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Super Tau-Charm Facility (STCF)  
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直线加速器 
400 米 

正电子阻尼环 
150 米 

对撞环 
1000 米 

粒子探测谱仪 

 Ecm = 2-7 GeV, peak luminosity > 0.51035 cm-2 s-1 

 Potential for luminosity upgrade, and a polarized  

electron beam 

 Site: Suburban “Future Big Science City” in Hefei 



2-7 GeV: Unique Features, Broad Physics Spectrum 
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 Transition region between perturbative and non-perturbative QCD 

 Rich resonant structures, large production cross-sections for charmonium states 

 Pair production of hadrons and tau leptons at threshold 

 Copious production of exotic hadrons ( multi-quark, gluonic and hybrid states) 

t+t- 

•Nucleon/Hadron form factors 

• f(2170) resonance 

•Mutltiquark states with s quark 

•MLLA/LPHD and QCD sum 

rule predictions 

• Light hadron spectroscopy 

•Gluonic and exotic 

•  LFV and CPV 

•Rare and forbidden decays 

• Physics with t lepton  

• New XYZ particle 

• Hidden-charm pentaquark 

• Di-charmonium state 

• Charm baryons  

• Hadron fragmentation 

 
 

•XYZ particles 

• Physics with D mesons 

• fD and fDs 

•D0-D0 mixing 

•Charm baryons  

_ 

New opportunities  

in 5-7 GeV 



Physics Program at STCF 
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 STCF conceptual design report: Physics & detector, Front. Phys. 19, 14701 (2024) 

 Leading role 

 In synergy with Belle II/LHCb/Eic/EicC 



A Super Factory of Various Particles 

5 

Charmed Hadrons Light Hadrons t-leptons 

Belle II: 50 ab-1 10 years STCF: 1 year (1 ab-1) BESIII 1 year 

XYZ 

 Not only a t-charm factory, but also a factory of XYZ, hyperons and light hadrons 

 Rich QCD and Hadron Physics 

 Flavor Physics and CPV 

 New Physics Beyond SM? 



Hadron spectroscopy and exotic hadrons 
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S=+1 Baryon 

Pentaquark 

Tightly bound  
6-quark state 

H-diBaryon 

Loosely bound  
meson-anti-meson 

Meson molecule 

Color-singlet multi- 
gluon bound state  

Glueball 

g 

g g 

Tightly bound  
di-quark-di-antiquark 

Tentraquark  

qq glue hybrid 
_ 

Hybrid 

Possible combination of quark & gluon 
𝑞  
𝑞 𝑞 

𝑞  

Open charm 

BESIII 

Belle 

 Hadron spectroscopy is a crucial way to explore QCD  

and its properties 

 QCD allows combinations of multi-quarks and gluons 

 Spectrum above open charm is much overpopulated  

 exotic states? 

 STCF has unique advantages for searching exotic  

hadrons (fine scan, large effective luminosity, efficiency) 

e+ e- → p+ p- J/ψ @ 4.26 GeV 

εBESIII = 46% εBelle = 10% 

1 ab-1/year at STCF 

 1B Y(4230) 

 100M Zc(3900) 

 5M X(3872) 



The overpopulated charmonium spectrum is a unique territory to study exotic hadrons.  
The XYZ puzzles: 

• Masses away from quark model predictions, e.g. 
X(3872), Y(4230) and Y(4260) 

• Many seen in final states of charmonium, instead of 
open-cham channels (Not all) 

• Charged structures like Zc(s) must contain at least four 
quarks. Their connections  to Y and X are of interest 

• An overall classification is still lacking 

STCF advantage and opportunities : 

• Large data sample  

• High efficiency and  precision. 

• Unique fine scan of exotic hadron states 

Charmonium(-like) states: so-called XYZ 



PRL 122, 222001 (2019) Sci.Bull. 66 (2021) 1278 Sci.Bull. 65 (2020) 1983 

• Pc pentaquarks  are good hadronic molecule candidates 

• More pentaquark states? Cross-section line shape?... 

