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TNTRODUCTION

MESSYMESH, the MURA crogram to calculate electromagnetic
"+ e1ds for an Alvarez-type linear accelerating cavity, nas been
revived as an operatioral cvrogram, presently residing cn a
CDC=-6600 computer at Fermilab. t has been modified so that
one may now start the over-relaxation ccmputations from an
analytically derived 1initial load, instead of the simple Bessel
“unction load whnich was orevicusly used. The effect ¢f This new
loading is to significantly improve the running time Tor the
program and alsc to allow cne to arrive at a truly converged
solution to the field quantities for a given mesh size. These
two features are of particular interest in calculations associated
with low-8 structures, which have previcusly been guite hard to
do with MESSYMESE.

THEE ANALYTICAL LOAD

In order to arrive at an initial lecad which more <losely
represented an actual drift tube cavity than The TlOlC—type field
of a hollow cylindrical cavity previously used, the drift tube
ceometry has been approximated as a square step geometry, shown
in Figure 4, where the stepr dimensions have been optimized to best
simulate the rounded outer cornerl. General ecuations for the
nmagnetic field and its derivative are then written for the three

regions shown as follows:
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Region II ASr$sDh/2, -H<ZSH

He = qOJl(kr) + QOYl(kr) +pzl[qpll(upr)+QpKl(upr)] cos(2pmZ/L)

a(rHe)/ar = qoero(kr) + onrYo(kr) +

+ 7 -
pé1 Hprla I (upr)-Q K (u r)] cos(2pnz/L)

Region III

%? €p$D/2, -L/2$781/2

He = COFl(kr) +m§l cmGl(smr) cos(2mnZ/1.)

oo

B(PHG)/BP = C k F (kr) -_1%

or o me1 mSm’ GO(SmP) cos(2mnZ/L)

where k = 21/, Sm2 = (Emﬂ/L)z-kE, Mp2 = (2pTr/H)2 - kg, tn2 =
(2nn/G)° - k%

Fo(kr) Yo(kr) - [YO(kD/Z)/JO(kD/E)j-Jo(kr)

Fl(kr) = Yo(kr) - [YO(kD/2)/JO(kD/2)]-Jo(kr}

n

Go(smr) Ko(smr) - [Ko(st/E)/Io(st/g)]-Io(smr)

Gl(smr} = Kl(smr) - [Ko(smrD/E)Io(smrD/E)]-Il(smr);
Jo,l’ Yo,l’ Io,l’ and Ko,l being the regular and modified Bessel

funetions. Here the c¢'s, g's, Q's, and a's are coefficients to be

determined. The step dimensions have been taken to be

_ 8D 2
4 = 5 -3 RC

_ 1
H=G/2 + 5 RC.

In order to solve these eguations, the summation indeces must

be terminated at finite values. Taking the values M = 50, N = P = 8,
one can sufficiently &accurately determine the rescnant frequency.
Matching the values of Je and a(rﬂa)/ar at the boundaries r = A

and r = sD/2, cne arrives at a set of linear, homogeneous
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equations for the coefficients a's and Q's. Solving in this
region for the resonant frequency one can then determine all but
one of these coefficients. The other coefficients, the c's and
a's are then linear combinations of the q's and Q's, and the one
remaining unknown coefficient can be determined by specifying
the voltage across the gap.

Once the coefficients are known, the field at each mesh point
can be calculated from the above equations and put into MESSYMESH
as the starting lcad for the over-relaxation calculations. The
typical improvement in this load can be seen by comparing the
frequencies determined for a particular geometry, as shown in
Table 1.

Results

The advantages of using this initial loading are manifest
in both the total calculational tune needed for convergence, and
the accuracy of the final solution. MESSYMESH, starting with
the Bessel function lecad, runs untll some spe 1 ied convergence
eriteria are reached. It then stops at a solution of some par-
ticular frequency. If one subseguently reruns the program,
changing neither the geometry, mesh size, nor convergence criteria,
but using the previously calculated fields as the loading, the
calculation continues and a somewhat lower frequency is obtained.
Subsequent reiterations continue to produce progressively lower
frequencies, with the incremental frequency changes becoming
steadily smaller. Some attempts have been made to start from the
Bessel function loading and reiterate the program untilil this
progression converged, but these attempts have been unsuccessful

due to the amount of physical tune required. Thus, there always
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remained a question in using MESSYMESH as to how far one should
go before deciding to stop this process, and relatedly, how
far from a final answer one was.

