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Abstract

Why did antimatter disappear from the universe and only matter survived? What is the dark matter? In order to solve
these mysteries, which cannot be answered by Standard Model (SM) of elementary particle physics, it is necessary to
capture new phenomena that cannot be explained by SM. The precise measurement of the muon anomaly magnetic mo-
ment (g-2) published by FNAL in April 2021 is consistent with the BNL measurement of more than 10 years ago, and the
discrepancy with the SM calculation reaches 4.2 standard deviations. The FNAL and BNL experiments, however, mea-
sure the muon g-2 with same method using same muon storage magent. Therefore, precise measurement with completely
different approach is required to solve its anomaly. The muon g-2/EDM experiment at J-PARC (E34) aims to measure
muon g-2 and EDM with unprecedented low-emittance muon beam realized by acceleration of thermal muons. Thanks to
its low emittance, it can measure muon g-2 in a completely different way than FNAL or BNL. The muon linac accelerates
muons from thermal energy (25 meV) to 212 MeV with electro-static extraction and four different radio-frequency cavity:
RFQ, IH-DTL, DAW-CCL, and DLS. We succeeded in accelerating muons using the radio-frequency accelerator for the
first time, and are now fabricating actual acceleration cavities. In this paper, demonstration of first muon acceleration and
current status of the fabrication will be presented.
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Figure 1: Particle velocity as a function of kinetic energy
for electron (black line), muon (red hatched line), and pro-
ton (blue dot-dash line).
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Figure 2: Configuration of the muon linac.

Table 1: Summary of the particle simulations through the
the emittance at the exit of each section.

muon linac: Transmission and decay loss in each section, and

Soa RFQ IH-DTL DAW-CCL DLS
Transmission 87 95 100 100 100
Decay loss 17 19 1 4 1
€, [m mm mrad, rms, normalized] 0.38  0.30 0.32 0.32 0.33
€y [T mm mrad, rms, normalized] 0.11  0.17 0.20 0.21 0.21

T =
£ £
E E
el =
o- ok
_ L | | _ . | .
=5 0 5 =5 0 5
x[mm] y[mm]
E ?1,
£ =
= sk s
213
o-
212
=T 211
L ! | 1 5
=5 0 5 —-10 0 10
x[mm] oldeg.]

Figure 3: Phase space distributions at the DLS exit: (a)
Horizontal divergence angle x’ vs. x, (b) vertical diver-
gence angle y’ vs. y, (¢) y vs. X, and (d) AW vs. time.
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Figure 4: Schematic drawing of the experimental setup for
the demonstration of muon acceleration.
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Figure 5: TOF spectra of the negative-charge configuration
with RF on and off. The clear peak of the RF on the spec-
trum at 830 ns corresponds to the accelerated Mu~’s. The
error bars are statistical. A simulated TOF spectrum of the
accelerated Mu~’s is also plotted (cited from [29]).
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Figure 6: Photo of the IH-DTL proto-type.
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Figure 7: Frequency shift measured by bead-pull measure-
ment [31]. The frequency shift is proportional to strength
of the RF field on the bead position. Red and green points
show the measured result and black line shows the simula-
tion result.
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Figure 8: Photo of the DAW-CCL cold model.
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