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Note: Af = 0  Γ(B f ) = Γ(B f )  direct CP violation.

CP violation in CP violation in B BB B systemsystem00

Af = 

Sf = 

| λf |2 + 1
| λf |2 − 1

| λf |2 + 1
2Im( λf )

λf ≡e−2iφMA( B f )
A( B f )

Standard model predictions

=Af cos(∆mt)+Sf sin(∆mt)



CKM quark mixing matrix

Unitarity

Unitarity triangle

φ1≡π−arg(              )
−VtbVtd

−VcbVcd

φ2≡arg(               )
VtbVtd

−VubVud

*

*
*
*

TheThe φφii’’ss and CKM matrixand CKM matrix



Af and Sf

Large data sample

Principle of the measurementPrinciple of the measurement

Γ(B fCP;t ) can be measured.

ϒ
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1550 events

Previous result of Previous result of sin2sin2φφ11

41.8 fb-1

6 b ccs decay modes
(B J/ψKS, J/ψKL etc.)

Sccs = sin2φ1

= 0.82±0.12±0.05

|λccs| = 1.01         (stat.)
i.e., Accs is consistent
with 0.

+0.08
−0.07

(Belle, Feb. 2002, hep-ex/0205020)
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KEKB KEKB ColliderCollider

8 GeV e− + 3.5 GeV e+

WCM=m(ϒ(4s))

3 km circumference

±11 mrad crossing angle



LuminosityLuminosity

Lpeak=7.4x1033

(/cm2/s2)

Int. lum.=89.6 fb-1

( ~90% on ϒ(4s)
+ ~10% off peak)

Daily int. lum. 400pb-1/day

Integrated luminosity
89.6fb-1

85 million BB events
recorded by Belle 
before the summer 02.

_
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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+



Vertex measurement
Impact parameter resolution
= 55µm for 1GeV/c normal trk.

100µm vertex resolution in z

Tracking system
(σPt /pt )2 

= (0.19pt )2+(0.34)2 (%2) 

EM calorimetry
σE /E ~ 1.8% @ Eγ = 1 GeV
e± efficiency  > 90% 
( ~ 0.3% fake at p > 1 GeV/c )

K/πseparation
dE/dx (σ = 6.9%)
TOF (σ = 95 ps)
Aerogel Cerenkov counter

Efficiency~90%,
Fake rate~6% up to 3.5GeV/c

KL and µ± detection
µ± efficiency  > 90% 
( < 2% fake at p > 1 GeV/c)

Detector performanceDetector performance



Sub decay modesSub decay modes

J/ψψψψ

→→→→µµµµ+µµµµ-

σσσσ=9.6MeV
/c2

J/ψψψψ
→→→→e+e-(γγγγ)
σσσσ=10.7MeV
/c2

Mll (GeV/c2) ψψψψ’→→→→µµµµ+µµµµ-

,e+e-

σσσσ=12.1 
MeV/c2

ψψψψ’

Mll(GeV/c2)

χχχχc
1

χχχχc
2

Mllγγγγ-Mll(GeV/c2)

χχχχc1,χχχχc2→→→→J/ψψψψ
+γγγγ

σσσσ=7.0 
MeV/c2

M(KS→→→→ππππ+ππππ-) 
(GeV/c2)

σσσσM=4.1 MeV/c2

M(KS→→→→ππππ0ππππ0) (GeV/c2)

σσσσM=9.3 MeV/c2

in inclusive J/ψψψψ events

π0→γγ in hadronic events
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CP CP eieiggenstatesenstates ((bb ccsccs))

(after ∆E cut)

2958 events are used in the fit.

∫L dt = 78 fb-1
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BELLE-CONF-0201 (ABS688)



BB00 →→ J/J/ψψKKL L reconstructionreconstruction

µ+ (J/ψ)

µ− (J/ψ)

KL

Reconstruct J/ψ l +l −.

Find a KL like cluster.

Assume B J/ψKL and 
calculate KL energy.

See distribution of :

pB*≡| p(J/ψ) + p(KL) |

BELLE-CONF-0201 (ABS688)



BB00 →→ J/J/ψψKKL L reconstructionreconstruction

pB* ~ 0.35 GeV/c for true 
J/ψKL events.

Background shape is 
estimated by MC, and 
its size is determined by 
fit.

