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Introduction

This paper will give a brief review of the
fundamental requirements for rf accelerating struc-
tures and discuss some of the structures which are
used or being considered for linear accelerators.
No attempt is made to treat the subject in depth.

Linear accelerators are attractive acceler-
ating mechanisms for several reasons., They are
capable of accelerating beams of very high peak
current and good quality (small momentum spread
and small beam cross section and divergence). In-
jection of the beam into and extraction from the
accelerator are accomplished in a most straight-
forward fashion with high efficiency. For accel-
eration of electrons to high energies, the linac
has the additional virtue of negligible radiation
loss from the beam as compared to an electron syn-
chrotron. On the other hand, linacs require very
high peak rf power and so are usually pulsed
rather than operating continuously. Also, for
very high energies, the linac becomes very long.

We may conveniently divide linacs into two
classes: those for the acceleration of electrons
and those for protons and heavier ions. There are
no fundamental differences in the principles of
acceleration for the two classes but the particle
velocities are greatly different in the energy
range of interest, For example, an electron
reaches a velocity equal to 99% of the velocity of
light (B = v/c = 0.99) when its kinetic energy is
about 3.1 MeV, but a proton does not reach the
same velocity until its emergy is about 5.7 BeV.

Thus, after a short initial section (about 1 meter),

the velocity of an electron is essentially constant
as it passes through the accelerator. However, the
velocity of a proton will still be changing signif-
icantly at the output of any proton linac presently
under consideration. There are two important re-
sults of this difference: the Principle of Phase
Stability is of great importance in proton linacs
but is not in electron linacs and the accelerating
structures for the two classes differ considerably.
However, when proton linacs are built for energies
above a few BeV, they can be expected to look very
much like electron linacs.

At the present time, electron linacs have been
operated up to about 1 BeV and proton linacs up to
about 70 MeV. An electron linac for about 20 BeV
is under construction at Stanford and a proton
linac for about 100 MeV is under construction in
the USSR, Several proposals have been made to con-
struct proton linacs with energies up to 800 MeV.

In order to demonstrate briefly some of the
fundamental principles of linacs,1 we consider a
very simple but practical accelerating structure.

*Work done under the auspices of the U,5., AEC,

Figure la shows several right circular cylinders
of conducting material (copper) placed end to end.
When excited with rf power of the appropriate fre-
quency, each cell will resonate in the T mode.
The electric field has only an E, component with a
maximum value on the axis and no z dependence.

The magnetic field has only an Hg component which
is zero on the axis. Any number of such cells may
be placed in line to produce the desired energy
gain, each cell receiving rf power from a suitably
phased external source. Now we inject a charged
particle moving along the axis of the cell. The
holes in the end walls of the cell are assumed
sufficiently small so that they do not disturb the
field distribution. Suppose that the average ve-
locity of the particle while traversing the cell
and the length of the cell are such that the par-
ticle passes through the cell in exactly one half
cycle of the rf, 1In this arrangement, the phase
of the rf field in a cell must differ by 180° from
that in adjacent cells.

The peak voltage developed across this cell
will be

4L/2
AV = E dz =E L
o L2 ° o

and if the particle crossed the cell at the in-
stant of peak voltage, it would gain an amount of
energy, AW, = eE,L. However, the finite time re-
quired to cross the cell will limit the energy
gain to a smaller value, Suppose that the parti-
cle passes the center of the cell at the time when
the electric field is at its maximum value (p = 0
and z = 0 when t = 0 in Fig., 1b, ¢ is the phase of
the particle with respect to the rf at the center
of the cell). Now the actual energy gain of the
particle will be (neglecting any change in the
particle velocity as it crosses the cell, i.e., a
relativistic particle)

+L./2
AWS = e j E
L2 °

cos (mz/L) dz

The ratio of AWg/AW, is called the longitudinal
transit time factor (Ty) and is always less than
unity. Thus the particle energy gain is

AWg = eE TyL. However, if E, is increased to Eg
and the particle made to pass the center of the
cell at some phase @g (Fig. 1lb), the same energy
gain can be achieved, &W_ = EJTyL cos ¢pg. If a
particle has a phase different from g, its energy
gain will differ from AWg. For a proton (non-
relativistic), this will result in an incorrect
average velocity in the cell and a shift of phase
of the particle with respect to the rf wave. 1If a
particle arrives at the center of the cell too
early in time (p = ¢ in Fig. 1b) it will gain
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less energy than AWg and so will slip back in
phase, approaching ©g. Similarly, a late particle
(o = @2), will gain more energy than AWy and will
catch up to ¢g. The particle with ¢ = @g and

