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Many hidden-charm thresholds above 4 GeV
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2-body 𝑆-wave thresholds

Thresholds play an essential role
Ø Complicates extraction of resonance properties! 

Measurements on various final states are important
Ø Hadronic molecules?

Data: LHCb, PRL 127 (2021) 082001
Plot: X.-K. Dong, FKG, B.-S. Zou, Progr. Phys. 41 (2021) 65 [arXiv:2101.01021]

𝜓(4415)



l Scattering length approx.: 𝑝 cot 𝛿 = !
"
+⋯

lPoles: bound (a<0) or virtual (a>0) state (𝜅 = 1/|𝑎|)
p Bound and virtual state can hardly be distinguished 

above threshold (𝐸 > 0)
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Molecular line shapes at LO

p Different below threshold (𝐸 < 0)
Øbound state: peaked below 

threshold

Øvirtual state: sharp cusp at 
threshold 

𝑇 !

bound
virtual

line shapes w/ phase space; 
one unstable constituent:

quasi-bound quasi-virtual

𝚪 = 𝟎 𝟎. 𝟏 MeV 𝟏 MeV

dotted dashed solid

FKG, et al., RMP 90 (2018) 015004;
N. Brambilla et al., Phys.Rept. 873 (2020) 1



l Full threshold structure needs to be measured in a lower channel (ch-1)  ⇒  coupled channels

l Consider a two-channel system, construct a “nonrelativistic” effective field theory (NREFT)

Ø Energy region around the higher threshold (ch-2), Σ#
Ø Expansion in powers of   𝐸 = 𝑠 − Σ#
Ø Momentum in the lower channel can also be expanded
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NREFT at LO for coupled channels

𝑇 𝐸 = 8𝜋Σ!
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1
𝑎"!!

Effective scattering length with open-channel effects becomes complex, Im !
*!!,#$$

≤ 0

• 𝑎"": single-ch. scattering 
length of ch-2

• 𝑎!!: single-ch. interaction 
strength of ch-1 at Σ"
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Distinct line shapes of the same pole 
Line shapes of the same pole depend on the production mechanism. Consider production of particles in ch-1

l Dominated by ch-2
p Maximal at threshold for 

positive Re(𝑎##,%&&)
(attraction), FWHM ∝ 1
/𝜇
Ø more pronounced 

for heavier hadrons 
and stronger 
interactions

p Peaking at pole for 
negative Re(𝑎##,%&&) 

X.-K. Dong, FKG, B.-S. Zou, PRL 126 (2021) 152001

𝑇!" ∝
1

𝑎!!,$%%&" − 𝑖 2𝜇!𝐸
𝑇"" ∝

𝑎!!&" − 𝑖 2𝜇!𝐸
𝑎!!,$%%
&" − 𝑖 2𝜇!𝐸

l Dominated by ch-1
p One pole and one

zero
p Universality for large 

scattering length:
for large |𝑎##|, there 
must be a dip around 
threshold (zero close 
to threshold) 

ü Classification of near-threshold structures and pole trajectories for two heavy channels: Z.-H. Zhang, FKG, PLB 863 (2025) 139387

Process-dependent line shapes known since long; see, e.g., J. Taylor, Scattering Theory 



l Example-1: 𝑓'(980)
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Distinct line shapes of the same pole

p 𝑇-matrix for 𝜋𝜋 and 𝐾'𝐾 
coupled channels 

with the T-matrix from 
L.-Y. Dai, M. R. Pennington,  
PRD 90 (2014) 036004

p 𝐽/𝜓 → 𝜙𝜋(𝜋)

BES, PLB 607 (2005) 243

Driving channel:	𝐾 '𝐾

𝐽/𝜓 → 𝜙𝐾'𝐾 → 𝜙𝜋(𝜋)

Driving channel:	𝜋𝜋

𝐽/𝜓 → 𝜔𝜋𝜋 → 𝜔𝜋(𝜋)

p 𝐽/𝜓 → 𝜔𝜋(𝜋)

