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History of Tau -Charm Colliders*

*Not an inclusive list of 

all tau-charm colliders

Super Tau Charm Facility (China)

Super Charm Tau Factory (Russia)

Single  Ring

Double  Ring
Low  ‍

Double  Ring
Low  ‍
Large  Piwinski  Angle
Crab  Waist

Luminosity (cm -2 s-1)

BEPCII: 
The only machine running in 
the t au-charm energy region

Tau-Charm Energy Region: 2-7 GeV at e+e- collider
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Super Tau  Charm Facility (STCF)

Linear Accelerator

485  m

ÅEcm= 2-7 GeV, ︡ 5³1034 cm-2 s-1 (4 GeV)

ÅSite: Hefei, China

e+ Dumping Ring

150 m

Double Collider Rings

860 m

Detector

Physics flagships

Å Exploring QCD and confinement

Å Testing fundamental symmetries

Å Making precision measurement 

of key physical parameters 
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Quark Confinement

Unraveling the nature of confinement requires summarizing the laws of hadron production 

and decay, and understanding how quarks and gluons distributing in hadrons

STCF will produce vast number of charmed and light hadrons , enabling studies on how quarks 

and gluons form hadrons and how color confinement shapes their internal structures

STCF offers unique advantages for studying exotic hadrons and searching for new ones

Conventional vs. exotic hadrons

Static probe of confinement

Fragmentation

Dynamic probe of confinement
Asymptotic freedom vs. confinement

♪
▼

Ⱦ╠ GeV-1

► fm
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Tests of Fundamental Symmetries
Discrete symmetries play a crucial role in understanding natural laws 

STCF enables more precise tests of symmetry violations with enormous kaons, taus, hyperons 
and charm hadrons:

Å CP violation: hyperons and charmed hadrons

Å CPT violation: neutral kaons

Å EDM: hyperons and taus

1st Gen 2nd Gen 3rd Gen 

u

CPV prediction far below 

current experimental 

sensitivity

c

Charm meson: Discovered by LHCb in 

2009, O(10-4) ~ SM

Charm baryon: Not observed yet 

SM O(10-4), New Physics O(10-3)

t
Lifetime too short, decay before 

hadronization, no top hadron CPV

d s

Strange meson: Discovered in 1964, 

O(10-3) ~ SM

Strange baryon: Not observed yet

SM O(10-4ï10-5), New Physics O(10-3)

b

Bottom meson: Discovered by 

Babar/Belle in 2001, O(10-4) ~ SM 

Bottom baryon: Discovered by 

LHCb in 2025 O(0.1) ~ SM

Status of quark level CPV search 
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Fundamental Physical Parameters 
Essential for rigorous SM tests and new physics searches

STCF enables high -precision measurements:  

Å R-value : Implications for new particle 
searches and theoretical inputs (e.g., 
fine -structure constant, muon g -2)

Å Tau lepton mass : Critical for testing 
lepton universality

Å CKM matrix unitarity and triangle : 
Violations could hint at a fourth quark 
generation

Åƕs: Directly impacts Higgs/EW/top quark 
predictions

Parameters of the Standard Model
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Requirements for Machine

STCF sensitivities 

(based  on  fast sim)

Detector

Tracking:
Å efficiency > 99% (> 0.3 GeV/c), 90% (~0.1 GeV/c)
Å „Ⱦὴ= 0.5%, „ = 130 um (1 GeV/c)

PID:
Å PID efficiency > 97% ( p < 2 GeV/c)
Å K-“ misID rate < 2%
Å Ƥ/“ suppression power > 30 ( p < 2 GeV/c)

EMCal :
Å „ȾὉ~ 2.5%, „ = 5 mm (1 GeV)

Accelerator

CM energy range:
Å Ecm= 2-7 GeV

Luminosity:
Å ︡ 0.5³1035  cm-2 s-1 

Requirements

STCF data: 1 ab -1 / year

(assuming 1 year per energy)
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Accelerator Design

STCF accelerator schematic layout

CM (GeV) 2.0 3.0 4.0 7.0

Simulated lumi. 

