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Integrated luminosity at the B factories

Off resonance/scan:

On resonance:

Υ(5S) : 121 fb
−1

Υ(4S) : 711 fb
−1

Υ(3S) : 3 fb
−1

Υ(1S) : 6 fb
−1

155 fb
−1

1.02 ab
−1

Υ(2S) : 25 fb
−1
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The quark-mixing matrix contains one irreducible 
phase that is responsible for all CP in quark transitions




























d
′

s
′

b
′





























=





























Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

























































d

s

b





























Kobayashi Maskawa

3



The quark-mixing matrix contains one irreducible 
phase that is responsible for all CP in quark transitions
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The quark-mixing matrix contains one irreducible 
phase that is responsible for all CP in quark transitions
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Unitarity      6 triangle relations in the complex plane,

e.g., 

⇒

φ2(= α)

φ1(= β)φ3(= γ)

(0, 0)

The weak phase                    can be measured ...         φ3 ≡ arg
iη

ρ

V
∗

ub
V

ud
+ V

∗

cb
V

cd
+ V

∗

tb
V

td
= 0

(ρ,η) · Aλ
3

· (1− 1

2
λ

2)

(1, 0) · Aλ
3
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The weak phase      is measured in
decays by the interference between two amplitudes if 
both           and           decay to a common final state         

φ3
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including colour suppression

∝ Aλ
3
∝ Aλ

3(ρ− iη)

where

|D̃〉 ∝ |D0〉 + rBe
i(δB−φ3)|D0〉

|D̃〉 ∝ |D0〉 + rBe
i(δB+φ3)|D0〉

B
−

→ D̃K
−

withThen

and B
+
→ D̃K

+
with

V
us V

ub

V
cs

V
cb
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A(B− → D
0
K
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A(B− → D0K−)
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≈ O(0.1)

B
−

→ D
(∗)

K
(∗)−
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(∗)0
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Three techniques to measure      all use rare decays of 
the form          

φ3

✓ GLW: use CP eigenstates
Gronau and London, PLB 253, 483 (1991)
Gronau and Wyler, PLB 265, 172 (1991)
Gronau, PRD 58, 037301 (1998)
Gronau, PLB 557, 198 (2003)

✓ ADS: use              state  (CF for      ; DCS for      )
Atwood, Dunietz and Soni, PRL 78, 3257 (1997)

✓ GGSZ: use Dalitz analysis of                   state

|D〉1,2 ∝ |D0〉 ± D
0〉

|K+
π
−〉 D

0
D

0

|KSπ
+
π
−〉

Giri, Grossman, Soffer and Zupan, PRD 68, 054018 (2003)
Bondar, Proc BINP Dalitz Analysis Meeting (2002) (unpublished)
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B
−
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Atwood – Dunietz –!Soni 
method (ADS)

Atwood, Dunietz and Soni, PRL 78, 3257 (1997)
Atwood, Dunietz and Soni, PRD 63, 036005 (2001)

φ3
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ADS method measures      via the interference in rare
                                 decays
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ADS rate and asymmetry (relative to the common decay):

!
−

"

#

$

%
−

&
!

#

'
#

(

−

−

−

−
%

#

$− −'

#−

)

+

π
−

Favoured

!
!

"

#
$

−

"

%
−

&'

(

!

!
"

#

$
+

"

)

(

!

!

&

π
−

Suppressed

!
!

"

#

$
−

"

%
−

&'

(

!

!
"

#

$

"

)

(

!

!

