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 Introduction 

 Selected topics on 

 recent observations at 

 leptonic machines 
◦ Enhancement/structure near 1.84 GeV 

◦ Charmonium-like particles (XYZ) 

 Summary & Outlook 

2 2014/5/25 exotics in leptonic machines 

I apologize cannot cover all the topics in this  
interesting and charming field. 



 Exotic candidates because of  

  self-coupling of gluons in QCD  
◦ Bound gluons (glueball) 

◦ 𝑞𝑞 -pair with an excited gluon (hybrids) 

◦ Multi-quark color singlet states 

 𝑞𝑞 𝑞𝑞  (tetra-quark and molecular) 

 𝑞𝑞 𝑞𝑞 𝑞 (penta-quark) 

 𝑞𝑞 𝑞𝑞 𝑞𝑞  (six-quark and baryonium) 
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figures from arXiv:1403.1254, S. Olsen 
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Charm factories 
CLEOc and BESIII 

B factories 
BaBar and Belle 

CLEOc 
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 Recently observed or searched for structures 
near 𝑝𝑝  threshold 
◦ X 𝑝𝑝 , X(1835),  X(1840),  X(1870),  X(1810) 

 I have to give up lots of interesting topics 
such as 
◦ Scalar particles: 
𝑎0 980 , 𝑓0 980 , 𝑓0 1500 , 𝑓0 1710 , 𝑓0 2300 , etc. 

◦ Tensors: 𝑓2
′ 1525 , 𝑓2 1810 , 𝑓2(2340) 

◦ Enhancement near threshold of 𝑝Λ 

◦ More … 
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For 𝑓0 1500 , 𝑓0 1710 , 𝑓0 2300 ,  
See T. Latham’s talk.  



Phys. Rev. Lett. 108  112003 

PWA  

𝐽/𝜓 → 𝛾𝑝𝑝  

𝜓′ → 𝛾𝑝𝑝  

No obvious structure observed 

𝐽𝑃𝐶 = 0−+ 
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Phys. Rev. D 87 (2013) 112004  𝐽/𝜓 → 𝜔𝑝𝑝  

Disfavors the pure FSI interpretation for the 𝑝𝑝  
threshold enhancement in the decay 𝐽/ 𝜓 → 𝛾𝑝𝑝 . 
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No obvious structure observed. 



 Via 𝐽/ 𝜓 → 𝛾𝜋+𝜋−𝜂′  

 

 

 

 

Phys. Rev. Lett. 106 (2011) 072002 

To determine spin and parity, PWA is needed.  
X(1835)  is consistent with a pseudo-scalar.  
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 Via 𝛾𝛾 → 𝜋+𝜋−𝜂′  

 

 

 

 

Phys. Rev. D 86, 052002 

Interference between 𝑿(𝟏𝟖𝟑𝟓) and 𝜼(𝟏𝟕𝟔𝟎) is considered. 
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constructive  destructive  



        Search X(1835) via 𝑒+𝑒− → 𝐽/ 𝜓 + 𝑋(1835) 

         at 𝑠 ≈ 10.6GeV  
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Phys. Rev. D 89 (2014) 032003 

No significant evidence is found to support the hypothesis of the 
X(1835) as a glueball produced in association with a 𝐽/𝜓. 
 

𝑒𝑒 𝜇𝜇 



 Via 𝐽/𝜓 → 𝛾𝜔𝜙  
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Phys. Rev. D 87 (2012) 032008 

PWA 



 Via 𝐽/𝜓 → 𝜔𝜂𝜋+𝜋−, where 𝐽/𝜓 → 𝜔𝑋 1870 , 

𝑋 1870 → 𝑎± 980 𝜋∓   
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Phys. Rev. Lett. 107 (2011) 182001 

PWA is needed to determine the spin  
and parity of X(1870).  

First measurement 



 𝐽/𝜓 → 𝛾3(𝜋+𝜋−)  
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Phys. Rev. D 88 (2013) 091502 

PWA is needed to determine the spin and parity of X(1840). 
 

No 𝜂′ signal is found.  
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J/𝜓 radiative decay 

Not found in 𝜓′ radiative decay 
Not like a pure FSI  

Bayonia? 
Glueball?  
Hybrid?  
Threshold effect? 
Other possibilities? 

Not like a glueball 

𝒑𝒑  threshold   

PWA is needed. 

Same source or not ? 

