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Physics at the Tau-Charm Energy Region

Tau-charm energy region 

2-7 GeV at e+e- collider 

• Transition region between perturbative and 
non-perturbative QCD 

• Pair production of hadrons and 𝝉’s at 
threshold 

• Rich resonant structures, large production 
cross-sections for charmonium states and 
charmonium-like exotics 
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• Hadron fragmentation 
• New XYZ particle 
• Hidden-charm pentaquark 
• Di-charmonium state 
• Charm baryons

• XYZ particles 
• Physics with D mesons 
•  and  

•  mixing 
• Charm baryons

fD fDs

D0 − D̄0

• Nucleon/Hadron form factors 
• Y(2175) 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 
• 𝝉 lepton
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History of Tau-Charm Colliders*
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*not a inclusive list of all colliders

ADONE, Fracscati 
’69 - ’93

CESRc, Cornell, ’04 - ’08 
7 × 1030 cm−2 s−1

SPEAR, SLAC, ’72 - ’90 
6 × 1029 cm−2 s−1

BEPC, IHEP, ’90 - ’04 
5 × 1030 cm−2 s−1

VEPP-4M, BINP, ’02 - ’12 
1 × 1030 cm−2 s−1

BEPCII, IHEP, ’08 - now 
1 × 1033 cm−2 s−1

1030

1031

1032

1033

1034

Luminosity (cm-2 s-1)
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Fruitful BEPCII/BESIII Results
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• Only current machine running in the Tau-Charm energy 
region: BEPCII / BESIII, playing a leading role in tau-
charm physics 

• BEPCII/BESIII have run over 15 years. Limited by 
length of storage ring and tunnel space, no potential 
for another major upgrade
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The Three Generations of e+e- Colliders
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• Chinese proposal for 3rd generation tau-charm factory — Super Tau-Charm Facility (STCF) 
— a natural extension and a viable option for a post-BEPCII HEP project
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Super Tau-Charm Facility (STCF) in China
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Site:  “Future Big Science City”  
Hefei, Anhui Province, China

• Ecm= 2 - 7 GeV，L > 0.5 x 1035 cm-2 s-1 
• Funded R&D: 0.4 Billion CNY funded by the Anhui government 
• Construction budget: 4.5 Billion CNY
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High Statistical Data Samples at STCF

• STCF is not only a tau-charm factory but also a super 
factory for XYZ particles, hyperons and light hadrons
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STCF (per year) vs. BEPCII (per year) vs. superKEKB (full)
Expected sample size per year
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Physics Opportunities: XYZ states
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• QCD allows combinations of multi-quarks and gluons 
• Spectrum above open charm is significantly 

overpopulated with exotic states 
• STCF offers unique advantages for studying exotic 

hadrons and searching new ones (large luminosity 
and high efficiency)

Exotic hadrons
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Physics Opportunities: CP Violation

• CPV observed in K, B, D mesons, all are consistent with 
CKM theory in SM 

• Baryon asymmetry of the Universe suggests the existence 
of non-SM CPV source(s)

9
parameter inputs from Ref. [23], we arrive at jAN

CPjBSM < 5:9! 10"4,
jnNP " nNS jBSM < 3:7! 10"3, and jAK

CPjBSM < 7:0! 10"4 for the chromo-
magnetic-penguin contributions. These numbers are higher than
the corresponding ones in Eq. (10) from the SM by about an order
of magnitude. The correlation between nNP " nNS and AN

CP in the two
scenarios is displayed in Fig. 1. On the other hand, the preceding
BSM results are still lower than their experimental counterparts
quoted earlier by roughly a factor of ten. The situation is depicted
in Fig. 2. Notwithstanding, forthcoming findings from BESIII may
yet be able to test these predictions and in the future the super
tau-charm factories would certainly probe them more stringently.

In conclusion, hyperon nonleptonic decays potentially serve as
a promising hunting ground for CP violation in the strangeness-
changing sector caused by new physics beyond the SM. Given that
they involve fermions, these processes could supply information

about the underlying interactions which is different from that fur-
nished by kaon transitions. It is therefore exciting that there are
now quests for hyperon CP-violation that are ongoing intensively
by BESIII and also planned or proposed ones at other facilities. It
is hoped that fresh hyperon data will appear soon which reveal evi-
dence for new physics or, if not, meaningfully constrain BSM
contributions.
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Fig. 1. (Color online) Correlation between theoretical AN
CP and nNP " nNS . The (darkly

shaded) red patch comes from the SM alone and lies within the (lightly shaded)
cyan region which includes the BSM contribution described in the text.

