Mode Signal yield S(σ) /10−6 (90% CL)

ηK∗0 20.5 ± 6.0 5.4 19.8+6.5
−5.6 ± 1.7

ηK∗+ 14.3 ± 6.6 3.2 22.1+11.1
−9.2 ± 3.3 (< 33.9)

η′
ηππK+ 49.5+8.1

−7.3 15 63+10
−9

η′
ργK+ 87.6+13.4

−12.5 11 80+12
−11

η′K+ 17 70 ± 8 ± 5

η′
ηππK0 6.3+3.3

−2.5 4.7 28+15
−11

η′
ργK0 20.8+7.4

−6.5 4.2 61+22
−19

η′K0 5.9 42+13
−11 ± 4

η′
ηπππ+ 5.7+3.8

−2.8 3.2 7.1+4.8
−3.5

η′
ργπ+ −0.9+7.8

−6.2 0.1 −0.7+6.7
−5.3

η′π+ 2.8 5.4+3.5
−2.6 ± 0.8 (< 12)
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Belle results on B → ηK / ηπ
B → ηK
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B → η’ h summary

B+ → η’K+

B0 → η’K0

B+ → η’ π+

Branching ratios are given in units of 10-6

Br

BaBar: C.Dallapiccola, 9th Heavy Flavor, Sep. 2001

PRL 87, 221802 (2001)

Belle: H.C.Huang, XXXVII Recontres de Moriond,       
March 2002.

CLEO: PRL 85, 520 (2000)
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B → η h summary

B+ → ηK*+

B0 → ηK*0

B+ → ηK+

B+ → η π+

Br

BaBar: C.Dallapiccola, 9th Heavy Flavor, Sep. 2001

Belle: H.C.Huang, XXXVII Recontres de Moriond,       
March 2002.

Branching ratios are given in units of 10-6

CLEO: PRL 85, 520 (2000)
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B → ωh: Introduction
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BaBar result on B+→ωπ+

0πππω −+→
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Belle results on B → ωh
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B → ωh summary

B+ → ωK+

B0 → ωK0

B+ → ω π+

B0 → ω π0

Br

BaBar: C.Dallapiccola, 9th Heavy Flavor, Sep. 2001

PRL 87, 221802 (2001)

Belle: H.C.Huang, XXXVII Recontres de Moriond,       
March 2002.

Branching ratios are given in units of 10-6

CLEO: PRL 85, 2881 (2000)
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BaBar results on B→ρπ

• Asymmetry also 
measured:

02.018.004.0

)()(
)()(

±±−=

Γ+Γ
Γ−Γ= +−−+

+−−+

πρπρ
πρπρ

ρπA

5σ significance
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B → ρπ summary

B0 → ρ-π+

B+ → ρ0π+

B0 → ρ0π0

B0 → a0
+ π-

Branching ratios are given in units of 10-6

Br

BaBar: C.Dallapiccola, 9th Heavy Flavor, Sep. 2001

Belle: Preliminary

CLEO: PRL 85, 2881 (2000)
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Belle results on B+→K+π+π-

’



Belle results on B+→ K+π+π-
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Belle results on B+→K+K+K-
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Belle results on B+→K+K+K-
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Belle results on quasi two-body decays
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BaBar results on B→φ K(*)

• ~Pure Penguin φK0 ⇒ CP eigenstate (sin2β)
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Mode nsig S B(10−6)

φK+ 31.4+6.7
−5.9 10.5 7.7+1.6

−1.4 ± 0.8

φK0 10.8+4.1
−3.3 6.4 8.1+3.1

−2.5 ± 0.8

φK∗+ – 4.5 9.7+4.2
−3.4 ± 1.7

φK∗+
K+ 7.1+4.3

−3.4 2.7 12.8+7.7
−6.1 ± 3.2

φK∗+
K0 4.4+2.7

−2.0 3.6 8.0+5.0
−3.7 ± 1.3

φK∗0 20.8+5.9
−5.1 7.5 8.7+2.5

−2.1 ± 1.1

φπ+ 0.9+2.1
−0.9 0.6 < 1.4 (90% CL)
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B → φ K(*) summary

B+ → φK+

B0 → φK0

B+ → φK*+

B+ → φΚ*0

Br

BaBar: C.Dallapiccola, 9th Heavy Flavor, Sep. 2001

PRL 87, 151801 (2001)

Belle: H.C.Huang, XXXVII Recontres de Moriond,       
March 2002.

Branching ratios are given in units of 10-6

CLEO: PRL 86, 3718 (2001)
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• Significant amplitudes for Penguins for most modes
– P↔T interference ⇒ possible direct CP violation

– “Pure” Penguin → φK(*), K0π
Negligible direct CP violation in SM ⇒ probe new 
physics!

( ) ( )
( ) ( )

δϕ
δϕ

∆∆++
∆∆=

→Γ+→Γ
→Γ−→Γ=

coscos||||2||||
sinsin||||2

22 TPTP
TP

fBfB
fBfBACP

•∆ϕ(∆δ)=weak(strong) P-T phase diff.

•Pb→s → ∆ϕ=γ

•Pb→s → ∆ϕ=γ+β

α

βγ
)0,0( )0,1(

),( ηρ

|| *

*

cbcd

ubud

VV
VV

|| *

*

cbcd

tbtd

VV
VV

Motivation: CP violation

’



Search for direct CP violation

ACP

B+ → φK+

B+ → φK*+

B+ → φΚ*0

B+ → ωK+

B+ → ω π+

B+ → η’K+

B+ → ηK*+

B0 → ηK*0

( ) ( )
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Theory: A.Ali, et al. ,
PRD 59, 014005
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 modesBaBar: PRD 65, 051101 (2002)

CLEO: PRL 85, 525 (2000)

Belle: H.C.Huang, XXXVII 
Recontres de Moriond March 2002
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Conclusion 

• The many of new results were provided during  last three 
years successful operation of  B-factories. 

• The level of accessible branching fractions is order

• First attempts of the search for direct CP violation have been 
done.  No statistically significant asymmetries in charged   
B-meson decays were observed yet.  

• New measurements with lager statistics                         are 
coming. 
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