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Belle Experiment
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KEKB: world highest luminosity  e+e− collider



Belle Experiment
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Charmonium production:
B decay ~711 fb-1 Y(4S) 
Bottomonium decay
Double charmonium production



Charmonium(-like) states
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 𝒄ത𝒄 bound states described well 
with potential models below 
𝑫ഥ𝑫 threshold.

 Several unpredicted states have 
been reported above 𝑫ഥ𝑫
threshold: XYZ ?

 To understand their nature, it is 
necessary to study their 
production processes along with 
their decay channels.

PRD.32.189



Υ 1𝑆 →XYZ + Anythings
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PRD 93, 112013 (2016)

 XYZ states always decay into a charmonium state such as 𝑱/𝝍 or 
𝝍 𝟐𝑺 and light hadrons.

𝕭(𝚼 𝟏𝑺 → 𝑱/𝝍(𝝍 𝟐𝑺 ) + 𝒂𝒏𝒚𝒕𝒉𝒊𝒏𝒈𝒔) ~𝟏𝟎−𝟒

World largest 𝟏𝟎𝟐 × 𝟏𝟎𝟔 𝚼 𝟏𝐒 sample in Belle
 Reconstruct 𝑱/𝝍 or 𝝍 𝟐𝑺 firstly, then combine them with K or 𝝅

to search: X(3872),
Y(4260), Y(4360), Y(4660), Y(4140), Y(4350),
Zc(3900),Zc(4200), Zc(4050), Zc(4430)
Zcs

http://link.aps.org/abstract/PRD/v93/e112013


Υ 1𝑆 →XYZ + Anythings
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Υ 1𝑆 →XYZ + Anythings
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𝕭𝑹
𝒑𝒓𝒐𝒅

= 𝕭(𝚼 𝟏𝑺 → 𝑿𝒀𝒁 + 𝒂𝒏𝒚𝒕𝒉𝒊𝒏𝒈𝒔)𝕭(𝒁𝒀𝑿 → 𝑱/𝝍(𝝍 𝟐𝑺 ) + 𝒉𝒂𝒅𝒓𝒐𝒏𝒔)



𝐵+ → 𝑋𝑐 ҧ𝑐𝐾
+
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PRD 97, 012005 (2018)

 X(3872) : Admixture of a molecular state and 𝝌𝒄𝟏(𝟐𝑷)? 
Need 𝓑(𝐵+ → X(3872)𝐾+)  to confirm PLB.702.359 (2011)

World largest 𝟕𝟕𝟐 × 𝟏𝟎𝟔 𝑩ഥ𝑩 pairs sample in Belle
𝑿𝒄ത𝒄 = 𝜼𝒄, 𝑱/𝝍, 𝝌𝒄𝟎, 𝝌𝒄𝟏, 𝜼𝒄 𝟐𝑺 ,𝝍 𝟐𝑺 ,𝝍 𝟑𝟕𝟕𝟎

X(3872), X(3915)
 Neural network based hierarchical hadronic full 

reconstruction algorithm applied to tag a B meson.
See: http://ekp-invenio.physik.uni-karlsruhe.de/record/48181

http://link.aps.org/abstract/PRD/v97/e012005
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𝐵+ → 𝑋𝑐 ҧ𝑐𝐾
+
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Need more data or more advanced algorithm 

Belle2 Full Event Interpretation (FEI)



𝑒+𝑒− → 𝐽/𝜓𝐷ഥ𝐷
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PRD 95 112003 (2017)

X(3915):  find in its decay into 𝛚𝑱/𝝍, 𝐉𝑷𝑪 = 𝟎++

 Was identified as 𝝌𝒄𝟎(𝟐𝑷).
 Strong decay 𝜒𝑐0 2𝑃 → 𝐷ഥ𝐷 is expected to be the 

dominant decay(𝚪 ≳ 𝟏𝟎𝟎𝑴𝒆𝑽). 
 But not observed for X(3915) (𝚪 = 𝟐𝟎 ± 𝟓𝑴𝒆𝑽)
 𝜒𝑐0 2𝑃 → 𝜔𝐽/𝜓 is OZI suppressed  

