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Abstract

Muons have been accelerated by using a radio-frequency (RF) accelerator for the first time. Negative muonium
ions (Mu~, ute~e™) are generated from u™ injected to a thin aluminum foil. The generated Mu™’s are extracted with
electrostatic field and injected to a radio-frequency quadrupole linac (RFQ). In the RFQ, the Mu™’s are accelerated to
89 keV. Then the accelerated Mu™’s are transported to the micro-channel plate (MCP) detector via a quadrupole magnet
pair and a bending magnet. The accelerated Mu~’s are identified with measurements of momentum and time of flight.
This work paves the way for a compact muon linac that would enable precision measurements of the muon anomalous
magnetic moment and the electric dipole moment. This result also offers new muon-accelerator applications such as
transmission muon microscope for use in material and life-sciences research.
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Figure 1: Experimental setup for muon acceleration at J-
PARC. (Upper) Schematic drawing of the setup. (Lower)
Photo of the setup. There are the electro-static accelera-
tion chamber, the RFQ, the quadrupole magnet pair, and
the bending magnet.
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Figure 2: Simulated phase space distributions at the MCP
detector. (A) the horizontal divergence angle ' vs z, (B)
the vertical divergence angle ¢’ vs y, (C) AW vs A¢, and
(D) y vs . The red dashed line shows the effective are of
the MCP detector.
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Figure 3: Assembly of the experimental setup.
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Figure 4: Background rate observed by the MCP detector.
After 2-days conditioning, the background rate is consis-
tent with the dark noise and much less than expected signal
rate.
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Figure 5: Distribution of the MCP pulse height and the
TOF of the penetrating u+. (A) Scatter plot of the pulse
height vs TOF. (B) Pulse height of the MCP signal. The
events above 100 mV were regarded as . (C) TOF spec-
trum after the pulse-height cut was applied. The peak cor-
responds to the ™ ’s injected into the RFQ with an energy
of 89 keV.
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Figure 6: TOF spectra of the negative-charge configuration
with RF on and off. The clear peak of the RF on spectrum
at 830 ns corresponds to the accelerated Mu~’s. The er-
ror bars are statistical. A simulated TOF spectrum of the
accelerated Mu~’s is also plotted.
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Figure 7: Scheme;tic view of muonr acc;eleration using the
IH-DTL at J-PARC H-line.
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