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Abstract: Superconducting(SC) cavities currently used for acceleration of ions in the velocity range

from 0.01 ¢ to 0. 3 ¢ are based frequently on quarter-wave resonators (QWR). Various types of

QWR cavities across a frequency extent from 50 to 240 MHz have been constructed or are proposed

for numerous applications. A drawback of this kind of cavities is the beam steering caused by

transverse magnetic and electric field components, which can creat emittance growth. In this pa-

per, the analytical studies on beam steering in quarter wave resonator of frequency==80.5 and 161

MHz of the SC linac has been done in Institute of Modern Physics, Chinese Academy of Sciences,

the calculated results have told us that the correction for beam deflection should be a consideration

during the design of the QWR cavity, which generally involves the shaping the inner drift tube.
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1 Introduction

The most appealing aspect of superconducting
radio frequency (SRF) accelerating cavities is that
they can operate in continuous wave(CW) mode or
long pulse mode and provide a high accelerating
gradient owing to low heat loss. The quality factor
Q of SRF cavities is very high since the surface re-
sistance of SRF cavities is 5 orders lower than that
of copper cavities. SRF technology is widely used
in particle accelerators around the world. Super-
conducting linear accelerators in the energy range
from 5 MeV up to about 200 MeV are being widely
studied in many laboratories for acceleration of
protons and heavy ions.

The main strong points of using short, inde-
pendently phased superconducting cavities, rather

than large, normal conducting drift tube linacs
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(DTL), are the high accelerating gradient, the
high efficiency and the possibility of accelerating
particles with different ¢/A in the same linac. Dif-
ferent geometries, like Spoke, Half-wave resona-
tors(HWR) , Quarter-wave resonators(QWR) and
Reentrant have been proposed for beam velocities
up to B=0. 5, where multicell type supercondu-
cting cavities start to achieve a good efficiency.
Among them, QWRs are preferable in comparison
to other geometries due to their simplicity, accessi-

bility and low fabrication cost" %,

One shortcoming of these superconducting
QWRs is the beam steering because of the lack of
symmetry about the beam axis, and then causes
emittance growth. Both magnetic and transverse

electric fields produce steering in the direction of

the resonator axis, and a possible source of emit-
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tance increase is the change of these field compo-
nents along the resonator axis.

In this paper, simple study of this beam stee-
ring has been carried out for the f=80.5 MHz and
f =161 MHz QWRs with cylindrical inner conduc-
tors(see Fig. 1).

-

Fig. 1 The CST Microwave Studio Model (version 2009) of
QWRs with f=80.5 MHz (left) and f=161 MHz
(right).

2 Beam Steering in QWR

An analytical expression of the beam steering

caused by transverse field components, on the basis
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of approximations of the homogeneous gap and

constant velocity™* is following:
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where Ay' &~ Ap,/p is the deflection angle caused

by the resonator;
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represents the electric deflection and
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represents the magnetic deflection; AU is the parti-
cle energy gain; m is the rest mass; ¢ is the RF
phase; d is the gap-to-gap (center) distance, and

d, is an effective gap-to-gap distance for the trans-
verse electric field E,; Key(y) = E,(y)/ E and

Kix (y) :m/ E (mean values calculated in one
accelerating gap and normalized to the accelerating
field on the beam axis). The field distributions,
calculated with the Microwave Studio code (version

2009), are shown in Fig. 2 for both the cavities.
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Fig. 2 Field distribution along the beam axis at the accelerating field of 1 MV/m (f=80.5 MHz (a), f=161 MHz (b)). The

origin of the coordinates is at the center of the resonator drift tube.

The geometrical 8 value, f; is defined as the
velocity at which a particle crosses one cell in one-

half of an RF period. For multicell elliptical cavi-

ties with B; =1,the difference between optimum £,
Bop andfc is negligible, but for lower B cavities the

difference becomes significant. Fig. 3 shows the
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It can be
seen that for the f =80.5 MHz (a), 8; =0. 085

transit time factor of both the cavities.

QWR, the velocity acceptance is from 0. 05 ¢ to

0.21 ¢ and optimum B is 0. 087; for the f =161
MHz(b), ; =0.085 QWR, the velocity accept-

ance is from 0.1 ¢ to 0.5 ¢ and optimum S is 0. 167.
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Fig. 3 Cavity transit time factor as a function of g (f=

The value of y in Eq. (1) should be the same
as the beam center position of the beam center. If
the beam is transported on axis, y should be 0. In

the range of velocity acceptance of both the cavi-
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B
80.5 MHz cavity (a) and f=161 MHz cavity (b)).
ties, the magnetic, electric and total deflections of

proton beam are calculated using Eq. (1) and pres-

ented in Fig. 4.
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Fig. 4 Proton beam deflection calculated using Eq. (1) at 1 MV/m and ¢= —30°.

3 Discussion

(1) From the deflection angle calculated with
Eq. (1) shown in Fig. 4, it can be seen that the
maximum steerings of the two QWRs are very
close. Since normally, the magnetic deflection is
the main component in the total deflection, affec-
ting factors of the magnetic deflection will play an
In the Eq. (1),

important role. the value of

“Kpx(0)” rises with the increase of frequency,
however, the item “ 1/(y8) =+/1—B*/B” isin a
decline pattern with the mounting of 8 (see in

Fig.5). Therefore, even in the relatively low-fre-
quency QWR with f=80.5 MHz, the problem of

steering cannot be negligible.

1/(vB)

0.0 0.2 0.4 0.6

Fig. 5 The variation of 1/(yf as a function of f.

(2) In addition, due to the proportional rela-
tion with the ratio ¢/A, the deflection will be par-

ticularly severe for high ¢/A particles. For in-
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stance, when the two types of QWR working at
5.62 MV/m (for f=80.5 MHz) and 5. 20 MV/m
(for f =161 MHz) respectively, the deflection
might be as high as 4. 6 mrad for proton beam.

Two solutions can be applied for this prob-
lem, firstly, shaping of the drift-tube should be
taken on the basis of cylindrical inner-conductor
QWR; secondly, focusing elements should be in-
cluded in the cryomodule.

In the QWR cavity, the asymmetry with re-
spect to the horizontal plane causes the beam stee-
ring in the vertical plane. In addition, even in the
low frequency cavity, we still cannot say this issue
can be neglectful because the beam accelerated by
the low frequency cavity usually has low velocity
which will lead to large magnetic deflection. Espe-
cially in the high ¢/A case, the beam steering can

be a big problem since the effect is proportional to

RBpMUSZ—

g& E/fé‘l, 2, D

the ratio of charge to mass. An effective solution

to this problem is the titling of the drift tube face,
and appropriate focusing elements should be in-

cluded in the linac lattice.
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