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Super Tau-Charm Facility in China

• STCF : a natural extension of BEPCII and a 
viable option for a post-BEPCII HEP project in 
China. 

• Ecm = 2-7 GeV，L ~
0.5´1035 cm-2s-1 @4 GeV

• Symmetrical collision
• double-ring, 600-800 m
• Large Piwinski angle & 

Crab waist
• Upgradable for polarized 

electron beam

An super t-c machine far beyond BEPCII 
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Feature of  Final States at STCF

• Final-state particles are largely of low momentum /energy .
• Design of the STCF detector has to match this important 

feature of final states.

Charged particles Photons
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Physics Requirements

Ø The centerpiece
– Efficient and precise reconstruction of exclusive final states 

produced in e+e- collisions of 2-7 GeV.

• Large solid angle coverage
• High efficiency and good resolution for both charged 

and neutral particles of low momentum/energy (<~ 1 
GeV).

• Ecm being up to 7 GeV calls for PID in a large 
momentum range (up to 2 GeV)

• Measurement of and search for rare processes 
demands superior pi/K and µ identification capability. 
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Experimental Conditions

• High luminosity of ~1035 cm-2s-1 at STCF
– High counting rate and high radiation level

• Constrains from the interaction region (IR), 
particularly on trackers. 

• Detailed MDI studies are required (and ongoing)

IR of BEPCII
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Extrapolation from BESIII  (´100)

• Counting rates
– Tracker:  >> 100 kHz/cm2@R<5cm, < 5 kHz/cm2 @ R > 20cm

– PID:   400 Hz/cm2 (Barrel),  4 kHz/cm2  (Endcaps)
– ECAL: 400 kHz/crystal (Barrel), 3 MHz/crystal (Endcaps)

• Radiation dose
– ECAL:  10 krad/year (Barrel),  20 krad/year (Endcap)

A reasonable inner-outer 
boundary R ~15-20cm

BESIII drift chamber
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Important Aspects for STCF Detector

• Large and well-defined acceptance ® cone-shaped
endplate of the tracker

• High rate capability and radiation tolerance
• Fast response and high resolution
• Mis-measurement/identification well under control
• Low detection threshold (tracking, g, µ-ID …)
• Everything inside ECAL needs to be as light as possible
• Vertexing not critical. Inner-outer separate design for 

tracking system, and the inner part has to stand very 
high levels of radiation ® challenging part.

• Technology beyond dE/dx+TOF is required for PID up 
to 2GeV .
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STCF Detector Concept
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Tracking System

• Fully efficient tracking is needed for particles down to 100 MeV, 
and it is highly desirable to have good tracking performance 
even down to 50 MeV :  tracking in low p

• Dominant factors in low p tracking: multiple scattering and 
energy loss

• So driving force in design of tracking system: low mass.
• Separate designs for the inner and outer trackers. 
• A low-mass drift chamber could serve as the outer tracker. 
• But new technology is needed for inner tracking

– Low mass + high rate
• Magnetic field: 1 T  (adjustable for lower fields). 
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Outer Tracker: A Drift Chamber 

• Helium-based gas: He/C2H6 (60/40)
• Small square cells
• Sense wire: 20 um W, Field wire: 100 um Al 
• Carbon fiber for both inner and outer walls
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Continued 

Expected momentum resolution
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Pushing a drift chamber to the limit

把漂移室的物质量推低到极限
By Francesco GRANCAGNOLO from INFN
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A STCF Drift Chamber with extremely low mass 

spt/pt = 0.1% pt Å 0.2%
by Francesco GRANCAGNOLO from INFN
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Existent Inner Tracker Technologies
DEPFET MAPS (ALPIDE)

Cylindrical GEM Cylindrical MicroMegas

Pixel size: 29*27μm, high resistivity epitaxial, deep 
PWELL, reverse bias, global shutter (<10 μs), 
triggered or continuous readout, resolution < 5um, 
material budget  <0.3%Xo

Silicon

MPGD
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A New Silicon Detector: DMAPS

Electronics outside the charge 
collection diode, small 
capacitance → low noise. 
Long drift distance, low field 

Electronics inside the large charge 
collection diode, large capacitance → 
high noise, high power consumption. 
short drift distance, high field 

Depletion is needed 
for radiation hardness

→ HR  or HV:  two approaches to depletion                       

Depleted CMOS MAPS → low mass, high rate, radiation hard  
→ An interesting technology for inner tracking at STCF   

