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A UNIQUE SPACE-SAVINC ACCELERATOR-CAVITY DESICN* 

Kim, J . F u g i t t , F . C r o s b y , K. J o h n s o n 
L a w r e n c e B e r k e l e y L a b o r a t o r y 

U n i v e r s i t y o f C a l i f o r n i a 
B e r k e l e y , CA * 4 ? 2 U 

Summary 

A c a v i t y w i t h 3 s e r i e s g a p s was d e s i g n e d a n d 
m o d e l e d t o o p e r a t e a t 70 MHz a s a S u p e r i i l L A C p o s t 
a c c e l e r a t i o n b u n c h e r ( 8 . 5 M e V / A ) . B e c a u s e o f a 
c r o s s - c o u p l i n g s c h e m e , t h e 3 c e l l s o p e r a t e i n t h e 
1/2 QX m o d e i n s t e a d a f t h e 6A mode o f a n A l v a r e z 
c a v i t y . T h i s c o u p l i n g r e s u l t s i n a c a v i t y w i t h 
d i a m e t e r r e d u c e d f rom 3 t o l e s s t h a n o n e m e t e r a n d a 
l e n g t h h a l f t h a t o f a n A l v a r e z c a v i t y f o r t h e s a m e 
e n e r g y g a i n . Tiie 3 g a p s a r e e l e c t r i c a l l y i n p a r a l l e l 
b u t n . i c h a n i c a l l y i n s e r i e s . T h e c a v i t y l i a s h i g h Q 
a n d s h u n t i m p e d a n c e . T h i s t y p e o f c a v i t y a p p e a r s t o 
h e u s e f u l f o r l o w v e l o c i t y b e a m s w i t h ($<_(). 2 . 

I n t r o d u c t i o n 

In c o n n e c t i o n w i t h p o s t - b u n c h e r d e s i g n s t u d i e s 
Lur t i m e - o f - f 1 i g l i t e x p e r i m e n t s a t t h e S u p e r i i l L A C , we 
i n v e s t i g a t e d a p o s s i b i l i t y o f f e e d i n g K-F v o l t a g e 
i n t o a p a i r o f 1/2 fiA d r i f t t u b e s t r u c t u r e s f rom a n 
Al v a i V 2 c a v i L y . 

1 /2 Q\ a c c e l e r a t i n g s t r u c t u r e s o r g i u a t e d b y 
W i d ^ r o e i n 1 9 2 8 i s b e i n g u s e d a t a l o w f r e q u e n c y o f a 
l e w Mliz w i t h lump c i r c u i t o s c i l l a t o r s . At a h i g h e r 
f r e q u e n c y ( 1 0 ^ 3U MHz,) , o n e may f e e d R-F v o l t a g e 
i n t o s e v e r a l a c c e l e r a t i n g g a p s f r o m a common 
r e s o n a t i n g l i n e a s i n a p r e - a c c e l e r a t o r f o r t h e 
Su pe r i l I LA".'. At s t i l l h i g h e r f r e q u e n c i e s , 
u t i l i z i n g TE m o d e s o f a c a v i t y , i n t e r d i g i t a l |i t y p e 
s t r u c t u r e s - a n d R F l ^ h a v e b e e n d e v e l o p e d . A". , o f 
t h e s e • : * "v i ce s a r e p r i m a r i l y t o r l o w 8 a c c e l e r a t i o n s . 
As t h e e n e r g y o f t h e p a r t i c l e i n c r e a s e s d r i i t t u b e s 
a r c l o n g e r a n d t h e r e s u l t a n t c a p a c i t i v e c u r r e n t s g i v e 
p o o r s h u n t i \ w p e d e n C e s c o m p a r e d t o A l v a r e z s t r u c t u r e s . 

In t h e A l v a r e z l i n e a r a c c e l e r a t o r s w h i c h a r t 
u s i n g T M Q I Q m o d e s a n d h a v e a c c e l e r a t i o n g a p s 6X 
a p a r t , t h e s h u n t i m p e d a n c e i s h i g h e r t h a n 1/2 6^ 
m o d e s a t t h e i n t e r m e d i a t e e n e r g i e s . T h e t o t a l e n e r g y 
lo«!» i n a n A l v a r e z a c c e l e r a t o r w i l l b e t u r t h e r 
d e c r e a s e d w i t h a l o w e r a c c e l e r a t i n g v o l t a g e b u t t h i s 
m a k e s a l o n g e r a c c e l e r a t o r . T h e r e f o r e , a t a h i g h e r 
e n e r g y , i t i s a g e n e r a l p r a c t i c e t o p u s h t h e R - F 
v o l t a g e t o n e a r t h e e l e c t r i c b r e a k d o w n l i m i t s t o n.akt-
a s h o r t e r a c c e l e r a t o r . S i n c e t h e 1/2 SX s t r u c t u r e s 
h a v e t w o t i m e s m o r e a c c e l e r a t i n g g a p - c o m p a r e d t o 6* 
s t r u c t u r e s a t t h e s a m e w a v e l e n g t h » we h a v e a 
r e l a t i v e l y h i g h s h u n t i m p e d a n c e i f we i n t r o d u c e 
1 /2 B-\ s t r u c t u r e i n s i d e o f t h e A l v a r e z c a v i t y . 

