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ABSTRACT

Cavity design data necessary for the design of high energy resonant
linear accelerétors includes resonance, -transit time factor, and shunt impedance

information. This report presents such data in dimensionless form for several

~drift tube shapes as a function of an arbitrary parameter d'v'= constant, d'

being drift tube bore diameter. The data is contained within the range of § = 0.1

to B = 0.7,
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Particle Accelerators and High-Voltage Machines

CAVITY DESIGN DATA FOR HIGH ENERGY LINEAR ACCELERATORS
S. W. Kitchen, A. D. Schelberg, B. V. Hill; and R. G. Smits
Radlatlon Laboratory, Department of Phys1cs
University of -California, Berkeley, California

December 9, 1952

INTRODUCTION

In order to study the possibilities of high energy resonant linear accel-
erators, it is necessary to have resonant, transit time factor, and shunt im-
pedance data available up to and above the desired B. This report presents

all the data of this nature collected in the course of seeking the best design

‘of a specific.accelerator. Consequently, the data is not complete in all respects.

Nevertheless, the data nonessential to the present accelerator design may
prove useful in further studies. i .

In a previous design data report on reso_nance,l'the numbeér of possible

“independent variables and the choice of variables was discussed in detail. In

this report, the variables have been eh,esen, to be'the following: g/L, B, D/4,
D/d', ¥, 4V, d'v; T, F and the shape of the drift tube. These symbols are
defined in the Glossary. Resonant cavities have two other variables, the cavity
shape and the mode of oscilletion. For all of the data reported'hereg the cavity -
has the shape of a hollow circular cylinder and resonates in the TM(; mode. '

Other cavity shapes are possible, but they have not been examined.
RESONANCE

‘ The drift tube shapes which were examined are shown in Figs. 1, 2, 3,
and 4. The resonant data for these shapeé were taken with the half cell cavities
shown in Figs. 5, 6, and.7 using the vapparetus shown if Fig. 8. All pertinent |
dimensioﬁs of the cavities and the drift tubes were measured to % 0 001 inch
and the resonant frequency was determined to at least 0.1 percent.

One feature of the cavity shown in F1g 6 deserves special mention,
the sliding rf joint between the piston and the cavity wall. * Previous ways of .

providing such a joint consisted of either spring fingers or a toroidal coil spring

% Patent applied for by A. E. C. for R. G. Smits.
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in a slot, such as is used in the cavities of Figs. 5 and 6. Both methods have
the objectionable feature of introducing a significant deviation from the desired
geometry when the cavity length 1s short compared to its diameter. “The 1n31de-
'_"out pm vise constructmn of the new joint not only g1ves rehable rf contact, but _ |
a.lso is only a minor deviation from the ideal geometry. ) ' "
» - The first varzable to be qhoaen arbxtranly’ was the drift tube shape

The second one was the product of the drift tube bore diameter and the frequency.
If, as in-the Berkeley 40-foot linear accelerator, the cavity diameter and the .
. frequency had been chosen constant, the drift tube bore diameter would have
. become va.mehmgly emal,l for high energies, '
’ Figures 9, 10, 11, and 12 present d1mensmn1ess resonance data for the
»thmk cylmder and ppe drift tubes for d'¥ = 435.6 mc-in, and 290.4 mc-in re-
'epectwely Practical cavities designed from this data, have resonated to w1th1n
one percent and better of the design £requency ~ The reasons £or error larger
than 0.1 percent have been perturbatiens such as la,rge pumpmg slots , drift
tube stems, and/or tummg devices. For this reason, the effect of insertion
' of a standard gap aphtter tuner or a drift fmbe stem whose diameter was half
of d* was determined. In order of magnitude, at low p's (0. 2), stems had a
-,neghgxble effect, but at hxgh £ (0.5), the insertion of stems caused an increase

in frequency of nearly one percem, On the other hamd, the ingertion of a gap
: splxtter tuner decreased the £requem:y by nearly one percent at low B but had
| . no mszb]le effect at hngh B.
o ‘It will be observed that for a given D/ﬂ" and 6 in Fzgs 10 and 12, g/l-

© is smaller for the Fipe conﬁguratwn than for the thick cylinder drift tube A

| 'smular rela,tmneth holds fer Figs. 9 and 11, but is obscured by the use of dif-
ferent ordinate scales. Such behavior improved. accelerator efﬁcnency matenally
A few data taken with the Pipe configuration of d/d” =1,3 indicated some improve-
ment in this respect over that of d/d' = 1.5, but mecha,mcal consmderatxons 1ed '

o -to a choice 0of 1.5 as the subject of further study.

