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Abstract

The superconducting CW proton linear accelerator for
an Accelerator Driven Subcritical System (ADS) proposed
by Japan Atomic Energy Agency (JAEA) employs elliptical
cavities for the final acceleration of 180 MeV to 1.5 GeV.
Since this energy region implies a changed of 8 from 0.55 to
1, two cavity models were developed using the geometrical
betas of 0.68 and 0.89 to improve the acceleration efficiency.
The study of the electromagnetic design was simulated using
SUPERFISH (SF) code and python program to do variable
scan, the results were benchmarked with CST Microwave
Studio program (CST).

INTRODUCTION

The superconducting CW proton linac is a fundamental
component of the Accelerator Driven Subcritical System
(ADS) proposed by Japan Atomic Energy Agency (JAEA)
[1]. The requirements of high beam power and CW opera-
tion support the use of superconducting cavity as the best
candidate for this task , additional, to achieve the final energy
of 1.5 GeV, the use of elliptical cavities represents the clear
choice.

The selection of cavity types as well as the numbers of
cells per cavity was based on similar project [2]. The number
of superconducting families and their energy range operation
were decided to achieve the maximum voltage gain per cavity
(assuming sinusoidal electric fields and a fix synchronous
phase of 30 °) and smooth transition between cavities (See
Fig. 1). Table 1 shows a summary of the superconducting
cavities families selected for the JAEA-ADS project.
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Figure 1: Voltage gain per cavity as a function of relativistic
beta for the JAEA-ADS project.
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Table 1: Parameters of the Superconducting Cavities

Cavity Frequency 5, Energy range
[MHz] [ MeV]
Half Wave Resonator (HWR) 162  0.08 2-10
Single Spoke 1 (SSR1) 324 0.16 10-35
Single Spoke 2 (SSR2) 324 043 35-180
S-cell Elliptical 1 (EllipR1) 648 0.68 180-500
5-cell Elliptical 2 (EllipR2) 648 0.89 500-1500
SIMULATIONS

The 5-cell multicell elliptical cavity geometry was de-
veloped by using the programs SUPERFISH (SF) [3] and
python [4] for the two-dimensional (2D) models and CST
Microwave Studio (CST) [5] for the three-dimensional (3D)
ones. The parametrization of the half elliptical cell is de-
scribed in Fig. 2.

Using the common method for designing multicell ellip-
tical cavities, the inside cell (the cell that is surrounded by
other cells) and the end cell were designed with different ge-
ometries [6—10]. The reason is the change in the boundaries
symmetries in the end cell due to connection with the beam
pipes. This affects the flatness of the electric fields between
cells, thus, the end cell geometry is adjusted to compensate
that effect and keep the cavity frequency.

The criteria to choose the parameter values is described
next:

* inside cell:

— The cell length is defined as

_ PsC
L=7% (1)

where S, is geometrical beta, ¢ is the speed of
light and f the frequency.

Figure 2: Parametrization of the half cell geometry. R is the
cavity radius, L half of the cell length, r is beam pipe radius,
A and B are the semi-axis of the ellipse dome, a and b are
the semi axis of the ellipse iris and « is the wall angle.
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— The frequency tune is done by adjusting R or A/B
or a, etc (only one variable at the time).
— A,B, a, b and @ were changed to obtain the values
of the figures merit required (if the parameter was
chosen to tune the frequency, it was not used to
improve the figures of merit).
* end cell:
— Using the inside cell as baseline, only L and «
were modified to preserve the same frequency and
achieve a high value of the electric field flatness.
Most part of the geometry optimization was done in 2D
by using a python interface with SF to make a variable scan,
the design goals were:
 High gradient (lower enhancement factors: ratio of the
magnetic peak with respect to the accelerating gradi-
ent (Hpk/Eacc) < 4.6 mT/MV/m and the ratio of the
electric peak with respect to the accelerating gradient
(Epk/Eacc) < 2.6 (standard values).

» Lower power dissipation which implies large R/Q and
Geometrical factor (G).

After the cavity designs achieved the primary goal perfor-
€ mances, the 3D models were created using CST. To achieve
% that a CST program was written to create automatic the cav-
1ty geometry. The models were simulated using tetrahedral
= € mesh , which can fix better to complex geometries, and the
kS number of mesh cells of the order of 10°.
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W

RESULTS

Figure 3 shows the values of the Epk/Eacc and Hpk/Eacc
& for different values of the iris ratio by adjusting the ellipse
a’dome ratio and « to tune the frequency. After the comparison
S = of the different variable to do the frequency tuning, It was
o o founded that R was most effective for adjusting the frequency
3 ‘& than the others. Therefore, R was used to tune the frequency
& for these studies.

