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Proton l i n e a r  acce le ra to r s  of the Alvarez type a r e  l imi ted  i n  energy because the  

e f f i c i ency  of the conventional 2 u  s t r u c t u r e  f o r  p a r t i c l e  acce le ra t ion  becomes small at 

higher energies. hIany problems i n  the t r a n s i t i o n  from t h i s  s t r u c t u r e  to another type 

of accelera t ing device can be minimized i f  the  t r a n s i t i o n  is made at s u f f i c i e n t l y  high 

energy. This is true when it  i s  des i red  t o  continue the acce le ra t ion  wi th  e i t h e r  a 

t r ave l ing  wave l i n e a r  acce le ra to r  o r  a  c i r c u l a r  magnetic accelera tor .  

I n  order  to extend the conventional s t r u c t u r e  to  higher energies, 200 MeV or  

higher, i t  i s  necessary t o  minimize power losses  by making a  proper choice of cavi ty  

and d r i f t - tube  parameters. Computational methods have been developed') f o r  ca lcu la t ing  

the resonant frequencies and f i e l d s  of c a v i t i e s  with d r i f t  tubes which a r e  a r b i t r a r y  

f igures  of revolution.  Using these methods, an  optimiaation of the cav i ty  d r i f  t-tube 

dimensions have been m d e  a t  200 hIc/s and at energies  of 50, 100, 150, and 200 MeV to  

give mininum power losses  f o r  cy l indr ica l  d r i f t  tubes. D r i f t  tubes of o the r  shapes a r e  

now under inves t igat ion t o  determine whether i t  is  poss ible  t o  f u r t h e r  reduce the power 

losses  a t  the  higher energies. E l l ipso ida l  d r i f t  tubes have shown t h a t  a  small improve- 

ment is possible.  

Computational Method 

For Q-independent t ransverse  magnetic modes, Maxwell ' S  equations reduce t o  

where F  = r H  and k = w/c. F  is  chosen s o  t h a t  the  boundary condi t ions  a r e  simple. 
'P' 

The so lu t ion  of t h i s  equation i s  w r i t t e n  i n  terms of an eigen-function expansion; the 

eigenvalue i s  ca lcu la ted  from a  v a r i a t i o n a l  principle.  A convergent i t e r a t i v e  process 

i s  possible with each new eigenvalue giving tl b e t t e r  value of F. For d i g i t a l  com- 

putation,  these equations a r e  reduced t o  f i n i t e  d i f fe rence  r e l a t i o n s  and the ca lcu la t ion  

c a r r i e d  out  over a  mesh defined by the l i n e a r  acce le ra to r  un i t  c e l l .  

Fig. 1 i l l u s t r a t e s  the  type of geometry considered i n  the ca lcu la t ion  (by sym- 

metry only one quadrant need be considered). I f  the resonant frequency is  speci f ied ,  

(*) Supported by t h e  U.S. Atomic Energy Commission. 
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DRIFT TUBE DRIFT TUBE 

Fig. 1 F plot  of a 50 MeV l inaa unit 0011. P = rH (normalised to  5.06 x 10-' ~/m') 
f = 200.8 b/s; Q = 76,900; B = 0.313 (L9.6 &V); T = 0.8 (Transit time 
factor) ZTZ = 55.2 K U m  (Effeative shunt impedance). 

f i v e  geometrioal parameters must be considered f o r  oyl indr ioa l  d r i f t  tubes: (1) the 

d r i f t - tube  diametere, (2) the gap length, (3) the  o e l l  diameter, (4) the  o e l l  length,  

whioh is determined by the energy, and (5) the r ad iue  on the d r i f t - tube  aorner. 

The usual praot ioe  is  to ohoose these parameters so a s  t o  maintain resonanoe a t  the  
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d e s i r e d  frequency ( i n  t h i s  ca se  200 hlc/s), and i n  o rde r  to  achieve  the  h ighes t  

a c c e l e r a t i n g  e f f i c i ency .  The e f f i c i e n c y  of t h e  s t r u c t u r e  is based on achiev ing  a max- 

imum value  of the " e f f e c t i v e n  shunt impedance Z T ~ ,  where T is t h e  t r ans i t - t ime  f a c t o r  

and Z i s  t h e  u sua l  shunt  impedance def ined  as the  r a t i o  of the squa re  of t h e  m a x i a r m  

a x i a l  a c c e l e r a t i n g  vo l t age  a c r o s s  t he  gap t o  the t o t a l  power l o s s  i n  t h e  c e l l .  The 

ourves a r e  l i n e s  of cons t an t  F and have the  same d i r e c t i o n  as the  e l e c t r i c  f i e l d  l i n e s .  

With the  F values  known throughout the c e l l ,  i t  i s  f a i r l y  simple t o  c a l c u l a t e  f i e l d  

s t r e n g t h s ,  power l o s s e s  on the  c e l l ,  t he  c a v i t y  "Qn, the  shunt  impedance, t r ans i t - t ime  

f a c t o r ,  o r  o t h e r  f a c t o r s  important  f o r  c a v i t y  design.  

R e s u l t s  

Resonance curves  a t  200 hIc/s have been developed f o r  c y l i n d r i c a l  d r i f t  tubes  

over  a range of the  geometr ical  parameters  by a l a r g e  number of computer runs. A t  the  

p a r t i c u l a r  ene rg i e s  of 50, 100, 150, and 200 NeV, a s u f f i c i e n t  number of runs  have been 

taken t o  a l l o w  a s e l e c t i o n  of the maximm va lue  of t he  "e f f ec t ive"  shunt  impedance. 

