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Break through key technologies of 

low-background detectors in JUNO

Muon Science Frontier &

Technological Applications

Build a big data platform

Based on supercomputer

Lepton flavor physics and new physics 

4

Both hardware and software are good for experiments.
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Big data platform based on supercomputer
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JINST 18 (2023) 03, T03003

https://doi.org/10.1088/1748-0221/18/03/T03003
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• Technical Applications:

(1) Develop the PMMA bonding techniques for JUNO detector.

(2) Extend it to OSIRIS to monitor trace-level radioactive isotope 

Rn-222 in liquid scintillator.

Breakthrough of key PMMA techniques in JUNO
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• 6 PhD students + 6 Master students + 1 research assistant, 

• About 10 bachelor students to join the research training

• On-campus partners: Testing center, Supercomputer center

• Off-campus partners in China: USTC, CSNS, IMP&IHEP

• International collaborators: Mainz U., Osaka U., KEK, CU

• SMOOTH: ~100 m2, Teaching → Research

• Supercomputer: a big data platform for particle physics

• Initialize a muon intensity experiment: MACE

• Participation into others: JUNO, COMET, MuCol…

Research Platforms and Teams
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Platform for Muon Science & Technology
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Construction Units

School of Physics @ SYSU

School of Physics and Astronomy @ SYSU

Sino-French nuclear engineering @ SYSU

School of Science @ SYSU

School of Chemistry @ SYSU

SYSU Huizhou Research Institute

Institute of Modern Physics, Chinese 

Academy of Sciences

Institute of High Energy Physics, Chinese 

Academy of Sciences

Hunan UniversityPlatform established on Dec. 26, 2024.
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Platform for Muon Science & Technology

• The SMOOTH team consists of approximately 20 researchers. MACE, a frontier muon science experiment initiated by Sun Yat-sen University, aims to 

search for the conversion process of muonium to antimuonium. conceptual design report has been finalized. There are around 50 domestic and 

international collaborators participating in the MACE experiment.

• The SMOOTH Laboratory has successfully developed cosmic muon detector for educations, cosmic muon track detection systems, muon beam 

monitors, a prototype muon spin resonance spectrometer (μSR), and other related devices.

Great Bay Area is a hub of high intensity accelerators
粤港澳大湾区是强流加速器的聚集地

SMOOTH homepage in Chinese https://www.smooth-sysu.cn
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MACE: Muonium to Antimuonium Conversion Experiment

Credits: 
Weizhi Xiong
Guihao Lu
Changlin Chen
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MACE CDR was released and published!

Nucl. Sci. Tech. 37 (2026) 4, 57

arXiv 2410.18817
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Technical Design of MACE
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Welcome to joining our efforts!
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Progress of various muon detector development

COMET muon beam monitor

Yu Xu et al, Nucl.Sci.Tech. 35 (2024) 4, 79

Cosmic-Ray muSR(CRmuSR) 

MuGrid-v2 for muography

Portable cosmic-ray muon detector

e-Print: 2505.19777

e-Print: 2505.13877

e-Print: 2503.18800

Conceptual Design Report of MACE
arXiv: 2410.18817 [hep-ex]
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Muon beam monitor for COMET

COMET Phase-α

Credits：SciFi contributions from KEK.
Thanks to Satoshi Mihara and KEK’s accelerator crew.

SiPM

SciFi

FEB

DAQ

PC

e-Print: 2308.15253 [physics.ins-det]

Nuclear Science and Techniques 35 (2024) 4, 79
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https://arxiv.org/abs/2308.15253
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Muon beam monitor for COMET

• CSNS proton beam time: 2022/7/20 
• Beam window:

• 1cm×1cm
• Energy: 30 MeV, 35 MeV, 40 MeV,  

45 MeV, 50 MeV, 55 MeV, 60 MeV
• Time: 90s per point
• Beam rate: 1.7×107 protons/s/cm2

Acknowledgment: CSNS proton beamline
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Muon beam monitor for COMET
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Muography
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Cosmic-ray muon production Muon detection Data analysis

https://arxiv.org/abs/2606.03397 

https://github.com/HcupSuki/Musae 

https://arxiv.org/abs/2606.03397
https://github.com/HcupSuki/Musae
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Detector R&D with cosmic muons: MuGrid-v1

(a) (b)

Nuclear Inst. and Methods in Physics Research, A1042 (2022) 167402

Module test

Online monitor

Track reconstruction

Customized electronics

MC

19
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Detector R&D with cosmic muons: MuGrid-v2
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Upper computerHit position reconstruction

Digital signal
MuGrid-v2 detector

Data acquisition

Track reconstruction

Analysis
μ

FEB module&

TOFPET2 ASIC

WLS fiber

Cosmic Muon

Current signal

e-Print: 2505.19777, Journal of Applied Physics 138, 024501 (2025).
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Upgrade: MuGrid-v2

Calibrations with the energy and timestamp information.The detector MuGrid-v2 after assembly.

