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Introduction

Principle of TCPV measurement
Precise measurement of sin2φ1

TCPV in b ccs (B0 J/ΨK0 etc.)
TCPV in b s penguins (Search for New Phys.)

b sqq
Deviation from sin2φ1 New Physics

b sγ
Large TCPV New Physics

Future Prospects
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KobayashiKobayashi--MaskawaMaskawa PhasePhase

CP violation parameters
(φ1, φ2, φ3) = (β, α, γ )

CP violation parameters
(φ1, φ2, φ3) = (β, α, γ )

λ ~ 0.22
CP violation is due to a complex phase

in quark mixing matrix
CP violation is due to a complex phase

in quark mixing matrix



Observables for TCPVObservables for TCPV
CP Violation manifests itself in 
proper-time difference (∆t)
distributions of two B meson 
decays.
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S = -ξCP sin2φ1 , A = 0
ξCP : CP eigenvalue
+1 (-1) for CP even (odd)

ssin2in2φφ11 measurementmeasurement

• Br(b ccs) ~ 10-3

• ∆t measurement 

= S sin(∆m∆t) + A cos (∆m∆t) A CP

Mixing induced CPV Direct CPV
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Many B-mesons are required
B-mesons should be boosted

Asymmetric B-factory Acc. is the best way
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KEKB KEKB (located at Tsukuba, Japan)(located at Tsukuba, Japan)

KEKB Rings
Belle 

detector

Linac

~1km

3.5 GeV e+ × 8.0 GeV e−

e+e− → ϒ(4S) 
with βγ = 0.425

22 mrad crossing angle
~ 1 M BB pairs/day
~ 350 M BB pairs

World Records (Feb 15)

Lpeak = (1.516×1034)/cm2/sec
∫ L dt ~ 360 fb-1

on-resonance ~ 330 fb-1
_

_



PEPPEP--II II (located at SLAC, USA)(located at SLAC, USA)

~245 million BB pairs
+23 fb-1 off resonance

Lpeak = (0.923 × 1034)/cm2/sec
∫ L dt = 246.4 fb-1

Lpeak = (0.923 × 1034)/cm2/sec
∫ L dt = 246.4 fb-1

3.1 GeV e+ × 9.0 GeV e−

e+e− → ϒ(4S) with βγ = 0.56

head-on collision



History of Asymmetric B FactoriesHistory of Asymmetric B Factories

~350 million
BB pairs-KEKB

PEP-II

~245 million
BB pairs-



Belle DetectorBelle Detector

KL µ detector
14/15 layer RPC+Fe

Electromagnetic Calorimeter
CsI(Tl) 16X0

Aerogel Cherenkov Counter
n = 1.015~1.030

Si Vertex Detector
4-layer DSSD

TOF counter

3.5 GeV e+

Central Drift Chamber
momentum, dE/dx
50-layers + He/C2H6

charged particle tracking

K/π separation

K/π separation

B vertex
Muon / KL identification

γ, π0 reconstruction
e+-, KL identification

8.0 GeV e-



Event DisplayEvent Display
BB00 J/J/ΨΨ KKSS

JJ//ΨΨ µµ++µµ−−

KKSS ππ++ππ−−

8.0 GeV e- 3.5 GeV e+



BABAR DetectorBABAR Detector

DIRC (PID)
144 quartz bars

11000 PMs

1.5T solenoid

EMC
6580 CsI(Tl) crystals

Drift Chamber
40 layers

Instrumented Flux Return
iron / RPCs (muon / neutral hadrons)

Silicon Vertex Tracker
5 layers, double sided strips

e+ (3.1GeV)

e− (9GeV)



Principle of TCPV measurementPrinciple of TCPV measurement
CP-side

βγ = 0.425 (Belle)
0.56 (BaBar)

electron
(8GeV)

positron
(3.5GeV)

ϒ(4S)
resonance B1

B2

µ+

µ-

KS/L

J/Ψ

1. Fully reconstruct one B-meson which decays to CP eigenstate



BB--meson Reconstruction Variablesmeson Reconstruction Variables

Energy difference:

Beam-constrained mass:

Utilize Special Kinematics at Y(4S)

