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1.1 Principles of uSR spectroscopy

KHSR: muon spin rotation/relaxation/resonance

2 EIhENETS/JEIR/ FEiR

A quantum magnetism probe

Quantum probe WS2023 4



1.1 Principles of uSR spectroscopy
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1.1 Principles of uSR spectroscopy
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1.2 Advantages of uSR spectroscopy
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1.3 Application fields

@ Passive probe @ Active probe
(lepton) (light proton)
Superconductor Magnetism Semiconductor lonic conductor
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1.3 Application fields
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FIiHRiRaAE @ PEIEYIER
Extreme Suppression of Antiferromagnetic Order and Critical Scaling in a

Two-Dimensional Random Quantum Magnet, Physical Review Letters
126, 037201 (2021).
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Ba(Zn,Co),As,: A diluted ferromagnetic semiconductor with n-type carriers

and isostructural to 122 iron-based superconductors, Physical Review B
99, 155201 (2019).
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Discovery of slow magnetic fluctuations and critical slowing down in the
pseudogap phase of YBa,Cus0,, Science Advances 4, eaao5235 (2018).
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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

1.4 Worldwide muon sources
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1.5 Instrumentation @ USTC muon group

Particle Beam Application Laboratory (PI: HFBfa#s)

Pre-study Prototype R&D
(2007-2014) (2015-2020)

sprazLs 1st generation 2nd generation
R  128IEHPMT)  TREERSIPM)
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1.5 Instrumentation @ USTC muon grc
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https://ieeexplore.ieee.org/document/9494415/

1.6 MELODY @ CSNS Ii

Muon station for sciEnce technoLOgy and inDustrY (MELODY)
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1.6 MELODY @ CSNS Ii
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* Protons: 1.6GeV, 1 Hz (up to 5Hz), 130ns double pulses
* Muon beamlines: one surface muon and one decay muon beam

* Spectrometers: 1 uSR spectrometer and more... Proceedings @ MuSR2020

MELODY WS2023 14



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

1.6 MELODY @ CSNS Ii

Cryostat
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ysics Design

Muon beam

2868 plastic scintillators

M Trail Run Sensl| sipm
FEE+TDC readout

Beam test

| | , , | Sample environment: (I2i%. #HiEH)
2023.1 2024.1 2025.1 2026.1 2027.1 2028.1 Cryostat: 2 — 600 K

CCR:10-600K
ZF/LF/TF magnets

Data analysis software: (Zt¥)

Proceedings @ MuSR2020
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2.1 Spectrometer development trend
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Spectrometers WS2023



2.1 Spectrometer development trend

m Spectrometer Light sensors m

DOLLY, GPS. GPD.
Continuous HAL-9500. LEM. FLAME SIPM/PMT

Helios, DR, NuTime.

TRIUMF Continuous Omni Prime, LAMPF, PMT 8
SFUmu, Hodge-Podge. Gas Cart

MusSIC Continuous Reused from KEK PMT 1

ISIS Pulsed MUSHTRF)GGS\SA\US(PEHRCEXSS\. HF, PMT/SiPIVI 5

J-PARC Pulsed D1, ARTEMIS, USM, CYCLOPS SiPM 4

In total: 24

¢ BHRESANEMN(ANTRIUMF, ISIS){ERAPMT , FHEEZAVEAERSIPM
¢ (FAPMTRLEMNBEZLSHEZISIPM
& PSRIBNZZESIPM1E
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2.2 Technical challenges
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2.3 Solutions
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2.3 Preliminary design

Detectors Energy deposition Counting rate (/det/pulse)
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2.3 Preliminary design
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2.4 Tests @ ISIS Muon Facility

PS + WLSF Electronics

P Pole-zero
Amlification _
--------------- cancellation

 J Vout

Impedance
- isolation

Beam test WS2023 23



2.4 Tests @ ISIS Muon Facility

CH52: MA-PMT

CH53: SiPM + slow PZC
CH54: SiPM + fast PZC
CH56: EMU detector (PMT)
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2.4 Tests @ ISIS Muon Facility

CH52: MA-PMT

CH53: SiPM + slow PZC
CH54: SiPM + fast PZC
CH56: EMU detector (PMT)
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2.4 Tests @ ISIS Muon Facility
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3.1 Summary

Cryostat

Day-One at MELODY

® 2868 PS+SiPM
® Asymmetry : 0.39

- @ Counting rate : 8x107/hour @ 1 Hz

Tests @ ISIS Muon Facility

® SiPM (sensl slow output) + PZC
® Dead time : ~ 20 ns

® Fast output [ PZC optimization ?

WS2023



3.2 Outlooks

Next-Generation Spectrometer ?
LGAD Micromegas or GEM ?

Small size: ~ mm? High granularity (almost no pileups
Fast signal: 10s of picosecond under current intensity)

Detectors WS2023 29



3.2 Outlooks

Next-Generation Spectrometer
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