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Public summary

m The 499.8 MHz SOLEIL-type superconducting cavity and its higher-order mode (HOM) couplers were designed for the
first time in this paper.

m The HOM damping requirements of Hefei Advanced Light Facility (HALF) were satisfied for both longitudinal and
transversive impedances, and the effect of asymmetry on transversive impedance was observed.

m HOM couplers were analyzed and optimized for radio frequency transmission, multipacting, and thermal calculations.
No thermal breakdown is induced until the multipacting effect occurs.
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Read Online

Abstract: A 499.8 MHz SOLEIL-type superconducting cavity was simulated and designed for the first time in this paper.
The higher-order mode (HOM) properties of the cavity were investigated. Two kinds of coaxial HOM couplers were de-
signed. Using 4 L-type and 4 T-type HOM couplers, the longitudinal impedance was suppressed to 3 kQ, and the trans-
verse impedance below 30 k/m. The HOM damping requirements of Hefei Advanced Light Facility (HALF) were satis-
fied. This paper conducts an in-depth study on the radio frequency (RF) design, multipacting optimization, and thermal
analysis of these coaxial couplers. Simulation results indicated that under operating acceleration voltage, the optimized
couplers does not exhibit multiplicating or thermal breakdown phenomena. The cavity has the potential to reach a higher

acceleration gradient.

Keywords: HOM coupler; superconducting cavity; RF system; multipacting; thermal simulation
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1 Introduction

Synchrotron radiation light sources have become important
devices for scientific research. As a main part of the acceler-
ator radio frequency (RF) system, which provides energy to
electrons, superconducting cavities have been widely used in
the last 50 years because of their low ohmic power loss'.
The SOLEIL-type cavity was named because it was first used
in the 3rd generation light source SOLEILY. Two 352.2 MHz
SOLEIL-type superconducting modulers were installed on its
storage ring in 2006 and 2008. They provided an accelerating
voltage of 3 MV (750 kV/cell) and satisfied the power re-
quirement for a beam current of 500 mA at a beam energy of
2.75 GeVU. Currently, SOLEIL cavities have the potential to
operate under 500 mA beam current using a single crymod-
ule with some improvements in their solid-state power ampli-
fiers (SSPAs)" .

The Hefei Advanced Light Facility (HALF), a large-scale
scientific apparatus in the 14th five-year development plan of
China, is a soft X-ray and VUV light source based on a dif-
fraction-limited storage ring (DLSR), which has a beam en-
ergy of 2.2 GeV and an emittance goal of less than 100
pm-rad. It is now under construction at the National Synchro-
tron Radiation Laboratory (NSRL). Based on KEK-B! and
BEPC-II", a KEK-type superconducting cavity has been de-
veloped and will be used in HALF to meet the 350 mA beam
current requirement’™., In the future, with the increasement of
beam current and number of insert parts, exploring SOLEIL-
type superconducting cavities, which have two fundamental
power couplers, may be meaningful. The linear section length
of a 499.8 MHz SOLEIL module with two fundamental
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power couplers may be shorter than that of the two KEK
modules because a higher power level could be easily
realized.

All modes except the fundamental mode that exist in the
cavity are called higher-order modes (HOMs). HOMs are ex-
cited when relativistic electrons passing through the cavity
and must be extracted efficiently to prevent coupled bunch in-
stability (CBI). HOM damping concepts may vary but are
principally based on coaxial and waveguide couplers as well
as beam line absorbers or any combination”. SOLEIL-type
superconducting cavities were equipped with coaxial HOM
couplers on their center pipe to reduce the linear section
length and to have a moderate opening at the end beam pipes.
Four HOM couplers were mounted on a 352 MHz SOLEIL
cavity to extract the HOMs. Six HOM couplers were used to
meet the HOM damping requirement of a 1500 MHz SU-
PER3HC 3rd harmonic cavity!’.