(cm-2 s-1)
Ȣ Ȣ 9Ȣ Ȣ

Double -Ring Collider

Å low emittance

Å high current

Å large Piwinski angle

Å Crab-waist collision schem e

Core design goal:

Å CM energy 2 -7 GeV

Å Luminosity >  5³1034 cm -2s-1 @ 4 GeV

Injector : 

Å full -energy linac

Å positron DR or AR 

for different injection 

modes
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Accelerator Ɇ Collider  Rings
IR design

Å Length ~200 m, bending 60 ¯

Å Crossing angle: 60 mrad

Å ‍ᶻȡπȢψmm

Å CCT SC quadrupole magnets

RF cavity

Å RT TM020-mode cavity

Space reserved 

for upgrades:

Å Spin rotator

Å Second IP

Damping Wiggler

Å Adjusting damping time, 

energy spread, emittance

ÅFFT: final focus 

telescope

ÅCCY/CCX: local 

chromaticity correction 

ÅCS: crab sextupoles

ÅMS: matching section
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Thermionic 

e- gun 
e- Linac Targete+ Linac 

e+ and  e- before Main Linac

Å 1 GeV, 30 Hz

Å 1 nC for off -axis 

Å 9 nC for swap -out

photocathode 

e- gun 

e- Linac  

Main Linac
e+ and  e- beams at ext.: 

Å 1-3.5 GeV, 30 Hz

Å 1 nC for off -axis 

Å 8.6 nC for swap -out

Accelerator Ɇ Injector
A compatible injector for off -axis and swap -out injections

DR (+AR):

Å Damping ring  (DR) : 1 GeV, 150 m, 

3 bunches circulating

Å Accumulator ring  (AR) : 150 m 

stacked over DR

Å Operation : off -axis (DR); swap-

out (DR+AR) 
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Accelerator  R&D  Progress

IR SC Magnets

Focus on the QD0, CCT, Vertical 

test in early 2026 

Room -Temperature RF Cavity Kicker  Magnets

Damping Wigglers Conventional Positron  SourceBunch by Bunch Profile Monitor

Accelerator CDR  completed  and  reviewed  in  May  2025

Key  technology  R&D  and  prototyping  on  going

TM020-mode Nonlinear kicker Ultrafast kicker

RT electromagnetic wigglers, 

hybrid structure  with permanent 

magnet blocks

Beam tests in different facilities 

(SSRF, HLS, DLS)
To be test in 

dedicated test 

beam platform
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STCF Detector Design
Core design goal:

ÅEfficient and precise reconstruction of exclusive final states 

ÅPrecise measurement of low -p particles (< 1 GeV ) 

ÅOutstanding PID: “/ƃand ‘/“separation up to 2 GeV

Muon detector

ÅRPC + scintillator strips

Inner tracker 

ÅOPT1-MPGD: cylindrical MPGD  
(ƤRGroove )

ÅOPT2-Silicon: CMOS MAPS Main tracker

ÅDrift chamber

PID

ÅEndcap: DIRC-like TOF (DTOF)

ÅBarrel: 

ü OPT1-DTOF

ü OPT2-RICH

EMCal

ÅPure Cesium iodide ( CsI) + APD
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Detector R&D  Progress

ITK: CMOS prototype chips 

Main  tracker  full length prototype PID prototype 

Cylindrical ȊRGroove prototype

EMCal:  5 X 5 prototype Muon:  Plastic Scintillator+ RPC 

Detector and Physics CDR  published  in  2023

Key technology  R&D  and  prototyping  on  going

Trigger DAQ

Beam Test at  CERN

Ɑ╔Ⱦ╔~ 2.5%
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Offline Software  &  Full  Simulation

Offline Software System of Super Tau Charm Facility ( OSCAR)

External Interface +  Framework  + Offline  +  Event  display

SNiPER framework provides common functionalities for data processing

Full simulation under OSCAR is undergoing to study the physics sensitivities 
and optimize detector design,  CPU consumption  and  event  size comparable  
to  BESIII

JINST 18 P03004
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Preliminary Project Timeline

Å14th five - years plan: Conceptual design and R&D, 400M CNY 

Å15th five - years plan: Construction 6 years, ~5B CNY

ÅOperating for 20+ years,  then  upgrade

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034  -  

Conceptual 
design

Key technology 
R&D

Construction

Operation

14th five -years plan

Submit project proposal to central government:

Science, budget, feasibility and contribution to society

Construction  preparation  after  
approval  (~ 2 years )

15th five -years plan
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Key Tech. R&D Team
25 Universities/Institutes in R&D project:

240 faculties and 300 graduate students Physics Research
Institute of theoretical physics, CAS