• 𝒆+𝒆− → 𝑱/𝝍𝒉𝒉   are possible processes for studying 

hidden-charm pentaquarks (𝑱/𝝍𝒑𝒑  event level~𝟏𝟎𝟑) 

• More likely decay to open-charm final states: 

𝒆+𝒆− → 𝚲𝒄𝑫 
∗𝒑 , 𝚺𝒄

∗𝑫 (∗)𝒑  

• 𝒆+𝒆− → 𝑱/𝝍𝒄𝒄  has a production cross-section on the 

order of tens of fb 

 

• CM Energy region above 6 GeV is ideal 

for fully charmed multi-quark states 

• Low background and high efficiency  

STCF advantage and opportunities : 

The Penta-quark and Doubly Charmonium  
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J/ψàγη'π+π-

 PRL117, 042002 (2016)  J/ψ→γ𝛈′𝛑+𝛑− 

1.1B J/ψ 

𝑋(2120), 𝑋(2370) 

225M J/ψ  

10B J/ψ 

 PRL129, 042001 (2022)  

Glueball from J/ψ radiative decays? 

PRL 132.181901 (2024) 𝑱/𝝍 → 𝜸𝑲𝑺𝑲𝑺𝜼′ 

• Partial wave analysis 𝐽/𝜓 → 𝛾𝐾𝑆𝐾𝑆𝜂′ 
in 10B 𝐽/𝜓 decays 

• X(2370) → 𝐾𝑆𝐾𝑆𝜂′ significance more 

than 14𝜎 

• mass 2395 ± 11−94
+26 MeV/𝑐2  

• width 188−17
+18

−33

+124
 MeV 

• spin-parity is determined to be 0−+ 

• candidate for lightest pseudoscalar 

glueball predicted by LQCD 

• Can STCF be the final judge? 



Hadron Production and hadron Structure 
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 Advantage @ STCF: Transition region between non-perturbative QCD and pQCD 

Nuclear EM FFs 

• Fundamental observable, reflects 

the inner structure of nucleon 

• Complementarity to the e-N 

elastic scattering experiments in 

similar q2 region 

BESIII observed neutron  

form factor oscillation 

Hadron Production 

• A key approach to understand 

hadron production mechanism & 

input for precise theory prediction 

• Covering range (0.7-7 GeV), 

important input for hadron exp. 

Fragmentation Function 

 Understanding QCD dynamics, 

hadron structure & production 

mechanism. 

 Comparing with ep data to verify 

universality of fragmentation. 



Nucleon structure: electromagnetic form factor 
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 e+e- → BB  @one-photon exchange approximation 


𝒅𝝈

𝒅𝒄𝒐𝒔𝜽𝑩
=

𝝅𝜶𝟐𝜷𝑪

𝟐𝒔
[ 𝑮𝑴

𝟐 𝟏 + 𝒄𝒐𝒔𝟐𝜽𝑩 +
𝟏

𝝉
|𝑮𝑬|

𝟐𝒔𝒊𝒏𝟐𝜽𝑩] 

 velocity 𝜷 = (𝟏 − 𝟒𝒎𝑩
𝟐/𝒔)𝟎.𝟓 

pQCD predicts 
continuous 

transition at high 
q2, with the 

scaling behavior:  
𝑭𝟏 ∝ 𝒒−𝟒, 𝑭𝟐 ∝

𝒒−𝟔 

Modified scaling 
expression in non-

perturbative 

region: 
𝒒𝟐𝑭𝟐

𝑭𝟏
∝

𝐥𝐧(
𝒒𝟐

𝜦𝟐
), with 

Λ ≈ 0.3 GeV 

VMD model 
described the 

effect of meson 
cloud 𝑮𝐞𝐟𝐟 =

𝓐

𝟏+
𝒒𝟐

𝒎𝒂
𝟐 [𝟏−𝒒𝟐/𝒒𝟎

𝟐]𝟐
 

Various theory models for TL  

form factors 

Dispersion theoretical analysis:  

joint interpretation of SL and TL 



Prospect of TL form factor at STCF 
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 Remaining questions of TL electromagnetic form factors 

 Step-like behavior of production cross section, indication  

of near-threshold singularity 

 Damped oscillation distribution after subtracting modified  

dipole in effective FF 

 Damped oscillation distribution of |GE/GM| ratio 

 Evolution of the phase between GE and GM. 

