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In the 18-GHz electron cyclotron resonance ion source 
(ECRIS)1), we have achieved the practical use of the 
micro-oven to supply high-intensity and stable 48Ca beams 
for a long term. 2-4) In the process of the operational tests, 
we found that the temperature of our oven could be 
increased up to about 1000○C without damaging the oven. 
At that temperature, the vapor pressure of ZnO is expected 
to reach a level high enough to extract the Zn beam with 
adequate intensity. Therefore, we conducted the supply test 
of Zn beam using the micro-oven. 

In contrast to the Ca beam, in which the Al powder is 
mixed to the CaO powder to reduce CaO, only the powder 
of ZnO was placed in the crucible because the vapor 
pressure of ZnO is sufficiently high. The hot liner5), which 
plays an important role in reducing the material 
consumption rate when supplying the 48Ca beam, is not 
used when supplying the 70Zn beam because even if the 
oven current is increased, the beam intensity hits a peak at 
an inadequate level when installing the hot liner into the 
ECRIS.  

When increasing the oven current gradually, the water 
evaporated first. By increasing the oven current, the 
production of the Zn beam was observed at the oven current 
lower than that at which the Ca beam was produced. This 
production seems to be due to the metallic Zn existing 
slightly in ZnO. The production of the Zn beam at this oven 
current was terminated after a short time. By further 
increasing the oven current, the production of the Zn beam 
was observed again at the oven current higher than that at 
which the Ca beam was produced. 

The 70Zn15+ beam produced by the micro-oven was first 
supplied for the experiment at the RIBF, from May to June 
2014. The beam intensity at the exit of ECRIS and the oven 
current are shown in Fig. 1. As an example, the power 
applied to the oven for the oven current of 2.45 A (May 16 
to May 19) is estimated to be 39 W. The RF power fed to 
the ECRIS was 550 W. During the experiment, the sudden 
increases in pressure in the ECRIS, followed by either the 
increase in beam intensity or runaway of the ECRIS, 
occurred several times. These phenomena seem to be due to 
the grain size of the ZnO (in this experiment, the material 
was prepared by chipping sintered ZnO rod. The grain size 
was up to about 1 mm in diameter). Assuming that a grain 
had a metallic Zn core and a ZnO shell, the inner pressure 
of the grain increases. The shell becomes thinner with the 
evaporation of ZnO and cracks at some point to cause a 
sudden increase in pressure in the ECRIS. This instability 
problem seems to be prevented by chipping the grains as 
fine as possible. 

 

Because there was a break period (“CGS failure” in Fig. 
1), the material was replaced just to be safe. The statuses of 
beam supply before and after the break are summarized in 
Table 1. The consumption rate all through the experiment 
was 0.14 mg/h. 

Table 1. Status of beam supply. 
 Before After 
Beam intensity [electric A] 30 33 
Amount of ZnO placed in the crucible [mg] 1007 835 
Amount of ZnO consumed [mg] 59 22 
Consumption rate of ZnO [mg/h] 0.16 0.10 

 
The vapor pressures among Ca, Zn, and ZnO are in the 

following order: Zn > Ca > ZnO. In order to evaporate ZnO, 
an oven temperature higher than that for Ca is required. But 
after being decomposed into Zn and O by the plasma, a 
vapor pressure higher than that of Ca is obtained. 
Sufficiently low consumption rate without the hot liner 
seems to stem from the above relation of vapor pressures. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Long-term supply of the 70Zn beam for the 
experiment at the RIBF. The beam intensity for 70Zn15+ 
(gray) and the oven current (black) are shown. 
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The RIKEN 18-GHz superconducting electron cy-
clotron resonance ion source (18-GHz SC-ECRIS) pro-
vides comparatively light ions to the RIKEN AVF cy-
clotron1), which is used as an injector at the RI Beam
Factory (RIBF) as well as for investigations in low-
energy nuclear physics, material sciences, and biologi-
cal irradiations and RI productions for commercial use.
The 18-GHz SC-ECRIS was designed as a liquid-He-
free system, and similar ion sources were constructed
at the end of the 1990s2). The SC-ECRIS consists
of four superconducting solenoid coils and a perma-
nent Nd-B-Fe hexapole magnet, which generate the so-
called minimum-B magnetic mirror geometry. A high-
power 18-GHz microwave (∼ 500 W) is used to heat
up the electrons in the plasma, so that highly charged
heavy ions can be produced. The superconducting
solenoid coils whose filaments are made of Nb-Ti al-
loy are cooled with a 4.2-K Gifford-McMahon (GM)
refrigerator (0.7 W). In addition, the high-Tc super-
conducting current leads are cooled with another 20-K
GM (4 W).

Last summer, these coils could not be cooled below
100 K after 21 days of cooling. This happened just
after the annual maintenance of the cryostat systems,
and so, we suspected that the thermal insulation sur-
rounding the solenoid coils might be degraded. That is
why the whole set of the solenoid coils and the vacuum
insulation including the cryostat systems have been
replaced with another set that was used in the past
and was held in reserve. The replacement was carried
out last October, following which the super-conducting
coils could successfully be cooled to 4 K.

The permanent hexapole magnet had a length of 350
mm and an outer diameter of 199 mm. The hexapole
magnet has been replaced with a larger one with an
outer diameter of 210 mm so that the radial magnetic
field increases from 1.0 T to 1.1 T at the magnet pole
face to enhance the plasma confinement for the 18-GHz
operation.

The klystron power amplifier (KPA), which was used
to generate the high-power 18-GHz microwave, also
showed degradation over time. Moreover, the output
power was unstable, which directly led to fluctuation
of the extracted beam intensity. That is why we have
introduced a traveling-wave tube amplifier (TWTA)
instead of the KPA even though the maximum output
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power of the TWTA (750 W) is half of that of the KPA.
As a result of this replacement, new remote control
functions and additional interlocks to protect the ion
source were appended to the existing remote operating
system.

The beam emittance extracted from the 18-GHz SC-
ECRIS does not seem to be well matched with the ac-
ceptance of the low energy beam transport (LEBT)
system of the AVF cyclotron. Transverse emittances
are crucial parameters and can be optimized by match-
ing the emittance with the acceptance of the LEBT.
Moreover, decoupling any inter-plane correlation in the
transverse 4D emittance is important to increase the
beam brightness3). At present, no device to measure
the emittance is installed in the beam line following
the 18-GHz SC-ECRIS. Because of a spatial limita-
tion to install a new device, we have started to de-
velop a compact emittance meter based on the pepper-
pot method4). The prototype emittance meter was
installed behind the analyzing magnet. As the first
step, we have obtained an image of beam spots of
6.52-keV p+ (∼ 80 eµA) as shown in Fig. 1. The
transverse r.m.s emittances were measured to be about
40 mm mrad. Further developments and investiga-
tions are in progress to establish the emittance meter
which can be applied for diagnostics of the low-energy
highly charged heavy-ion beam extracted from ECR
ion sources.
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Fig. 1. An image of beam spots obtained using the proto-

type pepper-pot emittance meter.
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