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Abstract

We are developing a new beam injection technique, the three-dimensional spiral injection technique, which is designed
for the ultra-precise experiment to measure the anomalous magnetic moment (g-2) and the electric dipole moment (EDM)
of muons at the J-PARC muon beamline. To demonstrate this, we are working on a test experiment in which an 80 keV
electron beam from an electron gun is injected into an 82.5 Gauss solenoid magnetic field instead of a muon beam and
accumulated in a circular orbit with a diameter of 24 cm. The key issue in this test experiment is to establish a technique
to properly couple the vertical and horizontal components of the beam motion (X-Y coupling) for the injection into an

axisymmetric solenoid magnetic field.
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Table 1: Differences Between Production and
Demonstration Experiments
Production Demonstration
experiment experiment
Beam muon electron
Momentum 300 MeV/ce 297 keV/c
Storage coil diameter 0.66 m 0.24 m
Storage coil magnetic field 3T 82.5 Gauss
Cyclotronic period 7.4 ns 5.0ns
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Figure 1: Schematic diagram of the electron gun test
beamline.
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Figure 2: Beamline for projecting beams on a screen.

Figure 3: Images of the beam taken by a CCD camera.

Figure 4: Effect of remanent magnetization of quadrupole
magnets on the beam.
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Figure 5: Change in beam width for vertical focus on the
beam by QI as a function of k-value.

Table 2: Values of the Emittance and Twiss Parameters of
the Beam at the Collimator

& [mm - mrad] 0.252 + 0.079
ay —3.717 + 0.007
B, [m] 1.760 + 0.004
¥, [mrad] 8.89 + 0.01
&, [mm - mrad] 0.299 + 0.080
a, —2.355 + 0.009
By [m] 1.172 £ 0.005
¥y [mrad] 5.76 + 0.02
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Figure 6: Effect of X-Y coupling on the beam size in the
storage coil.
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Figure 7: 3-D spiral orbits in a storage coil for a X-Y
coupled beam.
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Figure 8: Beam size measurement with a wire scanner.
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