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Jet Energy Resolution (JER) 

 Requirement of JER based on 
separation of hadronic decays 
of W and Z is ~ 3%-4%.  
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PFA and Imaging Calorimeter 
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Developing Techniques 

 AHCAL(Analog),DHCAL(Digital),SDHCAL(Semi-digital) 

 SiWECAL(Silicon-W),ScWECAL(Scintillator-W) 
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ECal efforts 

CALICE Si/W Ecal (IN2P3): 
• Physics prototype* tested in beam (1x1cm2) 

• Data analysis well advanced 

• R&D/construction for Technical prototype** 

• Readout cell reduced to 0.25cm2 for 2nd prototype 

CALICE Sci/W ECal: 
• Physics prototype tested in beam (1x4.5cm2) 

• Data analysis done 

• R&D for technical prototype 

*  Physics prototype: proof of principle device 

** Technical prototype: prototype close to a real detector 
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HCal Efforts 

CALICE Sci/SiPM Analog HCal (AHCal): 
• Physics prototype (Fe) tested in beam (3x3cm2) 

• Data analysis well advanced 

• Physics prototype (W) beam test in 2011 

• R&D/construction for Technical prototype 

CALICE RPC Digital HCal (DHCal): 
• Large (1m3) prototype (Fe) tested in beam (1cm2) 

• Embedded Front End readout, 480K (!) readout channels 

• Beam test with W absorber in 2012 

• Data analysis on-going 

• R&D for Technical prototype started 
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Separation of Multiple Particles 

Two electrons ~5cm apart 
CALICE SiW ECAL (IN2P3) 

~20 muons in 1m2 area 
CALICE RPC DHCAL (ANL) 

We have no problem distinguishing these particles by eye 

---  a good PFA should be able to distinguish as well !  
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HCal Efforts 

CALICE RPC semi-Digital HCal (sDHCal): 
• Large prototype (1m3) under construction (1cm2) 

• Beam test in 2011 and 2012 

• Addressed some technical issues for real detector 

• Explore 3-threshold readout 

CALICE Micromegas/GEM Digital HCal: 
• Prototype layer constructed/expected (1x1cm2) 

• Prototype layer beam test done/expected 

• Both technologies can handle very high rates 



PS 

SPS 

SDHCAL: beam test @ CERN 
The SDHCAL team involved in the 

construction and test of this module are 

based in France (IPNL in Lyon, LAPP in 

Annecy, LAL in Orsay and LLR in 

Palaiseau), Spain (CIEMAT in Madrid) and 

the universities of Louvain and Ghent in 

Belgium. 

3-threshold works better  

for high energy jet 



Calorimeters for CEPC @ 250 GeV 

 Optimization for HCAL layers. 
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Segmentation: JER vs Cell Size 

 

11 



ThickGEM-DHCAL (China) 

 Collab.Institutions: IHEP,UCAS,GXU,XJTU 
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THGEM Designs and Measurements 
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CEPC-DHCAL (Testing at UCAS) 
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Results from Beam Test 
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Good time resolution as < 0.5ns with full detection efficiency of >97%. 

With fine readout pitch as 1.27mm, primary position resolution ~300mm, 

<1cm resolution for 2nd coordinate along strips, can be achieved. 



 

 Bakelite bi-gap RPC fully function in 7kHz/cm2 high rate test ! 



GRPC Test System 1- GRPC test system  

2- 5 GRPC chambers with different glass 

3- MC simulation: pad size vs energy resolution   



TOC for CEPC-Calo CDR 
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 Introduction to calorimeters 

 General layout 

 

 ECAL for Particle Flow Approach (with different sensor 
and absorber options, may choose 2-3 options for CEPC) 

 Scintillator Tungsten Sandwich - Zhigang Wang(IHEP) 

 LAr+Pb (ATLAS)  - Hong Ma (BNL) 

 

 Silicon Tungsten Sandwich  

 Monolithic Active Pixel Sensor (MAPS)  



TOC for CEPC-Calo CDR 
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 HCAL for Particle Flow Approach (with different sensors and 
absorbers options, may choose 2-3 options for CEPC) 

 DHCAL (RPCs) – Lei Xia (ANL/SJTU) 、Liang Han(USTC) 

 SDHCAL (GRPCs) – Ran Han (NCEPU) 

 DHCAL (ThGEM) – Boxiang Yu (IHEP) 

 Liquid Scintillator + Pb + SiPMT -  Junguang Lv (IHEP) 

 Fe-scint + Cu-LAr (ATLAS) –  Hong Ma (BNL) 