In this paper, the finite element analysis software CST
Suite Studio was used to complete the research. First, the
HOM properties of a bare 499.8 MHz SOLEIL-type super-
conducting cavity were analyzed. Second, coaxial HOM
couplers were assumed to act as hooks to optimize their
quantity and location, which has a great influence on the mul-
tipacting analysis. Then, the RF transmission properties and
multipacting properties of the HOM couplers were optimized.
Fourth, detailed HOM couplers were added to the model for
the confirmation of the design and for overall optimization.
Finally, a primary thermal simulation was presented to ex-
plore the cooling requirements of HOM couplers.
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Table 1. Main parameters for the 499.8 MHz SOLEIL-type supercon-

ducting cavity

Parameter Value
Rgpp 91.5 mm
Ry 269.4 mm
Repp 141.0 mm
Lien 151.5 mm
Liigne 151.5 mm
ay 24.4 mm
by 33.1 mm
ap 130.5 mm
by 130.5 mm
ay 30.8 mm
by 52.6 mm
a, 112.5 mm
by, 112.5 mm
Lcgp 912 mm
Jo 499.785 MHz
R/Q (for each cell) 44.289 Q
geometrical factor 297.290 Q
Eped/Erec 1.77
Bpead Eace 4.26 mT/(mVem)

Materials and methods

1 Cavity analysis

A 499.8 MHz SOLEIL-type superconducting cavity was
analyzed by CST Suite Studio based on the 352 MHz
SOLEIL cavity. The main parameters are listed in Table 1.

As shown in Fig. 1, the SOLEIL-type cavity have cells
linked with a large beam pipe in between, called the center
beam pipe (CBP), and terminated on smaller side beam pipes
(SBPs). The radius of the CBP was specially designed to en-
sure that all the HOMs could be extracted into the CBP while
the fundamental mode was still localized in cavity cells.
When HOM couplers were assembled on CBP, this structure
provided strong coupling to HOMs and very weak coupling to
the fundamental mode.

Theoretically, HOMs between the fundamental mode fre-
quency f, and the cutoff frequency of the SBP f; s should be
extracted by coaxial HOM couplers on the CBP. HOMs with
frequencies above f. s were assumed to be absorbed at the
beam pipe absorbers or lossy metal tapers assembled outside
the crymodule. In our case, as the radius of the SBP was set to
91.5 mm, the cutoff frequency was calculated to be 965.95
MHz in TE,; and 1261.87 MHz in TM,,. Therefore, HOMs
with frequencies between 499.8 MHz and 1261.87 MHz are
of particular concern.

To find HOMs that may have a strong effect on the beam,
the wake impedance is an accurate and convenient
approach". It can be calculated by 2D software such as
ABCI or 3D software such as the wakefield solver in CST
Particle Studio. Using the cavity model in Fig. 1, two SBP
ports were set as waveguide ports with five modes. The beam
was set at a | mm bias from the cavity center, parallel to the
red line in Fig. 1, and had a 34 mm bunch length. The
wakelength was set to 800 m. The wake impedance was cal-
culated and is shown in Fig. 2. The peak at approximately
499.8 MHz represented the fundamental mode, and the other
peaks represented HOMs that may be dangerous. For HOMs
that have a higher frequency, the electromagnetic field modes
in the cavity cell and CBP may be different. They were
named EM (frequency in MHz). For example, mode EM,
has a field similar to that of TM,;, in cavity cells, while the
distribution in CBP is TE;,. All HOM impedances were not-
ably high and will be further increased with increasing simu-
lation wakelength. This phenomenon can be attributed to the
absence of HOM couplers in the model depicted in Fig. I,
which allows the HOMs to sustain resonance within the
cavity.

2 Cavity analysis with HOM coupler hooks

According to the coupling method, coaxial-type HOM
couplers can be divided into two categories, probe couplers or
loop couplers, using electrical coupling or magnetic coupling,
respectively!’l. Since the loop coupler could be designed to be
dismountable and sometimes easier to use to form a filter
structure, it was chosen as the basis for our HOM couplers.

2.1 Impedance threshold

The wake impedance threshold to cause CBI should not be
exceed both longitudinal and transverse. It can be analytic-

Fig. 1. 499.8 MHz SOLEIL-type superconducting cavity.
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Fig. 2. Wake impedance calculation results for a bare 499.8 MHz SOLEIL-type superconducting cavity: (a) longitudinal and (b) transverse

ally calculated with the widely used Egs. (1) and (2)*.
20.E

fHOMZ\[\h = > (1)
atl,
2E
th _
ﬁ)ZJ— - ﬁJ.TJ.IU ’ (2)

where fyom and f; are the HOM resonance frequency and re-
volution frequency, E and I, are the beam energy and aver-
age current, Q, is the synchrotron tune, « is the momentum
compaction factor, 3, is the 8 function at the cavity location
in the x or y direction, and 7, and 7, are the longitudinal and
transverse radiation damping times, respectively. These for-
mulas were obtained by equating the radiation damping time
with the respective instability rise time.

