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Outline 
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ü Observation of  (5S)hb(nP)p+p-
 

 
ü Di-pion transitions of Bottomonia. Observation of Zb 

 
ü Observation of hb(1P) hb(1S) g 

 
ü Observation of  (5S)   (1D)p+p- 

 
ü Bottomonia transitions via h meson 

 
ü Summary 
 
 



Belle Experiment at KEK 
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Puzzles of  (5S) Decays 
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Anomalously large  (nS)pp transitions were observed at the (5S) by Belle with 21 fb-1.  
PRD82, 091106R(2010)                                                                              PRL100, 112001(2008) 

Rb and s( (nS)pp) shapes are 
different (2s).  

ü Rescattering  (5S) BBpp (nS)pp 
 

ü Exotic resonance Yb near  (5S) analogue  
      of Y(4260) resonance with ɱόWκy pp) 

 
ü Tetraquarks 
 
 (5S) is very interesting and not yet understood. 
Finally Belle recorded 121.4fb-1 data set at  (5S) 



hb(nP) Properties 
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Evidence from BaBar: PRD84, 091101 (2011) 
 (3S)p0hb(1P)p0ghb(1S) 

B( (3S)p0hb) x B(hbghb) = (4.3 ± 1.1 ± 0.9) x 10-4 

(bb) : S=0,  L=1,  JPC=1+- 

MExpected º (Mcb0 + 3 Mcb1 + 5 Mcb2) / 9 

DMHF Ý test of hyperfine interaction 
For hc   DMHF = 0.0 ± 0.15 MeV/c2, 
Expected smaller deviation for hb(nP). 

PRD66 , 014012 (2002) 

M = 9902 ± 4(stat.) ±2(syst.) MeV/c2        

(Significance 3.3s)  



hb Reconstruction 
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1 2 3 

           Example 
fit of 1st region 

 (1S) 

Background 
subtracted 

ü Background: Chebyshev polynomial. 
      Max C.L. of fit (6th ς 7th order). 
ü Signal: shape is fixed from m+m-p+p- data. 
üάResidualsέΥ data points minus polynomial. 
ü KS contribution: subtract bin-by-bin in 3rd reg. 

only. 

hb states were observed in the p+p- missing mass spectrum of hadronic events: 
 
M2

miss = (P (5S) ς Pp+p-)
2 

P (5S) is the 4-momentum of the  (5S)  
determined from the beam momenta. 
 
Pp+p- is the 4-momentum of the p+p- system.  



Observation of  (5S)hb(nP)p+p- 
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121.4 fb-1 

PRL 108, 032001, (2012) 

Significance  
w/systematics 
 
hb(1P)       5.5s 
 
hb(2P)      11.2s  


