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Introduction

Phenomenology of  mixing-induced CP-violation:

For  c! cs transitions / s! ss transition in the SM,

where:

Flavor tagging
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S= -ξf sin2φ1, Ã0

TCPV, noDCPV

Time-dependent CP violation: Quantum interference 
between B0-B0 mixing and B0 decay to CP eigenstate―

― b→ccs tree diagram
  B0→J/ψ K0 “Golden mode”
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Unitary triangle

= S sinΔmΔt           +  　　　　 A cosΔmΔt

    mixing  induced CPV         direct CPV
       where S = -ξf sin2φ1

                ξf : CP eigenvalue
                Δm: B-B mass difference
                Δt: B-B decay time difference

_
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― b→sqq penguin dominated modes
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S = -ξf sin2φ1

A ̃ 0 (No direct CPV)

ΔS

B0→η'K0 0.01±0.01
B0→φK0 0.02±0.01
B0→ωK0S 0.13±0.08   
B0→ρ0K0S -0.08
B0→K0Sπ0 0.07

ΔS

B0→K+K-K0S 0.03
B0→K0SK0SK0S 0.02
B0→K0Sπ0π0 0.03

Hai-Yang Cheng, hep-ph/0702252

J. Zupan, hep-ph/0707.1323
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Introduction
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+0.08

ΔS = sin2φ1eff - sin2φ1b→ccs

slightly shifts due to other 
SM  b-decay diagram contribution
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― b→sqq penguin dominated modes
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S = -ξf sin2φ1

A ̃ 0 (No direct CPV)

non-SM contributions
SUSY...

                               ⊕extra CP phase

  = -ξf sin2φ1eff

ΔS

B0→η'K0 0.01±0.01
B0→φK0 0.02±0.01
B0→ωK0S 0.13±0.08   
B0→ρ0K0S -0.08
B0→K0Sπ0 0.07

ΔS

B0→K+K-K0S 0.03
B0→K0SK0SK0S 0.02
B0→K0Sπ0π0 0.03

Hai-Yang Cheng, hep-ph/0702252
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Introduction

t―

+0.08

― ΔS = sin2φ1eff - sin2φ1b→ccs

slightly shifts due to other 
SM  b-decay diagram contribution



tag associate B flavor
- lepton 
- kaon 
- low momentum pion from D*
...
→ ~30% efficiency

CP-side B reconstruction
- momentum 
- invariant mass
- event shape variables

zzz μ / KL detection
 14/15 layers RPC+Fe

Central Drift Chamber
       small cell +He/C2H6

CsI(Tl) EM calorimeter

 Aerogel Cherenkov counter
              n=1.015~1.030

Si vertex detector

   3/4 layers DSSD

TOF counter

SC solenoid 1.5T

8 GeV e−

3.5 GeV e+

Belle Detector

- charged particle tracking 

- momentum measurement

- particle identification

- e/γ energy measurement

- KL cluster detection
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Experimental apparatus
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B  ! J/" Ks candidate

10 cm

BELLE
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KS

B0→J/ψK0S
π+π-

e+e-
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e- e+

B0

B0

Υ(4S)
K0K

π
μ

μ+
μ-Δz=βγΔt

vertex 
reconstruction

vertex efficiency >90%
resolution ~75μm(CP)
                ~140μm (tag)
ave. of Δz ~ 200 μm 

CPV parameter measurement

AcosΔmΔt + SsinΔmΔt

true Δt distribution

B0 tag
B0 tag
_

q(                                  )

Un-binned maximum likelihood fit 
together with other observables SUSY07

Karlsruhe, Germany 
July 26 - August 1, 2007

Time dependent decay rate
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e- e+

B0

B0

Υ(4S)
K0K

π
μ

μ+
μ-Δz=βγΔt

vertex 
reconstruction

vertex efficiency >90%
resolution ~75μm(CP)
                ~140μm (tag)
ave. of Δz ~ 200 μm 

CPV parameter measurement

AcosΔmΔt + SsinΔmΔt

measured Δt distribution

B0 tag
B0 tag
_

q(                                  )⊗R(Δt)

resolution functionflavor tagging quality 
(1-2w)

Un-binned maximum likelihood fit 
together with other observables SUSY07

Karlsruhe, Germany 
July 26 - August 1, 2007

Time dependent decay rate
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B0→J/ψK0 results
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535 million B0B0 
sample

_

十 data
― signal+background

background

B0→J/ψK0S  CP odd (ξf = −1) B0→J/ψK0L CP even(ξf = +1)