Running MESSYMESH for some given geometry, starting from the
step loading described above, the program not only arrives at an
answer much faster than it does using a Besseli function load, but
also, the value found does not change upon reiteration. Thus,
one is able to specify any set of dimensions, not particularly
limited to those which are close to geometries previously
calculated, choose some appropriately small mesh size, and after
one very short run, have a believable frequency and field for
that geometry.

Table IT lists progressive calculations for both a Bessel
function and the step loading for two particular geometries -
the first and last cells of the present Fermilab linear accel-
erator. In this and subseguent tables, the mesh size and con-
vergence criteria used were the same as those used in the old
MESSYMESH calculations. In all cases, the first run is from the
load specified and the subsegquent runs use the results of the
previous calculation as a starting point. The tunes listed
are approximate running times, in seconds, on a CDC-6600 computer.
The frequencies and betas listed at the top of the table are
values previously found at MURA for these cells. Table III compares
calculated quantities of interest for these same two geometries
for the final solutions from these two loads. Finally, Table IV
shcws, for several cavities constructed and measured at MURA, =z
comparison ¢f the measured freguencles, the frequencles previously
calculated by MESSYMESH, and those obtained after the first run

using the step load.2



TABLE I
Frequency
(MHz )
MESSYMESH
432102 201.344
TMg1 g 2l k
Step 200.434
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A comparison of the final resonant frequency determlined by
MESSYMESH, and the initislly-loaded frequencles using both

a TMpig-type loading and a step function approximation to

a drift tube loading.
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TABLE II

MESSYMESH #32102 MESSYMESE #32440

B L0406, £ = 201,344 MH=z B = .5658, f = 201.252 MHz

MESH = .25 cm MESH = .50 cm
Bessel function step Bessel function step

frequency CPU frequency CPU frequency CPU frequency CPU
(MHz) (sec)
(approximate)

202.333 360 201.194 162 201.335 833 201.236 465
.282 30 201.195 25 .318 33 201.232 4y
.237 20 .305 33
.193 20 .292 34
.151 20 282 34
L1310 20 274 33
071 20 .266 33
034 20 . 259 32

201.998 20 254 35
.964 20 201.249 35
.932 20
. 901 20
.872 20
o4y 20
817 20
.792 20

201.768 20

A comparison of the frequencies and running times for successive
iterations starting from initial TMpyp-type lcads and from an
analytically derived step functicn approximation to a drift tube
for two particular geometries for the Fermilabk linsar accelerator.
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TABLE III
MESSYMESY #32102 MESSYMESH #32440
Begsel Step Bessel Step
Frequency 201.344 201.194 201.252 201.236
T 0.6411 0.6408 0.5543 0.5470
zTT 26.877 27.453 15.212 14.551
PW 540.54 538,47 6049.12 6822.59
PDT 606.36 589.32 10691.13 11140,31
PT 1146.90 1127.79 17640.25 17962.90
Q 82431.7 84598.2 65603.6 64685.1
A 65.39 66.86 49.50 48,64

A comparison of several caleulated quantities of interest for each
of the two loads for two particular geometries for the Fermilab
linear accelerator: Frequency (MHz), transit time, zT2, Power
dissipated in the outer walls, on the drift tube, and total (watts),
Quality factor, and shunt impedance (Megohms/meter).
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TABLE IV
L/2{cm) 3.350 4.039 b.717 5.565 6.304
G/2{cm) 0.947 1.128 1.293 1.633 1.864
Frequency Measured 202.473 200.702 198.813 200.556 198.941
(MHz )
MESSYMESH
Bessel
load 203.062 201.159 199.238 200.188 199,204
Step
1oad 202.954 201.075 199,188 00,105 196.152

A compariscon of measured and computed resonant freguencies

for cavities constructed at MURA.
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