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Calorimeters Options

➢ ECAL with Silicon and Tungsten (LLR, France)

➢ ECAL with Scintillator+SiPM and Tungsten (IHEP + USTC)

➢ SDHCAL with RPC and Stainless Steel (SJTU + IPNL, France)

➢ HCAL with ThGEM/GEM and Stainless Steel  (IHEP + USTC + UCAS)

➢ HCAL with Scintillator+SiPM and Stainless Steel (IHEP)

➢ Dual readout calorimeters (INFN, Italy + Iowa, USA)
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https://twiki.cern.ch/twiki/bin/view/CALICE/CalicePapers

SJTU group was officially approved by CALICE 
steering group as a member on Mar. 24, 2017, 
working on the SDHCAL performance study.



Recent Progress about Calorimeters

 IHEP: studies of SiPM response curve, 
optimization of scintillator light outputs

 USTC:  design & test of readout 
electronics (PCB & FPGA firmware),
construction of 30cm×30cm double-
layer GEM, study of GEM displacement 
using mechanical simulation
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SJTU: SDHCAL TB analysis and 
optimization of # of layers



1. CEPC ScW ECAL simulation and optimization
- Optimization of ECAL: layers,  Cell size, Scintillator thick etc.

- SiPM test and performance of scintillator strip

- Design of readout electronics

- Preparing for ScW ECAL module construction and beam test

2. CEPC DHCAL performance study and optimization
- Optimization of HCAL: layers, cell size

- Comparison of different technologies: RPC, GEM, Scintillator

- SDHCAL (RPC) TB data analysis for performance study

- Design of readout electronics

3. Need international collab. for CEPC Calo studies.

Calorimeters R&D Plan
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Supported by MOST, NSFC and IHEP seed funds, about $ 1M



Preparation for CEPC-Calo CDR

➢ ECAL with Silicon and Tungsten
Editor: Vincent Boudry (LLR, France)

➢ ECAL with Scintillator+SiPM and Tungsten 
Editors: Zhigang Wang (IHEP) + Yunlong Zhang (USTC)

➢ SDHCAL with RPC and Stainless Steel 
Editors: Haijun Yang (SJTU) + Imad Laktineh (IPNL, France)

➢ HCAL with ThGEM/GEM and Stainless Steel
Editors: Jianbei Liu (USTC) + Boxiang Yu (IHEP)

➢ HCAL with Scintillator+SiPM and Stainless Steel
Editor: Boxiang Yu (IHEP)

➢ Dual readout calorimeters
Editor: ？
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Backup Slides
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SiPM Dynamic Range
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Expression of SiPM behavior
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SiPM Test
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SiPM Test
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Optimization of Scintillator Strip

2017/3/30

Optimizing geometry & connection of scintillators.

Z.G. Wang et.al.

SiPM area:  1×1 mm2
 0.25×4 mm2:
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Scintillator strip light output

5mm×45mm scintillator strip        10mm×90mm scintillator strip

Baseline design of the CEPC ScW ECAL readout structure. 
The uniformity of scintillator strip light output needs to be optimized. 

Non-uniformity: ~ 23%

Non-uniformity: ~ 32%

Scintillator: BC408， SiPM:  1mm×1mm,25um pixel size 

2017/3/30 Status of CEPC-Calo by H. Yang12



Saturation effect on energy resolution
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Readout Electronics of ECAL
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Electronics Board of ECAL (USTC)

 The PCB of ECAL ,which based on SPIROC2b 
chips, has been designed & produced

 The FPGA firmware is  being designed
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DAC Linear Test
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Energy Reconstruction for SDHCAL



2017/3/30

DHCAL with RPC

DHCAL with RPC

Collaborating with Imad Laktineh at IPNL 
to analyze TB data of SDHCAL since 2016.

2012 Data 2015 Data

B. Liu, H. Yang, Imad 
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Definition of Y/N Category

Shower is fully contained

Shower is not fully contained
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Improve the Muon Rejection
Bing Liu, Haijun Yang, Imad
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Energy Resolution vs No. of Layers 

SDHCAL has 48 layers which aims for ILC Detector
- 6mm RPC and 20mm Stainless steel absorber
 Optimization no. of layers for CEPC at 240GeV
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CEPC HCAL Detector Simulation
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Development of BDT based PID
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Energy(GeV) Pion eff(%) Electron contamination(%) Muon contamination(%)

