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1. KEKB and Belle detector 
2. Unitary triangle: φφφφ1, φφφφ2, φφφφ3

3. Summary

CP Violation in B Physics at Belle 

Yoshiki Teramoto

Osaka City University, Japan

(Belle Collaboration)
Outline

sin 2φφφφ1 from J////ψψψψK0

sin 2φφφφ2
eff from ππππ+ + + + ππππ−−−−

φφφφ1: ηηηη’KS, D(*)+ + + + D(∗)(∗)(∗)(∗)−−−−

φφφφ2: ρπρπρπρπ

φφφφ3: Kππππ, ππππππππ, DCPK, D*ππππ
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KEKB Collider
Asymmetric e+e– collider

Two separate rings (±±±±11 mr X-ing)

8.0 GeV e– (HER), 3.5 GeV e+(LER)

ECM = 10.58 GeV (@ΥΥΥΥ(4S))

Design Luminosity = 1034cm–2s–1

Beam size: σσσσy ≈≈≈≈ 3 µm, σσσσx ≈≈≈≈ 100 µm

Belle detectorKEKB
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KEKB Performance

luminosity/day

integrated luminosity
80 fb–1

400 pb–1

Peak luminosity: 7.3××××1033 cm–2s–1

(world highest!)

Lday = 387 pb-1 

Lint   = 81.6 fb–1 @6/1

used in this analysis

 42 fb-1 (44.8M BB)

 ((((by the 2001 end)

 29 fb−−−−1(31.7M BB)

 (by 2001 summer)
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Belle Detector

vertex σσσσ ≤≤≤≤ 40(100)µµµµm(SVD)

K-ID (dE/dx,TOF,ACC)

e-ID (dE/dx,ECL,TOF,ACC)

µµµµ-ID (CDC,KLM)

σσσσp/ p ~ 0.35% (CDC,SVD)

γ, πγ, πγ, πγ, π0  σσσσ/E~1.8% (ECL,EFC)

(capabilities)

CP side

Tag side

µ, µ, µ, µ, e

µ, µ, µ, µ, e
J/ψψψψ

ππππ

ππππ

µ, µ, µ, µ, e K

B0

B0

∆∆∆∆z ∼∼∼∼ 200µ200µ200µ200µm
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CKM Matrix and Unitarity Triangle

CKM Matrix and CPV

Unitarity Triangle

Vud Vus Vub

Vcb

VtbVts

VcsVcd

Vtd

λλλλ3333A(1−−−−ρρρρ−−−−iηηηη)

λλλλ3333A(ρρρρ−−−−iηηηη)

Side →→→→ Decay Br
Angle →→→→ Interference

Asymmetry

ρρρρ++++iηηηη
1−−−−ρρρρ−−−−iηηηη

VtdVub
*

ρρρρ

ηηηη

1Vcb
*

tu

c φφφφ1111

φφφφ2222

φφφφ3333

((((αααα))))

(γ)(γ)(γ)(γ) (β)(β)(β)(β)

ΒΒ ΒΒ ΒΒ ΒΒ oscillation

charmless decays

(b→→→→d penguin)

charm decays

(b→→→→s penguin)

B →→→→ J/ψψψψ K0

B →→→→ ηηηη’K0, φ φ φ φ K0

B →→→→ D(*) D (*)

B →→→→ ππππππππ

B →→→→ ρρρρππππ

B →→→→ DCP K

B →→→→ Kππππ/ππππππππ

Time dependent 
(mixing) CPV: sin2φφφφ1

direct CPV     
A(B0→→→→f) ≠≠≠≠ A(B0 →→→→f)

Time dependent
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Time-dependent CPV Measurement

e+ e −−−− →→→→ ΥΥΥΥ(4S) →→→→ Β Β Β Β 0Β Β Β Β 0

ＣＣＣＣ eigen state（－１）（－１）（－１）（－１）

e –(8GeV) e+(3.5GeV)

ΥΥΥΥ(4(4(4(4S)
B0

B0

tCPttag ∆∆∆∆t

B0B0 osc B0B0

µµµµ+

µµµµ-J / ψψψψ

KS
ππππ -

ππππ+

ννννµµµµ

D0

ππππ-

K+

ππππ-

µµµµ+

CP side

Tag side∆∆∆∆t = tCP – ttab

 ≈≈≈≈ ∆∆∆∆z/(βγβγβγβγc)

 βγβγβγβγ = 0.425= 0.425= 0.425= 0.425 (ztag) (zCP)∆∆∆∆z

ＪＪＪＪ /ψψψψ KS

CP eigen state（－１）（－１）（－１）（－１）B0

B0
B0

Flavor independent decay

ΦΦΦΦ(B0B0) = ΦΦΦΦC ΦΦΦΦ(orbit) ΦΦΦΦ(spin)
++++ −−−− ++++−−−−
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sin2φφφφ1 : Principle

|B0
H>>>>

|B0
L>>>>

B0•B0

（（（（SI eigen state））））
B0 

L•B0
H

（ＷＩ（ＷＩ（ＷＩ（ＷＩ eigen state））））
B0

+（（（（CP+））））•B0
-（（（（CP−−−−））））

（（（（CP eigen state））））

Vtd
*

Vtd
= = = = e 2iφ1φ1φ1φ1

t=0

∆∆∆∆mB/Γ Γ Γ Γ ≈≈≈≈ 0.7

|B0>>>>

|B0>>>>

e2iφφφφ1111e−−−−2iφφφφ1111

J/ψψψψ KS

(CP= −−−−1)1)1)1)

