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RF COAXIAL COUPLERS FOR HIGH-INTENSITY LINEAR ACCELERATORS

by

J . J . Manca
E. A. Knapp

ABSTRACT

Two rf coaxial couplers t h a t are p a r t i c -
ular ly sui table for intertank connection of
the disk-and-washer accelerating structure
for use in high-intensi ty l inear accelerators
have been developed. These devices have very
high coupling to the accelerating structure
and very low rf power loss at the operating
frequency, and they can be designed for any
rela t ive pa r t i c l e velocity 6 > 0.4. Focusing
and monitoring devices can be located inside
these couplers.

I . INTRODUCTION

In high-energy linear accelerators , i t is often advantageous to couple

accelerating cavity chains together around focusing elements, power feed

points , or beam diagnostic equipment. The high-energy (>100-MeV) part of

the Clinton P. Anderson Meson Physics Fac i l i ty (LAMPF) accelerator uses bridge

couplers both to bridge quadrupole focusing elements and beam diagnostic
1 2equipment and to provide a convenient power feed point . ' The couplers are

circular pieces of cylindrical waveguide excited in the TM mode, and the

field i s s tabi l ized by stems mounted on the waveguide wall . I t was necessary

to determine the number of stems needed, the i r exact lengths, and the posi-

t ions at which they would provide the s tables t operation and suppression of

possible degenerate TE modes in the cavity. Because of i t s complexity, exper-

imental tuning of such a coupler i s d i f f i cu l t . However, performance of these

couplers has been sa t is factory .



Rectangular waveguide was used as a bridge coupler in the design of the

meson factory l inac in Moscow. Their study showed that a TE._ mode is

most su i tab le for rectangular rf coupler operat ion.

The disk-arid-washer (DAW) accelerat ing s t ructure is characterized by very

strong in t e rce l l coupling, which makes i t insensi t ive to various types of per-

turbat ions . Therefore, the bridge connection between the tanks should be made

using devices of i n t r i n s i c a l l y high coupling. The cylindrical and rectangular

rf waveguide couplers mentioned above have to be connected to the main accel-

erator structures by resonators at each end, so the coupling to the s tructures

i s small. To preserve the high coupling advantage of the DAW structure

required a device that could provide strong intertank coupling and also permit

possible use of focusing devices between the tanks. We have found that rf

coaxial couplers can meet these requirements and are par t icular ly suited to

axia l ly symmetrical cav i t i e s , l ike the DAW cavi ty . The radial f ield l ines at

the DAW periphery make t ransi t ion in to a coaxial l ine idea l , and the c i rcular

symmetry of the coaxial line and the DAW provides an excellent match within

reasonable dimensions.

I I . RF OOAXIAL COUPLERS

An rf coaxial coupler consis ts of two coaxial cylinders whose open ends

are connected to the accelerating structures (see Fig . 1). Because coaxial

couplers are axia l ly symmetrical, the most natural connections are to ax ia l ly

symmetrical cavi t ies such as the DAW

cavi ty . Because the coupling i s

through a re la t ive ly large area, the

electromagnetic f ields overlap, the

DAW cavity modes merge smoothly into

the coaxial coupler modes, and

strong coupling r e s u l t s . During

standing-wave operation of the

biperiodic chain of c a v i t i e s , the

coaxial coupler can be considered as

a third type of cavity that couples

Fig. 1. The rf coaxial coupler. biperiodic chains together. In an



infinitely long system with many coaxial couplers, this appears to be a

triperiodic system.

Tuning such a system involves making a single dispersion curve with no

stop band and no t i l t ing of the on-axis field. I t can be done by tuning a

section of the biperiodic DAW structure f i r s t , and then adding a coaxial

coupler and tuning i t to the operating frequency so that it firs between the

sections of the structure. Generally, only one coaxial coupler mode is

coupled to the operating mode of the structure. The coaxial coupler can be

considered a coupled system of two coupling cavities interconnected by a

"bridging" coaxial cavity. The coupling cavities are connected directly to

the biperiodic DAW accelerating structure and are intrinsically a continuation

of the system. Therefore, it is important to tune not only the coaxial cavity

"bridge" but also the coupling cavities.

