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Abstract

The Japan Atomic Energy Agency (JAEA) is proposing
an accelerator-driven subcritical system (ADS) as a future
project to transmute long-lived nuclides to short-lived or
stable ones. In the JAEA-ADS, a high-power proton beam
of 30 MW with a final beam energy of 1.5 GeV is required
with a high reliability. Furthermore, the accelerator needs
to be operated in a continuous wave mode in order to be
compatible with the reactor operation. As the first step to-
ward the detailed design of the JAEA-ADS linac, we are
planning to demonstrate a high-field measurement by pro-
totyping a low-beta single spoke resonator (SSR1). We per-
formed the electromagnetic design, and confirmed that the
cavity performances of the SSR1 model with and without
dimensional constraint.

INTRODUCTION

The Japan Atomic Energy Agency (JAEA) is proposing
an accelerator-driven subcritical system (ADS) as a future
project to transmute long-lived nuclides to short-lived or
stable ones. In the JAEA-ADS, a high-power proton beam
of 30 MW with a final beam energy of 1.5 GeV is required
with a high reliability. Furthermore, the accelerator needs
to be operated in a continuous wave (CW) mode in order
to be compatible with the reactor operation. Since a nor-
mal conducting (NC) structure raises a difficulty in cavity
cooling under the CW operation, a superconducting (SC)
linac would be a suitable solution. In the proposed linac, the
high-intensity proton beam is accelerated by an NC radio-
frequency quadruple (RFQ) and low-beta SC cavities such
as a half-wave resonator (HWR) and a single spoke res-
onator (SSR), and finally accelerated to the designed beam
energy of 1.5 GeV by elliptical cavities. Figure 1 shows
the layout of the accelerating structure of the JAEA-ADS
linac. Although the cavity’s beta and transition energy of
each cavity type are currently under review, this accelerat-
ing structure is similar to that proposed in [1].
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Figure 1: Accelerating structure of the JAEA-ADS linac.
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As the first step toward the detailed design of the JAEA-
ADS linac [2-4], we are planning to demonstrate a high-
field measurement by prototyping a low-beta single spoke
resonator (SSR1) which operating frequency is 324 MHz.
This study will provide us various insights about developing
a SC /2 structure of which we have almost no experience.
Moreover, it will also enable us to acquire valuable informa-
tion such as how much accelerating gradient is achievable
with required stability. In this paper, preliminary result of
the electromagnetic design of the prototype spoke cavity is
presented.

CAVITY BETA OF PROTOTYPE SSR1

We set the geometrical beta: 8, of the prototype SSR1 to
0.188, since the transit time factor stay high in the energy
region where the SSR1 is supposed to be used. Assuming a
sinusoidal field distribution along the beam axis (the origin:
z = 0 means the center of 2-cell m-mode cavity),
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where A is the resonant wavelength, the transit time factor
can be expressed by the following formula.
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As shown by the blue dot in Fig. 2, the transit time fac-
tor with B, = 0.188 have its maximum value of 0.818
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Figure 2: Transit time factor of 2-cell 7-mode structure with
Be =0.188.
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Sat 8 = 0.224. We call this beta as optimal beta: SBop
5 (Tmax = T(Bopt) = T(0.224) = 0.818).

We fixed the interval of two accelerating gaps of the pro-
2 totype SSR1 to B,4/2 = 87.0 mm. This is invariable even
£ in the optimization of cavity dimension such as the gap
g length.

publisher.

PROTOTYPE SSR1

We had to impose a dimensional constraint to the proto-
type SSR1 so that the cavity can be put in the existing cryo-
stat for high-field measurement. We restricted the diame-
= ter of the outer conductor (the cavity height) no larger than
< 380 mm. Therefore, the cavity length was increased to ad-
€ = just the cavity frequency to the operating one of 324 MHz,
2 Whereas the cavity height is optimized for the frequency ad-
f justment in case of general A/2 cavities. This constraint
N made the cavity longitudinally large. Consequently, the
£ shunt impedance per length of the cavity was decreased.
We performed the electromagnetic design of the proto-
E type SSR1 with the dimensional constraint. The design
z model was simulated by using CST Microwave Studio. Fig-
a2 ure 3 shows the design model of the prototype SSR1. One
£ can see from Fig. 3 that the length of the end drift-tube (re-
-4 entrant nose) is so long in contradistinction to that of the
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igure 3: Design model of the prototype SSR1. The cavity
imensions are described by millimetric unit.

o

We defined the accelerating voltage: V.. with particle
(proton) velocity of B = Bopc = 0.224. Therefore, Vi, is
expressed as

Vice = VoT (Bopt) = / Ez(z)sm(ﬂzﬂ/lz) o @

opt

be used under the terms of the CC BY 3.0 licence (© 2019). Any distribution of th

2 where Vp is an axial RF voltage: Vj = flE (z)|dz. InFig. 4,
£ the distribution of E(z) and E (z) X sin(2nz/Bopd) are
& shown by black and red line, respectively. As for the accel-
o erating gradient, we defined E,.. by dividing the acceler-
< ating voltage by the effective length: Leg = 2 X (Boptd/2) =
S 207.3 mm as E,cc = Vaee/Les [5]-

The design model of was optimized for better cavity per-
formance as follows:
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Figure 4: Accelerating field along the beam axis obtained
by the simulation. The field strength is normalized to have
the cavity’s stored energy of 1 Joule.