Credits: Tao Yu, Songran Qi, Shihan 

Zhao…
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Applications in Tianqin tunnel
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• 3D density reconstructions by MuGrid-v2

• 3D air-rock interface reconstructions by MuGrid-v2
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R&D of new plastic scintillators for muon detections
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R&D of new plastic scintillators for muon detections
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Credits: Jiahao Zhong, Nouman, Jian Zhou

Radiation Physics and Chemistry 226 (2025) 112193

Enhancing plastic scintillator performance through 
advanced injection molding techniques



2026/7/17 Jian Tang (SYSU)

Muon Spin Relaxation, Rotation and Resonance (μSR)
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Nature Materials 16, 467–473 (2017)

Physics

Chemistry

Materials

Biology

Magnetism

Superconductivity

Surface physics

Fundamental physics

Molecular dynamics

Oxides

Muonium in materials

Polymers

Semiconductors

Hydrogen storage 

material

proteins 

DNA
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⚫ Two detector rings, degraders, a cryostat, and a beam pipe.

Design and simulation of μSR

CAD design

MC simulations

Mock data analysis and fit

Prototype tests by CRμ

Credits：Yi-Xing Zhou
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R&D of μSR
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Time resolution: ~1 ns

“The best engineer should reserve a 

redundancy.”

-- by Yun-Song Ning
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Basic properties of charged muons
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• Muon (μ): a charged lepton that participates in electromagnetic and weak interactions

• Muon mass: 105 MeV; lifetime: 2.2 microseconds (μs)

• Muon sources: cosmic muon source v.s accelerator muon source
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What is a muon or a muonium?
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Muon:

• The polarised subatomic particle which has 

not interacted with its environment yet. 

• It is either positively or negatively charged.

Muonium: 

• A complex in which an electron orbits a positive muon. Muonium generally 

results from muons implanting themselves into an insulating sample. 

• Hence, muonium is never seen in metallic samples.

• Muonium is considered as a light isotope of hydrogen. 

• Their similar structures mean they have qualitatively similar chemical 

behaviour. 

• However, muonium has a mass approximatively 9 times smaller than 

hydrogen, which results in quantitative differences. 

• Muonium is frequently used to learn about hydrogen behaviour in a material.
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History of muon and its spectrometer
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Where does a muon come from?
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Accelerator muon source Cosmic ray muon source
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Flux of cosmic ray muons
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• Cosmic ray muon rate at the sea level: ~1 μ±/cm2/sr/min
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How to detect a muon?
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• Scintillator detector to identify a muon

(Hamamatsu, NVVT, HZC)

PMT
SiPM
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How to detect a muon?
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• Scintillator detector to identify a muon
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Plastic Scintillator

Photons

CR muon
Portable

Detector

SiPM

SiPM

γ

SiPM

e

e

e

e

e

e

e

Electric signals

MCU

Principle

Light signal

Electron 

multiplications

OLED screen

Data storage

Muon

Development of a portable cosmic ray muon detector
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GPS positioning

Base station Cloud server

Data uploading

Muon

CR muon
Portable

Detector

Database

Remote data transmission

Development of a portable cosmic ray muon detector
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Summer School Experimental Course Schedule (14:30–18:00)
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Summer School Experimental Course Schedule (14:30–18:00)

① Lab Introduction & Project Schedule Briefing, 14:30–15:00 (0.5 hours)

② Demonstration of SiPM Multi-photoelectron Spectrum Measurement Experiment, 
15:00–16:00 (1 hour)
➢Experimental Equipment: Lecroy Oscilloscope, DC Power Supply, SiPM Test Kit, MAXHUB 

Interactive Panel

➢Experiment Content: Explain and demonstrate SiPM signal processing, multi-photoelectron 
spectrum analysis procedures and measurement results on the MAXHUB panel

③ Portable Cosmic Muon Detector Experiment, 16:00–18:00 (2 hours)
➢Experimental Equipment: Pre-encapsulated scintillator units, pre-soldered main circuit boards & 

accessory kits, assorted connecting wires

• Breakdown of Experimental Procedures:
➢16:00–16:10: Observe scintillator output signals with an oscilloscope

➢16:10–16:25: Connect all detector components with wires and perform power-on verification

➢16:25–17:00: Fabricate a support frame using aluminum alloy extrusions and complete detector 
structural installation

➢17:00–18:00: Laboratory tour and multi-site data acquisition tests with the assembled detector

41
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