A coaxial coupler can be designed to operate in the TEM mode or in one of

the higher order modes. We have investigated the properties of both types by

use of SUPEKFISH. We used the optimized DAW cavity parameters ' and the

optimized geometry. The SUPERFISH code can calculate modes and field

distributions for multicell systems, and we used this feature to calculate the

coaxial bridge properties and derive proper dimensions for i t s optimum

performance. For the calculation, we added a coaxial coupler to one end of

the JAW chain, and we assumed symmetry about the center of the bridge cavity

to reduce computer time. The length of the bridge cavity is adjusted to give

it proper resonance. For the TEM mode, the resonant length of a coaxial cavity

shorted at both ends is I = m (A/2) where m is an integer and > is the

wavelength that corresponds to the operating frequency.

Of course, for an accelerator the bridge coupler length i t not a free

parameter. The particles travel from one tank to another through the coaxial

coupler at velocity P, and the phase shift of the electromagnetic fields in

the cavities adjacent to the coaxial coupler must be either 0 or ir, with the

additional restriction that the particles see an accelerating field in both

cavities adjacent to the coaxial coupler. Thus the distance between the

centers of these cavities must be

L = mB(X/2) , CO



where m is an even or odd integer , depending on the number of field varia-

t ions , m l f in the coaxial coupler. The acceleration condition requires

m. = m - (2n + 1) , n = 0, 1, . . . . The resonance conditions in the coaxial

line require that the coaxial coupler length I = m (A/2) or , i f £, i s the

length of the DAW cavity [Jlj -•= 6(X/2)],

«. = L - H1 . (2)

Thus

snB(X/2) - fcj . (3)

There are only a few 8 values for which m and m are both in tegers .

Usually the coaxial coupler frequency must be adjusted s l igh t ly . This can be

done by loading the coupler by means of metall ic or d ie l ec t r i c r ings , which

v i r tua l ly means slowing the wave. Then the coaxial coupler length is

where 3 . i s the effective wave velocity of the modified coaxial l ine .

Equation (3) becomes

= m6(X/2) - l l . (5)

There is no s t r i c t boundary between the cavity and coaxial coupler.

Assuming large overlapping of fields between the DAW cavity and the

coaxial coupler, we can assume &. as small as

i j - B(X/4) , (6)

and we have

P(2m - 1 ) , (7)



TABLE I

3 ! AS A FUNCTION OF B FOR DIFFERENT m AND mj VALUES
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from which we can express
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1.09
1.05
1.02
1.00
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1.3
1.0
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1.14
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.15
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.16

.13

.10
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.06

.04
1.03
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(nij - m - 7)

1.7
1.27
1.05
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1.31
1.15
1.04
0.96

1.38
1.25
1.16
1.09
1.03
0.99

1.21
1.16
1.11
1.08
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For m » 1 , 6 . approaches 8. The

value, B,, should be close to 1

so that the least adjustment is

necessary.

Table I l i s t s a few values for

8, , which show that one can find

8, J" 1.0 for practically a l l 8

values. At lower 8 values, m < m is

preferred; at higher 6 values, m

closer to m is preferred. This, of

course, i s advantageous, because then

the coaxial coupler length can be

chosen appropriately for any B value.

Figure 2 shows TEM mode coaxial

coupler field lines and DAW cavity

field lines calculated using SUPER-

FISH. The wavelength, X = 20 cm,

corresponds to the resonant frequency,

f = 1500 MHz, of our experimentally

tuned DAW cavity. The accelerating

and coupling modes of the DAW cavity

are coupled to the coaxial coupler

TEM mode, as shown in Figs. 2(a) and

2(b), respectively. Total coupler

length, I, i s X/2, and for B = 0.66

(8 of the DAW cavity) the other param-

eters are 8, = 1.0, m̂  = 1, and m = 2.

Neither the field patterns nor the

frequencies are changed, as Figs. 3(a)

and 3(b) show, when the coaxial

coupler length i s increased by X/2,



(a) (b)

Fig. 2. Field lines in TEM mode coaxial coupler, H = A/2, fr = 1500 MHz,
with coupling to the DAW (a) cavity accelerating mode and Cb) cavity
coupling mode.

