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Super Tau-Charm Facility（STCF） 

Positron 
Damping Ring 

150m

Multi-Linac

550m

quark Force

Lepton

Potential to increase lumi. & 
realize beam polarization 

Center-of-Mass Energy 
coverage :  2-7 GeV

Peak Luminosity 
> 0.5´1035 cm-2 s-1 @ 4GeV

Double Collider Ring

860m

A New Generation Spectrometer proposed in China  to produce massive tau leptons and 
hadrons, to unravel the mystery of how quarks form matter and reveal the symmetries 
underlying fundamental interactions



Construction Site: Hefei City, Anhui Province, China
Future Big Science City

National Comprehensive Science Center

Super Tau-Charm Facility, STCF

Hefei Advance Light Source, HALF

Planetary Environment Simulation 
and Analysis Facility

Comprehensive Research Facility for 
Fusion Technology, CRAFT

Burning Plasama Experimental 
Superconducting Tokamak, BEST

Experimental Advanced Superconducting Tokamak, EAST
Steady High Magnetic Field Facility, SHMFF

Beijing
ê

ê
Shanghai

4h fast train

2h fast trainHefei ê
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Project Schedule

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033-2043

Conceptual design 
and CDR

Key Technology 
R&D and TDR

Construction

Operation

14th five-years plan 15th five-years plan

• 14th five-years plan : Conceptual design and Key technologies R&D, 364 M CNY 

• 15th five-years plan : Construction 5 years,  ~5 B CNY
• 10-15 years of operation, 3-year upgrade, ~10 years extended operation
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Endorsed by the Chinese Academy of Sciences, the project 
proposal was submitted to the National Development Refine 
Commission  last December and is currently being reviewed

• 14th five-years plan : Conceptual design and Key technologies R&D, 364 M CNY 

• 15th five-years plan : Construction 5 years,  ~5 B CNY
• 10-15 years of operation, 3-year upgrade, ~10 years extended operation
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Large Data Samples

Charmed HadronsLight Hadrons t Lepton

BelleII: 50ab-1
STCF: 1ab-1

BESIII
STCF

BESIII

Facility : not only for τ-charm physics, but also XYZ, hyperons, light hadrons

Lage Data Size + High detector performance + Low Bkg ➜ High Precision  
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Physics I : Asymmetry Test

Nobel Prize 
1980

Nobel Prize 
2008

Nobel Prize 
1957

• The CP violation observed in  present experiments is inadequate  to account for the 
mystery of antimatter vanishment in the universe

• CP violation in hyperons and charmed baryons remains undiscovered, representing 
one of the last uncharted frontiers in hadron physics
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CP Violation in Hyperons 

• The Polarization feature of hyperon significantly enhances the sensitivity of CP test

• The Large Brs and high statistics J/y sample produce abundant hyperon pairs 

• Sensitivity of CPV observable with 1 year data:  10-5

• Beam Polarization will further increase the sensitivity

Quantum Correlation

SM: 10-4~10-5

Will discover  CPV of L hyperons, conduct comprehensive CP tests for the hyperons family …… 

𝒆!𝒆" → 𝑱/𝝍 → 𝒀'𝒀
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EDM in Hyperons 
A non-zero electric dipole moment breaks time inversion symmetry,  and serves as an 

indirect evidence of CP violation under the conservation of CPT joint symmetry
𝛍: magnetic dipole moment
𝐝: electric dipole moment

Detailed dynamics  studied:
𝓐 = 𝝐𝝁 𝝀 %𝒖 𝝀𝟏 𝑭𝑽𝜸𝝁 +

𝒊
𝟐𝑴𝜦

𝝈𝝁𝝂𝒒𝝂𝑯𝝈 + 𝜸𝝁𝜸𝟓𝑭𝑨 + 𝝈𝝁𝝂𝜸𝟓𝒒𝝂𝑯𝑻 𝝂(𝝀𝟐)

Benefiting from polarization and quantum correlation, STCF will achieve world-leading 
sensitivity in hyperon EDM measurement, and indirectly test CP violation 
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CP Symmetry in STCF

arXiv:2502.08907, 
submit to Physics Report

Conduct precision tests of CP symmetry  on tau lepton, charm hadrons, kaon, EDMs …..
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𝜶
𝒔

Physics II: Quark Confinement
• Non-perturbative effects represent  a major bottleneck for precision measurements and test of SM