AW = AWg is known as the synchronous particle.
Thus, there is a certain stability range in phase
about ®g, in which there is a restoring force which
tends to bunch the particles about ¢g and in which
they will oscillate in phase and energy about the
synchronous values. It is clear that this phase
stability exists only for particles with B < 1.
The existence of phase stability requires that the
beam be unstable with respect to radial motion so
that auxiliary focusing is required to confine the
particle beam along the axis of the accelerator.
For an electron with f =1, the time required to
cross the cell is independent of the particle phase
and only the energy gain varies. In an electron
accelerator, the particles are initially bunched
around ¢ = 0 in order to achieve the maximum
efficiency.

The rf power required to establish the field
Eé in a cell is given as

(EIL)Z
P =0
ZL

where Z is the normal shunt impedance per unit
length for the cell. In accelerator design, it is
more convenient to define an effective shunt imped-
ance in terms of the particle energy gain rather
than the actual cavity voltage, thus

(E 'TL)2
P =L
R L
s
2
where R, = ZT .

It should be pointed out that the complete
transit time factor (T) is more complex than indi-
cated above where the longitudinal transit time
factor (TZ) only was shown for a simple case.
Clearly, T and not Ty should be used in the calcu-
lation of the actual energy gain. Included in T
are the effects of the spatial distribution of the
electric fields within the cavity, the time varia-~
tion of the field due to the finite time that the
particles are in the field and the radial varia-
tion of the field which is complicated by the hole
through which the beam passes. In general, T
should be determined from a proper integration of
the electric field along the particle trajectory.

The transit time factor for the structure of
Fig. la can be improved by adding stubs or "drift
tubes'" as shown in Fig. 2, The drift tubes con-
centrate the field near the center of the cell and
if the total voltage across the cell remains as it
was before adding the drift tubes, then
EGL =V = Egg. However, the particle now traverses
the region of electric field (E,) in a time less
than one half cycle so that the time average value
of the field more nearly approaches its peak value.
The presence of the drift tubes, of course, alters
the resonant frequency of the cavity.
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The major drawback to this accelerating sys-
tem is the complexity of the rf power system which
must feed a large number of cells individually,
each with the correct amplitude and phase.

The structure used in this example is desig-
nated as a T-mode standing wave structure. The
operating mode of a linac is defined as the shift
in rf phase between adjacent cells. Most struc-
tures can be operated with either a standing or
traveling wave configuration depending on which
way the ends of the structures are designed, re-
membering that a standing wave can be considered
as two traveling waves moving in opposite direc-
tions.

The Drift Tube Accelerator

The structure which has proven most satisfac-
tory for the acceleration of protons at low ener-
gies and is used in existing proton linacs is the
"drift tube accelerator.'"  This is a Zm-mode
standing wave structure in which individual cells
are directly coupled by the fields within a large
cavity, thus reducing the complexity of the drive
and coupling systems as compared with that of
Fig. 1. The basic field configuration is that of
the 10 mode modified by the presence of the
drift tubes. This structure operates in the 2
mode because the fields in the cavity are every-
where in phase., The drift tubes serve to shield
the particles from the field during the reverse
half cycle as well as improving the transit time
factor, Such a structure is shown schematically
in Fig. 3.

Most drift tube linacs operate at frequen-
cies near 200 Mc/sec which is a good compromise
between several conflicting requirements. It is
desirable to use as high a frequeney as possible
because the shunt impedance for a particular geom-
etry increases with £2 and the physical dimensions
of the structure decrease, On the other hand, the
structure cannot be made too small for several
reasons. The minimum diameter of the bore hole is
set by the size of the beam so that as the drift
tube diameter is decreased, the ratio of bore hole
diameter to drift tube diameter increases. As
this ratio increases, the effective radial varia-
tion of the electric field increases also, with
the field on the axis being substantially lower
than at a radius equal to the bore hole radius.
Thus a large radial variation of the transit time
factor is introduced which strongly couples the
radial and phase motions of the particles. Also
it is necessary to incorporate the radial focusing
magnets within the drift tubes and the cell length
(Bsr) becomes impractically small at low proton
energies (typical injection energies into present
linacs are below 1 MeV),

The major problems in the design of the drift
tube structure are the determination of the drift
tube and cavity geometry so that the structure
will resonate at the design frequency and the de-
termination of the electrical properties: the
electric field distribution near the axis, the
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transit time factor and the shunt impedance., 1In
the early linacs, these quantities were determined
by model measurements and approximate analytical
treatments which were not very accurate.
be noted that exact analytical solutions for
Maxwell's equations exist for the simple structure
of Fig. 1. However, the boundary conditions im-
posed by the structures of Figures 2 and 3 make
exact analytical solutions virtually impossible
and approximations poor.

