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TMo, MODE ACCELERATING CAVITY OPTIMIZATION

by

Joseph J. Manca and Edward A. Knapp

ABSTRACT

The cost of an accelerator depends greatly upon the effective use of rf
power for particle acceleration. Before completing an accelerator design, an
optimization of the accelerating cells relative to the effective shunt im-
pedance should be made to measure the structure's efficiency in providing a
high and effective acceleration of particles for a given rf power. Optimiza-
tion of the accelerating cell resonant at fr = 1350 MHz (TM01 mode) relative
to the maximum effective shunt impedance ZT2 was performed at the Los
Alamos Scientific Laboratory using the computer program SUPERFISH.
The study was parametric; one parameter was changed while the others
were held constant. Frequency adjustments were made by changing the
cavity radius. Results presented in this report can be used to design similar
cavities at different resonant frequencies or to design a more complicated
cavity (TMM mode) for the disk and washer structure.

I. INTRODUCTION

Coupled cavity accelerating structures are now
generally considered for proton acceleration above
energies of about 150 MeV, where they are more ef-
ficient than Alvarez (drift tube) structures. Double
periodic structures that operate at ir/2 mode are
preferred because of their stability and low sen-
sitivity to mechanical tolerances. High coupling
between the neighboring cells also is preferred
because it decreases sensitivity to manufacturing
and alignment errors and also to beam loading.
Because a structure with high coupling has larger
bandwidth and larger mode separation around the
x/2 mode, more cells can be used in an accelerating
tank.

The side-coupled accelerating cavity structure1"7

consists of a chain of shaped cavities that operate in

the TM01 mode for the acceleration. The shunt im-
pedance of this cavity is optimized by providing
"nose cones" near the cavity axis to increase the ax-
ial electric field relative to the total stored energy in
the cavity, and by curving the outer walls of the
cavity to minimize surface area over which the cir-
culating rf currents must flow. The optimization of
this basic cavity shape is described in this report.

The disk and washer (DAW) structure with a
coupling coefficient k value of about 50% is being
considered as one of the best structures for the high-
current, high-energy part of an accelerator. When
properly optimized, it has a high effective shunt im-
pedance that is comparable to other structures. It is
simple to build and, by using an appropriate
procedure, is easy to tune. However, from the rf
point of view, a single cell is more complicated to
optimize than other accelerating cells because it



resonates at a higher order mode, TM02, and at con-
fluence, it supports both accelerating and coupling
modes in a single unit. The accelerating and coupl-
ing modes must resonate at the same frequency, but
excitation of each depends on boundary conditions.
Therefore, a careful approach must be taken to en-
sure that the optimization is made correctly.

In our optimization procedure, we found that the
parametric changes in the near-axis region of the
DAW cavity have the same effect on shunt im-
pedance as those in the accelerating cavity (excited
in TMoi mode) of the much simpler side-coupled
structure developed and used at the Los Alamos
Meson Physics Facility (LAMPF). An optimization
of the TMOi cavity was performed at the Los Alamos
Scientific Laboratory (LASL) using the computer
code LALA, but detailed results were never
published. The optimization of the TM0] cell
provides guidelines for the subsequent TM0S mode
optimization required for the more complex DAW
structure. We used the computer program SUPER-
FISH to calculate the fundamental and higher order
axially symmetrical modes.

II. HIGH-ENERGY STRUCTURES (P > 0.4)

Coupled cavity accelerating structures have
proved to be very practical devices for particle ac-
celeration to very high energies—from about 150
MeV (/? - 0.4). In their analyses of a coupled cavity
model using equivalent circuits, Nagle and Knapp,1

Nagle,2 and Nagle et al.* found it had high stability
and less sensitivity to the perturbations of struc-
tures operating at ir/2 mode than with other struc-
tures operating at 0 or ir mode. The first ir/2 mode
coupled cavity structure was built at LASL for
proton acceleration up to 800 MeV. An accelerating
cell and a small coupling cell on the side of the ac-
celerating cells were used for the so-called side-
coupled (SC) structure.4"* The designers of the SC
structure suggested two variations of the geometry
for coupling cavity.' One, the ring-coupled (RC)
structure, uses a coaxial cavity between two ac-
celerating cells. A section of the RC structure was
designed, tuned, and used for electron acceleration
at the University of Alberta, Canada.* A second con-
figuration of a coupling cavity, in which the cavity is
placed on axis between two accelerating cells, was

used in an electron accelerator at Chalk River
National Laboratory, Canada.910

All three structures use the same geometrically
shaped accelerating cavity, first used with ihe SC
structure. The accelerating cell (LA) was
optimized" using a LASL computer program LALA,
written by H. Hoyt, D. Simmonds, and W. Rich.12

