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Abstract

A Muon Trap experiment is newly planned at H-line, MLF, J-PARC in which ultra-slow muons are captured in a uniform
magnetic field to determine the magnetic moment by measuring the spin precession precisely. To start the experiment, we
perform simulations using geant-4 from the injection of the surface muon beam to the detection of positrons decay from muons
in the uniform magnetic field. We design and develop a box-shaped electrodes to generate a quadrupole electrostatic potential
with high accuracy, which enables the muon penning trap. In the last fiscal year (FY2022), we have designed the box-shaped
electrodes and confirmed the potential reproduction accuracy about 20%, which was reported at the PASJ2022. Currently, we
develop a tool to optimize the voltage arrangement for further improvement of the accuracy using OPERA-3D and determine

the space between electrodes.
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Figure 1: Schematic view of the Penning trap experiment of
muons. A surface muon beam injected to the muonium pro-
duction target. Muonium atoms emitted from the target are
ionizde by a laser, and produce ultraslow muons with kinetic
energies of ~0.03 eV, which are then introduced inside the
trap electrodes. An RF cavity surrounding the electrodes is
used for excitation and spin manipulation of the muons. The
motion of decaying muons are detected by counting positrons
by the segmented detectors.
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Figure 2: Lattice point model of electrode interior. Calcu-
late the potential inside the electrode by applying the electrode
voltage to the 6 outer edge surfaces.
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Figure 3: Algorithm to optimize electrode voltage placement.
Voltage discrete points between adjacent electrodes moved in
the direction of decreasing error potential.

BRI 2 I 5 2 BN O 2 2 4 g O
BTy v VlER IS, 2 OB &) Lo
BIEHHOR % 2, 2z BT 6 LHERT v v Ll
AERERL, BERT VY YLD T 5 ~EHEE
BN Z B L) 72, K55 % Fig 4 1R,

Error evolution

00035

0003

00025

0.002

Error

00015
0.001

0.0005

0 77 154 231 308 385 462 539 616 693 770

[teration(voltage discrete points shift)

Figure 4: Potential error reduction when varying voltage dis-
crete points. Error potentials converged and optimal voltage
placement was obtained.
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Figure 5: Electrode model created with voltage discrete points
in OPERA-3D.
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Figure 6: Error potentials for varying the space between elec-
trodes. Error variation is not linear.
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