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On Earthquake 

As is now well known, Japan suffered a terrible 
earthquake and tsunami on March 11, which has caused 

tremendous damage, especially in the Tohoku area. 
Fortunately, all KEK personnel and users are safe and 

accounted for. The injection linac did suffer significant but 
manageable damage, and repairs are underway. The 

damage to the KEKB main rings appears to be less serious, 
though non-negligible. No serious damage has been 

reported so far at Belle. Further investigation is necessary. 
We would like to convey our deep appreciation to 

everyone for your generous expressions of concern and 
encouragement.  
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Introduction 
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One of the unitarity condition of CKM: 

iη 

O ρ 

(f1, f2, f3) = (b, a, g) 

In the Standard Model, irreducible complex phase in Cabibbo-

Kobayashi-Maskawa (CKM) matrix cause the CP violation. 

KD0 

KD0 
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b→c decay path 
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I. I. Bigi and A. I. Sanda, Phys. Lett. B 211, 213 (1988). 
N. Cabibbo, PRL.10, 531 (1963);M. Kobayashi and T. Maskawa, Prog. Theor. Phys. 49, 652 (1973). 



g/f3 measurements 

Interference between tree diagram b→c and b→u(Vub∝e-if3) 

in charged B→D(*)0K(*) or self-tagging neutral B0→D(*)0K*0 (K*0→K+π-) 
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• GGSZ: Cabibbo favored multibody decays with Dalitz plane 
• ADS: doubly Cabibbo suppressed 
• GLW: CP eigenstates (Cabibbo suppressed) 
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KEKB 

8GeV(e-)3.5GeV(e+) 

bg=0.425 

2.1×1034cm-2s-1 

PEP-II 

9GeV(e-),3.1GeV(e+) bg=0.56 

1.2 1034cm-1s-1  

 

BaBar Detector 

ee collider B-factories 

Belle Detector 



Integrated Luminosity at B-factories 
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Dalitz Plot(DP) Analysis of B−→D(*)K(*)− D→KSh
+h−  
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Application  of  B ±→ DK±  

Using D meson decay into CP eigenstate 3-body D→KSh+h− 

m+
2 

m−
2 

m+≡MKsh+,    m−≡MKsh− 

 
Dalitz plot amp.  M±(m+, m−) :  

M±(m+
2, m−

2)= f(m+
2, m−

2) +rBe±if3+idB f(m−
2, m+

2)   

f(m+
2, m−

2) …consists of summing over the intermediate 

                      resonance amplitudes of KSh+(KSh−)  at each fraction.   

rB…is ratio of interfering amplitudes of A(B→DK) and A(B→DK)  

       ~|Vub*Vcs|/|Vcb*Vus|×color suppression~0.1-0.2 

+rBe±if3+idB = 

A. Giri, Yu. Grossman, A. Soffer, J. Zupan, PRD 68, 054018 (2003) 
A. Bondar, Belle Dalitz analysis meeting, 24-26 Sep. 2002 



Model-dependent DP analysis 
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P. del Amo Sanchez et al. 
PRL 105, 121801(2010) 

468M 

A.Poluektov et al., 
PRD 81,112002(2010) 

657M 

D0→KSpp 
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Unbinned model-dependent DP analysis with isobar model 

Belle:   D→KSpp produced in the B−→D(*)K− where D*→Dp0 and Dg  

D0→KSpp 

D0→KSKK 

ω(782)0 

ρ(770)0 

K*(892) 
K*(1680)− 

f2(1270)0 

K0*(1430),K2*(1430) 
S-wave K-matrix 
S-wave K-matrix  
 
a0(980) 
a0(1450) 

a0(980)0 

a0(1450)0  
f0(1370)0 

f(1020)0 

f2(1270)0 

ππ  
ππ  
KSπ 
KSπ 
ππ 
KSπ 
ππ  
KSπ 
 
KKS 

KKS 
KK 
KK 
KK 
KK 
KK 

BaBar:  D→KSpp  and D→KSKK produced in the B−→D(*)K−  and  B−→DK(*)−  

              where D*→Dp0 and Dg, K*→KSp 



Model-dependent DP analysis results 
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f3=(68±14±4±3(model))° 

Where { , } is 
{experimental, model}  
systematic uncertainties. 

A.Poluektov et al., 
PRD 81,112002(2010) 

657M 

 f3=(78.4        ±3.6±8.9(model))° +10.8 
−11.6 

Combining the results for B→D(*)K 

P. del Amo Sanchez et al. 
PRL 105, 121801(2010) 

468M 

Combining the results for B→D(*)K(*) 

= 
= 
= 
= 
= 
= 



Model-independent binned DP analysis 
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Model-independent optimal binned DP analysis  

Binning is chosen to minimize the strong phase difference DdD   
between D0→KSpp and D0→KSpp from the isobar model. 