a c u m p a c L p o s t b u n c h e r u i m u l t i p l e a c c e l e r a t i n g 
g a p s i t i s d e s i r e d t o red*, e s p a c i a l d i m e n s i o n s a n d 
t h i s h a s b e e n a c h i e v e d by i n t r o d u c i n g a p a i r o f 
c o a x i a l 1/2 £X s t r u c t u r e s i n t h e a x i a s o f t h e A l v a r e z 
c a v i t y a s showt . i n F i g . 1 . T h e d i a m e t e r o f t h e 
c a v i t y w i l l b e c o n s i d e r a b l y d e c r e a s e d by h i g h e r 
c a p a c i t i v e l o a d i n g a n d 3 g a p a c c e l e r a t i o n s i n a 
d i s t a n c e o f 1 SX g i v e s h o r t e i a c c e l e r a t i n g d i s t a n c e . 
T h e c a v i t y s e e m s a l s o t o h a v e r e l a t i v e l y h i g h s h u n t 
i m p e d a n c e a t t h e S u p e r H l L A C e n e r g y . 

I n Lhe f o l l o w i n g s e c t i o n s , p r e s e n t a v i e w o f 
i n i t i a l d e s i g n a n d t e s t r e s u l t 1" a 3 g a p , j / 2 R\ 
l u l l s i z e m o d e l c a v i t y . In t h e e n d a p o s s i b i l i t y of 
e x t e n d i n g S u p e rll lLAC o u t p u t e u e r » y by i n t r o d u c i n g 
t h i s new c a v i t y i s a l s o g i v e n . 

A F o r e s h o r t e n e d Rail i a l T r a n s mi s s i o n s I, i tie 

A e e l , " o l t h e A l v a r e z c a v i t y w i t h d r i l l t u b e s 
c o u l d b e v . ' e w e d a s a f o r e s h o r t e n e d r a d i a l 
t r a i l s m i s s i o n 1 i ne wi t l i a l o a d i m p e d a n c e d u e in a 
d r i l t t u b e s t r u c t u r e . I n t r o d u c t i o n o f 1/2 BA 
s t r u c t u r e s s h o w n i n F i g . 1 m a k e s a d i f f e r e n t l o a d 
i m p e d a n c e t h a n a s i m p l e d r i f t t u b e w i t h a n 
a c c e l e r a t i n g g a p . A r e s o n a n t c a v i t y r a d Z u s c o u l d b e 
a p p r o x i m a t e i y c a l c u l a t e d 1 rom t h e t o t a l l o a d 
i m p e d a n c e 7.j a t t h e i n p u t of t h e r a d i a l l i n e . 

We g i v e t h e t o l l o w i iij' n o t a t i o n s u s e d i n a r a d i a l 
t r a n s m i s s i o n 1 i n e : 
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Where J 0 , J j , N 0 and U\ a r e usua l Besse l and 
Neuman f unct i o n s . The charac Le r i s t ic impedance 
Z 0 ( x j i s def i nes a s : 

Z » - y flrtU) 

i; <x) = [J 2 ( x ) + N 2 < x ) ] 1 / 2 

(1) 

(2a) 

(2b) 

C3> 

(Aa) 

A coup l ing of Wideroe d r i f t tube s t r u c t u r e s and a 
TM c a v i t y has been proposed by R. W. Huller** a t a 
low frequency a p p l i c a t i o n . The b a s i c idea behind the 
s t r u c t u r e can be a p p l i e d a t a h i g h e r frequency a s a 
c e l l of an a c c e l e r a t i n g s t r u c t u r e wi th a reduced 
omnium of d r i f t t u b e s i n a c e l l . 