&

−
π

+Common

RDK =
Γ([K+

π
−]K−) + Γ([K−

π
+]K+)

Γ([K−

π
+]K−) + Γ([K+

π
−]K+)

ADK =
Γ([K+

π
−]K−)− Γ([K−

π
+]K+)

Γ([K−

π
+]K−) + Γ([K+

π
−]K+)

where

and      was defined on p. 5 9

rD =

∣

∣

∣

∣

A(D0
→ K

+
π
−)

A(D0
→ K+

π
−)

∣

∣

∣

∣

= 0.0613 ± 0.0010

rB

= r
2

B
+ r

2

D
+ 2rBrD cos(δB + δD) cos φ3

= 2 rBrD sin(δB + δD) sinφ3 /RDK



Yields for the ADS mode                                   from 
772 million        events:

B
−

→ [K+
π
−]D K

−

• Continuum background is suppressed by NeuroBayes (NB) 
neural network based on event shape
• Fit         and NB distributions together to extract signal 

BB

for NB > 0.9 for |∆E| < 0.03 GeV

∆E

BELLE BELLE

Signal

[Kπ]π

BB̄ bkgd

qq̄ bkgd

56.0 ±
15.1

14.2
events (S = 4.1σ) Firs

t ev
iden

ce!

PRL 106, 231803 (2011)
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Results for the ADS mode                                   from 
772 million        events:

B
−

→ [K+
π
−]D K

−

BB PRL 106, 231803 (2011)

− 0.39±
0.26

0.28
±

0.04

0.03

[1.63±
0.44

0.41
±

0.07

0.13
]× 10

−2

BELLE

BELLE

stat

stat syst

syst
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0
1
1

D
_
K

π
 K

-0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

BaBar
PRD 82 (2010) 072006

0.011 ± 0.006 ± 0.002

Belle
PRL 106 (2011) 231803

0.016 ± 0.004 ± 0.001

CDF
PLHC2011 preliminary

0.022 ± 0.009 ± 0.003

LHCb
EPS 2011 preliminary

0.017 ± 0.004 ± 0.002

Average
HFAG

0.016 ± 0.003

H F AGH F AG
EPS 2011

PRELIMINARY

A
ADS
 Averages

H
F
A
G

E
P
S
 2
0
1
1

D
_
K

π
 K

-2 -1 0 1

BaBar
PRD 82 (2010) 072006

-0.86 ± 0.47 
+
-
0
0
.
.
1
1
2
6

Belle
PRL 106 (2011) 231803

-0.39 
+
-
0
0
.
.
2
2
6
8 
+
-
0
0
.
.
0
0
4
3

CDF
PLHC2011 preliminary

-0.82 ± 0.44 ± 0.09

LHCb
EPS 2011 preliminary

-0.39 ± 0.17 ± 0.02

Average
HFAG

-0.46 ± 0.13

H F AGH F AG
EPS 2011

PRELIMINARY

⇒ rB "= 0



Giri–Grossman–Soffer–Zupan 
method (GGSW)

Giri, Grossman, Soffer and Zupan, PRD 68, 054018 (2003)
Bondar, Proc BINP Dalitz Analysis Meeting (2002) (unpublished)

φ3
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GGSW method measures      via the interference in
                                     decays at every point in the
     Dalitz plot

φ3

B
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π
+

B
−

→ D̃K
−

B
+
→ D̃K

+

Using mixed states     and      defined on p. 5, matrix elements are D̃ D̃

: M
−

= f(m2
−

,m2
+) + rBei(δB−φ3) f(m2

+,m2
−

)

: M+ = f(m2
+,m2

−

) + rBei(δB+φ3) f(m2
−

,m2
+)

m± ≡ m(KSπ
±)from                        

production in continuum
D → KSπ

+
π
−

13



Unbinned Dalitz method:  model the amplitudes
                   using a sum of
known two-body resonances
and a non-resonant term to
get the best fit to continuum
                                    data 

BELLE

14

f(m2

±,m2

∓)

(input for model)

Fit:  Match       data toB
±

|M±|
2

=

2

and extract best-fit values of      ,       and      .δB
φ3

D
0
→ KSπ

+
π
−

D
∗

→ Dπ → [KSππ]π

+ r± e
i(δB±φ3)

r±



BELLE BELLE

B
+
→DK

+
B
−

→DK
−

The fits use the “Cartesian” CP-sensitive parameters
                                   and