B0
d B0

d
W W

b

b

d

d

t

t

Vtd ==== λλλλ3 A ( 1 −−−− ρρρρ −−−− iηηηη ) ) ) ) 

φφφφ1111

1111−−−−ρρρρ−−−−iηηηη

1111−−−−ρ+ρ+ρ+ρ+iηηηη

ρρρρ

ηηηη

φφφφ1111

V*td

Vtd

|B0 
−−−−>>>>

|B0
++++ >>>>

|B0
++++ >>>>

|B0 
−−−−>>>>

→→→→ t

2φ2φ2φ2φ1

→→→→ t
t=0

t=0

phase shift

B0 @ t=0

interference

decay

Vtd

Vtd
*

t ×××× 1014

V*td

Vtd
-1

(B0 →→→→ B0)
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sin2φφφφ1: formula

ACP(∆∆∆∆t) = 
ΓΓΓΓ(B→→→→f, ∆∆∆∆t) −−−− ΓΓΓΓ(B→→→→f, ∆∆∆∆t)
ΓΓΓΓ(B→→→→f, ∆∆∆∆t) + ΓΓΓΓ(B→→→→f, ∆∆∆∆t)

=  =  =  =  – ξξξξf sin(2φφφφ1) sin(∆∆∆∆md∆∆∆∆t)

ξξξξf = ±±±±1: CP eigen value

w: Wrong tag fraction

dres: Dilution factor(σσσσVTX)

S: Signal, B: Background

1+B/S
1ACP

obs(∆∆∆∆t) = (1-2w) dres ACP
true(∆∆∆∆t)

∆Γ/Γ∆Γ/Γ∆Γ/Γ∆Γ/Γ∼∼∼∼ O(0.01)

Vertex space resolution

Tagging(B or B) accuracy

B →→→→ f,  B →→→→ f time dependence f = J/ψψψψ KS etc

CP side

Tag side

µ, µ, µ, µ, e

µ, µ, µ, µ, e
J/ψψψψ

ππππ

ππππ

µ, µ, µ, µ, e K
B0

B0

∆∆∆∆t

KS

measure

ξξξξf= –1 (ccKS), +1 (ccKL)
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sin2φφφφ1: ∆∆∆∆t : VTX resolution function

∆∆∆∆z =ZCP −−−− Ztag →→→→ ∆∆∆∆t

IP profile

Vtag VCP

Ztag: σ σ σ σ ∼∼∼∼ 140µµµµm ZCP: σ σ σ σ ∼∼∼∼ 75µµµµm

∆∆∆∆z

D0,±±±±
Derived from lifetime measurement

∆t  (ps)

en
tr

ie
s 

/ 0
.8

ps

1

10

10 2

10 3 B
 0

1

10

10 2

10 3

−20 −15 −10 −5 0 5 10 15 20

B−

1.554±±±±0.030±±±±0.019 ps

1.695±±±±0.026±±±±0.015 ps

outlier

R(∆∆∆∆t)=(1–fOL)·(fSG·RSG+(1–fSG)·RBG)+fOL·ROL

resolution function

Eff = 85%

RSG = RREC ⊗⊗⊗⊗ RASC ⊗⊗⊗⊗ RNP ⊗⊗⊗⊗ RKIN

RREC: VCP detector resolution 
RASC: Vtag detector resolution 
RNP: decay track resolution 
RKIN: kinematical effect

RBG: 2 gaussian (sideband)
ROL: outlier →→→→ 1 gaussian (global: fOL=0.06%, σσσσOL= 36 ps)

event 
by 
event



Jun 18,2002 Matter Anti-Matter Symmetry @Blois, France 11

sin2φφφφ1: Flavor B0 (B0) Tagging

c s

B0 (B0) signatures

• high p lepton charge: +(–)  

• K charge and ΛΛΛΛ or ΛΛΛΛ: +(–)

• mid p lepton: –(+) 

• slow ππππ: –(+)

• fast ππππ: : : : +(–)

B0
b

l +

νννν
K+ , ΛΛΛΛ

u

d
ππππ+

l –
νννν

D*–

ππππslow
–

d
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sin2φφφφ1: Flavor Tagging Method

q = +1: B0 - like

= –1: B0 - like

Efficiency > 99.5%
ε ε ε ε eff = 27.0±±±±1.2%

r = 0 ………………… 1
low ←←←← likelihood →→→→ high

r :quality parameter

Slow pion Kaon Lepton

Information of charged tracks

Lambda

Track-level 
look-up tables

Flavor information "q" and "r"

Event-level look-up table

q.r q.r(q.r)K/Λ

Select track
      with 
largest "r"

Calculate
combined "q.r"

Select track
      with 
largest "r"

2 stage flavor tagging algorithm



Jun 18,2002 Matter Anti-Matter Symmetry @Blois, France 13

sin2φφφφ1: J/ψ ψ ψ ψ KS reconstruction
∆E = EJ / ψ + EK S

− Ebeam

MB = Ebeam
2 − PB

2

CMS

20 cm

BELLE

Ks

µ−

µ+

K-

B0 -> J/ψKs->µµππ
B0bar -> K- tag

µµµµ+

µµµµ-

Event example

-0.20  0.00 0.20
∆ Energy (GeV)