2*2*

)(
Bbeam

es
bc PEM −=

**
beamB EEE −≡∆



Principle of TCPV measurementPrinciple of TCPV measurement

βγ = 0.425 (Belle)
0.56 (BaBar)

∆t ≈ ∆z
βγ c

CP-side

Flavor tag and 
vertex 

reconstruction

Flavor tag and 
vertex 

reconstruction

1. Fully reconstruct one B-meson which decays to CP eigenstate
2. Tag-side determines its flavor
3. Proper time (∆t) is measured from decay-vertex difference (∆z)

electron
(8GeV)

positron
(3.5GeV)

ϒ(4S)
resonance B1

B2

µ+
π-K

π-
0

D
νµ

µ+

µ-

KS/L

J/Ψ

∆z ~ 200µm
(Belle)  

B0

B0
_



sin2sin2φφ11 measurement resultsmeasurement results

TCPV of b ccs modes
(tree-diagram)

_



sin2sin2φφ11 Results: 227 Results: 227 ××101066 BBBB pairspairs

ΔE [MeV]

J/ψ KL signal
J/ψ X background
Non-J/ψ background

BABAR

signal region 1600 signal events3900 signal events

Mbc [MeV]

ξCP=−1

signal region

ξCP=−1 ξCP=+1

sin2φ1 = 0.722 ± 0.040 (stat) ± 0.023 (syst)
|λCP|   = 0.950 ± 0.031 (stat) ± 0.013 (syst)

(consistent with no-DCPV, |λCP|=1 A=0)

__

ACP(∆t) = -ξCPsin2φ1sin(∆m∆t)



sin2sin2φφ11 Result : 152Result : 152××101066 BBBB PairsPairs
hep-ex/0408111

__

poor flavor tag

good flavor tag

qξCP=+1
qξCP=-1

sin2φ1 = 0.728 ± 0.056 (stat)
± 0.023 (syst)

|λCP|   = 1.007 ± 0.041 (stat)
± 0.023 (syst)

consistent with no-DCPV |λCP|=1 A=0

4347 signals



Consistency of TCPV results with Consistency of TCPV results with 
indirect constraintsindirect constraints

sin2φ1

φ1
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φ, η’...

Standard Model
S = -ξCP sin2φ1 , A ~ 0

w

NP Search in sNP Search in sin2in2φφ11 measurementmeasurement
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Extra CPV phase
Sb s ≠ SSM
New Physics

!!

/

Standard Model : sin2φ1 = 0.726 ± 0.037



TCPV in TCPV in HadronicHadronic
b b s Penguinss Penguins
New Physics Search

in “sin2φ1“ (= -ξCP S) measurement



BB00 →→ φφKK00 signalssignals

Nsig
#events for

TCPV fit 

_
227M BB [hep-ex/0502019]

Nsig = 114±12

Ev
en

ts
/(5

0M
eV

/c
)

sig + bkg_sum
bkg_sum
sig + B-bkg
B-bkg

plots for
all signal
events

Nsig = 139±14
purity = 0.63

Nsig=36±15
purity = 0.17

φΚs:
φ K+K−

Ks π+π−

Nsig = 98±18

φΚs:
φ K+K−

Ks π+π−,
π0π0

φΚL:
φ K+K−

KL w/ 
EMC or IFR

φΚL:
φ K+K−

KL w/ 
ECL or KLM

_
275M BB [hep-ex/0409049]

plots for signal-enhanced regions
signals seen in the plots < Nsig

(∆t used for selection)

preliminary



TCPV TCPV results forresults for BB00 →→ φφKK00
_

227M BB [hep-ex/0502019]
_

275M BB [hep-ex/0409049]

φΚs

φΚL

“sin2φ1” = +0.50 ±0.25 
A = 0.00 ±0.23 ±0.05

+0.07
−0.04 “sin2φ1”= +0.06 ±0.33 ±0.09

A = +0.08 ±0.22 ±0.09

~0.9σ @SM
φKS

φKL

Good tags

Poor tags

S = 0.73
fit

φΚ0

~1.9σ @SM preliminary



TCPV results for BTCPV results for B00 ωωKsKs
_

275M BB [hep-ex/0409049]

preliminary

“sin2φ1” = +0.75 ±0.64
A = +0.26 ±0.48 ±0.15

+0.13
−0.16
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m
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Good tags

