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Challenges of the SM model 

The SM is well -tested, however, reminds several fundamental questions :

Å Confinement: structure of nuclear , for mation of colorless bound states ððñhadronsò 

Å Matter -antimatter asymmetry of the Universe

Å Mass hierarchy, dark matter, numbers of flavors, etc.

1 . 3  G eV1.3 GeV

4.24 GeV
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Unique Physics in Tau -Charm Energy Region

ÅHadron form factors

Åὣςρχπresonance

ÅMutltiquark states 

with s quark

ÅR value / g-2 related

ÅLight hadron spectroscopy

ÅGluonic and exotic states

ÅProcessesof LFV and CPV

ÅRare and forbidden decays

ÅPhysics with tlepton 

Åὢὣὤparticles

ÅPhysics with D mesons

ÅὪ and Ὢ

ÅὈ Ὀ mixing

ÅCharm baryons 

Å Complete ὢὣὤfamily  

Å Hidden-charm pentaquarks

Å Search for di-charmonium states

Å More charmed baryons

Å Hadron fragmentation

Unique Features t-c facilities:

ÅTransitionregion between perturbative and non-

perturbative QCD

ÅThreshold effects of pair production of hadrons 

and tleptons

ÅRich resonancestructures, large production X-

sec for charmonium(-like) states and exotics

Abundant physics topics and fruitful achievementsé..

Opportunities 

in 5~7 GeV
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The Super  Tau-Charm Facility (STCF)

Multi - Linac

Total 550 m
Positron Damping 

Ring   150 m

Collider Ring

860 m

New generation 

Spectrometer

ÅCenter-of-Mass energy coverage :  2-7 GeV;

ÅPeak Luminosity > 0.5³1035cm-2 s-1 @ 4GeV

ÅPotential to increase lumi. & realize beam polarization 

A factory produced massive tau lepton and hadrons, to unravel the mystery of how quarks 

form matter and the symmetries of fundamental interactions
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Unique data sample

Charmed HadronsLight Hadrons t Lepton

BelleII: 50ab -1

STCF: 1ab -1

BESIII

STCF

BES3

Factories : not only for ű-charm, but also XYZ, hyperons, light hadrons

Super Lage Data + High detector performance + Low Bkg ỉ High Precision  

Great Discovery Potential

ỉ
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Physics I : Asymmetry Test

Nobel Prize 
1980

Nobel Prize 
2008

Nobel Prize 
1957

Å The CP violation observed in current experiments is far from sufficient to explain 

the mystery of antimatter disappearance.

Å Only the CP violation of hyperonsand charmed baryons has not been discovered, 

which is one of the last unexplored frontiers in hadron physics
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Å Polarizat ion feature of hyperon increases the CP test sensi t iv i ty s ignif icant ly 

Å Large branching fract ions and high stat ist ics J/ysample resul ts abundant hyperon pairs 

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

Å Polarizat ion of beam wi l l further increases the sensi t iv ity

Quantum Correlation

SM: 10-4~10-5

Will discover  CPV of Lhyperons, comprehensively CPV test for the hyperons family éé 

▄▄ ᴼ╙Ⱦⱶᴼ╨╨

CP Violation in Hyperons 
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arXiv:2502.08907, 
submit to Physics Report

Conducting CP symmetry  test  on tau lepton, charm hadrons, kaon, EDM é..

CP Symmetry in STCF
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EDM in Hyperon

ʈȡ magnetic dipole moment

Äȡ electric dipole moment

Systematic measurement of the EDMs of the hyperon family!

Non -zero EDM will violate ╟and ╣symmetry: ╣violation ╒╟ violation, if CPT holds.

Very sensitive to BSM physics, large windows of opportunity for observing New Physics.