An optimization was made for the highest effective
shunt impedance ZTa. Real values of ZT2 are
diminished by about 5 to 7% because of the dif-
ference between the theoretical and practical value
of material resistance. The effective shunt im-
pedance of an accelerating structure also is changed
by the introduction of coupling cavities, which in-
crease rf power losses in the structure. The losses
mainly result from the introduction of coupling slots
into cavity walls. The real value of ZT2 drops by
about 10%, depending on the slot size. However, the
differences in ZT2 among structures with different
types of coupling cells are insignificant.

The coupling strength between neighboring cells
is used to determine some of the fundamental
features of the accelerating structure. The disper-
sion curve of a structure with high coupling becomes
very steep and linear around the it 12 mode. A high
coupling coefficient results in a very broad passband
and a large mode separation on the dispersion curve.
Structures with high coupling coefficients are less
sensitive to manufacturing and alignment errors
and also to beam loading.

The coupling coefficient of the SC structure at
LAMPF is about 5%, but higher values could be
achieved if desired. The RC structure coupling can
be increased to about 15%, and the same value can
be achieved for a structure with on-axis coupling
cells. Another advantage of the RC and on-axis
coupler structures is the possibility of rotating the
coupling slots by 90° to diminish second-neighbor
coupling coefficients.

All structures described above are made from two
separate and geometrically different resonant
cavities. The accelerating cavity resonates at the
fundamental TMOi mode, whereas the coupling
cavity is excited in the fundamental mode or in one
of the higher order modes. The dispersion curve is
then the frequency phase relation between these two
basic modes, which can be easily understood from
coupled resonator circuit theory.



In his innovative approach to the coupled cavity
structures, V. G. Andreev of the U.S.S.R. proposed
the use of a cavity (Fig. 1) operating at a higher or-
der mode and use of the TMM mode as the ac-
celerating mode.18" He designed the cavity so that
it also accommodated another mode, one entirely
connected to the circumferential space of the cavity.
This mode, called the coupling mode, corresponds
to the coupling cavity of the SC structure. Each
mode belongs to a different passband. The cavity is
designed so that both modes resonate at the same
frequency. Excitation of a particular mode depends
on the boundary conditions and position of the drive
point.

. When such cavities are combined to form a struc-
ture and all cavities are tuned to the same fre-
quency, the two branches of the passbands merge at
ir/2 mode on the dispersion curve to make a single
curve. The structure then behaves exactly as the
structures made from two different, coupled
logether, cavities. However, the coupling between
the neighboring cells is 10 times higher than in the
SC structure. A coupling coefficient of 50% or more
is common for this new structure. The most impor-
tant, physical parameters (ZT*, T, Q, E., W, etc.) of
the DAW structure (the disk is similar to that in the
disk-loaded structure; the washer is located in the
cavity between two disks) are very similar to those
used in other structures."-17 Another advantage of
the DAW structure, besides the high coupling coef-
ficient, is in its manufacturing and tuning
procedures. The DAW structure consists of separate
modules that are all the same for an accelerating
tank with j3 = constant. The modules are pretuned
to the required frequency, then stacked together to
form a structure. All necessary measurements and
corrections are made before the modules are connec-
ted by brazing or another technique. The joint bet-
ween the modules is characterized by a very low rf
current. A negligible effect on the structure
parameters, including resonant frequency, is expec-
ted after final assembly. Thus, a single cavity
module is designed so that two ir/2 mode frequencies
are possibly excited, depending on the boundary
conditions.

However, a maximum value of effective shunt im-
pedance ZT2 is required, and the cavity must be op-
timized. The most efficient and quickest approach
to optimization is to use a computer program. The

LALA program was used for the optimization of the
TM01 shaped cavity at LASL many years ago in con-
nection with SC structure developmental work. Two
years ago, K. Halbach and R. Holsinger wrote a
much faster computer program, SUPERFISH, for
axially symmetrical cavity field calculations.18

SUPERFISH, which finds the correct solution of the
problem in a few iterations, takes only a few seconds
of computing time. It is a very desirable program for
optimization of a complicated problem.

