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Abstract

In order to realize a compact industrial-use X-ray source

based on the laser-Compton scattering, a superconducting

spoke cavity for an electron accelerator operated at 4K is

under development. While the initially proposed operating

frequency was 325 MHz considering the 4 K operation, we

decided to start from the half scale model at 650 MHz to ac-

cumulate our production experience of spoke cavity within

our limited resources. In the present contribution, proce-

dures and results of multipactor simulations for 650 MHz

spoke cavities are briefly introduced.

INTRODUCTION

A 325 MHz superconducting spoke cavity for electron

acceleration is currently under development in order to real-

ize an industrial-use laser-Compton scattering compact X-

ray source [1, 2] (see also Ref. [3]). It has half a diameter

of an elliptic cavity with the same frequencies, and further-

more a surface dissipation at 4 K nearly equals to that of

1.3 GHz elliptic cavity at 2 K.

Sawamura et al [4, 5] designed the 325 MHz spoke cav-

ity by using the genetic algorithm (GA) known as a method

of multi-objective optimization. Cavities with minimized

Epk/Eacc and Bpk/Eacc were generated by GA, from which

geometries that maximize the achievable Eacc were ex-

tracted. A detailed design, such as a corner radius of the

end-plate, a spoke-base radius, and so on (see Fig. 1), can

be modified with keeping RF characteristics. These degrees

of freedom can be utilized to pursue a better design that

suppresses a risk of multipactor (MP). Previous results of

MP simulations in the cavities obtained by GA have been

reported in conferences [6, 7, 8]. The present project has

already been at the stage of cavity fabrication. We are

fabricating a half scale cavity with 650 MHz prior to the

325 MHz cavity for accumulating our cavity production ex-

perience within limited resources [9]; the 650 MHz half

scale cavity can be fabricated almost in-house at the KEK

machine shop. MP simulations in 650 MHz half scale cav-

ities are also being carried out parallel to the fabrication.

In the present contribution, we report the results of MP

simulations for the 650 MHz half scale models. Let us re-
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Figure 1: Examples of MP electron trajectories on the end-

plate corners in the 325 MHz spoke cavities with corner

radii (a) Rc = 20 mm and (b) 75 mm [8]. [Originally pub-

lished in Proceedings of IPAC2015, Richmond, VA, USA

(2015), p. 2892, WEPMA053.]

mind the previous results obtained in the MP simulations in

325 MHz cavities [8]. The important observation obtained

in Ref. [8] was that an increase of the end-plate corner ra-

dius Rc does not necessarily lead to a suppression of MP.

This result is contrary to common belief, but is rather natu-

ral. A change of Rc generally leads to that of field distribu-

tion, which changes the impact energy K for a given Eacc,

and furthermore leads to that of the electrons-wall impact

angle θ as shown in Fig. 1. Since the secondary emission

yield (SEY) is a function of K and θ as shown in Fig. 2, a

change of Rc affects an SEY value through changes of K

and θ. Whether changing Rc relaxes MP or not depends

on how K and θ are varied by the change of Rc . For ex-

ample, when an increase of Rc changes θ from θ = 0◦ to

θ = 45◦, an SEY value is significantly increased as shown

in Fig. 2, and a range of K that yields SEY > 1 becomes
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Figure 2: Furman model SEY [10] as functions of impact

energy. Each curve corresponds to an impact angle.

wider: both an intensity of MP and a range of Eacc that suf-

fers MP increase. To find a better corner geometry that can

suppress MP, we need to sweep a parameter space that de-

fines the corner geometry rather than simply increase the

corner radius. In the present study, we carry out MP sim-

ulations in 650 MHz half scale models with corner geome-

tries expressed by elliptical arcs, which are more general

than simple circular arcs used in the previous study [8].

SIMULATION PROCEDURE

We use the half scale model of the cavity optimized in

previous studies [4, 5, 6, 7, 8]. In this study, we vary only

the corner geometry, which defined by an elliptical arc with

axis lengths a and b shown in Fig 3. The length b is fixed at

b = 20 mm, which corresponds to the half scale of the op-

timum corner radius Rc ≃ 40 mm obtained in the previous

study [8]. The length a is varied between a = 0.2b = 8 mm

and a = 3b = 120 mm.

MP simulations were carried out by using CST studio

suite. We adopted the same procedure as before [8, 11, 12]:

1. Calculate the electromagnetic-field distribution by us-

ing CST MW studio (MWS) Eigenmode solver.

