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Abstract

Single-spoke resonators (SSRs) have been developed
and tested for the RAON SCL2 project. The design param-
eters for the SSRs are provided, and the performance of the
superconducting cavities is assessed. The single-spoke res-
onator cavities, cryogenic systems, cryostats, and human
machine interface (HMI) are depicted for a vertical test.
Calibration and cavity preparations are demonstrated to
evaluate the performance of the superconducting cavities.
Testing of the single-spoke resonator type 1 (SSR1) per-
formance is conducted via a vertical test. Q slopes are pre-
sented as a function of accelerating field, and Lorentz force
detuning (LFD) as well as pressure sensitivity are con-
ducted for the superconducting cavities.

INTRODUCTION

Superconducting cavities have undergone extensive de-
velopment, resulting in a variety of types used in accelera-
tors. Field emission phenomena have been thoroughly
studied and applied to superconducting cavities [1, 2, 3].
Techniques for measuring quality factors in superconduct-
ing cavities have been investigated, and the conservation
of quality factors has been applied to both superconducting
cavities and mammalian studies [4, 5]. Quarter-wave reso-
nator (QWR) and half-wave resonator (HWR) cavities
have been developed, installed, and commissioned for
beam operation at the RAON superconducting linear accel-
erator 3 (SCL3) site [6, 7]. This study focuses on the per-
formance of single-spoke resonator SSR1 cavities, present-
ing their design parameters and characteristics. Cryogenic
systems, cryostats, and HMI are depicted for the vertical
test. Quality factor, Lorentz force detuning (LFD), and
pressure sensitivity are among the parameters measured.

PREPARATION FOR TEST

Single-spoke resonator (SSR) cavities have been devel-
oped, fabricated, and tested for the RAON SCL2 project.
The SSR cavities consists of type 1 (SSR1) and type
2 (SSR2).

Table 1 displays the design parameters for SSR1 and
SSR2 cavities. The drive frequency for SSR1 and SSR2 is
325 MHz, with the optimum f (v/c) being 0.3 for SSR1
cavity and 0.51 for SSR2 cavity.
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Table 1: Parameters for the Single-Spoke Resonator (SSR)
Cavities

Parameter SSR1 SSR2
Bopt 0.3 0.51
f(MHz) 325 325
Legr(= BoA) (mm) 276.9 470.8
R/Q (Q) 233 290
Epeak/Eacc 4.1 3.7
Bpeak/Eacc [MT/(MV/m)] | 6.9 7.7
Escc (MV/m) 8.5 8.7
Vace MV) 2.35 4.1
Stored energy (J) 11.6 28.3
QRg 92.2 112.9
kappa 55.13 36.17

Figure 1 depicts the images of the single-spoke resonators
(SSRs). The SSR cavities are prepared for vertical testing
and can be shielded with mumetal.

The surface resistance of the superconducting cavities
can be described by the equation:

R = Rpcs + Ryes + Rmag (1)

Here, R represents the surface resistance, Rgcs is the BCS
resistance, Ry is the residual resistance, and Ry, is the
magnetic field resistance.

The magnetic field resistance (Rp,g) due to magnetic
shielding can be approximated as follows [8]:

Rinag = 1.94 x 107 /%Ho(mc}) mal @)

where f is the frequency in Hertz, RRR is the residual re-
sistivity ratio, and H, is the magnetic field strength in mil-
ligauss (mG).
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Figure 1: Images of single-spoke resonators (SSRs). (a)
SSR cavity with jacket, (b) SSR cavity without jacket, (c)
SSR cavities with jackets, and (d) SSR cavity with mag-
netic shielding.

For single-spoke resonator (SSR) cavities with an RRR
of 300 and a frequency of 325 MHz, Table 2 presents the
surface resistance versus magnetic shielding field for SSR
cavities. The magnetic shielding field is maintained below
10 mG, which corresponds to a surface resistance of 2 nQ.

Table 2: Surface Resistance vs. Magnetic Shielding Field

Magnetic field, Surface resistance,
H(mG) Rmag(nQ2)
1 0.2
2 0.4

5 1
10 2
20 4
30 6
40 8
50 10

VERTICAL TEST

Figure 2 displays the cryogenic system and cryostat. The
cryogenic system comprises a helium liquefier with a ca-
pacity of 280 L/h, a liquid helium dewar with a capacity of
3,000 L, warm pumps for 2 K pumping at a rate of 1.5 g/s
per warm pump, recovery compressors, gas bags, and a liq-
uid nitrogen tank. The cryostat includes a 4 K helium res-
ervoir, a 2 K helium reservoir, cryogenic valves, vacuum
lines for cavity pumping, and superconducting test cavities.
Cavity pumping is achieved using dry pumps, turbo molec-
ular pumps (TMP), and ion pumps.
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Figure 2: Cryogenic system and cryostat. (a) helium lig-
uefier and helium dewar, and (b) cryostat.

