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KEKB accelerator
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Belle achievements
Heavy hadrons 

spectroscopy

CP violation in 
B-mesons

∫Ldt > 1000 fb-1  

New charmonium-like states: X,  Y,  Z ...

6

4



4/15T. Uglov                         Photon 15                    Novosibirsk 18 / 06 / 2015

ISR measurements: technique

e+ e-

γ
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Open-charm cross-section

DD DD* D*D* DDπ

DD*π

DsDs +DsDs
* 

+Ds
*Ds

*

ΛcΛc

Contributions of D+D*–,  D*+D*–,  D0D–π+ and  D0D*–π+  
are scaled following isospin symmetry

Exclusive cross sections contribution 
to the total cross section
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Hidden charm: 1-- Y-family

PRL99, 182004 (2007)
550/fb 

PRL99, 142002 (2007)
670/fb

Y(4260)
Y(4360)

Y(4660)

Y(4008)

PRD 89 111103 (2014)
520/fbarXiv: 0808.1543

454/fb

m(J/ψ π+π-) m(ψ(2S) π+π-)
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Y-family puzzles
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Durham Data Base

No evidence for 
Y →hadrons

Y(4660)=X(4630) 
???

Reprocessed Belle 
data:

 higher efficiency

Another hunt for Y
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e+e- →J/ψ η + γ
ISR

PRD 87 051101 (2013) 
980/fb

ψ(4040) ψ(4160)

No evidence for 
Y(4260), Y(4360), ψ(4415), or Y(4660) 
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e+e- →J/ψ  π+π-   +   γ
ISR

Y(4260) is observed

Y(4008) is confirmed

No structures found 
around D*D* threshold

A = A
1
+exp(iφ

1
)A
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e+e- →ψ(2S)  π+π-   +   γ
ISR

Add ψ(2S)→μ+μ- 
channel

No signal above Y(4660)

Evidence for Y(4260) ?

arXiv:1410.7641

A = A
1
+exp(iφ

1
)A

2
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e+e- →ψ(2S)  π+π-   +   γ
ISR

arXiv:1410.7641A = A
1
+exp(iφ

1
)A

2
+ exp(iφ

2
)A

3

Almost the same fit quality for all four solutions (χ2/n.d.f.=14.8/19)
Significance of Y(4260)~2.4σ, but affects M and Γ of other Y's
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Z
c
(3900) discovery

Phys. Lett. B 727 (2013) 

M=3899.0±3.6±4.9 MeV/c2

Γ= 46±10±20 MeV
BES IIIBES III

M=3886±4±2 MeV/c2

Γ=37±4±8 MeV
Significance >5σ

CLEO-cCLEO-c

PRL 110, 252001 (2013) 

M=3894.5±6.6±4.5 MeV/c2

Γ= 63±24±26 MeV
BelleBelle

PRL 110, 252002 (2013) 

Y(4260)
→Z(3900)π
→J/ψππ
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Z
c
(4050) ? 

Y(4360) → ψ(2S)  π+π-

Excess in both channels near 4.05 MeV/c2

arXiv:1410.7641

M=4054±3±1 MeV/c2

Γ=45±11±6 MeV

Significance 3.5σ

Y(4660) decay is 
dominated by 
f
0
(980)ψ(2S): 
no Z-like 

structures found
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 PRD 89 072015 (2014)

e+e- →J/ψ  K+K-   +   γ
ISR

Fit with ψ(4415) + 
one resonance

M=4742±117±1 
MeV/c2

Γ=617±86 MeV
Χ2/n.d.f.=30/11

No evidence for Z
cs

 
resonance in KJ/ψ system
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Summary

● Increased reconstruction efficiency and huge data sample allows Belle 
to improve latest results of the charmonium studies with ISR photon.

● In e+e-→J/ψ π+π- + γISR
 channel Y(4008) and Y(4260) are confirmed; 

Y(4260) decay to a new Zc(3900) state  is observed.

● In e+e-→ψ(2S) π+π- + γISR
 channel Y(4360) and Y(4660) are confirmed; 

evidence for Y(4360) decay to a new Zc(4050) state  is observed 
(3.5σ).

● Cross-sections for e+e-→J/ψ π+π-, e+e-→ψ(2S) π+π-, e+e-→J/ψ KK,  e+e-

→J/ψ η  are measured 
● New data from Belle2 could solve problems in charmonium region, 

clarify the nature of the exotic charmonia
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