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Design of the SiPM-based spectrometer

Summary and prospects






1.1 Physical nature of muons
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1.2 Generation of polarized muon beams

POLARITATION



1.3 Principles of uSR spectroscopy
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A quantum magnetism probe

uSR SCHEME
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1.3 Principles of uSR spectroscopy
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1.4 Advantages of uSR spectroscopy
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OUnique & wide time scale (complementary to NMR/neutron scattering)

OVery weak effects (small moment magnetism ~ 103 p;/Atom)

@®Random & inhomogeneous magnetism (e.¢. spin glasses)

@®Short range order (where neutron scattering is not sensitive)

@ Full polarization in zero field (independent of temperature, unique measurements without

disturbance of the system)

@Single particle detection (with extremely high sensitivity)

@®No sample restrictions (in choice of materials to be studied)

@A local guantum magnetic probe (no need to search reciprocal space)

ADVANTACES




1.5 Applications of uSR spectroscopy

® Passive probe @ Active probe
(heavy lepton) (light proton)
Superconductor Magnetism Semiconductor lonic conductor

APPLICATIONS



1.6 uSR research highlights @ China
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Prof. S.L. Li’s group @ IOP, CAS U=/ PIEFR

Extreme Suppression of Antiferromagnetic Order and Critical Scaling in a Two-Dimensional Random
Quantum Magnet, Physical Review Letters 126, 037201 (2021)

Partially clarification of the doping evolution mechanism in two-dimensional quantum
antiferromagnets
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A : " based superconductors, Physical Review B 99, 155201 (2019)
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YBa,Cus0,, Science Advances 4, eaao5235 (2018)
Breakthrough in research on pseudogap of high-temperature superconductors
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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

Muon station for sciEnce technolLOgy and inDustrY (MELODY) @ CSNS-II
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® Protons: 1.6 GeV, 1 HZ (up to 5 Hz), 130 ns double pulses  Details in Dr. Y Bao’s talk!
® Muon beamlines: 1 surface muon beamline, 1 decay muon beamline, ...

® Spectrometers: _ Proceedings @ MuSR2020
MELODY MUONS ICANS2023 11



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

1.7 Muon project @ CSNS, China

Timeline

I

Civil Construction

Muon Beamline M Physics Design

B Technique

Target Station Development

m Installation

Spectrometer
M Trail Run

Beam test

2023.1 2024.1 2025.1 2026.1 2027.1 2028.1

MELODY-CSNS:

» Team leader: Yu BAO

» Target station: Lei LIU et al.
» Beamline: You LV et al.
» Spectrometer: Qiang LI et al.

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

International collaboration:
> RIKEN: Isao WATANABE et al.
> |ISIS: Adrian HILLIER et al.

» PSl: Thomas PROKSCHA et al.

Details in Dr. Y Bao’s talk!
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1.8 Collaboration in spectrometer development

Prototype R&D
(2015-2020)

Construction
(2023-20238)

15t generation 2" generation
Demonstrator SiPM Spectrometer
COLLABORATION ICANS202? 7
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2.1 Conceptual design
128-channel PMT-based uSR demonstrator
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PMT: Photomultiplier tube
FEE: Front-End Electronics

TDC: Time-to-Digital Converter
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2.2 Prototype detectors and electronics
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2.3 Beam tests
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2.3 Beam tests

Pulse height spectra Dead-time distortions TF measurements
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2.4 Mass production and assessment

NSFé on—site1
assessmgnt #
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3.1 Spectrometer design

Cryostat

Beam pipe 2~

Muon beam

-

Sample chamber

> Detectors:

3024 plastic scintillators (8 x 8 x 40 mm?3)

Sens| SiPM (6 mm x 6 mm)
FEE+TDC readouts
Spherical placement
> Sample environment:
Cryostat: 2 — 600 K
CCR: 10-600 K
> Magnets:
Longitudinal field: 0 — 5000 G
Transverse field: 0—400 G
Zero field: < 10 mG
> Beam:
2x10° pt/pulse @ P30 mm

ICANS2023
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3.2 Detector arrangement

Detectors Energy depasition Counting rate
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3.3 Electronics design

-edge discrimination + TDC
_Front-End Electronics TDC Readout

Front-end Readout
electronics electronics
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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

Topical review
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Details in Muon Spectroscopy: An Introduction
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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

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

3.5 Technical considerations

TECHNICAL DESICN



3.6 Preliminary scintillator tests
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3.6 Preliminary scintillator tests

Spectral fittmg Qutput amplitude comparison
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ESR wrapping outperforms, while PTFE wrapping has less difficulty in

manufacturing .
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4.1 Summary: uSR spectrometer development

Detectors i it/ Los
L
1 e S %

First uSR spectrometer demonstrator

® 128 plastic scintillator + PMT 2015 = 2020
® Good counting capability (short deadtime)

® Multiple beam tests

Beam pipe

Muon beam

Detectors

Sample chamber

X Spectrometer @ MELODY-CSNS

® 3024 plastic scintillator + SiPM

® Asymmetry: > 0.28 2028 = 2028
® Counting rate: 8 x 107e*/hour @ 1 Hz

® Fast readout

SUMMARY




4.2 Prospect: pulsed uSR spectroscopy
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Main Gate of USTC