(834 events)
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1330 events1330 events

Purity = 63 %

J/Ψ KL (834 events)

J/Ψ KL X BG, KL detectedJ/Ψ KL X BG, KL detected

J/Ψ X BG, otherJ/Ψ X BG, other

combinatorial BGcombinatorial BG

pB* (GeV/c)

1330 events 
(63% purity)

∫L dt = 78 fb-1

BELLE-CONF-0201 (ABS688)



Flavor taFlavor tagggginingg -- principleprinciple

Identify B0/ B0 by the charges of the inclusive decay products.

Inclusive leptons:
high p l −−−− b c l −−−− ν
intermed. p l + s l + ν

Inclusive hadrons:
high p π+ B0 D(*)− π+ , D(*)− ρ+, etc.
intermed. p K+ K+ X,      π+π0

low p π−−−− D0 π−−−−

BELLE-CONF-0201 (ABS688)



B0B0 D*lν : reconstruct
tag

Flavor taFlavor tagggginingg –– dilution factordilution factor
Classify the events into six classes and measure 
D = (1-2w) for each.   (w : wrong tag prob.)

Efficiency > 99.5%
εeffective = 28.8±0.5%
BELLE-CONF-0201 (ABS688)



Time resolution (rms)
1.43 ps

B0 lifetime
1.551±0.018(stat) ps

B0

∫L dt = 78 fb-1

PGD02: 
1.542±0.016 ps

Vertexing – lifetime measurement

Belle, p
relim

inary B0 D+π−, D*+π−, D*+ρ−, 
J/ψKS and J/ψK*0



New result of New result of sin2sin2φφ11

78 fb-1 (85M BB)
6 b ccs decay modes
(B J/ψKS, J/ψKL etc.)

Sccs = sin2φ1

= 0.719±0.074±0.035

|λccs| 
=0.950±0.049±0.026

i.e., Accs is consistent
with 0.

Belle, p
relim

inary

2958 events

Belle, p
relim

inary

Raw asymmetry

BELLE-CONF-0201 (ABS688)



Comparison between CPComparison between CP--odd and odd and --eveneven

CP = −1 sample

sin2φ1

= 0.716±0.083

CP = +1 sample
(B0 J/ψKL)

sin2φ1

= 0.78±0.17

∫L dt = 78 fb-1Raw asymmetry

BELLE-CONF-0201 (ABS688)



B0 D*lν
K+π−

B0 J/ψK*B0 D*±πŦ

Control sample testControl sample test
Apply the same analysis to non-CP eigenstate sample 
to see if “sin2φ1”=0.

“sin2φ1”=
0.035±0.032

“sin2φ1”=
−0.021±0.093

“sin2φ1”=
0.004±0.017

∫L dt = 78 fb-1

BELLE-CONF-0201 (ABS688)



ChanChangges from the es from the pprevious resultsrevious results

More data !!  (41.8 fb-1 78 fb-1)
All data have been reprocessed with consistent 
analysis code.
Better understanding of the detector.

Better tracking quality.
Better SVD alignment.

sin2φ1 with the first 41.8 fb-1 data sample: 0.78±0.10
0.82±0.12 (Feb. 02)



ρρ--ηη planeplane

PDG2002 
(http://pdg.lbl.gov
/2002/kmmixrpp)
+ New Belle result

sin2φ1

=0.719±0.074±0.035
Belle July, 2002



CPV in CPV in b b uuduud

+AD =

Sππ≠≠≠≠sin2φ2
Aππ≠0
i.e. |λππ|≠1
i.e. Γ(B0 π+π−)≠Γ(B0 π+π−)

Sππand Aππ

Time dependent CPV

Tree ( ∋ φ3 ) Penguin ( ∋ φ1)



BB reconstruction methodreconstruction method



BB00 ππ++ππ−− reconstructionreconstruction

Signal region:

5.271 < Mbc < 5.287 GeV/c2

|∆E| < 0.067 GeV

N(π+π−) = 73.5±13.8 events

N(K+π−) = 28.4±12.5 events

∫L dt = 41.8 fb-1

ππππ++++ππππ−−−−

continuum
Kππππ

Other rare decays

∆E distr. after Mbc cut

Talk given by K.Suzuki at CP-4  
and BELLE-CONF-0219 (ABS707) 
for detail of the event selection.



