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I. Brief introduction to muons



1.1 Physical nature of muons

Property 4ICANS2023

Carl David Anderson
(1905-1991)



1.2 Generation of polarized muon beams

ISIS Facility

Polarization 5ICANS2023

2Target μ+π+



1.3 Principles of μSR spectroscopy

𝞵SR scheme 6ICANS2023

A quantum magnetism probe

μSR: muon spin rotation/relaxation/resonance



1.3 Principles of μSR spectroscopy

𝞵SR scheme 7ICANS2023
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1.4 Advantages of μSR spectroscopy

Advantages 8ICANS2023

lUnique & wide time scale (complementary to NMR/neutron scattering)
lVery weak effects (small moment magnetism ~ 10-3 µB/Atom)
lRandom & inhomogeneous magnetism (e.g. spin glasses)
lShort range order (where neutron scattering is not sensitive)
lFull polarization in zero field (independent of temperature, unique measurements without 
disturbance of the system)
lSingle particle detection (with extremely high sensitivity)
lNo sample restrictions (in choice of materials to be studied)
lA local quantum magnetic probe (no need to search reciprocal space) 

μSR



1.5 Applications of μSR spectroscopy

Applications 9ICANS2023

l Passive probe
(heavy lepton)

l Active probe
(light proton)

Superconductor Magnetism

Polaron motionMDCharge transport

Ionic conductorSemiconductor

…



1.6 μSR research highlights @ China

highlights 10ICANS2023

Prof. L. Shu’s group @ Fudan University
Ø Discovery of slow magnetic fluctuations and critical slowing down in the pseudogap phase of 

YBa2Cu3Oy , Science Advances 4, eaao5235 (2018)

Ø Breakthrough in research on pseudogap of high-temperature superconductors

Prof. F.L. Ning’s group @ Zhejiang University
Ø Ba(Zn,Co)2As2: A diluted ferromagnetic semiconductor with n-type carriers and isostructural to 122 iron-

based superconductors, Physical Review B 99, 155201 (2019)

Ø Synthesized of a new type of dilute magnetic semiconductor and confirmed by μSR

Prof. S.L. Li’s group @ IOP, CAS
Ø Extreme Suppression of Antiferromagnetic Order and Critical Scaling in a Two-Dimensional Random 

Quantum Magnet, Physical Review Letters 126, 037201 (2021)

Ø Partially clarification of the doping evolution mechanism in two-dimensional quantum 
antiferromagnets

李世亮/物理所

宁凡龙/浙大

殳蕾/复旦

https://www.science.org/doi/10.1126/sciadv.aao5235
https://journals.aps.org/prb/abstract/10.1103/PhysRevB.99.155201
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.037201


1.7 Muon project @ CSNS, China

MELODY Muons 11ICANS2023

Proceedings @ MuSR2020

Muon station for sciEnce technoLOgy and inDustrY (MELODY) @ CSNS-II

80 MeV Linac
Proton
Beam Surface muon

Decay m
uon

MELODY

l Protons: 1.6 GeV, 1 Hz (up to 5 Hz), 130 ns double pulses
l Muon beamlines: 1 surface muon beamline, 1 decay muon beamline, …
l Spectrometers: 1 µSR spectrometer …

Negative muon

Target

Details in Dr. Y Bao’s talk!

https://iopscience.iop.org/issue/1742-6596/2462/1


1.7 Muon project @ CSNS, China

MELODY Muons 12ICANS2023

MELODY-CSNS:
Ø Team leader:   Yu BAO
Ø Target station: Lei LIU et al.
Ø Beamline:         You LV et al.
Ø Spectrometer: Qiang LI et al.

International collaboration:  
Ø RIKEN:   Isao WATANABE et al.
Ø ISIS: Adrian HILLIER et al.
Ø PSI: Thomas PROKSCHA et al.

Timeline

Details in Dr. Y Bao’s talk!

USTC collaborators:
Ø Ziwen PAN, Bangjiao YE, et al. 



