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Nowadays, top-up injection has been a standard operation mode in most light sources,
which allows a constant current in electron storage ring. However, the convention bump
injection system cannot suppress the stored beam oscillation completely and usually
consists of three or four kickers. To improve the performance of light source, a novel
injection scheme has been proposed, which has a possibility to realize a transparent
injection and inject the beam by only one multipole pulsed magnet. The objective of
this research was dedicated to studying and developing the pulsed multipole magnet
used for beam injection.

The injection system of one pulsed multipole magnet can be very compact and easy to
be controlled. Owning to the nature of the multipole magnet, the perturbation on stored
beam is expected to be very small. KEK Photon Factory (KEK-PF) first proposed and
examined this injection scheme. A pulsed quadrupole magnet was installed at Photon
Factory Advanced ring (PF-AR) and injected the beam successfully. However, there was
a problem about the beam size oscillation. It is because that the quadrupole magnet
cannot provide a nearly zero field region around the center. Then a Pulsed Sextupole
Magnet (PSM) with a circular aperture was installed in PF ring to overcome the problem.
The beam was also injected successfully. The problem of the stored beam size
oscillation disappeared. The horizontal stored oscillation amplitude observed in the
experiment was 570 pm. Although the result is smaller compared with the oscillation
amplitude in the bump injection (850 um), the oscillation amplitude is larger than our
expectation. It is supposed that an irregular magnetic field was present at the center of
the PSM because of the eddy current effect of the magnet.

To investigate the issue in the PSM injection and develop the pulsed multipole magnet
injection with new pulsed magnet, a precise pulsed magnetic field mapping is required.
A compact pick-up probe has been developed for measuring a pulsed magnetic field
with a 3.2 mm % 5.8 mm coil. The probe operates on a subtraction method to reduce the
electromagnetic noise in the transmission line. The DC magnetic field of the PSM was
also measured with a Hall probe for comparison. In the measurement, a magnetic field
signal with an amplitude of 2.2 x10™* T was measured clearly, and the longitudinal field
structure that contained the magnetic field generated by the eddy current effect was
observed, which explains the oscillation of the stored beam oscillation in the PSM
injection. It is also found that the eddy current effects of the circular titanium coating
are negligible inside the PSM.



Based on the study above, it is concluded that air-core pulsed magnet is a better
candidate for the application in next generation light source. The Ceramics Chamber
with integrated Pulsed Magnet (CCiPM) has been developed as a fast air-core dipole
kicker. The CCiPM has three main parts: the ceramic, coil, and flange. The coil whose
length is 300 mm is embedded in the ceramic to keep a vacuum environment. The
ceramic and coil are integrated as an air-core magnet, which is also a ceramic vacuum
chamber. If the current flow directions in the conductors are same, and the angle
between the midplane (y=0 mm) and the radius (the line connected by the center of the
ceramic and center of the conductor) is 45° from a cross section view, an octupole
magnetic field can be generated. An octupole CCiPM with a 40 mm bore diameter was
designed for the beam injection at PF ring. The initial prototype of the CCiPM had a
problem of the high inductance (11.15 pH). If the current is 3000 A that is same with
the designed current of the PSM, the peak voltage can reach 90 kV. The main reason is
the inductance of the long cable for changing the current flow direction in the initial
model. To solve the issue, a new design was proposed and examined by the simulation.
Four additional conductors were placed on the ceramic chamber. Therefore, the long
cable with high inductance was not necessary anymore. Then OPERA was used to
evaluate the magnetic field and optimize the busbar structure that can produce
undesirable magnetic field at the center. If the current is 3000 A, the integrated magnetic
field at center is less than 10.0 pT-m, and the off-axis (x=15 mm, y=0 mm) integrated
field is 11.1 mT-m in the simulation. As for the internal coating of the CCiPM, it is a
circular comb-shaped coating to suppress the eddy current effect. The attenuation of the
magnetic field is less than 1% of the initial magnetic field.

The prototype of the octupole CCiPM was fabricated carefully. The inductance is only
1.45 pH. The necessary peak voltage becomes 13 kV that can be supplied by a pulsed
power source. To examine the mechanical performance, an offline test bench was
constructed. The vacuum extraction and baking were performed to check whether the
CCiPM could be installed in the ring. Because there is a difference between the thermal
expansion coefficients of the ceramic and copper, a heating cycle baking can be applied
to check whether there will be a problem of stress concentration in an accelerator
operation. In the heating cycle baking, the temperature of the CCiPM rose to 120 °C
and was cooled down to room temperature in every 8 hours. There was no leakage during
the heating cycle baking. The vacuum reached 1.0 1077 Pa in the end. In the current
excitation test, the peak current of the new prototype reached 2800 A. Based on the test
results, the CCiPM 1is allowed to be installed in the ring. The magnetic field
measurement was also conducted. In the DC magnetic field measurement, the off-axis
kick effect is almost consistent with the simulation. As for the pulsed magnetic field
measurement, the noise increased compared with that in the PSM measurement, because
the CCiPM is an air-core pulsed magnet. A clear pulsed magnetic field signal was not
detected. However, the measurement result proved that the magnetic field of the CCiPM


https://ejje.weblio.jp/content/of
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at the center is smaller than that of the PSM. The integrated pulsed magnetic field within
error at the center is about one-third of the result of the PSM. To measure the pulsed
magnetic field precisely, the signal to noise ratio of the measurement circuit should be
improved later.

The octupole CCiPM has been installed in the PF ring. There was no leakage during the
operation of the ring. Because of the beam heat load, the temperature of the chamber
increased but was less than 60 °C in a multi-bunch operation. The current excitation test
was conducted with the presence of the stored beam, and the electrical discharge did

not occur. The beam injection experiment will be taken in the future.
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