BES, PLB 598 (2004) 149

l Example-2: direct production of 𝑋(3872) in 𝑒(𝑒)

Ø Driving channel:

     𝐽/𝜓 +light	vector

Ø Prediction: dip around 

𝐷∗'𝐷∗ threshold

V. Baru, FKG, C. Hanhart, A. Nefediev, PRD 109 (2024) L111501



l There must be an isospin vector partner 𝑊*!

p Virtual state pole in the stable 𝐷∗ limit  ⇒  explains why it has not observed so far!
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Prediction of an isospin vector partner of 𝑿(𝟑𝟖𝟕𝟐)

Ø 𝑊*!
' 	in 𝐷'H𝐷∗' − 𝐷(𝐷∗) scattering amplitudes Ø 𝑊*!

( 	in 𝐷(H𝐷∗' scattering amplitude

Ø to be searched for in high-statistic 𝐽/𝜓𝜋(𝜋' data
Ø Compact tetraquark (Maiani et al. (2005)) cannot be virtual 

state!

Z.-H. Zhang, T. Ji, X.-K. Dong, FKG, C.Hanhart, U.-G. Meißner, A. Rusetsky, JHEP 08 (2025) 130
Teng Ji, X.-K. Dong, FKG, C. Hanhart, U.-G. Meißner, arXiv:2502.04458
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Classification of coupled-channel near-threshold structures
B1: 𝑎""𝛿 ≪ −1, 𝑎"! 𝛿 ≫ 1 B2: 𝑎""𝛿 ∈ (−1,0), 𝑎"! 𝛿 ≫ 1

B3: 𝑎""𝛿 ∈ −1,0 , 𝑎"! 𝛿 ∈ (0,1)B4: 𝑎""𝛿 ≪ −1, 𝑎"! 𝛿 ∈ (0,1)

B2

B3B4

B1 𝑎!!

|𝑎!"|

𝑎!!

|𝑎!"|

more attr.

Starting from RGE fixed
point with two zero-
energy bound state:

Two-channel cases (B): 
𝑎!! < 0

Here, 𝛿 ≡ 2𝜇!Δ, 
Spole: shadow pole

Z.-H. Zhang, FKG, PLB 863 (2025) 139387
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Classification of coupled-channel near-threshold structures
Starting from RGE fixed
point with two zero-
energy bound state:

Two-channel cases (V): 
𝑎!! > 0

Here, 𝛿 ≡ 2𝜇!Δ, 
Spole: shadow pole

Z.-H. Zhang, FKG, PLB 863 (2025) 139387

V1: 𝑎""𝛿 ≫ 1, 𝑎"! 𝛿 ≫ 1 V2: 𝑎""𝛿 ∈ (0,1), 𝑎"! 𝛿 ≫ 1

V3: 𝑎""𝛿 ∈ 0,1 , 𝑎"! 𝛿 ∈ (0,1)V4: 𝑎""𝛿 ≫ 1, 𝑎"! 𝛿 ∈ (0,1)

V2

V3V4

V1 𝑎!!

|𝑎!"|

𝑎!!

|𝑎!"|

less attr.

Poles dual to those in the B cases, on opposite RSs.



l General rules for (near-)threshold structures
Ø S-wave attraction, more prominent for heavier particles and stronger attraction
Ø Pole behavior: distinct line shapes depending on reaction mechanism
Ø Universality: a dip (for large |𝑎##|) at the higher channel threshold in 𝑇!!

l Zotero-INSPIRE: brings INSPIRE into your zotero, and more!
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Summary

Thank you for your attention!

