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DEMONSTRATION OF RF LINEAR ACCELERATION OF COOLED MUON
BY LASER IONIZATION
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Abstract

The precision measurement of the muon anomalous magnetic moment and electric dipole moment at J-PARC aims to in-
dependently verify a sign of physics beyond the Standard Model of particle physics indicated by previous experiments. The
low emittance muon beam, approximately 17 mm-mrad in normalized total emittance, essential for this experiment is achieved
by muon cooling and acceleration. In the cooling process, muons with a kinetic energy of 3 MeV are decelerated and ther-
malized to 30 meV in the muonium (u+e™) state, which is then dissociated by a laser. These cooled muons are accelerated
to 212 MeV using electrostatic accelerating lens and four types of RF accelerating cavities. In this study, the cooled muon
beam was realized by an ultra-stable laser with a wavelength of 244 nm, and muons accelerated to approximately 100 keV by
a radio-frequency quadrupole linac were detected using a microchannel plate. This paper reports the muon time-of-flight and
phase-space distribution measurements from the cooled muon production experiment and the RF acceleration test.
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Figure 1: Schematic drawing of the experimental arrangement. Insets show (a) a schematic view of the mechanism for the
ultra-slow 1 production [1] and an energy level diagram with the two transitions involved in ionizing the muonium (Mu), (b)
a layout of slow muon beam line (SMBL), and (c) a setup for acceleration test.
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Figure 2: Distributions of the MCP pulse timing at the end of
SMBL.
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Figure 3: Transverse phase distributions measured at the end
of SMBL.
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Figure 4: Distributions of the MCP pulse height and the timing

under three conditions: without RF operation, with RF opera-

tion and the laser frequency tuned to off-resonance, and with

RF operation and the laser frequency on-resonance.
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Figure 5: Transverse phase distributions measured using beam profile monitor at the end of diagnostics line. The circle drawn
with the red-dashed line is the MCP’s sensitive area, 40 mm. The current of the quadrupole magnets were I; = 0.90 A and

Iy = —0.70 A (left), —0.75 A (center), or —0.85 A (right).
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