The DAW cavity is complicated from J>.n rf point
of view. The confluent modes must have the same
resonant frequencies, which have to be kept equal
during optimization. However, a change of one
geometrical parameter changes both frequencies in
different ways, both in absolute values and in direc-
tion. Variation of a parameter or other parameters
must be used to bring both modes together to the re-
quired frequency. This process can be extremely dif-
ficult and time consuming.

Fortunately, we discovered that the region near
the DAW cavity axis is not only similar to the SC
TMoi cavity optimized by LALA, but that the
parameter changes in the axis region have similar
effects on physical parameters. Because we also
found that some of the geometrical parameter
changes on the circumference of the DAW cavity
have a strong effect on one frequency and a weak ef-
fect on another one,17 we divided our optimization
into two phases. First, we optimized a TM0, mode
cavity, as shown in Fig. 2. Second, using optimized
data for near-axis parameters, we optimized the
outer region of the DAW cavity, as shown in Fig. 1.
In this manner we eliminated the numerous runs re-
quired when optimization is to be made directly to
the whole cavity.

III. GEOMETRICAL DESCRIPTION OF THE
TM0, MODE CAVITY

The field distribution of a cylindrical cavity ex-
cited in the TMC1 mode is axially symmetrical. It is
also symmetrical to a plane in the middle of the
cavity perpendicular to its axis. Therefore, one
quadrant of the TM0] mode cavity, as shown in Fig.
2, can be used for the field calculation with properly
defined boundary conditions. All physical
parameters are then calculated for the whole cavity.



The geometrical parameters used in our calculations
and shown in Fig. 2 are described below.

Rc = cavity radius
Lc = /3A/2 cavity length
0 = relative particle velocity
X = resonant frequency wavelength
g = ahc gap length
a = g/Lc gap factor

rBH = bore hole radius
0 = cone angle

TN = cone radius
rw = lower wall radius

Rw = upper wall radius
tw = half wall thickness.

IV. PHYSICAL PARAMETERS OF AN RF
RESONATOR

The rf cavity can be optimized with respect to
several parameters, such as maximum shunt im-
pedance and maximum stored energy. Because we
wanted to use the cavity for the most efficient parti-
cle acceleration, we directed our attention toward
obtaining the highest effective shunt impedance
ZT2, which includes the cavity's shunt impedance
and transit time factor with regard to the particle
motion in the electric field in the cavity gap.

Shunt impedance Z per unit length is defined as

Z =
[/|E(z)|dz]

dP

dz

(1)

L 2 -

where E(z) is the complex amplitude of the electric
field on axis and dP/dz is rf power dissipation per
unit length.

Transit time factor T is defined as

L / 2

E ( z > c o s

T =
(T>

rL/2
I E(z)dz

- '-L/2

(2)

Because it is interesting to know how other cavity
parameters change with different geometrical
parameters, their definitions are given below. Later
we show the results of our calculations using the dif-
ferent parameters.

Quality factor Q i3 a factor of merit of a cavity as a
resonator. It is defined as the ratio of the energy
stored in the cavity to the energy lost because of rf
dissipation in the cavity per radian of the rf cycle. It
can be conveniently written as

dP/dz
(3)

where co is the angular frequency of the rf power. The
dP/dz is proportional to the product of the square of
the wall current and the wall resistance R per unit
length, which is frequency dependent by relation
R = 2.61*10"'* VfT ,

dP

dz

Stored energy W is expressed as

Zco
(4)

where E0I is electric field on axis.
All of the above quantities are calculated by

SUPERFISH. (A more detailed description of the
SUPERFISH program is given in Ref. 18.) SUPER-
FISH first computes (as do other codes like LALA
and MESYMESH) the field distribution H = H* in
the cavity for the converged mode frequency, which
is an eigenvalue of eigenvector from the solution of
Maxwell equations written in a difference form. It
then calculates parameters in the following manner.
Note that all calculated parameter values are
related to the average accelerating field on axis,
1 MV/m.

