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Super Tau-Charm Facility (STCF)

Building upon China Ωs great success and 
well - established international position in 
tau - charm physics with Beijing Electron -
Positron Collider ( BEPC)

STCF, a flagship collider at the precision frontier,
can produce a huge number of clean tau leptons
and hadrons, allowing full exploration of the
unique physics potential in the tau -charm energy
region : QCD, hadron physics, flavor physics ɖ

Positron Damping Ring
150 m

Collider Rings
860 m

Detector

Multiple Linacs
Total length 550 m

Ecm : 2 ï7 GeV

Lum. : 0.5× 1035 cm-2s-1

@ 4GeV
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Unique Tau -Charm Energy Region

Opportunities 

in 5~7 GeV

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

ÅTransition region between 

perturbative and non -perturbative 

QCD

ÅPair production of hadrons and t

leptons at threshold and/or with 

quantum correlation

ÅAbundant resonan ces

ÅLarge production X -sec for 

charmonium (- like) states and 

exotic states
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STCFσA Super Factory of Various Particles  

CharmedHadronsLight Hadrons t-leptons

BelleII: 50 ab-1STCF: 1year (1 ab-1)BESIII1 year

Å STCF is not only a super t-charm factory, but also a super factory of XYZ, hyperons 

and light hadrons to unravel the mystery of how quarks form matter and study the 

symmetries of fundamental interactions with unprecedented precision

XYZ
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Scientific Questions and Objectives 

ᶼ Ḙ

Symmetry breaking in 
fundamental interactions

Origin of matter - antimatter 
imbalance

Discovering CP violation in 
hyperons

Mystery of color confinement 
in particle physics

Exotic states, structure of  
nucleons, fragmentation

Exploring how quarks and 
gluons form hadrons

Precision measurement of 

fundamental parameters

Examining the Standard 

Model 

Searching for new physics

Universe of 
matter

Universe of 
antimatter
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STCF Physics Program

- Leading role

- Competing with Belle II/LHCb

- Complementary to BelleII/LHCb/Eic/EicC
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STCF Conceptual Design Studies

82 institutions, 453 authors

Physics & Detector CDR Accelerator CDR

114 institutions, 460 authors
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Requirements for STCF Detector

× Highly efficient and precise reconstruction of exclusive final states produced in 
2-7 GeV e+e- collisions

High tracking efficiency ( >90% @ 0.1 GeV/c ) and high momentum resolution for low -p
(<1GeV/c) charged particles,  precise measurement of low -energy (<1GeV ) photons.
ʐ low mass tracking and PID detectors

Excellent PIDχƨ/ƃand m/pseparation in full momentum range ( up to 3.5 GeV )

Beam background at the inner most layer : ~1 Mrad /y,  ~1 × 1011 1MeV n -eq/cm 2/y,  ~1 MHz/cm 2
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STCF Detector Design

Å Inner Tracker (4 layers)

ï MPGD: cylindrical uRGroove , ǽx ~100 mm  

ï Silicon: low -mass MAPS, <0.3%X 0/layer

ÅMain Drift Chamber (ǽp/p~0.5% @ 1GeV)

ï Small cells with helium -based gas, ǽx <130 mm

ÅPID System (p/K ~4ǽ@ 2GeV, <0.3X 0)

ï Barrel: DIRC -like TOF - BTOF (ǽt~30 ps)

ï Endcap: RICH (<4mrad), ASHIPH, DTOF

ÅEMC

ï pCsI + APD + waveform readout: ( ǽE/E~2.5%,
ǽx~5 mm @ 1GeV & ~1 MHz/crystal )

ÅSolenoid 1 T

ÅMuon Detector (eff. >95%, mis -rate <3.3% @1GeV)

ï inner 5 layers : glass RPC > 300 Hz/cm 2

ï outer 10 layers : scintillator strip + SiPM, ~ 2.4 m

Main Performance requirements

Tracking: eff>90%@0.1GeV, ǽp/p~0.5%@1GeV

Energy meas. : 25MeV -3.5GeV
ǽE/E ~ 2.5% @ 1 GeV

Hadron ID: p/K ~4ǽ@ 2 GeV, ~3ǽ@ 3 GeV

Muon ID eff. >95%, mis -rate <3.3% @1 GeV
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Detector Performance with Full Simulation