Unbinned Dalitz method:  fit the       distributions using 
                                   

B
±

m+, m
−

, Mbc, ∆E, cos θthr, and Fshape

x± = r± cos(δ ± φ3) y± = r± sin(δ ± φ3)

PRD 81, 112002 (2010)

605 fb
−1

605 fb
−1
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BELLE

BELLE

B →DK B → D
∗

K

x± = r± cos(δ ± φ3)
y± = r± sin(δ ± φ3)

PRD 81, 112002 (2010)

Results for the unbinned Dalitz analysis for                                     
from 657 million        events:BB

B → D
(∗)

K

-0.4

-0.2

0

0.2

0.4

-0.4 -0.2 0 0.2 0.4

x

y

-0.4

-0.2

0

0.2

0.4

-0.4 -0.2 0 0.2 0.4

x

y

2φ3

B
−

B
+

B
+

B
−

B → [Dπ
0]D∗ K

B → [Dγ]D∗ K

with ∆δ = 180
◦
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PRD 81, 112002 (2010)

Results for the unbinned Dalitz analysis for                                     
from 657 million        events:BB

B → D
(∗)

K

model-dependent error will limit 
the viability of this approach

17



Binned Dalitz method:  avoid the modeling error by 
“optimal” binning of the Dalitz plot  

BELLE

Bondar and Poluektov,
EPJ C55, 51 (2008)

Choice of bins guided by model, but extracted      is not biased 
by this choice.

φ3

18



     is the # of events in bin    from a 
flavour-tagged sample  

Binned Dalitz method:  minimize
in fit to all bins for each mode

Expected number of                      
events in bin    is:i

N±

i
= h

{

Ki + r2

B
K
−i + 2

√

KiK−i(x±ci + y±si)
}

B
±
→ DK

±

χ
2

ci si   and     contain information about
the strong-phase difference in bin
(use CLEO data for                             
here; can be measured by BES-III too) 

i

ψ(3770)→ D
0
D

0

Ki
i

(D∗±
→ Dπ

±)

19
i
C

-1 0 1

i
S

-1

-0.5

0

0.5

1

1.5

1 1

2

23

3

4

4

5

5

6

6

7

7

8

8

CLEO Belle



Yields for Binned Dalitz method from 772 million         

events 

BB

1176 ± 43 events

BELLE

BELLE

arXiv: 1106.4046
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Binned Dalitz distributions from 772 million         events BB

BELLE BELLE

arXiv: 1106.4046
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Yields in each Dalitz bin from 772 million         events BB

B
±
→ DK

±

B
+

B
−

signal mode

B
±
→ Dπ

±

control

BELLE BELLE

BELLEBELLE

arXiv: 1106.4046
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x

-0.3 -0.2 -0.1 0 0.1 0.2 0.3

y

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

Binned Dalitz result from 772 million         events BB

2φ3

B
−

B
+

rB = 0.145± 0.030± 0.011± 0.011

φ3 = (77.3±
15.1

14.9
± 4.2± 4.3)◦

δB = (129.9± 15.0± 3.9± 4.7)◦

arXiv: 1106.4046

BELLE

23

uncertainty in
from CLEO data
(can reduce using
  future BES-III data)

ci, si

B → DK



Combined measurements for      from all methods: φ3

This compilation includes the results reported in this talk 
other than the binned Dalitz result (arXiv 1106.4046), 
which is consistent with this world average.

φ3 = (68±
13

14
)◦

24

http://ckmfitter.in2p3.fr/

φ3 (deg)

except binned Dalitz



       Summary

φ3 = (68±
13

14
)◦

25

Belle has new results in                      
decays using the ADS and GGSW
(unbinned and binned) methods.
These provide sensitivity to the
CKM angle              .φ3(= γ)

B
±
→ DK

±

BELLE

Join us for the next generation:

SuperKEKB

Belle

Xth Open Belle II
Collaboration Meeting
November 16–20, 2011
KEK, Japan

http://belle2.kek.jp/

Groundbreaking ceremony on Nov 18