Stored energy:

= en7r//H2rdrdz (5)



Power losses to cavity walls:

P = 7rR f> rH2 dl .

Quality factor:

(6)

Q=
toil / / rH 2 drdz

~R~ fi rH2 dl
(7)

Average accelerating field on axis:

(8)

Shunt impedance:

cone angle 6, and lower wall radius rw, are defined
by the technology of machining the cavity. The
following parameter values were used when being
held constant.

Wall thickness tw = 0.28 cm
Lower wall radius rw = 0.17 cm
Nose cone angle 0 = 30°
Nose cone radius rN = 0.25 cm
Bore hole radius rBH = 1.1 cm.

Although nose cone radius is also determined by
technology, we found a maximum value of rN = 0.25
cm on the T = f(rN) curve. We used this value for rN.
Bore hole radius rBH is determined from beam
dynamics considerations, and upper wall radius Rw

is determined for each cavity of different /S

Rw = 1/2 L c - t w ~ (12)

Z =
P/L

Transit time factor:

(9)

Oz . / -L/2
dz (10)

Coupling coefficient:

1 |?3H\ (mz\
I Zan dz . (ID

V. OPTIMIZATION PROCEDURE

The most extensive optimization study we perfor-
med was at resonant frequency fr = 1350 MHz,
which is the frequency of a high-energy section of an
accelerator being designed to generate pions for
medical applications. We extended our study of
some parameters to other frequencies. Results of our
studies for fr = 500 MHz and fr = 2820 MHz are
given in Sees. VII and VIII, respectively.

In our calculation we changed one parameter at a
time, while keeping other parameters constant.
Some parameters, such as wall thickness tw, nose

We found that a small straight section Ax on the cir-
cumference of the cavity wall might be required to
increase ZT2 slightly. This effect was more evident
for larger 0 values than for small ones.

The two remaining parameters, Re and g, have the
strongest effect on ZT3 and frequency change.
Curves of ZT2 vs gap factor a have maxima for every
0 value. In our calculations we always set a equal to
aopt for a particular 0 and adjusted R̂  to get the
proper resonant frequency. It was convenient to
calculate frequency change vs Re and g before op-
timization started, so that resonant frequency could
be adjusted easily.

VI. OPTIMIZATION RESULTS

SUPERFISH calculates field in the cavity and
plots field lines, as shown in Fig. 3. All rf parameters
of a problem, as calculatedby SUPERFISH, are
typed by teletype and also written into an output
file on tape. An output of a typical run is shown in
Fig. 4. Besides the resonant frequency, stored
energy, quality factor, shunt impedance, and other
rf parameters, data for electric field on axi3 are
calculated and printed. These data can be used for
plotting a graph, as is shown in Fig. 5 for one-half
cavity. All other parameters are calculated for a full
cavity. The transit time parameters T and S and



their derivatives are calculated and used for beam
dynamics calculations.

SUPERFISH calculates total power dissipation
for the full cavity. However, when the metallic
boundary is divided int'o segments, the power dis-
sipation and maximum electric gradient on each
segment are calculated and printed out. A typical
printout is shown in Fig. 6.

We used calculated data to plot graphs for dif-
ferent rf parameters because they depend on the dif-
ferent geometrical parameters. We then read an op-
timum value of the particular geometrical
parameter and used it for further calculations.

Calculated data for each parameter are shown
graphically. All results in this section are for fr =
1350 MHz. Some results for fr = 500 MHz and fr =
2820 MHz are shown in Sees. VII and VIII, respec-
tively.

The dependence of effective shunt impedance ZT2

on resonant frequency fr (for optimized cavities) is
shown in Fig. 7 for two relative particle velocities,
0 = 1.0 and 0 = 0.6. If the cavity geometry were ex-
actly scaled for different frequencies, then ZT2« VF.
However, because bore hole size, wall thickness,
etc., cannot be scaled exactly, this relationship is
limited to an approximation.

A. Gap Factor a

Figure 8 shows that shunt impedance Z increases
with gap factor a for each 0, but it slows down at
larger a values. The opposite result is shown in Fig.
9, where curves for transit time factor T show an in-
crease for smaller a values. Effective shunt im-
pedance ZT8 curves (Fig. 10) have maximum points
that shift toward higher a with increasing 0 values.
The maximum points do not change their positions
with any other parameters, except bore hole radius
rBH, as will be shown later. It is therefore essential
that each cavity, when optimized toward higher
ZT3, be calculated with a = aopt. Dependence of op-
timum gap factor aopt on relative particle velocity 0
is shown in Fig. 11. Effective shunt impedance in-
creases with relative particle velocity 0. A graph of
(Z'PJmM as a function of 0 is ahown in Fig. 12.