 Muon (Scint., RPC)-  Yuguang Xie(IHEP), Qinmin Zhang( XJTU) 

 Calorimeter Calibration and Alignment 

 Front-End Readout System 

 Power and Cooling System 

 Cost Estimation 



2014年相关自然科学基金申请 

 高能所俞伯祥申请“基于THGEM的数字量能器
的研究”- 面上项目 

 华北电力大学韩然申请“基于GRPC高粒度强子
量能器的读出系统研究”-青年基金  

 上海交大杨海军，李亮和美国ANL的Lei Xia，
Jose Repond 联合申请“高性能成像式量能器
的研究”- 重点国际合作研究项目 

 希望能得到同行专家的大力支持和基金委的资
助，使相关项目能顺利启动和开展。 
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参与单位和初步的人员安排 

 工作组邮箱：cepc-calo@maillist.ihep.ac.cn 
 高能所:胡涛，张家文，方建，俞伯祥，谢宇广，王志刚等，ECAL/HCAL 

 国科大：郑阳恒，谢一刚，刘谦，陈思等，THGEM-DHCAL 

 南京大学:陈申见，张慧君等，模拟和优化 

 武汉大学：周详，张振宇,王峰等，电磁量能器的材料选型，性能优化 

 科大：韩良，鄢文标，刘明辉，王驰，魏逸丰等，RPC，muon子系统 

 华北电力大学：韩然，曹博，杨仝瑞等，SDHCAL研发 

 南开大学：喻纯旭，徐音等,模拟和优化 

 北京大学：王大勇，磁铁和muon子系统 

 山东大学：都艳艳，muon子系统 

 西安交大：张清民, muon子系统 

 上海交大：杨海军,李亮,符长波等，RPC 

 美国ANL：Lei Xia （DHCAL based on RPC） 

 美国BNL：Hong Ma (ATLAS Calo) 
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Thank You ！ 23 



Baseline Approach (PFA) 

 Particle Flow Algorithm requires high granularity 
and segmentations in both lateral and 
longitudinal directions. 

 ECAL(~ 5x5 mm2) 

 HCAL(1x1 to 3x3 cm2) 

 

 PandoraPFA 

 ArborPFA 
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Readout Electronics System 
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Assembling procedure 

6mm(active area) + 5mm(steel) =  

11 mm thickness 

Gas 

outlet 

     HV  

connection 

Gas 

inlet 

PCB support (polycarbonate) 

PCB (1.2mm)+ASICs(1.7 mm) 

Mylar layer (50μ) 

Readout ASIC 
(Hardroc2, 1.6mm) 

PCB interconnect 

Readout pads 
(1cm x 1cm) 

Mylar (175μ) 

Glass fiber frame (≈1.2mm) 

Cathode glass (1.1mm) 
+ resistive coating 

Anode glass (0.7mm) 
+ resistive coating 

Ceramic ball spacer (1.2mm) 

Gas gap 

Structure of an active layer of the SDHCAL 

Large GRPC R&D 

  Negligible dead zone 

    (tiny ceramic spacers) 

 Efficient gas distribution system 

    (channeling gas inlet and outlet) 

 Homogenous resistive coating 

   (special paint mixture, silk screen print)   

 



Assembling procedure 

6mm(active area) + 5mm(steel) =  

11 mm thickness 

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 
Gain correction  uniformity 
Power-Pulsed (7.5 mW in case of ILC duty cycle) 

 

Electronics readout  system  R&D 

Printed Circuit Boards (PCB) were designed 

to reduce the x-talk with 8-layer structure and 

buried vias. 

 

Tiny connectors were used to connect the 

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

chained. 

 

 DAQ board (DIF) was developed to transmit  

fast commands and data to/from ASICs.  

Power-Pulsed,70million 
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From Ran Han’s talk  
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ECal efforts 

a = 0.9, b = 12.8% 

a =1.1,  b = 16.0% 

sE/E = a  b/E(GeV) 

Particles 

Energy 

20×0.6X0 + 10×1.2X0 

SiD Si/W ECal: 
• Target at very compact readout and small cell (~0.13cm2) 

• Address all technical issues from the beginning  

• Push technical limits in many aspects 

• Total active medium thickness targets at ~1mm 

• Test beam module expected soon 

CALICE MAPS Digital ECal: 
• Extremely small cell size (0.005x0.005cm2) 

• Working on sensor R&D 

• Did sensor test beam 
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Results from Cosmic Ray Test 
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Particle Flow Calorimetry 
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