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Integrated luminosity at B factories

Fantastic performance far beyond design values! 

In addition to (4S) also large 
samples of other (nS) decays!
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Data sample:Data sample:
N(Y(1S))=102MN(Y(1S))=102M
N(Y(2S))=158MN(Y(2S))=158M
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The violation of the above rule was The violation of the above rule was 
first observed in the rho pi and K*Kfirst observed in the rho pi and K*K
((““rho pi puzzlerho pi puzzle””) more than thirty) more than thirty
years ago.  years ago.  

Y(1S/2S)Y(1S/2S)→→
 

light hadrons: 77% rule ?light hadrons: 77% rule ?

Phys. Rev. D 88, Phys. Rev. D 88, 
11102(R) (2013)11102(R) (2013)

Phys. Rev. D 86, Phys. Rev. D 86, 
031102(R) (2012)031102(R) (2012)
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shaded histograms: shaded histograms: 
continuum contributionscontinuum contributions..

dashed curves: total dashed curves: total 
background estimatesbackground estimates
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No significant VP signals!No significant VP signals!

continuumcontinuum
backgroundbackground

4.4σ 2.7σ

1.3σ 2.0σ

1.6σ 0.1σ

2.2σ
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Observed for the 1Observed for the 1stst timetime indication for large indication for large isospinisospin violationviolation

Y(1S/2S)Y(1S/2S)→→VP Results and DiscussionsVP Results and Discussions

1. For the processes 1. For the processes Ks K Ks K ππ
 

and and ππ++ππ--ππ0 0 ππ00, the Q, the QYY ratios are consistent ratios are consistent 
with the expected value.with the expected value.
2. For 2. For ππ++

 
ππ--

 
ππ00, the Q, the QYY ratio is a little lower than the ratio is a little lower than the pQCDpQCD prediction. prediction. 

3. The results for the other modes are inconclusive due to low s3. The results for the other modes are inconclusive due to low statistical tatistical 
significance. significance. 
4. These results may supply useful guidance for interpreting vio4. These results may supply useful guidance for interpreting violations of lations of 
the 12% rule for OZIthe 12% rule for OZI--suppressed decays in the suppressed decays in the charmoniumcharmonium sector.sector.
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Double Double charmoniumcharmonium decays of decays of χχ
 bJbJ

 
(1P)(1P)
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Double Double charmoniumcharmonium decays of decays of χχ
 bJbJ

 
(1P)(1P)
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Summary
● Belle has the largest data samples of Y(1S,2S) events
● Many exclusive decay modes to light hadrons have been
measured and some are observed for the first time, like ɸK+K-,to

 test NRQCD, pQCD rule. Some channels, like π+ π-π0, are 
suppressed compared to 77% rule., which is the same as in 
charmonium decays.
● With large Y(2S) data sample, χbJ

 

to double charmonium
 decays were searched for. 90% U.L. on Br are consistent with 

NRQCD prediction. 

● BelleII will have much larger data sample. Very promising 
results will come out in the future. 
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● Y(1S. 2S) to double charmonium
 

decays were searched for. 
First evidence of Y(1S)→J/Ψ+Xc1 was observed. 
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