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Abstract

The RIKEN superconducting (SC) heavy-ion linear accelerator (SRILAC) has been providing beam supply for super-heavy
elements synthesis experiments since its commissioning in January 2020. However, the long-term operation of SC radio-
frequency (RF) cavities leads to an increase in the X-ray levels caused by field emissions resulting from changes in the inner
surface conditions. More than half of the ten SC 1/4 wavelength resonators (SC-QWRs) of SRILAC, operating at a frequency
of 73 MHz, have experienced an increase in X-ray levels, thus, requiring adjustments to the acceleration voltage for continuous
operation. While several conditioning methods have been employed for SC cavities, a fully established technique is yet to
be determined. To address this situation, a relatively simple conditioning method was implemented at RIKEN. The proposed
method uses high-voltage pulsed power and imposes a low load on the cavities.
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Figure 1: Birds-eye view of the RIBF accelerators.
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Table 1: SRILAC Design Parameters

Parameters

Frequency (MHz) 73.0 (CW)
Maximum operation gap voltage (MV) 24
Synchronous phase (°) =25
Bopt 0.078
R/ Qo () 579
G 22.4
Eae MV/m) 6.8
Epeak/Eacc 6.2
Bieak/ Eace (mT/(MV/m)) 9.6
Operating temperature (K) 4.5
Target Qo 1x 10°
Qext 1-4.5x 106
Amplifier output (kW) 7.5
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Figure 2: Schematic of the CM1 and CM2.
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Figure 3: Schematic of the SC-QWR with a helium vessel and
a tuner.
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Figure 4: The X-ray levels measured in the first power test at
January 2020. The symbols indicate the number of the SC-
QWRs.
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Figure 5: Overview of an operation history of the SRILAC.
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Table 2: Events Related to SC-QWRs

Date Events
10/27/2020  SC06 Vacuum leak
12/1/2020 SC07 down
12/7/2020 SCO08 FE increase
12/13/2020  SC07, SC08 down
5/10/2021 10 QWRs operation
6/9/2021 SCO06 FE increase
6/29/2021 SCO08 FE increase
9/30/2021 SCO06 FE increase
12/6/2021 SCO06 FE increase
1/3/2022 SC04 FE increase
6/21/2022 SCO02 FE increase
11/14/2022 SCO09 FE increase
2/15/2023 SCO08 FE increase
7/3/2023 SCO02 FE increase
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Figure 6: Observation of a sudden increase of X-ray level with
SC02.
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Figure 7: X-ray levels measured in October 2022.
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Figure 8: Block diagram for the pulsed RF power condition-
ing.
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Figure 9. RF signals observed during the pulsed RF power
conditioning. Pgsg, Pin, Prer, and Py, are the input pulse from
SG, the forward signal from the directional coupler, the re-
flected signal, and the signal from the cavity pickup, respec-
tively.
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Figure 10: X-ray observed during conditioning.
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Table 3: History of the pulsed RF power conditioning. Here
V" is a maximum pulsed voltage of the SC-QWRs.

Date Cavity Duration V™ [MV]
11/22/2022  SCO07 7h37m 1.34
11/24/2022  SC06 4h05m 1.52
11/28/2022  SC09 1h14m 1.57
11/29/2022  SC02 Oh37m 1.98
1/12/2023 SC07 Oh54m 1.55
1/13/2023 SC09 1h44m 1.99
3/29/2023 SC08 2h35m 1.80
4/13/2023 SCo1 0h40m 2.23
6/7/2023 SC09 1h13m 2.54
7/3/2023 SC02 1h53m 2.98
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Figure 11: X-ray levels before and after conditioning.
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Figure 12: Gap voltage, X-ray level, and the vacuum pressure
of the MEBT observed during the conditioning of SC09.
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Figure 13: RF signals observed durmg pulsed rf power condi-
tioning.
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Figure 14: X-ray levels measured in April 2023.
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