 The asymptotic behavior of TL-EMFFs 

Current status Prospect at STCF 



Fragmentation functions (FFs) for EIC & EicC 

13 Precise knowledge of FFs will be crucial  
PR D84 014002 (2011) 

DSS FFs 

 Strange quark density function:   Δs(x)+Δs (x)  

 Inclusive DIS: only proton PDF 

a. negative for all values of x 

 Semi-inclusive DIS: proton PDF & kaon FF  

a. DSS FFs: positive for most of measured x 

b. HKNS FF & JAM FF: negative 

 SIA @ e+e-: the cleanest input for FFs fitting 



Eur.Phys.J.C77 516 (2017) 

pion: best know FF 

FFs with quark/hadron polarization 
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Hadron  

polarization 

Quark polarizatiom @ PPNP 91 136 (2016) 

Unpolarized Longitudinally Transversely 

Unpolarized 𝐃𝟏
𝐡 𝐇𝟏

⊥𝐡 

Longitudinally 𝐆𝟏
𝒉 𝐇𝟏𝐋

⊥𝐡 

Transversely 𝐃𝟏𝐓
⊥𝐡 𝐆𝟏𝐓

𝒉  𝐇𝟏
𝐡  𝐇𝟏𝐓

⊥𝐡 



e+e- → p0/𝐊𝐒
𝟎/h + X @ BESIII 
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PRL130, 231901 (2023) PRL133, 021901 (2024) 

 Inclusive p0 production: surprise 

 Inclusive 𝐊𝐒
𝟎 production: not so bad 

 Inclusive h: good fit achieved, detail arXiv:2404.11527 

 𝐬 > 10GeV e+e- data  + BESIII data 

 NNLO accuracy, hadron mass correction & higher twist contributions 



Collins Fragmentation Function 
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PLB396 (1993) 161 

 Normalized ratio R = N(2f0)/<N0> 

 N(2f0): di-pion yield in each 2f0 bin 

 <N0>: averaged bin content 

 RU: unlike sign (𝜋±𝜋∓);  

 RL: like sign (𝜋±𝜋±) 

 RC: all pion pair 

 Double ratio: reduce acceptance and radiation effect 

Fit  

function 
AUL/UC mainly contains Collins effect 

B should be consistent with unity 



Collins Fragmentation Function 
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 The statistical uncertainty on asymmetry AUL with 1ab-1 @ 7 GeV 

 (1.4, 4.2)10-4 for e+e- → p p + X 

 (3.5,  20)10-3 for e+e- → K K + X 

 Key process for PID of STCF 



• CPV observed in K, B and D mesons, but 

all consistent with CKM theory in SM; 

• Baryon asymmetry of the universe 

indicates the existence of non-SM CPV 

sources; 

• STCF is capable of searching for CPV in 

hyperons and t lepton, as well as CPT 

violation in Kaon with high sensitivity. 

Unique advantages : 

• Quantum correlation, huge statistics, clean background  
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CP Violation 



• BESIII has observed the polarization of hyperon in the J/ decay, and carried out CPV 

measurement by performing the jointly angle distribution analysis. 

• The sensitivity to test CPV in the J/ decay is found to be much improved due to the quantum 

correlation between hyperon pair, and the polarization of hyperon. 

0.5% level sensitivity for CPV test 

SM prediction:10-4~10-5 

CP test  𝑨𝑪𝑷=
𝜶−+𝜶+

𝜶−−𝜶+
 

PRL 129, 131801 (2022) 
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CPV in hyperon decay 



CPV at STCF 
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 Large statistical data samples from STCF offer the great opportunity to study  

CP violation in the Hyperon, Tau lepton, Charmed meson and Kaon 

 Polarized beam is expected to improve the prob sensitivity 

CP tagging and flavor tagging of 
𝐊𝟎/𝐊 𝟎from 𝐉/𝛙 decay 

CP variables determined with  

time-dependent decay rate  

CP, CPT sensitivity: 

