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Outline

• Introduction to Belle II and hadrons
• Evidence of Pcs(4459) in Υ(1𝑆𝑆,2𝑆𝑆) inclusive decays
• Confirmation of Υ(10753) at Belle II
• Energy dependence of 𝜎𝜎 𝑒𝑒+𝑒𝑒− → 𝐵𝐵 ∗ �𝐵𝐵 ∗

• Bottomonium transitions



• Belle data: 980 𝑓𝑓𝑏𝑏−1
• Belle II: rebuild a new

detector.
• Aim to achieve luminosity 

of 6 × 1035𝑐𝑐𝑚𝑚−2𝑠𝑠−1
• 0.5 × 1035𝑐𝑐𝑚𝑚−2𝑠𝑠−1 has 

been achieved.



Belle II detector 𝐻𝐻 = 7.1𝑚𝑚, 𝐿𝐿 = 7.4𝑚𝑚, 𝑊𝑊 = 1400 Ton



Structures of hadrons

• Conventional hadrons:
• Meson: q�𝑞𝑞
• Baryon: 𝑞𝑞𝑞𝑞𝑞𝑞 or �𝑞𝑞�𝑞𝑞�𝑞𝑞

• Others: exotic states, or XYZ particles
• Since the X(3872) observed by Belle, there 

have been more and more exotic 
candidates discovered.



Candidates of pentaquark states: 𝑃𝑃𝑐𝑐 and 𝑃𝑃𝑐𝑐𝑐𝑐

• Where to search for pentaquark states 
at Belle/Belle II?

• A clue: production of baryons and 
deutrons is enhanced in Υ(1𝑆𝑆, 2𝑆𝑆)
inclusive decays.

• Belle has the world-largest data 
samples: 102M Υ 1𝑆𝑆 and 158M Υ 2𝑆𝑆

Ξ𝑏𝑏− → 𝐾𝐾− + Λ𝐽𝐽/𝜓𝜓

Λ𝑏𝑏− → 𝐾𝐾− + 𝑝𝑝𝑝𝑝/𝜓𝜓



Search for 𝑃𝑃𝑐𝑐 states in Υ(1𝑆𝑆, 2𝑆𝑆) decays
• 𝐽𝐽/𝜓𝜓 → 𝑒𝑒+𝑒𝑒− or 𝜇𝜇+𝜇𝜇−, 

• Proton selection according to PID and veto 
those of secondary particles. 

• Backgrounds from Bhabha events removed 
with 𝑀𝑀𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

2 𝑝𝑝𝑝𝑝/𝜓𝜓 > 10 GeV2/𝑐𝑐4



Search for 𝑃𝑃𝑐𝑐 states in Υ(1𝑆𝑆, 2𝑆𝑆) decays

• No significant Pc state is obtained in the 𝑝𝑝𝑝𝑝/𝜓𝜓 of 
Υ(1𝑆𝑆, 2𝑆𝑆) inclusive decays.

• The upper limits of their productions are determined.
• 𝐵𝐵𝐵𝐵 Υ 1𝑆𝑆 → 𝑝𝑝𝑝𝑝/𝜓𝜓 + 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 4.27 ± 0.16 ± 0.20 × 10−5
• 𝐵𝐵𝐵𝐵 Υ 2𝑆𝑆 → 𝑝𝑝𝑝𝑝/𝜓𝜓 + 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 3.59 ± 0.14 ± 0.16 × 10−5



Search for 𝑃𝑃𝑐𝑐𝑐𝑐 states in Υ(1𝑆𝑆,2𝑆𝑆) decays

• 𝐽𝐽/𝜓𝜓 reconstructed from 𝑒𝑒+𝑒𝑒− or 𝜇𝜇+𝜇𝜇−.
• Select Λ with long flight distance.
• Both Λ and 𝐽𝐽/𝜓𝜓 have good purity.
• 89 fb-1 data sample at 10.52 GeV is used to 

estimate the continuum production.
• Resolution of 𝑀𝑀Λ𝐽𝐽/𝜓𝜓 is better than 3 MeV/𝑐𝑐2.