(a) (b)

Fig. 3. Field lines in coaxial coupler TEM mode, % = X, fr = 1500 MHz,
coupled to the DAW (a) cavity accelerating mode and (b) cavity
coupling mode.



except that the f ield lines of the half-wavelength are added to the overall

field pattern of the coupler.

Figure 4 shows field lines in a full- length coaxial coupler. Here

6j = 1, nij = 3, m = 6, and B = 0.66.

I t is possible to calculate other dispersion frequencies and thei r f ield

lines in the coaxial coupler plus DAW cavity system by using SUPERFISH, as was

done for the DAW structure i t s e l f . The full system length, cavity-coupler-

cavity , must be included in the calculat ions , which become cumbersome and

time-consuming. However, we were interested in calculating the coupling

coefficient between the DAW cavity and coaxial coupler, so we calculated the

0 and IT modes of such a configuration. The calculated frequencies were

f0 ^ 1000 MHz and f s 1700 MHz. Using the f i r s t -order approximation,

we calculate the coupling coefficient from

k =

2
f -

TT

2
0
2
0

(9)

For the calculated frequencies, we have k ~ 0.5, which indicates that

coupling between the cavity and coaxial coupler i s approximately the same as

coupling between the accelerating and coupling cavit ies of the DAW s t ruc ture .

Fig. 4. Field l ines in a whole TEM mode coaxial coupler, fr - 1500 MHz.



Calculated field lines in one

mode of the higher order mode coax-

ial coupler are shown in Fig. 5.

The same conditions are applied to

the length of this coupler as to

that of the TEM mode coupler. The

mode frequency also can be adjusted

by changing the inner and outer

cylinder radii while keeping the

coupler length constant.

I I I . RESULTS
Fig. 5. Field lines in a higher

order mode coaxial coupler, W e built experimental models of

fr = 1500 MHz. a TEM mode coupler and a higher

order mode coupler. We tuned both

to the resonant frequency, f = 1500 MHz, of our tuned DAW cavi t ies . 6

Then we connected sections of the DAW structure to each end of the coupler, as

shown in Fig. 6. Four T-shaped supporting stems held the inner part of the

coupler in the correct position. Because the supports caused perturbations in

the cavit ies, we had to retune the cavities and the coupler to f = 1500 MHz.

The TEM mode coupler was retuned by changing i t s length, and the cavity was

retuned by a small change in i t s gap length. The higher order mode coupler

was adjusted by changing i t s inner and outer cylinder diameters. The tuning

procedure was the same as that for the DAW cavity described in Ref. 6. We

measured dispersion frequencies and the on-axis field distribution using the

bead-pull technique.

When the coupler is not tuned to the frequency f = f , a stop bat;d occurs

in the dispersion frequency curve and rf power i s not transmitted so well

through the coupler in the IT/2 mode. A smaller field appears in the second

accelerating section than in the first section if tuning was by nonsymnetric

loading of the coaxial coupler. While tuning the couplers, we measured the

system mode frequencies and constructed the dispersion curves, from which we

then determined the stop-band width.



(a )

Fig. 6 Coaxial coupler and DAW structure connection showing the (a) end
flange with a disk lifted and (b) end flange in place with one DAW
module on the top.

When the stop band closed, we measured the on-axis field distribution in

both the TEM and higher order mode couplers. The distributions are shown in

Figs. 7(a) and (b), respectively. The different end-cell distribution shapes

are caused by different size beam holes in the end plates.

The rf power loss in the coupler is proportional to the square of the

field in i t . We measured the field in the coupler by the bead-pull technique,

and found that i t was about two orders of magnitude less than the field in the

accelerating cavities, which indicates a very low rf power loss in the coupler.



t* 1500 MHz f- 1500 MHz

*" I—v / v / \ t *•

UlAT
(a) (b)

Fig. 7. On-axis field distribution in the DAW accelerating structure and a
coupler as measured by the bead perturbation technique with the

(a) TEM mode coupler and (b) higher order mode coupler.

In long accelerating structures transverse electric modes may be excited

and travel with the beam, causing beam blowup. This effect can be very

serious because i t limits beam current intensity in the accelerator. We

studied this problem in our system with the coaxial coupler and found that the

asymmetrical TE1. mode does not couple to the coupler modes, so it is not

transmitted through the coupler. This filtering effect might be used

successfully in high-current operation of an accelerator where the probability

of TE... mode excitation is high.