Double variable scanning simulations were implemented,
i these scans generated surface plots for the figures of merits
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”g Figure 3: The electromagnetic peaks as a function of the iris

E ratio by adjusting the ellipse dome ratio (solid red line and
£ dashed orange line) and adjusting « (dotted blue line and
£ dashed-dotted green line) to tune the frequency . The val-
‘j;f ues were normalized to maximum value of electromagnetic
2 peaks.

o
© WEPRB029

@ 2874

IPAC2019, Melbourne, Australia

JACoW Publishing

doi:10.18429/JACoW-IPAC2019-WEPRB0O29

T
15 @
4=

13 E

122
1l u

L
108
09

o
ogt

0.90

0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65
a/b iris

120

115

s
1A
o

|
-
[l

A/B dome
k.
o
o

o
o
0

0.90

030 0.35 0.40 045 050 055 080 0.65
a/b iris

Figure 4: The surface plot by changing the iris and the dome
ratio to select the parameters to minimize the Epk/Eacc (top)
and Hpk/Eacc (bottom).

which were fundamental for the election of the parameters.

As example of this, Fig. 4 presents the values of Epk/Eacc
and Hpk/Eacc normalized to 2.6 and 4.6 mT/MV/m (the
upper limits), respectively. It can be seen that region of a/b
around 0.55 and A/B equals 1.05 represent the best trade off
to achieve lower values for both electromagnetic peaks.

After the scanned of all the variables, the final parameters
were selected, Table 2 presents the geometry values for the
inside cell and end cell of the two elliptical models, the
descriptions of the parameters are given in Fig. 2 and the
units are in mm for length and degree for the angle, the next
notation were used: inside cell (ic) and end cell (ec).

The comparison between the 2D and 3D models are dis-
cussed next. A good agreement of the electric field profile
between the SF model and CST model was achieved, the
comparison of the absolute value of the longitudinal electric
field of EllipR1 model is presented in Fig. 5.

Table 2: Geometry Parameters for EllipR1/EllipR2 Cavities

Parameters EllipR1 EllipR2
ic ec ic ecl
r 40 47
R 196.6 199.4
L 78.6 79.5 1029 104.6
A 61.5 82.6
B 68.9 79.4
a 14.8 16.1
b 26.5 31.9
a 2 2.75 5 6.7
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Figure 5: The comparison of the absolute value of the lon-
gitudinal electric field between SF and CST for the EllipR1
models.

Finally, Tables 3 and 4 show a summary of the values
of the figures of merit of EllipR1 and EllipR2 models; in
addition, a comparison with advance models of Project-
X [10] is included. The figures of merits of the JAEA-ADS
models were calculated for a temperature of 2 K.

CONCLUSION

The python interface with SUPERFISH played a fun-
damental role in the geometry optimization studies. The
double scans allowed to investigate thousands configura-
tions. Consequently, the two 5-cell elliptical cavity models
achieved an Epk/Eacc and Hpk/Eacc values lower than 2.6
and 4.6 mT/MV/m and higher values of R/Q and G which
were the primary goal.

Moreover, the JAEA-ADS models presented similar val-
ues of the figures of merits (Epk/Eacc, Hpk/Eacc, R/Q, etc.)
as the advance designs such as the PROJECT-X (PIP-II) el-
liptical cavities [10]. Additionally, a field flatness over 0.96
was obtained.

Other interesting results was the preservation of the same
geometry for the dome and iris between the inside and the
end cells for both models. Thus, one would expect that this
help to simplify their manufacturing.

The CST 3D models presented good agreement with the
2D SUPERFISH ones, the difference of the values of the

Table 3: Figures of Merits of the PROJECT-X Elliptical
Cavity and the EllipR1 Cavities (SF and CST)

Parameters PIP-II EllipR1
SF CST
Bg 0.61 0.68
Frequency [MHz] 650 648
Eacc [MV/m] 15.9 15.9
Epk/Eacc 2.26 2.15 2.17
Hpk/Eacc [mT/MV/m]  4.21 4.04 4.22
R/Q[ Q] 378 442778 443.22
G[Q] 191 208.80 208.82
Field Flatness - 0.98 0.96
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Table 4: Figures of Merits of the PROJECT-X Elliptical
Cavity and the EllipR2 Cavities (SF and CST)

Parameters PIP-11 EllipR1
SF CST
Bq 0.9 0.89
Frequency [MHz] 650 648
Eacc [MV/m] 17.8 17.8
Epk/Eacc 2.19 1.99 2.11
Hpk/Eacc [MT/MV/m] 3.75 3.70 4.07
R/Q[ Q] 638 619.86 619.73
G[Q] 255 256.11 256.17
Field Flatness - 0.98 0.98

figures of merit between the two codes were lower than 4.5%
for the EllipR1 and 10% in the case of EllipR2. The reasons
were associated with the difference of mesh method between
2D and 3D models and a slightly change in cavity geometry
between the two model codes of 0.3% and 0.5% for EllipR1
and EllipR2, respectively.
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