EMC energy resolution

PID: >4 -Ƨ p/K or pID eff. >97% @ mis -LG +Nʞp)=2%

EMC position resolution

Muon ID eff. @ pi suppression=30

Barrel  Endcap  

eff. > 95% when p >1GeV/c

Tracking efficiency 
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Tracking System : ITK + MDC

ἥ

ITK Gaseous option : MPGD

ITK Silicon option: CMOS MAPS

Main Drift Chamber

Inner tracker

Total material budget ~ 4%X 0

( inner and outer walls 
included )

Material budget ~ 0.3%X 0/layer

Inner -outer separate designs to accommodate different levels of radiation background   

~400 kHz/ch ~30 kHz/ch
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Å Proposed and developed a novel single-stage MPGD,  micro-resistive Groove detector (ɛRGroove) 

with larger signals and easier production compared to ɛRWELL. Developed a low-mass cylindrical 

ɛRGrooveprototype: material budget ~ 0.23%X0/layer, the best in cylindrical MPGDs.

ITK : ɛRGrooveand CMOS MAPS

Ultra-low mass electrode

Cylindrical ɛRGroove

C-uRGroove Protytpe Beam test @ CERN SPS

ůx < 130ɛm in 1T

Å Targeting a low-power MAPS with moderate position resolution and both timing and charge 

measurement capabilities. Exploring strip-like MAPS designs and a super-pixel design
180nm

Chips received,
testing underway 

90nm 

Chips received,
to be tested

130nm

Chips received, 
testing underway

180nm

Supporting quadruple-well with possibility of 
N-blanket implant and N-gap. Chips received, testing underway

N-blanket implant N-gap
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MAPS Testing

Å Characterized the prototype MAPS chips for threshold, noise, charge collection efficiency and 

capacitance with laser and radioactive sources. 

Å Performed a beam test at CERN PS for detection efficiency, fake hit rate, position resolution, 

time resolution.
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Main Drift Chamber

Å Endplate structure optimized to simplify the assembly process. Intensive R&D effort 
on feedthrough for super -small cells (~5 mm). A full - length super -small cell drift 
chamber prototype has been constructed.

Å Waveform digitizing electronics is developed to allow online waveform discriminating 
algorithms that run on PFGA to identify overlapping signal pulse s 
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Evolution of PID System Design
×Barrel :  baseline changed from RICH to BTOF (a DIRC -like TOF detector)   

×Endcap :  RICH and ASHIPH in addition to the well -developed DTOF 

(similar to BTOF)     

RICH BTOF

DTOF RICH
ASHIPH
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BTOF/DTOF Detectors

Â A DTOF prototype was built and tested with particle beams at CERN PS to demonstrate 

the PID capability of the DTOF detector
/̄K separation >4̀ @ 2GeV/c

Â A full - length BTOF prototype has been built and tested with particle beams at CERN 

PS. Data analysis is underway.
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RICH Detector
Cosmic -ray test of a 32 × 32 cm 2 RICH prototype with both THGEM+MM and DMM

PurifyingC6F14  with good transmittance achieved

main issue: low 
photoelectron yield 
~2pe/track. „=9.4 mrad

DMM gain 1.2 ρπ
THGEM MM gain 0Ȣωυ

ρπ̀

QE of photo cathode needs 
to be improved ! 
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Electro-Magnetic Calorimeter : EMC

Â A crystal calorimeter using pCsI ( short decay time of 30ns ) to tackle the high 

background rate (~1 MHz/crystal ): crystal unit 5 × 5× 28(15X0) cm 3 ; 4 APD(1× 1cm 2) to 

enhance light yield, ~8900 crystals in total.

Â Developed and implemented a dead -time free pileup correction algorithm involving 

waveform fitting based on pipelined optimal filtering. 

Â Developed a fully - readout ECAL prototype with 5 × 5 pCsI crystals. Carried out two 

beam tests of the prototype at CERN PS:  ůE/E~2.1%, ůx~5.5mm, ůt~280ps @1GeV

pCsI sprayed with WLS

Light yield : 50 p.e./MeV ʐ 300 p.e./MeV