2.2 Coupler quantity and location

To achieve strong coupling, the plane of the hook should be
as perpendicular as possible to the magnetic field line and
close to the strong field. As shown in Fig. 3, the magnetic
field of transversive HOMs such as TE,;, tends to localize
around the cavity, and longitudinal HOMs such as TMy;;
have a strong field around the center of the CBP. In our pre-

diction, two kinds of couplers were needed: T-type couplers
with hooks perpendicular to the beam axis and close to the
cells, as shown in Fig. 3a, and L-type couplers parallel to the
beam axis and mounted around the center of the CBP, as
shown in Fig. 3b, which handle transversive and longitudinal
HOMs, respectively.

To estimate the quantity of HOM couplers and their loca-
tion, couplers were assumed to be hooks added to the cavity
model. Otherwise, the large mesh number and unacceptable
calculation time will make the optimization impossible. A
model with 4 T-type and 2 L-type couplers is shown in Fig. 4;
L-type couplers are located around the center, and T-type
couplers are located near the cavity cell. Couplers with differ-
ent orientations were considered to absorb transverse HOMs
with different polarizations.

We used the CST wakefield solver to optimize the model.
During the optimization, the number of couplers and the dis-
tance between the couplers and cavity were varied to obtain a
smaller impedance. All coupler ports were set as waveguide
ports with TEM mode, and two SBP ports were set as wave-
guide ports with five modes. The beam was set to a 1 mm off-
set from the axis, and a long simulation wakelength of 1000
m was used to ensure that all the HOMs were extracted. A

> section

m axis

:beam axis

k TERRAEE .

Fig. 3. HOMs magnetic field distribution, (a) TE,, distribution, (b) TM,,5 distribution.
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Fig. 4. Cavity model with the coupling hooks, (a) the hooks, (b) the port setting.

beam length of 34 mm was chosen to calculate the imped-
ance accurately. Finally, 4 T-type couplers were symmetric-
ally localized 137.5 mm from the cells and rotated 90 degrees
on one side. At least 2 L-type couplers should be located
around the center, as shown in Fig. 4, 362.5 mm from the
cells.

The wake impedance results for the optimized model are
shown in Fig. 5. The red lines are the impedance thresholds
calculated by Egs. (1) and (2) with the HALF parameters. The
longitudinal impedance was well suppressed, and the maxim-
um transverse impedance remained approximately
20 kQ/m below the threshold. In this phase, a negative effect
on the transverse impedance caused by the asymmetry of the
L-type couplers was discovered but was considered accept-
able for reducing the number of couplers.

40 T T T T T T T

35 Ziith | 4
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o
T

-

I

e AAn

0
0.4 0.5 0.6 0.7 0.8 0.9 1 11 1.2 13
Frequency (GHz)

3 REF design of HOM couplers

The coaxial line does not have the same cutoff property as the
wakeguide, so coaxial HOM couplers need a filter structure at
the fundamental mode frequency to prevent coupling of the
fundamental mode, which in our case is 499.8 MHz. Filter
structures can be realized by folding coaxial lines or adding
extra rods or plates'*"”l. The optimized equivalent circuits and
models of our L-type and T-type couplers are shown in Fig. 6.

Both couplers have one filter structure: a capacitor plate
around the support rod for L-type couplers and a lengthened
hook facing the outer conductor for T-type couplers, as
shown in the red boxes of Fig. 6a and b, respectively. Since T-
type couplers are close to the cavity cell, a fliter structure
around the coupler hook may block the fundamental mode
from entering the coupler, reducing extra heat loss. In the L-

(b) 220
200 71 1
2, ,=203.62 kQ/m —Z,
180 —z,
160 [ g
E
S 140+ ]
£
3
2120 ]
()
R
2100 F 1
E Z, ,=104.21 kQ/m
- X
£ 8of b
=
60 g
40 g
201 R
o " . " . A
04 05 06 07 08 09 1 11 12 13

Frequency (GHz)

Fig. 5. Wake impedance of the optimized model: (a) longitudinal and (b) transverse.
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Fig. 6. Equivalent circuits and the optimized modal, (a) L-type coupler, (b) T-type coupler.

type coupler case, the fundamental mode fields were weak
around the coupler, and the lengthened hook did not work as
a filter after 90 degrees of rotation, so the hook was
shortened, and a capacitor plate was added around the sup-
port rod.

