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Abstract by MAFIA[4] and HFSS[5] codes in order to show the
detailed design investigation in the geometry needed to

In the design of JHF linac, theedm needs to be meet the requirements mentioned above. Then the

chopped for the injection into the following rapid-measurements of a cold model cavity are presented and

cycling ring. The chopper has been decided to locate shown to have a good agreement with the code

the 3-MeV medium-energy transport line between theimulation and a satisfactory result for our purpose.

RFQ and the DTL. A 324-MHz RF deflector (RFD) is

adopted as a fast beam-chopper for its various merits, 2 CAVITY DESIGN STUDY

such as compactness and high deflecting field, which

benefit for an efficient deflection of the beam within a The R.F deflector cavity is operated in ale_IIEke
mode with two electrodes, as shown in Fig.1. A

short beam line. In the application of an RF deflector T%a[\nsverse electric field oscillating at 324 MHz between

an intense-beam linac, the beam loss in the transn%\
. . . . : e two electrodes deflects the beam bunches away from
time is a major concerned issue. The shunt impedange

should be as large as possible to make the cavity to toee beam axis to a beam dump downstream during the

powered by a commercially available solid RF sourcel?,e""m'CUtOff time of 222 nsec.

An RFD cavity is designed by the HFSS code to have
very low loaded-Q value of about 10 by means of two Coupling loop
large coupling loops, and meanwhile to keep the highe
order modes sufficiently far away from the deflecting
mode. An aluminum cold- model cavity was made for a
test. In this paper, the design, simulation and the tes
results are described in detail.

Electrode ~

1 INTRODUCTION

Beam pipe {L

The JHF 200-MeV linac provides a bBeam of 30 ) - Ha]fm,camf . ¥
mA-60 mA peak current for injection into the following ~ Fig-1 RF deflector cavity with large coupling loops.
3-GeV rapid-cycling ring[1]. A beam chopper must be ) o .
used in the linac in order to produce a pulsed beam with One of th_e deS|gn_ target of_ the cavity is a high ve_llue
a pulse length of 278 nsec and a pulse separation of 22Z/Q,, while keeping in mind the beam dynamics
nsec. This chopper is located in the 3-MeV mediunjimitation. Here, Z is the transverse shun_t impedance and
energy beam-transport line (MEBT) between the 324_20 the un_Ioaded Q val_ue. In order to a_\chleve a very short
MHz RFQ and DTL[2]. As a high-current linac, beam_rlse/fqll time, the cavity will be heavily loaded by two
quality preservation and beam-loss control are &Pupling ports. In this case, the power demand from a
superior importance in the design. The MEBT should bPlid RF source for operating the cavity becomes very
short so as to avoid emittance growth, since the bedH@h- To minimize the power demand P, a large value of
energy is low. An RF deflector (RFD)[3] was chosen a&/Q, should be pursued according to the approximate
the chopper cavity owing to its compactness and higf'ation

deflecting field. A fast rise/fall time is a fundamental PO Ve
requirement for the RFD to minimize the beam losses w,t(Z1Q,) . (1)

due to partial deflection to the beam during the transient ) ) o
time. This can be achieved in an RF cavity with a veryhere V is the deflecting voltagey, the oscillation
low loaded Q value. On the other hand, a high transver§gauency and the rise time.

shunt impedance is pursued in the design in order

keep the RF power demand from a solid RF sourzl Geometry of the electrode region

within a reasonable range. The ratio Z/Q is determined by the equivalent
In this paper, a design study of the RF deflectatapacitance C according to the relation
cavity is presented. We first give the cavity simulations z _ 1 . 2
/Qo w C
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The C for the mode is mainly dependent on the geometttye loaded Q of the cavity should be decreased down to
of the electrode gap region. Therefore, the parametabout 10.
choice around this region must be carefully made. ] . ]

The fringe fields of the electrode along the beard-3 Cavity design with a very low loaded Q

axis should be taken into account in the beam dynamics The use of two large input/output loops is an easy

to calcglate the effective Qeflegtion. To avoid an inversgpﬁon to realize a low loaded Q. A loop-coupled cavity
deflecting effect of the high frmge field, the length of redesigned using the HFSS code on the basis of the
the electrode along the beam axis should not be equal k0s\ious design by MAFIA, provided that the electrode
but less tharBA/2, with 3 being the relative speed of arggion maintains the same geometry. A modification to

particle (v/ic) andA the free-space RF wavelength. Tone cavity shape is necessary because of the introduction
determine the lengttMAFIA runs were condeoted and o |arge loops into the cavity, which shift the cavity
the electromagnetic field distribution froMAFIA was  yesonant frequency due to the additional inductive
used in a modified TRACE3-D[6] for beam-deflection,qsctance.

tracking. The result showed that the length of the Tyg |arge loops with the same size are inserted into
electrode should be slightly less thaWw2. In this way, the cavity. The loops are connected to a coaxial
ZIQ, is larger (due to smaller C) and the high fringe fielgksnsmission line of 5@. To reach such a low loaded Q
beside the electrodes can work in phase with the field {3 e the size of the loop is ¥BL8 mm in the surface
the central part of the electrodes, while keeping thgith the maximum flux. An HFSS sirfation gives the S

effective deflecting length long. It was concluded th arameters, Sand S, versus the frequency, as shown
the electrode length along the beam axis should be ; Fig.2. From the figure, it can be found that the

mm. Furthermore, the fringe field between the electrodqaésumng Q is about 10, assuming it is given by the

and the cavity wall needs to be sheltered so as {gole frequency widthAf (31 MHz), at 70% maximum
minimize its inverse effect. A beam-deflection 5 e

simulation of a cavity without beam pipes showed that
the net deflection is less than half that in a cavity with
beam pipes. Therefore, two beam pipes are added beside
the electrodes with 5.5 mm gaps between the pipes and
the electrodes.

