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The SCRIT group has successfully performed its
first physics experiment using stable 132Xe target1) and
opened a new window to the research of unstable nu-
clei by means of electron scattering. An upgrade of
the SCRIT facility is currently in progress, aiming at
the world’s first electron scattering experiment using
short-lived RI targets.
For the SCRIT experiment, a racetrack microtron

(RTM; Fig. 1) was used to inject the electron beam
not only into a storage ring but also into the Electron-
beam-driven RI separator for SCRIT (ERIS) to irra-
diate a uranium target to generate RIs.2) A typical
output power of the electron beam is currently ∼20 W
(with 20 Hz operation), but 1 kW is required to gen-
erate a sufficient number of 132Sn to achieve the lu-
minosity of more than 1026 cm−2s−1. As such a high
power RTM needs massive modifications, e.g., a new
modulator power supply, we decided to improve the
20 W beam power up to 50 W by using the current
RTM configuration with several minor upgrades be-
fore the future 1 kW upgrade. For example, a study
of a gun-grid-pulsing device and its upgrade plan was
reported by Watanabe et al.3) In addition to the up-
grade, the cause of electron-beam instabilities must be
determined out and fixed. The RTM device is already
20 years old, and some of its components are becoming
the source of the instabilities. We found that a surface
of a ceramic RF coupler was carbonized and blackened,
as shown in Fig. 1 (inset). As such a carbonized cou-
pler is known to be easily discharged at a high power
input, we carefully polished the surface. Further, we
found that the charge-up of a ceramic duct coupler for
the CT monitor located at the exit of the electron gun
causes beam instability, and the shape of the beam

Fig. 1. Overview of SCRIT RTM device.
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Fig. 2. Trend of the vacuum at RTM cavity in the past six

years. TMPs were upgraded in August 2017.

profile monitored by a camera installed after the CT
monitor was observed to change. After installing an
additional SUS pipe to hide the ceramic part from the
electron beam, the beam profile stabilized. We are also
attempting to stabilize the RF power input, e.g., the
klystron module and the power variator, in the waveg-
uide.
The RTM operation is also frequently disrupted by

arc detections especially at higher RF power inputs,
and it unfortunately reduces the duty factor of the ex-
periment time. This issue is considered to be caused
partly by the discharge inside a cavity chamber, and in
such a case, the vacuum improvement of the chamber
could be helpful. A better vacuum is also important
for a stable operation and longer lifetime of RF com-
ponents. The two (400 L + 300 L) TMPs attached
to the chamber were replaced with two larger (520 L
+ 520 L) TMPs. A typical vacuum range during the
RTM operation was 2–8×10−5 Pa, as shown in Fig. 2,
and with the TMP upgrade, the vacuum was improved
by more than 20%. Note that the seasonal dependence,
which presumably originates from the temperature in
the RTM room, results in a difference in the vacuum
by a factor of 3–4. Therefore, it is also important to
control the room temperature or develop a new cooling
system for the cavity chamber.
In summary, the improvements of the RTM at

SCRIT are in progress to achieve a stable operation
at ∼50 W. This work must be successfully completed
before the future RTM upgrade to 1 kW operation.
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Electron energy stabilization at the electron gun in RTM
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We have been upgrading1) a racetrack microtron2)

(RTM) as an electron injector for the electron stor-
age ring SR2 and ISOL-type nuclei source, ERIS3)

(electron-beam-driven RI separator for SCRIT), at the
SCRIT facility.4) For both the apparatuses, a stable
electron beam in two specifications of current and en-
ergy is important to accomplish reliable and continuous
measurement of electron scattering in unstable nuclei.
In addition to stability, a high power beam is necessary
to maintain a good signal-to-noise ratio in the electron
scattering measurement results.

The electron beam energy of 150 MeV from the RTM
is determined by the mechanical design and magnetic
field of the dipole magnets of the RTM. If the electron
acceleration by the RF cavities is insufficient or unsta-
ble, the beam at the middle points in the RTM do not
reach the designed energy and fail to exit the RTM. In
order to accelerate the electron beam up to the designed
energy, the RF power for the acceleration and electron
beam current from the DC electron gun should be bal-
anced at a certain ratio. Therefore, the stability of the
DC electron gun with a maximum energy of 80 keV is
important for the RTM and all of the facility.

We measured the stability of the DC electron gun
of the RTM. The black line in Fig. 1 shows the time
dependence of the voltage of the electron gun cathode,
which corresponds to the electron beam energy at a
test voltage of 1.45 kV, extractor-grid voltage of 200 V,
cathode filament voltage of 6.1 V, and grid pulse width
of 5 µs without any special treatment for stability. The
voltage drop is 20 to 40 V during the grid pulse, except
for the pulse switching noise. This voltage drop directly
corresponds to the drop in energy of the electron beam,
which results in different electron beam passes in the
transport line and finally changes the beam current go-
ing into the RF cavities of the RTM. As a consequence,
the outgoing 150 MeV electron beam becomes unstable

Simple solutions to reduce the instability include the
installation of a high-current power supply as the DC
voltage source of the gun, or the installation of a capac-
itor with high capacitance at the cathode to maintain
the voltage. We tested the effects of the capacitances.
The blue line and red line in Fig. 1 show the results of
installing the 8.4 nF ceramic capacitor and 100 nF oil
capacitor, respectively. The voltage drops were appar-
ently reduced by these capacitors. The 8.4 nF ceramic
capacitor reduces the voltage drop by half, while the
100 nF oil capacitor reduces it by more than 10 times.
In general, the oil capacitor is not good at high-speed
time ranges; however the result shows that it still works
sufficiently in the microsecond time range.
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Fig. 1. Voltage drop of the H.V. stage of the electron gun

in the time range of the grid pulse of 5 µs.
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Fig. 2. Voltage drop of the H.V. stage in a short time range

around the switching noise of the grid pulse.

In Fig. 2, the same data shown in Fig. 1 are shown for
a different time range of 600 ns. The high speed oscilla-
tions of the data originate from the switching electronic
circuit of the grid pulse. Compared to the black line,
both the 8.4 nF ceramic and 100 nF oil capacitors re-
duce the high speed noise of more than 10 MHz by sim-
ilar amounts. This means that the ceramic capacitors
are good in the speed range of 10 MHz.

This result shows that the installation of a capaci-
tor at the electron gun cathode electrode stabilizes the
electron beam voltage of the RTM. Therefore, we are
planning to install a larger oil capacitor of 500 nF at
the electron gun cathode.
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