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Abstract

A heavy-ion accelerator facility was constructed for the
Rare Isotope Science Project (RISP) at the Institute for Rare
Isotope Science (IRIS) in Daejeon, Korea. A cryomodule
with quarter-wave resonators (QWRs) and half-wave res-
onators (HWRs) was installed in the SCL (Superconducting
Linac) 3 tunnel, and the initial beam commissioning using ar-
gon beams has been completed. Additionally, a cryomodule
with single-spoke resonators (SSRs), power couplers, and
tuners is currently under development for the SCL2 project.
The geometry of the fundamental power couplers (FPCs)
for the SSRs is a coaxial capacitive type based on a conven-
tional 3-1/8 inch Electronic Industries Alliance (EIA) 50 Q
coaxial transmission line with a single ceramic window. A
multi-physics analysis, incorporating electromagnetic, ther-
mal, and mechanical aspects, was conducted to evaluate
the design of the power coupler for the SSRs. This paper
presents the results of the multi-physics analysis and the
current design status of the power coupler for the SSRs.

INTRODUCTION

SCL2 consists of two cavity types, SSR1 and SSR2, with
a resonant frequency of 325 MHz. The difference between
SSR1 and SSR2 is the ratio of the particle’s velocity to the
speed of light, denoted as 8 = v/c, with values of 0.3 and
0.51, respectively. Additionally, the accelerating voltage
differs, being 2.35 MV for SSR1 and 4.2 MV for SSR2.
While the fundamental power coupler (FPC) for each cavity
type must have different design characteristics, the FPC
design for SSR1 and SSR2 can be the same due to their
resonant frequency of 325 MHz; the main differences of the
FPC are the required power and optimum external quality
factor. In this study, we present the updated design of the
FPC for 325 MHz SSRs at IRIS. The main parameters are
listed in Table 1.

Table 1: Main Parameters of the FPC

Parameter Value
Operating frequency 325 MHz
Reflection coefficient (FPC only at 325 MHz) < -20 dB
Operating power (Nominal) 3kW
Operating power (SSPA) 7kW
Optimum external quality factor 5.2 x10°
Impedance of the vacuum section 90 Q
Impedance of the air section 50 Q
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DESIGN UPDATE

To minimize the emission of electrons, the impedance had
to be increased, which consequently reduced the diameter
of the antenna (vacuum section) compared to a conventional
3é—inch Electronic Industries Alliance (EIA) 50-Q coax-
ial transmission line (TL). Figure 1 shows the difference
between the previous design and the updated design.
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Figure 1: (top) Previous design and (bottom) updated design.

Since the dimensions of the inner conductor are the same
in both cases, the results of the electromagnetic field analy-
sis are also identical. The outer conductors are plated with
10 um of copper, approximately three times the skin depth
(0cu325MHz = 3.62 um). The T-box allows the supply of RF
power to the power coupler via a coaxial transmission line
and includes an inner conductor cooling line. The updated
design features bellow on the outer and inner conductors
within the cryomodule to protect the RF window from me-
chanical overload [1,2].

This design allows for the addition of three pick-up ports
to monitor arc discharge, electronic emission, and vacuum
level variations, which helps prevent RF window break-
age. To avoid dew point conditions on the RF window, two
Kapton film heaters (maximum 25 W) are attached to the
outer conductor on the RF window section to maintain room
temperature.
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Figure 2: Schematic diagram of the location of the thermal
intercepts.

MULTI-PHYSICS ANALYSIS
Thermal Analysis

The power coupler bridges room temperature (300 K)
and cryogenic temperature (2 K) and acts as a continuous
heat source for the superconducting cavities, as shown in
Fig. 2. The thermal intercepts are connected to the liquid
helium supply line (4.5 K) and return line (40 K) using
copper braided lines. Consequently, the temperature of the
intercepts increases to 10 K and 60 K, respectively. The
optimal locations of the thermal intercepts were chosen to
minimize the static heat loads and were calculated using
equations

Q45K,eqv = 3.002k + Qa5x +0.1040k (D

and
Ok = (ACM/ch(T) dr +ASTS/kSTS(T) dT) /x (2)

where Q,k is heat loads to each thermal intercept [3].
f k(T) dT is thermal integrals and A is the area of each
materials. The parameters for the heat load calculation are
listed in Table 2 [4].