1.835 
1.840 



 New information on 𝑋(3872) 

 New information on 𝑌 states 
◦ Babar and Belle update e+e− → 𝛾𝐼𝑆𝑅 𝜋

+𝜋−𝐽/𝜓, 
e+e− → 𝛾𝐼𝑆𝑅 𝜋

+𝜋−𝜓(2𝑆) with larger luminosities 

◦ BESIII: 𝜋+𝜋−ℎ𝑐 

 Charged 𝑍 
◦ 𝑍𝑐(3900) and its partners  

◦ 𝑍𝑐𝑠 search via 𝐾+𝐾−𝐽/𝜓 

◦ 𝑍𝑏 10610 and 𝑍𝑏(10650)  
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For 𝑍𝑐 4430 , see Ye Chen’s talk 
 



 First observed in 𝐵 → 𝐾 𝜋+𝜋−𝐽/𝜓  2003  
◦ mass: close to 𝐷∗0𝐷0 threshold 
◦ width: very narrow 

 JPC=1++       [CDF and LHCb] 

 Decay BR:  
◦ open charm ~ 50%, charmonium~O(%) 

 Nature   (many possibilities) 
◦ Charmonium state: 𝜒𝑐1(2𝑃) 
◦ D0D*0 module 

◦ Hybrid: mass too low 

◦ Tetra-quark: no charged partner be found 

  Production 
◦ in pp collision and B decays 
◦ 𝑒+𝑒− → 𝛾𝑋(3872) [NEW, see next slide] 
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 𝑒+𝑒− → 𝛾(𝜋+𝜋−𝐽/𝜓)  
Phys. Rev. Lett. 112, 092001 
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From 𝑌 4260  decay? 

4.01 GeV 4.23 GeV 

4.26 GeV 4.36 GeV 
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Y(4260), PRL 95 142001 

Y(4260) PRL 99 182004 

PRL 99  

142002 
 

PRL 98  

212001 

PRL 101 172001 

Y(4660) 

Y(4360) 

Y(4260)+bkg 
Peak: 4324 MeV 

Y(4630) 

D*D* 

DD
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? 

PR D77 011103(2008) 

PRL 100 

062001(2008) 

PRL 98 092001 (2007) 

PRL 101  172001(2008) 

Y(4630)=
Y(4660) ? 

Large partial width to 
𝝅+𝝅−𝑱/𝝍 and 𝝅+𝝅−𝝍 𝟐𝑺  

No sign of YD(*)D(*)  

Too 
many  
Y states! 
 

Y(4008) 

Y(4260) 

Y(4360) 

Y(4660) 

Y(4630) 
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PRL110 (2013)  

252002, 967/fb 

PRD86 (2012)  

051102, 454/fb 

Still observe two resonances 

Y(4008) and  Y(4260). 

Agrees  with Belle’s previous 

results. 

Significant Y(4260) is found. 

 

Not confirm Y(4008).  

Fit method? 

𝑒+𝑒− → 𝛾𝐼𝑆𝑅𝜋
+𝜋−𝐽/𝜓 
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𝑒+𝑒− → 𝛾𝐼𝑆𝑅𝜋
+𝜋−𝜓(2𝑆) 

Fitted with 𝑌 4260 , 

𝑌(4360), 𝑌 4660 . 

 

The significance of 

𝑌 4260  is only 

2.1𝜎, but its effect on 

others is large.  From C.P. Shen 

𝟗𝟖𝟎 𝒇𝒃−𝟏 

520 𝒇𝒃−𝟏 
arXiv:1211.6271 Fitted with 𝑌(4360), 

𝑌 4660 , two solutions. 
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An individual work based on the 
combined BESIII and CLEOc data. 
 
Fit with a narrow Y(4220) and a 
 wide Y(4290). 
 
C. Z. Yuan arXiv:1310.0280 

Phys. Rev. Lett. 107, 041803 

CLEOc 

Phys. Rev. Lett. 111, 242001 
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Fit with a single BW assumption, 
mass lower than 4.26 GeV. 