Quality factor Q and maximum electric field E,
on a metallic surface (a nose cone surface) are plot-
ted in Figs. 13 and 14, respectively. Figure 15 shows

the ratio of stored energy W to maximum electric
field E, as a function of a. These curves can be
useful in the design of electron linacs (0 = 1) when
the energy stored in the accelerator is used for the
acceleration and (W/E,)max is desired.

B. Bore Hole Radius rBH

Shunt impedance Z, transit time factor T, and ef-
fective shunt impedance ZT2 increase almost
linearly with decreasing bore hole radius rBH at large
holes. When the hole size becomes small relative to
the cavity length, all parameters level off to the
values that correspond to the no-hole values (Figs.
16-18). Quality factor Q increases with 0, but
decreases linearly with bore hole radius (Fig. 19).
Ratio W/E. increases (almost linearly) with bore
hole radius (Fig. 20). Figure 21 shows how the op-
timized gap factor aopt changes with bore hole
radius.

C. Wall Thickness tw

Wall thickness tw has only a slight effect on tran-
sit time factor T; however, T increases from 0.785
with 0 = 0.4 to T = 184 at 0 = 0.6, but decreases to
T = 0.82 at 0 = 1.0 (Fig. 22). Shunt impedance Z in-
creases with a thinner wall and with 0 (Fig. 23). Ef-
fective shunt impedance ZT2 vs tw is shown in Fig.
24.

Quality factor Q changes slightly with tw (Fig.
25). At lower 0, it decreases. It is constant at /3 = 0.8,
but it increases with tw when 0 > 0.8. The ratio
W/E. tends to increase with tw for all 0'a (Fig. 26).

D. Nose Cone Angle 6

Shunt impedance Z as a function of nose cone
angle 6 shows an optimum at 6 of approximately
10° for each 0 (Fig. 27). The transit time factor T is
almost constant, but there is a slight linear increase
with a large 9 (Fig. 28). Effective shunt impedance
ZT2 shows almost the same dependence on 6 as does
the shunt impedance Z (Fig. 29). To obtain a prac-
tical cavity design, we chose 9 = 30° because of the
mechanical constraints and maximum field on the



nose cone surface. The electric field E, on the nose
cone surface decreases almost 10% at 9 = 30°, in
comparison with 8 = 10° (Pig. 30), whereas effective
shunt impedance drops only 2 to 3%. Quality factor
Q and ratio W/E. improve with larger 6, as shown in
Figs. 31 and 32, respectively.

E. Nose Cone Radius rN

There is almost a linear dependence of shunt im-
pedance Z on nose cone radius rN (Fig. 33) that
decreases with rN. Transit time factor T shows a
maximum value at rN = 0.25. It rises with /3 up to
/3 = 0.6, then drops as 0 increases (Fig. 34). Effec-
tive shunt impedance ZT3 is highest at smaller rN

values (Fig. 35), but the electric field E, on the nose
surface increases substantially toward small rN (Fig.
36). A compromise of rN = 0.25 was chosen for prac-
tical cavity design. Quality factor Q decreases
slightly with increasing rN (Fig. 37). Ratio W/E, in-
creases with larger rN (Fig. 38).

F. Lower Wall Radius rw

Figures 39-44 show that Z, T, ZT2, Q, E., and
W/E, do not change with lower wall radius rw.
However, they do change with relative particle
velocity /3.

G. Upper Wall Radius Rw

Transit time factor T remains constant with up-
per wall radius Rw (Fig. 45), but shunt impedance Z
shows optimum value (Fig. 46) when

The value of a short straight section Ax was deter-
mined to be equal at about 10% of half-cavity length
1/2 Lc. Effective shunt impedance ZT2 as a function
of Rw is shown in Fig. 47. Quality factor Q increases
with Rw (Fig. 48), but it decreases slightly when

opt

There is a small change in electric field E, and ratio
W/E, on Rw; that is, E. tends to decrease with Rw,
whereas W/E, tends to increase with Rw (Figs. 49
and 50, respectively).

