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Abstract

We have been developing a new device of "Non-destructive electrostatic septum" that is matter free on the beam orbit
to achieve non-destructive beam extraction. The spatial distribution of an electric field like a step function is ideal for
separating the extraction beam from the circulating beam with minimal negative effect on the circulating beam. This
device is composed of an anode, a cathode and guide electrodes that form a step-function-like electric field. We
determined the voltages applied to the electrodes by an optimization method using the least squares method. Additionally,
we newly propose the "electric and magnetic field coupling type" that improves the beam separation between these beams
by applying the additional magnetic field. The optimization of the guide electrode voltages reduced the root-mean-square
error between the electric field of the new device and a step function from 1.93 kV/m to 0.68 kV/m. Furthermore, for the
electric and magnetic field coupling type, the error decreased from 0.68 kV/m to 0.32 kV/m. In this paper, we report these
methods and results together with introducing the principle. We describe the concept and status about the proof-of-
principle device under developing.
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Figure 1: A conceptual diagram of electric septum for
slow-extraction of proton beam.
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Figure 2: A conceptual diagram of proposed non-
destructive electric septum.
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Table 1: The RMSE against the Optimizations in
[-0.04m < x < 0.08 m]
MAEE 0 1 2 3
RMSE [V/m] 36.3 13.2 7.13 6.77

--. Before optimization
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Figure 3: The calculated electric field distribution for the
horizontal direction before (dashed) and after (solid) the
optimization using our method.
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Figure 4: The calculated electric field in the transverse
plane (x,y) at s = 0 after the optimization.
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Figure 5: The particle tracking result on the model of
proof-of-principle test device with CST studio suite. A 5
keV electron beam is incident on the device. The gray
plates are the electrodes and the blue lines are the particle
trajectories.
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Figure 6: The concept of a correction method with an
additional magnetic field generated by the electric wires.
The left figure shows Lorentz force of the magnetic field
generated by a pair of two wires. The right figure shows
the configuration of the electric wires.
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Figure 7: Current values of each electric wire pairs.
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Figure 8: The calculated distributions of the Lorentz force
per electron charge for the horizontal direction. Dashed
(blue), dot (orange) and solid (green) lines mean the force
due to the electric field, the force due to magnetic field for
correction and the combined force due to both fields,
respectively.
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Figure 9: A view of (a) the outside and (b) the inside of our
proof-of-principle demonstration device from the beam-
travel direction.
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Figure 10: A schematic diagram of our proof-of-principle
demonstration device with an electron beam.
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