∆∆tt distribution in distribution in BB00 ππ++ππ−−

Raw asymmetry
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SSππππ and and AAππππ

Sππ= −1.21

Aππ= +0.94        ±0.09

+0.38 +0.16
−0.27 −0.13

+0.25
−0.31

Aππ≠0 indicates Direct CPV

i.e., Γ(B0 π+π−)≠Γ(B0 π+π−)

∫L dt = 41.8 fb-1

B0 taggedB0 tagged

∆t (ps) Aππ> 0 with 99.6%CL.
Sππ< 0 with 99.6%CL.

hep-ex/0204002



Test with Test with BB00 KK−−ππ++

N(K+π−) = 289.5±21.5 events
Observed asymmetry

“SKπ”=0.15±0.24
“AKπ”=0.07±0.17

Consistent with null asymmetry
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CPV in CPV in bb ssssss

In the Standard Model,

Ssss = sin2φ1 (b ccs)

Asss = ~ 0

B(B0 η’K0) = 5.8x10-5 : anomalously large

New physics contribution ??
Measure its phase.



π+π−

B0 η’KS
π+π−η, ργ

γγ

π+π−

B0 φKS
K+K−

BB00 ηη ’’KKSS , , φφKKSS and Kand K++KK−−KKSS
∫L dt = 78 fb-1

π+π−

B0 K+K−KS
(K+K−≠φ)

N(φKS)=35.4±2.9 N(K+K−KS)=94.3±7.3

Mbc (GeV/c2) Mbc (GeV/c2)Mbc (GeV/c2)

N(η’KS)=147.9±14.6

97% CP=even
eigenstate

Talks given by T.Aushev
at CP-3 and by K.F.Chen 
at HQ-4.

Talk given by P.Chang at HQ-3
BELLE-CONF-0225 (ABS713)



CPV inCPV in bb ssssss

SφK = −0.73±0.64±0.18

AφK = −0.56±0.41±0.12

φKS
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∫L dt = 78 fb-1

−SKKK = 
+0.52±0.46±0.11

AKKK = −0.42±0.36±0.09

+0.27
−0.03
+0.03
−0.22

K+K-KS
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B η’KS

−Sη’K = +0.76±0.36

Aη’K = +0.26±0.22±0.03

+0.05
−0.06

Uncertainty in CP ± fractions
w = (3       )%+16

−3

Raw asymmetries

(−)S sin2φ1 in b ccs
(=0.719±0.074±0.035)

Preliminary



CPV inCPV in BB00 J/J/ψπψπ00

−SJ/ψπ = +0.93±0.49±0.08

AJ/ψπ = −0.25±0.39±0.06

J/ψπ0 is a CP-even eigenstate including b ccd transition..

J/ψπ0
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∫L dt = 78 fb-1

N(J/ψπ0) = 49.1±1.3

Raw asymmetry

Preliminary



Measurement of Measurement of BB XXssll++ll−−

FCNC process b sll was 
first measured in B Kll by Belle. 
(PRL 88, 021801 (2002))

Inclusive b sll meas. will be 
a model independent probe for 
new physics.

Inclusive measurement by “pseudo-
reconstruction” of B Xsll.

Xs : K ± or KS with 0~4 π’s (0 or 1π0)

covers ~78% of b sll.

Talk given by S.Nishida at HQ-4
BELLE-CONF-0258



Xse+e− Xsµ+µ−

Xsl+l− Xse+µ−+c.c.

Β( B Xsl+l− )

= (6.1±1.4       ) x 10-6

for M l l > 0.2 GeV/c2

∫L dt = 60 fb-1

BB XXssll++ll−− reconstructionreconstruction

B J/ψ( l+l−)Xs, ψ’( l+l−)Xs

are removed by mll veto.

Contamination of B Xsπ+π−

(4.5 and 0.2 events in Xsµµ
and Xsee, respectively) are 
subtracted.

Mbc distr. after ∆E cut

Preliminary

+1.3
−1.1



MMllll and and MM((XXss) distributions) distributions

Mass spectra assumed 
in MC

observed Mll
spectrum

Model by A.Ali et al.
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SummarySummary

Belle has accumulated 89.6 fbBelle has accumulated 89.6 fb--11 data (78 fbdata (78 fb--11 on on ϒϒ(4S),    (4S),    
85 M 85 M BBBB pairs) at KEKB asymmetric pairs) at KEKB asymmetric BB factory.factory.
The CPV parameters are measured by the time dependent The CPV parameters are measured by the time dependent 
analyses of them:analyses of them:

Sccs=sin2φ1=0.719±0.074±0.025,  |λccs| =0.950±0.046±0.026

Sππ=−1.21                ,  Aππ=0.94       ±0.09   (41.8 fb-1).

Time dependent CPV in b sss and b ccd are measured.
Inclusive b sl+l− is measured by pseudo-reconstruction:

Β(B Xsl+l−) =  (6.1±1.4 ) x 10−6

+0.38 +0.16
−0.27 −0.13

+0.25
−0.31

+1.3
−1.1