0

100

200

300

E
ve

nt
s/

(1
0 

M
eV

)

5.200 5.250 5.300
Beam Constrained Mass (Gev/c2)

-0.20

 0.00

0.20

∆ 
E

ne
rg

y 
(G

eV
)

5.200 5.250 5.300
Beam Constrained Mass (Gev/c2)

0

100

200

E
ve

nt
s/

(2
 M

eV
/c

2 ) MB

∆∆∆∆E
J/ψ ψ ψ ψ KS

ΒΒΒΒ0 0 0 0 →→→→ J/ψ ψ ψ ψ KS 

636 candidates

~31 BG

purity = 95%
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sin2φφφφ1: other cc CP channels w/o KL

0.50 0.55 0.60 0.65 0.70
0

20

40

60

80

100

120

Ml+l-π+π- - Ml+l- (GeV/c2)

J/ψ π+ π-

Yield:    232. ±   25.
Mean:  589.88 ±  0.37 MeV/c2

Width:  3.15 ±  0.36 MeV/c2

ψψψψ’ →→→→ J/ψπψπψπψπ+ππππ-

ψψψψ’

0.20 0.30 0.40 0.50 0.60
0

100

200

300

Ml+l-γ - Ml+l- (GeV/c2)

χc1 Yield:  404. ±   62.
χc1 Mean: 411.6 ±   0.6 MeV/c2

χc1 Width:   7.0 MeV/c2 (Fixed)
χc2 Yield:   92. ±   34.
χc2 Mean: 457.3 MeV/c2 (Fixed)
χc2 Width:   7.0 MeV/c2 (Fixed)

χχχχc1 →→→→J/ψγψγψγψγ

χχχχc1

χχχχc2

All cc modes: 1005 candidates

5.200 5.225 5.250 5.275 5.300
Beam Constrained Mass (Gev/c2)

0

100

200

300

E
ve

nt
s/

(2
 M

eV
/c

2 )

Sum

J/ψ Ks(π
+π-)

J/ψ Ks(π
0π0)

ψ, KS

χc1 Ks

ηc Ks

J/ψ K*

636
102
106   
34 
72  
55

∆∆∆∆E cut applied

Other modes
369 candidates 
~59 BG      
Purity = 84%

42 fb−−−−1
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sin2φφφφ1: J/ψ ψ ψ ψ KL reconstruction 

P*B ≈≈≈≈ 340 MeV

l+

l-
J/ψψψψ ΒΒΒΒ0000

ΚΚΚΚLΥΥΥΥ(4S)CMS

1.42 <<<<P*J/ψ ψ ψ ψ < < < < 2.0GeV

20 cm

KL

µµµµ+

µµµµ-

µµµµ-

PJ/ψ ψ ψ ψ 

( θθθθ, , , , φφφφ ))))

ΒΒΒΒ0 0 0 0 →→→→ J/ψ ψ ψ ψ KL 

0.0 0.5 1.0 1.5 2.0
pB

cms (GeV/c)

0

100

200

300

N
um

be
r 

of
 e

ve
nt

s 
/ (

0.
05

 G
eV

/c
)

SignalSignal

BG with KL

BG without KL

combinatorial

purity = 60%
767 events

(462 events)

0.2≤≤≤≤ p*B ≤≤≤≤0.45 GeV/c

pB
*

767 candidates

462 signals

purity = 60%
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sin2φφφφ1 : Fitting
Unbinned Maximum Likelihood Analysis
Calculate event-by-event

ρρρρi(∆∆∆∆ti) = fsig Psig(sin2φφφφ1;∆∆∆∆t’) ⊗⊗⊗⊗ Rsig(∆∆∆∆ti – ∆∆∆∆t’) + (1-fsig) PBG(∆∆∆∆t’) ⊗⊗⊗⊗ RBG(∆∆∆∆ti – ∆∆∆∆t’)
convolution

probability density signal background

L(sin2φφφφ1) = ∏∏∏∏ ρρρρi Max Log(L) →→→→ sin2φφφφ1
events

Response function

Psig( sin2φφφφ1;∆∆∆∆t) = 1/(2ττττB0) exp(-|∆∆∆∆t|/ττττB0) [ 1 + + + + q ξξξξf ((((1-2w)sin2φφφφ1sin(∆∆∆∆md∆∆∆∆t) ]

signal function

ττττB0 , ∆∆∆∆md ←←←← PDG2000,

ττττBG ←←←← side band

ξξξξf : final state CP
q = +:B0, −−−−:B0 （（（（tagging））））PBG(∆∆∆∆t) = fττττ · 1/(2ττττBG)exp(-|∆∆∆∆t|/ττττBG)+(1–fττττ) ) ) ) · δδδδ(∆∆∆∆t)

BG function
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sin2φφφφ1 : Fit Result

0

0.1

0.2

-8 -6 -4 -2 0 2 4 6 8
∆t (ps)∆t (ps)∆t (ps)∆t (ps)

