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Super Tau Charm Facility ( STCF )

Å14th five-year plan (2021-2025):Design studies and R&D on key technologies, ~0.4 B CNY 
Å15th five-year plan (2026-2030):Construction to start during this period, ~6 years, ~4.5 B CNY
ÅOperating for 15 years tobe followed by major upgrades

STCF can produce an enormous
amount of άŎƭŜŀƴέtau leptons and
charm hadrons, allowing a full
exploration of the unique and great
physics potential in the tau-charm
energy region: QCD,exotic hadrons,
flavor physicsandCPV,new physicsΧ

ÅEcm= 2-7 GeV ︡ 0.5³1035  cm -2 s -1 

ÅPotential for luminosity upgrade and a polarized 
electron beam
ÅSite:  Suburban ϦCǳǘǳǊŜ .ƛƎ {ŎƛŜƴŎŜ /ƛǘȅέ ƛƴ IŜŦŜƛ

For more information about the STCF project, please see https://indico.cern.ch/event/1291157/contributions/5890162/

https://indico.cern.ch/event/1291157/contributions/5890162/
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STCF Detector Layout

Electromagnetic Calorimeter Muon Detector

Particle Identification Detector

Inner Tracker Central Tracker

Magnet
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Physics Requirements

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

Precise measurement of low -p particles (<1GeV/c) ʐ low mass

Excellent PID χƨ/ƃand m/pseparation up to 2 GeV
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Beam-induced Backgrounds
TID NIEL Counting rate

Inner most detector layer χ ~3.5 kGy/y,  ~2 × 1011 1MeV n -eq/cm 2/y,  ~1 MHz/cm 2

The major challenge is to maintain or even enhance the state of the art performance 
of t-c detectors in much harsher experimental conditions.
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STCF Detector Conceptual Design 

Solid Angle Coverage : 94% ¶4p(—~20 0)

× Inner tracker (ITK , two options)

MPGD: cylindrical MPGD

Silicon: CMOS MAPS

× Central tracker (MDC)

Main drift chamber

× PID

Barrel: RICH with CsI-MPGD

Endcaps: DIRC-like TOF (DTOF)

× EMC

pure CsI + APD

×Muon detector (MUD)

RPC + scintillator strips

×Magnet

Super-conducting solenoid, 1 T 
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STCF Physics & Detector CDR 

arXiv:2303.15790

82 institutions, 453 authors
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Tracking System : ITK + MDC

ᴅⱭῶ◊ӵ ή╜ᵸ

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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PID, EMC, MUD
Å Barrel PID: A RICH detector using MPGD 

( THGEM with CsI+ MM ) for photon detection

ÅEndcap PID: A DIRC-like high-resolution TOF detector 

( DTOF ~ 30ps),  quartz plate + MCP-maPMT

Material budget < 0.3X0

Å EMC:  A pure-CsIcrystal calorimeter to tackle 

a high level of background (~1MHz/ch)  

ÁCrystal size

28cm (15X0) 

5×5cm2

Á~ 8670 crystals

Á4 large area APDs 

(1×1cm2) to 

enhance light yield

ÅMUD:  A RPC-scintillator hybrid detector 

to optimize muon and neutral hadron ID 
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Expected Performance

Photon energy resolution

Tracking efficiency Momentum resolution Pion/K separation capability

Photon position resolution Muon identification efficiency
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STCF R&D Project Kick-Off and Review Meetings

Kick-off Meeting,  Aug. 2023, USTC 
More than 30 academiciansof CAS,as well as
government officials of Anhui province and
Hefei city, along with representatives from
various domestic researchinstitutions, totaling
170attendees.

R&D Project Review, Dec. 2023, USTC
Organized by Development and Reform
Commissionsof Anhui province and Hefei
city. The R&D project was approved for a
budget of 364 M CNYand is jointly funded
by Anhui,HefeiandUSTC.
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ITK-MPGD: ˃ wDǊƻƻǾŜ
Å˃wDǊƻƻǾŜ: A single-stage MPGD involving no stretching or tensioning, 2D strip 

readout without charge sharing (large S/N), high rate with fast grounding, easy to 

make a cylinder, low mass, low production cost  

ÅHigh-rate readout ASIC for MPGD ( averaged hit rate of 400 kHz/ch) 
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SAR ADC

ASIC Specs Demands

Charge Range 40 fC

Charge precision ͘ 1 fCRMS

Time precision < 10 ns RMS

Max. event rate 4 MHz

~0.23%X 0
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ITK-MPGDR&D
ASIC design and development Development of low mass electrodes

Tested the ASIC chip 
by feeding simulated 
detector output 
pulses to the chip at 
4MHz with 35pF

Fabricating c ylindrical structure
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Inner Layer Prototype 
Å Built a cylindrical ƠUJurryhprototype for the ITK inner most layer
Å Tested the prototype with 55Fe source in lab and SPS muon beam at CERN 
Å Effective gain~5000 -10000 for most sectors
Å Spatial resolution<100 um and efficiency > 95%
Å The detector design and fabrication will be optimized 

in many aspects based on the prototyping experience
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ITK-MAPS

Å Aiming for a low -power MAPS chip design (required for a low -mass system) with 
timing and charge measurement capability:  position, time and charge (TOT)

Å Low mass outweighs position resolution:  exploring large pixel size to reduce power 
density

Å CMOS techniques being explored: 
ï TowerJazz 180nm 

(HR epi), 
ï NexChip FCIS/BCIS 90nm 

(LR epi )
ï GSMC 130nm

(HR substrate)
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Super Pixel Design 

Å Providing both high position and high time resolutions for low power consumption
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ITK MAPS Designs 

to be taped out in July 2024

Taped out in March 2024
TowerJazz 180nm NexChip FCIS/BCIS 90nm

GSMC 130nm

ʛ Vwuls-basedχ55.7 mW /cm2
ʛ Sl{ho-basedχ46.2 mW /cm2

Simulated performance
Taped out in May 2024
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Main Drift Chamber 

Å Preliminary mechanical design and structural analysis
Å Big challenges from super -small cells (5mm*5mm, distance between wires ~2.5mm )
Å Ongoing R&D on feedthroughs, wires and chamber stringing 
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Å Challenge: irregular pulse signals overlapping at high rates

Å Attempt to separate overlapping pulses with waveform 
digitizing readout. A lot of effort on separation algorithm 
development and readout optimization.  

Å Developed readout circuit with discrete components (TIA +
shaper + ADC).  ASIC design also underway.

MDC Readout Electronics
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Optimized ADC specs: 14 bit,  sampling rate125 MSPS, bandwidth650 MHz

Readout board (16 chs) being tested 
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PID Barrel: RICH Detector R&D

Fabrication of 30cm*30cm RICH prototype

Radiator purifying CsIcoating and QE measurement

Cosmic-ray test
Very weak light observed 

Investigation ongoing
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RICH Readout ASIC

Design specs:  Ɑt < 1ns @20fC&20pF,  
event rate ~ 100 kHz, 32 channels

512-channel readout board 
using the self-developed ASIC

Design with 
64 channels 
is underway

Test results

Design iterations
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PID Endcap: A full-sizedDTOF prototype 

ů=59 ps ů=21 ps

Singletracktime resolutionsingle photon timeresolution

Quartz radiator cleaning 
and mounting 

Detector assembling

Cosmic -ray test

See https://indico.cern.ch/event/1291157/contributions/5888464/ for details


