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Introduction to STCF EMC
One Slide about STCF

Super Tau-Charm Facility: A post-
BEPCII HEP project in China

◦ High luminosity

◦ Wider energy range

◦ Beam polarization  

◦ …….
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Accelerator Parameters Phase 1 Phase 2

Circumference/m ~600 ~600

Beam Energy Range/GeV 1-3.5 1-3.5

Collision Angle/mrad 60 60

Luminosity/

×1035cm-2s-1
>0.5 ~1.0

Beam Polarization No Yes

Large Piwinski angle Collision +Crab Waist



Introduction to STCF EMC
Overview of STCF EMC

Electro Magnetic Calorimeter: 
Major detector for probing 
neutral particles (γ, n, ത𝑛, 𝐾𝐿)
◦ 4-momentum of photon

◦ Neutral particle identification

◦ Neutral trigger & event timing

◦ ……

A calorimeter and beyond 
calorimeter EMC
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>>2 krad / year!

Introduction to STCF EMC
Challenges in EMC Design and Operation
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Low noise & Fast Response

𝒪(1) MeV – 3 GeV dynamic 
range

High event rate ( >400 kHz)

Maximum TID more than 40 
krad in 10 years

Radiation Hard Crystal

Beam background induced 
pile up events: more than 
2.5 MHz per unit (only over-
threshold counted)

Fast Response & 
Capable of pile-up



Review of the Progress in Concept Design
EMC Baseline Design & Performance
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Compact Geometry
◦ Non-IP oriented 

design

◦ Unit size
◦ 15𝑋0 length

◦ ~1 𝑅ℳ radius

Fast and Radiation 
Hard Crystal (pCsI)
◦ 30 ns decay time

◦ Cost-effective

◦ >10 krad tolerance

High Q.E. APD & Fast CSA
Electronics
◦ Hamamatsu S8664 APD x4

◦ Shaping time = 100 ns

◦ parallel JFET as input 
stage

Unit Cosmic Ray Test
◦ High reflectance Teflon

◦ L.Y. = 155 p.e./MeV

◦ Equivalent Noise Energy = 
1.2 MeV

APD

PCsI

Al+Mayer

Teflon

Critical Input for 
Optimization !



EMC performance study in OSCAR
Geometry construction in DD4hep

Geant4 simulation 
Electronics response

Light collection uniformity 

Spike signal on APD 

Energy & position reconstruction

Energy & position calibration

Parameter optimization
Package thickness

Unit radius & length

Amount of inner substance
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Review of the Progress in Concept Design
EMC Optimization in Simulation

More details in Yong’s talk at the 13th National Conference on Particle Physics

Simulation result fulfills 
energy & position

measurement requirements 
@ 1GeV photon 

https://indico.ihep.ac.cn/event/10906/contributions/6093/attachments/2621/2982/STCF-ECAL-20210817.pptx


Time resolution study in simulation
◦ Shower propagation & light intensity 

fluctuation

◦ Geant4 + Optical simulation

◦ Emulate the Leading Edge Discriminator in 
C++

Pile-up validation
◦ Background sampling & waveform 

generation implemented into simulation

◦ Use waveform fit to mitigate the influence 
of pile-up (One pulse fit & MultiFit)*
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Review of the Progress in Concept Design
EMC Optimization in Simulation

Only contribute 65 ps to time 
resolution@ 1GeV photon 

* Introduced in the Workshop on BESIII Software and Computation 2021

https://indico.ihep.ac.cn/event/14375/contributions/30394/attachments/14657/16712/jzk_pileup.pptx


Review of the Progress in Concept Design
EMC Optimization in Simulation
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Things seem great for high energy photon!

However…

Large ENE → Bad energy 
resolution and detection 
efficiency at low energy

The pile-up mitigation effect 
heavily influenced by ENE at low 

energy

Deteriorated 𝜋0 mass resolution 
at low energy due to energy 

resolution (Compared to BESIII)

The reduction of ENE is crucial to EMC performance at low energy!



Amplitude: 𝐶𝑅 − (𝑅𝐶) 2 shaping circuit

3 parallel JFET as input stage

Detailed noise analysis and parameter 
optimization
Number of shaping integrators

Shaping time

JFET number

Time:  CSA + FPGA based waveform fit

Comprehensive theory study on time 
resolution
◦ Leading edge timing vs waveform fit

◦ Parameter optimization
Feedback capacitor

Bandwidth of operational amplifier

ADC sampling rate
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Review of the Progress in Concept Design
Electronics Parameters Study

More details in Laifu’s talk at the 13th National Conference on Particle Physics

FEM (On Detector)

Driver

High Gain

DPM (Off Detector)

ADC FPGA

数 

据 

总 

线
PZC

SH

Low Gain

CSAAPD

荧
光

C09002 P02034

𝜎𝐸 = 1 𝑓𝐶
Very close to the optimal SNR

Time resolution better than 200 ps @ 1GeV !

https://indico.ihep.ac.cn/event/10906/contributions/6167/attachments/2744/3107/STCF-ECAL-20210816.pptx
https://doi.org/10.1088/1748-0221/15/09/C09002
https://doi.org/10.1088/1748-0221/17/02/P02034


Review of the Progress in Concept Design
Electronics Parameters Study

The optimal electronics performance is obtained

Remaining issues:
◦ Improve L.Y. to further reduce ENE

◦ On the demand of neutral trigger & event timing

◦ Take 𝐽/𝜓 decay as example

◦ The maximum photon energy deposition is 250 MeV on 
average

◦ Need a fast, accurate trigger system focusing on 𝒪(100) MeV 
energy region (𝜎𝑇 > 2𝑛𝑠 @ 0.1 𝐺𝑒𝑉 at present)
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Charged Track

Photon



Key Technology Research
Light Yield Improvement

Optical simulation of light propagation
◦ Emission spectrum

◦ Absorption length

◦ Package reflectance

◦ APD Q.E.