 𝜼±~𝟏𝟎
−𝟑, 𝜟𝝓±~𝟎. 𝟎𝟓

° 

𝐃𝟎𝐃 𝟎pairs produced at threshold 

 quantum coherence with  

(𝑫𝟎𝑫 𝟎)𝐂𝐏=− or (𝑫𝟎𝑫 𝟎)𝐂𝐏=+ 

Sensitivity: 𝒙~𝟎. 𝟎𝟑𝟓%, 

y~𝟎. 𝟎𝟐𝟑%, 𝒓𝑪𝑷~𝟎. 𝟎𝟏𝟕, 𝜶𝑪𝑷~𝟏. 𝟑
°  

Peak cross section in 𝒔 =4-5 GeV, 

𝝈𝝉𝝉 ≈ 𝟑. 𝟓 𝐧𝐛, 10 ab-1  data in total  

of 𝝉 decay with 1ab-1 @ 4.26 GeV 

Sensitivity ~𝟏𝟎−𝟑   

Hyperon pairs from 𝑱/𝝍 decay,  

clean topology, background free 

Transversely  polarized, spin correlation 

Sensitivity:  𝑨𝑪𝑷~𝟏𝟎
−𝟒, 𝝃~𝟎. 𝟎𝟓° 

Tau lepton 

production&decay 
Hyperon decay 

  Charm mixing   kaon mixing  



Hyperon CPV at STCF 
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The  transversely polarized   in J/ decay offers an unique 

platform to study the nature of pQCD and test the EW model  

1012 J/    hyperon factory (109) 

 With one year data, STCF can reach CPV sensitivity of 𝜦  to 

1.𝟐×10-4, same level as SM prediction (10-4~10-5).  

 Optimizing the reconstruction efficiency of low-momentum 

pion can greatly improve sensitivity. 

 Using polarized beams, or "monochromatic" collision modes, 

can improve sensitivity to 10-5. 

 Systematic uncertainty is a challenge. 

 𝑨𝑪𝑷=
𝜶− + 𝜶+

𝜶− − 𝜶+
 



Searching for hyperon EDM 
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𝒜 = 𝜖𝜇 𝜆 𝑢 𝜆1 𝑭𝑽𝛾
𝜇 +

𝑖

2𝑀Λ
𝜎𝜇𝜈𝑞𝜈𝑯𝝈 + 𝛾𝜇𝛾5𝑭𝑨 + 𝜎𝜇𝜈𝛾5𝑞𝜈𝑯𝑻 𝜈(𝜆2) 

μ: magnetic dipole moment 

d: electric dipole moment 

X. G. He, J. P. Ma PLB 839, 137834 

Non-zero EDM ⇒ violate P & T symmetry,  

T violation ⇔ CP violation, if CPT holds  

 Detailed dynamics in 𝐽/𝜓 decay to hyperon pair 

Systematic measurement of EDMs of hyperon family 



Precise measurement of CKM elements 
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 CKM elements are the fundamental SM parameters that describe the mixing of  

quark fields due to weak interaction. Charmed meson leptonic decays are the best  

way to measure |Vcd| and |Vcs| 

Theory : 0.2% 
(0.1% expected) 

Theory : 0.2% 
(0.1% expected) 

Theory : 0.2% 
(0.1% expected) 



Sensitivity of precision measurements 
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Se
n

si
ti

vi
ty

 
世界当前 

STCF 

 The precision frontier for testing of SM parameters 

 Uncertainties from reducible (selection-based), and irreducible sources  

(theoretical input, instrument effect) 

 About one order of magnitude improvement in sensitivities 



Sensitivity of rare or forbidden decays 
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超出标准模型 
新物理预言 

STCF 

 Sensitivity of various rare/forbidden decays measurements at STCF are compared  

with various BSM models 

 The precision at STCF can be used to distinguish between various BSM models 



Challenges of STCF Accelerator 
 Ultra-high luminosity in tau charm energy region (2-7 GeV), high-quality beam,  

stable operation  

 Extremely small bunch size, high current intensity, strong nonlinearity and  

collective effect 

𝐿 =
γ𝑛𝑏𝐼𝑏
2𝑒𝑟𝑒𝛽𝑦

∗ 𝜉𝑦𝐻  

Large Piwinski angle + Crab Waist 

Collider Ring and IR Physics Design 

IP beam size (Y) nm scale, Crab-

Waist, nonlinear compensation 

extremely difficult 

Injection into CR (small DA) 

high Ib and low  e+/e- sources 

IR Technologies 

SC magnets, MDI 

Other key technologies 

Ring RF, beam instrumentation 

and control, beam injection… 



STCF accelerator pre-conceptual design 
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Injector 