More interesting stuff
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Zotero
l 开源免费 （若用它的官方云端存储超过一定额度，需要付年费）、多系统 (windows, linux, mac, ios,

android)
l 标签、多层级 collection（同一个文献可以同时存在于多个 collections）、可设置有关联的文献
l pdf 批注 (支持手写)
l 多样化地添加文献方式
l 非常多的插件

p 国内 Zotero 社区维护的插件市场：https://plugins.zotero-chinese.com
p Better BibTeX (BBT): 提供 citekey 功能
Ø在设置中将 Citation key formula 设为 inspireHep

p Zotero-INSPIRE: 任给 arXiv 号或 doi 或 INSPIRE 标准 citekey 等信息，可从 INSPIRE 数据库更新
文献的元数据，包括发表信息、引用次数（及他引次数）等，插件页面有更多使用说明

p …
l 可以将某个 collection 的文献信息输出 .bib 文件，并自动更新 （后面有对写文章来说更便捷的更新 bib

文件的方式）
l 构建好文献库后，可以结合 vs code (+ vs code 的 LaTeX workshop 插件) 实现边写边引，极大节省精

力！

https://plugins.zotero-chinese.com/
https://plugins.zotero-chinese.com/
https://plugins.zotero-chinese.com/
https://retorque.re/zotero-better-bibtex/
https://retorque.re/zotero-better-bibtex/
https://retorque.re/zotero-better-bibtex/
https://retorque.re/zotero-better-bibtex/
https://github.com/fkguo/zotero-inspire
https://github.com/fkguo/zotero-inspire
https://github.com/fkguo/zotero-inspire
https://github.com/fkguo/zotero-inspire


l稳定版: 7

lBeta 版: 8

12

Zotero
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Zotero 中添加文献
l多种方式

p直接拖拽 pdf 文件到zotero 中
p导入 bib 文件
p在浏览器中安装 zotero connectors

https://www.zotero.org/download/connectors
Ø在 arxiv 或 INSPIRE 或各期刊文章页面上直接

点击 Zotero connector
✧若单篇文章，直接导入
✧若多篇文章，可选择

p Beta 版：直接点 pdf 文件中引用文献的链接
p 安装 Zotero-inspire 插件后，也可以通过 arXiv 号、doi、

INSPIRE citekey、INSPIRE recid 将文章信息导入，例如在
extra 项中输入
Ø arXiv:1706.04100
Ø 或 Citation Key: BESIII:2017bua

更多小技巧及说明，参见
https://github.com/fkguo/zotero-inspire/tree/main?tab=readme-ov-file

https://github.com/nutstore/zotero-plugin-nutstore

可⽤zotero官⽅或者坚果
云插件在不同设备同步

https://www.zotero.org/download/connectors
https://github.com/fkguo/zotero-inspire/tree/main?tab=readme-ov-file
https://github.com/fkguo/zotero-inspire/tree/main?tab=readme-ov-file
https://github.com/fkguo/zotero-inspire/tree/main?tab=readme-ov-file
https://github.com/fkguo/zotero-inspire/tree/main?tab=readme-ov-file
https://github.com/fkguo/zotero-inspire/tree/main?tab=readme-ov-file
https://github.com/fkguo/zotero-inspire/tree/main?tab=readme-ov-file
https://github.com/fkguo/zotero-inspire/tree/main?tab=readme-ov-file
https://github.com/fkguo/zotero-inspire/tree/main?tab=readme-ov-file
https://github.com/fkguo/zotero-inspire/tree/main?tab=readme-ov-file
https://github.com/fkguo/zotero-inspire/tree/main?tab=readme-ov-file
https://github.com/fkguo/zotero-inspire/tree/main?tab=readme-ov-file
https://github.com/nutstore/zotero-plugin-nutstore
https://github.com/nutstore/zotero-plugin-nutstore
https://github.com/nutstore/zotero-plugin-nutstore
https://github.com/nutstore/zotero-plugin-nutstore
https://github.com/nutstore/zotero-plugin-nutstore
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Zotero 中添加文献
l多种方式

p能处理特殊符号的方式: 从 INSPIRE 中复制文献条目的 bibtex，用 Import from clipboard 的快捷
键导入，可自动将上下标、希腊字母等从 latex 格式转化成特殊符号的形式

