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Super Tau-Charm Facility 

⚫ The Super Tau-Charm Facility (STCF) is a next 

generation   electron-positron collider experiment 

in the tau-charm energy region
➢ High luminosity：≥ 0.5 × 1035 𝑐𝑚−2 ∙ 𝑠−1@ 4 GeV

➢Wide energy region：center-of-mass energy range of 2~7 GeV

Symmetrical design 

of dual storage ring

Symmetrical design 

of dual storage ring



5

Requirements for Electromagnetic Calorimeter(ECAL) 

(ECAL)
➢ Fast response

◆ Challenge of high Luminosity

High event rate (400 kHz) 

High background level 

(~MHz for single crystal unit)

➢ High precision 

◆ Energy resolution

Better than 2.5% @1 GeV

◆ Position resolution

Better than 5 mm @1 GeV

◆ Time resolution

Better than 300 ps @1 GeV Energy distribution of photons 

For more specific details, please refer to the STCF CDR.

https://doi.org/10.48550/arXiv.2303.15790
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ECAL Conceptual Design— crystal calorimeter

pCsI APD

Pure CsI (pCsI) crystal + APD

◆ Pure CsI (pCsI) crystal

➢ Fast decay time (~30 ns)

➢ Good radiation hardness

➢ Low light yield

◆ Avalanche photodiode (APD)

➢ Large area 

➢ Barrel: 51 × 132 = 6732

➢ Endcap: 3 × 85 + 102 + 136 = 969

➢ Crystal Size: ~ 5 × 5 × 28(15𝑋0) 𝑐𝑚
3

Crystal arrangement diagram and geometry model



8

Simulation Studies Based on Geant4 

Photon Shower Visualization

⚫ Geant4 Simulation Setup
1. “Dead Material” 

a. 150-µm Teflon reflective film

b. 75-µm polyethylene insulating film 

c. 75-µm Al electrostatic shielding film

d. 200-µm-thick carbon fiber

2. Light Yield (100 p.e./MeV)

3. Light Collection Non-uniformity

collection efficiency: 

𝜀 𝑙 = 95%+ 𝑙/𝐿 × 5%，

where 𝐿 is the length of the crystal，

𝑙 is the distance from APD.

4. Secondary Particles Hit APD

5. Electronics Noise (1 MeV)
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Reconstruction of Energy

Energy reconstruction of 1GeV 𝛾

The energy spectrum is fitted by Crystal Ball 

function, and the energy resolution is defined by 

𝜎𝐸 =
𝐹𝑊𝐻𝑀

2.355
.

➢The photon energy is reconstructed by summing 
energy deposition of a 5×5 crystal array

Can be improved by 
increasing the light yield
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Reconstruction of  Position
➢ Barycenter method with logarithmic weight

𝑿𝒄 =෍

𝒋

𝑵

𝑾𝒋 𝑬𝒋 ∙ 𝑿𝒋/෍

𝒋

𝑵

𝑾𝒋 𝑬𝒋

Where:

Linear-Weight: 𝑊𝑗 𝐸𝑗 = 𝐸𝑗,

Log-Weight: 𝑊𝑗 𝐸𝑗 = max{0, 𝑎 + ln(𝐸𝑗/σ𝑗
𝑁𝐸𝑗)},

𝐸𝑗 is the deposited energy in the 𝑗th crystal.

Linear-Weight Log-Weight

Position resolution of the ECAL
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Timing Performance Simulation

Light transmission

Output Waveform

Fit Result

Fit the waveformTime resolution of photons

300ps

• Time distribution of photoelectron was convolved with 

the electronic impulse response function

• Timing was performed using waveform fitting method. 

• The main factor limiting timing performance is electronic 

noise, especially at low energy.

• Performance can be improved by increasing the light 
yield to reduce the equivalent noise energy
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Impact of Background on ECAL Performance

⚫ Challenges of high background level

Background counting rate

Background momentum distribution

• High luminosity introduces high background, which 

will cause pileup and affect energy reconstruction

• The background counting rate of single crystal unit 

is close to MHz 

• Most of the energy is less than 10 MeV
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Waveform Fitting Method 

⚫ Multi-template fitting

⚫ Signal data
Background data
Superimposed data

With the help of the waveform fitting method, 

the energy resolution is greatly improved, 

which meets the requirements of STCF ECAL.
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Detector Element and Electronics

Teflon

S8664-1010 APD

➢Electronics 
➢ CSA-based readout design

Front End Board & Back End Board

For more specific details, please refer to the 

Electronics for STCF ECAL.