The transport properties of these couplers were analyzed by
beampipe-coupler models using CST microwave (MW) stu-
dio. As shown in the left part of Fig. 7, the TE,; or TMy,
mode was launched at the side of the beam pipe, where it was
set as a waveguide port named portl or port3. Port2 was set to
the TEM mode. The S,; results are shown in the right part of
Fig. 7. Since the fundamental mode TM;, excites the TM,
mode at the beam pipe port, the TM,, mode S,; should re-
ceive special attention. After the optimization of the coupler
geometry, both couplers exhibited good reflection
properties—over —80 dB for L-type couplers and —75 dB for
T-type couplers—at 499.8 MHz.

Longitudinal HOMs were extracted from L-type couplers.
As shown by the blue line in Fig. 2, the longitudinal HOMs
were located between 0.80 GHz and 1.26 GHz, with the
strongest occurring at approximately 1.00 GHz. The TMy,
launched S,; for the L-type coupler in this range was mostly
above —20 dB, which predicted good transmission. On the
other hand, the transverse HOMs were located between 0.55
GHz and 1.10 GHz, and the T-type couplers also exhibited
good transmission properties in two polarization directions.

4 Multipacting analysis of HOM couplers

Multipacting (MP) is a phenomenon caused by electrons that
resonate with electromagnetic fields. When some primary
electrons gain energy from the field and collide with conduct-
ors, secondary electrons may be generated. If secondary elec-
trons act similar to primary electrons and form more second-
ary electrons, the number of electrons will increase exponen-
tially, and then the MP will occur. MP results in extra heat
loss, quench of the superconducting, or even breakdown of

0706-5

HOM couplers.

The particle in cell (PIC) solver in CST particle studio was
used for MP analysis because it has several advantages, such
as convenient particle settings and better computer memory
processing compared with the tracking solver, while main-
taining comparable accuracy!®. The electromagnetic field was
calculated by a model including the cavity and HOM couplers
using the eigenmode solver of CST MW Studio and then
input into the PIC solver. The model and electromagnetic
field are presented in Fig. 8. Since the fundamental mode is
below the cutoff frequency of the CBP, fields were localized
inside cavity cells. The brown parts in Fig. § were alumina
ceramics.

When the cavity is in operation, the electromagnetic field
in the HOM couplers could be as strong as the field in cavity
cells. Thus, niobium was chosen as the material for the inner
conductor of HOM couplers, enabling the formation of a su-
perconductive state, as illustrated in the blue parts of Fig. 9a.

In the PIC solver, the Furman emission model was used to
simulate the MP effect. The backscattered electrons, redif-
fused electrons and trun electrons were all considered in this
model. A niobium shell must be added outside the cavity to
make the cavity boundary reflectable, as shown in Fig. 9a.
The secondary emission yield (SEY) of niobium and copper
was obtained from the offset in the CST particle studio, as
shown in Fig. 9b.

4.1 T-type coupler multipacting analysis

Close to the cavity, the T-type couplers were analyzed first.
All the inner conductor surfaces were set as particle sources,
as shown in Fig. 10a. Over 2000 primary electron launch
points were uniformly distributed on the surface. The elec-
tron launch angle was set to a random range from 0° to 89.9°
with an initial energy of 2 eV. In the time domain, the launch
current was set as a 2 ns rectangular pulse, covering the first
period of the fundamental mode resonance. Each calculation
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Fig. 7. Beampipe-coupler models and S21 results for the (a) L-type coupler and (b) T-type coupler.