Nsig = 31 ± 7 (7.3σ)
purity = 0.56

(~0.0σ @SM)



Poor tags

Good tags

TCPV TCPV inin BB00 KsKsKsKsKsKs

w/ 
VTX

w/o 
VTX total Nsig

3 (π+π−) 96 32 128 72
2 (π+π−) & (π0π0) 21 18 39 16
total 117 50 167 88

~2.8σ @SM

“sin2φ1”= −1.26 ±0.68 ±0.18
A = +0.54 ±0.34 ±0.08

-S = 0.73
fit

[hep-ex/0411056]

_
275M BB
preliminary



SignalsSignals for otherfor other bb sqq modessqq modes
[hep-ex/0409049]

Nsig = 452 ± 28
Nsig = 399 ± 28
purity = 0.56

Nsig = 512 ± 27
purity = 0.61Nsig = 819 ± 38

K+K-KS

η’KS

_
275M BB_

232M BB

__

[hep-ex/0502019]

[hep-ex/0502017]
preliminary

* mmiss (not mES)

Nsig = 300 ± 23 
[hep-ex/0408062]

KSπ0
Nsig = 251 ± 24
purity = 0.55 (high LHR)

high LHR only

Nsig = 94 ± 14
purity = 0.53

Nsig = 152 ± 19
f0(980)KS

_
209M BB

[hep-ex/0408095]

_
227M BB



TCPV TCPV for otherfor other bb sqqsqq modesmodes
-ξCPS = 0.73
fit [hep-ex/0409049]

K+K-KS

η’KS

f0(980)KS

““sin2sin2φφ11”” = +0.49 = +0.49 ±± 0.250.25
A     = A     = -- 0.08 0.08 ±± 0.140.14

““sin2sin2φφ11”” = +0.65 = +0.65 ±± 0.180.18
A     = A     = -- 0.19 0.19 ±± 0.120.12

0.7σ 0.9σ
@ SM

3.0σ 0.4σ
@ SM

0.7σ 2.9σ
@ SM

good tags

good tags

__

[hep-ex/0502019]

[hep-ex/0502017]

““sin2sin2φφ11””= +0.55 = +0.55 ±± 0.220.22
A      = A      = -- 0.10 0.10 ±± 0.140.14

““sin2sin2φφ11””= +0.30 = +0.30 ±± 0.140.14
A     = +0.21 A     = +0.21 ±± 0.100.10

preliminary

[hep-ex/0408095]““sin2sin2φφ11”” = +0.95 = +0.95 ±± 0.340.34
A     = +0.24 A     = +0.24 ±± 0.340.34

preliminary

““sin2sin2φφ11”” = = --0.47 0.47 ±± 0.420.42
A     = A     = --0.39 0.39 ±± 0.280.28

good tags

good tags

[hep-ex/0408062]““sin2sin2φφ11”” = +0.35= +0.35
A     = A     = --0.06 0.06 ±± 0.180.18

““sin2sin2φφ11””= +0.30 = +0.30 ±± 0.590.59
A      = A      = --0.12 0.12 ±± 0.200.20

KSπ0++0.300.30
−−0.330.33

preliminary
1.2σ 0.7σ

@ SM



““sin2sin2φφ11““ from from hadronichadronic bb ss penguinspenguins

CL ~ 10−4 (3.8σ) 

sin2φ1(b sqq)= 0.41    ± 0.07 
sin2φ1(b ccs) = 0.726 ± 0.037

WA

World Average (WA)

sin2φ1(b sqq) =
0.39 ± 0.11   (Belle) 
0.42 ± 0.10   (BABAR) 

Deviation from SM expectation !?