Institute of High energy physics, CAS

Tsung-Dao Lee Institute

Perking University

Shanghai Jiao Tong University

Nanjing University

Wuhan University

Nankai University

South China Normal University

Beijing Normal University

China University of Geosciences

Liaoning University

Nanjing Normal University

Hebei Normal University

ΧΧΦ
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Site:  Future Big Science City,  Hefei

Strong support from the local government,  joined  
with  HALF and  USTC international  campus

Hefei  Advanced  Light  
Facility  (HALF)

Super  Tau  Charm  
Facility  (STCF)
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Workshops:  Future Tau Charm Facilities 
Time Place Content

Hefei, China

Beijing, China

Novosibirsk, Russia

Paris, France

Moscow, Russia

Online

Online

Hefei, China

Guangzhou, China

Å 200+ attendees from 20+ countries
Å 125 talks: 20 plenary, 105 parallel

Huangshan  (aka. Yellow  Mountain) , China

Nov. 23 - 27 , 2025  

https://indico.pnp.ustc.edu.cn/event/4580/

The 7th International Workshop on Future Tau Charm Facilities ( FTCF 2025)

6 th  FTCF -  Guangzhou

https://indico.pnp.ustc.edu.cn/event/4580/
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Summary

Å STCF has a rich physics program in tau -charm region :  how quarks 

form matter, symmetry of fundamental interactions (CPV), and 

precision physical parameters

Å Key technology R&D on track; critical challenges being addressed

ÅWell organized project with significant progresses achieved

Å International collaboration expanding; synergies and in -depth 

collaboration with global projects actively pursued

Thank you for your attention
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Tau-Charm Energy Region

Tau-charm Energy Region

2-7 GeV at e+ e- collider

ÅTransition region between perturbative 
and non-perturbative QCD

ÅPair production of hadrons and ⱲΩǎ ŀǘ 
threshold

ÅRich resonant structures, large production 
cross-sections for charmonium states and 
charmonium-like exotics 

ÅNucleon/Hadron form factors

ÅY(2175) resonance

ÅMutltiquark states with s quark

ÅMLLA/LPHD and QCD sum rule 
predictions

ÅLight hadron spectroscopy

ÅGluonic and exotic

ÅLFV and CPV

ÅRare and forbidden decays

ÅⱲlepton

ÅXYZparticles

ÅPhysics with Dmesons

ÅὪ and Ὢ

ÅὈ Ὀ mixing

ÅCharm baryons

ÅHadron fragmentation

ÅNew XYZ particle

ÅHidden-charm pentaquark

ÅDi-charmonium state

ÅCharm baryons
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Physics Flagships at STCF

STCF aims to reveal the mystery of how quarks form 

matter and the symmetry of fundamental interactions

Tests of fundamental Symmetries

Å CP     :  Hyperons,  tau,  EDM

Å CPV   :  ὑ ὑ system

Å CLFV :  Tau, meson decays 

Exploring QCD nature and confinement 

Å Fragmentation function

Å Hadron Spectroscopy

Å Nuclear Structure

Precision Measurement of Fundamental 

Physical Parameters 

Å R-Value, Tau mass

Å CKM elements

Å Running of fine structure constant Daem

Three -fold physics flagships
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Expected Data Production at STCF

STCF (per year) vs. BEPCII (per year) vs. superKEKB (full)

Å ~ 1 ab -1 at STCF per year

Å STCF shows superior statistics and purity compare 

to other experiments
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Construction  Preparations

Detector  Mechanical  Designe-/e + Beam Test Platform

Å Photocathode e -gun, high -power solid -state 
modulator, positron target, adiabatic matching 
device (AMD), large -aperture S -band accel. 
tube, beam diagnostics

Å Installation and test: mid -2026

Å 100 MeV e- linac

Å 100 MeV e+ linac

Å Positron target

Å AMD 
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Opportunities: Beyond CDR Can Cover
Key words / main topics of STCF 

physics CDR citations

M. Achasov, et al., STCF conceptual design report (Volume 1): 

Physics & detector, Front. Phys. 19(1), 14701 (2024)
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R&D: Trigger, DAQ and Software

Å Peak Lumi: event rate ~ 400 kHz, Raw data bandwidth > 200 GB/s 
Å Hardware trigger + software trigger
Å Triggered data bandwidth ~ 30 GB/s

Schematic STCF trigger systems

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

framework and adopted some state-of-the-art technologies
Å Full chain of STCF detector data processing is established