H. Power Dissipated on Cavity Wall

The metallic boundary of a cavity can be divided
into segments. We used SUPERFISH to calculate
the power dissipated on each segment, then
analyzed how the power is distributed on the cavity
wall. Because a high-current intensity accelerator
will probably operate at a lower fr, we show the
power distribution for a 500-MHz cavity in Fig. 51,
where the power calculated for each segment was
divided by segment surface. Results are given in
watts per square centimeter.

VII. SOME RESULTS FOR fr = 500-MHz
CAVITY

We performed some calculations for a 500-MHz
cavity because we believe some future proton ac-
celerators will be designed with fr = 500 MHz.

By taking into account the mechanical con-
straints, we scaled the geometrical parameters for a
500-MHz cavity from a 1350-MHz cavity and ob-
tained the following values.

Wall thickness tw = 1.0 cm
Lower wall radius rw = 1.0 cm
Nose cone angle 0 = 30°
Nose cone radius rN = 0.7 cm
Bore hole radius rBn = 3.0 cm.

For upper wall radius Rw we used the same rela-
tion, Eq. (12), as that used for a 1350-MHz cavity.
In general, the physical parameters, as functions of
geometrical parameters, follow about the same law
as for the 1350-MHz cavity. Therefore, we show only
two particle velocity graphs—those corresponding to
0 = 0.6 and 0 = 1.0.

Graphs of Z, T, and ZT2 as functions of gap factor
a are shown in Fig. 52. The dependence of quality
factor Q and ratio W/E, on a is shown in Fig. 53.

Figure 54 shows the dependence of Z, T, and ZTJ

on bore hole radius rBH, and Fig. 55 shows the



dependence of Q and W/E. on rBH. Figure 56 shows
the dependence of Z, T, and ZT2 on wall thickness
tw, and Fig. 57 shows the dependence of Q and W/E,
on tw

Dependence of Z, T, and ZT2 and that of Q and
W/E, on nose cone radius rN is shown in Figs. 58 and
59, respectively, and that on nose cone angle 9, in
Figs. 60 and 61, respectively.

VIII. SOME RESULTS FOR fr
CAVITY

2820-MHz

Because there is almost no possibility that a
proton accelerator will be designed at the S-band
frequency, we did some calculations for only one
cavity with 0 = 1.0, which might be useful for elec-
tron accelerator designs.

For these calculations, we again scaled the
geometrical parameters for a 2820-MHz cavity from
a 1350-MHz cavity and took mechanical constraints
into account to obtain the following values.

Wall thickness tw = 0.2 cm
Lower wall radius rw = 0.08 cm
Nose cone angle 9 = 30°
Nose cone radius rN = 0.113 cm
Bore hole radius rBH = 0.5 cm.

For upper wall radius Rw we used the same rela-
tion, Eq. (12), as that used for a 1350-MHz cavity.
Figures 62-73 show parameters Z, T, and ZT2 and
quality factor Q and ratio W/E, as functions of gap
factor a, bore hole radius rBH, wall thickness tw,
nose cone angle 9, nose cone radius rN, and upper
wall radius Rw, respectively.

IX. SUMMARY

In our extensive studies of a single cell of fr = 1350
MHz, we found that its effective shunt impedance
ZT2 optimized with respect to all its geometrical
parameters. Data obtained from these studies can
be used to design a similar cavity at other frequen-
cies, with the appropriate scaling. Cavity
geometrical parameters are scaled with the fre-
quency. We found that the optimum gap factor aop,

remains the same at each (3 for all frequencies. The
effective shunt impedance is proportional to the
square root of frequency. Small differences in ZT2

can appear at scaling, when some geometrical
parameters are change 3, because of obviously dif-
ferent limits of the mechanical constraints at the
various frequencies. The strongest effect on ZT2,
besides gap factor a, was the bore hole radius rBH.
The optimum value of gap factor aopt also changes
with the bore hole radius rBH-

We used the results of simple cavity optimization
to design and optimize the more complex DAW
cavity. A report on DAW cavity optimization and
the results of our experimental study will be
published in the near future.
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Fig. I.
One quadrant of DA W cavity.
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Fig. 2.
One quadrant of TMOi mode cavity.