https://doi.org/10.1088/1748-0221/15/09/C09002
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Light yield measurement by a cosmic ray test

Schematic diagram and photo of the cosmic ray test setup

Bare back-end face Wrapped back-end face Wrapped back-end 

➢Different packaging method
➢ Bare or wrapped back-end face

➢Different APD size
➢ Four S8664-55 APDs (5 × 5 𝑚𝑚2 × 4) 

➢ Four S8664-1010 APDs (10 × 10 𝑚𝑚2 × 4) 
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Wavelength Shifter(WLS)

• The quantum efficiency(QE) of APD is approximately 

40% at 310nm.

• NOL-9 is a type of wavelength-shifting material that can 
convert short wavelengths into longer wavelengths.

APD QE

Absorption spectra

Luminescence spectra
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Light yield  increment by using WLS

⚫ Coating the WLS on packaging 

materials

WLS coated on packaging materials and a assembled module

The light yield is increased by 60%, ~240 p.e./MeV

⚫ Coating the WLS on crystal

The light yield is increased by 100%, ~300 p.e./MeV
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Time measurement by LED

➢ Using LED to simulate 

crystal luminescence

➢ Using waveform fitting 

method for timing  

Waveform 

Generator

Drive 

Pulse

Start 

Pulse
(T0 )

Obtaining time(T𝐹𝑖𝑡 ) 

by fitting the signal 

waveform .

LED test system

A fit result of signal waveform 

200fC is equivalent to 250MeV

300ps

⚫ Contribution of electronics to time resolution
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Time measurement by cosmic ray

Cosmic ray test system

The test result of cosmic ray is close the LED result 

indicate that the main contribution to time resolution 

comes from electronics at low energy.

LED Test

Cosmic ray Test

⚫ Other contributions to time resolution

1. Light transmission

2. Fluctuations in the emission location of a crystal

𝑇𝐹𝑖𝑡 = 0.01(𝑛𝑠/𝑚𝑚) × 𝑙 𝑚𝑚 + 𝐶
𝑇 𝐹

𝑖𝑡
/𝑛
𝑠

Position /mm

Where 𝑙 is the distance from the 

APD, 𝐶 is a constant. The 

fluctuation of photon shower 

positions is a few centimeters at 

high energy, the contribution of the 

2nd point is about 50 to 100 ps.
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Summary

➢ We illustrate the design of ECAL detector for the future STCF

✓ pCsI + APD + CSA electronics

✓ The preliminary MC results show that this design could meet 

STCF requirements

➢ The WLS was used to enhance the light yield, the result 

showed that the L.Y. could reach to 300 p.e./MeV

➢ The results from both the simulation and the test indicate that 

the timing performance of ECAL could meet the requirements 

of STCF
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Back Up
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ECAL Design —— Crystal Selection
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1-Template Fitting

⚫ Template shape function：𝑓(𝑡) = 𝐴 × 𝑓 𝑡 − 𝜏 + 𝑝

⚫ 𝜒2 = σ𝑖,𝑗 𝑦𝑖 − 𝐴 ∙ 𝑓 𝑡𝑖 − 𝜏 − 𝑝 ∙ 𝑆𝑖𝑗
−1 ∙ 𝑦𝑗 − 𝐴 ∙ 𝑓 𝑡𝑗 − 𝜏 − 𝑝

⚫Apply 
𝜕𝜒2

𝜕𝐴
= 0,

𝜕𝜒2

𝜕𝜏
= 0,

𝜕𝜒2

𝜕𝑝
= 0:

