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Ongoing R&D

• 4.1 Scintillator-based muon detector

• 4.2 µRWELL-based muon and pre-shower detectors
• Many slides from Paolo and Riccardo.
• Many may be missed in this talk.
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Questions to solve

• How to optimize the detector design to the CEPC physics 
program?

• How to reduce the input FEE capacity in the muon system?

• How to build more than 3000 𝑚2 of µRWELL detector?



Activities on 2021

• The four main activities:
① Desgin and construction 
② Simulation and reconstruction software
③ Development of FEE
④ Test and integration

• Hardware activities:
① Test of large size µRWELLs with TIGER-GEMROC readout
② Construction of a large size µRWELL at ELTOS (TT)
③ Optimization studies on DLC resistivity and pitch size

• Software activities: …







Software activities on 2021

• The 2021 program is centered mainly on the following activities:
① Development of a µRWELL detailed simulation
② Description of the IDEA pre-shower and muon system in the DD4HEP 

framework within the Key4HEP environment.

• These tasks are needed for futher software studies:
③ Development of ML algorithms for the µRWELL signal reconstruction
④ Performance studies with pre-shower and muon system (design 

optimization, Long Living Particles “case studies”)







2022-2024 program on the µRWELL

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.

Optimize the engineering mass construction process together with the 
ELTOS industry.

Develop a custom-made ASIC for the µRWELL with the experience obtained 
from the TIGER chip and to test the µRWELL prototypes.

Develop a new reconstruction algorithm, ML-based, to improve the 
resolution of µRWELL.

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.



Conclusion for µRWELL-based detector

• The test of resistivity/pitch size relationship will optimize the 
detector and will provide information for the µRWELL detector 
simulation.

• The pre-shower and muon system simulation will be developed to 
describe the full IDEA detector in the CEPC software.

• A roadmap up to 2024 is defined starting from the construction, 
simulation and test activities ongoing. An international 
cooperation would boost these activities.



Scintillator-based detector

Hongyu will talk about time resolution study on the Young Scientist Forum.



For reference
Scinti + SiPM

• MUTHUSLA experiment
• Large size detector based on scintillator 

to search for long-live particle
• Institutions: SLAC, Fermilab...

• Belle II experiment: L = 1036 cm-2s-1

• Belle II started physics running on 
11/3/2019

• Endcap and inner 2 barrel layers: RPC 
 Scintillator

• Good performance achieved
• Belle II is considering the upgrade: all 

the barrel RPC  scintillator; new 
readout system

• Institutions: Fudan U., U of Hawaii, 
Virginia Tech, ...

• Helpful for R&D, testing, production, 
price...

• SiPM is becoming popular 17



Structure
• Scintillator shape is flexible, easy to get good 

spatial resolution: 

• σ = Width/ 12

• Wave length shift (WLS) fiber inside scintillator 

to collect photons and guide them to SiPM.

• Use SiPM at one or both ends, small size, low 

cost and can work at high magnetic field.
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Detector simulation

• The detector simulation using Geant4 started in the early 2021.

• CEPCSW installed, but G4 simulation has not been implemented 
yet.

• The next step is testing with a high energy muon track.
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CEPCSW on cluster

$ git clone git@github.com:cepc/CEPCSW.git

$ cd CEPCSW

$ git checkout master # branch name

$ source setup.sh

$ ./build.sh

$ ./run.sh Examples/options/helloalg.py

check CVMFS

CEPCSW installed



10cm

12m

9m

CEPC CDR 2018

superlayer



40 GeV 𝜇± hits

 Fast testing with 40 GeV 𝜇± is performed.
 WLS fibre and SiPMs are not included yet.
 Plan: 

 A complete description of the scintillator-based 
muon detector.

 Implementation into the CEPCSW.
 Optimization according to CEPC physics goals.



Optical coupling

 Get closer to improve the light collection.
 Firm coupling to avoid the damage on the MPPC sensor surface.
 Studying the coupling between scintillator strip and fibre with optical glue.

From Belle II
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Attenuation length

Attenuation formula ：

y = 𝐴0e
−𝑥

𝐿 + 𝑦0

𝐿 = (4.37±0.11) cm 𝐿 = 6.27 cm

With optical glue 
between blocks

Attenuation length should be optimized at the production.



Photon collection and efficiency vs. length
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 Small strips for cosmic ray trigger: 4𝑐𝑚 × 10𝑐𝑚.
 A good spatial resolution.



Photon collection

Vladimir, covered with 
white paper

Fermilab
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From Belle II
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 With WLS fibre.
 They have different pedestals.



Efficiencies

Teflon

TiO2
TiO2 is a bit better, but 

the manufacture takes 

more time.

Summary

 Diameter of fibre is 1.0 𝑚𝑚.
 1.0 𝑚𝑚 fibre has been 

purchased, and will be 
tested soon.



WLS fibre section

Cut with knife

After surface grinding

Need improvement on surface 
grinding for WLS fibre.

Random quality…



Pream study

• The pream design from Belle II KLM is used for MPPCs. Gain ~10 for long cables.

• Study on new pream is ongoing. More choices.

Waveform of a MPPC signal after new pream. 

Much 
larger 
signal!

~0.6V



KLM readout upgrade at Belle II



Estimation on KLM upgrade cost

$2.9M for detector material
$1.3M for detector-construction labor
$1.4-1.8M for readout electronics (including labor)
$5.4-5.6M total project cost

More than 26k channels 
with average length 
about 2m.

With large potential on 
reducing the cost:
Laber, scintillator, new 
fibre/SiPM in China.

CEPC muon detector 
has about 80k channesl, 
8600 𝑚2.



Summary on scintillator-based detector

• Detector simulation is ongoing, and will be implemented into 
CEPCSW.

• Attenuation of scintillator, efficiency and photon collection have 
been studied.

• Large potential to improve the performance and reduce the cost.


