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From meson/baryon to exotic hadrons

figures from arXiv:1403.1254, S. Olsen
All allowed by QCD
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Charmonium-like states
Beyond potential model

F.K. Guo, XYZ7, Qingdao
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Charmonium-like states
Beyond potential model

F.K. Guo, XYZ7, Qingdao

Specifications from 𝑒+𝑒− machines
Prologue: discovery of X(3872)
Natural 𝐽𝑃𝐶 indicator: vector 
Smoking gun: charged 𝑍𝑐
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Belle/BaBar data samples Both started in 1999, 20 years ago.

X.L. Wang, XYZ7, Qingdao
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BESIII scan data samples
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Production modes @ 𝑒+𝑒− machines

• 𝑒+𝑒− direct annihilation

• 𝐵 decay

• ISR

• 𝛾𝛾

• Charmonium/Bottomonium(-like) decay
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Observation of 𝑒+𝑒− → 𝜂𝜓(2𝑆) at center-of-mass 
energies from 4.236 to 4.600 GeV arXiv:2103.01480

10

• The process of 𝑒+𝑒− → 𝜂𝜓(2𝑆) is observed 
for the first time with 5𝜎 significance.

𝑒+𝑒− → 𝜂𝐽/𝜓
PRD(RC) 102, 031101 (2020)

𝜓 4040 𝑌 4220 𝑌(4360)

https://arxiv.org/abs/2103.01480
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.031101
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• The process of 𝑒+𝑒− → 𝜂𝜓(2𝑆) is observed 
for the first time with 5𝜎 significance.

𝑒+𝑒− → 𝜂′𝐽/𝜓
PRD 101, 012008 (2020)

Coherent sum of
𝜓(4160) and 𝜓(4260)

https://arxiv.org/abs/2103.01480
https://link.aps.org/doi/10.1103/PhysRevD.101.012008


𝑒+𝑒− → 𝜙Λ Λ, 3.51 to 4.60 GeV arXiv:2104.08754
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Peaking structures at 4.23 and 4.36 
GeV with significance 4.2𝜎 and 3.1𝜎

𝑀 = 2262 ± 4 ± 28 , Γ = 72 ± 5 ± 43 MeV
Not match any known resonance

https://arxiv.org/abs/2104.08754


Measurements of the Absolute Branching Fractions 
of 𝑩± → 𝑲±𝑿𝒄𝒄 PRL 124, 152001 (2020) 
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After background subtraction

First measurement, 3𝜎

Suggest X(3872) has significant
molecular component.

424𝑓𝑏−1

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.152001


𝛾𝛾 → 𝛾𝜓(2𝑆)
arxiv:2105.06605
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𝛾𝛾 → 𝑋 3872
PRL 126, 122001 (2021) 

• Two narrow structures at 3921 and 
4014 MeV with local significance 
4.0𝜎 and 3.0𝜎

• Maybe 𝜒𝑐0(2𝑃) and 𝜒𝑐2 2𝑃

Three X(3872) candidates are observed 
with significance 3.0𝜎

980𝑓𝑏−1 825𝑓𝑏−1

https://arxiv.org/abs/2105.06605
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.122001
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Different combinations in final states
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= ⋯



BESIII recent results with 𝜂𝑐 and 𝜒𝑐𝐽

• Search for the reaction e+e− → χcJ π+π− and a charmonium-like 
structure decaying to χcJπ

± between 4.18 and 4.60 GeV, Phys. Rev. D 
103, 052010 (2021)

• Search for the reaction channel e+e−→ηc η π+π− at center-of-mass 
energies from 4.23 to 4.60 GeV, Phys. Rev. D 103, 032004 (2021)

• Measurements of e+e−→ηcπ
+π−π0, ηcπ

+π− and ηcπ
0γ at √s from 4.18 to 

4.60 GeV, and search for a Zc state close to the DDbar threshold at 
4.23 GeV decaying to ηcπ, Phys. Rev. D 103, 032006 (2021)
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Upper limit is matter!