• Hadrons and nucleons are essential probes : hadron spectra, nuclear structures, fragmentation functions, 
EM form factors

Conventional vs. exotic hadrons
Static probe of confinement

Fragmentation
Dynamic probe of confinement

Asymptotic freedom vs. confinement
𝟏/𝑸 GeV-1

STCF operates in the transition region between perturbative and non-perturbative QCD, 
providing unique advantages for studying confinement, and enabling breakthrough discoveries
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Hadron Spectra: Higher Statistics, Finer Structures

PRL 129, 042001

2022：10B J/ψ ’s

X(2370)

EPJC 80,746 

𝑱/𝝍 → 𝜸𝑲𝒔
𝟎𝑲𝒔

𝟎𝜼 # 𝑱/𝝍 → 𝜸𝑲𝒔
𝟎𝑲𝒔

𝟎𝜼 #

𝑱/𝝍 → 𝜸𝝅$𝝅%𝜼 #

PRL 132.181901

𝟎,- Pseudoscalar Glueball-like 

You never have enough 𝑱/𝝍 events!
— Stephen Lars Olsen 

Talk on ”Symposium on 30 years of BES Physics”, (2019)

• Based on high-statistic and high-precision data, STCF holds a 
distinct advantage in hadron spectroscopy studies.

• STCF will conduct comprehensive studies on  hadron spectroscopy and establish the  “Periodic Table of Hadron Elements” 
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Physics III : Precision measurements and Rare Searches

Large statistics, high precision, low background,  and threshold effects …..

a series of precise measurements and searches :

R scale

Tau Mass measurement

CKM elements

cLFV
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STCF  Layout and Key technologies

Beam and Injector
High intensity, high frequency, high quality

Detector
High precision  measurement and 

particle Identification under 
Conditions of strong irradiation, 

high background, high count rate, 
and wide dynamic range

Double collider ring
High beam intensity, low emittance, large 

energy range, minimal 𝞫y function at 
collision point , and large crossing angle, 

stable operation with precise control

The facility faces severe challenges, with system 
parameters approaching extreme condition …
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Accelerator Design
Design goal:   CM Energy 2-7 GeV,    Luminosity > 5´1034 cm-2s-1 @ 4 GeV

Injector: 
• full-energy linac
• positron DR or AR for 

different injection modes
Double-Ring Collider 
• low emittance
• high current
• large Piwinski angle
• Crab-waist collision scheme

arXiv: 2509.11522 
[physics.acc-ph]
published at NST

CM GeV 4.0 2.0 3.0 7.0

Luminosity cm-2s-1 𝟗. 𝟒×𝟏𝟎𝟑𝟒 𝟔. 𝟐×𝟏𝟎𝟑𝟑 𝟐. 𝟏×𝟏𝟎𝟑𝟒 𝟒. 𝟓×𝟏𝟎𝟑𝟒

• A double Ring Collider with high current and low emittance beam, crab-waist collision scheme
• An injector compatible with both off-axis and swap-out modes (for future upgrades)
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Key Technologies R&D

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

TM020-mode Nonlinear kicker Ultrafast kicker

RT electromagnetic wigglers, hybrid 
structure with permanent magnet 
blocks

Beam tests in different facilities (SSRF, 
HLS, DLS)

Key technology R&D and prototyping underway
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Detector Design

PID: RICH&DIRC

MDC : ultra-low mass, small cell

Crystal EMC : pCSI+APD

Inner Tracker :MPGD µRGroove

MUD: Glass RPC+ Plastic 
scintillation Hybrid 

The design is complete and is being optimized
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DAQ

30

• Software and firmware architecture based 
on Data-Matrix: flow processing, hetero-
computing, standard interfaces and 
protocols, global pipeline

• Development of core electronics boards: 
CROB-PXI, CROB-PCIe, FMCP optical 
interface board 

DAQ Software Design and Hardware Development

CROB-PXI board FMCP optical 
interface board

CROB-PCIe board

Ser
des

CROB-PCIe
(1:8)

Fibre(10Gbps）

PCIe Gen3 x16
（16 GB/s）

CROB-PXI
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Readout Unit (RU)

Data

1:32/1:64

FEE

Processing
/Control 
Logic

Clk

To/from trigger system From clock system

Key Technologies R&D

Detector and Physics CDR 
published in 2023

ITK: CMOS prototype chips 

Main tracker full length prototype PID prototype

Cylindrical μRGroove prototype

EMCal:  5 X 5 prototype Muon: Plastic Scintillator+ RPC 15

Main Drift Chamber : Detector
• Endplate structure optimized to simplify the assembly process
• Intensive ongoing R&D effort on feedthrough for super-small cells (~5 mm)
• A full-length super-small cell drift chamber prototype is under construction.
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• Proposed and developed a novel single-stage MPGD,  
micro-resistive Groove detector (μRGroove), for the 
inner tracker: larger signals and easier production 
compared to μRWELL.