Fig. 2. (Color online) The latest BESIII results for AN
CP and nNP " nNS from Ref. [14] and

AK
CP from Ref. [15] (the statistical and systematic uncertainties combined in

quadrature) compared to their respective theoretical predictions.

X.-G. He et al. Science Bulletin 67 (2022) 1840–1843

1842

Direct search for CPV in hyperons

X.G. He et al. Sci. Bull. 67 (2022) 1840–1843

STCF: 1012 J/ψ → 108 hyperons

Sensitivity comparable with SM 
predictions

• STCF is capable of searching for 
CPV in hyperon and 𝝉, and CPTV 
in K with high sensitivity
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Physics Opportunities: Precisions and Sensitivities
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• STCF is expected to improve the current precisions of many important measurements by ~1 order of 
magnitude and enhance sensitivities to various rare or forbidden decays by ~2 orders of magnitude.
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Physics Opportunities: Beyond What I Can Cover Here

• Nuclear EM form factors 
• Fragmentation functions 
• And more …
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Key words / main topics of 
STCF physics CDR citations

arXiv:2303.15790

82 institutions,

453 authors




Status of STCF project

with a focus on progress since last FPCP

FPCP2023 STCF report

https://indico.cern.ch/event/1166059/contributions/5305538/
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Tentative Project Schedule for STCF
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2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 — 2047

CDR

Key Technology 
R&D & TDR 

and TDR
Construction

Operation

14th five-year plan 15th five-year plan

⭐

Submit project proposal to 
central government:

Science, budget, feasibility 
and contribution to society
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Key Technology R&D — Research Team

14

Tsinghua U.

University of Chinese Academy of Science

University of Science and Technology Beijing

Shanghai Advanced Research Institute, CAS 

Fudan U.

Shandong U.

University of South China

Hunan University of Science and Technology

Hefei Institutes of Physical Science, CAS 

University of Science and Technology of China

Anhui University of Science and Technology

Huazhong University of Science and Technology

Central China Normal  U.

Sun Yat-sen U.

Shenzhen Technology U.

Zhengzhou U.

Henan Normal U.

Institute of Modern Physics, CAS

Institute of Chemical Physics, CAS

Lanzhou U.

Xi’an Institute of Optics and Precision Mechanics, CAS 

Northwestern Polytechnical U.

Guangxi Normal U.

Zhejiang U.

Dalian Institute of Chemical Physics, CAS

More than 20 universities/Institutes: 
170 faculties and 140 graduate students
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STCF Accelerator Design
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Collider Ring


800 - 1000 m

Positron 
Dumping Ring 

150 m

Positron 
Source

Electron 
Source

LINAC 

Experiment 
Detector

STCF schematic layout

Two collider ring lattice designs

Two injector designs
Off-axis injection

Swap injection
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STCF Accelerator R&D — Machine Parameters
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Preliminary machine parameters 
• Preliminary lattice for 850 m 
• Simulated luminosity: 1.2 x 1035 cm-2 s-1 

Tau-Charm Factory B Factory Z Factory

Parameters Units BINP-SCTF

(2018)

STCF 
(April. 2024)

SuperKEKB 
LER(e+)

SuperKEKB 
HER(e-) FCC-ee Z

CEPC Z
（2022）

Optimal beam energy, E GeV 2 2 4 7.007 45.6 45.5

Circumference, C m 813.1 848.4 3016.3 3016.3 97756 100000

Crossing angle, 2q mrad 60 60 83 83 30 33

Horizontal emittance, ex nm 8 6.919 3.2 4.6 0.27 0.27

Coupling, k 0.50% 0.50% 0.27% 0.25% 0.37% 0.52%

Vertical emittance, ey pm 40 34.595 8.64 11.5 1.00 1.40

Ver. beta function at IP, 𝜷y mm 0.8 0.6 0.27 0.3 0.8 0.9

Ver. beam size at IP, sy mm 0.179 0.144 0.048 0.059 0.028 0.035

Beam current, I A 1.7 2 3.6 2.6 1.39 1.3392

Single-bunch charge nC 11.36 8.04 14.49 10.46 27.24 22.43

SR power per beam, PSR MW 0.6137 0.572 6.732 6.37 50.04 49.5504

Bunch length, sz mm 10.00 8.43 6.00 5.00 12.12 8.70

Ver. beam-beam parameter, ξy 0.121 0.094 0.083 0.074 0.133 0.125

Luminosity, L 1035 cm-2 s-1 1.01 1.19 8.4 8.6 21.5 17.6
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STCF Accelerator R&D — Hardware
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• Collider Ring RF cavity: Compared RT and SC cavities, now prefer RT cavity TM020 by Spring-8 (J-PAC), 
building prototype 