@article{BESIII:2017bua,
author = "Ablikim, Medina and others",
collaboration = "BESIII",
title = "{Determination of the Spin and Parity of the $Z_c(3900)$}",
eprint = "1706.04100",
archivePrefix = "arXiv",
primaryClass = "hep-ex",
doi = "10.1103/PhysRevLett.119.072001",
journal = "Phys. Rev. Lett.",
volume = "119",
number = "7",
pages = "072001",
year = "2017"

}
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INSPIRE in Zotero Zotero-inspire中⽂说明

偏好设置⾯板

插件安装：本地 xpi⽂件

http://../../../Nutstore%20Files/Coding/FEATURES_CN.pdf
http://../../../Nutstore%20Files/Coding/FEATURES_CN.pdf
http://../../../Nutstore%20Files/Coding/FEATURES_CN.pdf
https://github.com/fkguo/zotero-inspire/blob/main/docs/FEATURES_CN.md
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INSPIRE in Zotero Zotero-inspire中⽂说明

偏好设置⾯板

../../../Nutstore%20Files/Coding/FEATURES_CN.pdf
../../../Nutstore%20Files/Coding/FEATURES_CN.pdf
../../../Nutstore%20Files/Coding/FEATURES_CN.pdf
https://github.com/fkguo/zotero-inspire/blob/main/docs/FEATURES_CN.md
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INSPIRE in Zotero

第⼀个功能：升级选中条⽬的metadata，
例如发表信息、引⽤数（含⾮⾃引）等

将⽂献列表批量缓存到本地

Zotero-inspire中⽂说明

../../../Nutstore%20Files/Coding/FEATURES_CN.pdf
../../../Nutstore%20Files/Coding/FEATURES_CN.pdf
../../../Nutstore%20Files/Coding/FEATURES_CN.pdf
https://github.com/fkguo/zotero-inspire/blob/main/docs/FEATURES_CN.md
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INSPIRE in Zotero

选中单篇或多篇，点右键：
l 从INSPIRE复制 BibTeX或 citation Key
l 复制 INSPIRE或 zotero link（仅单篇）
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INSPIRE in Zotero

本地缓存, json.gz,
不耽误在⻜机上⽤

点击 cited by …打开 Cited by栏
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INSPIRE in Zotero
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INSPIRE in Zotero

蒋军的某篇⽂章被引⽤情况

Back, Forward可与其他 pdf⽂件来回切换

单击绿点 =>跳到该条⽬
双击绿点 =>打开该条⽬的 pdf
点击🔗 =>关联两篇⽂章
点击单条⽬复制 =>复制bibTeX
点击复选框多选，点击复制 =>批量导出 bibTeX等

增强旧版SPIRES功能
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INSPIRE in Zotero

INSPIRE搜索语法

快速过滤按钮
⽂本过滤器

BESIII发表过的 PRL⽂章
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INSPIRE in Zotero

选中⽂本，⾃动识别⽂献编号
点击，指向对应⽂献
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VS code 配置
l 在 VS code中安装 Zotero Cite插件
l 设置快捷⽅式实现快速插⼊⾃⼰的 Zotero⽂献库中的任意⽂
献并⾃动更新 bib⽂件
l 在 Command Palette…中搜索找到 Preference: Open

Keyboard Shortcuts，点开
l 在其中，找到 Zotero Cite: Cite and Create Bibliography for

Pandoc/LaTeX，单击，按希望设置的快捷键，⽐如 Alt+z
l 在 VS code的 settings中找到 Zotero-cite: Default Bib

Name，设置⼀个默认⽂件名，如 ./refs.bib
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VS code 配置
l VS code: https://code.visualstudio.com/Download 

l 在 VS code 中安装 LaTeX Workshop
p 需要系统中已经安装过 latex 编译软件，如
ØTeXLive https://tug.org/texlive/
Ø可设置保存自动编译，或者文件有变化就自动编译

l 可安装 AI 插件: GitHub Copilot, Cline, Roo Code 等；或
利用基于 vs code 的 AI 编辑器如 cursor, windsurf, Trae

https://code.visualstudio.com/Download
https://tug.org/texlive/
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VS code 配置
l点击 View LaTeX PDF file，可实现 tex 源文件和 pdf 文件同屏显示，分屏线可拖拽调整
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VS code 配置