෍

𝑖,𝑗

𝑓𝑘𝑖 ∙ 𝑆𝑖𝑗
−1 ∙ 𝑦𝑗− 𝐴𝑓𝑘𝑗− 𝐵𝑓𝑘𝑗

′ − 𝑝 = 0

෍

𝑖,𝑗

𝑓𝑘𝑖
′ ∙ 𝑆𝑖𝑗

−1 ∙ 𝑦𝑗− 𝐴𝑓𝑘𝑗− 𝐵𝑓𝑘𝑗
′ − 𝑝 = 0

෍

𝑖,𝑗

1 ∙ 𝑆𝑖𝑗
−1 ∙ 𝑦𝑗− 𝐴𝑓𝑘𝑗− 𝐵𝑓𝑘𝑗

′ − 𝑝 = 0

𝑭𝑘 ∙ 𝑺−1 ∙ 𝑭𝑘
𝑇 𝑭𝑘 ∙ 𝑺−1 ∙ 𝑭𝑘

′𝑇 𝑭𝑘 ∙ 𝑺−1 ∙ 𝑰
𝑭𝑘
′ ∙ 𝑺−1 ∙ 𝑭𝑘

𝑇 𝑭𝑘
′ ∙ 𝑺−1 ∙ 𝑭𝑘

′𝑇 𝑭𝑘
′ ∙ 𝑺−1 ∙ 𝑰

𝑰 ∙ 𝑺−1 ∙ 𝑭𝑘
𝑇 𝑰 ∙ 𝑺−1 ∙ 𝑭𝑘

′𝑇 𝑰 ∙ 𝑺−1 ∙ 𝑰

∙
𝐴
𝐵
𝑝

=
𝑭𝑘 ∙ 𝑺−1 ∙ 𝒀
𝑭𝑘
′ ∙ 𝑺−1 ∙ 𝒀
𝑰 ∙ 𝑺−1 ∙ 𝒀

𝐴
𝐵
𝑝

=
𝑭𝑘 ∙ 𝑺−1 ∙ 𝑭𝑘

𝑇 𝑭𝑘 ∙ 𝑺−1 ∙ 𝑭𝑘
′𝑇 𝑭𝑘 ∙ 𝑺−1 ∙ 𝑰

𝑭𝑘
′ ∙ 𝑺−1 ∙ 𝑭𝑘

𝑇 𝑭𝑘
′ ∙ 𝑺−1 ∙ 𝑭𝑘

′𝑇 𝑭𝑘
′ ∙ 𝑺−1 ∙ 𝑰

𝑰 ∙ 𝑺−1 ∙ 𝑭𝑘
𝑇 𝑰 ∙ 𝑺−1 ∙ 𝑭𝑘

′𝑇 𝑰 ∙ 𝑺−1 ∙ 𝑰

−1

∙
𝑭𝑘 ∙ 𝑺−1 ∙ 𝒀
𝑭𝑘
′ ∙ 𝑺−1 ∙ 𝒀
𝑰 ∙ 𝑺−1 ∙ 𝒀
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Waveform Fitting Method 

⚫ Multi-template fitting
➢ The waveform template is obtained by 

convoluting the pure CsI fluorescence signal 

with the electronics impulse response function.

➢ The fit minimizes the 𝜒2 defined as:

Where:

N is the number of templates;

vector 𝑺 comprise the  readout samples;

vector 𝒑𝒋 is the waveform template;

𝑨𝒋 are the amplitudes, which are obtained by the fit;

C is the noise covariance matrix.

𝝌𝟐 = ෍

𝒋=𝟏

𝑵

𝑨𝒋𝒑𝒋 − 𝑺

𝑻

𝑪−𝟏 ෍

𝒋=𝟏

𝑵

𝑨𝒋𝒑𝒋 − 𝑺

An example of the multi-template fitting result.

 The green line is the fitting result of the data, 

which is the sum of  total templates. 

 The red line is the template represents the signal.

 The blue line represents the background, 

which is the sum of the remaining templates. 

⚫ Signal data
Background data
Superimposed data
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Electronics

Wide
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WLS

quantum yield of 95 % 

luminescence decay time of 7.17 ns
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Wavelength shifter material study
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Performance Simulation

⚫Material budget in front of the ECAL
➢ The performance is affected by the interaction of photons with materials in front of 

the ECAL.

➢ The dominant interaction process for photons in the energy range of interest is

gamma conversion. 

Materials in front of the ECAL 

in units of a radiation length 𝑋0
𝛾 conversion probability in front of ECAL
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Performance Simulation

⚫ Impact of materials in front of ECAL
➢ A full STCF detector simulation study was carried out, and the simulation results 

are compared with ECAL only simulation results.

The energy resolution varies with 𝛾 energy.

ECALSim

FullSim

ECALSim

FullSim

The reconstruction efficiency varies with 𝛾 energy.

The reconstruction efficiency is defined by 
𝑁𝑟𝑒𝑐

𝑁𝑀𝐶
,

N𝑟𝑒𝑐 satisfy: 𝐸𝑝𝑒𝑎𝑘 − 4𝜎𝐸 < 𝐸𝑟𝑒𝑐 < 𝐸𝑝𝑒𝑎𝑘 + 2𝜎𝐸.

 have little effect on the energy resolution 

 have great effect on reconstruction efficiency. 
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