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Outline
• Luminosity Record at 

Belle;  Belle-II & super 
KEKB groundbreaking 

First Evidence for the 
Suppressed Decay 

• New Physics: CP 
violation in D and t
decays?
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KEK, Japan
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“Last beam abort” ceremony on June 30, 2010

Luminosity at B factories Belle
>1ab-1

On resonance:
(5S): 121fb-1

(4S): 711fb-1

(3S): 3fb-1

(2S): 24fb-1

(1S): 6fb-1

Offreson./scan: 
~100fb-1

BaBar
~550fb-1

On resonance:
(4S): 433fb-1

(3S): 30fb-1

(2S): 14fb-1

Offresonance: 
~54fb-1



Belle-II & super KEKB status at KEK, Japan
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Belle II Graphic by Rey.Hori

2. Luminosity goal: 8 x 1035 cm-2s-1.

4. Please check Y. Horii’s talk for more detail. (Mar.5)



Belle-II is now a collaboration of ~400 physicists from 
57 institutions in 13 countries.
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USA(33)

Germany
(50)

Russia
(33) China (17) Korea (41)

Japan
(122)

India(10) Australia
(10)

Taiwan(23)

Austria(11)

Czech(7)Slovenia
(14)

Poland(12)
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Belle detector

2. Systematic improvement (using full data sample).



Unitarity Triangle (UT) 
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Weak eigenstates CKM matrix Mass eigenstates

A triangle can be drawn using an unitarity condition of the CKM matrix

0
***
 tbtdcbcdubud VVVVVV



Measurement of CKM UT sides
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•Inclusive |Vcb|: BXc l n
•Exclusive |Vcb|: BD* l n

•Inclusive |Vub|: BXu l n
•Exclusive |Vub|: Bp l n

Inclusive decays: bq l n
Weak quark decay + QCD corrections

Exclusive decays: BXq l n
Form factors, need lattice QCD 



#1 
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Here final state is B0
p-l+n, l=e,m

Measurement is done with the equation,

Need extra input, determined by theorist 
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arXiv:1012.0090 Submitted to PRD(RC)



Data compare with Models
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|Vub|, uncertainty from Models
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|Vub|, Belle data
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(Stat. and syst. Errors combined)

arXiv:1012.0090

Submitted to PRD(RC)



#2 
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Data
Signal expected
MC background, D*
MC background, signal correlated
MC background, Uncorrelated
MC background, Fake Lepton
MC background, Fake D* 
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PRD 82, 112007(2010)



World average
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#3 First Evidence for the Suppressed Decay
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• Two diagrams exist for B-
DK-, DK+p-.

Color+CKM suppressed

Favored

Favored

CKM suppressed

The two passes interfere, provide important information of f3.
ADS, PRL78, 3257 (1997).

rB(D): ratio of the amplitudes of the two B(D) decays
dB(D): strong phase difference of the two B(D) decays
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• By applying a 2-D fit on DE and NeuroBayes(NB), the first 
evidence of the signal is obtained with a significance of 4.1s
(including syst).

• From the obtained yield, we evaluate

where

qq signal
signal

qq

NB = a variable
newly-introduced

to 
discriminate 
between

signal and BG 
from e+e-

qq.
(q = u, d, s, c.)

Calibration mode

to be submitted to PRL
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We also obtain the CP asymmetry as

which is related to f3 as

Our result of ADK is also the most precise.

The f3 can be 
extracted from the 
simultaneous fit using 
RDK, ADK, and other 
observables for B-

DCP K-



Compared with previous results
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Our result is most precise. 
Submit to PRL soon

DK

DK

Submit to PRL soon



Can we find CP Violation in D decays?
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How?
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Method
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charge of slow pion gives flavour of D0



#4 
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arXiv:1102.0888
Submitted to PRL

791fb-1



#4 
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Most sensitive CP 
measurement in 
charmed particle 
sector (up to date)

1. Consistent with the 
SM



Can we find 

• CP violation has only been observed in meson system. How 
about in the ? 

• Its discovery would be clear evidence for 

• Previously published paper is by collaboration, .        
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1. No significant CP asymmetry has 
been observed.

3. One order of magnitude more 
restrictive than the previous 
CLEO results |Im hs|<0.19  

submitted to PRL
arXiv:1101.0349699fb-1
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|Im(hs)|< (0.012-
0.026) at 90 %C.L. 



Summary

• Updated results using exclusive decays:
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Summary

• First Evidence (4.1s) for the Suppressed 
Decay

The f3 can be 
extracted later.

• New Physics not found:  
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Thank you~
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|Vub| Summary
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D.M.Asner



#3 
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to be submitted to PRL



#3 
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Available charm samples



Jeri (Belle Collaboration), La Thuile 2011 March 39

Two source of CP asymmetries in t- →Ksp
-nt

 CP Asymmetry from known physics  (Bigi, Sanda . 2005)

 CP Asymmetry in the final state distribution (Kuhn, Mirkes
1993). 
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Calibration mode

[ f ]D: f originates from D.

RDK: ratio of the suppressed mode to the calibration mode
ADK: CP asymmetry for the suppressed mode
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Motivation

– Most precise measurement of f3 at Belle is obtained from the 
decay B-

DK-, DKSp
+p- as

– One of model-independent method is “ADS” method,
which employs B-

DK-, DK+p-.

– No significant signal is obtained
in the previous analysis, since BG
from e+e-

qq (q=u,d,s,c) is large…

Nontrivial model uncertainties exist in the three-body D decay.

qq BG

PRD 78, 071901 (2008)
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• We introduce new technique to discriminate the signal and qq BG:

• By applying a 2-D fit on DE and NB, we obtain the first evidence of 
the signal (4.1s including syst).

Previous method

(Likelihood method)

New method

(Neural network by
adding 8 more variables)

Likelihood ratio Neural network output (NB)