Details in Xuhong Li’s and Ruiting Ma’s talks (both Wed AM)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.052010
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.032004
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.032006


Relations between XYZ states
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Y(4230)

𝑍𝑐(3900)X(3872)

Y(4390)

𝑍𝑐(4020)

Y(4660)

𝑍𝑐𝑠(3985)

X.K. Dong, F.K. Guo, B.S. Zhou, PRL 126 (2021) 152001

https://doi.org/10.1103/PhysRevLett.126.152001


𝑌 4230 → 𝛾𝑋(3872) PRL 122, 232002 (2019)

2021-6-8 KaiZhu@FPCP2021 18

• A simultaneous fit with a single BW resonance.
• 𝑀 = 4200.6−13.3

+7.9 ± 3.0 MeV,    Γ = 115−26
+38 ± 12 MeV

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.232002


Y 4230 → 𝜋0𝑍𝑐 3900 0 PRD 102, 012009 (2020)
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Consistent with charged mode
PRD 100, 012005  (2019)

𝑍𝑐(3900) signal yieldDetails in Ruiting and Xuhong’s talks

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.012009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.012005


𝑌 4660 → 𝐾+𝑍𝑐𝑠
− 3985 ?

PRL 126, 102001 (2021)

• Main contribution seems from 
4.681 GeV, due to Y(4660)? 

• Related analyses such as the 
searching 𝑍𝑐𝑠 in neutral mode,  
𝐾𝐽/𝜓 mode, excited states are on-
going at BESIII
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Details of 𝑍𝑐𝑠 in Ruiting’s talk

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.102001


Study of 𝑒+𝑒− → 𝜋0𝑋 3872 𝛾 and search for 
𝑍𝑐 4020 0 → 𝑋 3872 𝛾 arXiv:2102.00644
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No obvious signal

https://arxiv.org/abs/2102.00644


Relations between XYZ states
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K. Zhu arxiv:2101.10622
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Y(4230)

𝑍𝑐(3900)X(3872)

𝛾 𝜋
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Y(4390)

𝑍𝑐(4020)

𝜋
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𝑍𝑐𝑠(3985)

𝐾
?

Information 
is still 
very limited. 

X.K. Dong, F.K. Guo, B.S. Zhou, PRL 126 (2021) 152001

https://arxiv.org/abs/2101.10622
https://doi.org/10.1103/PhysRevLett.126.152001


Near future

• Upgrade on BEPC II (details in Yuan Zhang’s talk in Friday AM)

• Luminosity: 3 times @ 4.7 GeV

• Energy: maximum from 4.94 to 5.6 GeV

• SuperKEKB and BELLE II (details in Minakshi NAYAK’s talk in Friday PM)

• Luminosity: KEKB x 40!

• Detectors: vertex, tracking, PID, high event rate, etc

• Plan: 
• Peak luminosity: ~6 × 1035 𝑐𝑚−2𝑠−1 in ~2028; 

• Integrated luminosity: 50 𝑎𝑏−1 in ~2030 (40 𝑎𝑏−1in ~2029)

• Has started collected data since 2019 Mar., some preliminary XYZ results 
already
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Same strategy applied to enhance luminosity:
squeeze beam size & boom beam current



Summary

• Lots of contributions from 𝑒+𝑒− machines
• Many discoveries and precision measurements
• Improved knowledge on various aspects

• Still many unknown about these exotic states
• Mass and width (especially important near thresholds)
• Quantum numbers
• Transitions between them
• New/Undiscovered states
• Absolute/Relative decay rates
• Production modes
• …

• BESIII and BELLE II will continue be active in the next 15~20 years
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Thanks, and wish you good health!
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backup
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𝑒+𝑒− → 𝐵(∗)  𝐵(∗) R. Mizuk, QWG2021

• First exclusive cross sections in the range 10.63 and 11.02 GeV

• Oscillatory behavior and no obvious signal of Υ(5𝑆) 27

https://indico.cern.ch/event/838970/contributions/4260186/attachments/2210504/3740978/mizuk_QWG2021.pdf
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Y(4626): 𝑒+𝑒− → 𝛾𝐼𝑆𝑅 𝐷𝑠
+𝐷𝑠1 2536 − PRD 100, 111103(R)

𝐷𝑠
+𝐷𝑠2

∗ 2537 − PRD 101, 091101(R)
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• No obvious signal from 𝐷𝑠
∗𝐷𝑠𝐽

• Uncertainty is large, cross check from BESIII is deserved.
• Y(4626) = Y(4660)? Maybe. Need improve precision.

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.100.111103
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.091101


SuperKEKB accelerator
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Belle II: significant upgrade

Belle II TDR arXiv:1011.0352
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Recent data taking and plan

Till 2021-05-16

Plan

Peak luminosity 
~6 × 1035 𝑐𝑚−2𝑠−1 in ~2028

 Integrated luminosity 
50 𝑎𝑏−1 in ~2030 (40 in ~2029)2021-6-8 KaiZhu@FPCP2021 32
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K. Chilikin
XYZ workshop
13 Apr 2021