One of the first steps to improve this situa-

tion was taken in the design of the 50-MeV injector

linac at Brookhaven. A method was developed® for
computing drift tube shapes by numerical solution
of an approximate form of Maxwell's equations,

The drift tube shape was calculated without a bore
hole for the protons to pass through and the effect
of the hole had to be determined from model meas-
urements.
not calculated explicitly by integration of the
computed axial electric field but was calculated
from the approximate analytical form.

A similar but more accurate approach has
since been developed.® An unloaded cavity is
driven by an oscillating dipole charge on the axis
of the cavity., Solutions to Maxwell's equations
are obtained numerically to any desired degree of
accuracy. With a proper choice of parameters,
there will be a node in the electric field on the
central plane through the dipole. A metalliec sur-
face can be started at this point and drawn per-
pendicular to the electric field lines until it
encloses the dipole, as shown in Fig, 4. The re-
maining volume of the cavity will resonate at the
specified frequency with a known field distribu-
tion. The transit time factor and shunt impedance
then are obtained by integration of the known
fields. Unfortunately, the method does not calcu-
late the effects of the bore holes, which must be
added by a perturbation calculation. The resulting
drift tube does not have a simple shape which could
lead to some additional complexity of fabrication,

Another approach has been taken by a group at
MURA.4 Here a simple cavity and drift tube geom-
etry are specified, including a bore hole, The
resonant frequency and field distributions are ob-
tained by a relaxation calculation over a suitable
set of meshes conforming to the established bound-
ary conditions, The transit time factor and shunt
impedance are then calculated from the known
fields. The numerical calculation is extremely
complex and has limited accuracy. The frequency
is reported to be accurate to 0.1% and the field
values to 1%. This accuracy is, however, adequate
for most design purposes and this, together with
the simple drift tube shape and explicit inclusion
of the bore hole effects, makes this program the
most suitable at present for practical linac
design.

With these techniques, it is possible to
search for a drift tube and cavity geometry in
each energy range which gives a good shunt imped-
ance while still allowing for reasonable mechanical
design. Extensive tabulations of drift tube geom-

It should

Furthermore, the transit time factor was

etries have been compiled by the MURA group.
Typically, values of Ry as high as 50 MJ/m at

200 Mc/sec can be achieved at low values of B.
However, the values of Rg decrease at higher
values of § and at B = 0.55 (about 200 MeV), Rg
has dropped below 20 MY/m. 1In principle, the
drift tube accelerator will operate at B = 1, but
the decreasing values of Rg make it urgent to look
for more efficient structures at the higher ener-
gies,

A single drift tube cavity cannot be made in
any desired length but is restricted in length to
about 20 to 25 free space wavelengths of the oper-
ating frequency. This limit arises from the fact
that the mode spacing decreases with L2 resulting
in increasing difficulty in maintaining the de-
sired field distribution within the cavity.

The Iris-Loaded Waveguide for Electrons

Most electron linacs operate in the m/2 or
21/3 mode with a traveling wave structure of the
iris-loaded type at S or L-band frequencies, An
electromagnetic wave will propagate in a conven-
tional metallic waveguide with a phase velocity
which is greater than the velocity of light. 1In
order for a wave to impart energy to a charged
particle, the wave must have a phase velocity
equal to the velpcity of the particle. There are
a number of ways to 'load" a waveguide in order to
reduce the phase velocity of the wave, The method
generally used in electron linacs is shown in
Fig. 5. The unit cell is defined between the
planes of two adjacent irises. The coupling bet-
ween cells is predominantly electric with the
guide operating in the TMO1 mode,

The iris-loaded waveguide, operated in this
fashion, has proven to be generally the most sat-
isfactory structure and has been extensively
studied at Stanford,5 MIT® and Harwell.’ However,
it is worth noting that at least three standing
wave electron linacs have been built. The first,
at MIT, is an S~band, iris-loaded waveguide oper-
ating in the standing wave mode, The other two,
at Yale and Los Alamos, are independent cavity
standing wave structures similar to that shown in
Fig. 1, and operating at 600 Mc/sec and 50 Mc/sec
respectively.

