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Proton linear accelerators of the Alvarez type are limited in energy because the
efficiency of the conventional 27 structure for particle acceleration becomes small at
higher energies., Many problems in the transition from this structure to another type
of accelerating device can be minimized if the transition is made at sufficiently high
energy. This is true when it is desired to continue the acceleration with either a
traveling wave linear accelerator or a circular magnetic accelerator.

In order to extend the conventional structure to higher energies, 200 MeV or
higher, it is necessary to minimize power losses by making a proper choice of cavity
and drift-tube parameters, Computational methods have been developed‘) for caleulating
the resonant frequencies and fields of cavities with drift tubes which are arbitrary
figures of revolution. Using these methods, an optimization of the cavity drift-tube
dimensions have been made at 20U Me/s and at energies of 50, 100, 150, and 200 MeV to
give minimum power losses for cylindrical drift tubes. Drift tubes of other shapes are
now under investigation to determine whether it is ﬁossible to further reduce the power
losses at the higher energies. FEllipsoidal drift tubes have shown that a small improve-

ment is possible,

Computational Method

For ¢-independent transverse magne tic modes, Maxwell's equations reduce to

3°F 1 0F 9°F 2
07 “ror a2 *KF =0

where F = PH¢, and k = w/ec. F is chosen so that the boundary conditions are simple,
The solution of this equation is written in terms of an eigen-function expansion; the
eigenvalue is calculated from a variational principle. A convergent iterative process
is possible with each new eigenvalue giving a better value of F. For digital com-
putation, these equations are reduced to finite difference relations and the calculation
carried out over a mesh defined by the linear accelerator unit cell,

Fig. 1 illustrates the type of geometry considered in the calculation (by sym-

metry only one quadrant need be considered)., If the resonant frequenecy is specified,

(*) Supported by the U.,S. Atomic Energy Commission.
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Fig. 1 F plot of a 50 MeV linac unit cell. F = rH (normalized to 5.06 x 10~° J/m>)
f = 200,8 No/a; Q = 76,900; 8 = 0,313 (49.6 MeV); T = 0.8 (Transit time
factor) ZT? = 55.2 Ml/m (Effective shunt impedance).

five geometrical parameters must be considered for oylindrical drift tubes: (1) the
drift-tube diameters, (2) the gap length, (3) the cell diameter, (4) the cell length,

which is determined by the energy, and (5) the radius on the drift-tube corner.
The usual practice is to choose these parameters so as to maintain resonance at the
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desired frequency (in this case 200 Mc/s), and in order to achieve the highest
accelerating efficiency., The efficiency of the structure is based on achieving a max-
imum value of the "effective" shunt impedance ZT®, where T is the transit-time factor
and Z is the usual shunt impedance defined as the ratio of the square of the maximmum
axial accelerating voltage across the gap to the total power loss in the cell, The
curves are lines of constant F and have the same direction as the electric field lines.
With the F values known throughout the cell, it is fairly simple to calculate field
strengths, power losses on the cell, the cavily "Q", the shunt impedance, transit-time

factor, or other factors important for cavity design.

Results

Resonance curves at 200 Me/s have been developed for cylindriecal drift tubes
over a range of the geometrical parameters by a large number of computer runs. At the
particular energies of 50, 100, 150, and 200 MeV, a sufficient number of runs have been
taken to allow a selection of the maximum value of the "effective" shunt impedance.

At other energies out to 400 MeV runs have been made for a geome try which would be
expected to give high values for the shunt impedance. These maximum values are shown

in Fig. 2 where it is seen how the efficiency of the conventional 27 structure deterior-
ates at higher energies.

The problem of the decreasing efficiency of the structure at higher energies is
illustrated by the unit cell at 200 MeV shown in Fig. 3. The drift tube has become so
long that the desirable electric accelerating mode looks very different from that in
Fig. 1. 1If one investigates the iso~H lines (lines drawn through points of equal H at
equal intervals in H), it is observed that a great deal of H flux occurs along the
surface of the drift tube indicating large current flow in the drift-tube surface,

These currents cause large power losses and result in the decreasing value of the shunt
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Fige 2 Plot of maximum efficiency of eylindrically shaped drift
tube versus energy, Fige 3 200 MeV cylindrical drift tube F plot.
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Fige 4 200 MoV oylindrical drift tube iso-H plot. Fig. 5 200 MeV ellipsoidal drift tube F plot.

impedance at higher energies. This is
shown in Fig. 4.

To improve this situation, we are now
ol investigating drift tubes of other shapeg.
The computer program has been modified to
handle drift tubes of arbitrary shape pro-
20l vided the outside curvature dbes nét change
sign, Ellipsoidal drift tubes show an
improvement in efficiency over the cylin-
10 drical shape. This is shown in Fig, 5 for
an ellipsoidal shaped drift tube of the

same diameter as the cylindrical drift tube

T 25 —3o —25 of Fig., 3 and 4. The fewer number of F

Fig. 6 200 NeV ellipsoidal drift tube isocil plote lines terminating on the drift-tube surface
is indicative of smaller power losses on the

drift-tube surface. This is also shown on the iso-H plot, Fig. 6, where it can be seen

that some of the field has been restored to the gap. The "effective" shunt impedance

has been improved from 15.6 MQ per meter for the cylindrical drift-tube geometry to

18,7 NQ for the ellipsoidal drift tube,

It is not certain at this time whether the increased efficiency of the ellipsoidal
drift tubes can be realized in practice., Since the efficiency is strongly dependent
upon the transit-time factor, the greatest efficiency is obtained for very small dia-
meters of the drift tube and where the gap between drift tubes is also smallest., At
these small diameters and at high energy there is little difference in the efficiency

for various drift tube shapes, Furthermore, the ellipsoidal shape results in higher
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voltage gradients in the cavity., This faot, plus the added fabrication cost may rule
out the more compliéated shapes. On the other hand, if increased diameters are re-

quire& to insert radial focusing devices, the ellipsoidal shape may be worthwhile.
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DISCUSSION

WHEELER : Although the methods used by the MURA and Yale programs for shaped drift
tubes are quite different, they do in fact lead to quite similar results. The apparent
difference in the numbers for shunt impedance which I quoted for Yale as compared to
the MURA figures comes about because we have reduced our values by about 20% to account

for losses (such as drift-tube stems and coupling loops) which are not included in the
theoretical calculations.

YOUNG ¢ Yes., I might also indicate that the computer program has been checked out
experimentally not only by comparing with other results both for existing linacs and
with the Yale program, but also on a precision frequency cavity., We find that we can
calculate essentially everything that we can measure.
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