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Outline

• Introduction

• f2(a) Measurements
– B g pp

– B g rr

– B g rp

– B g a1p (B.R.)

• f3(g) Measurements 
– the GLW method: B±→DCP

(*)K±

– the ADS method: B±→[K∓p±]DK 

– Dalitz plot analysis: B±→D(*)K(*)±, D0→KSp
+p−

– time-dependent CPV: B0→D(*)−p+

• Summary



Introduction
Unitarity Triangle









DKB

DB p(*)0

f2(a)

f3(g) f1(b)

0VVVVVV ***  tbtdcbcdubud

VtdV
*
tbVudV

*
ub

VcdV
*
cb

prrrppp 1,,, aB 

Unitarity of the CKM matrix →



Introduction
Belle & KEKB
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~400 collaborators

Crab cavity installed!

8GeV (e-)  3.5GeV (e+)



f2(a) Measurement
B g pp

.)(04.0.)(10.061.0

.)(05.0.)(08.055.0

syststatS

syststatA





pp

pp

BMB535

PRL 98, 211801 (2007)
p

+
p
−

a
s
y
m

m
e

tr
y

p
+
p
−

y
ie

ld
s

Dt (ps)

Direct CPV @ 5.5s

97°± 11°

)22sin(1 2

2 fpppp  AS

Isospin relation
WA
BR(p+p-)
BR(pp0)
BR(p0p0)
Acp(p0p0)



f2(a) Measurement
B g rr
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f2(a) Measurement
B0
g (rp)0
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Time-dependent Dalitz Plot Analysis (TDPA)
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B.R. Measurement
B g a1p
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f3(g) Measurements 
GLW method

Gronau, London (1991)
Gronau, Wyler (1990)

BMB275

CP-even: D1=K+K−,p+p−

CP-odd: D2=KSp0, KSw, KSf
BgD1,2K

BgD*1,2K

PRD73, 051106 (R)(2006) 

)(05.0)(14.012.0

)(05.0)(14.006.0

2

1

syststatA

syststatA





)(08.0)(30.013.0*

)(04.0)(22.020.0*

2

1

syststatA

syststatA





D1K
+ D1K

-

D2K
+

D2K
-

 Weak constraint on   f3



f3(g) Measurements 
ADS method
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Color-allowed + Cabbibo suppressed

Color-suppressed + Cabbibo allowed

rB < 0.18
(90% C.L.)

CP violation effects enhanced , when the interfering amplitudes are comparable. 



f3(g) Measurements 
Dalitz plot method
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f3(g) Measurements
tCPV method
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Results
CKM fit

f2

f3



Summary

• f2 (a) measurement
• B→pp (97 ± 11) °
• B→rr (61 - 107) °
• B→rp (68 - 95) °
• B→a1p  

• f3 (g) measurement
• GLW method: weak constraint on f3

• ADS methods: rB<0.18 (90%CL)
• Dalitz :
• tCPV: constraint on |sin(2f1+f3)|
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isospin analysis
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Pentagon analysis

B g rp

Triangle analysis

B g pp, rr