1/
N

•d
N

/d
(∆

t)

 qξf =+1

 qξf =−1

sin2φφφφ1 = +0.82±±±±0.12 (stat) ±±±±0.05 (syst)

42 fb-1 (1550 events)

Preliminary
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sin2φφφφ1 : Asymmetry

-0.4

-0.2

0

0.2

0.4

-8 -6 -4 -2 0 2 4 6 8
∆t (ps)∆t (ps)∆t (ps)

(N
q=

+1
−N

q=
−1

)/
(N

q=
+1

+N
q=

−1
)

-0.4

-0.2

0

0.2

0.4

-8 -6 -4 -2 0 2 4 6 8
∆t (ps)∆t (ps)∆t (ps)

(N
q=

+1
−N

q=
−1

)/
(N

q=
+1

+N
q=

−1
)

-0.4

-0.2

0

0.2

0.4

-8 -6 -4 -2 0 2 4 6 8
∆t (ps)∆t (ps)∆t (ps)

(N
q=

+1
−N

q=
−1

)/
(N

q=
+1

+N
q=

−1
)

-0.4

-0.2

0

0.2

0.4

-8 -6 -4 -2 0 2 4 6 8
∆t (ps)∆t (ps)∆t (ps)

(N
q=

−1
−N

q=
+1

)/
(N

q=
−1

+N
q=

+1
)

CP = –1 CP = +1

CP = ±±±±1 combined control sample

statistical errors only

0.69 +0.15
–0.16

1.14 +0.22
–0.24

0.82±±±±0.12 0.05±±±±0.04

D(*)–ππππ+, D*–ρρρρ+, J/ψψψψK*(K+ππππ–)
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sin2φφφφ1 : Summary

sin2φ1

Average
(4 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

ALEPH
(2000)

 0.84+0.82 ±0.16 0.84 -1.04

CDF
(2000)

 0.79+0.41 0.79 -0.44

OPAL
(1998)

 3.20+1.8 ±0.5 3.20 -2.0

-0.5 0 0.5 1 1.5 2

systematic errors

sin2φφφφ1 = +0.82±±±±0.12 (stat) ±±±±0.05 (syst)

42 fb-1 (44.1 M BB, 1550 events)

Preliminary

0.050.05Total
0.0060.007∆∆∆∆md and ττττB0  errors

0.0060.007BG (non KL)

0.0150.014BG fraction (KL)

0.0190.022resolution function

0.0260.024flavor tagging

0.030.03vertexing

– σσσσ+ σσσσsource

comparison with others
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B →→→→ ππππ+ππππ– : Principle (1)

B →→→→ J/ψψψψK0

b

d
B0

Vcb*
c
c
s
d K0

J/ψψψψ

C color suppressed

b

d
B0

c
c
s

d

K0

J/ψψψψ

P gluon penguin

same weak phase

>>

B →→→→ ππππ++++ππππ– Tree and Penguin + Strong interaction←←←←

2φφφφ1
2φφφφ1

B0

B0

J/ψψψψK0
~ 0

t, c, (u)

(u): different phase (≤≤≤≤1%)

final state: single isospin

g

(Re-scattering:  T ≠≠≠≠ P)

While …
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B →→→→ ππππ+ππππ– : Principle (2)

~

B0

B0

ππππ++++ππππ–

2φφφφ1

2φφφφ3 φφφφ1 + φφφφ3 →→→→ φφφφ2

B →→→→ ππππ++++ππππ–

Tree and Penguin + Strong interaction

(Mixing, T) interference

Isospin analysis: ππππππππ φφφφ2

assuming U triangle

b

d
B0 Vub*

d
u

u

d

T tree

ππππ+

ππππ–(φφφφ3)

Re-scattering (δδδδ0000, δδδδ2)

g

t,c,u
ππππ+

ππππ–

b

d
B0

u
u
d

d

P gluon penguin

t →→→→ Vtd* (φφφφ1)
c →→→→ Vcd* (0000)

Re-scattering (δδδδ0000)

(w/o penguin)
(w/ penguin)

isolate P effect

(T, P, δδδδ) interference B0 →→→→ ππππ+ππππ– B0 →→→→ ππππ+ππππ–≠≠≠≠

Direct CPV

((((φφφφ1111++++φφφφ3333 = π= π= π= π−−−−φφφφ2222))))
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B →→→→ ππππ+ππππ– : formula

ACP(∆∆∆∆t) = 
ΓΓΓΓ(B→→→→ππππ+ππππ–; ∆∆∆∆t)ΓΓΓΓ(B→→→→ππππ+ππππ–; ∆∆∆∆t) –

ΓΓΓΓ(B→→→→ππππ+ππππ–; ∆∆∆∆t)ΓΓΓΓ(B→→→→ππππ+ππππ–; ∆∆∆∆t) +

= Sππππππππ· sin(∆∆∆∆md∆∆∆∆t) ++++ Aππππππππ· cos(∆∆∆∆md∆∆∆∆t)

Time Dependent CPV Asymmetry

Aππ ππ ππ ππ ==== |λλλλ|2+1
|λλλλ|2–1

=
|Aππππππππ|2–|Aππππππππ|2

|Aππππππππ|2+|Aππππππππ|2

Sππππππππ====
|λλλλ|2+1
2 Im λλλλ

=
2 sin(2φφφφ2+2θθθθ)

|λλλλ|2+1

λλλλ = ξξξξf p
q

Aππππππππ

Aππππππππ

Penguin correction

A(B→→→→ππππππππ)

