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Caveat 
All the material presented is from other people's work 

All errors and omissions are mine...
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Some considerations
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Find and exploit synergies 
Ongoing experiments upgrades 

CMS&ATLAS timing detectors, CMS HGCAL, ALICE vertex upgrade, etc. 

Existing detector R&D programs 

AIDAinnova, CERN EP R&D, CALICE, CEPC detector R&D, other 

international and national funding programs, etc. 

Key4HEP is an excellent example of cross-experiment collaboration 
SW experts from ILC, CLIC, CEPC, FCC, SCTF and more, all working 

together on its development 

We could have a similar approach to hardware technologies 
Trackers, calorimeters, gas detectors, timing detectors, muon detectors, 

electronics, services, …
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Silicon trackers



11/11/2021 Highlights of the detector R&D - Paolo Giacomelli 

Silicon trackers

• A lot of R&D on MAPS detectors from many different groups 

• Profits from some ongoing (or planned) upgrades of current experiments 

• Strong move to: 

• Smaller pixel size 

• Thinner detectors (low material) 

• Flexible detectors (bent detectors) 

• Faster and better integrated electronics with low power dissipation 

• Smaller scale technology (55, 65 nm) 

• Very small services (micro-channel cooling, …)

!8
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Arcadia
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M. Rolo



11/11/2021 Highlights of the detector R&D - Paolo Giacomelli 

Arcadia MD-main demonstrator chip
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M. Rolo
power consumption of 20 mW/cm2 seems definitely reachable 

demonstrator should provide the experimental confirmation
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Mimosis sensor
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J. Baudot

All results PRELIMINARY from R.Bugiel, TWEPP 2021

charge diffusion studies

Position resolution

Low pixel noise
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CE-65nm sensors
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J. Baudot

(From G. Aglieri Rinella)

Ongoing studies on stitching

Very high granularity
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Bendable MAPS in ALICE
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M. Mager

Make use of the flexible 
nature of thin silicon

Build wafer-scale sensors
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65nm prototypes, MLR1
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M. Mager

DTPS test beam results

Digital Pixel Test Structure (DTPS)

Telescope 
with DTPS
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Tracker prototype overview
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Single chip Quad module A serial powering chain (up to 16 quads)

Long stave

~4cm✕130cm 

Y. Gao

ATLASPix3 collaboration
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Sensor design for electron colliders
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Y. Gao

ATLASPix3 collaboration
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HV-CMOS sensor in 55nm technology
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Y. Gao

ATLASPix3 collaboration
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Silicon Tracker
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J. Liu
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MAPS projects in China
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MAPS project in China
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CMOS pixel sensors
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J. Liu
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BELLE II vertex detector upgrade
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We are here now

Tested several technologies: Thin DSSD, upgraded DEPFET pixel, SOI pixel, CMOS pixel

K. Nakamura
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Silicon-On-Insulator (SOI) development
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CPV-2 (2.9 x 2.9 mm2) mounted on the PCB

Exploring the 3D technology with the CPV4 design

σ	of	posi(on	residual	at	different	laser	beam	intensity	

pixel: 17 x 21 μm2

M. Yamada
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Micro-channel cooling
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M. Vos
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Gas Chambers
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Gas central trackers

• The name of the game is low material 
• Achieve excellent momentum resolution 

• TPC 
• Trying to solve the issues with the high-luminosity Z run 

• Drift chambers 
• Gas mixtures lighter than air… 
• Offer also outstanding PID, especially using dN/dx 

• 4th detector concept has a bit of both worlds: 
• Silicon tracker complemented with a 
• Drift chamber for improved PID

!26
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TPC R&D
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WASA_V1 ASIC  
layout

MicroMegas production in 2021

The power consumption is 2.33 mW/channel 

Detector and ASIC

Motivation for pixelated TPC 
• Cluster counting 
• Improved measurements for low angle tracks 
• Improved double track separation 
• Reduced hodoscope effect 
• Lower occupancy 
• Fully digital readout

J. Liu
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Pixelated TPC
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8-QUAD module with field cage

The Ion back flow can be reduced by adding a second grid to the device.
It is important that the holes of the grids are aligned.  The Ion back flow is a function of the geometry and electric 
fields. Detailed simulations – validated by data - have been presented in LCTPC WP #326.  
With a hole size of 25 µm an IBF of  3 x 10-4  can be achieved and the value for IBF*Gain (2000) would be 0.6.  
Well below the specifications (<4).

