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Abstract

The input couplers and endcells for a previously proposed
standing wave muffin-tin structure are designed. Thereby the
problem is not only to match the coupler but aso to choose the
endcellsin away that the coupling cells are not excited. Thein-
put coupler has to match the external Q of the structure to the
unloaded Q in order to get zero reflection. The endcells are de-
signed to reflect the forward travelling wave in such away, that
only the accelerator cells are excited and not the coupling cells.
The calculation of the endcell behaviour as well as the calcula
tion of the external Q’'s are deduced from the knowledge of res-
onant fieldsonly. The external Q'sare calculated with theKroll-
Yu method.

I. INTRODUCTION

In a previoudy published paper [1] side coupled muffin tins
were proposed. The structures should operate in a confluent -
mode and therefore as standing wave structures. It follows that
they only have input couplersand no output couplers. The struc-
tures have to be terminated with proper endcells to reflect the
forward travelling wave with the right phase, so that the linear
combination of forward and backward travelling wave givesthe
accel erating standing wave pattern in the main cells.

The input couplers are responsible for achieving a matched
load for the power source. For travelling wave structures, an in-
put coupler can be designed by minimizing the reflection of a
structure consi sting of input coupl er - short section of accel erator
- output coupler, where the output coupler has the same geome-
try astheinput coupler. The reflection of such a structure can be
caculated e.g. with FDTD, assuming alossless structure.

This does not work for standing wave structures, since they
do not have output couplers. Therefore the reflection cal cul ated
withe.g. FDTD would ever be one (in magnitude) dueto the as-
sumption of no losses. It is quite easy to implement lossesin a
FDTD-Code, but it is not really necessary for thetask of finding
an input coupler for a standing wave structure.

Itisknown, that therefl ection fromalossy cavity coupled with
awaveguide is zero, if the external Q-value due to the coupler
matchestheinternal Q-valuedueto losses (wall lossesand beam
loading).

The Q-value due to the wall 1osses can be calculated by the
power loss method, the beam loading can be neglected since we
can assume, that more than 90% of the power will be dissipated
inthewadlls.

How to determine the external Q? Already Slater [2] stated,
that the external Q of a cavity could be calculated (or measured)
by movingatotally reflecting planein thefeeding waveguide and
observing the frequency shift of theresonance. Kroll and Yu [3]
deduced clever formulas from this principle to calculate the ex-
ternal Q from only 3 frequency/position pairs.

Since these formulas require the knowledge of resonant fields
only, this approach fits nicely with eigenvalue solvers like
GdfidL [4].

1. DESIGN OF THE ENDCELLS

Theendcedlls haveto reflect theforward travellingwave in the
right way to produce a standing wave pattern in the accel erating
cells. Sincethisfield is a standing wave, it can be calculated as
an eilgenvalue problem.

The optimal endcells produce no field in the side cavities and
flat field in the main cavities. Since such afield has the high-
est shunt impedance, the optima endcell configuration can be
found by maximizing the shunt impedance as a function of the
endcell parameters. It wasfound, that 3 parameters are sufficient
for achieving aflat field.

An iterative approach was used: maximize the shunt imped-
ance with respect to thefirst parameter (gap of thelast main cell)
the other two parameters held fixed, then maximize with respect
to the second (width of the narrow coupling cell), the other pa-
rameters held fixed, then maximize with respect to thethird. Re-
peat this procedure three times. It was found that the gap of last
main cell should be a factor of 1.1 longer, the width of the last
wide coupling cell hasto beincreased by afactor of 1.2, and the
width of the last narrow coupling cell should be decreased by a
factor of 0.67.

Figurel. Field near the optimized endcdlls.

[11. DESIGN OF THE INPUT COUPLER

| use a flower paddle coupler. This coupler has two advan-
tages: The used mode in the feeding waveguide is the TEq;
mode. This mode has a small attenuation that even decreases
with growing frequency. The other advantageis, the coupler has
to be mechanically attached to only one side of the planar struc-
ture.



Theinterna Q of the structure is about 2700. The external Q
gets calculated with the Kroll-Yu method. To have short compu-
tation times| do not calculate thefieldsin thetotal structure, but
only a quarter of a section near the coupler. The external Q of
thetotal structure can be determined by scaling.

Theexternal Q isproportiona tothestored energy inthestruc-
ture and inverse proportional to the power flow through the cou-
pler. For alinac, the stored energy is proportional to the length,
the power flow isnot. Therefore for agiven coupler the externa
Q growslinearly with the structure length.

Actualy | calculated with aquarter of the coupler and (3+1/2)

half cells of total 56 cells. My stored energy isonly % of
the total energy, the power flow through the coupler is i of the
total power flow. Thismeans, my cal culated Q values areafactor

f ﬁi = 8 lower than if | had modelled the total struc-
ture. With an internd Q of 2700, | haveto adjust the external Q
to 2700/8 = 340.

Fig. 2 showsthefield inthemode structure. Fig. 4 showscal-
culated values for the external Q of my model section. It can be
seen, that by varying the x-position of the coupler, awide range
of external Q’'s can be achieved. Fig. 3 showsthefieldinastruc-
ture with half a coupler. The ending position of the groove is
choosen to produce a zero of the field at the center of the cou-

pler.
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Figure2. Mode which Q values were computed for. Thisisa

quarter of the coupler and % of theaccelerator. The cou-
plerisat z = 7.1 mm.

Figure 3. Same structure as above but with a half coupler. Ob-
vioudy thefield isthe same in thelinac section, but the coupling
istwice as high.
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Figure4. Computed external Q’'sas afunction of the x-Position

of the coupler.