Another possmble way of achieving this eifect,, suggested by Prof Cha.1m
: R,mhman, is to add a comcal skirt to the thick cylinder design as shown in F1gg 3.
Th1s shape was studa.éd at high p for optimum angle and length of the cone. ‘

i Wlthm the 11rmted scope of the measurements,. tt WAS found tha.t there was: about

10 percent decrease in g/J. over the thick cylinder without a skirt with @ = 45
and c/2 = (2/3)(t/2). Pipe drift tubes on the other hand, give upto 30 percent
N decreaee ing/d under similar conaz.tmns of D/d“ and B.
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On the basis of this data, the geometry of F1g 4 was selected for further
- study F1gures 13, 14, 15, and 16 are the results In each case, .the stem d1=- ‘

‘ ameter was half of d'. The gap splitter tuners were. in the- shape of thm cylm-
dricalidiscs with a bore diameter equal to d'. One had an outer _dlameter equal
to 2.78 4' with an assumed median thickness of 0.167 d'. The other had an outer
diameter of 4,17 d' and an. assumed thickness of 0. 250 d'. The small differences
‘due to the stems and tuners are only apparent‘in a detailed .comparison. This
drift tube shape, as expected, shows a szgmﬁcant decrease of g/£ over the
straight pipe. ' '

In additmn to the factors prevmusly mentmned, it is occasionally of

‘ mterest to know the relatxve f1e1d distmbutzons m a cell. 2 Flgures 17, 18, 19,

‘and 20 present such data for low ‘and high B celle The values of D/d' and 5

chosen for these examples are typ1ca,1 of those to be found in an optimum ac- _
celerator des1gn One fact thaf.t should be kept in mmd is that the f1gures for the
 fields on the drift tube surfaces were taken with henuspheres In order to compare
thus data to that taken in the same geometry ‘with spheres, a cerrectlon fa.ctor o
 must be amhed It mrght be: expected that the factor would be two, since the

volume 1s one —half of the sphere The curvature of the surface, however, per-
 mits 1mage effects to be s1gn1ﬁca.nt For the thick cylmder drift tube, the hem-_ _

' 1sphere correctmn in the H f1eld to. the abserved S‘/xs 2, 2 and in the E field’ o
is 2 0. For the plpes, the correction is. 2. 1 and 1.9 for the H and E £1elds re-(-f__' :
. of i L

" are presented pr:manly to illustrate the magnitude of the curvature correc_ ,
rather thah as constants of a drift tube shap,e, Further data of t.h1s pature is
available in UCRL-2036. :

spectxvely, These factors are a functmn of the surface curvature a,nd the

- TRANSIT T mc.r-en

T The effonts;‘toward determining th.e dnft tube shape ngmg the smallest_v-:;?- .
h g/,l for given D/d!: |
»ﬁmeﬂc‘%’vbtamﬂ for small g/L. This acceleratmg efficiency is measured by the -

and B, were a result of the fact that better accelerating ef- N

ransit time factor or transit time coupling factor as it is frequently called.
‘ Often it 1s mlsleadmgly abbrewated to Just "trannt time.* The definition of
th1s term is that ’1‘ is equal to the ratxo of the energy gamed in crossmg
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the gap to that Wthh would have been gained in crossing the same gap hav1ng

 the same peak gap p@tentlal-dlffere‘nce under d.c. conditions. For the general .

case, this definition may be written as:

’[‘ +2/2 , |
A E (x) cos (wt + ¢) dx
1/z

+£/2 , l
J’\ » ES (x) dx
/2 |

where ¢ is the rf phase at which the particle crosses the center of the gap,

normally con’sidered to be the stable phase angle of the accelerator. The exact
evaluation of this equation can only be obtained from a differential analyzer,
but an approximation good down to about B = 0.15 can be made on the assumptlon

that Aﬁ/ﬁ is smal] for the gap.in questlon Then:

L/z »
fﬂ/z . ((x) cos _7.__ cos ¢dx

JA,,?/zK ‘ E°_ (x) ax

The data presented in Figs. 21, 22, 23, and 24 were calculated from data taken

" in the 20-inch cavity of Fig. 7 by the perturbation technique. This technique,

together with the associated apparatus and procedures used, has been fully de- -
scribed in a recent report, Z The precision of the data is on the order of 0.2 ‘
percent, but the accuracy is determlned by the vahdlty of the assumptlons of
AB/B being small. A gquantitative idea of the gain in T of pipes over thick cyl-
inders for the-same D/d' and B can be obtained by comparing Figs. 17 and 18.