(BaBar’s new results for B0 KsKsKs are not included, yet)
(Updated η’KS, φK0, K+K-KS are not used, while its effect is small)



TCPV in TCPV in RadiativeRadiative
b b s Penguinss Penguins
New Physics Search



TCPV TCPV inin radiativeradiative bb ss penguinspenguins

B0 → Ksπ0 γ
(inc. K* KSπ0)

|S| ≈ 2(ms/mb)sin 2φ1

~  3% (SM)
A ~ 0.4%

Xs

Large TCPV implies
New Physics

Xs

D. Atwood, M. Gronau, A. Soni Phys. Rev. Lett. 79, 185 (1997)

D. Atwood, T. Gershon, M. Hazumi, A. Soni hep-ph/0410036



B0 → K*[Ksπ0]γ TCPV

Nsig=57 ± 9
purity 0.65

275M BB

S = 0
fit

124M BB-Phys.Rev.Lett. 93 (2004) 201801

Nsig=105 ±14

S = +0.25 ±0.63 ±0.14                   S =  −0.79 ± ±0.09 
A = +0.57 ±0.32 ±0.09                  A fixed at zero

0.63
0.50

[hep-ex/0409049]

Good tags

preliminary



TCPV TCPV in in BB0 0 KsKsππ00γ γ (incl. (incl. KK*[*[KsKsππ00])])

Nsig = 105±14
purity = 0.50

hep-ph/04111056

Nsig=57 ± 9
purity 0.65

MMKK**

0.6 < M(Ksπ0) < 1.8GeV/c2

use all including K* region



TCPV TCPV in in BB0 0 KsKsππ00γ γ (incl. (incl. KK*[*[KsKsππ00])])
hep-ph/0411056

Nsig = 105±14
purity = 0.50

Good tags

S = −0.58              ±0.11
A = +0.03  ±0.34  ±0.11

+0.46
−0.38

Poor tags

SM
fit

preliminary



Summary of Current Status Summary of Current Status 
sin2sin2φφ11 & & bb ss TCPVTCPV

•• Accuracy of sin2Accuracy of sin2φφ11 is ~5%is ~5%
precise test of SM (sin2φ1 = +0.726 ± 0.037)

•• TCPVTCPV in hadronic in hadronic bb ss penguinspenguins
3.8σ away from SM expectation with all results 

combined (“sin2φ1” = +0.41 ± 0.07)
•• TCPVTCPV in in radiativeradiative bb ss penguinspenguins

Reference point of SM is S~A~0
B0 Ksπ0γ (incl. K*γ) consistent with SM (~1σ)

Improved impressive results will come as data increases



SuperSuper--KEKBKEKB

Crab
cavities

Major upgrade of
KEKB & Belle detector

~1010 BB/year !!
~108 BB/year x 100

Lpeak (cm-2s-1)
Lint

5x1034

~1 ab-1
2.5x1035

~10 ab-1
1.4x1034

330 fb-1



HadronicHadronic bb ss TCPVTCPV
Deviation of “sin2φ1” can be tested with

5σ accuracy using few years of data
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Improved impressive results will come as increasing data

Summary of sin2Summary of sin2φφ11 & & bb ss TCPVTCPV

•• Accuracy of sin2Accuracy of sin2φφ11 is ~5%is ~5%
precise test of SM (sin2φ1 = +0.726 ± 0.037)

•• TCPVTCPV in hadronic in hadronic bb ss penguinspenguins
3.8σ away from SM expectation with all results 

combined (“sin2φ1” = +0.41 ± 0.07)
•• TCPVTCPV in in radiativeradiative bb ss penguinspenguins

Reference point of SM is S~A~0
B0 Ksπ0γ (incl. K*γ) consistent with SM (~1σ)

Future Prospects
Very impressive results will come with Super-B factory 



Backup slides



Theoretical uncertainties of “sin2φ1”
Theoretical uncertainties

Zoltan Ligeti(LBL) in ICHEP04 

sin2φ1(J/ΨKS)-”sin2φ1(φKS, η’KS)”
= 0.33 +- 0.11 (w/ theor. errors)

3.1σ (SM)



Impacts for SUSY modelsImpacts for SUSY models

CP asymmetry 
in B  −> K*γ

CP asymmetry 
in B −>φ Ks



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

-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-)
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

-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-)
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 5ab-1 50ab-1 LHCb 2fb-1

C
K

M
w

/ ν
FC

N
C

C
P

V
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and rich τ physics

Physics at Super B Factory (hep-ex/0406071)



