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Outline 

• Introduction 

• Updated e+e- → π+π-(2S) 

• Updated e+e- →K+K-J/ 

• Measurement of e+e- →γ χcJ  

• e+e-→ π+π-π0 χbJ  at 10.867 GeV  

• e+e−
bb  

• e+e−
+−hb(nP) 

• Summary  



~ 1 km in diameter 

Mt. Tsukuba  

KEKB 
Belle 

3 

The Belle experiment 

e+ source 

Ares RF  

cavity 

Belle detector 

World record:  

L = 2.1 x 1034/cm2/sec 

SCC RF(HER) 

1999-2010 

1014/fb 

The KEKB Collider 

ARES(LER) 

8 x 3.5 GeV  
22 mrad crossing 

http://kekb.jp/
http://jp.f35.mail.yahoo.co.jp/ym/ShowLetter/ringanimation2M.gif?box=Inbox&MsgId=2406_9445966_98224_1696_384623_0_1738_499387_3403004772&bodyPart=1.4&filename=ringanimation2M.gif&tnef=&YY=43275&order=down&sort=date&pos=0&view=a&head=b


 

4 

Ecm (GeV) Npoints Lum per 
point (fb-1) 

Physics analyses 

10.865 1 121.4 , hb, B(*)B(*) 

10.63-
11.02 

6+16 ~1 Rb, , hb 

10.75-
11.05 

61 ~0.05 Rb 

10.52 1 1.03 Continuum bkg. est. 
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e+e- annihilation to vector bottomonia 

} JPC = 1-- 

(nS), Yb… 
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ISR production of vector charmonia 

} J
PC = 1-- 

’, ’’, Y… 



Updated e+e- → π+π-(2S) PRD 91, 112007 (2015)  

PRD89, 111103 (2014)  



 M(π+π-
 (2S)) with Y(4260,4360,4660)  



Comparsion of e+e-
π+π-ψ(2S) cross section 
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BESIII (16 energy points; Ltot=5.1fb-1)  
ψ(2S) Reconstructed modes: 

Mode I: Ψ(3686)π+π-J/ψ, J/ψl+l- (l=e/μ) 
Mode II: Ψ(3686)neutrals+J/ψ, neutrals=(π0π0, π0, η and γγ)  J/ψl+l- (l=e/μ) 



Zc(4050)’   
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PRD91, 112007(2015) 

• Y(4360) signal region 

• M(Zc) = 4054 ± 3 ± 1 MeV/c2       

• Γ = 45 ± 11 ± 6 MeV  

• Significance: >3.5 

Belle with ISR:  PRL110, 252002 

• M = 3894.56.64.5 MeV 

•  = 632426 MeV 

• 159  49 events 

• >5.2 

Zc(3900) 



PRD 89,072015(2014)  Updated e+e- →K+K-J/ 
Event selections are almost the same as in Phys. Rev. D 77, 

011105(R) (2008)  Shaded hist.: J/ mass sidebands  

7.8% sys. error was 
not included. 4-6 GeV: 213 events 

35 bkg, 17816 signal 

980fb-1 

Y(4260) 

• +one resonance. 

• Fit with (4415) 

2/ndf=30/11 

M=4747117MeV 

=67186 MeV 
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Search for ZcsKJ/ states 

No evident structure in K+-J/ mass distribution under 
current statistics  

PRD 89,072015(2014)  
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J/ J/ 



Phys. Rev. D 92, 012011 (2015)  

http://arxiv.org/abs/1506.05229
http://arxiv.org/abs/1506.05229
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Y(4260) 


 [
J/


 
+ 

– ],
 p

b
 


 [


’ 
+ 

– ],
 p

b
 

Y(4660) 

Y(4360) 

(4040) 

(4160) 

 [e+e–  J/ ] 

 [e+e–  ’ +–] 

 [e+e–  J/ +–] 

(4415) ? 

 [e+e–  J/ K+K–]  

Each Y or  state decays  
to only one channel. 

Different cross sections have  
different peaks. 

new peaks? 



e+e-→ π+π-π0 χbJ  at 10.867 GeV  

Born cross section: 

σ(e+e-→π0π+π- χb0) < 3.4 (pb) at 90% C.L.  

σ(e+e-→ π0π+π-χb1) = 0.98±0.12±0.12 (pb) 

σ(e+e-→π0π+π- χb2) = 0.62±0.14±0.08 (pb) 

• The same order as e+e-→  

      π+π-ϒ(nS). [PRL 100, 112001].  

• Hadronic loop effect? [arXiv:1406.6763] 
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12σ 

5.9σ 

PRL 113, 142001 (2014) 

118 fb-1  Heavy quarkonia hadronic transition : 

QCD multipole expansion (QCDME) 

model. [Y. P Kuang, Front Phys. China 1, 

19 (2006)] 

 

For ϒ(5S) resonance peak: 

 The anomalously large width :e+e- 

→π+π-ϒ(ns) [Belle PRL 100, 112001] 

     and e+e- →π+π-hb(ns) [PRL 108, 

032001] . 