The possibility of using superconducting
structures for linear accelerators has been inves-
tigated at several laboratories with work contin-
uing at Stanford. Although it does not seem pos-
sible to have a truly superconducting surface at
radio frequencies, it may be possible to increase
both the shunt impedance and Q by factors of 10%
to 10® which would reduce the rf excitation power
for the cavities to trivial levels, The very high
Q will lead to some severe problems associated
with the slow build-up times and very tight tuning
requirements, Furthermore, the reaction of the
beam on the cavity (beam loading) will be partic-
ularly severe. If superconducting cavities become
practical, it is to be expected that they will
find their first applications in rf particle sep-
arators (waveguides which are operated in a mode
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having transverse electric and magnetic fields)
where there will be little beam loading and then in
electron linacs and finally, possibly, in proton
linacs.

Waveguides for Protons at High Energies

When first looking for a structure better than
the drift tube accelerator at high energies, it was
natural to start with the structure used in elec-
tron linacs, It is possible to design a traveling
wave iris-loaded waveguide for particles with
g < 1, but there are several factors which make
this unattractive.

For a proton accelerator, the traveling wave
configuration is not as good as the standing wave,
as can be shown by the following simple argument.
The axial electric field distribution for a trav-
eling wave in a section of loaded waveguide can be
set up in several ways for a particular value of
beam current. Two ways commonly used are
(Figures 6a and 6b) the constant attenuation con-
figuration and the constant field strength config-
uration. If the design current is I,, then the
field distributions (for a constant power input)
will look something like the curves shown for I,
and I # I,. For a standing wave cavity, the con-
stant field configuration is shown in Fig, 6c for
a constant power input and currents Iy and I # I,.
For electrons, when I # I, the energy gain of the
section is different from its design value which
results only in a change in the output energy of
the accelerator. However, for protons (8 < 1), the
incorrect energy gain in the cavity will cause the
particles to shift in phase and possibly to be out-
side of the phase stable area in the following
cavity, resulting in the loss of the beam, In
order to avoid this situation in a proton linac, it
is necessary to change the power input to the
cavity so as to maintain the proper energy gain.

In the standing wave case (Fig., 6¢) the lines for

I # 1, are straight and parallel to I which is not
the case for the traveling wave configuration.
Thus, it is much easier to maintain the correct
energy gain in a standing wave cavity than it is

in a traveling wave section. For this reason, all
high energy proton linacs are being planned to
operate in the standing wave configuratiom.

The conventional iris-loaded waveguide oper-
ating in the standing wave configuration has been
examined for the acceleration of protons and found
to be rather poor. The structure as used in elec~
tron linacs has a reasonably good shunt impedance
at B = 1, but the shunt impedance drops as the
guide is more heavily loaded for lower values of 8.
In the region of § = %, the waveguide is about as
bad as the drift tube structure., For this reason
the transition from drift tube to waveguide struc~
ture is planned near § = %. Some other structures,
intermediate between the drift tube and waveguide
structures have been examined for use near B = %,
but no use of these is planned in this country.
However, the crossbar structure® is viewed with
favor in Europe. The conventional iris-loaded
guide also has been found to have a very small
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bandwidth which is most undesirable as will be
shown shortly.

Electron linacs are operated at relatively
high frequencies, S and L bands, where the higher
frequencies improve the shunt impedance., However,
it has been shown” from considerations of the par-
ticle dynamics in the accelerator, that for a
proton linac which has a 200-Mc/sec drift tube
accelerator up to about 200 MeV, a frequency of
about 800 Mc/sec is the highest which can be used
safely for the following waveguide accelerator.

It appears then that a loaded waveguide ac-
celerator for protons should operate in the stand-
ing wave configuration at a frequency near
800 Mc/sec. Furthermore, the conventional iris-
loaded waveguide does not appear to be suitable.
In recent years, a number of studies of suitable
structures have been carried out at Brookhaven,
Yale University, Los Alamos and the Rutherford
Laboratory.

