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Introduction

• CEPC: future circular lepton collider
• Higgs/W/Z bosons, top, BSM searches, etc.
• PFA calorimeter: promising to achieve 3-4% jet 

resolution

• PFA Calorimeter
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Calorimeters Designs for CEPC

Si-W ECAL

• Baseline design

• Sampling structure

• High granularity (1x1 cm2)

• Strong shower separation

Semi-DHCAL (SDHCAL)

• High granularity (1x1 cm2)

• Three thresholds readout

• Self-supporting mechanical 
structure as steel absorber

JINST 10 (2015) P10039, JINST 11 (2016) P06014
JINST 15 (2020) P10009, JINST 17 (2022) P07017
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Performance of SiW-CAL

➢ Photon energy resolution vs sampling layers

➢ Silicon sensor thickness: 500 microns

➢ Dijet mass resolution: 3.75% for vvH→vvgg

CEPC CDR (P215)
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Performance of SDHCAL

➢ SDHCAL (1m3), 3 thresholds, TB at CERN 

➢ DHCAL (1m3), TB at FNAL/CERN 

80 GeV Pion

JINST 11 (2016) P04001
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Performance of SDHCAL JINST 17 (2022) P07017
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Performance Comparison: BMR

• Higgs boson mass resolution(BMR) 
improvement:

• 𝐻 → 𝑔𝑔: 4.5%  → 3.6% (full sim + 
Arbor rec.)

• 𝐻 → 𝛾𝛾: 2.1%  →  1.2% (fast sim.)

• Better BMR with crystal ECAL

𝐻 → 𝛾𝛾

Crystal+Arbor

Crystal cube

CrystalSiW
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ECAL Performance Comparison : 𝜋0/𝛾 Reconstruction  

B0 to pipi @CEPC(CEPC Flavor Physics/New Physics/Detector Technology Workshop, Fudan, 2023), Yuexin Wang

• 𝐵0 → 𝜋0𝜋0 → 𝛾𝛾𝛾𝛾 measurement
• Necessary channel to determine CKM angle 𝛼 

• ECAL performance can be characterized by 𝜎𝑚𝐵
 

• Crystal ECAL: more potentials for 𝜋0/𝛾 
reconstruction (flavor physics)

SiW

Crystal

9% 𝑣𝑠. 4%@5𝐺𝑒𝑉
𝜋0 → 𝛾𝛾

https://indico.ihep.ac.cn/event/19839/contributions/138701/
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No. of Channels of SiW ECAL and SDHCAL

- ECAL Barrel, Rin = 1.9m, Rout = 2.15m, Length = 5.9m, Nlayer=30
Active Area of ECAL barrel = 2*PI*[(Rin+Rout)/2]*L*Nlayer =  2252 m2

- ECAL Endcap (2), Rin = 0.35m, Rout = 2.15m, Nlayer=30
Area of ECAL endcap = 2*PI*(Rout*Rout – Rin*Rin)*Nlayer = 848 m2

- HCAL Barrel, Rin = 2.2m, Rout = 3.55m, Length =6.5m, Nlayer=48
Area of HCAL barrel = 2*PI*[(Rin+Rout)/2]*L*Nlayer =  5440 m2

- HCAL Endcap (2), Rin = 0.4m, Rout = 3.55m, Nlayer=48
Area of HCAL endcap = 2*PI*(Rout*Rout – Rin*Rin)*Nlayer = 3753 m2

ECAL Active Area: 3100 m2 ➔ 31.0 M (1x1 cm2 cell)
HCAL Active Area: 9193 m2 ➔ 91.93 M (1x1 cm2 cell)

➔ 23M (2x2 cm2) or 10.2M (3x3 cm2)
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Performance

Items Priority Results / Status Remarks

Boson Mass 
Resolution

A
3.75% (vvH → vvgg)

2.1% (H→ gg)
BMR < 4%

Intrinsic EM/hadronic 
energy resolution

A
SiW-ECAL: 17%/E  1%
SDHCAL: 68%/E  1%

Test beam

Separation power -
gamma/gamma, gamma/hadron, 

hadron/hadron

Lepton ID in jets -

Timing  capability ~ ns
~ ns (SKIROC2A, 5mW/ch)

~ ns (HARDROC2, 1.4mW/ch)

𝝅𝟎 reconstruction
14%  @ 2 GeV
9.0% @ 5 GeV
7.5% @ 10 GeV

simulation

Pile-up at Z-pole Granularity:1cm x 1cm
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Cost (SiW-ECAL)

Parameter Name Barrel Endcaps (x2) Sum

Inner Radius for ECAL 1900 mm 350 mm NA

Length for barrel 5900 mm 1900 mm + 𝟐𝟒𝑿𝟎 NA

Longitudinal Depth 𝟐𝟒𝑿𝟎 (Thickness depends on each option) NA

Modularity
#modules in phi, 
#rings along Z

Assuming ideal geometry if 
no design?