A. Giri, Yu. Grossman, A. Soer, J. Zupan,PRD 68, 054018 (2003) 
A. Bondar, A.Poluektov, EPJ C 47, 347 (2006);EPJ C 55, 51 (2008) 

Isobar model(PRD 78, 034023(2008) 
previous meas. by BaBar) is used  
for only binning 

where 
ci = 〈cosDdD〉,si = 〈sinDdD〉 

Input from CLEOc 

772M 

Belle Preliminary 

new 



Model-independent Binned DP yield and plot 
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B±→ Dp±  

B+ 

B− 

B+ 

B− 

For control sample 

ci = 〈cosDdD〉, si = 〈sinDdD〉 
where 

772M 

Belle Preliminary 

new B±→ DK±  

B∓→D0K∓ ,D0→KSpp 

1176 ±43 

• Using reprocessed data. 
• Signal selection optimization 
→Eff. increased ~55% 
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Dalitz analysis results of B−→D(*)K(*)−,D→KSh
+h− 

x−=+0.095±0.045±0.014±0.017 

y−=+0.137             ±0.019±0.029 +0.053 
−0.057 

x+=−0.110±0.043±0.014±0.016 

y+=−0.050             ±0.011±0.021 +0.052 

−0.055 

f3=(77.3        ±4.2 ±4.3(ci,si))° +15.1 
−14.9 

rB=0.145±0.030±0.011 ±0.011 

dB=(129.9±15.0±3.9 ±4.7)° 

772M 

Belle Preliminary 

new 



ADS Analyses of B−→D(*)K(*)− 
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B− 

h−D0 

h−D0 

h−f 

VcbVus*~Al3 

VubVcs*~Al3(r+ih) 

Color favored 

Color suppressed 

where f = K+p− , K+p−p0, K+p−p+p− ,… 

Choosing both contributing decay  

amplitudes are of comparable size. 

where rB ≡ 
A(B−→D0K−)  

A(B−→D0K−)  

 rD ≡                         = 0.0578±0.0008 
A(D0→K+p−)  

A(D0→K−p+)  

RADS ≡                             = rB
2  + rD

2 + 2rBrD cosd cosf3 
B(B−→Dsuph

−)  

B(B−→Dfavh
−)  

Doubly Cabbibo suppressed Cabbibo favored 

dB,D: Strong phase difference 

D. Atwood, I. Dunietz, and A. Soni, PRL. 78,3257 (1997); PRD 63, 036005 (2001). 



ADS measurements at Belle 
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NB > 0.9 |DE| < 0.03 GeV 

Y.Horii et al., 
arXiv:1103.5951v1 

to appear in PRL 

772M 

B−→DK−, D→K−p+ 

(favored mode) 

Belle reports the first evidence for B+→DK+ , D0→K+p− with a 
significance of 4.1s  

new 

Suppressed mode D→K+p− 

NB: neural-network 

output for 
discriminating 
continuum background. 



ADS measurements at BaBar 
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NN > 0.94  5.2725<mES < 5.2875 GeV/c2 

P. del Amo Sanchez et al., 
PRD82,072006(2010) 

467M 

B−→DK− ,D→K−p+ 

(favored mode) 

B−→D*K− , 

        D*→Dp0 

                D→K−p+ 

(favored mode) 
 

 

B−→D*K− 

        D*→Dg 

                D→K−p+ 

(favored mode) 
 

new 

BaBar reports B−→D(*)K− followed by D*→Dg,Dp0 and D→K−p+ 

Suppressed mode D→K+p− 



ADS Results of B−→D(*)K(*)− and B−→D(*)π− 

17 

J. P. Lees et al., arXiv:1104.4472 

474M 

RADS with B+→DK+, D→K−p+p0 

(favored mode) 
RADS = ( 9.1                )×10-3 

RADS < 21×10−3  at 90% probability. 

new 

+8.2 

−7.6 

+1.4 

−3.7 

Suppressed mode D→K+p−p0 



GLW Analyses of B− → D(*)K(*)− 
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|DCP±
0>=   (|D0>±|D0>) 

1 

√2 
where DCP+: 

    KK, pp,...(CP even)  

where DCP
 
−: 

    KSp0, KSw, KSf,..(CP odd)  

where rB ≡ 
A(B−→D0K−)  

A(B−→D0K−)  

Defining the two CP eigenstates one can write B → DCP+ decays as  

√2A(B−→DCP+
0K−) = A(B−→D0K−) + A(B−→D0K−) 

√2A(B+→DCP+
0K+) = A(B+→D0K+) + A(B+→D0K+) 

√2A(B−→DCP−
0K−) = A(B−→D0K−) − A(B−→D0K−) 

√2A(B+→DCP−
0K+) = A(B+→D0K+) − A(B+→D0K+) 

,dB: strong phase difference 

A(B-
D0K-) 

=A(B+
D0K+) 

A(B+
D0K+) 

_ dB+f3 

A(B-
D0K-) 

dB-f3 

_ 

ACP±≡ 
B(B−→DCP±

0K−)−B(B+→DCP±
0K+) 

B(B−→DCP±
0K−)+B(B+→DCP±

0K+) 