There are several criteria which can be
established for a suitable accelerating structure.
These criteria often conflict and compromises must
necessarily be made, The first and obvious crite-
rion is high shunt impedance. If the shunt imped-
ance is low, the rf power required to excite the
structure will be very high, resulting in exces-
sive cost. However, if the power required to
excite the structure is equal to or smaller than
the power transferred to the beam, still higher
shunt impedance is of less importance. The struc-
ture must contain bore holes which are large
enough to permit passage of the beam without in-
tercepting any of the particles. Unfortunately,
as the bore hole diameter is increased, the shunt
impedance decreases.,

It is desirable to have a structure which is
as small as possible but which can be fabricated
with reasonable effort, otherwise the cost may be
prohibitive. It will be noticed from the relation
between the power and energy gain,

that for a given energy gain and Rg, the product
of power and length is constant. Thus power can
be traded for length to find an optimum combina-
tion for lowest cost. In order to keep the multi-
plicity of components low, it is necessary to make
each cavity as long as possible but yet to match
the power requirement of the cavity to the eapa-
bility of the power amplifier. Also the structure
must be capable of supporting the peak electric
fields which are required.

Finally, it is imperative that the electric
field distributions and the phase relationships
among the cells in a cavity be relatively insen-
sitive to various perturbing factors. Among the
factors are the departure of the resonant fre-
quency of each cell from the overall resonant
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frequency of the cavity, temperature effects and
beam loading. The sensitivity to these factors
can be reduced by increasing the bandwidth of the
structure but this usually results in a decrease
of the shunt impedance.

The effects of beam loading, which is the
reaction of the cavity to an intense beam of par-
ticles, may be divided into two parts, the ampli-
tude and phase variation within a single cavity,
and the effects of these variations on a multi-
cavity machine. There are two effects within a
cavity: a resistive component absorbs energy
from the cavity, and a reactive component detunes
the cavity. The resistive component represents
transfer of energy from the power source and cavi-
ty to the beam and results in a decrease in the
field amplitude in the cavity. The decrease can
be kept small in the standing wave cavity by sen-
sing the field amplitude at one point and using
this information in a closed loop system to
control the power output of the rf amplifier.

The reactive component of beam loading is
caused by the fact that the particles are not
uniformly distributed in phase but are bunched
around a phase ¢@g # 0 (Fig. 1b). This effect is
generally not present in electron linacs because
the beam is bunched around ¢ = 0. The reactive
effect causes a change in phase between the rf
drive power and some fixed point in the cavity
and is analogous to driving the cavity off reso-
nance., Estimates show that for a 0.l-ampere
beam, the detuning may be of the order of 10 kc
at 800 Mc/sec, A change of 10 ke in the resonant
frequency should not cause too large a change in
the distributed amplitude and phase variations
along a single cavity, nevertheless these varia-
tions must be taken into account. Measurementsl
made on a short section of a slotted-iris struc-
ture show that a considerable reduction of these
distributed amplitude and phase variations can be
achieved with the use of two radiofrequency power
drives in each cavity.

In a multi-cavity linac, it is important to
maintain the relative phase between cavities. A
change of 10 kc in the resonant frequency will
cause a phase change of 10° to 152 for each
cavity. However, the phase change will be in the
same direction in each cavity. For example, if
each cavity were designed so that for a fixed
beam current each individual cavity would have a
phase change of +12° #Ap, then it would only be
necessary to correct the small phase change (Agp)
between each cavity. The overall phase change of
+12° can simply be corrected by shifting the ini-
tial phase of the bunch by 12° (at the buncher).
It should be pointed out that since the individual
cavities are operating slightly off resonance, a
small increase in rf drive power is required.

The problem of cavity flattening (tuning the
cells to achieve the design field distributions)
may be divided into two parts: the initial tuning
to achieve a flat cavity and the long-time stabil-
ity. The initial tuning will be done with pertur-
bation tuners., The number and distribution of

June

these tuners along a cavity will depend on the
relative sensitivity of a cavity to tuning errors
(the sensitivity being inversely proportional to
the bandwidth) and the mechanical construction
tolerances, The long-time stability will be main-
tained with water cooling. If a temperature gra-
dient exists along a cavity, it will result in a
distributed detuning effect that will cause the
field distribution to depart from the design
value, Variations of the average temperature will
cause the overall resonant frequency of the cavity
to change, resulting in relative differences of
phase between adjacent cavities, Consideration
has been given to the feasibility of controlling
the average temperature of the cavity cooling
water in a feedback system to adjust the resonant
frequency of the individual cavities.