Ion backflow Hole 30 µm Hole 25 µm Hole 20 µm

Top grid 2.2% 1.2% 0.7%

GridPix 5.5% 2.8% 1.7%

Total 12 10-4 3 10-4 1 10-4

transparency 100% 99.4% 91.7%

Peter Kluit (Nikhef) 11LCTPC

Design of a double Grid 

High field

Intermediate Field

GridPix

Drift region

Second Grid

50 µm

e.g.
250 µm

Plan to test this idea 

P. Kluit
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The 4th detector concept
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S. Xin
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4th detector concept’s Drift chamber
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A drift chamber (DC) placed between the Full 
Silicon Tracker (FST) layers, optimised for PID

dN/dx resolution

S. Xin
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IDEA Drift chamber: R&D program
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M. Primavera



11/11/2021 Highlights of the detector R&D - Paolo Giacomelli 

IDEA Drift chamber: R&D program
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M. Primavera
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Timing detectors
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Timing detectors

• Timing detectors are used to improve PID 

• Timing resolutions once unthinkable (<30 ns) are becoming a reality 

• CMS and ATLAS are paving the way with large timing detectors for 

their Phase 2 upgrades 

• Fast detectors under consideration at CEPC: 

• LGAD 

• MRPCs

!34
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LGAD development at IHEP
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AC-LGAD sensors developed by IHEP

Outer Si tracker for CEPC?

M. Zhao
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MRPCs
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~20 ps at high rate
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Sealed MRPC

Fishline	hook

Gas	tube Inlet/outet

Sealed MRPC will be used for CEE-e TOF (2024) B. Wang, W. Yi
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Calorimeters
• Very sophisticated calorimeters are proposed for CEPC 

• High granularity calorimeters of various types, using the CALICE 
experience: 

• SiW 

• SDHCAL 

• T-SDHCAL 

• Dual readout calorimeter placed outside of the magnet for IDEA 

• Very good hadronic energy resolution 

• Can be complemented with a crystal ECAL, placed inside the coil, 
for an exquisite e.m. energy resolution 

• Also here a lot of R&D is ongoing

!38
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SiW ECAL: ready for 2021 test beam
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Y. Liu
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SDHCAL R&D for future colliders
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Detectors as large as 3m X 1m need to be built

Electronic readout should be the most robust with
minimal intervention during operation.
Mechanical structure with minimal dead zone

Include time information   SDHCAL → T-SDHCAL

GRPC
Glass Resistive Plate 

T-SDHCAL
Timing is an important factor to identify delayed neutrons and 
better reconstruct their energy

A fast-time DETECTOR
→ MultiGAP RPC is an excellent candidate
4-5 gaps of 250 μm each can provide 100 ps time resolution

How to achieve an excellent time resolution:
An ASIC with a fast preamplifier, precise discriminator and excellent TDC
→PETIROC 32-channel, high bandwidth preamp (GBWP> 10 GHz), 
<3 mW/ch, dual time and charge measurement (Q>50 fC)
→ TDC either internal or external

S. Li
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PFA ECAL prototype

!42
J. Liu
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PFA HCAL
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J. Liu
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2020 Dual Readout prototype
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Electromagnetic dimensions of 10x10x100 cm3 
9 towers containing 16x20 capillaries (160 C and 160 S)
Capillary tube with outer diameter of 2 mm and inner diameter of 1.1 mm 
1-mm-thick fibers

Full prototype - 9 towers Single tower

Fiber guiding system 

Hamamatsu SiPM: S14160-1315  
PS Cell size: 15 μm 

Front end board 
housing 64 SiPM 

Readout Boards CAEN A5202 

L. Pezzotti

“Bucatini calorimeter”
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2020 Dual Readout prototype
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Two test beams in 2021: DESY and CERN

Preliminary - no filters used 

DESY with e- 1-6 GeV SPS with e+ 10-125 GeV

Preliminary 
yellow filters used over scintillating fibers,  

neutral filters used over clear fibers 
L. Pezzotti
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DR future prototypes
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1 Mini-Module (MM):
32 x 16 channel ( 512 ch )

1 Module:
2 x 5 MMs
→ 10 FEE boards
(8-channel grouping)
~ 13 x13 x 200 cm3

17 modules, ~ 65 x 65 x 200 cm3

HiDRa2

- 2 central modules with SiPMs
→ ~ 10 k SiPMs, ~ 20 FEE boards
- all others with PMTs
→ ~ 150 PMTs

G. Gaudio

Full hadronic shower containment calorimeter
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Plate based + 3D printing calo (Korea)
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“Short-term plan”
“Mid-term plan”

Building more and 
more modules 
2022-2025

G. Gaudio
Strong collaboration on DR calorimetry between INFN, Korea and USA
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DR calorimeter
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Scintillation Čerenkov

