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• Introduction
• ICPV : sin 2Φ1

• Event Reconstruction
• Flavor Tagging
• B→ K*γ
• Conclusions
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The BELLE Collaboration consists 
of 53 Institutes
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CKM Matrix & CP Violation
CP violation in SM due to complex phases   

in the quark mixing matrix

The unitarity of CKM matrix
VV† = 1

B0 → (cc)K0
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Principle of the Measurement

∆t ≈ ∆z/cβγ
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∆zt=0
Vertexing
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Good Vertex Detection

( cc )K0

B0 B0

Flavor-tag 
(B0 or B0 ?)
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Mixing-induced CPV in B System

fcpB0 == fcp
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KEKB KEKB AAsymmetric symmetric ee++ee-- --ColliderCollider
e-

8GeV
e+

3.5GeV

βγ = 0.425

L=7.3x1033cm-2sec -1
World record !!

Design=1034cm-2sec-1

~1
km
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KEKB Performance

Lpeak = 7249 /µb/s

387.0 pb-1/day
392.2 pb-1/24h

2.411fb-1/7 days

8.783fb-1/30 days

Design Current 1.1 A

Beamsize: σy ≈ 3 µm  
σx ≈ 100 µm

± 11 mrad crossing angle

Design Current 2.6 A
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BELLE Detector
SVD

σ ~ 55µm for 1GeV/c@90°
CDC

σp/p ~ 0.35% @ 1GeV/c
σπ (dE/dx) ~ 7%

K± id up to plab=3.5 GeV/c
TOF

σ ∼95 ps
ACC(PID)

n = 1.01 ~ 1.03
K/π ~3.5 GeV/c

CsI
σE/Eγ ~ 1.8% @ 1GeV (γ,π0)

KLM (RPC) 
µ± : ε > 90% ; ~2% fakes

3.5 GeV8.0 GeV
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Data Sample and  Result
2001 SUMMER (presented at LP01)
Data ~30/fb (about 31.3 million BB)
Result sin2φ1= 0.99 ± 0.14 (stat) ± 0.06(syst)
PRL87, 091802 (2001) and  HEP-EX/0202027 (submitted to PRD)

Data sample in this report

Data ~42/fb (about 44.8 million BB)

Measurement is improved with ~40% more data
Results to be presented today (preliminary).
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CP Eigenstate Decays

• Use ~all low-background (cc)K0 modes 

B0 → J/ψ KS(→π+π− & π0π0)
ψ(2S)(→l+l− & J/ψπ+π−) KS

χc1(→J/ψγ) KS

ηc(→KSK+π−, K+K−π0) KS
CP odd

CP even

( full angular analysis )

ξ f =-1

J/ψ KL
J/ψ K*0 (KSπ0) (81% ξ=+1) ξ f=+1
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Golden Mode: B → J/ψ (l+l-) KS (π+π-)
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Reconstruct B from J/ψ and 
KS candidates
In CMS

   ∆E=EJ/ψ+ EKs – Ebeam

Beam constrained mass

∑−= 22 )( pEM beambc
r

Signal Box
|∆E|< 0.04 GeV
5.27 < Mbc < 5.29 (GeV/c2)

636 Events
~5% background
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All cc +KS(K*0) modes
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ψ, KS

χc1 Ks

ηc Ks

J/ψ K*

1005 cand.

(∆E cut applied)

B0→J/ψKS (π+π-) mode
Candidates 636
Background ~31
(Purity = 95%)

B0→ other modes
Candidates 369
Background ~59
(Purity = 84%)
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767 total events
462  signal

(Purity = 60%)

B0 → J/ψ KL

• KL direction
• 2-body decay 

kinematics

Nsig=462
events

Nbkg=305 event

Momentum distribution of B0

 
PB

* =
r 
P J /ψ

* +
r 
P K

L

*

B0 → J/ψKL Mode
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Flavor Tagging
Particle used: l±, K±, Λ(Λ), fast π± and slow π  m

u

ΛK+

d
W+

l+

W-

l-

ν
π+

ν
b

B0: l+, K+, Λ, π+(fast), π -(slow) l- (slow) 
B0: l-,  K-, Λ, π -(fast), π+ (slow) l+ (slow)

slow

fast

sc
B0

d dD*-

D0 π -slow
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Vertex Reconstruction 
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• CP side: reconstruct vertex from dilepton
µ+µ-, e+e-, δz ≈ 75 µm (ε =92%).

• Tag-side: reconstruct vertex from
charged tracks δz ≈ 140 µm (ε =91%).

• New vertex resolution function adopted
after LP01 and used for the B lifetime   
measurement.

