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Abstract

Continuous operation duration of the J-PARC Radio Frequency (RF) ion source has been extended step by step these
years for the goal to supply stable beam during the entire period of J-PARC user operation each year. A 3651 hours (5
months) continuous ion source operation has been achieved from Nov. 2020 to Apr. 2021. As the lifetime of the ion
source is mainly limited by failure on the RF antenna coil, detailed evaluation of the antenna surface condition is required
to ensure the feasibility of the further extension of the operation time. In the present study, dimension measurements and
SEM/EDS analyses were applied to understand the surface discoloration of the RF antenna. The discoloration after the
long-term continuous operation is due to deposition of injected cesium (for H™ surface production process) and of
stainless used steel (Fe, Cr, Ni) from the ion source components sputtered by plasma. The results show that the enamel
coating of the RF antenna has not worn out in the long-term continuous operation for several months and, hence, extension
of the ion source continuous operation duration can be extended.
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Figure 1: Schematic drawing of the J-PARC ion source.
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Figure 2: Trend of the ion source operation parameters in the latest long-run (RUN#86) J-PARC user operation. The
2 MHz RF power is given in the availability of the amplifier. The value is around 52 %, which corresponds to the RF
power up to 27 W. The Cs (cesium) DIFF is the line intensity of the Cs* emission (852 nm) difference from the base
intensity in arbitral units. The beam current measured by Faraday Cup (FC) or Slow Current Transformer (SCT) are at

the same position of the LEBT located after the ion source.
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Figure 3: Photos of the RF antenna coils (a) brand new and
(b) used in the long-term operation (RUN#86).
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Figure 4: SEM photos of discoloration (left) and non-
discoloration (right) fragments on the RF antenna used in
RUN#86 operation.
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Figure 5: Material mapping of the discoloration (left) and the non-discoloration (right) antenna fragments in Fig. 4.
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Table 1: Semi-quantitative Analysis Results for the
Characteristic X-Ray Spectrums by EDS Measurements
for the Discoloration Fragments of the RF Antenna Used
in RUN#86 and RUN#84 (Fig.6(d) and (e))

RUN#86 RUN#84
[norm. wt.%] [norm. wt.%)]

Oxygen 40.65 41.36
Silicon 20.10 14.99
Carbon 9.82 11.94
Titanium 7.65 5.64
Sodium 6.38 4.59
Potassium 5.76 4.06
Cesium 3.56 9.63
Aluminum 1.88 1.31
Iron 1.78 3.82
Zirconium 1.48 0.92
Chromium 0.38 1.11
Nickel 0.34 0.47
Magnesium 0.22 0.17

ALL 100.00 100.00
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Figure 6: Characteristic X-ray spectrum obtained by
SEM/EDS measurements for (a) brand new antenna
fragment and (b) RUN#86 non-discoloration, (c) RUN#84
non-discoloration, (d) RUN#86 discoloration and (e)
RUN#84 discoloration antenna fragments.
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Figure 7: Photo of RFM cases taken from the PE side after
the RF ion source operation.
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