• IR SC magnet: Comparing DCT, CCT and cos2θ, prototype to be built 
• Injector kicker: High-rep (50 Hz), super fast kicker (bottom < 4 ns) 
• …

Spring-8 TH020 RT RF CavityMulti-wire nonlinear kicker BINP/SCTF IR SC magnet prototype
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STCF Accelerator R&D — Team and Plan
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• Accelerator division established in 2023 receiving strong 
backing from the National Synchrotron Radiation Lab (NSRL) 

• Manpower: ~ 90 persons, with 50% students, and continue 
to expand 

• Pre-CDR to be released by the end of 2024, CDR by 2025

NSRL-led STCF e+ and e- test facility construction 
• Located in HALF site 
• Begin operations in 2026 
• Feature ~100 MeV e- and e+ beams

Hefei Light Source 
(HLS)

Hefei Advanced Light Facility 
(HALF) - under construction

STCF test facility
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STCF Detector Design
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• Highly efficient and precise reconstruction of exclusive final states  
• Precise measurement of low-p particles ( < 1 GeV/c )  
• Outstanding PID: 𝜋/Κ and 𝜇/𝜋 separation up to 2 GeV

arXiv:2303.15790

82 institutions,

453 authors


Muon detector (MUD)

• RPC + scintillator strips

STCF detector cross-section

Inner tracker (ITk)

• OPT1: MPGD: cylindrical MPGD


• OPT2: Silicon: CMOS MAPS

Main tracker (MDC)

• Drift chamber

EMCal (EMC)

• Pure Cesium iodide (CsI) + APD

PID


• Barrel: RICH with CsI-MPGD


• Endcap: DIRC-like TOF (DTOF)

SC Magnet


• Superconducting solenoid ~ 1T



Qipeng Hu, USTC, FPCP 2024 Super Tau-Charm Facility

STCF Detector R&D — Detector Prototypes
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pCsI ECAL
30 cm × 30 cm 
RICH prototype

Cylindrical MPGD  
(uRWELL, uRGroove)

Full-sized DTOF sector 
prototype

Large sized RPC and 
scintillator strips

ECal, RICH, DTOF and DAQ beam test scheduled at CERN 
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STCF Detector R&D — Trigger, DAQ and Software
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• Peak Lumi: event rate ~ 400 kHz, Raw data bandwidth > 200 GB/s  
• Hardware trigger + software trigger 
• Triggered data bandwidth ~ 30 GB/s

The baseline design of the STCF trigger system is based
on a two-level trigger concept: a hardware-based (Level
1,  L1)  trigger  and  a  software-based  high-level  trigger
(HLT),  as  shown  in Fig.  3.111.  The  L1  trigger  mainly
utilizes the information from the MDC and EMC subde-
tectors.  The  MDC  provides  charged  track  information
(momentum,  position,  charge,  multiplicity,  and  so  on).
The EMC gives energy deposit information and alternative
cluster  information  (position,  energy,  size,  multiplicity,
and  so  on).  The  trigger  signal  generated  by  L1  will  be
sent  back  to  each  sub-detector  system.  The  HLT  uses
infomation from all sub-detector systems. Typically, the
MUD provides the fast reconstructed cluster information
(layer  number,  hit  number,  and  position).  EMC  also
calculates the cluster shape information and gets used in
HLT. In this level, the reconstructed tracks and clusters
will be marked with a preliminary tab and get identified
as various trigger types.  The HLT will  be implemented
as part of the DAQ system.

J/ψ

√
s = 3.773 ψ(3770)

J/ψ

It  is  worth  noting  that  the  400  kHz  event  rate  only
occurs  at  the  peak.  At  other  CME,  the  event  rate
would be much lower. For instance, according to Table
3.26, the expected event rate is approximately 60 kHz at

 GeV ( ).  At the event rate of  400 kHz
expected on the  peak, the probability of more than
one physics event occuring within a time window of 200
(500)  ns  is  approximately  8  (18)%.  This  poses  major
challenges to the STCF detector in terms of  separating
the physics events close in time. This calls for fast detector
response to minimize the event overlapping probability.
The MDC is the part of the STCF detector that is most
susceptible  to  the  high  event  rate  given  its  rather  long

drift time and hence a long integration time window (up
to 1 μs). However, timing capability of other components
of the STCF detector (for example, the CMOS-ITK and
EMC) can be exploited to resolve the overlapping events
recorded  by  the  MDC as  described  in  Section  3.5.5.  It
should  be  noted  that  the  current  conceptual  design  of
the STCF detector has not been fully optimized to effec-
tively  distinguish  close-by  events  at  a  400  kHz  event
rate. Further design studies of both detectors and readout
electronics are needed to fully meet the challenge posed
by the very high event rate.