2rB sindB sinf3 

1+rB
2+2rB cosdB cosf3 

= 

RCP±≡ 
B(B−→D0K−) + B(B+→D0K+) 

B(B−→DCP±
0K−) + B(B+→DCP±

0K+) 
1+rB

2+2rB cosdB cosf3 = 

Observable 

Observable 

M. Gronau and D. London, Phys. Lett. B 253, 483 (1991); 
M. Gronau and D. Wyler, Phys. Lett. B 265, 172 (1991). 



GLW measurements 
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467M 

CP even CP odd 

Charge B− 

Charge B+ 

P. del Amo Sanchez et al.  
PRD 82, 072004(2010) 

new 

Direct CPV ACP+ 3.6s away from 0 



Translations to g, rB, dB 
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frequentist approach 

68% CL [11.3, 22.7], [80.8, 99.2] ,[157.3, 168.7] [0.24, 0.45] 

Also, exclude D→KSf, f→K+K− events and applied event selection Kh+h− 

[353.0, 360] 

x±=rBcos(dB±g) 

Agreement with the current Dalitz analysis. 

467M 

P. del Amo Sanchez et al.  
PRD 82, 072004(2010) 

new 



GLW Results of B− → D(*)K(*)− 
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(467M) 

(275M) 

(467M) 

(275M) 

(383M) 

(275M) 

(275M) 

(383M) 

(379M) 

(379M) 

(467M) 

(275M) 

(467M) 

(275M) 

(383M) 

(383M) 

(275M) 

(275M) 

(379M) 

(379M) 

Currently, BaBar measurements are dominant in precision. 
With the full data sample and improved tracking,  
final Belle measurements will have comparable or better errors.  



Summary 
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• Model-dependent unbinned Dalitz plot analysis of 
B→D(*)K(*), D→KSpp and KSKK in BaBar. 

• First model-independent unbinned Dalitz plot analysis  of 
B→DK, D→KSpp in Belle. 

• Direct CPV GLW ACP+ in B→DK, D→KK and pp at 3.6s 
in BaBar. 

• First evidence of ADS RDK  with B−→DK−, D→K−p+ at 4.1s 

in Belle. 

f3=(77.3        ±4.2 ±4.3(ci,si))° +15.1 
−14.9 

f3=(68±14±4±3(model))° 

• New f3/g results from e+e− colliders are coming soon. 

P. del Amo Sanchez et al.  
PRD 82, 072004(2010) 

Belle Preliminary 

Y.Horii et al., 
arXiv:1103.5951v1 

accepted to PRL 

P. del Amo Sanchez et al. 
PRL 105, 121801(2010) 

     f3=(78.4        ±3.6±8.9(model))° +10.8 
−11.6 

A.Poluektov et al., 
PRD 81,112002(2010) 

• Model-dependent unbinned Dalitz plot analysis of 
B→D(*)K, D→KSpp in Belle. 



Backup slides 
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Yields of B− → D(*) K(*)− with D→KSh
+h−  

1507 D0→KSpp 

B∓→D0K∓ 

896±35 

B∓→D*[Dg]K∓ 

193±19 

B∓→D*[Dp0]K∓ 

255±21 

B∓→DK*∓ 

163±18 

B∓→D0K∓ 

154±14 
B∓→D*[Dp0]K∓ 

56±11 

B∓→D*[Dg]K∓ 

30±7 
B∓→DK*∓ 

28±6 

268 D0→KSKK 
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P. del Amo Sanchez et al. 
PRL 105, 121801(2010) 

A.Poluektov et al., 
PRD 81,112002(2010) 

657M 

B∓→D0K∓ 

533±24 

B∓→D*[Dg]K∓ 

58±8 

B∓→D*[Dp0]K∓ 

119±11 

468M 



Previous results of Dalitz plot analysis 
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f3=(72±22±5±5(model))° 
f3=(76        ±4 ±9(model))° +12 

−13 

rDK= 0.160          ±0.011          +0.040 
−0.038 

+0.050 
−0.010 

rD*K= 0.196          ±0.012          +0.072 

−0.069 

+0.062 

−0.012 

dDK=(136.7          ±4.0 ±22.9 )° +13.0 

−15.8 

dD*K=(341.9          ±3.0 ±22.9 )° +18.0 
−19.6 

A.Poluektov et al., 
PRD 81,112002(2010) 

AUBERT et al., 
PRD 78,054023(2008) 

B±→D(*)K ± ,D→KSp+p− B±→D(*)K ± ,D→KSp+p−,KSK
+K− 

Contours at  
39.3%, 86.5% C.L. 

Both the measurements are adopted  
model-dependent Dalitz analysis. 

Contours at  
1,2,3s 

657M 
383M 

x± 

y± y*± 

x*± 

x± 

y± y*± 

x*± 

D→KSp+p− 

D→KSK
+K− 
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Belle model-dep. DP  syst. 
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BaBar model-dep. Prev. DP  syst. 
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Belle ADS syst. 
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BaBar ADS syst. 
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Belle model-indep. DP  syst. 
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CLEO ci,si result 
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CLEO ci, si systematics 
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