Of course, the two electrodes should be as close as
possible to generate high deflecting field between them.

S Parameters

This gap is, however, limited by the full beam size. The 02 W,
beam envelope from TRACE3-D suggests that the gap o K
should be around 10 mm in order to guarantee no 30 310 320 330 340 30 360 3w 380

Frequency (MHz)

particle losses on the electrodes. . . .
Also, the size of the electrode in non—defIectio(gg_'fos'par‘r’lmEters from the HFSS for the cavity with
L_ .

direction should be small in order to obtain a large, Z/
value. Again, the beam envelope sets the minimum

limit. The necessary size is 20 mm according to The ttwoll Ioopti of th(;:tsa:hme S(;Zd? alre pl%ll_chgd
TRACE3-D simulation on beam size and theAFIA ~ 2Symmetrically with respect 1o the middle piane. This

result concerning the field distribution. induces a spectrum asymmetrlc W'th. re_speqt to the
central frequency: the high-frequency side is wider than
2.2 Cavity shape optimization the other side, as depicted in Fig.2. It thus helps to reach
) . a larger Af. On the other hand, it also makes the
_ After the electrode size has been decided, the othghdamental mode to be close to and mix with the higher
dimensions of the cavity is then further optimized for thg,gde. To avoid such a problem, the loop should not be
value of Z/Q to be as high as possible. Since two RFlo deeply inserted into the cavity. It must keep a
cavities will be cascaded in the beam line, the cavityjficient distance between the loop and the electrode in
should not be too long along the beam axis, due to a Iagfger to insure that the electric field between them
of focusing to the beam in this space, which may resmains extremely low. We thus increase the other
ina beam emittance increase. Taking all of these factdgnension of the loop to a very large value (i.e. 218 mm)
into account, MAFIA runs suggested a cavity of 324 as to guarantee a sufficient coupling as well as a wide
MHz with Z/Q= 437Q. It can be estimated from Eq.(1) mode separation.
that the demanded power from an RF source is HFSS simiations also showed the dependence of the
reasonably about 27 kW (more accurat¢f;SS gives |arge coupling on the diameter of the coaxial
the power of 22 kW in the next subsection) to generatey@nsmission line. A large coaxial line of WX-152D was

necessary deflecting field of 1.6 MV/m if a rise time ofqopted for the input/output of the cavity, resulting in a
10 nsec is assumed. Such a fast rise time indicates that
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loaded Q of 10. However, the loaded Q became 17 ifdependence of the loaded Q on the size of the loops. For
coaxial line of WX-77D was used. example, when the loops size became2d8 mm, the

The variation of the deflecting field (Ey) in threeloaded Q increased to 23. With two very small coupling
directions calculated withlFSS is pltted in Fig.3. The loops, the loaded Q equaled 1463 apdwas —2.18 dB.
original point corresponds to the center of the cavityThe unloaded Q was deduced to be 6580.

The beam radii in X and y directions are both less than ‘ch1 s,, 10ga MaAc 148/ REF 4 a8 1: 0 a8
mm according to the TRACE3-D result. It can be 1 PR
observed from the figure that the field has No ObVIOUScor fynamker faa B A s |
variation within the beam-size region, and hence that thiaw { 2p< HH= 3 a: 9]e695
beam can be deflected by a field having the sam(”® /
magnitude. HFSS gives Ey=1.6 MV/m in the ldefing /A3 5
gap when the input power is 22 kW. /
o P i R /
iy 77NN i
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2 8'; /' : \\ Fig.5 Spectrum of Sshowing the =9.7.
@ o / : = \
ij -7 X R~~~ The field pattern in the deflecting gap was measured
0 . : ' . with a pulling bead of 5 mm in diameter. In Fig.3 the
30 20 -10 0 10 20 30 measured deflecting field (Ey) along the beam axis (z

Distance (mm) direction) is dotted. It shows a good agreement with the

Fig. 3 Ey field distribution in three directions ( test dataalculation result fronHFSS.

is in the z-direction). Since the cavity is heavily loaded with a very wide
spectrum, it is possible to operate it without a tuning
3 COLD MODEL TEST device. To verify the temperature dependence of the

esonance frequency, the cavity was heated. It was found

An aluminum cold-model cavity was manufacture . .
according to the design by HFSS. A series otPat the cavity has a frequency shift of 60 KHz when the

measurements were conducted to check the applicabiIlﬁlmperalture fises up to 10
of the design.

A direct measurement of the rise time was performed CONCLUSIONS
by means of a digitizing oscilloscope with the result A 324-MHz RF deflection cavity used fdHF linac
shown in Fig.4. It indicates that the rise time (Delta T) iwas designed and a cold model was tested with
18.3 nsec, which includes about a 9 nsec contributigatisfactory results. The measurement gives a loaded Q
from the pulsed RF signal source. The effect of thef about 10, which is necessary for a fast rise/fall time.
transient time on the beam dynamics is discussed in R&he test results are in good agreement with the design
[2], in which an improved method is proposed for thealculations with MAFIA and HFSS. Tomeet the

cavity, and the unstable particles are estimated. deflection requirement, the cavity with a loaded Q of 10
5200 s 10,600 0 @800 ns requires an input power of 22 kW accordindgHieSsS.
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