Front

Rear

Copper (3D printed)

S. Ko
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High granularity crystal ECAL
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PMT

SiPM

PMT has better acceptance (full coverage of crystal transverse area) than SiPM,
to be updated with larger SiPMs

F. Guo
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Crystal ECAL with IDEA’s DR calorimeter
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M. Lucchini
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Crystal ECAL with IDEA’s DR calorimeter
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Sensible improvement in jet resolution using dual-readout information combined
with a particle flow approach → 3-4% for jet energies above 50 GeV

crystals + IDEA w/o DRO

crystals + IDEA w/ DRO

crystals + IDEA w/ DRO + pPFA

Event display

M. Lucchini
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Muon detectors
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Scintillator-based detector
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Optical coupling 
From Belle II

Saint_Gobain Kuraray

Position Time Scintillation 
sample Entries Mean Entries×Mean 

(×10^7) Entries Mean Entries×Mean 
(×10^7)

0-150 cm 1h
#1 10820 2617 2.83 12520 4892 6.12

#2 10657 2462 2.62 12507 5260 6.58

70-80 cm 10h
#1 5872 1883 1.10 6031 4216 2.54

#2 5838 2108 1.23 5998 4608 2.76

Fiber comparison

X. Wang
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Silicon-based detector
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Saint-Gobain 

Kuraray Kuraray

sample #1 sample #2

Good improvement on fiber efficiency!

•  Design new preamp
•  Study with NDL SiPM
•  Performance is good, but the 1*1 size is too small, while 3*3 is too large.

single photoelectron 
pulse（~6mV)

Study on NDL SiPM 

X. Wang
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µRWELL-based detectors
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Muon detector

New µRWELL prototypes 
with 50cm long strips

strips

H8 Test beam 11/2021

beam

X. Wang

7 µRWELL prototypes with resistivity 
varying between  
10 and 80 MOhm/£ 
Will allow to define best resistivity for 
final 50x50 cm2 detector
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µRWELL-based detectors
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Ø Define the best resistivity of the DLC for both µRWELL fundamental tiles and build the 50×50 cm2 prototypes for 
the pre-shower and muon systems.
Ø Optimize the engineering mass construction process together with the ELTOS industry.
Ø Develop a custom-made ASIC for the µRWELL with the experience obtained from the TIGER chip and to test the 
µRWELL prototypes.
Ø Develop a new reconstruction algorithm, ML-based, to improve the resolution of µRWELL.
Ø Simulation of the CEPC decay channels of interest to optimize the detector design with special emphasis on Long 
Lived Particles to show the impact of a performing tracked in the muon system instead of a tagger.

������

������

Strip length 
~22.5 cm

Ø Two large microRWell chambers M4 in Bologna;
Ø Ferrara has procured the Tiger electronics;
Ø Plan to start equipping the M4s with the TIGER next spring;
Ø Use a cosmic telescope to characterize the detector and the 
electronics and later to expose the chamber with the TIGER 
electronics to a test beam;
Ø Funding received to develop a new ASIC starting from the 
experience of the TIGER.

2022-2024 R&D program 

Development of a new ASIC 

X. Wang
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Common R&D
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• We are living in a stimulating but uncertain situation: no consensus on the post-LHC accelerator, if not in 

general on a Higgs and EW factory 

• Limited manpower to work on future projects 

• Limited financial resources available for R&D for future experiments 

• Small number of young detector experts 

• Even smaller number of young detector experts working on R&D for future experiments 

Detector requirements for the various Higgs and EW factories (circular or linear) have more similarities than 

differences 

Why not use the good example of key4HEP and take advantage and exploit the synergies between R&D 

plans for FCC-ee, ILC, CLIC, CEPC?
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Conclusions
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A lot of material presented at this workshop  
Despite the limited resources a lot of R&D is ongoing on many of the technologies of interest to 
CEPC 
Need for significant R&D in the next 4-5 years 

Should try to use at best all the synergies between R&D programs for CEPC, FCC-ee, ILC, 
CLIC, current experiment upgrades, EU grants, other International and/or national grants, etc. 

We know how to build detectors for high energy e+e- collisions, but 
CEPC poses additional challenges 

Higher physics rates 
Very large datasets at the Z0 peak 
Large datasets make CEPC the ultimate heavy flavour factory (b, c, τ)  

Search for extremely rare events: LLPs, ALPS, HBL, ... 
We should prepare up to four detector concepts 

These concepts should include also engineering solutions 
Final detectors will likely be a mix-and-match of the various technologies discussed
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Backup