SVD Upgrade (Oct. 2003)SVD Upgrade (Oct. 2003)

SVD1 SVD2

1MRad → > 20MRad
3layers → 4 layers

23º<θ<139º → 17º<θ<150º
Rbp = 2 cm → 1.5 cm

152M BB pairs with SVD1
+ 122M BB pairs with SVD2

_
_

impact parameter
resolution in zBetter I.P. resolutions

Higher efficiency for Ks vertexing

~ 40 µ m @ 1GeV/c

_
_



BB00 →→ JJ//ψψKK00 : 274: 274××101066 BBBB PairsPairs
__

J/ψKS(π+π−,2π0)

J/ψKS(2π0)

B0 → J/ψKS : Reconstructed mass [GeV/c2]

Ev
en

ts
 / 

0.
05

 G
eV

/c

B0 → J/ψKL : Reconstructed PB* [GeV/c]

Ev
en

ts
 / 

0.
00

2 
G

eV
/c

2

Mode CP Nsig (Nev × pur) Purity [%]
J/ψKS(π+π−, 2π0) −1 4150. 96.2

J/ψKL +1 2722. 63.1
Total 6872.

6872 signal events are used in the CP asymmetry fit.



sin2sin2φφ11 result : 274result : 274××101066 BBBB PairsPairs
__

J/ψ K0 only preliminary

∆t (ps)
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1/
N

·d
N

/d
(∆

t)

Poor flavor tag

Good flavor tag

+  qξf = +1
+  qξf = −1 sin2φ1 = 0.666 ± 0.046

A     = 0.023 ± 0.031

Before upgrade (152×106 BB)

After upgrade (122×106 BB)

sin2φ1 = 0.696 ± 0.061
A     = 0.011 ± 0.043

sin2φ1 = 0.629 ± 0.069
A    = 0.035 ± 0.044



Continuum Background SuppressionContinuum Background Suppression

BB-

Continuum Bkg
(~3×BB)

Y (4S)

_

Event Shape Event Shape 

e e qq
(Jet-like)

e e 4S BB
(Spherical)

candidate B0

Z 
θB

e- e+

B meson

continuum

cosθB

-1 10

Br(b s) = 10-5 ~10-6
for each modes



Vertex reconstruction w/ KVertex reconstruction w/ KSS trajectorytrajectory

Sufficient resolution obtained
if SVT has hits of KS tracks

π+ π−

Ks
B vertex

K+

K-
electron
(8GeV)

positron
(3.5GeV)

ϒ(4S)
resonance B1

B2

µ+
π-K

+
π-

0
D

νµ

π+ π−Ks trajectory

IP profile
B vertex

γ
γ

Reconstruct B KSX(Y)vertex using Ks
trajectory and boost trajectory or IP profile

-1

-0.5

0

0.5

1

0.0 < r ≤ 0.5

-1

-0.5

0

0.5

1

-7.5 -5 -2.5 0 2.5 5 7.5
∆t (ps)

0.5 < r ≤ 1.0
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Good tags

+0.68
±0.10

+0.65
±0.05

S

+0.02
±0.04

+0.01
±0.04

A

w/ KSw/ J/ΨValidated with J/Ψ Ks: w/ KS vtx
w/o J/Ψ vtx



Tagging and Tagging and ∆∆tt resolution parametersresolution parameters
perfect

tagging & time resolution
typical 

mistagging & finite time resolution

( ) ( ){ } RtmSwetf
cp

B

f
B

t

⊗⎥
⎦

⎤
⎢
⎣

⎡
∆∆−=∆

∆−

)sin(211
4

/

m
τ

τ

R and w are determined from data with the flavor eigenstates
B D(*)- π+, ρ+, a1

+ and J/ΨK*0 …



CP asymmetry parameter extraction

Multi-dimensional unbinned maximum likelihood fit

2 ln ii
L− ∑Minimize

Likelihood for the i-th event

( ) ( )1 1i ol sig sig sig sig bkg bkg ol olL f f P R f P R f P⎡ ⎤= − ⋅ ⊗ + − ⋅ ⊗ + ⋅⎣ ⎦