Δt figures
are BG 

subtracted

sin2φ1= 0.643±0.038

A = -0.001±0.028

sin2φ1= 0.641±0.057 

A = 0.045±0.033

B0 tag
B0 tag
_ B0 tag

B0 tag
_

十 data

― fit result

B0 momentum: PBcmsbeam constraint mass 

Mbc ≡ √(ECMSbeam)2 - (pCMSB)2

Nsig = 6512
Purity 59 %

Nsig = 7482
Purity 97 %
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十 data
― signal+background

background

B0→η’K0S  CP odd (ξf = −1) B0→η’K0L CP even(ξf = +1)

beam constraint mass 

Δt figures
are BG 

subtracted

SUSY07
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十 data

― fit result

535 million B0B0 
sample

_

B0 momentum: PBcms
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sin2φ1eff= 0.674+0.102/-0.105

A = -0.030±0.072
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subtracted
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Figure 29: Background subtracted p∗B distributions of data (dots) and fit result
(histogram).
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Figure 29: Background subtracted p∗B distributions of data (dots) and fit result
(histogram).
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sin2φ1eff= 0.456+0.240/-0.237

A = +0.088+0.161/-0.160

B0→ η’K0 results

Nsig = 454

expectation from sin2φ1

First  observation of tCPV in b→s transition
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535 million B0B0 
sample

_

B0→ φK0 results

sin2φ1eff= +0.462+0.546-0.558

A = -0.145+0.385-0.373
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Figure 10: Momentum distribution after background subtraction.

13

十 data
― signal+background

background

B0→φK0S  CP odd (ξf = −1) B0→φK0L CP even(ξf = +1)

beam constraint mass 

Δt figures
are BG 

subtracted

十 data

― fit result

B0 momentum: PBcms

Nsig = 307 background
subtracted

Nsig = 114
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Figure 10: Momentum distribution after background subtraction.
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B0→ωK0S / K0Sπ0 / f0K0S results
CP odd (ξf = −1) CP even(ξf = +1)

B0→K0Sπ0
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FIG. 1: ∆E distribution within the Mbc signal region and with Rs/b > 0.5, Mbc distribution

within the ∆E signal region and with Rs/b > 0.5 and Rs/b distribution within the Mbc − ∆E

signal region for (a, b, c) B0 → ωK0
S , (d, e, f) B0 → f0K0

S , (g, h, i) B0 → K0
Sπ0 and (j, k, l)

B0 → K+K−K0
S . The solid curves show the fits to signal plus background distributions, and

the dashed curves show the background contributions.
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FIG. 1: ∆E distribution within the Mbc signal region and with Rs/b > 0.5, Mbc distribution

within the ∆E signal region and with Rs/b > 0.5 and Rs/b distribution within the Mbc − ∆E

signal region for (a, b, c) B0 → ωK0
S , (d, e, f) B0 → f0K0

S , (g, h, i) B0 → K0
Sπ0 and (j, k, l)

B0 → K+K−K0
S . The solid curves show the fits to signal plus background distributions, and

the dashed curves show the background contributions.
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FIG. 3: Asymmetries of well-tagged events (r > 0.5) for (a) B0 → ωK0
S , (b) B0 → f0(980)K0

S ,

(c) B0 → K0
Sπ0 and (d) B0 → K+K−K0

S . The solid curves show the results of the unbinned

maximum-likelihood fits. The dashed curves show the SM expectation for the values of CP

violation parameters obtained from B0 → J/ψK0 (sin 2φ1 = +0.642 and Af = 0) [5].
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B0→ f0K0S

sin2φ1eff= 0.11±0.46±0.06

A = -0.09±0.29±0.06

sin2φ1eff= 0.33±0.35±0.08

A = -0.05±0.14±0.05

sin2φ1eff= 0.18±0.23±0.11

A = -0.15±0.15±0.07

十 data
― signal+background

background

535 million B0B0 
sample

_
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FIG. 1: ∆E distribution within the Mbc signal region and with Rs/b > 0.5, Mbc distribution

within the ∆E signal region and with Rs/b > 0.5 and Rs/b distribution within the Mbc − ∆E

signal region for (a, b, c) B0 → ωK0
S , (d, e, f) B0 → f0K0

S , (g, h, i) B0 → K0
Sπ0 and (j, k, l)

B0 → K+K−K0
S . The solid curves show the fits to signal plus background distributions, and

the dashed curves show the background contributions.