PhysRevD.108.L091301

BE SII I
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Physics II: Quark Confinement
♪
▼

Å Non-perturbative effect is the major bottleneck for precision measurements and test 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 range at the transition between perturbative and non-perturbative QCD, 

offers the unique advantages for studying confinement, and will make a breakthrough
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Hadron Spectroscopy  and exotic state

At STCF, two golden ways to study hadron spectra:

ÅLight hadrons: charmonium radiative decays (act as 

spin filter) for example 3T J/ⱶand 100B ⱶ ╢

ÅHeavy hadrons: direct production, radiative and 

hadronic transitions (data between 3.8~7 GeV)

Belle
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More data, 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!

ñStephen Lars Olsen 

Talk on óSymposium on 30 years of BES Physicsó, (2019)

Å Base on the large statistic and high precision data, STCF has 

an absolute advantage in the studying of hadron spectroscopy.

Å STCF will study hadron spectroscopy comprehensively, and establish the  òperiodic table of hadron elementsó 
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Hadronization process

quark
FF Particle decayEM theory pQCD
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ts
Bridge connect theo. and exp. measurement

How quarks form matter is a major unresolved scientific question

3-Dtomographicimagingof hadronicprocesses:

Å Fragmentationfunction: for longitudinalmomentumtransfer

in hadronizationprocess

Å Energycorrelation: for thetransfermomentumtransfer

Å FFs and EECs canõt calculated within LQCD and quantum 

calculations

Å STCF operates at the most significant energy region for 

hadronization effect, will provides the most comprehensive 

data for hadronization, and will realize the first characterization 

of the evolution of quark forming matter.
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Electromagnetic form factors (EMFFs)

ÅEMFFs are fundamental properties, directly connected to charge and current distributions of 

the nucleon

Remaining questions of TL -EMFFs:

ÅStep-like behavior of production cross section.

ÅDamped oscillation distribution in effective FF.

ÅDamped oscillation distribution of |GE/GM| ratio.

ÅEvolution of the phase between GE and GM.

ÅThe asymptotic behavior of TL-EMFFs

STCF prospect for TL -EMFFs:

Å Improve cross section measurement with 1-2 order

ÅReveal the near-threshold cross section singularity 

and mystery of GE and GM.

Current status
STCF Prospect

Natl.Sci.Rev. 8 (2021) 11, nwab187
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Physics III : Precision measurements and Rare Searches

Large statistics, high precision, clear background, threshold effects é..

a lot precision measurements and searches :

R scale

Tau Mass measurement

CKM elements

cLFV
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STCF Design Goals and Accelerator

Positron  
damping  ring

150  m

Double  storage  
ring

860  m

LINAC
550 m

É Core design goal:
CMS energy: 2 -7 GeV
Luminosity: >5 ³1034 cm -2s-1 @ 4GeV
Upgrading potential: polarized beam, higher 
luminosity

CDR released in 15/09/2025
arXivσ2509.11522  

2509.11522
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Detector Design 

PID: RICH&DIRC

MDC : ultra - low mass, small cell

Crystal EMC : pCSI+APD

Inner Tracker : MPDGor MAPS

MUD: Glass RPC+ Plastic 

scintillation Hybrid 

The design is well done, and is optimizingΧ
Å High detection efficiency and good 

resolution

Å Superior PID ability

Å Tolerance to high rate/background
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Key Technologies R&D 

Detector and Physics CDR 

published in 2023

ITK: CMOS prototype chips 

Main tracker full length prototype PID prototype 

Cylindrical ɜRGrooveprototype

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

Trigger

DAQ

ASIC & CLOCK

Great progress achieved, All system prototypes have be established
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Beam Test

DTOF EMC 

Ƨt~25 ps

ƧE/E ~2.5%

Å A test beam campaign for a combined system ( DTOF, EMC, DAQ )

Å A new beam test campaign with almost full chain at CERN in Oct.15 -29, 2025

CERN PS T9 beam line (July 31 ɆAug.14 ε2024)

CERN Oct. 15 Ɇ29ε2025