Fig. 3.
Field lines as calculated and plotted by
SUPERFISH.
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* * * SUPERFISH RESULTS

Cavity Length = 6.660 cm Cavity S'uneter

Mesh Dimension (appro*, horizontal value)

Frequency (starting value = 1350.000)

Beta = 0.5993

Normalization Factor (EQ = 1 HV/m)

Stored Energy ( ful l cavity)

Power Dissipation ( fu l l cavity)

T,TP,TPP,S,SP,SPP = 0.779 0.064

Q = 21475

Product 1*1**2

Magnetk Field on outer wall

Maximum Electric Field on boundary

EZ on Axis (MV/m)

1.400 1.401 1.404 1.408 1.415
1.372 1.312 1.223 1.105 0.963
0.239 0.196 0.178

At Z values of (cm)

0. 0.095 0.234 0.382 0.532
1.438 1.589 1.740 1.890 2.042
2.961 3.124 3.330

Proton Energy

0.007

Shunt

1.422
0.807

0.683
2.193

Ascale

0.513

Impedance

ZTT

1.428 1
0.653 0

0.834 0
2.345 2

= 14.700 cm

= 0.150 cm

= 1348.732 MHz

= 233.736 WeV

= 5251.3

0.0022 joules

699.23 watts

0.060 0.010

95.25 Mohm/m

57.84 Mohm/m

= 1395 amp/m

3.627 MV/m

.430 1.425 1.407

.513 0.396 0.304

.985 1.136 1.287

.497 2.650 2.804

Fig. 4.
Typical SUPERFISH output for calculated
parameters.
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(MV/m) I

0.0 -

———- •"""

J3'

—"^v
s

1.0

\

\

V
0 1 2 3 4 S 6

z (cm)

Fig. 5.
Electric field distribution on cavity axis.
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POWER TO BE CALCULATED OF1 THE FOLLOWING SEGMENTS

ISEG
3

KB
1

LB
70

KD
1

LD
0

EMAX ON THE ABOVE PATH * 7.0264E+03

POWER ON THE ABOVE PATH = 1.3877E+01
TOTAL POWER • 1.3877E+01

EHAX ON THE ABOVE PATH = 1.9849E+05

POWER ON THE ABOVE PATH = 1.3497E+02
TOTAL POWER • 1.4885E+02

EMAX ON THE ABOVE PATH = 6.0241E+05

POWER ON THE ABOVE PATH = 9.3287E+01
TOTAL POWER = 2.4214E+02

EMAX ON THE ABOVE PATH = 7.0105E+05

POWER ON THE ABOVE PATH = 4.4768E+01
TOTAL POWER = 2.8691E+02

EMAX ON THE ABOVE PATH = 7.O1O5E+O5

POWER ON THE ABOVE PATH = 3.4494E+00
TOTAL POWER = 2.9035E+02

EMAX ON THE ABOVE PATH = 2.6061E+06

POWER ON THE ABOVE PATH = 1.6274E+01
TOTAL POWER •= 3.0663E+02

EMAX ON THE ABOVE PATH = 4.1389E+06

POWER ON THE ABOVE PATH = 1.5410E+00
TOTAL POWER = 3.0817E+02
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22
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21
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ISEG
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23

KD
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0

KE
12
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17

ISEG
9

KB
12
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17

KD
0

LD
-1

KE
13

LE
13

ISEG
10

KB
13

LB
13

KD
1

LD
0

KE
23

LE
13

EMAX ON THE ABOVE PATH = 4.1389E+06

POWER ON THE ABOVE PATH = 4.9195E-02
TOTAL POWER » 3.0022E+02

Fig. 6.
SUPERFISH output for calculated power dis-
tribution and maximum electric gradient on
the cavity wall.
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Fig. 7.
Effective shunt impedance ZT1 vs resonant
frequency ft for ttvo relative particle velocities.
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Fig. 8.
Shunt impedance Z = f(a).
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Fig. 9.
Transit time factor T = f(a).
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Fig. 10.
Effective shunt impedance ZT1 = f(a).
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Fig. 13.
Quality factor Q = f(a).
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Fig. 11.
Function of optimum gap factor aopt vs relative
particle velocity 0.