A(B→→→→ππππππππ)

≈≈≈≈ sin(2φφφφ2
eff)

(if |λλλλ| ≈≈≈≈ 1 & φφφφ2 > θθθθ)

mixing:
q
p

Vtd

Vtd * e–2iφ1φ1φ1φ1~ ~

decay CPV: Aππππππππ

Aππππππππ

Vub

Vub* e–2iφφφφ3~ ~

λλλλ ~ ξξξξfe–2iφφφφ1-2iφφφφ3 ~ξξξξfe–2iφφφφ2

Direct CPV term
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B →→→→ ππππ+ππππ– : Selection
Event Selection

Hadronic events 

2 (+/–) charged tracks

PID: ππππ±±±± ↔↔↔↔ K±±±±

qq suppression

1. (∆∆∆∆E, MB) 

2. Event shape: Super Fox-Wolfram

3. cosθθθθB: B flight direction (P-wave)

(MC)

 SFW

SFW

qq BB

 cosτ_B

cosθθθθB

qq

BB

m(bc)

0

0.05

0.1

0.15

0.2

0.25

0.3

5.2 5.22 5.24 5.26 5.28 5.3

MB

qq

ππ+ππ+ππ+ππ+Kππππ

de

0

0.025

0.05

0.075

0.1

0.125

0.15

0.175

0.2

0.225

-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5

∆∆∆∆E

qq

ππππππππKππππ
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B →→→→ ππππ+ππππ– : Signal

N(ππππππππ) = 73.5 ±±±± 13.8   events

N(Kππππ) = 28.4 ±±±± 12.5   events

5.271 GeV/c2 5.287 GeV/c2MB

ππππ+ππππ–+Kππππ

∆∆∆∆E

ππππ++++ππππ–

Kππππ

other rare decays

qq

|∆∆∆∆E|<0.067 GeV

42 fb−−−−1
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B →→→→ ππππ+ππππ– : Event Example

ππππ−−−−

ππππ−−−−

ππππ++++
ππππ++++
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→→→→ Aππππππππ, Sππππππππ

B →→→→ ππππ+ππππ– : Fitting

event-by-event & 6 r-regions

ρρρρi(∆∆∆∆t) = [fππππππππPππππππππ((((Aππππππππ, Sππππππππ;∆∆∆∆t’,q) + fKππππ PKππππ(∆(∆(∆(∆t’,q)] ⊗⊗⊗⊗ Rsig(∆∆∆∆ti–∆∆∆∆t’) + fqq Pqq(∆∆∆∆t’) ⊗⊗⊗⊗ Rqq(∆∆∆∆ti–∆∆∆∆t’)

probability density

ππ ππ ππ ππ signal KππππBG

qq BG

response functions
Rsig = Rππππππππ= RKππππassuming:

PKππππ(∆∆∆∆t,q) = (1/4ττττB0)exp(–|∆∆∆∆t|/ττττB0)[1+q(1-2w)(AKππππcos(∆∆∆∆md∆∆∆∆t))]
KππππBG decay probability

Pqq(∆∆∆∆t,q) = 1/2 [ ft (1/2ττττBG)exp(–|∆∆∆∆t|/ττττBG) + (1–fττττ)δδδδ(∆∆∆∆t)]
qq BG decay probability

L(Aππππππππ, Sππππππππ) = Π Π Π Π ρρρρi
events

Max Log (L)

Pππππππππ(Aππππππππ,Sππππππππ;∆∆∆∆t,q) = (1/4ττττB0)exp(–|∆∆∆∆t|/ττττB0)[1+q(1-2w)(Aππππππππcos(∆∆∆∆md∆∆∆∆t)+Sππππππππsin(∆∆∆∆md∆∆∆∆t))]
ππππππππsignal decay probability



Jun 18,2002 Matter Anti-Matter Symmetry @Blois, France 27

B →→→→ ππππ+ππππ– : Time Distributions

0

10

20

30

40

E
ve

nt
s/

(1
.2

5p
s)

Total
π+π−

qq
–
 + Kπ

B0 tagged

– 5 50 ∆∆∆∆t (ps)

ππππ++++ππππ–

0

10

20

30

40

E
ve

nt
s/

(1
.2

5p
s)

Total
π+π−

qq
–
 + Kπ

B0 tagged

– 5 50 ∆∆∆∆t (ps)

ππππ++++ππππ–

∆∆∆∆t (ps)

Flavor
Blind

ππππ++++ππππ–

total

qq + Kππππ

39.9 B0→→→→ππππ++++ππππ−−−− events 23.4 B0→→→→ππππ++++ππππ−−−− events

70 B0 events92 B0 events

162 events vertexing
flavor tagging    
|∆∆∆∆E| < 0.067 GeV
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B →→→→ ππππ+ππππ– : Fit Result

ππππ++++ππππ– : time dependence
(BG subtracted)

– 5 50
∆∆∆∆t (ps)

0

10

20

π+
π−  y

ie
ld

-0.5

0

0.5

1

A
sy

m
m

et
ry

B0 tagged
B0 tagged

Aππππππππ= += += += +0.94            ±±±±0.09+0.25 
–0.31
(Direct CPV)

Sππππππππ= –1.21 +0.38 +0.16 
–0.17  –0.13

(stat.)   (syst.)