To date, most of the structures that have
been considered are symmetrically and periodically
loaded, such as the iris-loaded waveguide, clover-
leaf, and slotted-iris waveguide, operating in the
sT-mode standing wave configuration. The advantage
of these structures is their high shunt impedance,
and the disadvantage is the sensitivity to tuning
and beam loading effects. It has been shown, both
with model measurement and equivalent circuit
calculations,13slh that as the frequency spacing
between the 1 mode and ad jacent modes increases,

a structure becomes less sensitive to tuning and

beam loading effects. In a symmetrical structure
a greater mode spacing is obtained by making the

bandwidth as large as possible.

The bandwidth of a structure is increased by
increasing the coupling between the unit cells.
For the conventional iris-loaded guide with elec-
tric coupling, this can be accomplished by in-
creasing the diameter of the iris hole which re-
sults in a rapid decrease in shunt impedance.
Tight coupling between the cells can also be
achieved by magnetic coupling. 1In this case, some
type of opening in the iris between cells is pro-
vided near the outer wall of the guide, and the
central bore hole is made only as large as is re-
quired to transmit the beam, Furthermore, the
bore hole may be fitted with small drift tubes to
improve the transit time factor.

Cloverleaf and slotted-iris structures oper-
ating in the N-mode standing wave configuration at
a frequency of 800 Mc/sec are shown in Fig. 7.

The former is a forward wave and the latter a back-
ward wave structure, which does not greatly affect
the operation of either structure. It should be
pointed out that the discussion which follows
applies to both of these structures as well as
most loaded waveguides., The m mode is located at
the edge of the first TM passband, where the group
velocity is zero (vg = dw/df = 0). An increase in
the frequency separation between the 17 mode and
the adjacent mode is accomplished by increasing
the bandwidth, defined as:

woo-w
t Q

Bw = (wn + wo)/Z
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Here wy = angular frequency at the T mode and

w, = angular frequency at the zero mode. For in-
dividual cavity lengths of approximately 3 meters,
a bandwidth of 8% to 10% is sufficient to reduce
cavity flattening and beam loading effects to a

reasonable level,

For a symmetrical structure, the 1m/2 mode
has the greatest mode spacing. The reduction of
shunt impedance for the structures of Fig. 7, in
this mode, is primarily due to the poor transit
time factor.

Figure 8 shows a multiply periodic structure,
which at the 1/2 mode has an improved transit time
factor as compared to the m/2 mode of a symmetri-
cal structure, The results of some measurements
made on a multiply periodic structure are reported
elsewhere.l® This structure has greater mode
spacing and approximately the same shunt impedance
as a TT-mode cloverleaf or slotted-iris structure.

For the magnetically coupled structures men-
tioned here, bandwidth of 8 to 10% can be achieved
and typical values of the shunt impedance at
800 Mc/sec range from 15 to 30 M1/m for B between
0.5 and 0.8. The shunt impedance is affected by
the choice of bandwidth and bore hole size. The
bandwidth is determined from considerations of
minimum cavity length and allowable detuning
effects (tuning tolerances and beam loading).
Cavity lengths of 3 to 4 meters are presently con-
sidered reasonable (although longer cavities are
desirable for engineering reasons), with peak
power requirements of about 1 MW and electric
fields between 1 and 2 MV/m. The electrically
coupled, iris-loaded waveguide has about the same
value of shunt impedance but the typical band-
width is only about 1%,

Two new structures that are presently under
investigation are shown in Fig. 9. These struc-
tures are being considered for operation in the
m/2 mode with the electric field configuration as
shovm. It should be noted for the structure in
Fig. 9, all the cells (including the end cells)
are of equal length. The H-type irises shown
have, in addition to the center bore hole, four
magnetic field coupling holes. The R-type irises
consist of a bar and ring (also being considered
is a ring with single stem). The field configu-
ration shown in Fig 9 is for a m/2 mode, and a
typical dispersion curve for these structures is
shown in Fig. 10. Due to the end termination,
the 7T mode cannot exist in these structures.
work is still very preliminary, but shows some
promise. Results of some measurements will be
reported elsewhere, 15

This

It can be concluded from these studies that
practical waveguide structures can be built for
the acceleration of protons to high energies.
However, while the structures discussed here fill
reasonably well the requirements outlined above,
they are certainly not as good as one might wish.
It is highly desirable that the search continue
for other structures which will better meet the
requirements at a lower cost.
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Fig. 1. A simple resonant cavity accelerator.
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Fig. 2. A drift tube loaded resonant cell.
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