MPGD ITK : μRGroove

• Developed a set of techniques and procedures for fabricating a cylindrical low-mass μRGroove
detector and built a low-mass c-μRGroove prototype: material budget ~ 0.23%X0/layer, the best 
in cylindrical MPGDs.

• Conducted two beam tests of the prototype 
at CERN. Position resolution better than 
100μm for vertical tracks and ~120μm for 
inclined tracks

Ultra-low mass electrode

Cylindrical μRGroove

Beam test

C-uRGroove ProtytpeUltra-low mass electrode

25

5×5 pCsI EMC Prototype
Beam test at CERN PSEMC prototype in the making 

Performance from the beam test

𝝈 = 𝟐𝟗𝟎 ps 𝝈 = 𝟓. 𝟓 𝐦𝐦
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PID Barrel : RICH Detector
Cosmic-ray test of a 32×32 cm2 RICH prototype with 

THGEM + MM

Enhancing radiator transparency by purifying C6F14 Improving QE: CsI coating and QE measurement

Very low photoelectron yield ~ 
1/track. Likely causes: low radiator 
transparency,  low cathode QE, low 
electron collection efficiency 

Moved to DMM option : DMM-RICH
• Compact structure
• High gain & good time resolution
• High electron collection efficiency & 

low ion backflow

Ongoing efforts to bring up the photoelectron yield

Ongoing test of a DMM-RICH prototype

20

PID Endcap: DTOF Detector
◼ A full-size DTOF prototype (a quadrant of STCF DTOF at one endcap) was built and tested with cosmic-rays 

to demonstrate the DTOF concept and technology on the full scale.
σspe=59 ps ,  σtrack=21 ps

◼ A smaller DTOF prototype a third the size of the quadrant was built and tested with particle beams at 
CERN to demonstrate the PID capability of the DTOF detector π/K separation >4σ @ 2GeV/c

12

MAPS ITK : MAPS Designs
• Core target:  a low-power MAPS design with moderate position 

resolution and both timing and charge measurement capabilities. 
• Low power outweighs position resolution:  exploring strip-like 

or large-size MAPS designs to reduce power. 
• Exploring a super-pixel design that can provide both high 

position and high time resolutions for low power consumption.

TowerJazz 180nm
Chips received,

testing underway 

NexChip BCIS 90nm 
Submitted in Jan. 2025

GSMC 130nm
Chips to be received 

this month

• Various CMOS processes being explored
• Mature technology: TowerJazz 180nm (HR epi)
• Domestic foundries: NexChip BCIS 90nm (LR epi ) , GSMC 130nm (HR substrate),  IRAY 180nm (HR epi)

IRAY 180nm
Supporting quadruple-well with possibility of 

N-blanket implant and N-gap. In the submission process 

N-blanket implant N-gap
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MAPS ITK : MAPS Testing
• Characterized the TJ chips for threshold, noise, fake hit rate and capacitance. Tested the chips 

with laser and radioactive sources (Fe55 and Sr90) for detection efficiency, charge collection 
efficiency and time resolution. 

Trigger

28

• MDC 2D and 3D tracking algorithms, EMC 
clustering algorithms, global trigger algorithms.  

• PFGA programming to realize the algorithms

Trigger Algorithms and hardware Development 

EMC
探测器

...

CROB-GTU

6U-ATCA

Optical 
links

Copper
links

不参与
触发

参与
触发

FEEFEEFEE

...

FEEFEEFEE

...

FEEFEECROB-LTU

...

FEEFEEFEE

...

Fan-out

数据获取机箱

MDC
探测器

其他

探测器

参与
触发

6U-CPCI

FEEFEECROB-DCM

...

子触发机箱

6U-CPCI

FEEFEECROB-ST

...