-0.5

0

0.5

1

-5 0 5
∆t (ps)

A
sy

m
m

et
ry qq

–
 (sideband)control 

sample

(2.9 σσσσ)

(2.9 σσσσ)

Preliminary
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B →→→→ ππππ+ππππ– : B →→→→ K++++ ππππ−−−− case

-0.250 -0.125 0.000 0.125 0.250
0

50

100

150

E
ve

nt
s /

 2
0 

M
eV

∆∆∆∆E [GeV]

Kππππsample
ΚΚΚΚ++++ππππ–

other 
rare 
decays

ππ ππ ππ ππ feed across

qq

B0 tagged

ΚΚΚΚ+ππππ−−−−
qq

∆∆∆∆t (ps)

B0 tagged

ΚΚΚΚ+ππππ–

qq

∆∆∆∆t (ps)

Null Asymmetry

AKππππ= 0.07 ±±±±0.17 
SKππππ= 0.15 ±±±±0.24

as
ym

m
et

ry

ΚΚΚΚ+ππππ– Asymmetry

∆∆∆∆t (ps)

(Control Sample)
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B →→→→ ππππ+ππππ– : D(*)−−−−ππππ++++/ρ/ρ/ρ/ρ+  +  +  +  Sample

B0
fit

BG

signal

∆∆∆∆t

B0

signal

BG

fit

∆∆∆∆t

Aππππππππ=0.03±±±±0.04 
Sππππππππ=0.08±±±±0.06

Null asymmetry-0.5

0

0.5

1

-5 0 5
∆t (ps)

A
sy

m
m

e
tr

y

(e) B → D−π+

B→→→→D−−−−ππππ++++



Jun 18,2002 Matter Anti-Matter Symmetry @Blois, France 31

B →→→→ ππππ+ππππ– : Ensemble Test
Ensemble test (162 events toy MC)

10000 toy MC events

(−−−−1.21, 0.94)

A π
π

π
π

π
π

π
π

Sππππππππ

(Ellipse)
aspect ratio 
→→→→ Aππππππππ, Sππππππππ
error ratio

1.6% →→→→ outside of ellipse

(Aππππππππ= Sππππππππ= 0)

(Aππ ππ ππ ππ = = = = 0.7,  Sππππππππ= = = = −−−−0.7)

0

0

0.5

0.5

−−−−0.5

−−−−0.5

1.0

1.0

−−−−1.0

−−−−1.0 1.5−−−−1.5

−−−−1.5

1.5

Sππππππππ

A π
π

π
π

π
π

π
π

(−−−−1.21, 0.94)

(−−−−0.7, 0.7: MC)

physical boundary

23.6%(−−−−)0.700.94Aππππππππ

5.4%(+)−−−−0.70−−−−1.21Sππππππππ

prob (err)toy MCdata
++++0.38
−−−−0.27
++++0.25
−−−−0.32

++++0.35
−−−−0.31

++++0.52
−−−−0.47
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B →→→→ ππππ+ππππ– : Systematic Errors

+0.089-0.089+0.160-0.128Total

+0.030-0.051+0.110-0.024Fitting bias

+0.017-0.030+0.059-0.038Vertexing

+0.057-0.042+0.077-0.088Background fraction

+0.058-0.050+0.047-0.068Wrong tag

+0.004-0.003+0.015-0.015Background shape

+0.004-0.007+0.040-0.039Physics

+0.008-0.008+0.012-0.012Resolution function

δδδδA(+)δδδδA(-)δδδδS(+)δδδδS(-)Item

←←←← wl uncertainties

←←←← ∆∆∆∆E: qq BG slopes

←←←← SVD align., phys    
boundary

Sππππππππ Aππππππππ
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B →→→→ ππππ+ππππ– : φφφφ2 interpretation

-1.5

-1

-0.5

0

0.5

1

1.5

-1.5 -1 -0.5 0 0.5 1 1.5

Belle

average

BaBar

physical boundary

Sππ

A
π

π

A2
ππππππππ++++S2

ππ ππ ππ ππ ≤≤≤≤ 1

[1] (BaBar Collaboration) hep-ex/0205082

0
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180

-180 -160 -140 -120 -100 -80 -60 -40 -20 0
δ(deg)

Φ
2(

de
g) b)

φφ φφ 2
(d

eg
)

δδδδ (deg)

Belle

|P/T| = 0.276
68.27% C.L.