1.8 Collaboration in spectrometer development 

Collaboration   13ICANS2023

USTC

Prototype R&D
(2015-2020)

Construction
(2023-2028)

1st generation
Demonstrator 

2nd generation
SiPM Spectrometer 



II. Development of the demonstrator



2.1 Conceptual design

Design 15ICANS2023

128-channel PMT-based µSR demonstrator

Detectors

Electronics

PMT: Photomultiplier tube
FEE:    Front-End Electronics
TDC:  Time-to-Digital Converter 



2.2 Prototype detectors and electronics

Prototype 16ICANS2023

LED+PZC

CFD TDC

DAQ

“S”

“L”



2.3 Beam tests

Testing Facility 17ICANS2023

3rd beam test
2019/11/13

1st beam test 
2018/03/14

2nd beam test
2018/09/25



2.3 Beam tests

Results 18ICANS2023

Pulse height spectra Dead-time distortions TF measurements



2.4 Mass production and assessment

Assessment 19ICANS2023

Prof. BJ Ye

üFirst μSR demonstrator in China

üGood counting capability

üAwarded “A” by the NSFC

NSFC on-site 
assessment



III. Design of SiPM-based spectrometer 



3.1 Spectrometer design

Design 21ICANS2023

Ø Detectors:
3024 plastic scintillators (8 × 8 × 40 mm3)
Sensl SiPM (6 mm × 6 mm)  
FEE+TDC readouts
Spherical placement

Ø Sample environment: 
Cryostat: 2 – 600 K

CCR: 10 – 600 K
Ø Magnets:

Longitudinal field: 0 – 5000 G
Transverse field: 0 – 400 G

Zero field: < 10 mG
Ø Beam:

2×105 μ+/pulse @ Φ30 mm



3.2 Detector arrangement

Detector 22ICANS2023

Energy deposition

Threshold

Counting rate

Asymmetry Detection rate Figure of Merit

ETh @ 4 MeV

Detectors

𝐴𝑅*

ETh

𝐴 𝑅

(e+/det/pulse)



3.3 Electronics design

Electronics 23ICANS2023

Front-End Electronics TDC Readout
Leading-edge discrimination + TDC

FS Deng, et al., JINST Proceedings @ MuSR2020

https://iopscience.iop.org/article/10.1088/1748-0221/14/10/P10024
https://iopscience.iop.org/article/10.1088/1742-6596/2462/1/012022


3.4 Field range selection

LF Magnets 24ICANS2023

Test @ EMU, ISIS Test @ RIKEN-RAL, ISIS

Carbon 67 (2014) 92 - 97 Organic Electronics, 14 (2013) 62 - 66J. Phys. D: Appl. Phys. 47 (2014) 473001

Muon spin repolarization in a longitudinal field

Longitudinal field: 0 – 5000 G

Topical review by L Nuccio et al.

Details in Muon Spectroscopy: An Introduction

https://www.sciencedirect.com/science/article/pii/S0008622313009172
https://www.sciencedirect.com/science/article/pii/S1566119912004740
https://iopscience.iop.org/article/10.1088/0022-3727/47/47/473001
https://academic.oup.com/crawlprevention/governor?content=%2fbook%2f43671


3.4 Field range selection

TF Magnets 25ICANS2023

Muon spin rotation in a transverse field

𝟐𝝅𝒇 = 𝜸𝝁𝑩

MuSR@ISIS

Transverse field: 0 – 400 G
Z Pan et al., NIM A 1024 (2022) 166121;         Hyperfine Interact. 65 (1991) 1113-1119

https://www.sciencedirect.com/science/article/pii/S0168900221010093
http://link.springer.com/10.1007/BF02397769


3.5 Technical considerations 

Technical design 26ICANS2023



3.6 Preliminary scintillator tests 

Detector Tests 27ICANS2023

22NaSiPM DetectorTiO2

Naked PTFE Al ESR

WLSF+PTFE

DigitizerSignal waveformPulse heightCourtesy of Dr. Erik 
Schooneveld (STFC 
ISIS Detector Group) 
for providing DAQ 
software! 

𝑒! + 𝑒" → 2𝛾

0.511 MeV

0.511 MeV



3.6 Preliminary scintillator tests 

Analysis 28ICANS2023

Compton edge

Output amplitude comparisonSpectral fitting

ESR wrapping outperforms, while PTFE wrapping has less difficulty in 
manufacturing .

1.067@1.275MeV



IV. Summary and prospects



4.1 Summary: μSR spectrometer development 

Summary 30ICANS2023

First μSR spectrometer demonstrator
l 128 plastic scintillator + PMT

l Good counting capability (short deadtime)

l Multiple beam tests

X Spectrometer @ MELODY-CSNS
l 3024 plastic scintillator + SiPM
l Asymmetry：> 0.28
l Counting rate：8 ´ 107 e+/hour @ 1 Hz
l Fast readout

2015 - 2020

2023 - 2028



4.2 Prospect: pulsed μSR spectroscopy 

Prospects 31ICANS2023

lDetector
ü High granularity 
ü Fast output

LGAD

Micromegas

l Electronics
ü Digitization
ü High precision

l Measure
ü In-situ
ü Operando

Charge
discharge

Temp. 
change



Thanks!


