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Tau-Charm Facility in China

BESIII

BEPCII/BESIII Commission from 2009
Center -of -mass Energy σ1.84 ~ 4.95 GeV
Peak Luminosity σ1.1Ó10 33 cm -2s-1

Unique CME, Distinctive Features and Fruitful results
See  Stefano VsdwdurɋvPresentation

Groundbreaking: 1984

Beijing Electron Positron Collider (BEPC)/ BEijing Spectrometer (BES)

https://agenda.infn.it/event/48984/contributions/286358/attachments/146827/223709/BESIII%20-%20Spataro.pdf


Super Tau-Charm FacilityαSTCFβ

Positron 
Damping Ring 

150 m

Multi -Linac

550 m

quark
Force

Lepton

Potential to increase lumi. & 

realize beam polarization 
Center-of-MassEnergy

coverage: 2-7 GeV

Peak Luminosity

> 0.5³1035 cm-2 s-1 @ 4GeV

DoubleColliderRing

860 m

NewGeneration
Spectrometer

A facility dedicated 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

Future Big Science City

National Comprehensive Science Center

Super Tau-Char 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
Ċ

Ċ

Shanghai

4h fast train

2h fast trainHefei Ċ
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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-yearsplan 15th five-yearsplan

Å14th five-years plan :Conceptual design andKey technologies R&D, 364 M CNY 

Å15th five-years plan :Construction5 years,  ~5 B CNY

Å10-15 years of operation, 3-year upgrade, ~10 years extended operation
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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-yearsplan 15th five-yearsplan

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

Å14th five-years plan :Conceptual design andKey technologies R&D, 364 M CNY 

Å15th five-years plan :Construction5 years,  ~5 B CNY

Å10-15 years of operation, 3-year upgrade, ~10 years extended operation

Ċ
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Large Data Samples

Charmed HadronsLight Hadrons tLepton

BelleII: 50ab-1

STCF:1ab-1

BESIII

STCF

BES3

Facility : not only for ̱-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

Å The CP violationobserved in  present experiments is inadequate  to account for the 
mystery of antimattervanishmentin the universe

Å CP violation in hyperonsand charmed baryons remains undiscovered, representing 
one of the last uncharted frontiers in hadron physics
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CP Violation in Hyperons 

Å The Polar izat ion feature of  hyperon s igni f icant ly enhances the sensi t iv i ty of  CP test

Å The Large Brs and high stat ist ics J/ysample produce abundant hyperon pairs 

Å Sensi t iv i ty of  CPV observable wi th 1 year data:   10-5

Å Beam Polar izat ion wi l l  fur ther increases the sensi t iv i ty

Quantum Correlation

SM: 10-4~10-5

Will discover  CPV of LƘȅǇŜǊƻƴǎΣ ŎƻƴŘǳŎǘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ /t ǘŜǎǘǎ ŦƻǊ ǘƘŜ ƘȅǇŜǊƻƴǎ ŦŀƳƛƭȅ ΧΧ 

▄▄ ᴼ╙Ⱦⱶᴼ╨╨
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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

ȡmagnetic dipole moment
Ἤȡelectric dipole moment

Detailed dynamics  studied:

צּ Ⱨꜗⱦ◊ⱦ ╕╥♬
Ⱨ

░

╜☻
ⱭⱧⱨ▲ⱨ╗Ɑ ♬Ⱨ♬ ╕═ ⱭⱧⱨ♬ ▲ⱨ╗╣ ⱨⱦ

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

arXiv:2502.08907, 
submit to Physics Report

/ƻƴŘǳŎǘ ǇǊŜŎƛǎƛƻƴ ǘŜǎǘǎ ƻŦ /t ǎȅƳƳŜǘǊȅ  ƻƴ ǘŀǳ ƭŜǇǘƻƴΣ ŎƘŀǊƳ ƘŀŘǊƻƴǎΣ ƪŀƻƴΣ 95aǎ ΧΦΦ
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♪
▼

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

Å Hadrons and nucleons are essential probes : hadron spectra, nuclear structures, fragmentation functions

Conventional vs. exotic hadrons
Static probe of confinement

Fragmentation
Dynamic probe of confinement

Asymptotic freedom vs. confinement

Ⱦ╠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 σ10B 

J/Ƭôs

X(237
0)

EPJC 80,746 

╙Ⱦⱶᴼ♬╚▼╚▼Ɫ
╙Ⱦⱶᴼ♬╚▼╚▼Ɫ

╙Ⱦⱶᴼ♬Ⱬ Ⱬ Ɫ

PRL 132.181901

PseudoscalarGlueball-like 

You never have enough ╙Ⱦⱶevents!

τStephen Lars Olsen 

¢ŀƭƪ ƻƴ έ{ȅƳǇƻǎƛǳƳ ƻƴ ол ȅŜŀǊǎ ƻŦ .9{ tƘȅǎƛŎǎέΣ όнлмфύ

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

Å STCF will conduct comprehensive studies on  hadron spectroscopy and establish the  άtŜǊƛƻŘƛŎ ¢ŀōƭŜ ƻŦ IŀŘǊƻƴ 9ƭŜƳŜƴǘǎέ 
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Hadronization process

quark
FF

Particle decayEM theory pQCD
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A bridgewill connecttheoreticalcalculations
andexperimentalmeasurement

How quarks form matter remainsa major unresolved scientific question

Å Fragmentationfunction: describinglongitudinal

momentumtransfer in hadronizationprocess

Å Energy correlation: characterizingmomentum

transfer in hadronizationprocesses

A 3-D tomographic imagingof hadronic
processeswill be established

Å FFsand EECscannot be calculatedvia LQCD

or quantumcalculations

Å STCFoperates in the energy region most

relevant to hadronization, will provides the

most complete data on hadronization, and

will realize the first characterization of

quark-to-matter formation dynamics
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Electromagnetic Form Factors 
Factor Form FactorEM Form Factors are among the most fundamental observations of nucleons, providing insight 

into  their electrical and magnetic distributions, and enabling rigorous test ofstrong interactions

Benefiting from its threshold effects and high luminosity, STCF will  perform 
the most precise measurement on the time-like EM FFs, and reveals 

unexpected  cross-section and oscillation effects at the production threshold.   

Annihilation:Time-Like

Space-Like region

_
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STCFEic/ EicC
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Physics III : Precision measurements and Rare Searches

[ŀǊƎŜ ǎǘŀǘƛǎǘƛŎǎΣ ƘƛƎƘ ǇǊŜŎƛǎƛƻƴΣ ƭƻǿ ōŀŎƪƎǊƻǳƴŘΣ  ŀƴŘ ǘƘǊŜǎƘƻƭŘ ŜŦŦŜŎǘǎ ΧΦΦ

a series of precise measurements and searches :

R scale

Tau Mass measurement

CKM elements

cLFV


