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Abstract

The muon anomalous magnetic moment and electric dipole moment precision measurement experiment planned at
J-PARC will use a low-emittance muon beam obtained by accelerating a thermalized 25 meV muons up to 212 MeV in
the linear accelerator. The high-velocity section of the LINAC is going to use four disk-loaded structures (DLS) of the
traveling-wave type. The operating frequency is set to L-band (1296 MHz) to ensure longitudinal acceptance. In this
study, to realize the acceleration gradient as high as possible in the L-band DLS with the power of 40 MW, parameters
such as the cell length and the iris aperture were adjusted by evaluating the uniformity of the acceleration gradient, and
the group velocity at first and last cell. In this paper, we will show the design of the L-band DLS that accelerates muons
from about 70% to 80% of the speed of light. The designing method in this study yielded the structural parameters of
the DLS optimized to generate accelerating gradients as much as high and constant at a rated power of 40 MW. Particle
simulations confirmed the beam acceleration with transverse emittances and momentum spread required for the designed

DLS.
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Figure 1: Schematic view of the muon g — 2/EDM experi-
ment at J-PARC [4].
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Figure 2: Configuration of the muon LINAC [4].
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Figure 3: Cavity parameters of the disk-loaded structure.
Each parameter, except disk thickness, takes a different
value in each cell.
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Figure 4: Third order polynomial function (gradation plot)
of group velocity, and fitting points (open squares) calcu-
lated by SUPERFISH.
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Figure 5: Optimization process and the accelerating gra-
dient at each cell (E.¢1) in each process. The horizontal
lines show the assumed accelerating gradient (Ej) set in
each process.

Table 1: Summary of Design Parameters of the Quasi-
Constant Gradient DLS
Parameters Upstream Downstream
Disk-loaded traveling-wave
Structure

quasi-CG type

Operating frequency (f) [MHz] 1296.0
Accelerating mode TMO1-27/3
Synchronous phase (¢;) [deg] —10

Length [m] 2.315

Number of regular cells 40

Input RF power [MW] 40
Accelerating gradient (Ep) [MV/m] 12.3318

Beam energy [MeV] 41.2446 69.3544
Beam velocit

Speediofligh}t, B 0.695 0.797
Cell length (D) [mm] 53.698 61.394
Iris aperture (2a) [mm] 43.37 41.00
Cylinder diameter (2b) [mm] 181.147 180.126
Disk thickness (t) [mm] 5

Quality factor (Q) 17116 18788
Shunt impedance (Z) [MQ/m] 29.15 36.93
Group velocity 1.22 1.05

"Speed of Tight (Vs/©) [%]
Filling time [ns] 663

Field attenuation factor (cv) 0.0648 0.0690
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Figure 6: Average electric field and its residual in each cell
calculated by the two methods. The red horizontal line in
upper figure shows the average accelerating gradient.
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Figure 7: Simulated phase slip (A¢) from the synchronous
phase (¢,) and the energy gain per unit length of each cell
(Ecen cos(¢)). The red horizontal line in the lower figure
shows the expected energy gain (Ey cos(¢s)).
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Figure 8: Simulated particle distributions at the DLS exit.
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Figure 10: Beam envelope of 6rms in the DLS section.
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