Where is 𝝌𝒄𝟎 𝟐𝑷 ? =>  double-charmonium 
production in association with the 𝑱/𝝍 (C = +1)

PRD 86, 091501 (2012), 
PRD 69, 094019 (2004)

𝜸𝜸 → 𝑫ഥ𝑫

𝝌𝒄𝟎(𝟐𝑷)? 𝝌𝒄𝟐(𝟐𝑷)



𝑒+𝑒− → 𝐽/𝜓𝐷ഥ𝐷
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PRD 95 112003 (2017)

Reconstruct:
 𝑱/𝝍 → 𝓵𝓵

 one 𝑫𝟎 → 𝑲−𝝅+, 𝑲𝒔
𝟎𝝅+𝝅−, 𝑲−𝝅+𝝅𝟎, 𝑲−𝝅+𝝅−𝝅+

or 𝑫+ → 𝑲𝒔
𝟎𝝅+, 𝑲−𝝅+𝝅+, 𝑲𝒔

𝟎𝝅+𝝅𝟎, 𝑲−𝝅+𝝅−𝝅𝟎

𝑲𝒔
𝟎𝝅+𝝅+𝝅−

 require 𝐽/𝜓𝐷 recoil mass in D region
 mass constraints fit for 𝐽/𝜓 , 𝐷

Multivariate analysis used: MLP mode



𝑒+𝑒− → 𝐽/𝜓𝐷ഥ𝐷
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PRD 95 112003 (2017)

𝑿∗ 𝟑𝟖𝟔𝟎 Or 𝝌𝒄𝟎 𝟐𝑷 ??



𝑒+𝑒− → 𝐽/𝜓𝐷ഥ𝐷
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PRD 95 112003 (2017)

𝑿∗ 𝟑𝟖𝟔𝟎 Or 𝝌𝒄𝟎 𝟐𝑷 ??

𝑱𝑷𝑪 = 𝟎++ favored
over the 𝟐++ hypothesis 
at the level of 2.5𝝈



Angular analysis of 𝑒+𝑒− → 𝛾𝐼𝑆𝑅𝐷
∗ ±𝐷∗∓
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PRD 97, 012002 (2018)

 𝜎(𝑒+𝑒− → ℎ𝑎𝑑𝑟𝑜𝑛𝑠) measured past are model-dependent 
with large uncertainties.

 Vector Charmonium state (𝝍’s) above open charm 
threshold are not fully understood

 Belle and BaBar results agree 
with each other

 Statistics is too low to study the 
structure of the cross sections

 More accuracy of cross section 
measurements

 measure separately cross 
sections for all 3 possible 

𝐷 ∗ ±𝐷∗∓helicity combination



Angular analysis of 𝑒+𝑒− → 𝛾𝐼𝑆𝑅𝐷
∗ ±𝐷∗∓
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PRD 97, 012002 (2018)

𝟗𝟓𝟏 𝒇𝒃−𝟏data



Angular analysis of 𝑒+𝑒− → 𝛾𝐼𝑆𝑅𝐷
∗ ±𝐷∗∓
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PRD 97, 012002 (2018)
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 not trivial too fit the cross section 
because of the threshold and coupled-
channels effects

 Only TL Helicity of 𝑒+𝑒− → 𝛾𝐼𝑆𝑅𝐷
∗±𝐷∗∓

have the  component at higher energy 



Summary
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Υ 1𝑆 →XYZ + Anythings
No XYZ was found

𝐵+ → 𝑋𝑐 ҧ𝑐𝐾
+

No X(3872) signal
𝑒+𝑒− → 𝐽/𝜓𝐷ഥ𝐷

observation of 𝑋∗ 3860 Or 𝜒𝑐0 2𝑃

Angular analysis of 𝑒+𝑒− → 𝛾𝐼𝑆𝑅𝐷
∗ ±𝐷∗∓

Helicity-dependent structure? 



Backup
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Backup
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Backup
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