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Highlight on Detector
technology

Manqi Ruan
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Outline
● Introduction

● MDI: 10 talks

● Silicon: 13 talks

● Gaseous detector: 14 talks

● Pid & Others: 14 talks

● Calorimeter: 14 talks

● Software & TDAQ: 17 talks

● Summary

● Disclaimer: apologize for my limited acceptance & mis-interpretations 
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CEPC Physics

● Huge data: i.e., LEP-I data in o(1) minute 

● Extremely high precision/sensitivity: to control uncertainties from

– Theoretical: new tools/development of theory, high-precision pheno. calculation... 

– Experimental: 

● Stable & high-lumi collider

● Stable & adequate detector  
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Requirements & technologies
● Be suited to the collision environment: High radiation,

High rate, Beam background

● High hermiticity 

● Lower energy/momentum threshold (especially for Z)

● Good intrinsic Energy/Momentum resolution

● A clear separation of the final state particles

– Physics object identification

– Resolution for composited objects, i.e., jets

● BMR  (Boson Mass Resolution)

– < 4% for Higgs physics, much demanding for
New Physics & Flavor Physics Measurements

● Pid: Pion & Kaon separation > 3σ

● Jet: Flavor Tagging & Charge Reconstruction

● Extremely Stable

Radiation robust detector
Fast & low power electronics

Compact forward region, MDI/detector protection 

Tracker & Calorimetry: Low noise, High precision
Low threshold calorimeter, adequate B-Field,

High efficiency tracker

Particle Flow Oriented detector, or Dual Readout 
(or alternatives)

 Abundant high quality detector information + 
suited algorithm

dEdx or dNdx with resolution ~ 3%, ~ 50 ps ToF 
(or alternatives)

Low material, high precision vertex placed close
to the IP

Mechanic & Integration
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MDI
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Beam background: CEPC, Belle II, BES III
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MDI/beam pipe design
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Luminosity monitoring & Impact 
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BPM @ MDI and Solenoid design
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Silicon
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CEPC VTX Chips

Combined test beam at DESY: Dec 2022
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3D-sensor: ~ o(10)ps!
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Silicon electron multiplier sensor

Structure realized via Chemical Etching, enabling lots of future tests: IV, TCT, Beta-source... 

Marius Halvorsen
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● Bending doesn't show effects in main performance figures.

● Next step to prove stitching and power/signal distribution.

● Far future... put inside the beam pile??

ALICE ITS3
A. Kluge
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Small pitch pixel detector 
hybridsation and integration

Anisotropic Conductive Film

Under Bump Metallisation

Peter SVIHRA
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LGAD - 4D tracking
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Belle II VTX & upgrade

Tech. Monopix 
Obelix

Jerome Baudot

Arthur Bolz
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Power supply, HV CMOS

● First prototype MightyPix-1 submitted this May

Ivan Peric

Giacomo Ripamonti
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Walter. Snoeys
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Gaseous
Detector
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Long term Goal： power consumption ~ 0.1 w/cm2
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Pid & 
other

technology
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Pid requirement

● Geant4: TPC @ baseline gives a resolution of 2.5% at MCTruth, together with 50 ps ToF, an overall
eff/purity of 98%/97% is anticipated for Kaon@Z->qq, with significant dependence on polar angle. 

● Physics object (D, Φ) reconstruction strongly suggest dE/dx resolution < 3%

Yongfeng Zhu
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TPC: Pad or Pixel

● 4.6 - 5%/3.3 - 3.6% dEdx resolution measured from TB, with Pad/Pixel readout

● Hopefully to be further improved with pad size optimization, noise control, etc

Ulrich Einhaus
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Drift Chamber: Cluster counting in time

● Essential to have a high efficiency and accurate counting of Clusters

● Multiple peak finding algorithm are developed & tested

● Test beam result seems matched the expectation
Brunella D'Anzi
Federica Cuna, 

Yue Chang, 
Shuiting Xin
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ToF with Xstal, etc

Xiaolong Wang
Hongyu Zhang

Sen Qian



28/10/2022 CEPC Workshop 2022 32

ToF with MRPC

● Technology used at STAR & CBM experiments (60 ps, o(100) m2)

● New tech: sealed MRPC, eco-friendly gas...

Yi Wang
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Torch

● ~70ps/photon reached for the
LHCb upgrade 

● Need ~ 25 ps/photon for ee
Higgs factory

● Rely on better reco. Better
electronics... 

Maarten van Dijk
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RICH @ CLEO
Marina Artuso
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RICH @ BelleII

HAPD (Hybrid Avalanche Photo-Detector)

Shohei Nishida
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RICH @ LHCb

To address the challenges via fast electronics, high granularity & time measurement 
(LAPPD, MCP)... 

Giovanni Cavallero
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ARC (Array of RICH Cells)

● Lots to be explored(noise, PFA compatibility...) + promising performance up to 50 GeV! 

Martin Tat
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Calorimeter
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Si-W ECAL

● Intensive technology & optimization studies, and reconstruction algorithm, i.e.,
energy estimation, PFA

Vincent Boudry
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SDHCAL

● Cubic meter prototype exposed intensively at CERN test beam

● Excellent granularity, excellent particle identification + decent resolution

● Lots of R&D towards usage at linear & circular collider

Imad Laktineh
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AHCAL

● CMS HGCAL will be first detector scale application of this technology

Technology Prototype at SPS

With SPIROC2E

Katja Kruger
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CEPC Calorimeter at SPS
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Dual readout calorimeter
Seungkyu Ha
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Dual readout calorimeter

Good identification performance using Machine Learning...

Particle Flow for Dual Readout is also being studied 

Andreas Loeschcke, Adelina D'onofrio
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CMS HGC upgrade & IHEP

Lots of synergies...

Huaqiao Zhang
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Calorimeter upgrade for ALICE, ATLAS
and LHCb

Hua Pei

Eduardo Picatoste
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Performance

Yuzhi Che, Peng Hu, Baohua Qi, Zhiyu Zhao
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TDAQ & Software
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Ecs Asilar 

See also talk of M. Boulais

Preparing for phase 2

Ready for Run 3
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Marianna Fontana

Highly relevant, & encouraging experience
for CEPC, etc.

We need to better understand the 
requirements stemmed from sys. control
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Summary
● Lots of excellent talks/reviews 

● Significant progress, with indispensable international collaboration

– Delivered prototypes + promising results

– New ideas + advanced technologies

● CEPC poses stringent requirement, has strong synergies with other projects

– Successful operation & detector upgrade at LHC, SuperKEKb, etc

– Common R&D for other Higgs factories & beyond

● Multiple IPs: multiple detector with optimized design & different technologies

● To pursuing new ideas, better performance, & new technologies via
significant R&D with in-depth international collaboration -  to benefit not only
CEPC/HEP research, but also other disciplines & on society   
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Thank you
 

to speaks, conveners, and enthusiastic participants

to my colleagues helped prepare the slides: Yiming Li, Tao Lin,
Huirong Qi, Yaquan Fang, Zhijun Liang, Haoyu Shi, etc

Hope to see you in person, and work together soon!
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Backup



28/10/2022 CEPC Workshop 2022 56


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56

