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R.F. CHARACTERISTICS OF 508MHz
SLOT-COUPLED MULTI-CELL CAVITY

T.Rizawa, Y.Tanabe, K.Satoh, M.Nakano and Y.Satoh
Toshiba Corporation
2-4 Suehiro-cho, Tsurumi-ku, Yokohama, 230 Japan

Abstract

For the development of a Slot-Coupled Multi-Cell
cavity (SCMC) experimental approaches with an aluminwm
model have been performed, which were discussed in
our previous paper.t. With the model cavity that pro-
vides the accelerating 'flat-z' mode at 508.58MHz,
r.f. characteristics of accelerating mode and higher
order modes(HOMs) have been investigated. The results
are discussed here.

Introduction

According to the increase in beam energy, multi
cell cavities are expected to provide higher acceler-
ating efficiency and simpler phase adjustment of each
cavity. In terms of electro-magnetic coupling between
cells, multi-cell cavities are distinguished into
several types, such as SCMC(Slot-Coupled Multi Ceil),
APS{Alternating Periodic Structure) and so on.

APS has an axially symmetric structure thus its
dimensions can be numerically determined in detail by
axially symmetric computational codes. But SCMC has
coupling slots and its axial asymmetry causes diffi
culty in determining its dimensions numerically. APS
has large group velocity because it applies mode con-
fluence at 7/2 between accelerating cells and cou
pling cells. If the resonant frequency of these cells
are not tuned strictly, however, the confluence is
not achieved. On the other hand, SCMC uses =z mode
acceleration whose group velocity is zero and stabil
ity against perturbations becomes worse with larger
cell number. Nevertheless SCMC has no coupling cells,
s0 its structure seems to be rather simple.

SCMC consists of cells, disks and auxiliary parts
such as an antenna, tuners and pickup loops. Fig.l
shows S-cell SCMC, that is the aluminum model fabri
cated for this study. Summary of its specification is
stated in next chapter. On a disk as a partition
wall, there exist slots to couple adjacent two cells
electro-magnetically. A slot has a sectoral shape
whose mmber is in general two or four on a disk.
Slot area is one of the most important parameters for
coupling. The coupling factor ~ is defined by
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(fotig) /2
whaere fo and fz are resonant frequencies of 0 and x

mode, respectively. Larger x means higher stability
of the accelerating mode against perturbations.
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Model cavity
The model SCMC was made of aluminum alloy (A5052)
for easiness in assembly. Some design considerations
were taken into as follows:
(1) cells: A cell is axially symmetric except for
some ports and bhas nose copes in order to make shunt
impedance (Rs) higher. The configuration of cell
including nose cones has been surveyed for one cell
structure with the computational code SUPERFISH. The
radius of each cell has been determined roughly by
analyses, but strict dimensions must be obtained by
experiments for the accelerating ‘'flat-z' mode at the
required freguency.

In order to survey the important parameters for
SCMC, such as slot angle, radius of a nose cone and
so on, a Z-cell structure called HFH is necessary.
This structure consists of a center cell and two half
length cells holding it. ('HFH' is an abridgment of
half-full-half.) Because its boundary conditions at
both end walls behave as mirrors, the HFH presents an
infinite milti-cell cavity, which helps to understand
the fundamental characteristics of SCMC.

In order to select the cell number N, coupling

factor & must be considered. s and N determine the
frequency spacing, which indicates the mode stability
against perturbations, between the = mode and its
neighboring (8-1)a/N mode. The frequency spacing is
proportional to & and it becomes small with the
increase in N. Judging from & of our model SCMC, the
mode stability seems to be allowable up to 5-cell
structure, which has been investigated in detail.
(2y slots: As for the z-mode, cell-to-cell coupling
is magmetic. & depends on slot area and magnetic
field strepgth at slots. For large coupling and high
stability against perturbation. slots have to be
large and come near to outer wall.

The number of slots on a disk is fixed at four so
as to keep good symnetry and achieve large coupling.
Slot angle have been determined by HFH experiments.

(3) antenna: This model has a coupler antemna ordi-
narily located at a center cell. In order to measure
r.f. characteristics accurately without the influence
of power reflection, an antenna is rotated to make
critical coupling between the cavity and the antenna.

Modes such as 2x/5 and 47/5 are excited by the
pickup probes inserted in each cell because the an
tenna at the center cell doesn't drive these modes.

(4) tuners: Two kinds of tuners, a fixed one and a
movable one, are used. A fixed tuner corrects machin-
ing error of each cell and is immovable from outside
of a cavity. The other tuner is movable from outside
by feedback controller for frequency shift due to
beam loading and temperature
rise. Each cell has these two
tuners at the right angle
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Fig.1 Model of S-cell SCMC

/ with the antenna.