Evidence of 𝑃𝑃𝑐𝑐𝑐𝑐(4459) in Υ(1𝑆𝑆,2𝑆𝑆) decays

• Enhancements near the mass of Pcs(4459)!
• Combine Υ(1𝑆𝑆) and Υ(2𝑆𝑆) data and get 

the first evidence for a pentaquark 
candidate state in Υ(1𝑆𝑆, 2𝑆𝑆) inclusive 
decays.

Preliminary



The Υ(10753) state Υ(4𝑆𝑆)

Υ(5𝑆𝑆)
Υ(6𝑆𝑆)Υ(10753)

Interpretations: 
 Υ(3𝐷𝐷) mixed with Υ(4𝑆𝑆) via hadron loops
 Hybrid
 Compact tetraquark

Belle: global significance: 5.2𝜎𝜎



Confirmation of Υ(10753) arxiv:2401.12021

 Energy scan in 
Nov 2021

 4 points, 
19 𝑓𝑓𝑏𝑏−1 data



Search for resonant substructure arxiv:2401.12021

 𝜋𝜋𝜋𝜋Υ(1𝑆𝑆) is consistent with phase 
space, but 𝜋𝜋𝜋𝜋Υ(2𝑆𝑆) is not.

 No significant structure in 𝑀𝑀(𝜋𝜋+𝜋𝜋−)
or 𝑀𝑀(𝜋𝜋+Υ), no 𝑍𝑍𝑏𝑏 signal.



Energy dependence of 𝜎𝜎[𝑒𝑒+𝑒𝑒− → 𝐵𝐵 ∗ �𝐵𝐵 ∗ ]
arXiv:2405.18928

 Full Even Interpretation (FEI): Multivariate algorithm to reconstruct 𝜋𝜋0, 𝐾𝐾𝑆𝑆0, … then 𝐷𝐷, 𝐷𝐷∗, 𝐽𝐽/𝜓𝜓, … 
then 𝐵𝐵/𝐵𝐵∗ meson.

 Efficiency 𝜖𝜖 = 0.580 ± 0.003 ± 0.012 × 10−3 at Υ 4𝑆𝑆 decay.

Clear clusters of 𝐵𝐵 �𝐵𝐵, 𝐵𝐵 �𝐵𝐵∗ and 
𝐵𝐵∗ �𝐵𝐵∗ signals at 10.746 GeV.

From MC simulations: high purity, some 𝑒𝑒+𝑒𝑒− → 𝑐𝑐 ̅𝑐𝑐 , 
small light-quark and broken 𝑏𝑏�𝑏𝑏 backgrounds.



Energy dependence of 𝜎𝜎[𝑒𝑒+𝑒𝑒− → 𝐵𝐵 ∗ �𝐵𝐵 ∗ ]
arXiv:2405.18928



Bottomonium transitions



ℎ𝑏𝑏 2𝑃𝑃 → 𝜂𝜂𝜂(1S) arXiv:2407.03783



Search for ℎ𝑏𝑏 2𝑃𝑃 → 𝛾𝛾𝜒𝜒𝑏𝑏𝑏𝑏(1𝑃𝑃)
Expectation: K.-F. Guo et al., PLB 760, 417 (2016)

ULs are consistent with expectations.

Preliminary



Summary
• Belle has a data sample of 980 𝑓𝑓𝑏𝑏−1, Belle II also collected a sample 

of about 500 𝑓𝑓𝑏𝑏−1.
• We search for pentaquark states in Υ(1𝑆𝑆,2𝑆𝑆) inclusive decays. 

• There is no significant 𝑃𝑃𝑐𝑐 in 𝑝𝑝𝑝𝑝/𝜓𝜓 final states.
• First evidence of 𝑃𝑃𝑐𝑐𝑠𝑠(4459) in Λ𝐽𝐽/𝜓𝜓 final states in these decays.

• Υ(10753) is confirmed with new Belle II scan data on 4 energy points.
• Energy dependence of 𝜎𝜎[𝑒𝑒+𝑒𝑒− → 𝐵𝐵 ∗ �𝐵𝐵 ∗ ] has been improved.
• In the study of bottomonium transitions, there is evidence of 
ℎ𝑏𝑏 2𝑃𝑃 → 𝜂𝜂𝜂(1S), but no significant ℎ𝑏𝑏 2𝑃𝑃 → 𝛾𝛾𝜒𝜒𝑏𝑏𝑏𝑏(1𝑃𝑃) signal.

Thank you!
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