180o

0o

0o
180o

φφφφ2= +121     
δ δ δ δ = –110

++++6  
–10
++++21 
–24

++++23 
–21

++++9  
–3

Very Preliminary

+0.16 
–0.13

+0.94         (stat) ±±±±0.09 (sys)+0.25 
–0.31

–0.01±±±±0.37±±±±0.07–1.21         (stat) (sys)Sππππππππ

−−−−0.02±±±±0.29±±±±0.07Aππππππππ

BaBar [1] (55.6 fb−−−−1)Belle (42 fb−−−−1)

+0.38 
–0.27

Belle vs BaBar

(φφφφ2, δδδδ)

δ δ δ δ vs φφφφ2
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Other CPV Physics

B →→→→ ηηηη’KS (or φφφφKS) : ) : ) : ) : Time-dependent →→→→ sin2((((φφφφ1+δ)   δ: +δ)   δ: +δ)   δ: +δ)   δ: correction

B →→→→ D(*)+D(*)– : : : : Time-dependent →→→→ sin2222φφφφ1

B →→→→ ρπρπρπρπ: : : : Time-dependent w/ Dalitz plot →→→→ sin(2φφφφ2222+δ)  δ: +δ)  δ: +δ)  δ: +δ)  δ: strong phase 

B →→→→ Kππππ, ππππππππ: direct CPV (P–T) →→→→ φφφφ3

P. Yeh, ``CPV in charmless hadron decays in  B-mesons.”

B →→→→ DCPK– : direct CPV (C–T) →→→→ φφφφ3

T. Matsumoto, ``CPV in DK decays in B-mesons.”

B →→→→ D*+ππππ– : Time-dependent + angular analysis →→→→ sin(2φφφφ1+φφφφ3)

S. Schrenk, ``Study on sin(2φφφφ1+φφφφ3) measurement.”

……



Jun 18,2002 Matter Anti-Matter Symmetry @Blois, France 35

φφφφ1: B →→→→ ηηηη’KS

B →→→→ ηηηη’KS (or φφφφKS) : Time-dependent Asymmetries

Br  (measure) > Br ((((theory))))

New Physics?

b

d d

g
s
s

B0000

P
s K0

ηηηη’,φφφφ

b

d d

g
s
d

B0000

P
d

K0

ηηηη’,ππππ0000,ρ,ρ,ρ,ρ0000,ω,ω,ω,ω

Tree

ACP(∆∆∆∆t) =
N(B ((((∆∆∆∆t)→→→→ ηηηη’KS )

+

–

N(B ((((∆∆∆∆t)→→→→ ηηηη’KS )N(B ((((∆∆∆∆t)→→→→ ηηηη’KS )

N(B ((((∆∆∆∆t)→→→→ ηηηη’KS )

= Aηηηη’Kscos(∆∆∆∆md∆∆∆∆t) + Sηηηη’Kssin(∆∆∆∆md∆∆∆∆t)
≈≈≈≈ sin2(φφφφ1+δδδδ) sin(∆∆∆∆md∆∆∆∆t)

sin2(φφφφ1+δδδδ) = 0.30         (stat) ±±±±0.07(syst)+0.53 
–0.54

Sηηηη’Ks= 0.27         (stat) ±±±±0.07(syst)+0.54 
–0.55

Aηηηη’Ks= 0.12 ±±±±0.32(stat) ±±±±0.07(syst)
42 fb–1, 73 events

s

P

b

d d

g

s
B0000

s

K0

ηηηη’

g

B(B0→→→→ηηηη’K0)

= (55 ±±±±8)××××10–6+19 
–16

~ 40××××10–6 (theory)
SU(3), large SU(3) singlet P

10.4 fb–1

Preliminary
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φφφφ1: B →→→→ D(*)+D(*)–

Time-dependent Asymmetries →→→→ sin2φ2φ2φ2φ1111

b c
d

d

c

dB0

D(*)–

D(*)+

c

dd
b c

d

B0 D(*)–

D(*)+

mixing

e–2iφ1φ1φ1φ1

λλλλ = 
q
p A

A

no direct CPV

similar to J/ψ ψ ψ ψ KS (# of events  ~ 1/50)

ηηηηDD = +1 Im λλλλDD= – sin2φφφφ1

N(B0→→→→D*+D*–) = 11.0 @ 21.3 fb–1++++4.1
–3.4
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φφφφ2: B →→→→ ρπρπρπρπ

Time-dependent w/ Dalitz plot →→→→ sin(2φ(2φ(2φ(2φ2±±±±δ)δ)δ)δ) δ: δ: δ: δ: strong phase

b u
d

d

u

dB0 Vub→→→→ φφφφ3

ππππ–

ρρρρ+ ππππ+

ρρρρ– u

dd
b u

d

B0 Vub
*→→→→ – φφφφ3

ππππ+

ρρρρ–ππππ–

ρρρρ+

B0
ρρρρ+ ππππ–

ρρρρ– ππππ+B0

B0

mixing direct CPV

e2iφφφφ1 e2iφφφφ3

ππππ++++ππππ–ππππ0

strong phase shift

eiδδδδ

sin(2φφφφ2±±±±δδδδ)

< 5.3 ××××10–6– 4.1 ±±±±8.5B0→→→→ρρρρ0ππππ0000

21.5          ××××10–647.5B0→→→→ρρρρ±±±±ππππ

BrYieldMode

±±±± +13.9 
–13.3

+6.3 
–6.0

29.4 fb–1Preliminary



Jun 18,2002 Matter Anti-Matter Symmetry @Blois, France 38

φφφφ3: B →→→→ Kππππ, , , , ππππππππ
P. Yeh, ``CPV in charmless hadron decays in  B-mesons.”

b

d d

g
s
u
uB0000 K+ (ππππ++++)

ππππ–

P

(d)

d

s
u

u

K+ (ππππ+)

ππππ–

b

d

B0000

T

W

Vub* φφφφ3

(d)