(5) frequency: The high power
508MHz  klystron (e.g. E3786
508 . 58MHz 1.2MW C.W.) s
available from Toshiba corp.

Considering high power re-
quired at high beam energy.

it is advantageous to fix the
frequency upon 508.58MHz.

\
tuner port



Experimental investigations

The automatic r.f. characteristics measuring svs-
tem is employed, applying the reflection method with
the network analyzer. Metal and dielectric spherical
perturbators driven by a PC-controlled pulse motor
are wsed in order to obtain electro—magnetic field.

By this method, however, perturbators provide
only absolute field wvalues. Field sign + at all
points in a cavity must be decided theoretically by
mode assignments.

The model experiments include following two main

purposes; to obtain the dimensions for the acceler
ating flat-7 mode at 508.58MHz and to investigate the
r.f. characteristics of this structure. The former is
stated in our previous papers: in detail. In this
paper the latter; the r.f. characteristics of the
structure, in particular 5-cell, are shown mainly.
(1) dimension survey for the flat-z mode: One of our
final purposes is to survey the dimensions providing
the flat-z mode at 508.58MHz for 5-cell structure.
The dimension survey has proceeded with the increase
in cell number. This process is important because it
is wvery difficult to obtain the flat-z mode at the
required frequency.

The fundamental parameters, such as cell radius,
slot angle, radius of beam hole and so on, have been
determined experimentally with a 2-cell HFH structure
that has the same characteristics as an infinite one.

Actually, however, a cavity of SCMC docs not have
half end cells but full ones in order to reduce wall
loss and to obtain high Rsh. Since periodicity breaks
at end cells due to the lack of slots on end walls,
end cells must be enlarged in order to achieve the
flat-r mode. Though the radius is roughly « ‘mined
by the equivalent circuit analysis. the accurate
radius of end cells must be obtained by experiments
with the 3-cell structure.

With the dimensions from these processes. the ac

celerating flat-z mode at 508 . 58MHz has been obtained
for the 5-cell structure with a little adjustment of
fixed tuners for machining errors of cells.
(2) investigation of 5-cell structure: With thoe final
configuration of the 5-cell structure, the acceler
ating mode (TMO10) and the higher order modes (HOMs)
are investigated.

Fig.? represents the electric ficld distribution
on the beam axis of the TMO10 mode. (The electric
field is shown in arbitrary unit and the polarity is
given theoretically in this figure.) It is obvious
that all the cells have the same maximum electric
field. The dip of the electric field at the center of
each cell is owing to a nose cone.
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Fig.2 Electric field distribution on the beam
axis of the accelerating flat-zx mode

The experimental dispersion curve of the TMD10
(including the accelerating mode) is described in
Fig.3. The wvalue of the zero mode is measured on
HFH-structure. =/3 and 27z/3 mode are on 3-cell and
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the others are on 5-cell. The line in the figure is
the cosine curve and traces the experimental results
exactly. « is obtained as 1.68(%) and the freguency
difference between the accelerating(z) mode and the
adjacent (4z/5) mode is 830 (kHz).
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Fig.3 Dispersion curve of TMOLO mode

The erfective shunt impedance(Ra) s given by the
following egquation,

20 1/2 je
Rsh H'( B foekez - j(».i:ﬂu):_];c| .
d/"w) a

GIE

whore o s the anpular froquency (2750, ko ois the wave
number{~w/c, ¢ is the speed of light). B is the nor
malized electric field withoot ['x)l;n‘j{_\vd.md s is o the
theoretically decided ficld sign of <1, -1 or 0.

Measured characteristics of the accolerating mode
are as follows;

Table 1 Characteristics of the accelerating mode

trequency (tunod; Dty 508,58 (MHz)
unloaded-Q S 13700
shunt impedance . Reh 17.8 (M)
Ran/Qu 1.28 (ko
transit time factor : 7T 0.74
coupling factor LK 1.68 (%)

length (5-cell) Cd 1.4737 (m)

Since the model is made of alumimon, the value of
Qu indicates rather low. Simply converted with the
resistivity of copper, Qu becomes about 21000. Con
sidering insufficient smoothness of machined surface,
oxidation of aluminum and imperfect r.f. contacts. (Qu
of the actual cavity will grow higher. Assuming that
Qu is 28000, which is reasonable with the resuits of
the analysis by 'SUPERFISH' for one cell structure,
Rsh per meter of SCMC is proved to be over 24 (MQ/m).