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

10

-1

-0.5

0

0.5

1

-7.5 -5 -2.5 0 2.5 5 7.5

Ra
w 

As
ym

me
try

/2.
5 p

s

∆t (ps)

-1

-0.5

0

0.5

1

-7.5 -5 -2.5 0 2.5 5 7.5

Ra
w 

As
ym

me
try

/2.
5 p

s

∆t (ps)

-1

-0.5

0

0.5

1

-7.5 -5 -2.5 0 2.5 5 7.5

Ra
w 

As
ym

me
try

/2.
5 p

s

∆t (ps) t (ps)∆
-7.5 -5 -2.5 0 2.5 5 7.5

Ra
w 

as
ym

me
try

 / 1
.5 

ps

-1

-0.5

0

0.5

1

FIG. 3: Asymmetries of well-tagged events (r > 0.5) for (a) B0 → ωK0
S , (b) B0 → f0(980)K0

S ,

(c) B0 → K0
Sπ0 and (d) B0 → K+K−K0
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maximum-likelihood fits. The dashed curves show the SM expectation for the values of CP
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B0→KKK results

SUSY07
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July 26 - August 1, 2007

BG subtracted

B0→K+K−K0S

sin2φ1eff= 0.68±0.15±0.03+0.21/-0.13

A = 0.09±0.10±0.05

十 data
― signal+background

background

B0→K0SK0SK0S CP  even(ξf = +1)

beam constraint mass 

十 data

― fit result

B0 tag
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十 data
― fit result

“mixing” of CP even and odd (ξf = 2f+-1)

CP even fraction: f+ = 0.86±0.18±0.09 (iso-spin relation)

Nsig = 840

十 data
― signal+background

background
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sin2φ1(eff) A

B0→J/ψ K0  0.64±0.03±0.02  0.02±0.02±0.01

B0→η’ K0 0.64±0.10±0.04 -0.01±0.07±0.05

B0→φ K0 0.50±0.21±0.06  0.30±0.32±0.08

B0→K0SK0SK0S 0.30±0.32±0.08  0.07±0.15±0.05

B0→ω K0S 0.11±0.46±0.06 -0.09±0.29±0.06

B0→ f0K0 0.18±0.23±0.11 -0.15±0.15±0.07

B0→K0Sπ0 0.33±0.35±0.08 -0.05±0.14±0.05

B0→K+K−K0S
0.68±0.15±0.03

+0.21/-0.13  0.09±0.10±0.05

Combined results 
b→s penguin with 535M B0B0

B0→η'K0 0.01±0.01

B0→φK0 0.02±0.01

B0→ωK0S 0.13±0.08   

B0→ρ0K0S -0.08

B0→K0Sπ0 0.07

B0→K+K-K0S 0.03

B0→K0SK0SK0S 0.02

B0→K0Sπ0π0 0.03

+0.05
-0.04

+0.08
-0.12

+0.02
-0.03

+0.02
-0.03

+0.02
-0.03

ΔS = sin2φ1eff - sin2φ1b→ccs

within the SM

Published : PRL 98, 031802 (2007)

Posted : hep-ex/0609006

_
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Figure 8: ∆t distributions for q = ±1 events with R > 0.9 and r > 0.5 with the fitted result.
The solid line presents the fit results and data points are shown with marks with error bars.
The dashed line indicates the background.
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Figure 9: Asymmetry for events with R > 0.9 and r > 0.5. The solid line presents the fit results
and the dotted line shows the SM expectation.
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sin2φ1eff= -0.43±0.49±0.09

A = -0.17±0.24±0.05

660 million B0B0 sample 
(almost full data set)

_

十 data
― signal+background

background

CP even (ξf = +1)

beam constraint mass 
Nsig = 307±32 (w/o vertex)
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Another penguin:
B0→K0SK0S results

― b→dqq penguin dominated mode

b
_

d

d
_

s

s
_

d

W

g
t

Weak phase cancels mixing: S=0
→ good probe for new physics

Slight shift is predicted as
0.02 < S < 0.13
0.15 < A < 0.17
(contribution from u-/c-penguin)
R.Fleischer and S.Recksiegel, 
Eur. Phys. J. C38: 251-259, 2004 

| data
― fit result
•

S = -0.38±0.77±0.08
A = -0.38±0.38±0.05

十 data
― signal+background

background
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Summary

- sin2φ1 from penguin-dominant b decay 

  (sin2φ1eff) is sensitive to new physics.

- All are consistent with SM prediction 
  within the error.

- sin2φ1eff  from 8 b→sqq and 1 b→dqq 
  have been measured at BELLE in past year.

―_

 - There are indications of negative ΔS shift.

    (2.1σ deviation between b→css and b→sqq)
_ _
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Backup
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• It is essential to estimate possible 

deviation from sin2φ1within the SM

 to claim new physics.