Fig. 8. Electromagnetic field model, (a) cavity model with couplers, (b) fundamental mode electric field.

was run for 15 ns, and the space-charge effect was neglected.
The time-averaged secondary emission yield (<SEY>) was
used to indicate whether MP occurred, and it could be calcu-

<I.> and <I > represent the time-averaged emission current
and collision current, respectively, calculated by electrons

lated by Eq. (3): emitted from or collidir.lg wit.h th?: entire conductor surface
<> and averaged from the simulation time of 4 ns to 15 ns. When
<SEY >= > I’ > 3) <SEY> is greater than 1, the emission current is greater than

the collision current, which always represents a high possibil-
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Fig. 9. MP analysis model and true SEY used: (a) model and (b) SEY curve

—— Copper
—— Niobium

200 800 1000

400 600
Incident energy @Incident angle 0° (eV)

2 4 6 8 10 12 14 16 18
E, .. (MVim)
acc

Fig. 10. MP analysis for T-type couplers: (a) particle source area, (b) particle monitoring where MPs occurred, and (c) <SEY> results.

ity that MP may occur.

Initially, the materials of the upper coaxial line and the
hook were set as copper and niobium, respectively, but MP
occurred at an acceleration gradient of approximately 4
MV/m. Particle monitor revealed that the MP was located at
the capacity part, as shown in the upper panel of Fig. 10b.
After the upper part was replaced by niobium, the MP was
suppressed well between the 2 MV/m and 16 MV/m accelera-
tion gradients.

4.2 L-type coupler multipacting analysis

Contrary to what we predicted, L-type couplers have a weak
field strength inside but are more likely to experience MP.
Similar to T-type couplers, the entire inner conductor surface
was set as a particle source, as shown in Fig. 11a. All primary
electron settings and the <SEY> calculations were consistent
with the T-type coupler analysis.

After optimization, MP still occurred over 10 MV/m at the
capacity plate facing the outer conductor, as shown in the up-

per panel of Fig. 11b. An inner conductor capacity plate
might also lead to an MP under a higher acceleration gradient.
As a storage ring cavity, the acceleration gradient was always
set between 2 MV/m and 6 MV/m, rarely more than 8§ MV/m.
In this range, optimized L-type couplers had a low probabil-
ity of having an MP effect. The HALF required a 1.5 MV RF
voltage, and the acceleration gradient could be calculated to
be 2.48 MV/m per cell using a 499.8 MHz SOLEIL-type cav-
ity. It could be predicted that no multipacting will occur
under an operating acceleration gradient in L-type or T-type
HOM couplers.

5 Results and discussion

5.1 Wake impedance recalculation

After RF and MP analysis, the structure of HOM couplers is
finally determined. To ensure that these couplers could
dampen HOMs efficiently, the wake impedance was recalcu-

(cy

<SEY>

0 2 4 6 8 10 12 14 16 18
E o (MVIm)

Fig. 11. MP analysis for L-type couplers: (a) particle source area, (b) particle monitoring where MPs occurred, and (c) <SEY> results
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lated with a model including detailed HOM couplers and the
cavity, as shown in Fig. 12a.

In this model, the coupling hooks were replaced by 4 T-
type couplers and 2 L-type couplers in detail. The beam
length was set to 50 mm after a tradeoff between accuracy
and calculation time, and the beam position was set to 1 mm
biased from the beam axis. To ensure that all the HOMs with
frequencies less than 1.3 GHz could be extracted, two SBP
ports were set as waveguide ports with five modes, and all the
HOM coupler ports were set as waveguide ports with three
modes. The impedance results are presented in Fig. 12b and c,
and the longitudinal impedances were well damped. Unfortu-
nately, the transverse impedance greatly exceeds the
threshold.

To ensure that the transverse impedance is below the
threshold, the asymmetry effect of L-type couplers was con-
sidered. Two extra L-type couplers were added opposite to
the former L-type couplers shown in Fig. 13a, all of which are
located 362.5 mm from the cavity. During the calculations, all
beam parameter settings were inherited from the previous
model. The addition of two L-type couplers resulted in a sig-
nificant reduction in both longitudinal and transverse imped-
ance, as shown in Fig. 13b and c.

5.2 Thermal analysis

0706-8

Finally, a preliminary thermal analysis of HOM couplers was
performed. Using CST Microwave Studio and Mphsics Stu-
dio, a bi-directional electromagnetic-thermal calculation was
studied. The model is presented in Fig. 14a. Since the cells of
the SOLEIL-type cavity were completely immersed in 4.2 K
liquid helium and the CBP part was in vacuum. The cavity
cells were assumed well cooled and simplified with two 4.2 K
thermal anchors on both sides of the CBP"*. T-type couplers
were also assumed to be cooled by 4.2 K liquid helium be-
cause they were close to the cavity cell. Additionally, a 5 K
thermal anchor was added at the top of each HOM coupler for
thermal calculations. The 4.2 K and 5 K thermal anchors are
shown in blue and red, respectively, in Fig. 14a. The thick-
ness of the CBP niobium wall was 4 mm. The temperature-
dependent heat conductivity and electrical conductivity of
niobium were obtained from Fermilab documents'”. The sur-
face resistance of the superconductive niobium was set to 20
nQ at 4.2 K and 1 GHz, with a residual resistance of 10 nQ.
This value exhibits variations with both temperature and fre-
quency according to the following formula™:

R, =A1/T)f*exp(-A/kT) +R,, @

with A a constant factor, T is the temperature, f is the fre-
quency, A is the half-energy gap of niobium, k is the
Boltzmann constant and R, is the residual resistance. Other
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materials, such as ceramics, were obtained from the CST lib-
rary as a default.

In this model, the TM,; mode waveguide ports on both
sides of the CBP represented the power launched by the
TMy;, mode in the cavity cells, as shown in Fig. 14a. The ini-
tial temperature distribution was calculated without RF power
and input into microwave studio. Thereafter, new temperat-
ure distribution was computed based on the RF losses de-
rived from the initial distribution. This iterative process was
repeated until stable results were achieved. Two simulation
conditions are presented as follows.

Since MP may not appear until a 10 MV/m acceleration

gradient is reached, the electromagnetic fields were scaled to
10 MV/m at 499.8 MHz for thermal analysis first. As shown
in Fig. 14b, the hook parts of all HOM couplers remained su-
perconducting. The maximum temperature was 8.3 K at the
ceram part of the T-type couplers. With such a small temper-
ature increase, there should be no thermal breakdown until
MP occurs.

The second condition was established to simulate the tem-
perature distribution under an acceleration gradient of 3
MV/m, taking HOM power into account, assuming the mod-
ule was in operation. The HOM power could be calculated by
the loss factor:

Fig. 14. Thermal analysis: (a) boundary conditions, (b) temperature distribution under a 10 MV/m acceleration gradient, and (c) temperature distribution

under a 3 MV/m acceleration gradient and 2 kW HOM power
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— (kH B kFM)Ib2
Nfe

where k; is the total loss factor and kg is the loss factor for
the fundamental mode. I, is the beam current, N is the num-
ber of bunches and f,, is the revolution frequency. The loss
factor for the fundamental mode kg, can be calculated by Eq.

(6).

Puom > )

_ wen (R Wiy O
= (Q)FMe"p( o ) ©)

where wey and (R/Q)g, is the angular frequency and the R
over Q value of the fundamental mode, o, is the longitudinal
beam length and c is the speed of light.

Using the model shown in Fig. I, when the beam length
was 5 mm, the total loss factor and the fundamental mode
loss factor was computed to be 0.6 V/pC and 0.14 V/pC, re-
spectively. With the parameters of HALF, the HOM power
could be predicted to be less than 1 kW. However, the tapers
and beam pipe HOM absorbers outside the model were
proven to be important contributors to losses at short beam
lengths"*. Consequently, we assumed a total HOM power of
2 kW. On each side of the CBP, the 499.8 MHz and 1 GHz
fields were scaled to fit a 3 MV/m gradient and 1 kW HOM
power, respectively. The simulation results are shown in
Fig. 14c. The maximum temperature was 5.2 K. The temper-
ature distribution of the L-type couplers was nearly identical
to that of under 10 MV/m gradient. While the T-type couplers
had a lower temperature related to the decrease in the acceler-
ation gradient. As a summary, the HOM power has minor in-
fluence on the temperature distribution. There are no risks of
thermal breakdown under this condition.

6 Conclusions

SOLEIL-type superconduting cavities have two fundamental
power couplers, which may easily provide a higher power
level. Two kinds of coaxial HOM couplers were designed for
a 499.8 MHz SOLEIL-type superconducting cavity. The geo-
metry, quantity and location of these couplers were optim-
ized. The RF transfer characteristics and MP properties were
good until 10 MV/m was achieved. The HOM damping re-
quirement of HALF can be greatly satisfied using 4 L-type
and 4 T-type couplers. A preliminary thermal analysis
showed that there should be no thermal breakdown until MPs
occur. This work will provide preliminary research for a
499.8 MHz SOLEIL-type superconducting cavity.
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