 Transmittance of UV component

 APD Q.E. on UV component

Idea: high performance WaveLength Shifter on 
crystal surface

---- Shift UV component into high transmittance 
wavelength  at early stage
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Wavelength 
(nm)

Emission Ratio 
(%)

Signal 
Contribution(%)

318 >80 <40

500 <20 >60



Key Technology Research
Light Yield Improvement

Simulation result is great

Experiment validation
◦ Coating WLS on Teflon with Mayer Bar

◦ Effective but not as excellent as simulation

◦ Need to further improve the WLS occupancy 
in Teflon (According to SEM)

Radiation hardness test on WLS
◦ No performance reduction up to 100 krad 
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Set up
LY (photons / MeV)

Simulation Experiment

W/o WLS 145.6
x 2.2

144
x 1.5

With WLS 322 223
0

0.2
0.4
0.6
0.8

1
1.2

Radiation Dose (krad)

Relative L.Y.



Compact 10-channel BEE
◦ 125M sampling rate

◦ Full digital signal processing (Digital filter + 
waveform fit)

◦ Optimized resource occupancy in FPGA

◦ Performance validation finished

LED based pile-up validation system
◦ To be used for prototype beam test

◦ Background generator: AWG + LED driver

◦ Consistent with simulation result
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Key Technology Research
Electronics System for Prototype Array test



Key Technology Research
FPGA based on-board Trigger Method

Waveform fit not applicable for trigger

Inspired by self correlation method

Propose a differential self correlation method for 
fast event timing
◦ For a template waveform 𝑻𝒊 and a signal 𝑺𝒊,

differential self correlation coefficient is defined as:

◦ 𝓦 = σ𝑖 (𝑇𝑖 − 𝑇𝑖−1)(𝑆𝑖 − 𝑆𝑖−1)/𝑇𝑖 ∙ 𝑆𝑖

◦ 𝑇𝑜𝑓𝑓𝑠𝑒𝑡,𝑒𝑥𝑝 = (100 − σ𝑖=4
7 𝑇𝑜𝑓𝑓𝑠𝑒𝑡 𝒲𝑖 )/4

Advantages:
◦ Low FPGA resource occupancy

◦ Low threshold & high accuracy

◦ No stack & small delay

◦ Robust to pile-up
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>90% @ 100 MeV
8 ns time window



STCF EMC: a multi purpose calorimeter 
under challenging operation environment
◦ High event rate, high radiation dose, high 

beam background

◦ Energy & position measurement, particle 
identification, trigger & event timing …

The baseline design and parameter 
optimization finished for both detector & 
electronics

Recent technical design highlights
WLS enhanced unit

Significant improvement in light yield

Good radiation hardness

Electronics System for Prototype Array test

Compact BEE design & test

LED based pile-up validation system

FPGA based on-board Trigger Method

Proof of concept finished – feasible for neutral 
event trigger

More efforts on validation needed
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Summary



BACKUP
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Introduction to STCF EMC
Energy  distribution of background photons
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Review of the Progress in Concept Design
Table of the crystal properties
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Review of the Progress in Concept Design
Energy reconstruction procedure:

Position reconstruction method:
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ECALRecAlg

Cluster search

Seed search

Clusters split 
into Showers

Calculation and 
correction of shower 
energy and position 

𝜋0 Cluster (two photons)  

𝑿𝒄 =

𝒋

𝑵

𝑾𝒋 𝑬𝒋 ∙ 𝑿𝒋/

𝒋

𝑵

𝑾𝒋 𝑬𝒋

Where:

𝑊𝑗 𝐸𝑗 = max{0, 𝑎 + ln(𝐸𝑗/

𝑗

𝑁

𝐸𝑗)}

Linear weight

Log weight



Review of the Progress in Concept Design
EMC in OSCAR

ZEKUN JIA (ZKJIA@MAIL.USTC.EDU.CN) 21



Review of the Progress in Concept Design

 Unit length

 15X0 enough to guarantee linearity

 End face size
 For 1.5GeV 𝝅𝟎, the minimum angle is about 𝟏𝟎°, which

require the end face size is not greater than 𝟔 × 𝟔 𝒄𝒎𝟐
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3 GeV γ-ray  Shower profile



Review of the Progress in Concept Design
Electronics optimization:

Waveform fit with least square method
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270 pF

χ2 =

i,j

yi − F ti ∙ Sij
−1 ∙ yj − F tj



Key Technology Research
Light Yield Improvement
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Key Technology Research
Light Yield Improvement

ZEKUN JIA (ZKJIA@MAIL.USTC.EDU.CN) 25

铁桶

Co源

点位平板

晶体
包装

图：辐照装置示意图

Experiment
date

Point Position Accumulated 
dose (rad)

0419 (9-11) 362 ~700

0420 (9-11) 362 10 700

0420 (15-17) 123 89 700 

0421 (9-15) 123 326 700

0422 (9-17) 81 922 700



Key Technology Research
Electronics System for Prototype Array test
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High Gain

Low Gain

ADA4817

ADA4817

AD8137

AD8137

高速串行
数据接收

波形拟合

数字滤波

缓存输出

触发

参数配置 命令解析

拟合

输出

AccumulatorMultiplier

×3DSP

Y RAM

G RAM

迭代控制

A, τ , p

采样输入

32

32

32

迭代反馈

Divider

Waveform Fitting  Module 



Key Technology Research
Electronics System for Prototype Array test
Energy spectrum under pile-up obtained from experiment and simulation
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