I h c SuperttlLAC i s an Alvarez l i n e a r a c c e l o r a i o r 
o p e r a t i n g a t A f requency i = ?0,.e» H112, o u t p u t energy 
ol o.S KcV/A ( fi * u . H ) . The di-aiaeicr of t he 
r e s o n a t i n g t ank w i t h d r i f t t u b e s i s al^out 3tn and a t 
iiu. o u t p u t energy the c e l l lenjiUi i s **»hout 0 . 5 n . For 

*This wor« was suppor t ed by the D i r e c t o r , Oft i c e of 
I ^ ' - ^ y Resea rch , O f t i c e o i Hi jh Energy and NUT: t e a r 
F h y s i c s , Nuclear S c i e n c e D i v i s i o n U.S . IBepantiiu^t of 
Tnergy under C o n t r a c t No- W-KOS-ENG-AK. 

CjCx) * [ J ^ C x ) + W ^ C x ) ] 1 ' 2 

l*ien *««• resonan t c 
c a v i t y i s tfivvii by: 

(4b) 

nude ot tin-

L Z o S L c o s ^ i - J U i TX sinC j V ' 

v h e r e 6 j , $ j , and X0j^ a r e 9 , • , 3o v a l u e s 
r = r j and - c = fl C x c ) . For a g iven r j , L, 
and t-jf x c w i H be o b t a i n e d u s i n g Eq. 5 and Eq. 
2- For j g iven s e t ©I r j , L and >. , when rh-.* 
e f f e c t i v e c a p a c i t a n c e a t t h e c e n t e r vt c a v i t y : 

• l -

•WSFSei r ; T >C «WW.W '$ C*!'*""?1 



increased the cavicy radius r c will be decreased. 

Introduction of 1/2 BAstructures in the Cavity 

We took a cylinder cf a height L and the radius 
r c. Next we put a pair of co-axial intermediate 
cylinder of radius T\ extending from the end wall;. 
LT.d having a middle gap as shown in Fig. 2. Inside 
of these intermediate cylinders, we insert a pair of 
1/2 U^ drift tubes along the axis of the cylinder and 
cross-connect to the intermediate cylinder. Thus we 
obtain 3 accelerating gaps which are coupled to the 
outer TMJJIQ mode cavity. As a single cavity, the 
length of the cylinder L could be any value larger 
chan the central gap. However, as a cell of an 
accelerating structure, we may take L c 0A or L = 
3/2 &\ . For a low 0 , the total central capacitance 
Cj is small and the main ohmic loss is at the outer 
walls (r = r c ) , and L = 3/2 BX gives a better shunt 
impedance. As fJ increases, the ohmic loss at the 
central structure increases and L - (U will be the 
better choice for a high shunt impedance. For a 
first model cavity we took L = 3/2 £U to see the 
characteristics of the cavity though the final 
buncher cavity could be L = QX at the SuperlULAC 
output energy. 

The total load impedance Z-p of the radial line 
used in Eq. 5 could be found by the measurement from 
a model. For an approximate calculation we assumed 
the impedance Zj is made out of three parallel 
impedance of which two are from the two coaxial lines 
and the one is from the central gap and connections. 
U'hen the end gap impedances Z„ are much higher than 
Lhe characteristic coaxial line impedance Z c o , then: 

Then the total energy loss P-j- is: 

R 3r 8 ™ cot TI6 
*T " 2j Z c + g c o Cot ire 

(6) 

where Z c o « 61) ln[r]/r0) and Zc is the 
impedance from the central gap and connections. And 
the central potential V c is related to the end gap 
potential V as: 

P T = P. + P, + P i C 1 c (8) 

Examples 

and also we assume Z c » Zco 

a) 

Then r c = 1.32m and which is somewhat smaller than 
the d r i f t tube Loaded Alvarez cavity radius 1.5m and 
from Ki| . 8, P T i s : 

P T = 6 x 10" 5 LJSV2 

The energy gain of the new structure is about 3 times 
of V, the shunt impedance of the new structure is 
about 3.5 times better than Alvarez structure. 

b) 6= 0.13 r Q = 5 cm, r = 20 cm, L = 3/2BX 

This is a set of parameters for a model cavity. When 
we assume the impedance of the central gap Zc as 
Z c >> Z c o , Lq. 6 gives Zj- - 9b ohms. 
However, in the model used tor present studies, the 
cruss connecting rods are extending inside of the 
r = ri cylinder to the point 1/4 $\ and, it 
virtually, has an effect ot increasing r 0. 
Initially we build a cavity of r c "= 0.5m, which is 
corresponding to Z-j- = 70 ohms, and it resonated at 
a frequency of 56.2 MHz, instead of 70 MHz. Using 
th is frequency we calculated back the impedance Zy 
from eq. 5. Its value is about 45 ohms, and this 
impedance gives 35.5 cm at 70 MHz. Then we build the 
second mode 1 with rc = J5.5 cm then the resonance 
frequency was measured to be 6̂  MHz which was c Lose 
to the designed value even if outer cavity was near 
to the coaxial line than a radial line. The 
calculated shunt impedance is about one half of a 
normal Alvarez cavity. However the shunt impedance 
could be above the Alvarez cavity if we change r^ 
from 20 cm to 30 cm with in increased r c. 

