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Abstract

The electron cloud effect (ECE) observed in the initial stage of Phase-1 commissioning of the SuperKEKB positron
ring was cured by attaching the iron-type permanent-magnet unit (PMU) consisting of 8 permanent magnets and 1 iron
yoks to every aluminum-alloy bellows chamber in the ring. For suppressing the ECE observed at higher beam currents in
the final stage, the iron-type PMU are aligned in series along the beam pipes at drift spaces before starting the Phase-2
commissioning. An aluminum-type PMU consisting of 3 aluminum cylinders with 21 permanent magnets in each are also
designed for the spaces near to the yoke of electromagnets. The effectiveness of these PMUs in decreasing the electron
density in a bellows chambers or a beam pipe was evaluated by a simulation.
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Figure 1: Present view in the SuperKEKB main ring.
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Figure 2(a): Solenoids around an aluminum-alloy
bellows chamber.
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Figure 2(b): Magnetic field in the beam direction (B:)
along the beam axis (z)at the center axis (Center) and
the upper surface (Top) of a bellows chamber, where
z =0 is the center of the bellows chamber.
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Figure 3 (a): Iron-type PMU attached to an
aluminum-alloy bellows chamber.
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Figure 3(b): Magnetic field in the beam direction (B:)
along the beam axis (z)at the center axis (Center) and
the upper surface (Top) of a bellows chamber, where
z =0 is the center of the bellows chamber.
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Figure 4: Behaviors of pressures against beam
currents for the cases with and without magnetic
fields generated by solenoids or PMUs.
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Figure 5: Behaviors of the vertical beam sizes against
beam currents for the cases with and without PMUs
at aluminum bellows chambers.
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Figure 6: Behaviors of pressures against beam
currents for the cases with and without PMUs at
aluminum bellows chambers.

1.5x10°

T T T
Beam current = 750-768 mA
1/1576/3.06RF

—. 1x10°® & "

Pressure [Pa

0 1 2 3 4 5 6
Solenoid current [A]

Figure 7: Pressures near the aluminum bellows
chambers at the beam current of approximately 760
mA as a function of the currents applies to the
solenoid around these bellows chambers.
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Figure 8 (a): PMU and PMUs attached to the beam
pipes at drift spaces.
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Figure 8 (b): Magnetic field in the beam direction (B:)
along the beam axis (z)at the center axis (Center) and
the upper surface (Top) of a beam pipe, where z =0
is the center of two PMUs.

Figure 10 (a): Aluminum-type PMU designed for the
beam pipes near electric magnets in the ring.
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Figure 9: Behaviors of pressures near the beam pipes
against beam currents for the cases with and without
PMUs in drift spaces.
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Figure 10 (b): Magnetic field in the beam direction
(B:) along the beam axis (z)at the center axis (Center)
and the upper surface (Top) of a beam pipe, where z
= 0 is the center of the beam pipe.
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Figure 11: Estimated electron density in a bellows
chamber for the cases (a) with and (b) without PMU
as shown in Fig. 3(a).
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Figure 12: Estimated electron density in a beam pipe
for the cases (a) with and (b) without PMUs as shown
in Fig. 8(a).
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