* higher geometrical factor: G = QgR;, where Q¢ and
R, are unloaded Q factor and surface resistance, re-
spectively.

* higher R over Q: R/Q = V2../wW, where w and W
are angular frequency and stored energy, respectively.

* lower peak electric field ratio: Epr/Eqcc.

* lower peak magnetic field ratio: Bpi/Eacc.

The surface electric and magnetic field of the simulated pro-
totype SSR1 is shown in Fig. 5. The electric peak field is
located in the re-entrant nose tip. On the other hand, the
magnetic peak field is located around the taper part of the
spoke electrode.

Figure 5: Surface electric (left) and magnetic (right) field
of the designed prototype SSR1.

The dimensional parameters of the cavity were optimized
by following the standard procedure [6]. Representative ex-
amples of the dimensional optimization of the prototype
SSR1 are shown in Fig. 6. The figures of merit of the op-

Table 1: Performance Parameters of the Prototype SSR1

Figures of merit Unit

G 95 Ohm
R/O 261 Ohm
Epi/Eqce 4.23

Bpi/Eace 4.67 mT/(MV/m)

Cavities - Design

non-elliptical



19th Int. Conf. on RF Superconductivity
ISBN: 978-3-95450-211-0

98+ 1320

©
-3
n

SRF2019, Dresden, Germany

JACoW Publishing
doi:10.18429/JACoW-SRF2019-TUPOO7

1320 984 1320

: —~ g
i —=_G — |
96 96 - P 06 >
/ 4280 ./*/I 4280 4280
94 N 9 | 94
- — - - — \-
) 74 '\--\' _ g ><\T\, _ g Ra]
o 924 [——ra] 1240 & & 92 ! .\ 20 S = 92 20 8
T o < ; o T o
b . e 0 ER ®
o 904 | o 90 & 90
200 [=—Rra] {200 {200
88 88 88+
86 160 86 . 160 86 160
3 40 44 48 52 56 60 64 68 40 50 60 70 80 90 100 110 120 130 40 60 80 100 120 140 160
Gap length [mm] Spoke bottom radius [mm] End-DT bottom radius [mm]
60- 160 6.0 160 6.0 160
—s— Bsp/Eacc I
55 55 € 55 55 € 55 55 F
> > 2
s g e
8 [~ Bep/E = 8 X 8 =2
8 504 [=_Esp/Facd] so/Eace | | 50 k= 8 50 50 = & 50 [—=—Bsp/Eace J150 2
~ /‘ £ ~ £ ~ =
H Y & ‘ = g T =
w I/../l o w \ 8 w o
k/' ﬁ : ] \ ‘-ﬁ
45 455 45 : | 45 Y 45 453
@ | I/ - 3 — @
@ —=— Esp/Eacd] 2 — | o
| ,—* —=—Esp/Eacc ‘\‘
40 40 40 40 40 | 40

36 40 44 48 52 56 60 64 68 40 50 60 70 80
Gap length [mm]

Spoke bottom radius [mm]

T T T
90 100 110 120 130 40 60 80 100 120
End-DT bottom radius [mm]

140 160

Figure 6: Representative examples of the dimensional optimization of the prototype SSR1. Left: Gap length. Center:
Spoke bottom radius (radius of the inner conductor base). Right: End-DT bottom radius (radius of the end drift-tube

base).

timized prototype SSR1 are listed in Table 1. These are
not very different from that of a modern spoke cavity [7-9].
The notable characteristic is comparatively small Bpi /Eqcc
ratio. The reason could be considered that the increased
volume, where the magnetic field distribute, decreased the
peak magnetic field under the same stored energy.

SSR1 WITHOUT CONSTRAINT

To investigate the cavity performance parameters, we de-
signed the SSR1 which does not have dimentional con-
straint we put to the prototype SSR1. The designed SSR1
with fixed cavity length of 300 mm is shown in Fig. 7. Fig-
ure 8 shows the surface electric and magnetic field of the
simulated SSR1 without constraint. The locations of the
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Figure 7: Design model of the SSR1 without constraint.
The cavity dimensions are described by millimetric unit.
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Figure 8: Surface electric (left) and magnetic (right) field
of the designed SSR1 without constraint.

peak fields are same as the case of the prototype SSR1. The
figures of merit of the optimized SSR1without constraint
are listed in Table 2. Comparing the figures of merits listed
in Table 1 and 2, we could confirm that the cavity perfor-
mance of the prototype SSR1 is not so degraded from that
of the SSR1 without constraint.

Table 2: Performance Parameters of the SSR1 without Con-
straint

Figures of merit Unit

G 90 Ohm
R/Q 235 Ohm
Epi/Eqce 3.81

Bpi/Eace 6.22 mT/(MV/m)
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SUMMARY

We performed the electromagnetic design of the SSR1.

= To put the cavity in the existing cryostat for high-field mea-
= . . . .
& surement, we had to impose a dimensional constraint to the
M . .
= prototype SSR1. By comparing the figures of merit of the
% designed prototype SSR1 with that of the designed SSR1

are

(1]

(2]

(3]
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without constraint, we found that these cavity performances

comparable. We continue to proceed further investiga-

tion for the prototype SSR1 and prepare for its manufactur-
ing.
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