Trigger electronics
As  shown  in Fig.  3.112,  the  trigger  electronics  are

organized into several hierarchies. The first step of trigger
processing  is  finished  within  the  electronics  of  each
subdetector (i.e., in “trigger logic” in each readout unit
of Fig. 3.112), which contributes to the generation of the
“global trigger” signal. The results (marked as “InfHIT”
in Fig. 3.112) are then sent to the subtrigger unit (STU)
for further processing, and the final information is gathered
by  the  global  trigger  unit  (GTU)  for  the  decision  of
whether to generate a global trigger (marked as “TrgG”
in Fig.  3.112).  Actually,  there  may be  several  layers  of
STUs, according to the final system scale. Optical fibers
will  be  used  for  communication  between the  RU,  STU,
and GTU, as this is suitable for signal transmission over
long  distances  and  can  isolate  the  ground  of  different
modules  over  a  large  area.  Based  on  the  wavelength
division  multiplexing  (WDM)  technique,  bidirectional
signal  transmission  can  be  performed  over  one  optical
fiber. As for the downlink distribution of TrgG, TrgG is

 
Fig. 3.111  The schematic of STCF trigger system.

FRONTIERS OF PHYSICS REPORT

14701-116   M. Achasov, et al., Front. Phys. 19(1), 14701 (2024)

 

Schematic STCF trigger systems

• STCF experiment core software: OSCAR 
• Developed using the light-weight and flexible SNiPER 

framework and adopted some state-of-the-art 
technologies 

• Full chain of STCF detector data processing is established
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Conferences/Workshops for STCF
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Time Place Content
2018.10 Hengyang (USC) STCF
2019.03 Beijing (UCAS) STCF: Physics
2019.07 Hefei (USTC) STCF: Accelerator
2019.08 Hefei (USTC) STCF: Phys. & simulations
2019.11 Beijing (UCAS) STCF: CDR
2020.08 Hefei (USTC) STCF: From CDR to TDR
2022.12 Guangzhou (SYSU) STCF: R&D kick-off
2023.07 Zhengzhou (ZZU) STCF: Collaboration
2024.07 Lanzhou (LZU) (scheduled)

Time Place Meetings

2022.04 Hefei (USTC) STCF Key Technology R&D Project Demonstration Meeting

2023.08 Hefei (USTC) STCF Key Technology R&D Project Kick-off Meeting

2023.12 Hefei (USTC) STCF Key Technology R&D Project Budget Review Meeting

2024.01 Hefei (USTC) STCF 1st International Advisory Committee Meeting

2024.05 Hefei (USTC) STCF 1st National Consultative Committee Meeting

(Domestic) STCF Workshops

STCF Project Development Meetings
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International Future Tau-Charm Facility Workshops
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Time Place Content

2015.01 Hefei, China International Workshop focused on Super tau-Charm Facility in China

2018.03 Beijing, China International Workshop focused on Super tau-Charm Facility in China

2018.05 Novosibirsk, Russia International Workshop focused on Super tau-Charm Facility in Russia

2018.12 Paris, France 1st FTCF (Joint International Workshop)

2019.08 Moscow, Russia 2nd FTCF

2020.11 Online, China 3rd FTCF

2021.11 Online, Russia 4th FTCF

2024.01 Hefei, China 5th FTCF
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FTCF2024-Guangzhou
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• The 6th International Workshop on Future Tau Charm Facilities (FTCF2024-Guangzhou) 
• will be hosted by Sun Yat-sen University (SYSU), in Guangzhou, China, Nov. 17 - 21, 2024

https://indico.pnp.ustc.edu.cn/event/1948/ 

https://indico.pnp.ustc.edu.cn/event/1948/


Qipeng Hu, USTC, FPCP 2024 Super Tau-Charm Facility25



Qipeng Hu, USTC, FPCP 2024 Super Tau-Charm Facility

Summary
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• STCF is a viable medium-term HEP project in China with excellent value-to-cost ratio and great physics 
potential for breakthroughs


• The STCF project is in the R&D stage with strong backing from local governments


• Aiming to submit a proposal to the central government in 2025 for inclusion in the 15th five-year plan 
(2026-2030)


• Expanding international collaboration and exploring synergies with other projects is crucial. We are open 
to all forms of collaboration

Thank you ขอบคุณ 
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STCF Project Development
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STCF Project Development
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