10  Simple cuts 62.01 0.09 0.06

10 BDT 6 var I 62.02 0.00 0.00

10  BDT 6 var II 62.29 0.00 0.00

20  Simple cuts 77.02 0.05 0.23

20 BDT 6 var I 77.10 0.00 0.00

20  BDT 6 var II 77.06 0.00 0.00

30 Simple cuts 84.17 0.05 0.54

30  BDT 6 var I 84.13 0.00 0.00

30  BDT 6 var II 84.29 0.00 0.00

40  Simple cuts 90.07 0.20 0.69

40  BDT 6 var I 90.00 0.06 0.00

40  BDT 6 var II 90.08 0.04 0.00

50 Simple cuts 93.21 0.09 0.64

50  BDT 6 var I 93.17 0.00 0.02

50  BDT 6 var II 93.23 0.00 0.00

60  Simple cuts 94.89 0.23 0.79

60  BDT 6 var I 94.88 0.02 0.02

60  BDT 6 var II 94.84 0.02 0.02

70  Simple cuts 95.60 0.31 1.08

70  BDT 6 var I 95.59 0.06 0.00

70  BDT 6 var II 95.63 0.08 0.00

80  Simple cuts 96.22 0.37 1.13

80  BDT 6 var I 96.22 0.10 0.00

80  BDT 6 var II 96.24 0.12 0.02

Type Selections Detail

Physical
cut

Electron 
rejection

Shower start >=5 or
Nlayer > 30

Muon
rejection

Nhit/Nlayer > 
3.2(previous is 2.2)

Radiative 
muon

rejection

Nlayer(RMS >
5cm)/Nlayer>20%

Neutral 
rejection

Nhit(belong to first 5
layers)> =4

Artifici
al cut

Beam 
position cut r<r(given)

 simple cuts

 The comparison result of BDT and simple 

cuts from 10 to 80 GeV

 BDT 6 var(I): Begin ,Ninteractinglayer, 

TrackMultiplicity, MuonR1,MuonR2,Density

 BDT 6 var(II): Begin,TrackMultiplicity, 

MuonR1,MuonR2,Density,radius
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 BDT 6 var(I): Begin ,Ninteractinglayer, 

TrackMultiplicity, 

MuonR1,MuonR2,Density

 BDT 6 var(II): Begin,TrackMultiplicity, 

MuonR1,MuonR2,Density,radius



GEM Performance Test

 Using X-ray to test double-layer GEM 

Test facility at USTC Gain uniformity

< 15%
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GEM Mechanical Simulation

GEM displacement due to sum of 
electric force and gravity 

GEM displacement  vs. tension applied 

• Maximum GEM displacement  ~ 150um when tensioned at ~0.3kg/cm

• More tensioning doesn’t help too much in further reducing displacement.
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Readout Electronics

 Design and test of readout electronics by USTC

MICROROC & HARDROC2B Test Board SDHCAL DIF Board

Multi-
thresholds

channels Dynamic range

Hardroc2 64 10fC~10pC

Hardroc3 64 10fC~50pC

Microroc 64 1fC~500fC

Microroc is  dedicated chip for GEM / 
MICROMEGAS. Microroc (pin pin
compatible with HR2b) is based on HR2b 
same back-end,  readout format, same 
pinout, only preamplifier is changing.
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PCB Design and Test
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 Active area:30𝑐𝑚 × 30𝑐𝑚

 900 pads in total (4 pads unused)

pad pad

1cm

0.4mm

 Layout Cross Section:

GND--SIG1--GND--SIG2--GND--SIG3--GND--PADs

(Top --------------------------------------------------bottom)

 14 connectors

Test board √

DIF board √

Active Sensor Array board √

Test board DIF (Kapton) √

ASA board Test board(Kapton) √

FPGA firmware started

Application software started
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HCAL Based on Scintillator + SiPM

 Considering HCAL based on 
scintillator with SiPM.

 SiPM can be mounted on a 
readout PCB and fully placed 
inside a cavity. Polished surface 
of the tile and cavity can improve 
response uniformity.

2017/3/30

Zhe Wu, Boxiang Yu (IHEP)
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MPPC readout by ASIC chip

Scintillator

Single detector unit 



Test of Scintillator with SiPM
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Cosmic ray test simulation
Cosmic ray simulation result

 The scintillator and MPPC (SiPM) were tested;
 Some simulations are ongoing;
 Next step: test the uniformity of the light output of scintillator, 

measure the light output of MIP using cosmic ray.

MPPC S12571-025P 

31



Manpower for Calorimeters R&D

 IHEP: Zhigang Wang, Hang Zhao, Tao Hu
 ScW ECAL optimization 
 SiPM Test and scintillator strip optimization

 USTC: Yunlong Zhang, Shensen Zhao, Jianbei Liu, Dajin
Hong 
 SiPM linearity test
 Electronics board design and test for ECAL and HCAL

 SJTU: Haijun Yang, Liang Li, Jifeng Hu, Bing Liu, Jing Li
 SDHCAL (RPC) TB performance study, PCB design
 Calorimeter design based on benchmark Hgg and WW

 IHEP+UCAS: Boxiang Yu, Zhe Wu, Qian Liu, H.B. Liu
 Thick GEM study with large active area (20x20cm2)
 HCAL based on Scintillator + SiPM
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