Table 2: Parameters for the Heat Load Calculation

Temperature Thermal integrals [W/mm]
difference [K] Cu (RRR=30) STS
293 — 60 98.6 2.8
60 — 10 36.2 0.2
10 -2 22 3.2x1073

Figure 3 shows the 4.5 K equivalent heat load (Q4.5x ¢gv)
variation by the location of the thermal intercepts. We chose
the locations of the thermal intercepts as x; = 47.8 mm,
xo = 101 mm, and x3 = 82.4 mm, which minimize the
equivalent heat load to 2.77 W.
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Figure 3: Heat load variation by the intercept locations.
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We performed a thermal analysis to evaluate the updated
design. Before RF power is applied, the temperature of the
RF window is lower than 273 K, which can cause conden-
sation and cold leaks. Therefore, we applied a heater with
a power range of 1.4 to 4.1 W to increase the temperature
of the window to room temperature. The boundary condi-
tions and results of the thermal analysis are shown in Figs. 4
and 5. The outside of the cryomodule is set with a con-
vection boundary condition, with a heat transfer coefficient
of 5W/m?-K, representing natural convection. We applied
radiation on the copper antenna tip with an emissivity of
0.03 and an ambient temperature of 2 K, corresponding to
the operating temperature of the superconducting cavity.

Steady-State Thermal Steady-State Thermal
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[ Hest Flow 41w

Figure 4: Bouﬁaary conditions of the FPC under 0 kW RF
power: (Left) previous design and (Right) updated design.
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Figure 5: Temf;érature variations of the FPC under 0 kW RF
power: (Left) previous design and (Right) updated design.

The RF losses were calculated using heat flux data from
CST Studio Suite, followed by importing into ANSYS Work-
bench [5,6]. Thermal results for RF power levels ranging
from 0 to 7 kW are listed in Table 3 and shown in Fig. 6. The
interlock temperature for the RF window is set at 308 K [7].
In the previous design, the temperature at the RF window
exceeds this interlock temperature, with the maximum tem-
perature occurring at the Teflon anchor.

Table 3: Temperature and 4.5 K Equivalent Heat Load Vari-
ations by the Applied RF Power

Previous design Updated design

ow 7 kW ow 7 kW
RF Window 291.5K 3135K 2921 K 2953K
Antennatip 290.7K 3194K 289.3K 300.0K
Teflon 293 K  3352K 2927K 3343K
045K eqv 252W  285W 241W 269W

TUPB: Tuesday Poster Session
MC4.8 Superconducting RF




32nd Linear Accelerator Conference (LINAC2024),Chicago, IL, USA

JACoW Publishing

ISBN: 978-3-95450-219-6

ISSN: 2226-0366

doi: 10.18429/JACoW-LINAC2024-TUPB045

426

MC4.8 Superconducting RF

TUPB045

TUPB: Tuesday Poster Session

Content from this work may be used under the terms of the CC BY 4.0 licence (© 2024). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.


32nd Linear Accelerator Conference (LINAC2024),Chicago, IL, USA
ISSN: 2226-0366

ISBN: 978-3-95450-219-6

0% 200000mm) /I\

Figure 6: Temﬁzrature variations of the FPC under 7 kW RF
power: (Left) Previous design and (Right) Updated design.

A

Figure 7: Thermal expansion of the FPC E;der 0 kW RF
power: (Left) previous design and (Right) updated design.

Mechanical Analysis

Before RF power is applied, the FPC contracts due to the
low temperature, as shown in Fig. 7. When RF power is
subsequently applied, the temperature of the FPC increases,
leading to thermal expansion. We performed a mechanical
analysis to check the length variation of the flange connecting
with the cavity flange and the antenna tip. The results of this
analysis are presented in Fig. 8 and detailed in Table 4.
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Figure 8: The?inal expansion of the FPC G;der 7 kW RF
power: (Left) previous design and (Right) updated design.

The fixed point is set to the cryomodule flange. The length
variations of the flange for each FPC design can be negligible,
resulting in 18.0 pm and 44.5 pm, respectively. For the
antenna tip, the changes are 183.0 um and 104.2 um. The
variation in antenna penetration depth affects the optimum
external quality factor. The required power variation of the
FPC due to changes in the antenna penetration depth is 300
W/mm. Therefore, the required power change for the two
cases is 54.9 W and 31.2 W, respectively.
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Table 4: Length Variation by the Applied RF Power

Previous design Updated design
ow 7 kW ow 7 kW
Flange -731.7um =713 7pym  -760.2 um  -715.7 um
Antenna tip -51.9 ym 131.1 pm -64.1 ym 40.1 pm
CONCLUSION

We updated the design of the FPC for 325 MHz SSRs and
performed a multi-physics analysis. In the traveling wave
(TW) and continuous wave (CW) modes, the temperatures
of the RF window and antenna tip are below 300 K, with
temperature differences of less than 11 K, even at double the
operating power. We will conduct thermal and mechanical
analysis in standing and continuous wave modes, including
air cooling at the inner conductor. Additionally, we will
fabricate the updated FPC design and perform high-power
and horizontal tests with the cavity and cryomodule by the
end of 2025.
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