The net gain in T is but 10 percent as compared to ~30 percent improvement

in g/ﬂ . The reduced gain results from the fact that for the same ,_g/ﬂ and B,
the thick cylinders have better T values. When combined with the gain in shunt

impedance, however, the fotal advantage in power.requirements for the pipes

+ over the thick cylinders for p = 0.5 is about 30 percent.

SHUNT IMPEDANCE

" The theoretical shunt impedance (shunt resistance) of a cell in an

2 ona single

accelerator can also be obtained from perturbation measurements
cell. In terms of the observed frequency: shift, such as in Figs. 17 through

20, the shunt resistance is:
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ZS[g (gﬂD-=(s v»M]dA

- where o—1s conductxwty, A is skin depth § 4 is frequency shlft 5 is a constant
of the measuring system, §M ds is the line integral enclosmg maximum flux, .

&i is the impedance squared of the cavity dielectric, and the S G dA 13 the
surfa.qe mtegral of the § ’{due to the magnetm field. '

This formula is not in conventent form for scaling. Consequently,

" ,d1mensxon1ess f1gure of merit for shunt 1mpedance, called F factor, was ob-
~ tained by calculatmg the ratm of the shunt 1mpedance per unit length of the cell

under cons1derat10n from the above formula to the shunt 1mpedance per umt -

length of an unloaded cylmdncal cavity resonatmg at the same. frequency in :

“the same mode Smce the shunt 1mpedance of a cell incorporated in an accel-' SR

erator’ (1 e., w1thout end walls) is the value of mterest, the va.lues of F in

N Tables I and II and in Fig. 25 were/jgomputed on this basis. An approxuna.tmn :
. . to the shunt 1mpedance of a cell, w1th ‘end walls; may be obta.Ined by d:l,vidmg
-2 (A) byl +1— ‘whiere a is the radius afd) and the length A= pa. '

The data in Tables I and II are presented for the purpose of 1nd1catmg

- the relatwe magmtudes of the mtegra.ls in Z g’ partxcularly the two portmns of

. the surface 1ntegra1 in the denomma.tor For example, the relatwe value of

this integral over the cav1ty wall and that of this integral over the drift tube

surface is a measure of the relative rf losses on the two surfaces. In using these .

tables, it should be kepfc in mmd that the values of F given are those calculated .
from the data. As can be seen m F1g 25, there is apprec1a.b1e sca.ttermg of

- these pomts about the famlly of curves believed to be the best estlmatee of the

true Yalues. AlthOugh these were the data obtained by the technique described

Cin U‘GRL{1947 , in general only one measurement with this techhique was made

_at ea'ch data point' The ‘best estimates under the circumstances of the hmlts

of error are % 0. 04 for the thick cylinder drift tubes and £ 0.02 for the p1pes.
Although no shunt 1mpedance data were taken on the bulbous pipe con-
ﬁguratmn, an estimate of the lower limit can be made by analogy to the shunt

| _'resmtance relatmnsh:p between the thick cylmder drift tube with and without

the conical .s_ku-t For the opnmum skirted shape previously described at _
B ~ 0.5, the shunt resistance was 7 percent higher than the thick cyhndery drift

having the same g/ and B, but was about 5 percent lower than the one having -

\
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the same D/d' and ﬁ Smge g/l and ﬁ are usually the mdependent vanables

' 'm accelerator design, as a rule of thumb one can say that the. shunt 1mpedance P

of an accelerator w1th bulbous pipea will be shghtly better than the same design '
_w1th atraight p1pes ' o

| ACKNOWLEDGEMENTS

The authors are pr1n¢1pa.11y responuble for the data conta.ined in th1s
S ---:report S1gn1f1cant contnbutmns, howeyer, are gratefully acknowledged f:com
| “D. B. Cummmgs, S. P. Stone, A. J Schwemm, and S. A. Colga.te Our grat-
B -"‘n:ude is also expressed to Professora L. w. Alvarez, A Longacre, and W K.'_ :

H Panofsky for advice and encouragement

Informatmn Diviaxon
12 16 52 ) bw



5

U . a10- . UCRL-2046

1 8. W K1tchen a.nd R G Smxts, Umvers1ty of Cahforma Ra.dxatmn Lab- \
o : oratory Report No. UGRL-1739 '