数据获取机箱

6U-CPCI

FEEFEECROB-DCM

...

总触发机箱

数据

击中/触发控制

时钟

模拟信号

FEE

DAQ系统

Ctrl/Rst Trig.Data

时钟系统

Clk-Master

Clk-Slave

加速器RF
信号

束团同步
信号

Clk-SlaveClk-Slave

40MHz

• Design of trigger electronics and 
development of core hardware 
components

ASIC & CLOCK

Excellent progress achieved, All system prototypes established

Area>0.6m2,	
time	resolution <	30	ps (100	MHz	bkg)
𝜋/K 4. 𝟒𝜎 seperation@ 4 𝐺𝑒𝑉/𝑐

Material	budget	<0.3%	X0 ,	
σx<130µm,	counting	rate>	100	kHz/cm2
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Joint Beam Test

• Involving larger-scale systems, including ITK, PID, EMC, Clock system, trigger system,
and DAQ.

• Based on the STCF software framework, modeling and simulation of beam test joint
system, a full chain data processing and analysis workflow was established

A test beam for a combined system (DTOF, EMC, DAQ) on Jul. 31 – Aug.14, 2024
Second beam test  with all systems was carried out at CERN from Oct.15 to 29, 2025
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Offline Software and full simulation

JINST 18 P03004

Offline software has been used for detector design/optimization  and physics potential studies
A TDR will be ready in summer

The STCF offline software system (OSCAR) is developed based on SNiPER and the state-of-the-art technologies, 
such as:
• Event Data Model based on podio

• Geometry based on DD4hep

• Fast simulation (GAN and sampling)

• Tracking with ACTS (as an option)

• Analysis framework with RDataFrame

• ML inference with ONNX

• Parallel computing with TBB

• Software deployment with Spack

• Modern CI powered by LLM
• Support for heterogenous resources

Comput.Softw.Big Sci. 9 (2025) 1, 3
Mod.Phys.Lett.A 39 (2024) 40, 2440006
JINST 18 (2023) 03, P03004
J.Phys.Conf.Ser. 2438 (2023) 1, 012054
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Funding Agency Project type Amount
（CNY）

2023 - 2026 Local 
Government Key Technology R&D Project 364.0 M

2018 - 2021 USTC Double First-Class key project 15.0 M

2020 - 2022 CAS Key Technology Team Project 15.0 M

2021 - 2026 CAS International Partnership 
program 5.0 M

2022 - 2027 MOST National Key R&D Program of 
China 17.5 M 

2023 - 2027 NSFC Key Group Project 14.0 M

Funding for R&D project
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Key Tech. R&D Team
41 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
…….

Not all institutions are listed
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Letter of Intent

Hefei

China, the United States, the United Kingdom, France, Germany, 
Japan, Italy, Spain, Sweden, Switzerland, Poland, Russia, Slovenia, 
Ireland, Brazil, Turkey, Georgia, Israel, Australia, Peru, Colombia, 
Mexico, the Republic of Korea, Thailand, India, Pakistan, Philippines

27 Countries，
160 Institutions
Oversea

72 Institutions
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Time Place Content

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

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

2018.05 Novosibirsk, Russia Workshop 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 3rd FTCF

2021.11 Online 4th FTCF

2024.01 Hefei, China 5th FTCF

2024.11 Guangzhou, China 6th FTCF

2025.11 Huangshan, China 7th FTCF

2026.11 Qingdao, China 8th FTCF

Workshops: Future Tau Charm Facilities

The 8th International Workshop on Future Tau Charm Facilities (FTCF 2026)
Qingdao (aka. Tsingtao), China
Nov. 22 - 26, 2026
https://indico.pnp.ustc.edu.cn/event/6379/

https://indico.pnp.ustc.edu.cn/event/6379/
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Summary
• STCF features a rich physics program in tau-charm sector, addressing:  how quarks 

form matter, symmetry in fundamental interactions (CP violation), and high-precision 
measurements of fundamental parameters 

• Key technology R&D is on track and critical challenges are being addressed

• The project is well organized and has achieved significant progresses. 

• The project is being reviewed by the National Development Refine Commission(NDRC) 
endorsed by Chinese Academy of Science (CAS)

• International collaboration is expanding; synergies and in-depth collaboration with 
global projects are being actively pursued

Thank you for your attention!