2. Set a secondary emission yield (SEY) of a cavity ma-

terial on CST Particle Studio (PS) (see Fig. 2).

3. Put primary electron sources on a cavity surface. Set a

number of primary electrons and their energiesO(103)

and several eV, respectively.

4. Import the electromagnetic-field distribution obtained

by MWS, and simulate electron-dynamics by using PS

TRK solver (see Fig. 1).

5. Repeat 4 with changing Eacc.

6. Repeat 1-5 with changing a model geometry.

Note that we are interested in MPs that can not be processed,

so-called hard barrier. Thus, at least, an SEY of cavity ma-

terial must be small enough to suppress MPs in TESLA

Figure 3: The end-corner geometry expressed by an ellipti-

cal arc with axis lengths a and b.

Figure 4: The lowest gradient that invokes MP as a function

of a corner geometry, a/b.

shape cavity, because we know they are easily processed

during a performance test. We use the SEY given by Fig. 2,

which is so small that MPs do not occur in TESLA shape

cavity [8].

In this study, primary electrons are put on the end-plate

corner. Even if primary electrons are placed on parts at

which no MP occurs, some secondary electrons moves to

the place that MP occurs and finally trigger MP, but such a

configuration of primary electrons might miss an existence

of MP. Putting all primary electrons near the place of MP

is recommended.

RESULTS

Fig. 4 shows E
MP
acc as a function of a/b, where E

MP
acc is the

lowest Eacc that invokes MP: there is no MP at Eacc < E
MP
acc

(e. g. the cavity with a/b = 0.2 does not suffer MP at

Eacc < 7.8 MV/m). As a/b increases, E
MP
acc increases and

reaches its maximum ≃ 10 MV/m. Then, at a/b > 0.6,

E
MP
acc decreases and approaches ≃ 8 MV/m. The moderate
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Figure 5: MP electron trajectories on the end-plate corners

with (a) a/b = 0.6 and (b) a/b = 3.0.

elliptical arc with a/b ≃ 0.5-0.6 leads to a better suppres-

sion of MP than the circular arc (a/b = 1) or extreme ellip-

tical arcs (a/b ≫ 1 or a/b ≪ 1).

Fig. 5 (a) and (b) show examples of electron trajectories

during MPs in cavities with a/b = 0.6 at Eacc = E
MP
acc =

9.9 MV/m and a/b = 3.0 at Eacc = E
MP
acc = 7.9 MV/m,

respectively. Two-point MPs are seen in both figures. We

can see that the change of corner geometry significantly af-

fects the impact angle θ, in common with Fig. 1, which was

obtained in the previous study [8].

Comments

While the MP simulations in 650 MHz half scale model

revealed that a/b ≃ 0.5-0.6 leads to a better suppression of

MP, those for 325 MHz spoke cavities with elliptical arc cor-

ners have not been carried out yet. We need to implement

them and confirm whether E
MP
acc exceeds 7 MV/m, which

is the operation gradient proposed in the original 325 MHz

spoke cavity.

We have not yet carried out MP simulations at Eacc >

E
MP
acc , but we can expect that the cavity with a/b = 3.0 suf-

fers more intense MP than that with a/b = 0.6 because of

the difference of θ (see Fig. 2). It should be noted that the

difference of E
MP
acc between the two cavities comes from not

only that of θ but also that of K .

Detailed discussions will be presented elsewhere.

SUMMARY

We are developing a 325 MHz superconducting spoke

cavity for the electron acceleration to realize a compact

industrial-use X-ray source with the laser-Compton scatter-

ing. Now a 650 MHz half scale cavity is being fabricated

for accumulating our cavity production experience. In this

contribution, results of multipactor simulations in 650 MHz

half scale models were reported.

Procedures of the simulation were briefly summarized,

where we emphasized that an appropriate secondary elec-

tron yield should be used for studying the hard barrier. We

used SEY of processed Nb that does not induce the multi-

pactor in TESLA shape cavity (Fig. 2).

We carried out multipactor simulations with changing

the end-plate corner geometry expressed by an elliptical arc

(Fig. 3). We found the optimum ratio between the two axis

length is given by a/b ≃ 0.6 (Fig. 4). Electron trajectories

during multipactors were also examined. We found a cor-

ner geometry significantly affects the impact angle (Fig. 5)

in common with our previous MP simulations in 325 MHz

cavity.
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