 Zb (10610)± and Zb(10650)± [PRL 108, 

122001]. 



Born cross section: 

σ(e+e-→ωχb0) < 1.9 (pb) at 90% C.L.  

σ(e+e-→ωχb1) = 0.76±0.11±0.11 (pb) 

σ(e+e-→ωχb2) = 0.29±0.11±0.08 (pb) 

12σ 

Χb2 : 3.5σ 

ω signal region. 
e+e-→ ωχbJ at 10.867 GeV  
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ω signal   

An enhancement in higher M(π+π-π0) 



Belle  
preliminary 

Χb1 : 4.9σ 

Χb2 : 3.1σ 

Born cross section: 

σ(e+e-→(π+π-π0)non-ωχb0) < 2.3 (pb) at 90% C.L.  

σ(e+e-→(π+π-π0)non-ωχb1) = 0.25±0.07±0.06 (pb) 

σ(e+e-→(π+π-π0)non-ωχb2) = 0.30±0.11±0.14 (pb) 

• The χbJ candidates out of ω signal 

region. 

• Possible cascade decay from 

      ϒ(5S) → πZb→ πρχbJ [arXiv:1406.0082] 

• The interpretation is currently limited. 

e+e-→ (π+π-π0)non-ω χbJ 
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PRL 113, 142001 (2014) 



PLB 727, 57 (2013) . 

Reflection of 
e+e- →ωχbJ  

• The X(3872) counterpart in the 
bottomonium sector Xb, NOT 
observed decay channel π+π-ϒ(1S).  

• As Xb is above ωχbJ threshold, this 
Isospin-conserving process should be 
a more promising decay mode. [PRD88, 
054007]. 

Assuming Xb is narrow, the product 

branching fraction : 

Br(ϒ(5S) → γXb ) Br(Xb → ωχbJ) varies 

from 2.6 ×10-5 to 3.8 ×10-5 between 

10.55 and 10.65 GeV/c2. 

e+e-→ γXb → γωϒ(1S) 
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arXiv:1508.06562 
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(5S) (6S) 

 [e+e–  bb ] 

n=1 

n=2 

(5S) (6S) 

 [e+e–  (nS) +–] 

n=3 

Belle PRD93,011101(2016) 
_ 

50pb–1/point 

Difference btw decay patterns of charmonium-like  
and bottomonium-like states is not understood. 

Only (5S) and (6S) peaks in all cross sections. 

(5S) (6S) 

 [e+e–  hb(nP) +–] 

n=1 

n=2 

1fb–1/point 
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Decomposition of Rb
 

Strong interference btw (5S) & continuum 

Conclusions: 

(5S) peak is saturated by  
            B(*)B*, (nS), hb(mP) 

BB/BB*/B*B* do not resonate  continuum    

Fit to Rb: 
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Decomposition of Rb
 

Strong interference btw (5S) & continuum 

Simple fit model for Rb should not be used. 

Conclusions: 

(5S) peak is saturated by  
            B(*)B*, (nS), hb(mP) 

BB/BB*/B*B* do not resonate  continuum    

Ono, Sanda, Tornqvist PRD34, 186 (1986) 

Unitarised QM 

Plan to measure at Belle. 

Many peaks in BB/BB*/B*B* cross 
sections  important information 

Fit to Rb: 
𝜎(𝑒+𝑒− → 𝑏𝑏 )

𝜎0(𝑒+𝑒− → 𝜇+𝜇−)
 



Simultaneous fit:  
 
(5S): 
Mass = (10884.7 3.6

3.4
8.9

1.0) MeV 
Width = (40.6 12.7

8.0 1.1
19.1) MeV 

(6S): 
Mass = (10999.0 7.3

7.8
16.7

1.0) MeV 
Width = (27 27

11 1
12) MeV 

=0.1 0.4
0.8 

0.1
0.3 rad 

e+e−
+−hb(nP) 

arXiv:1508.06562 
Accepted by PRL 

 Resonant parameters agree with from 
e+e−

+−(nS) 

 e+e−
+−hb(nP) at the same level as 

e+e−
+−(nS); similar shape. 

 1st obs. of (6S)+−hb(nP)  

      3.5σ for 1P, 5.3σ for 2P. 
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+−hb(1P) 

+−hb(2P) 

Ecm=10865.6 2.0 MeV 



Zb in (6S)+−hb(nP) 

Belle: arXiv:1508.06562 

 Fit +− missing in each  missing mass spectra  

Events mainly from Zb intermediate states:  not clear if only one Zb 
or both. Single Zb(10610) hypothesis is excluded at 3.3σ in +− 

hb(1P); Single Zb(10650) hypothesis cannot excluded.   
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+−hb(1P) +−hb(2P) 
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Summary & outlooks 
• Some updated on e+e- to charmonium(like)  

• More measurements on e+e- to bottomonium(like)  

• Obviously there are many puzzles need to be solved with 

more statistics 

• Very exciting time ahead for BelleII from 2018 ! 