A t  o t h e r  ene rg i e s  o u t  t o  400 MeV runs  have been made f o r  a g e o m t r y  which would be 

expected t o  g ive  high v a l u e s  f o r  t h e  shunt  impedance. These maximum va lues  a r e  shown 

i n  Fig. 2 where i t  is seen how the  e f f i c i e n c y  of t he  conventional  2 a  s t r u c t u r e  d e t e r i o r -  

a t e s  a t  h igher  energies .  

The problem of t h e  dec reas ing  e f f i c i e n c y  of t he  s t r u c t u r e  a t  h igher  e n e r g i e s  is  

i l l u s t r a t e d  by the u n i t  c e l l  a t  200 MeV shown i n  Fig. 3. The d r i f t  tube has become s o  

long t h a t  the d e s i r a b l e  e l e c t r i c  a c c e l e r a t i n g  mode looks  ve ry  d i f f e r e n t  from t h a t  i n  

Fig. 1. I f  one i n v e s t i g a t e s  t h e  iso-H l i n e s  ( l i n e s  drawn through p o i n t s  of equal  H a t  

equal  i n t e r v a l s  i n  H ) ,  i t  i s  observed t h a t  a p e a t  dea l  of H f l ux  occurs  a long  t h e  

su r f ace  of the d r i f t  tube i n d i c a t i n g  l a r g e  c u r r e n t  flow i n  t he  d r i f t - t u b e  surface.  

These c u r r e n t s  cause l a r g e  power l o s s e s  and r e s u l t  i n  t h e  decreas ing  va lue  of the shunt 

Fig. 2 Plot of InaXiU efficiency of cylindrically shaped drift 
tube versus energy. pig. 3 200 MeV cylindrical drift tube F plot. 
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Fig. 4 200 YeV oylindrioal drift tube iso-H plot. Fig. 5 200 LleV elliploidal drift tube F plot. 

impedance a t  higher energies. This is  

shown i n  Fig. 4. 

To improve t h i s  s i tua t ion ,  we a r e  now 

inves t iga t ing  d r i f t  tubes of other  shapes. 

The computer program has been modified t o  

handle d r i f t  tubes of a r b i t r a r y  shape pro- 

vided the outside curvature does not change 

sign. E l l ip so ida l  d r i f t  tubes show an 

improvement i n  e f f i c i ency  over the cyl in-  

d r i c a l  shape. This is shown i n  Fig. 5 f o r  

an e l l i p s o i d a l  shaped d r i f t  tube of the  

same diameter a s  the cy l ind r i ca l  d r i f t  tube 

of Fig. 3 and 4. The fewer number of F  

l i n e s  terminating on the  d r i f t - tube  surface 
Fig. 6 200 YeV ellipsoidal drift tube iso-H plot. 

is ind ica t ive  of smaller power losses  on the  

d r i f  t-tube surface. This  is a l s o  shown on the iso-H p l o t ,  Fig. 6, where i t  can be seen 

t h a t  some of the  f i e l d  has been r e s to red  to  the  gap. The wef fec t ivew shunt impedance 

has been improved from 15.6 HR p e r  meter f o r  the cy l ind r i ca l  d r i f t - tube  geometry to  

18.7 IYR f o r  the e l l i p s o i d a l  d r i f t  tube. 

I t  is not  c e r t a i n  a t  t h i s  time whether the increased ef f ic iency of the  e l l i p so ida l  

d r i f t  tubes oan be r e a l i s e d  i n  prac t ice .  Since the e f f i c i ency  is strongly dependent 

upon the  transi t- t ime fac to r ,  the g rea te s t  e l f  iciency i s  obtained f o r  very small dia-  

meters of the  d r i f t  tube  and where the  gap between d r i f t  tubes is a l s o  smallest .  A t  

these small diameters and a t  high energy there  is  l i t t l e  d i f f e rence  i n  the  e f f i c i enay  

f d r  various d r i f t  tube shapes. Furthermore, the e l l i p so ida l  shape r e s u l t s  i n  higher 
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vo l t age  g rad ien t s  i n  t h e  oavity.  This f a o t ,  p l u s  the  added f a b r i o a t i o n  o o s t  nury r u l e  

o u t  t h e  more oolapliaated shapes. On the  o t h e r  hand, i f  inoreased  diameters  a r e  r e -  

qui red  t o  i n l e r t  r a d i a l  focus ing  devices,  t h e  e l l i p s o i d a l  shape may be worthwhile. 

l. T.W. Edwards, hfLRLA Report No. 622 (unpublished, 1961). 
2. R. Taylor, J. Nuc. Energy, P a r t  C, Vol. 3, p. 128 (1961). 

DISCUSSION 

WHEELER : Although t h e  methods used  by the MURA and Yale programs f o r  shaped d r i f t  
tubes a r e  q u i t e  d i f f e r e n t ,  they do i n  f a o t  l ead  t o  q u i t e  s i m i l a r  r e s u l t s .  The apparent  
d i f f e renoe  i n  t h e  numbers f o r  shunt  impedanoe whioh I quoted f o r  Yale as oompared t o  
the  MURA f i g u r e s  oomes about  because we have reduoed our va luer  by about 2% t o  aooount 
f o r  l o s s e s  (suoh as d r i f  t-tube stems and ooupling loops) whioh a r e  not inoluded i n  the 
theore t i o a l  oa l eu la  t ions .  

YOUNG : Yes. I might a l s o  ind ioa t e  t h a t  the  computer program has  been oheoked out  
e x p e r i m n t a l l y  not  only by oomparing wi th  o t h e r  r e s u l t s  both f o r  e x i a t i n g  l i n a o s  a.nd 
with  the Yale program, but  a l s o  on a p reo i s ion  frequency oavi ty .  We f i n d  t h a t  we oan 
oa lou la t e  e s s e n t i a l l y  eve ry th ing  tha t  we can measure. 
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