"latex-workshop.latex.recipes": [
{
"name": "latexmk",
"tools": ["latexmk"]

},
{
"name": "latexmkxe",
"tools": ["latexmkxe"]

},
{
"name": "latexmkpdf",
"tools": ["latexmkpdf"]

},
{
"name": "pdflatex",
"tools": ["pdflatex"]

},
{
"name": "xelatex",
"tools": ["xelatex"]

},
{
"name": "pdflatex -> bibtex -> pdflatex*2",
"tools": ["pdflatex", "bibtex", "pdflatex", "pdflatex"]

},
{
"name": "xelatex -> bibtex -> xelatex*2",
"tools": ["xelatex", "bibtex", "xelatex", "xelatex"]

},
{
"name": "xebiber -> idx -> xe*2",
"tools": ["xelatex", "biber", "makeindex", "xelatex", "xelatex"]

},
{
"name": "xebiber -> xe*2",
"tools": ["xelatex", "biber", "xelatex", "xelatex"]

}
],

"latex-workshop.latex.tools": [
{
"name": "latexmk",
"command": "latexmk",
"args": [
"-synctex=1",
"-interaction=nonstopmode",
"-file-line-error",
"-pdf",
"%DOCFILE%"

]
},

{
"name": "latexmkpdf",
"command": "latexmk",
"args": [
"-synctex=1",
"-interaction=nonstopmode",
"-halt-on-error",
"-file-line-error",
"-pdf",
"%DOCFILE%"

]
},
{
"name": "latexmkxe",
"command": "latexmk",
"args": [
"-synctex=1",
"-interaction=nonstopmode",
"-halt-on-error",
"-file-line-error",
"-pdfxe",
"%DOCFILE%"

]
},

{
"name": "xelatex",
"command": "xelatex",
"args": [
"-synctex=1",
"-interaction=nonstopmode",
"-file-line-error",
"%DOCFILE%"

]
},

{
"name": "pdflatex",
"command": "pdflatex",
"args": [
"-synctex=1",
"-interaction=nonstopmode",
"-file-line-error",
"%DOCFILE%"

]
},
{
"name": "bibtex",
"command": "bibtex",
"args": ["%DOCFILE%"]

},
{
"name": "biber",
"command": "biber",
"args": ["%DOCFILE%"]

},
{
"name": "makeindex",
"command": "makeindex",
"args": ["%DOCFILE%"]

}
],

我的配置⽂件中的相关设置
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Combined analysis of BESIII and LHCb data for 𝑿(𝟑𝟖𝟕𝟐)

Best fit: 𝜒"/dof = 57/(96 − 10) = 0.66

lPoles
p𝑋(3872) as a bound state below
𝐷'H𝐷∗' threshold (2.8𝜎)

p𝑊*! 3880 ' pole on RS(),
relative to the 𝐷(𝐷∗) threshold:

<latexit sha1_base64="G1Dgtw7c1qXg6yoe2Wp8yNc41Yc="></latexit>

EW =
(
3.1± 0.7 + 1.3+1.9

→0.6i
)
MeV

<latexit sha1_base64="sruSeunBpmU0A74nTHISN/jDKx0="></latexit>

EX =
(
→160+43+38

→47→57 → 125+18+15
→25→28i

)
keV



l𝑊*! 3880 ' signal should be stronger in 𝐵' → 𝐾'[𝐷'H𝐷'𝜋', 𝐽/𝜓𝜋(𝜋)] decays, to be checked @ LHCb, Belle II

lCusp at 𝐷(H𝐷∗'/𝐷∗(H𝐷' threshold in 𝐽/𝜓𝜋±𝜋'
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Implications of the existence of 𝑾𝒄𝟏(𝟑𝟖𝟖𝟎)