HOMs of TMO11, TMI1C and TM111 have been investi
gated. All these modes have been identified and the
results are summarized in Table 2, including TM010.
TMO10 and TMO11 have 5 normal modes from #n/% to x.
Every dipole mode splits into 2, since its degeneracy
is incomplete due to axial assymmetry caused by some
ports. In result both TM110 and TM111 modes split
into 10.
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Coupling impedances are calculated by 23
<longitudinal coupling impedance> {for TMO10, TMO11}

2y, 2

R, =

e

1/2
IY sE_(crskz+ jsinkz)dz
d/2 @

<transverse coupling Impedance> (for TM110, TM111)

2

Ry Qnzo '

1/2
}' (,3} H ~js B ) taskat jsinkz)idz
(1/2 1 a € a

where zu—Jhb/¢¢q s, s and s are field signs.

If cell length e&hals td half of wave length, it
is theoretically proved that coupling impedances of
all nomal modes except 7 are zero. The TMOI0 mode
froquencies nearly equal to that of the 7 mode, whose
half wave length is designed as the cell length.
Therefore R, of the z/5 - 4z/5 modes are almost zero,

Table 2 shows that some modes have large R,. In
particular Ry of TMII1-z/5(b) is extremely large.
whose electric and magnetic field distributions are
shown in rig. 4. Witk Fig.4(b). it is obvious that the
magnetic field of this mwode alternates every halt
cell length. Because the rescnant frequency is nearly

twice as much as that of the accelerating mode, the
deflecting force on the beam is superposed in only
one direction. For a mode like T™I11-7/5{b) may in

some cures will be taken if

duce a bear instability.

necessary.

Table.? R.F. Characteristics of Each Mode
Mode Frequency junloadediField [R/Q(Q)
e Sf (MHzy | -Q @y, | distr.

1z/5) 516.339] 155689 | ~++t- *
lom/5| 514.204| 14866 | -0 w
TMO10 i 32/5] 511.514} 14597 | —+-+- x
like [4x/5] 509.4201 14129 e 04 *
57/5| S08.587( 13728 | +-+-+ | 1281
Hlz/5) 718.487) 10567 bbbt *
2%/5)  725.4601 11378 | ++0 47.5
TMO11 [ 37,/5]  734.908] 11183 | +i-+» 159.1
like 4rn/5| T742.322] 13382 ¢ 70.1
iBr/5) 744.432] 13332 [ 4ot 17.1
1z/5| 850.638] 16670 | #+4++t 254.5
2r/5) B46.615{ 17177 t+(— 674.9
ta) |3x/5) 842.239] 16335 | - 390.7
4z/5) 838.668| 16249 tQ - 5.7
S5z/5] 837.3941 15044 | +-+ot 7.6
TM110 :
likeilz/5f 861.559| 17580 | +-+=t 274.0
2z/5) 857.616[ 17051 ++) 669.4
(hy | 37/5) 852.471} 16614 bot et 407.1
Ar/5] B48.8721 16340 § +-0+ 11.1
Sr/5|  B847.157T{ 12749 | Aebed 56.5
1z/50 998.247} 12409 | +++++ | 5868
2r/5] 1005.970) 13594 | ++0-- 45.9
(a) [37/5] 1018.432] 14080 | ++—++ 769.8
4r/5] 1028.052| 14823 | +-0+ 3.1
-5/5] 1032.859}F 13538 | 4o+t 139.2
™111

like 1x/5| 999.212] 12545 { +++++ 1 6122

2r/5) 1006.940| 12554 =+ () 49.9
(b) 3z/5] 1018.771) 15471 | ++-++ 913.0
azr/5) 1030.565] 16103 | --0+ 5.8
i5z/5 1036.899( 16695 | +-+-r 172.0
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Fig.4 Electric and magnetic field distributions

on the beam axis of TM111-z/5(b) mode

Conclusion

The model cavity of SCMC type has been fabricated
and studied experimentally. The accelerating 'flat-z'
mode at S08.58MHz on a 5-cell structure has been
obtained. The measured Rsh and x are considered to be
sufficient for the practical use.

The mode assignment for TM010, TMO11l, TM110 and
TMI111 has been completed through electro-magnetic
field distributions as well as their polarity.

The investigation of the important modes shows
some modes have rather large coupling impedances. If
accelerator ring parameters are given, threshold
current will be calculated.

<references>
(1)T. Rizawa et al.: 'Experimental Study on a 508MHz
Slot-Coupled Multi-Cell Model Cavity', Procs. of the
Tth Symposium on Accelerator Science and Technology
(Dec. 1989).
(2)J. Jacob: 'Measurement of the Higher
Impedances ', ESRF-RF/88-02 (Jan.1988).
(3)Y. Yamazaki et al.: 'Measurement of the Longitudi-
nal and Transverse Coupling Impedances of the Higher
Order Modes of the Re-entrant accelerating cavity',
KEX 80-8 (Aug. 1980)

Order Mode