ACP( f ) =
N(B →→→→ f )
N(B →→→→ f ) N(B →→→→ f )

N(B →→→→ f )
+
–

P – T inteference with re-scatterings

29.1 fb–10.31 ±±±±0.31 ±±±±0.0513 ±±±± 724 ±±±± 8π   ππ   ππ   ππ   π0

0.41 ±±±±0.40 ±±±±8 ±±±± 415 ±±±± 5ππππ++++ ππππ–

0.46 ±±±±0.15 ±±±±0.0218 ±±±± 649 ±±±± 8KS ππππ0000

0.46 ±±±±0.15 ±±±±0.0218 ±±±± 649 ±±±± 8KS ππππ
– 0.04 ±±±±0.19 ±±±±0.0330 ±±±± 828 ±±±± 8K ππππ0000

– 0.06 ±±±±0.08 ±±±±0.01115 ±±±±14103 ±±±± 12K   ππππ±±±±

ACPN(B)N(B)Mode

–+

–+

–+

–+
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φφφφ3: B −−−− →→→→ DCPK –

T. Matsumoto, ``CPV in DK decays in B-mesons.”

B–
K– D0

K– D0 DCP

D1: (CP= +1) = K–K+, ππππ–ππππ++++

D2: (CP= –1) = KSππππ0, ((((KSωωωω, KSφφφφ, KSηηηη, , , , KSηηηη’))))

Flavor 
non 
specific

Df = K–ππππ+ Flavor specific

b
u u

u
c

s

B–

K–

D0

b

u u

c
s

u

B–

K–

D0
Vub→→→→ φφφφ3

6.7 ±±±± 7.6D0 →→→→KS ππππ0

6.0 ±±±± 5.1D0 →→→→ππππ– ππππ+

11.5 ±±±± 4.0D0 →→→→K– K+

80.3 ±±±±10.1D0 →→→→K– ππππ+

N(B– →→→→ DK–)Mode

21 fb–1

ACP= B( B– →→→→DCPK– )
B( B– →→→→DCPK– )

B( B+ →→→→DCPK+ )
B( B+ →→→→DCPK+ )++++

–

– 0.22±±±±0.24 ±±±±0.04B±±±±→→→→D2 K±±±±

0.29±±±± 0.26 ±±±±0.05B±±±±→→→→D1 K±±±±

0.003 ±±±± 0.089 ±±±±0.037B±±±±→→→→Df K±±±±

ACPMode

29.1 fb–1

Preliminary
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2φφφφ1+ + + + φφφφ3:::: B →→→→ D*±±±±ππππ

S. Schrenk, ``Study on sin(2φφφφ1+φφφφ3) measurement.”
B0 →→→→ D*±±±±ππππ : : : : Time-dependent & angular analysis

±±±±

b c
d

d

u

dB0

ππππ–

D*+
b u

d

d

c

dB0 ππππ+

D*–

Vub→→→→ φφφφ3

mixing

e2iφ1φ1φ1φ1

λλλλ = 
q
p A

A

eiφφφφ3e±±±±iδδδδ r sin(2φφφφ1+φφφφ3±±±±δδδδ) r ~ 0.02

u

dd
b c

d

B0

ππππ+

D*–

c

dd
b u

d

B0 ππππ–

D*+

Vub→→→→ φφφφ3

±±±±

mixing mixing



Jun 18,2002 Matter Anti-Matter Symmetry @Blois, France 41

Very Preliminary

Summary
KEKB/Belle luminosities

sin2φφφφ2
eff: B0(t)→→→→ππππ++++ππππ–

Kππππ(300), ππ(ππ(ππ(ππ(111150), ), ), ), DCPK–(30)D*+/+/+/+/−−−−ππππ−−−−/+/+/+/+φ3φ3φ3φ3

ππππ+ππππ–(150), ρρρρ+/+/+/+/– ππππ−−−−/+/+/+/+(150)φ2φ2φ2φ2

J/ψψψψK0(3000), ηηηη’Ks(500), φφφφKs(30), D(*)+D(*)–(90)φ1φ1φ1φ1

Non time dependent asymmetryTime dependent asymmetry

(expected # of events by summer 2002 (90 fb–1 ))

Lpeak= 7.3××××1033 cm–2s–1, Lint~ 82 fb–1

sin2φ2φ2φ2φ1111 ==== ++++0.82±±±±0.12 ((((stat)))) ±±±±0.05 ((((syst)))) @ 42 fb–1

1550 events Preliminary
ACP= Sππππππππsin(∆∆∆∆md∆∆∆∆t) + Aππππππππcos(∆∆∆∆md∆∆∆∆t))))

73.5±±±±13.8 events
Sππππππππ(≈≈≈≈sin2φφφφ2

eff)= – 1.21++++0.38 +0.16 
–0.17 – 0.13

Aππππππππ= +0.94          ±±±± 0.09+0.25 
−−−−0.31

φφφφ2= +121     (stat) (sys)
δδδδ = –110      (stat) (sys)

++++6  
–10
++++21 
–24

++++23 
–21

++++9  
–3

w/ KEKB L φφφφ1,,,, φφφφ2, , , , φφφφ3 →→→→ coming soon!

sin2φφφφ1 : (cc)K0

(2.9 σ)σ)σ)σ)
@ 42 fb–1