• b→u Tree contamination

• Final state rescattering

 × × Ο Ο+1KsKsKs
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peak luminosity:
1.7118×1034 /cm2/sec (Nov. 15, 2006)
integrated luminosity:
710.254 /fb (- Dec. 2006)
535 million B0B0 sample is used for this 
presentation

_
Crab Crossing

!"#$%&'%()*+

,#-+./#-.01)2#3

4%.56*7

-*''181*7

-+*88179#:79'%

####,;;#<#=#>#+.5?3

@'%()+*78 A*81)+*78

B@!4@!

;?C;#DE

;?C;#DE

;?CC#DE

;?CC#DE

The crab crossing scheme allows a large crossing angle collision without 

introducing any synchrotron-betatron coupling resonances. 1, 2)

1) R.B.Palmer, SLAC-PUB-4707,1988

2) K.Oide and K.Yokoya, SLAC-PUB-4832,1989

non-crab crossing

Original Crab Crossing Scheme

4 Crab Cavities 

at Colliding Section

New Crab Crossing Scheme

2 Crab Cavities 

at  “Nikko” Section Beam-bunch wiggle around the whole ring!

Advantage: We can use existing cryogenic system for Acc. S.C. cavities
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Continuum background suppression

B0→η’K0S

Rs/b: likelihood ratio constructed 
       from event topology variables

B0→φK0S

B0→φK0L

B0→η’K0L

B0→K0SK0SK0S

B0→f0K0S

B0→ωK0S

B0→K0Sπ0

B0→K+K-K0S

十 data
― signal+background

background
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dS dA

Vertexing 0.012 0.009

Flavor tagging 0.004 0.003

Resolution function 0.006 0.001

Physics parameters 0.001 0.001

Fit bias 0.007 0.004

KS fraction 0.003 0.001

KL fraction 0.005 0.002

Background Δt 0.001 0.001

Tag side interference 0.001 0.009

Total 0.017 0.014

B0→J/ψ K0  

systematics
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B0→K0Sπ0π0 (Belle only)
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year
Number of BB 
(Belle+BABAR)

sin2φ1eff sin2φ1

2004 (275+227)M 0.41±0.07 0.73±0.04

2005 (386+230)M 0.50±0.06 0.69±0.03

2006 (535+347)M 0.53±0.05 0.67±0.03

2007 (660+383)M 0.56±0.05 0.68±0.03

18

B B !! !!KK00, , ""’’KK00, , KsKsKsKsKsKs projection for SuperKEKBprojection for SuperKEKB

total errors

(incl. systematic

errors)

3

Physics Reach at Super-KEKB

LHCb (0.002 ab-1)

-0.5 -0.3 -0.1 0.1 0.3 0.5

|Vub|
φ3(Bs → DsK)
φ3(Bs → KK)

φ3(DK(*))
φ2(ρπ)

φ2(ππ isospin)
sin2φ1

Br(B0 → Dτν)
Br(B+ → Dτν)

Br(B+ → K+νν)
Br(Bs → µ+µ-)

C10 w/ AFB(K*l+l-) no info

C9 w/ AFB(K*l+l-) no info

ACP(B → Xsγ)
Br(B → Xsγ)

S(K*0γ)
sin2χ(Bs → J/ψφ)

∆S(π0Ks)
∆S(KsKsKs)

∆S(η’Ks)
∆S(K+K-Ks) no info

∆S(φKs)

SuperKEKB at 50 ab-1
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|Vub|
φ3(Bs → DsK)
φ3(Bs → KK)

φ3(DK(*))
φ2(ρπ)

φ2(ππ isospin)
sin2φ1

Br(B0 → Dτν)
Br(B+ → Dτν)

Br(B+ → K+νν)
Br(Bs → µ+µ-)

C10 w/ AFB(K*l+l-)
C9 w/ AFB(K*l+l-)

ACP(B → Xsγ)
Br(B → Xsγ)

S(K*0γ)
sin2χ(Bs → J/ψφ)

∆S(π0Ks)
∆S(KsKsKs)

∆S(η’Ks)
∆S(K+K-Ks)

∆S(φKs)

SuperKEKB at 5 ab-1
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|Vub|
φ3(Bs → DsK)
φ3(Bs → KK)

φ3(DK(*))
φ2(ρπ)
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S(K*0γ)
sin2χ(Bs → J/ψφ)

∆S(π0Ks)
∆S(KsKsKs)

∆S(η’Ks)
∆S(K+K-Ks)

∆S(φKs)
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