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Abstract: A new 1.2 m radio frequency quadrupole (RFQ) accelerator cavity, made of oxygen-free
copper (OFC) and capable of accelerating protons up to 1.3 MeV energy, is recently manufactured
for the Turkish Atomic Energy Authority (TAEA), based on the motivation of establishing a proton
beamline with indigenous capabilities. In the present article, the manufacturing and assembling
procedures related to the new RFQ copper vanes, especially the novelties applied to a vane type
RFQ accelerator cavity, namely plasma cleaning of vane surfaces and utilization of indium wire in
vacuum sealing, will be described. The preliminary results, the vacuum level and quality factor,
suggest that these applications indicate promising options for future accelerator cavity production.
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1 Introduction

The Turkish Atomic Energy Authority (lately renamed as “Turkish Energy, Nuclear and Mineral
Research Agency – TENMAK”) initiated an RFQ Project known as the “SANAEM RFQ” in 2012
to develop expertise, manpower as well as design and manufacturing skills with the parameters
given in table 1 [1].

According to the project planning, in the first phase, the RFQ cavity was manufactured from
7000 series aluminum alloy, 7075−T6, and then copper plated to reduce the ohmic losses. However,
mainly due to machining errors (∼ 80 microns) and non-homogeneous copper plating thickness,
X-ray measurements (53 kV) indicated that the induced inter-vane voltage requirement (60 kV)
could not be satisfied.

Based on the experience gained during the production and assembling of copper plated alu-
minum vanes, it was decided to machine the RFQ cavity from the OFC billets reserved for the final
production following the assessment of precision machining capabilities.

Table 1. Main design parameters of the SANAEM RFQ Accelerator Cavity.

Injection/Initial Energy 20 keV
Extraction/Final Energy 1.3 MeV
Operating Frequency 352.21 MHz
Inter-Vane Voltage 60 kV
Beam Current ∼ 1 mA

2 Manufacturing and assembling

In order to test the selected company’s capability and machining tolerances, it was agreed to
manufacture an as-built copy of a major vane from aluminum. After the assessment of machining
tolerances based on coordinate measuring machine (CMM) results, it was decided to start the
production of RFQ vanes from OFC (figure 1). The machining errors were measured to be less than
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Figure 1. CMM measurement of the aluminum major vane for production validation test and copper vane
machining.

Figure 2. Roughness measurement results of vanes surface.

10 microns by CMM measurements and leading to better surface quality compared to the previous
experience (figure 2).

In radio frequency (RF) accelerator cavities, good electrical contacts are required at the joints
of components in order to achieve high quality factors. Various options are available in the literature
for the joining of RFQ vanes and peripheral components. Vacuum brazing is the generally applied
method in the assembling of RFQ vanes, flanges, tuners, pickups and RF coupler. However, this
method is a critical and an irreversible process, requiring expertise on the brazing of very tight
tolerant components, and a suitable vacuum furnace to accommodate the RFQ body [2].

The RFQ accelerator is designed for pulsed mode operation with a peak power of 85 kW and
100 μs pulse length with 0.0001–0.001 duty. Furthermore, a suitable cooling system is provided for
the RFQ cavity to stabilize the cavity’s frequency due to fluctuations in the ambient temperature.
Therefore, it is decided to use indium wire, owing to its very good vacuum sealing and electrical
conductivity properties, as well as providing the opportunity of disassembling [3, 4]. Indium wire
is considered as a 3D O-ring [5, 6] providing both the required RF and vacuum sealing objectives
(figure 3–5 show the application of indium wire during vane assembling process).

Before assembling the vanes, chemical surface cleaning was applied to all components and
after the placement of indium wire the RFQ vanes were bolted together to ensure the integrity
and the rigidity. The joints were bonded also with adhesive to make it stronger. The vacuum
test of the cavity with indium sealing and the adhesive was performed very well with a value of
1.5 × 10−7 mbar.

– 2 –
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Figure 3. 3D drawing of indium wires (red lines).

Figure 4. Left: indium wires on the major vanes’ grooves before assembling, Right: indium wire on the
endcap flange.

Figure 5. Images of indium O-rings after flanges and tuners installed.

3 Plasma cleaning

Although plasma cleaning is a very common industrial process, the only case concerning the RFQ
cavity is the application of the process to a rod-type RFQ [7], whereas in the literature R&D efforts
and the application to superconducting radio frequency cavities are more apparent.
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Prior to plasma cleaning, chemical cleaning is performed by washing the RFQ vanes to remove
hydrocarbons, organic matter, dust, and any other residual particles remaining from machining.
Deionized water is used both in washing and rinsing. Final cleaning is performed by the use of
ethyl alcohol to remove any impurity remaining on the surfaces of the vanes.

Plasma cleaning is performed under a pressure of about 0.15 mbar with the use of argon as the
medium gas for vane surface cleaning. Four copper wires, equally spaced with respect to the RFQ
axis were fixed in the four quadrants (figure 6). High voltage of about 1.5 kV applied to four wires
separately for gas breakdown and dropped to 900 V after breakdown to glow plasma. Plasma kept
about four hours for each quadrant, where a current of 14 mA was drawn over 50 kΩ, 100 Watt of
ballast resistor connected in series to stabilize the current. Glow discharge of argon plasma is used
to remove any remaining particulate on the vane surfaces, via argon ion bombardments and micro
sparks, to prevent RF and vacuum breakdown during RF power conditioning of the cavity (figure 7).
After the plasma surface cleaning, the plasma dust deposited on the vane surfaces is removed by a
fine clothe and then by the application of high pressure nitrogen gas jet into the RFQ cavity.

Figure 6. Side view drawing, end flange isolation glass tubes and wires used in the plasma cleaning process.

Figure 7. Two views from RFQ quadrants during the plasma cleaning process.

Bead-pull measurements were performed before plasma cleaning, where a field flatness and
quality factor (by 3 dB method) of 98.7% and 6200 were achieved, respectively. The theoretical
value of the unloaded quality factor was computed by CST MWS as 9242 [8]. After the completion
of plasma cleaning as a pre-conditioning step, the quality factor was measured by the use of decay
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signal (figure 8) obtained from the pickup loop as 9200, where the application of plasma cleaning
demonstrated a significant improvement in the quality factor. Here the quality factor is obtained by
fitting the measurements taken from the decay rate of power in the cavity, 𝑊 (𝑡) = 𝑊0𝑒

−2𝑡/𝑇𝑓 where
𝑇 𝑓 =

2𝑄
𝜔0

is the fill time [9]. On the other hand, the application of plasma cleaning contributed
to the RF conditioning period substantially by reducing the total conditioning period to only five
weeks. The RF conditioning procedure was performed starting with the power level of 15 kW and
an increase of 5 kW in each step with equal time intervals up to 100 kW. The applied RF pulse
length was 100 μs with the duty cycle of 0.0003.

Figure 8. Signal from pickup loop in the RFQ cavity.

4 Conclusion

The results of our observations and measurements considering the deployment of indium wire as
vacuum and RF seal have shown quite satisfactory performance, and hence it offers a reasonable
option for projects where adequate cooling is provided. On the other hand, plasma cleaning of
vane surfaces resulted in considerable improvement in the quality factor and hence the acceleration
performance of the RFQ cavity, which should be considered as the final step of cleaning and a
preconditioning step for the RF power conditioning. Therefore, it can be concluded that both
methods have proved to be effective in the application to the vane type RFQ cavity and offer
attractive alternatives for future accelerator studies.
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