Liquid nitrogen is supplied first, followed by liquid he-
lium to cool down the superconducting cavities. Calibra-
tion is performed once the cavity temperature reaches 4.2
K.

RF conditioning lasts for approximately 5 hours, and the
multipacting (MP) conditioning range varying from 0.5 to
4 MV/m depending on the cavity. Field emission condi-
tioning occurs at accelerating fields higher than those that
cause X-ray generation from field emission on the cavity
surface. After field emission conditioning, the Q factor in-
creases, and X-ray generation decreases.

In many cases, the field emission conditioning leads to
an increase in cavity vacuum pressure, potentially altering
the shape or curvature of particles by melting the tips on
the RF surfaces.

The field emission conditioning near the maximum ac-
celerating field is effective for the first three attempts using
continuous wave (CW) or pulsed RF. However, the effect
of the field emission conditioning becomes negative when
attempted more than four times, either at 4.2 K or 2 K.

Figure 3 shows the images for control panels of vertical
test. Spectrum analyzer, low level radio frequency (LLRF)
test panel, RF control panel, and cryostat monitor are used
to the vertical test.

Figure 3: Images of control panels for the vertical test.
Spectrum analyzer, LLRF test panel, RF control panel, and
cryostat monitor are shown.
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Figure 4 displays the Q factor as a function of accelerat-
ing field for single-spoke resonator SSR1 cavities. X-ray
radiation begins to be generated at 5.4 MV/m for SSR1
VZ#2 and at 6.2 MV/m for SSR1 VZ#3. The Q factor for
each cavity remains higher than the reference value of
3.2x10%at 8.5 MV/m.
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Figure 4: Q factor as a function of the accelerating field
for SSR1 cavities. The slope of the Q factor curve is meas-
ured for SSR1 VZ#2 and VZ#3 cavities.

Figure 5 illustrates the measurement of Lorentz force de-
tuning (LFD) for an SSR2 cavity. The LFD is recorded as
-26.4 Hz/(MV/m)? for the SSR1 VZ#2.

Additionally, the LFD is measured as -12.3 Hz/(MV/m)?
for the jacket of SSR1 VZ#1. The LFD of the SSR1 VZ#1
jacket is lower than that of the SSR1 VZ#2 jacket.
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Figure 5: Measurement of the Lorentz force detuning
(LFD) for an SSR1 cavity. The Lorentz force detuning
(LFD) is recorded as -26.4 Hz/(MV/m)> for the SSR1
VZ#2 jacket.

Figure 6 illustrates the pressure sensitivity measurement
for an SSR1 cavity. The pressure sensitivity is determined
at an accelerating field of 2 MV/m while maintaining crit-
ical coupling by adjusting a variable coupler. This is
achieved by gradually pumping the vapour pressure of lig-
uid helium from 1013 mbar down to 25 mbar. The ampli-
tude of the RF power, the phase of the low-level radio fre-
quency (LLRF), and the pulse of the variable coupler are
adjusted to maintain the accelerating field and critical cou-
pling. The resonance frequency of the cavity is measured
during the cooling-down process. Pressure sensitivity data
is collected for the pressure range between 25 and
170 mbar. The measured pressure sensitivity is recorded as
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-523.9 Hz/mbar for the SSR1 VZ#2 jacket. The relatively
high measured pressure sensitivity is attributed to the cav-
ity not being securely fixed, resulting in an almost free
boundary condition during the vertical test.

Additionally, the pressure sensitivity is measured as -
27.9 Hz/mbar for the SSR1 VZ#1 jacket. During the pres-
sure sensitivity measurement of the SSR1 VZ#1 jacket, the
cavity is tightly fixed, resembling a fixed boundary condi-
tion, during the vertical test. This condition includes the
application of a tuner force on the cavity, which is roughly
considered.
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Figure 6: Pressure sensitivity measurement for a SSR1 cav-
ity. The pressure sensitivity is -523.9 Hz/mbar for SSR1
VZ#2 jacket.

During the vertical test, quality factor along with X-ray
radiation, LFD, and pressure sensitivity are measured.

CONCLUSION

We have conducted tests on the single-spoke resonator,
specifically referred to as type 1 (SSR1), as part of the
RAON SCL2 project. Design parameters for single-spoke
resonators (SSRs) are provided, along with an analysis of
their magnetic shielding effect. Magnetic shielding within
the cryostat remains below 10 mG. The single-spoke reso-
nator cavities, cryogenic systems, cryostats, and HMI are
depicted for the vertical test setup. Performance evalua-
tions of SSR1 superconducting cavities are carried out
through vertical testing, revealing that the quality factor of
two SSR1 cavities exceeds the reference value. Addition-
ally, measurements of Lorentz force detuning (LFD) and
pressure sensitivity are conducted on the SSR1 cavities.
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