R&D ongoing for HL-LHC 
Novel on-chip readout schemes also under development for high rate application 
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A New MPGD : uRWELL

• Very compact, spark protected, simple to assemble, flexible in 
shapes (rather easy to make a cylindrical detector)

• Another promising solution to STCF inner tracking. R&D 
underway in collaboration with INFN and CERN.
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Inner Tracker Baseline
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PID Detector

• p/K separation up to 2 GeV. 
– Cherenkov-based technology is favorable.
– Very low p region (<~0.6GeV) is covered by trackers 

through dE/dx measurement

• Compact (<20cm) and low mass (<0.5X0)

Collins效应测量要求⾼动量p/K分辨
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Detector Options

• RICH
– Very powerful over a wide range of momentum
– Reconstruction straightforward
– Additional space for Cherenkov cone expansion: less compact
– A large number of readout channels : cost, cooling … 

• DIRC-like: iTOP, FTOF, DIRC … 
– Very compact, operation convenient 
– Reconstruction complicated
– Quartz manufacturing and processing very challenging

iTOP for BELLE2 FTOF for superBALICE HMPID
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STCF-RICH Design

• Proximity focusing RICH with 
CsI-coated MPGD readout
– avoid photon feedback
– less ion backflow to CsI
– Fast response, high rate 

capacity
– Radiation hard

• Proximity gap ~10cm
• Radiator: liquid C6F14, n~1.3

• CsI光阴极：紫外光收集和
探测（很多问题的根源）

THGEM + MM

DMM
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Performance Simulation

Sensor size: 
5mm*5mm

Optimum pad size: 0.5×0.5cm2 , expected angular Resolution: ~1.5 mrad

Expected PID performance 
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DMM: A Promising MPGD Photon Detector

• DMM: Double-mesh Mircromegas detector, which is 
being developed at USTC
– High gain and very low ion backflow 
– Very suitable for single photon detection (with a proper 

photon-electron converter)
– An promising photon detector option for STCF-RICH

IBF ~ 0.03% Gain ~ 3⤫106
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使用可见光波段？

• 如果使用对可见光敏感的光探测器，则可极⼤简
化RICH探测器的设计、制作和运⾏。

• 半导体光电器件的迅速发展为此提供了可能？

• 双辐射体RICH探测器
概念

• ⽔、普通玻璃和Aeorgel
对可见光均透明！

• 可以很好的兼顾p/K和
p/µ 鉴别。

• SiPM：造价、噪声 ？
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DIRC Detectors

First DIRC at a HEP experiment
(Babar) 

A focused DIRC concept 

Advent of high performance silicon photon 
sensors (magnetic field resistant, high-gain, 
fine granularity, compact, high time resolution)   
makes a compact DIRC possible 

Panda DIRCs ( barrel and endcaps)
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DIRC-like TOF for Endcaps

• DIRC-like forward TOF detector (FTOF:  quartz + MCP-
PMT ) was developed at LAL for the SuperB factory 
project.  
– No Cherenkov angle reconstruction, simple and no need 

for space for optical expansion → very compact!

• Flight length to STCF endcaps ~ 1.4 m, making FTOF a 
feasible PID detector option for STCF endcaps.  
– A time resolution of ~40 ps is required for pi/K separation 

to reach 2GeV.

~ 80ps per PE

From SuperB R&D
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STCF-FTOF Design

使用圆柱形透镜耦合⽯英辐射体与MCP-PMT（⽅案四）
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STCF-FTOF Performance
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Endcap PID Alternative: DIRC
成像型DIRC探测器设计

性能模拟
具有更强⼤的
粒⼦鉴别能⼒
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Baseline STCF PID Detector System 

• RICH in Barrel + FTOF in Endcaps 

Issues to be clarified:
• Size of dead area between detector sectors (particularly in 

the case of RICH) 
• RICH performance degradation at large incident angles
• Timing uncertainty due to longitudinal beam size
• Impact of background radiation on FTOF performance
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电磁量能器

• 核⼼是能在⾼本底计数下精确测量能量 (20 MeV - 2 GeV )
– 探测器⽅案：快发光晶体 + 半导体光电器件

• 此外，位置测量和时间测量也很重要。量能器设计应同
时充分考虑这两⽅面的要求。

1.4-1.6GeV 𝛾

Invariant mass of high energy 𝜋0

vs. 𝛾 position resolution
Precise ECAL timing is very useful in 
suppressing 𝛄 background and measuring 
TOF of neutrons to infer their momenta. 
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候选晶体

