Development of
Muon Spin Imaging

Soshi Ishitani

Department of Physics, the University of Osaka, Japan

16th International Conference on ySR, St.John’s, Newfoundland, 20-25 Jul 2025



Collaborator

Collaborators :

S. IshitaniBJ, K. KojimaA.!, M. MiharaB.!,

A. SatoB, G. TakayamaB, K. YasudaB,
T.SugisakiB, Y. KimuraB.!, R.TaguchiB,

M. FukutomeB, S. ShimizuB, R. ImaiB, S. IdeB,
K. Shimizu€, M. Kamon¢, M. FukushimaC,

Y. MizoiP, K.HorieB, A. KodaE, S. Kandak,

W. SatoE, D. NishimuraG, M. TanakaF!,

R. YasudaH, M. FukudaB

Affiliation : Acknowledgement :
ACMMS, TRIUMF, BDept. Phys., Osaka U., °cKYOKUGEN e Multidisciplinary PhD Program for Pioneering Quantum

Osaka U.. POECU. EKEK. FK U. 6Kvushu U Beam Application (PQBA) at Osaka University.
sara ’ - hanazawa L., PRyusht ., e Scholarship of Graduate School of Science of Osaka

HTokyo City Univ., 'Tokyo Noko Univ., JOpen-it University for Overseas Research Activities.
* Fundamental Electronics Research Institute (FERI),

¢ 253%@% ?ZC TRlUMF @O KEK s’)é-,@nit Osaka Electro-Communication University (OECU).
» JSPS Kakenhi Grant Number JP22H00110.
e %@é&%ﬁ!ﬁ@*$ @ /‘\‘}U" {‘3‘} MEH%M * KEK-TRIUMF Exchange Program for Early Career
Researchers (EPECR)

16th International Conference on uSR, St.John’s, Newfoundland, 20-25 Jul 2025



Contents

1. Introduction
2. Experiment
3. Analysis & Results

4. Summary & Future Work

16th International Conference on uSR, St.John’s, Newfoundland, 20-25 Jul 2025



Challenges of Conventional uSR

* Conventional DC puSR
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Muon Spin Imaging

* Position Sensitive uySR * What will be realized?
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Experiment Status

TRIUMF M20C Performance Experimental Setup
- Continuous Surface 11+ beam - No Cryostat — Room temperature
- Max Beam Intensity : 70k cps - Magnetic Field : ZF / TF (<10G)

— for parasite Exp. : 8—25k cps
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Position Sensitive Detectors

N N
Drift Chamber : ™ Fiber Tracker : e™

Optical Fiber Scintillation Fiber’

v Surface u* beam: f ~ 0.28 v Decay e™: f ~ 0.99
— thin detector to avoid stopping — thick detector to detect with high
inside = Gas Detector efficiency = Plastic Scintillator
v High Resolution : azzmic ~ 0.1 mm v Good Resolution : GFLC ~ 0.7 mm
v Layer : x, y each 3 layer v Layer : X, y each 2 layer
v High Efficiency : € ~ 95 % v Low Efficiency : € ~ 40 %
\‘/ Tracking Efficiency : €® ~ 80 % J, \‘/ Tracking Efficiency : €* ~ 0.02 %
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2D Imaging Test with Al /Al O, Sample

: 25
State TF Spectra
/4+ Slow Rotation (T = 7.38 ps/10 G)
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Asymmetry Identification

Divide into small regions — Create Asymmetry
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Results : 2D imaging & Spatial Resolution
Drift Chamber Fiber Tracker
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Discussion : Fiber Tracker Simulation
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Geant4 Simulation

Experiment
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Discussion : Drift Chamber Simulation
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Summary & Future work

Summary

1.

Successfully performed 2D imaging using 1.0 mm? pixels with both the drift

chamber and the fiber tracker, reproducing the known material distribution.

2. From the imaging results, the spatial resolution was estimated to be:
— Drift chamber: opc = 0.6 £0.2 mm
— Fiber tracker: opp,., = 1.0 £ 0.2 mm
Future Work

Improve resolution and efficiency of fiber tracker.

Update toward standard uSR setup (e.g. : install cryostat).
3D imaging with 4 ™— e™ vertex reconstruction (in progress)
USSR measurement on micro-sized sample

- e.g. : Diamond Anvil Cell : size ~ 1.0mm
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Progress Steps

First Test A Application test with

- 2D imaging (known sample) known sample

- Spatial resolution evaluation + 3D imaging

- Exp. vs. Simulation p * Tiny sample pSR

STEP1 STEP2

Update Setup Application to unknown sample
- Install Cryostat - 2D/3D imaging
- Higher Spatial Resolution - Tiny sample ySR
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