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Single Bunch Injection System of the Storage Ring NIJI-IV for Free Electron Laser Use
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A single bunch injection (SBI) system has been constructed at the electron
storage ring NIJI-1V of the Electrotechnical Laboratory. The system is intended to
inject short pulse beam from an electron gun into only one of the 16-rf buckets in NIJI-
IV. On a compact storage ring, the multi pulse beams in one pulse train can be stored
into only one of many bunches by one injection. The optimum number of the grid
pulses in one pulse train was determined to improve the storage efficiency and the
stored current by one injection. The keeping time of the bump orbit was calculated by
using the transfer matrices. The optimum pulse number obtained by the calculation
was 2. In the SBI system, the number of grid pulses in one pulse train can be selected
by the gate circuit. A snap off diode and a clip line are used to generate 2-ns grid
pulses. The measured grid pulse was shorter than the longitudinal space 5.5 ns of the
rf bucket with voltage of (0 80 V. The EIMAC Y-646B cathode-grid assembly is used
as the electron source. It is expected that the injection system provides a higher peak
current and easier operation for free electron laser use in comparison with the rf-
knockout system.
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Fig.1 The calculated rf bucket of the N1JI-IV.
(The rf peak voltage in the rf cavity is 20 kV).
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Fig.2 The kicker excitation time and the keeping time of the bump
orbit. The solid line indicates the assumed excitation
waveform of the kicker coil, and the dotted line, the calculated
result of the storage rate vs injection time. The storage rate
means the ratio of the number of injected electrons to the
number of electrons which can circulate 20 turns without
colliding with the septum wall in this calculation. The full
excited time of the kicker magnet and the peak angle which
the beam is kicked by the kicker magnet are 750 ns and 1.3
mrad, respectively. The storage rate was calculated by
changing the timing of the injected beam against excitation
time of kicker magnet. The keeping time of the bump orbit is
about 120 ns.
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Fig.3 The beam tracking results of (a) the stored beam and (b) the
injection beam at 400 ns of the kicker magnet excitation.
Indicated numbers 1, 2, ... denote the number of turns. The
ellipses are phase space of electrons. The electron beam is
injected at 400 ns of the kicker magnet excitation. So the
first turn number of the injection beam is the fourth of the
stored beams. The orbit of the stored beam is distorted to the
septum wall by the excited kicker magnet during third to fifth
turns and at that time the injection beam is able to be stored
in the ring. All the injection electrons at 40 ns of the kicker
excitation can circulate 12 turns without colliding with the
septum wall and the storage rate is 1.0.
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Fig.4 Block diagram of the controller of the SBI system.
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Fig.5 Schematic diagram of the SBI system.
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Fig.6 Cross-sectional drawing of the electron gun.
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Fig.7 The oscilloscope tracing of the output of (a) 24 grid pulses
in one train (for the setup of the linac), (b) 2 grid pulses in
one train (for the injection into the NIJI-O ), and (c)
magnification of one grid pulse. Photographs were taken
on the Tektronix 7104-7A29 with direct access plug-in
vertical unit through the attenuator of 40 dB.
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