( ) ( ) ( ) ( ){ }
0

0

; , , , , 1 1 2 sin cos
4

B
t

sig
B

eP t S A q w w q w q w S m t A m t
τ

τ

− ∆

⎡ ⎤∆ ∆ = − ⋅∆ + − ∆ ∆ + ∆ ∆⎣ ⎦

Free parameters

Raw asymmetry plot is just a projection onto ∆t axis.
Fitting is not in 1-dimension (∆t)



SVD1/2 Data Checks
combined fit

SVD1 only SVD2 only

SVD2:
S = +0.78 ± 0.45
A =+0.17 ± 0.33

SVD1:
S = −0.68 ± 0.46
A = −0.02 ± 0.28

↔
4.5%

Good tags Good tags

many systematic 
checks, all ok



φKS/KL Results
φKS only φKL only

−S =2.3 ± 2.0
A = 0.6 ± 1.2

S = 0.00 ± 0.33
A = 0.06 ± 0.22

S = 0.29 ± 0.31
A = 0.07 ± 0.27

−S =1.05 ± 0.51
A = -0.31 ± 0.49



B0 → φ K : Validations
Asymmetry fit w/ φK±

Control sample
Lifetime fit w/ B → φK± /KS

τB+ = 1.67 +0.12
–0.11 τB0 = 1.59 +0.20

–0.19
S(φK±) = –0.03 ±0.20

A(φK±) = +0.22 ±0.15

B → φK± B →φ KS



CP component in BCP component in B→→KK++KK−−KK00
SS decaydecay

λ-even fraction in |K0K0> can be 
determined by |KSKS> system

CP = +1 λ = oddλ = even

Using isospin symmetry,



Available decay modes (P0 = Q0 only)



Systematic errors on S
Ks π0 K*γ ω Ks

0.06 0.01
0.04
0.07
+0.01
−0.10
0.10

0.01

0.02

0.01

+0.13
−0.16

0.02
0.05
0.03

0.02

0.01

0.03

<0.01

0.10

η’ Ks f0 Ks φ K0 K+K-Ks
0.02
0.01
0.03
0.03

0.05

0.01

0.04

<0.01

0.01

0.08

0.01
0.01
<0.01
0.03
0.01

0.02

<0.01

<0.01

<0.01

0.04
0.01

+0.08
−0.06
<0.01

0.01

<0.01

0.040.09

0.01
0.01

resolution 0.05 0.03
fit bias 0.03 0.01

tag side 
interferenc
e

<0.01 <0.01

signal 
fraction

0.07 0.02

physics 
parameters

0.02 <0.01

backgroun
d ∆t shape

0.04 <0.01

0.04

VTX 0.02
flavor tag 0.01

TOTAL 0.11

KKKS: effective sin2φ1 0.17 for CP-even fraction



B0→KsKsKs peaking background 
rejection

B0→χc0Ks →KsKsKs
b→ccs

m12
2

m
13

2

Dalitz plot

B0→D0
CPKs →KsKsKs

B0→f0(980)Ks →KsKsKs
b→s

(P*(Ks1)< P*(Ks2)< P*(Ks3)

6π±

VETOed

kept



B0 KsKsKs vertex 
reconstruction

vertex eff.
(SVD1)

vertex eff.
(SVD2)

3(π+π−) [3 tight] 77% 86%
3(π+π−) 
[2 tight,1 loose]

83% 87%

2(π+π−) 1(π0π0) 62% 74%



B0 KsKsKs proper time 
distribution



B0 KsKsKs systematic error

S A
Signal fraction 0.103 0.033

0.018
0.047
0.011
0.041
0017

Flavor tagging 0.040 0.008
Physics parameters 0.006 0.005

0.08

Possible fit bias 0.030
Vertexing 0.021
Background ∆t shape 0.078
∆t resolution function 0.119
Tag-side interference 0.019

Total 0.18



f0(980)KS :π+π− Mass didtribution

fx
ρ

Non-f0 components
are determined from
the M(π+π−) 
distribution

f(f0KS) = 91%
f(π+π−KS) = 2.3%
f(ρ0KS) = 4.8%
f(fxKS) = 1.6%[
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