


Muonium Hyperfine Structure (Mu HFS)
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Theoretical Calculations

Relative contributions to the Mu _HFS
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HVP (KNT19 vs CMD-3)

Difference Exp. Prec.
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M u S E U M Muonium Spectroscopy Experiment Using Microwave

Magnet
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Current Status
of High-Field Experiment




Superconducting 3T Magnet

Installed H1 experimental area in Nov. 2023
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Magnetic Field Probe

Standard probe
® Precision | 15 ppb

Field camera

® 24 ch rotating NMR probe
® Fast magnetic field mapping

Fixed probe
® Monitoring magnetic field stability
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Field Homogeneity / Stability
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Inner Field Camera

Small camera to estimate material effect
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Microwave Cavity
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Detectors

SIPM + Scintillator

® 24X24 segments

® Unit cell |
10 mmsqg. X 3 mmt

32ch MPPC input FPGA Ethernet Triggerinput
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® 512X2 strips

® Strip size |
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® High-rate capability
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Rabi-Oscillation Spectroscopy

Standard spectroscopy Rabi-oscillation spectroscopy (b) Vo = 4 463 312 kHz (C) Vo = 4 463 232 kHz
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Slow Control & Monitor
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First Resonance Observation
Conducted in Feb. 2025

Norn/N_~1 (%)
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Second Measurement (Nov. 2025)
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Systematical Uncertainty (Expected)

Contributions Precision  vi2and v3za & (A VHFs) O (/o)
Magnetic Field 15 ppb < 0.1 ppb 8 ppb
RF power < 0.1 % <1Hz 0.2 ppb 2 ppb
Kr gas temperature 0.2 dea. <2 Hz 0.4 ppb 4 ppb
Kr gas pressure 1 Pa 1 Hz 0.2 ppb O ppb
H impurity < 50 ppm 1 Hz 0.5 ppb O ppb
Quadratic dependence @0.3 atm <1Hz 0.1 ppb 0.5 ppb
Muonium position (x,y) T mm 3 Hz 0.6 ppb 6 ppb
Muonium position (z) T mm <1Hz 0.2 ppb 2 ppb
Beamline 10-4 <1Hz 0.2 ppb 2 ppb
Detector pile-up 0.3 Hz < 0.7 ppb <1 ppb
Total ~ 1.0 ppb ~ 11 ppb
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Toward Further Improvement
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Summary

Muonium HFS

® Goal Ay ~1 ppb
® Key to solve the muon puzzle
® High-Field Measurement is ongoing
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Statistical Uncertainty (ZF)

June 2018

June 2017 (Kr 0.7 atm only)

Prospects

Rabi-oscillation

Analysis method Rabi-oscillation spectroscopy Rabi-oscillation spectroscopy spectroscopy
Beam line D line D line H line (D linex10)
Beam power 150 kW 525 kW 1T MW
Measurement period 31 hours 42.5 hours 30 days
Microwave cavity TM220 (not stable) T™M220 T™M220
Detector area 98.77X98.77 mm?2 98.77X98.77 mm?2 98.77X98.77 mmz X4
Statistic Uncertainty 3,100 Hz | 690 ppb 710 Hz | 160 ppb 19 Hz | 4 ppb

22 S. Nishimura | PSAS2026 2026/05/18




Status of Software Development

Connection Test Controller Operator Implementation
Thermometer v v v v
Pressure gauge v v v v
Signal generator v v v
VNA v v
Piezo cntl. v
MW monitor v v v v
MW switch v
DAQ v
Field probe v v v

Blind analysis -
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Kr-He Mixture Gas

Pressure dependence of Mu HFS Mixing ratio dependence (1 atm)
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2011

® Muonium HFS proposal submitted

2017

® Mu HFS resonance measured at zero field @ Kr 1T atm

2018

® Measurement @ Kr 0.3, 0.4, 0.7 atm
® Development of Rabi-oscillation spectroscopy

2019

® Measurement with Kr-He mixture gas
® Upgrade with silicon strip detector

2022~

26

-line commissioning
igh-field measurment
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MuSEUM Publications
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Development of microwave cavities for
measurement of muonium hyperfine structure at

J-PARC
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PHYSICS LETTERS B

New precise spectroscopy of the hyperfine structure in muonium with

a high-intensity pulsed muon beam

S. Kanda®*!, Y. Fukao ™9, Y. Ikedo 9, K. Ishida?, M. Iwasaki?, D. Kawall’,
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Rabi-oscillation spectroscopy of the hyperfine structure of muonium atoms
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