Another advantage of the coaxial coupler is the ease and simplicity of

feeding rf power into the structure, especially compared to the difficulty of

connecting a high-power transmission line directly to an accelerator ce l l .

Connecting a waveguide directly to the coaxial coupler so that the rf power is

distributed symmetrically out of both sides of the coupler is much simpler and

easier. We studied this connection experimentally. Coupling was through an

aperture in the coupler wall located at a maximum of the magnetic field. We

changed the aperture size until we got good matching. Then we measured the

on-axis field distribution and found i t to be the same as that measured using

small coaxial pickup probes.

The coaxial couplers with or without rf power ports also can be used for

rf power transmission from one tank to another. We used two coaxial couplers

10



f • 1500 MHz

to connect three DAW accelerat ing

sect ions . The rf signal was fed

into one of the couplers while we

picked up a signal at the other

one. Figure ft shows the on-axis

field d is t r ibu t ion in the whole

system and c lear ly shows the

f e a s i b i l i t y of using these coaxial

couplers in accelerator design.

IV. CONCLUSIONS

Radio-frequency coaxial

couplers are eff icient members of

the family of units designed for

high-energy l inear acce lera tors , and

they could be considered for use in

synchrotron acceleration systems.

Focusing devices such as permanent

magnet quadrupoles and beam-monitoring devices can be ins ta l l ed within the

inner cyl inder . Their very good power transmission and small power loss make

coaxial couplers par t icular ly su i tab le for accelerators where high rf power

levels are required to develop high gradients and/or to deliver energy to a

high- in tens i ty beam. The rf power from individual sou/ces can be fed in to

each coupler or to every second one (or to any other sequence), depending on

the total power required. If one rf power source shuts down, the power of the

other sources can be increased enough so that accelerator operation can

continue. The r e l i a b i l i t y of such a system is thus very high.

The coupler length must be such that the re la t ive pa r t i c l e veloci ty B

and the wave phase shift are matched. The coupler i s tuned together with the

s t ructure; coaxial coupler tuning i s not d i f f i c u l t , and no field s t ab i l i z ing

stems are required. Beam blowup modes of the s t ructure are not coupled to the

coupler modes so they are not transmitted from tank to tank. This filtering

effect can be very useful in high beam current accelerators.

Fig. 8. On-axis field distribution
in the DAW accelerating
structures with both TEM
and higher mode couplers.

11



ACKNOWLEDGMENTS

We thank F. Humphrey for his technical help and R. Bueschel and his staff

for machining the couplers. We also appreciate careful reading of the

manuscript by R. A. Jameson, S. 0. Schriber, and D. A. Swenson and appreciate

their useful suggestions.

REFERENCES

1. B. C. Knapp, E. A. Knapp, G, J . Lucas, and J . M. P o t t e r , "Resonantly
Coupled Accelerat ing S t ruc tures for High-Current Proton L inacs , " IEEE
Trans , on Nucl . Sc i . NS-I2, 159 (June 1965).

2. E. A. Knapp, B. C. Knapp, and J . M. P o t t e r , "Standing Wave High. Energy
Linear Accelerator S t r u c t u r e s , " Rev. Sc i . I n s t r . ^ 9 , No. 7, 979 (July
1968).

3. V. G. Andreev, V. M. Belugin, and V. V. Paramonov, "Bridge Coupler for the
Resonators of a High Energy Proton Linear Acce le ra to r , " Proc. Radiotech.
I n s t . AS USSR, No. 20, 47 (1974).

4. K. H. Halbach and R. F. Holsinger, "SUPERFISH - A Computer Program for
Evaluation of RF Cavi t i es with Cyl indr ica l Symnetry," P a r t i c l e
Accelerators ]_, 213 (1976).

5. J . J . Manca and E. A. Knapp, "Optimization of the Disk and Washer
Accelera t ing C a v i t i e s , " Los Alamos S c i e n t i f i c Laboratory report LA-7407
(September 1978).

6. J . J . Manca and E. A. Knapp, "Experimental Tuning of the Disk and Washer
Accelerat ing S t r u c t u r e , " Los Alamos S c i e n t i f i c Laboratory r epo r t , in
preparat ion .

12


