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ABSTRACT

In the design of resonant>accelefators, it is desirable to choose parameters
of resonance which can be related to particle motion such as g/l and ﬂ; If the
mode and drift tube cbnfiguration are chosen, there remain only four independent
variables for resonance; Resonance maps are presented for g/l and B as functions
of drift tube diameter and length and of frequency for a fixed cavity diaméter;

Methods of using this data in designing a resonant system of any size are indicated.
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The successful bperation the Berkeley 4O foot linear accelerator, indicatéd
the feasibility of bigher”energi‘machinesl. As a basis for the design of such
future:acéelerators, a study of the pertinent resonarice conditions was undertaken,

Because a standing wave linear accelerator consists of a long resonant cavity
loaded with "drift tubes", it can be subdivided into sections at the planes of *
electrical symmetry in mid-drift tube and mid-gap, each section reséﬁating‘at5the'”
same frequency, For this reason, it is possible to map resonant conditions by
using a single subsection whose léngth and drift tube geometry can be véried;”“7‘f
Fig, 1 shows the details of the cavity used for these measurements. ‘Sinéé Biéh?f“
accuracy is required, all fixed dimensions were made to % 0,001 inch and a1l ¢
variable dimensions measured to the same accuracy. Similarly, the resonant- fre-
quencies of the cavity wére read to foﬁr’éigﬁifiCént'figﬁreso* Fig. 2-is 4 block
diagram which indiéates the méasuring technique., Checks for spurious resonances
were made by inserting a metal rod along tﬁe{axis.;

In order to describe a loaded cavity so as to fix its_rgéonant_freguepcxp‘G‘ .
one has to give the shape, or ponfiguration,_of both the Unloaqu_payity.ahd L
the loading:elemgnt, the dimensions of each, and the mode of oscillation, ?hé,
mode of oscillation for a linear accelerator is £he“TMOlO° The'shape_oﬁ t@é
cavity is that of a hollow cylinder and the configuration of the drift tubes
studied here is shown in Fig. 3. This contour was chosen in an effort to minimize

high surface gradients, Having chosen the configurations of the cayity and the.
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drift tube, two dimgnsioné for each,ﬂdigmatgr égd }ength, suffice to complete the
descriptionrof the loaded cavity. Hence, there are five guantities as yet unspeci-
fied, the four dimensions and the fpequency. Any four_of these are independent

and may be chosen at will but the fifth is then specified, Inasmnch as the measure-
ments are made on a scale model, it is preferable to describe the loaded,cavity_in
terms of dimensionless qqantities as far as possible, Furthermore, the fact ﬁhat
these cavitiés must accelerate particles dictates phoice of dimensionless quantﬁ#es
that can be related to the particle motion,

The,accelerator_consists of a series of accelerating spaces and drift spaces
defined by the gap lengths between drift tubes and the.drift tube lengths. For a
particle to remain at the synchronous phase it must travel the distance from a
point in one gap to the corresponding_point in the next gap with an average welocity
v in a time T equal to the period of_the resonant frequency. Cpnsgquently, both a

‘ synchronous particle and the accelerating cavity may be described by

B éjx =4
. . c A

Here.eis abitrarily defined as the distance between planeé of electricéi symnetry
in either successive géps or successive drift tubes and A is the free space wave~
lqngth 6f an electromagnetic wave at the resonant frequency of the acéelerator; By
this definition, the § of the cavitonf Fig; 1 is equal to~tWicé~its length divided
by the A of its. resonant fr‘equency'.'

The degree of acceleration of a pérticle in a length £ (or pégiéd 27).depends
partly.on the time spent in the gap spaée relati&e to T ; This time ié a functién
of the ratio of the total gap épace, gs ip the length, .2, to the lengthAﬁ.i There-

fore g/4 is chosen as a second dimensionless quantity. (Note that g plus drift

e
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tube length, t, is equal.tOAgv,) Hence two of the five variables have been put in
dimensionless form, the length of the cavity and the length of the drift tube,

| For ghe:thfeé remaining”variables;‘D;:thé inside diameter of the cavity, d;"‘
the cutside diamenter of the ‘drift tube,'ahdfz/g'thé“résonént'frequénCy'of the
loaded cévity,‘thérévérélé variety of dimensionless choices such as D/d, D/A,
da/A, g/d; eﬁé.' Wﬁatever\the choice;'however; all three cannot bé dimensionless, =
Furthefmbre; if éltogéﬁher:four dimehsionless'variabléé are chosen such that every
choice of three forms a set of mutually independent Variablés;‘then‘the’Sét of four -
will form a relationship which is independent of the value of theé non-dimensionless -
variable, For examplé, the interdependence of g/4, /A, D/d,'and d/A is independent
of the value of A (or any one of the‘diménSiéhS); On the other hand, the set of

| g/ﬁ, 2, D/d; and ﬁ/ﬁ\ is not indépéhdénﬁ'of the value of n because g/Z, Z/A, ard
t/A are not mutually independent., Another way of looking at this spécific case is '~
to sa&'that the‘second'set, cpntrafy to'ihe first, does not describe all four re-
quifed diménéidns of the loaded ééﬁity in“tefmé of the wavelength.

At times‘in_linear accelerator deSign; the ‘geometry is not of primary interest,
but rathef duantities such as shunt impedance or the ratio of fields ;n one part of
the cavity to those inqgnother part, Aﬁy such quantity mayvﬁe chbséﬁvﬁorﬁé‘énvih;w“
dependent variable in piace of a geometric variable, but ﬁhatever the combination’
of.variables, once theféavity and drift tube cohfigurations,:the'mode of osc¢illation”
and the surface conductivity part of the shunt impedance have been chosen, there
remain only four independent variables,

Because it was impossible to set the cavity to resonate at a particular fre-
quenc&, within the desired accuracy, the data was taken and is presented in the form

of Figs.“h—IS. Fig. 16 illustrates the form of the data obtained'fromjthese“graphs_
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when d/A is chosen to be constant at 071025; Because the_relationship beﬁwegn- L
£/, g/f , and D/d has been fixed by the choice of d/A, it is now possible to.-
design an accelerator in‘perms‘of only two indepgndent variables,_g/!fand ,é77{,
before specification of the final independent_variable,wwhich will determine.the
actual dimensioné and frequency. If a different value had been chosen for d/A‘,,
a different but similar relationship between'gﬂf , /A, and D/d would have been
obtained. _Howeve;,‘if D/h hgd been chosen to be a variable in place of D/d, another.
but not similar relationship would have been_establishedz. |

This reportAis the first in a sefigs presenting both data gnd principlés useful
in the design of resonant linear accelerators, The future reports‘will prgsgnt
resonance data on‘other driftvtu?; §onfigufati9ns, shunt impédance data, and methods
of optimizing acceiératpf design. |

It is desired-at this time to acknowledge the gontributions of thé:magy indi-
viduals who assisted the program and_especially_those of Dr, Andrew'angacre, who

both initiated the program and organized the major portion of it.

1 AECU-120, L, W. Alvarez etal., "Berkeley Proton Linear ACéelerator".

2 Op. cit. L. W. Alvarez etal., p. 36

Information Division
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