STCF-EMC选用纯CsI(pCsI)晶体
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单元设计

• 长度：15 X0

• 横截面： 5cm*5cm

• 动态范围：1 MeV ~2000 MeV
– APD是比较合适的光探测器

• 时间分辨： ⼏百ps

3 GeV 
gamma

2500 MeV 2cm*2cm
Sigma=2.7mm
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Layout of  Crystals

• Barrel includes 4200 pCsI crystals arranged in 35 
rings (along Z) of 120 crystals each.

• Endcap is composed of 1256 pCsI crystals.
• ～15 X0
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能量分辨研究

1. 本征分辨（只考虑能量沉积）

2. 引⼊光电⼦涨落

3. 引⼊晶体荧光收集非均匀性

4. 引⼊APD对次级带电粒⼦的响应

5. …

1 GeV 光⼦
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本底的影响

不考虑本底
RMS=40.8

考虑本底
RMS=51.0

• 采用 BES3-ECAL本
底计数率´100 

• 考虑完整电⼦学响应
• 模拟堆积效应

对低能光⼦能量分辨影响极
⼤！本底计数率估计太⾼？
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EMC Performance

2.1%@1 GeV  γ
5×5 matrix

能量分辨率能量线性

位置分辨率
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谬⼦探测器

• 探测器技术选项：RPC、塑闪+SiPM

• 采用RPC-塑闪混合式设计 (3层RPC + 8层塑闪)
可以有较好的中性强⼦识别能⼒。
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MUD Performance
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Summary

MDC
• sxy< 130 µm
• sp/p ~ 0.5% @ 1 GeV
• dE/dx~6%

PXD
• ~<0.25%X0 / layer 
• sxy< 130 µm

PID
• p/K (and K/p) 3-4s

separation up to 2GeV/c

EMC 
E range: 0.02-2GeV
sE (%) @ 1 GeV
Barrel:             2 .5
Endcap:             4     
Pos. Res. :        ~ 5 mm
MUD
• 0.4 - 1.8 GeV
• p suppression >30
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Highlights of  STCF detector R&D

探测器原理样机束流测试@DESY
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• RICH样机研制
p CsI光电阴极
p MPGD光电探测器

n 基于THGEM+MM基准⽅案

CsI 光电阴极的制备

420 440 460 480 500 520 540 560 580 600 620 640
1000

10000

100000

ga
in

V mesh (V)

THGEM+MM总增益曲线

光电探测器性能测试

RICH样机组建 连接电⼦学读出联调

RICH样机研制
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宇宙线μ⼦及⾼能电⼦束
流测试示意图

宇宙线μ⼦产⽣的切伦科夫光信号候选事例

光信号

电离信号

~105 gain

束流测试切伦科夫光信号⾼能电⼦束流测试实验设置

RICH样机宇宙线及束流测试
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RICH Readout ASIC
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粒⼦鉴别器 - FTOF

DESY测试的FTOF装置

FTOF探测器概念 FTOF原理样机及束流测试

初步分析单光电子时间分辨～100ps

50cm x 12cm x 1.5cm 熔融⽯英晶体（全
光谱透过率~ 90%@波长>190nm），表
面及侧面抛光质量分别达到100Å RMS。

50ps 总体时间分辨下FTOF粒⼦鉴别能⼒
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粒⼦鉴别器 - FTOF
FTOF双阈值定时电路

16通道，TOT修正，定时精度~8ps

⾼精度时钟分发电路

∼ 15ps

FPGA

AMP

PMT
Signals

TDCCMP

Noise
Reject 
Logic

Bias 
Networ

k

1 Channel  X 16

Control ModuleDAC

HDMI Tracker Interface

Trigger
Clock
BusyAIDA mini-TLU

Package 
Module

USB 2.0 
Interface

CMP TDC

SFP
Serdes-based 

Time-sync Module
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MCP-PMT Development
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ECAL关键技术研究
ECAL探测单元（晶体+APD） ECAL读出电⼦学

电荷灵敏前放+成形放⼤

ECAL探测单元光产额

38 pe/MeV

目前研究重点：提高pCsI荧光产额

噪声⽔平