• Both CP and tag side vertex fit use 
IP-profile constraint.
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Summary of Event Sample
Total 1772 CP events

After flavor tagging and vertex fitting
1550 CP events
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Fit Result of sin2φ1 with 42 fb-1

sin2φ1= 0.82 ± 0.12(stat)  ± 0.05(syst)
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Raw Asymmetries

0.82±0.12

CP=-1
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Control Sample: B0 → non fCP
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Same analysis 
as for CP-eigenstate

modes

B0 D(*)-π+, D*-ρ+, J/ψK*(K+π-)
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Systematic Errors

± 0.05Total

±∆md and τB0 errors

±Background (non KL)

±Background fraction(KL )

±Resolution function

±Flavor tagging

± 0.030Vertexing
0.024
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0.019
0.014
0.015
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0.006

0.007
0.006
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Summary ICPV
• Belle/KEKB:excellent operation with world`s 

highest peak luminosity

• New result with 42 fb-1 (44.8M BB)
sin2φ1=0.82 ± 0.12 ± 0.05  Preliminary

• The result: close to Standard Model prediction

• Summer 2002: ∫ Ldt =90 fb-1 expected
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Compare with other experiments

sin2φ1

Average
(5 expt.)

 0.78± 0.08

BaBar (2002)
(62M BB)

 0.75± 0.09±0.04

Belle (2002)
(44.1M BB)

 0.82± 0.12±0.05

BaBar (2001)
(32M BB)

 0.59± 0.14±0.05

Belle (2001)
(31.3M BB)

 0.99± 0.14±0.06

BaBar
(23M BB)

 0.34± 0.20±0.05

Belle
(11.2M BB)

 0.58+0.32 + 0.09 0.58 -0.34 0.58+0.32  - 0.10

BaBar
(Osaka,9/fb)

 0.12± 0.37±0.09

Belle
(Osaka,6.2/fb)

 0.45+0.43 + 0.07 0.45 -0.44 0.45+0.43  - 0.09

ALEPH
(2000)

 0.84+0.82 ±0.16 0.84 -1.04

CDF
(2001)

 0.91± 0.37

OPAL
(1998)

 3.20+1.8 ±0.5 3.20 -2.0

-0.5 0 0.5 1 1.5 2
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Flavor Changing Neutral Current

b → sγ         Br ~  3 ×  10-4

Reconstructed modes

B0 → K+ π− γ,K
S
π0γ

B+ → K
S
π+ γ,K+ π0γ

M
Kπ

− M
K * (892)

< 75MeV/c2

B → K * (892)γ   B → ργ upper limits only[ ]

Flavor Changing Neutral Current

EW-penguin diagram
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Super Fox-Wolfram:
Fisher discriminant output of
Modified Fox-Wolfram Moments

Cosine of B flight direction

Suppression of Continuum EventsSuppression of Continuum Events

LR (SFW, cosθB ) = Lsig

Lsig + Lbkg

 

SFW = Σ
l= 2,4

α lR l + Σ
l=1,2,3 ,4

βlrl ,

R l =
Σi,γpipγPl (cosθiγ )

Σi,γpipγ

,

rl =
Σi, jpip jPl (cosθij )

Σi, jpip j



SUSY02-DESY
G. Leder

B0 → K*γ
DATA SET 31.7 x 106 BB

[BELLE preliminary]

[BELLE preliminary]
Recent theory predictions Bosch and Buchalla, NP. B621 (2002)

Br(B+ → K*+ γ) = (49.2−5.4−3.7
+5.9+3.8 ± 2.6) ×10−6

Br(B0 → K*0γ) = (40.8−3.3
+3.5 ± 2.6) ×10−6

Br(B0 → K*0γ) = (71± 23) ×10−6
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B0 → K*γ
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Conclusions

• KEK-B Collider and BELLE-Detector show
excellent performance, reliable operation and 
worlds highest luminosity

• CP-Violation in B-Mesons is well established
• Many results on B decays, i.e. b → s γ
• Look forward to obtain new exciting results
• Until this summer 90 fb-1

• Normal summer shutdown (2 months)
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Backup slides
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Present CKM-Constraint
Standard Constraints

(not including sin2β)

A. Hocker
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Refit with direct & indirect CPVRefit with direct & indirect CPV

ACP(∆t) = Af cos (∆m∆t)  + Sf sin(∆m∆t)

- 2 Imλ
1+ |λ|2

Sf = |λ|2 − 1
|λ|2 + 1 

Af =
−ξf|λ|“sin2φ1”

All modes:
|λ| = 1.06 ± 0.09(stat.)

“sin2φ1” = 0.82 ± 0.12 (stat.)

(direct CPV) (indirect CPV)

• All CP-sensitive modes are refit with |λ| as a free parameter.

• The fitting result are consistent with    |λ| = 1 (C=0).
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