(MV/m)
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Fig. 14.
Maximum electric field E, = f(a).
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Fig. 12.
Effective shunt impedance ZT1 vs relative par-
ticle velocity 0.
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Fig. 15.
Ratio W/Et = f(a).
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Fig. 19.
Quality factor Q = f(rBH).

Fig. 16.
Shunt impedance Z = f(rBil).
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Fig. 17.
Transit time factor T = f(rm).
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Fig. 20.
Ratio W/E, = f(rm).
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Fig. 18.
Effective shunt impedance ZT* - f(rBii)-
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Fig. 21.
Dependence of optimized gap factor aopt ore
bore hole radius rBH.
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Fig. 22.
Transit time factor T = f(ty,).
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Fig. 23.
Shunt impedance Z = f(tm).

70
*-*

M SO

t-
M

4 0

• - * • • "

~^^^— ~^~---'**t 0.9
"—•—Z^^~— 0.8

" ' ^ - ^ ] ^ ~ ~ - 0.7
**• - 0.6

- ^ ^ ^ ^ **-—0.5

^ ^ ^ - » 0.4

02 0.4 0.6 0.8
tw (cm)

Fig. 24.
Effective shunt impedance ZT2 = f(t^).
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Fig. 25.
Quality factor Q = f(tw).
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Fig. 26.
Ratio W/E. = f(tw).
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Fig. 27.
Shunt impedance Z - f(9).
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Fig. 30.
Electric field E. = f(Q).
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Fig. 28.
Transit time factor T = f(B).

Fig. 31.
Quality factor Q = f(Q).
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Fig. 29.
Effective shunt impedance ZT2 = f(Q).
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Fig. 32.
Ratio W/E. = f(Q).
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Fig. 33.
Shunt impedance Z = f(rK).
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Fig. 36.
Electric field E. = f(rs).
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Fig. 34.
Transit time factor T == f(rv).

Fig. 37.
Quality factor Q = f(rN).
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Fig. 35.
Effective shunt impedance ZT3 = f(rN).

Fig. 38.
Ratio W/E. = f(r»).
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Fig. 39.
Shunt impedance Z = f(rv,).
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Fig. 40.
Transit time factor T = f(rw).
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Fig. 42.
Quality factor Q = f(rw).
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Electric field E, =
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Fig. 41.
Effective shunt impedance ZT% = f(r*,).

Fig. 44.
Ratio W/Et = f(rw).
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Fig. 45.
Transit time factor T = f(Rw).
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Fig. 49.
Electric field E. = f(Rw).

Fig. 46.
Shunt impedance Z = f(Rvi).
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Fig. 50.
Ratio W/E, = f(Rv,).

Fig. 47.
Effective shunt impedance ZT1 = f(Rvi).
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Fig. 51.
Power distribution on cavity wall.
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U = 500 MHz; Z, T, and ZT2 = f(a).

Fig. 55.

U = 500 MHz; Q and W/E. = f(rm).
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Fig. 53.

U = 500 MHz; Q and W/Et = f(a).
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Fig. 54.

/ r = 500 MHz; Z, T, and ZT2 = f(rBH).
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Fig. 57.

U = 500 MHz; Q and W/E. = f(tw).
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Fig. 58.
f, = 500 MHz; Z, T, and ZT2 = f(r^).
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Fig. 61.
U = 500 MHz; Q and W/E, = f(Q).
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Fig. 59.
f, = 500 MHz; Q and W/E. = f(rj.
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= 2820 MHz; Z, T, and ZT2 = f(a).
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Fig. 60.
500 MHz; Z, T, and ZT' = f(Q).

10

20
I

18

16

14

W/Es

0.4 0.5 0.6 0.7

a

10,-4

W/Es
8 (J.m/MV)

Fig. 63.
/ , = 2820 MHz; Q and W/E. = f(a).
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Fig. 64.
U = 2820 MHz; Z, T, and ZT1 = f(rBH).
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U = 2820 MHz; Z, T, and ZT* = f(tw).
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Fig. 65.
U = 2820 MHz; Q and W/E. = f(rBH).
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Fig. 67.
U - 2820 MHz; Q and W/E. = f(tv).
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Fig. 68,
2820 MHz; Z, T, and ZT* = f(B).
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U = 2820 MHz; Q and W/E. - f(Q).
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