NA

Material Volume (m³)
Tungsten (2.8mm/layer, $123/kg)

6.3 2.4
8.7 m3

168 t ($20.7M)

Cooper (1mm/layer, $10/kg) 2.25 0.85 3.1 m3 ($0.3M)

Readout channels 22.5M (2252m2) 8.5M (848m2) 31.0M

Power dissipation (kW)
5mW/ch

112.6 42.4 155

Cost: sensitive materials
Silicon sensor CHF3.5/cm2

78.82M 29.68 CHF 108.5M

Cost: electronics
RMB15/ch

337.8M 127.2M RMB 465

Subtotal 21M*7.2 + 108.5M*8 +465M = RMB 1484M

ILD TDR, V4, P306
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Performance

Parameter Name Barrel Endcaps (x2) Sum

Inner Radius for HCAL 1900 mm + 𝟐𝟒𝑿𝟎 400 mm NA

Length for barrel;
Outer radius for endcap*

6500 mm 1900 mm + 𝟐𝟒𝑿𝟎 + 𝟔𝝀𝑰
NA

Longitudinal Depth 𝟔𝝀𝑰 (Thickness depends on each option) NA

Modularity
#modules in phi, 
#rings along Z

Assuming any ideal 
geometry if no design?

NA

Material Volume (m³)
Fe (tons, $8/kg)

108.8 75.1
183.9 (1448 t) (no 
cassette $8.7M)

Readout channels (2x2 cm2） 54.4M (13.6M) 37.53M (9.4M) 94.76M (23M)

Power dissipation (kW)
1.4mW/ch, 5.4W/DIF/m2

105.5
48.4

72.8
33.4

178.3 
(81.8)

Cost: sensitive materials
RPC + cassette: $1425/m2 $7.7M $5.3M $13M

Cost: electronics: $4500/m2

→ $3000/m2 $27.2M ($16.3M) $18.8M ($11.3M) $46M ($27.6M)

Subtotal 67.7M (49.3) *7.2 = 487M (354M) RMB
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Technical Readiness

Category Status Design 1
Other Alternative Design (if 

any)

Technical 
Readiness 

Level

Full Simulation
(system level)

Yes

Full Simulation
(module level)

Yes

Prototyping R&D
(common)

Prototyping R&D
(modules, units)

Yes
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Backup
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Summary

➢ Down-select criteria for calorimetry system: performance

Category Items SiW ECAL + SDHCAL

Performance

Boson Mass Resolution (BMR) 
< 4%

BMR ~ 3.75% (vvH→vvgg)
BMR ~ 2.1% (H → gg)

PID in jets: lepton ID and precision Lepton ID: TBD;

Timing Resolution

~ ns (SKIROC2A, 5mW/ch)
~ ns (HARDROC2, 1.4mW/ch)

20-30ps (HGCROC, CMS)
40-50ps (PETIROC with MRPC)

EM energy resolution ~17%/√E  1% (SiW ECAL)

Hadron energy resolution ~ 68% /√E  1% (SDHCAL)

𝜋0 → gg reconstruction Simulation studies

Granularity 1 x 1 cm2; 1 x 1 cm2

Pile-up at Z-pole TBD
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Cost Estimation (SiW ECAL)

➢ Reference of ILD cost estimation (TDR, V4, P306)

Item Unit cost Cost ($)

Tungsten 168 tons $123/kg 20.7M

Carbon fiber 2.1M

Silicon sensor 3100 m2 $3/cm2 93.3M

Readout ASIC 16.5M

Readout Board 21.0M

Materials, Cables, connectors 3.5M

Tooling 9.3M

Assembly 13.5M

Integration 0.5M

Sum 180.4M

➢ CEPC SiW ECAL cost: $180.4M ~ 1.3B RMB
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Cost Estimation (SDHCAL)
Unit Cost: ~ 42K RMB/m2  (for 1x1 cm2)

~ 30K RMB/m2  (for 3x3 cm2)
SDHCAL: 7394 m2   

➔ 310M  vs 222M RMB
Absorber (148 m3) ➔ 74M RMB
Total Cost (RMB): 384M vs 296M
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Electronics Channels and Power

➔ 1m2 RPC needs 6 PCBs, each PCB has 1536 ch (24 ASIC chips)
➔ Each ASIC chip (Hardroc) has 64 channels, size 4.3mm*4.7mm
➔ ASIC Power: 1.4mW/ch * 64 ch = 90 mW/Chip
➔ Power: 1.4mW/ch * 9216 ch (6*24*64) = 13 W/m2

➔SDHCAL has 48 layers which aims for ILC Detector
each layer: 6mm gRPC + 20mm absorber

➔48-layer ~ 5.76 lI
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Readout Electronics for RPC
4.7 mm

4
.3

m
m

ASICs : HARDROC2
64 channels
Trigger less mode
Memory depth : 127 events
3 thresholds
Range: 10 fC-15 pC
110fC, 5pC, 15pC
Gain correction → uniformity

Printed Circuit Boards (PCB) were designed 

to reduce the cross-talk with 8-layer structure 

and buried vias.

Tiny connectors were used to connect the 

PCB two by two so the 24X2 ASICs are daisy-

chained. 11m2 has 6 PCBs and 9216 pads.

DAQ board (DIF) was developed to transmit  

fast commands and data to/from ASICs. 
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