V = V cos OB) (7) Mode l S t u d i e s 

The to ta l ohmic loss except the end walls can De 
divided into three par ts . The power loss P c at the 
outer walls (r * r c ) i s : 

c = L °s c

 L G O 1 cosOj-^) a o c 

x r ! ° L L cos(6,-4 ) + sin ( » - • , ) ] 
*-i3 2it r A C C I 

vhiTtf C o c , 2 o c and $c are taken at x = x c 

G0 ] and Z 0 i are taken at x = x \ , o s is a 
suriace res i s tance . 

A l u l l scale , 3 gap, prototype buncher shown by 
Fig. 3 was constructed to determine resonant 
frequencies, Q values and shunt impedances, relat ive 
gap \-oltages and phases, and coupling and tuning loop 
s i ze . The resul t s of the modei studies are 
summarized in Table 1. The cavity was made of 0.032" 

c u m OMtHdOMicAl * aituir i 

j;csi the power loss Pj at the outer surface of 
tho intermediate cylinder (r = r j ) is approximated 

(r-> os 

im-lly, the power Loss in the coaxial parts is: 

CO S X S ' J X„ X, 
a r, s i r ina-i 
8 u ~ M J 

Table 1 - Cavity Dimensions (cin) & Results 

copper sheet nietal. The resonant frequencies and Q 
values were measured with a HP 8640B signal generator 
and a HP 8405A vector voltmeter as a detector of 
amplitude auJ pilose. A 0.25" diameter by 0.?5" long 
brass bead was introduced into the gaps along the 
cavity center l ine . This purturbat ion method^ 
causes a resonant frequency change in proportion to 
Che square of the gap e lec t r i c f ie lds . This data 
together with the cavity Q also allowed the shunt 
impedance to be estimated. By integrating the 
aeasurtid e lec t r i c Sfiilt-ds across each gap we iouiid the 

- 2 -

file:///-oltages


relative gap voltages to be equal within « . The 
phase of the gap fields were determined by adding a 
capactjve voltage divider to each gap and observing 
the relative phase with the vector voltmeter. They 
were found to agree with predictions. A 10 cm x 10 
en miate tuning loop of 1/4" diameter cooper tubing 
-i.i tested in Che 11 field at one end of the cavity. 
:-.e range of resonant frequency change was about 7b 
KHz. A 5U ohm coupling loop was found to be 
approximately 4 cm in diameter. It appears there are 
no other resonant modes near the operat-ng 
lrequency, e.g. In our first model of J =. 56.2 MHz, 
cue next higher mode was at f = 17V MJIz. 

The shunt impedance, K s, shown in Table 1 at 
r = 69.9 MHz is beccer than Che estimated values from 
cq. 8 and comparable to the Alvarez cavity. This 
dltierence could orginate in an overestimate of Che 
power loss Pi of the intermediate cylinder. 

A pair of coaxial 1/2 ••. • accelerating scruccure 
with 3 gaps excited by outei TMniu cavity, modeled 
a* J capacitively loaded radial transmission line, 
resonated at the calculated frequency once the load 
impedance was known. The present model, L = 3/2 gj 
r 0 ' 5 cm, n » 20 cm, rc * 35 cm at 0 = 0. 13 
resonating at 70 Mil: is a compact caviCy wich a 
comparable shunt impedance of Alvarez caviry. 
However, the shunt impedance will be considerably 
increased if: 

a) We change the cross connection method of which 
the rod is now extending to die inside r = r. 
cy1moer. 

b) We change r [ = 20 cm to the bigger value to 
increase 'lCQ and at the same time reduce the 
resistance of Che r =• r ( cylinder. 

c) He change L = 3/2 B,\ to 1. = W in oruer Co reduce 
ohmic heating at r « r j cylinder. 

Finally if we introduce th i s new structure for 
SuperillLAC acceleration scheme, Che same energy could 
be reached in one-half of the present length wich 
about the same eleccr ic power. When we extend 
applying th i s struccure co a higher energy, for an 
example, 8 = 0.2 ( T.20 MeV/A), we may take r Q = 
5 cm, i i = 50 cm, Chen 2- could be made about 
00 ohms. When we Cake L - BJ , then x c = 
l . i U t ; In if f « I « HJ0), the calculated 
shunt impedance i s comparable to the corresponding 
Alvarez cavicy. Therefore, die length of the machine 
could be reduced one-half of the Alvarei accelerator 
with a modest increase of H-F power. 
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