Collider ring lattice 

Working on a design with a larger collider ring (800-1000 m)  



STCF Accelerator R&D 
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MDI Design 

Low level RF system 

Positron Source Design Bunch-by-Bunch 3D 

position measurement 

Photocathode RF gun 



Detector requirements from physics 
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 Highly efficient and precise reconstruction of exclusive 

 final states produced in 2-7 GeV e+e- collisions 

 Precise measurement of low-p particles (< 1 GeV/c)  

→ low mass 

 Excellent PID：π/Κ and /p separation up to 2 GeV 



STCF detector conceptual design 
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30 

Electromagnetic 

Calorimeter 

pCsI +APD 

Particle Identification System 

Barrel：RICH-like 

Endcap：DIRC-like  

Inner tracker 

𝛍RWELL Detector 

CMOS MAPS  

Muon Detector 

Resistive Plate Chamber+ 

Plastic scintillator 

Central Tracker  

Low material-budget Main Drift Chamber 



STCF detector R&D: detector prototypes 
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Offline software 
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 Developed based on light-weight and flexible SNiPER framework  

and adopted some state-of-the-art technologies 

 Podio for Event Data Model 

 DD4hep for detector description 

 TBB for multi-threading  

 ONNX for machine learning 

 Full simulation under OSCAR is undergoing  

Architecture of OSCAR: three layers 



STCF Project Development 
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2011 2015 2018 2021 2022.4 2017 

Hefei Comprehensive 

National Science and 

Technology center, 

STCF listed as a big science 

facility to be promoted 

Fragrant Hills Science 

Forum 

Demonstrated its 

importance and necessity, 

Urging to lauch fesibility  

study and R&D  

USTC “double first-class” key 

project 

Launch the conceptual design 

study and feasibility study 

Conceptual Design Report 

To publish CDR for the 

physics and Detector, 

formulate the preliminary 

CDR for accelerator 

Governments of Anhui 

Province and Hefei City 

Launch the STCF Key  

Technology R&D 

project 

Proposed at 

“Workshop for acc. 

based high energy 

physics development 

strategy” 

 Chinese Academy of Sciences, 2021-
2026, International Partnership program, 
5.0 M RMB 

 Ministry of Science and Technology, 
2022-2027, National Key R&D Program 
of China, 17.5 M RMB 

 National Natural Science Foundation 
of China, 2024-2027, Group of Key 
Projects, 14.0 M RMB 



Kick-Off Meeting and R&D Project Review Meeting 
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Kick-off Meeting,  Aug. 2023, USTC  
More than 30 academicians of CAS, as well as 

government officials of Anhui province and 

Hefei city, along with representatives from 

various domestic research institutions, totaling 

170 attendees. 

R&D Project Review, Dec. 2023, USTC 
Organized by Development and Reform 

Commissions of Anhui province and Hefei 

city. The R&D project was approved for a 

budget of ~400M CNY and is jointly 

funded by Anhui, Hefei and USTC. 



Site selection – future big science city 
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Hefei Advanced Light  Source Super Tau-Charm Facility 

 Six big facilities for science and technologies (17155 acres) 

Ecological green space and modern agricultural (11815 acres)  

 HALF (4th generation light source) was approved by 

central government，and just began construction 

 STCF site is preliminarily decided by local government in 

Apr. 2023,  geological exploration and engineering design is 

ongoing 

Scientist Town 



Project Schedule in the ideal scenario 
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  2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032-2047 

Conceptual design 

CDR  
                

  
  

      

Key Technology R&D  

TDR 
                        

 

Construction 

 

                          

 

Operation 

 

                        15 years  



Summary 
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 STCF covers a unique transition region between perturbative and non-perturbative  

QCD, providing precision measurements aimed at answering key questions in QCD  

and search for new physics BSM. 

 STCF will utilize and challenge key technologies accelerator, particle detection and  

data processing, computing and networking. 

 Anhui province and USTC have committed support, aiming for applying construction  

approval during the 15th five-year plan (2026-2030). 

 International collaboration is crucial, with ongoing efforts to expand collaborations  

both domestically and internationally, so: 

Welcome to join! 


