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Hidden-charm states
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Hidden-charm and double-charm states

Hidden-charm 𝑃𝑐 LHCb(2015, 2019)

Double-charm 𝑇𝑐𝑐 LHCb(2021)

Multiquarks vs hadronic molecules
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Clue to confinement mechanism?

For lattice studies of flux tube picture 
of multiquarks, see, e.g.,
F. Okiharu, H. Suganuma, T. T. 
Takahashi, PRD72(2005)014505;
PRL94(2005)192001
An overview: H. Suganuma et al., 
arXiv:1103.4015



⚫ B-factories

 From ISR processes

➢ Cross sections and selection efficiency are relatively low

 From B decays with 𝑏 → 𝑠𝑐 ҧ𝑐

➢ Energy region limited:  < 𝑚𝐵 −𝑚𝐾 ≈ 4.8 GeV

➢ Final states with 3 or more hadrons: 𝐵 → 𝐾𝜓𝜙,𝐾𝜓𝜔,𝐾𝜓𝜋𝜋,…
Often difficult due to multi-hadron final states to get unambiguous properties of

broad resonances

⚫ Hadron colliders

 From Λ𝑏 decays with 𝑏 → 𝑠𝑐 ҧ𝑐

➢ Energy region limited:  < 𝑚Λ𝑏 −𝑚Λ ≈ 4.8 GeV

➢ Final states with 3 or more hadrons

 Prompt productions: high background

⚫ BESIII

 Energy so far ≲ 4.9 GeV, to be upgraded to 5.6 GeV

 Low production rates (radiative transition) for 𝐶 = + states

 Luminosity: less than 1 × 1033 cm−2 s−1 above 4 GeV
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Current experiments for the hidden-charm particles
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More states are expected above 4.8 GeV
• Hadronic molecules easily

formed in the hidden-heavy-

flavor region

• Nontrivial near-threshold 

structure for S-wave attraction

• Many more states expected 

above 4.8 GeV

• Other models also predict 

higher states

X.-K. Dong, FKG, B.-S. Zou, PRL126 
(2021) 152001; Progr.Phys.41 (2021)
65; CTP73 (2021) 125201 

➢ High-luminosity experiments 

covering the energy range 

above 5 GeV are needed
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Super tau-Charm Facility in China
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• Peaking luminosity >0.5×1035 cm-2s-1 at 4 GeV

• Energy range Ecm = 2-7 GeV

• Potential to increase luminosity & realize beam polarization

• Total cost: 4.5B RMB

Linac: 400m

Storage ring: 800m
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Tentative Plan
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Activities: http://cicpi.ustc.edu.cn/indico/categoryDisplay.py?categId=2

For more details about STCF, see the talk by Xiao-Rui Lyu at RF1 on Wed.
https://indico.fnal.gov/event/51844/contributions/240647/

The first version of CDR (three volumes) 

to be published soon

http://cicpi.ustc.edu.cn/indico/categoryDisplay.py?categId=2
https://indico.fnal.gov/event/51844/contributions/240647/


⚫ Luminosity is higher by ~2 orders of magnitude than BESIII

 To study the known vector states and 𝑍𝑐 in much more detail; their connections to 𝑋

 For 𝐽++ excited states, BESIII observed X(3872) in 𝑒+𝑒− → 𝛾𝑋(3872), so far no 

signal for other 𝐽++ states with masses around 3.8-4 GeV; neither 1+− state. 

 At STCF, hadronic channels:
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Hidden-charm at STCF

LHCb data: PRL127(2021)082001

Figure from X.-K. Dong, FKG, B.-S. Zou, 

Progr.Phys.41(2021)65

➢ 𝐸 ≳ 4.7 GeV, 𝑒+𝑒− →

𝜔𝑋 𝐽++ , 𝜌𝑊𝑐 (spin partners of 𝑍𝑐)

➢ 𝐸 > 5 GeV, 𝑒+𝑒− → 𝜙𝑋(𝐽++) , to 

study the heavier 𝑃𝐶 =+ + states 

observed in 𝜙 𝐽/𝜓

➢ 𝑒+𝑒− → 𝜂𝑋(𝐽+−), to study the 𝐽++

and 1+− states; spin multiplet

structure is crucial 

➢ 𝑒+𝑒− → 𝐾(∗)𝑍𝑐𝑠, SU(3) multiplet

structure

➢ 𝑒+𝑒− → 𝜔/𝜙/𝛾 + 𝜂𝑐1(1
−+), exotic quantum numbers



⚫ At STCF, hadronic channels:

 𝐸 > 5 GeV , to reveal rich phenomena around charm baryon-antibaryon thresholds

 𝐸 > 5 GeV, above thresholds of excited charm-meson pairs; physics of excited charm 

mesons

 𝐸 > 5 GeV , 𝐽/𝜓𝑝 ҧ𝑝, Λ𝑐ഥ𝐷
(∗) ҧ𝑝, Σ𝑐

(∗)ഥ𝐷(∗) ҧ𝑝, … accessible, hidden-charm pentaquarks, 

rich spectrum above Λ𝑐ഥ𝐷 threshold

 Energy scan ⟹ handle of kinematic singularities in multi-hadron final states  

 To establish the hidden-charm spectrum far beyond 4 GeV, necessary to discover a 

pattern

 Above 6 GeV, 𝑐𝑐 ҧ𝑐 ҧ𝑐 tetraquarks accessible
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Hidden-charm

✓ Evidence for 1−− Λ𝑐ഥΛ𝑐 bound state in BESIII data

• Sommerfeld factor

• Near-threshold pole

X.-K. Dong, FKG, B.-S. Zou, Progr.Phys.41(2021)65 

Data taken from BESIII, PRL120(2018)132001
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Expected Data Samples at STCF

Data sample produced per year

XYZ Factory 

Light meson Factory

Hyperon Factory

Estimated from BESIII data
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Expected Data Samples at STCF

⚫ Rough estimate of events number for 𝑒+𝑒− → 𝐽/𝜓𝑝 ҧ𝑝

leads to

≈ 𝒪(4 fb) using NRQCD input for 𝜎(𝑒+𝑒− → 𝐽/𝜓𝑝 ҧ𝑝) from 
Y.-Q. Ma, Y.-J. Zhang, K.-T. Chao, PRL102(2009)162002

Open-charm final states should have much larger cross sections + 𝑃𝑐 states are expected
to decay dominantly into open-charm states.

⚫ Production of 𝑐𝑐 ҧ𝑐 ҧ𝑐

STCF CDR

STCF CDR



⚫With the high luminosity and energy reach, full-event reconstruction 

techniques, low background

 STCF can play a unique role in the physics of hidden-charm particles

Unprecedented charmonium samples: 3.4 × 1012 𝐽/𝜓 + 6.4 × 1011 𝜓′ with

1 ab−1 luminosity

➢Precision study of excited light mesons and baryons in charmonium

hadronic decays, e.g. 𝜓 → 𝑝 ҧ𝑝𝜋, 𝜒𝑐0 → ഥΛΣ𝜋/തΣΣ𝜋, …

➢Radiative decays: light hadrons with gluonic excitations 
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Summary

Signal of an exotic 𝜂1(1855) in 𝐽/𝜓 → 𝛾𝜂𝜂′
in BESIII data

BESIII, arXiv:2202.00621 [hep-ex]

(candidates of glueballs and hybrids, 
such as 𝑓0 1710 , 𝜂1 1855 ,…)
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Thank you for your attention



STCF Detector
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MDC
σxy< 130 mm

σp/p ~ 0.5% @ 1 GeV

dE/dx~6%

ITK
<0.25%X0 / layer 

σxy< 100 mm

PID
/K (and K/p) 3-4 separation 

up to 2GeV/c

EMC 
E range: 0.025-2GeV

σE @ 1 GeV: 2 .5% in barrel, 4% 

at endcaps

Pos. Res. :        ~ 4 mm

MUD

0.4 - 1.8 GeV

 suppression >30
Requirement:

• High detection efficiency and good resolution

• Superior PID ability

• Tolerance to high rate/background environment
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STCF Accelerator
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Interaction Region : Large Piwinski Angle Collision

+ Crabbed Waist

Injector:

• No booster, 0.5 GeV→1~3.5 GeV

• e+, a convertor, a linac and a damping ring, 0.5 GeV

• e-, a polarized e- source, accelerated to 0.5 GeV
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Machine Parameters
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STCF detector
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• MDI：CDR finished; beam/physics 

background estimation; 

• Inner Tracker：MPGD CDR finished, 

in optimizing; Silicon tracker ongoing

• MDC：CDR finished

• PID：CDR finished; Prototyle of RICH 

(2nd version) and DTOF 

• ECAL：CDR finished; optimizing 

crystal and electronics

• MUC：CDR finished; optimizing

MDI design

F.-K. Guo (ITP, CAS) Hadron Spectroscopy at STCF