No signal of 𝜔𝜒𝑐1 or 𝜔𝜒_𝑐2 found.  
Disfavor 𝑌(4260) is a 𝜔𝜒𝑐1 molecule. 

only statistic uncertainty 
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At 4.26 GeV: PRL. 110, 252001 

• M = 3894.56.64.5 MeV 
•  = 632426 MeV 
• 159  49 events 
• >5.2 

• M = 3899.03.64.9 MeV 
•  = 461020 MeV 
• 307  48 events 
• >8 

ISR: PRL 110, 252002 
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• M = 388551 MeV 

•  = 34124 MeV 

• 81  20 events 

• 6.1 

• Couples to 𝑐𝑐  
• Has electric charge 
• At least 4-quarks 

At 4.17 GeV: PLB 727 366-370 

• DD* molecule? 
• Tetraquark? 
• Cusp? 
• Threshold effect? 
•  … 



 𝑒+𝑒− → 𝜋± 𝐷𝐷 ∗ ∓ at 4.26 GeV 
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Phys. Rev. Lett. 112, 022001  

√𝑠=4.26 GeV 
525𝑝𝑏−1 

Favor 𝐽𝑃 = 1+ 



 𝑒+𝑒− → 𝜋± 𝐷∗𝐷 ∗ ∓ at 4.26 GeV 
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Phys. Rev. Lett. 112, 132001 

𝑠 = 4.26 GeV 
827 𝑝𝑏−1 
𝑀= (4026.3±2.6±3.7)MeV 
Γ = (24.8±5.6±7.7)MeV 



 𝑒+𝑒− → 𝜋+𝜋−ℎ𝑐  from 3.90 to 4.42 GeV  (13 ⋅) 

2014/5/25 exotics in leptonic machines 27 

Phys. Rev. Lett. 111, 242001  
 

𝑀 = (4022.9 ± 0.8 ± 2.7) 𝑀𝑒𝑉/𝑐2 
Γ = (7.9 ± 2.7 ± 2.6)  𝑀𝑒𝑉 
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 Belle update 𝐾+𝐾−𝐽/𝜓 to Dalitz Plot 

No evident structure in 𝐾±𝐽/𝜓 mass distribution 
under current statistics  

Phys. Rev. D 89, 72015 
  



 

 

 

 

 

 

 ) 
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Phys. Rev. D 89, 72015 
  

𝑒+𝑒− → 𝜋+𝜋−Υ(𝑛𝑆) 𝑒+𝑒− → 𝜋+𝜋−ℎ𝑏(mP) 

Υ 10860 → 𝑍𝑏 10610 ±𝜋∓ → 𝐵𝐵 ∗ ±𝜋∓  

Υ 10860 → 𝑍𝑏 10650 ±𝜋∓ → 𝐵∗𝐵 ∗ ±𝜋∓  
 arXiv: 1209.6450 

  

Phys. Rev. D 89, 72015 
  



 If we assume  
◦ 𝑍𝑐 3900  and 𝑍𝑐 3885  are a same state 𝑍𝑐 

◦ 𝑍𝑐 4020  and 𝑍𝑐 4025  are a same state 𝑍𝑐′ 
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𝑍𝑐 
𝜋 𝐽/𝜓 
𝐷 𝐷 ∗ 

𝑍𝑐′ 
𝐷∗𝐷 ∗ 
𝜋ℎ𝑐 

𝑍𝑐′ neutral 
𝜋0 ℎ𝑐 

𝑍𝑏(10610) 
𝜋Υ(𝑛𝑆) 
𝐵𝐵 ∗ 

𝜋ℎ𝑏(𝑚𝑃) 

𝑍𝑏(10650) 
𝜋Υ(𝑛𝑆) 
𝐵𝐵 ∗, 𝐵∗𝐵 ∗ 
𝜋ℎ𝑏(𝑚𝑃) 

𝑍𝑐 4430  
or 

𝑍𝑐(4470) 

More excited states? 
Other prod. modes? 

Only coincidence? 



• Leptonic machines produce exotics. These particles are 
unexpected, weird and strange, while also tantalizing, 
charming and interesting.  

• Some structures are observed near 𝑝𝑝  threshold with 
similar masses.  

• Are they from same source?  Are they baryonia, glueball or hybrid? 
For some cases, PWA is needed to determine the spin and parity. 
Search via more modes will help to reveal the veil. 

• Lots of progress in XYZ studies in 𝑒+𝑒− experiments   

• Observation of  e+e− → 𝛾𝑋(3872) 

• New information on the Y’s from BaBar, Belle and BESIII. 

• Confirmed exotic state seems at least four quarks, 𝒁𝒄 𝟑𝟗𝟎𝟎  

• Observation of  more Zc’ at BESIII 

• Exciting future! 
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