S Labora.tory Report No. UCRL-1947

' No. 'UCRL- 2036

_‘ s w Kltchen and A D SChelberg, Unlverﬂlty Df Cllifornm Ra.diation ey

A ‘D. SChelberg, Umveraity of Ca.hforma Radza.t:.on Laboratory Report e




al- . UCRL-2046
GLOSSARY

‘Cavity inside diameter

Outer diameter of the drift tube
Bore diameter of the drift tub‘e
Geometric gap length-

D

d

dl

g

A - Repeat or cell'length .
p o AR and v/c of an m—phase part1cle .

A Free $pace wavelength at cavity frequency
v Ca.v1ty fr equency

, Sv° Change in cavity frequency due to perturbmg sphere

T Transit time coupling factor

VZVS. ' Shunt resistance

( z /L Average shunt resmtance per unit length of a- cell o
F Ratio of Z /4 to the shunt resistance per unit length of an unloaded .;'.a‘:.

cav1ty resgnatmg -at the same frequency
QMds —cj(sf) /» 'ds

dea §[f (591 - (:hM]dA | L
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* Thick Cylinder Drift Tube Shunt Impedance Data* =~

L e 7. . over drift tube = over cavity -
15 42.62 ke-in®  63.04kc-in®  124.6 kc-in”
.25 . 713,300~ 67.08 ~ 125.6 .

co

107,
105,
101!

105,
. 107,
108.
126.

.30 82,
.35 . 96,
.40 108.
.50 129,

160

LN W
=N
NV oW

o

.. 128. 95,4

.'407”':'1 94.9 P }
50 - 114,7 138.3 . 89.8

vv15,3 

o

S0 w2z wrs w3

oo 0o oooco

14. 6

" *Scaled for d'¥'= 435.6 mézin

F

10.99
M%7  :
©0.837

0.82

0.74 .

O;bgb'i  '
0.65
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- D/at :

.15.3

16. 0

16.6

17.0

coooo

(o NN

coocococo

L o000

. 350
. 400
. 500
. 600

.350
. 400
. 500

. 350
. 400
. 500
. 600
. 700

. 300
. 350
. 400
. 500
. 600

5 _13-

TABLE II

Pipe Drift Tube Shunt Impedance Data*

Tza?

105, 8 ke -in’
120,
142,
166.

116.
131,
159.3

- 122,
-138.
169.
196.
216.

109.
128.
144.
177.
215.

5

9
7

W= 0N Ww O

WO b oV

“# Scaled for d'7 = 435.6 mc-in

 futas

over drift tube A

146,
157.
166.
179.

'145.
159.
177.

137.
146.
177,
192,
206.

©119.
117.
143.
154,
190.

00w O O I

2 k

— 0N = O

— 000 IV

.2
c-in

UCRL-2046

‘» fnlas

93.
92.
84.
76.

105.-
102.
97.

115.
113.
108.
101.

94.

126,
125.
125,
121,
114.

over cavity -

3 ke-in”

3
9
5

N =1 W

6
8

7

2
1

[N eNeNo ol

[ NoNoeNe]

O OO

[eNeoNeoRoNel

.82
.18
.72
.70

.86
.81
.15

.90
. 86
.17
.72
.67

. 96
.98
. 87
.85
.76



o

-14- : UCRL-2046

1
' .
L ) d
L2027
| wt2Te
R = 0.248d
Y r = 0.072d
) ‘}‘
dl - . -
Y
THICK GYLINDER DRIFT TUBE - CONFIGURATION

- MU-5049

Fig. 1
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PIPE DRIFT TUBE CONFIGURATION
o FIG.2 "
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‘THICK CYLINDER DRIFT TUBE WITH CONICAL SKIRT

MU-5051

Fig. 3
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PHOSPHOR-BRONZE
SILVER PLATED

9.8" PRECISION CAVITY . MU3418

Fig. 5
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FLAT SPRING FINGERS

DRIFT TUBE GUIDE PLATE

© 0" PREGISION CAVITY' .

. Fig. 6
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" DRIFT TUBE DRIVE

{

TOROIDAL COIL

. | . IL
- SPRING RF JOINT TOROIDAL GO
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15" MAX -
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PISTON DRIVE

«
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\

TLLLLLE L L LR

P

_20002" £ 005~
20" PRECISION CAVITY

~MU-5054

Fig. 7a
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