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ABSTRACT

A new compact, s m a l l  d iam e te r ,  l i g h t  w e ig h t  s tand ing-wave  l i n e a r  a c c e l e r a t o r  
s t r u c t u r e  s u i t a b l e  f o r  i n d u s t r i a l  and m ed ic a l  a p p l i c a t i o n  was deve lo ped .  The 
new d e s ig n  u t i l i z e d  a shaped c o a x i a l  c a v i t y  as the c o u p l in g  c a v i t y .  T h is  
s t r u c t u r e  o f f e r s  a s i g n i f i c a n t  r e d u c t io n  i n  o v e r a l l  d iam e te r  over the  
s id e - c o u p le d ,  a n n u la r  r i n g ,  and e x i s t i n g  c o a x i a l  coup led  s t r u c t u r e s ,  w h i l e  
m a in t a in in g  a h ig h  shunt impedance, l a r g e  n e a r e s t- n e ig h b o r  c o u p l in g  and low  
n e x t- n e a re s t- n e ig h b o r  c o u p l in g ,  A p ro to ty p e  a c c e l e r a t o r  d e s ig n ed  to  o p e ra te  
a t  S-band f r e q u e n c y  was b u i l t  and t e s t e d .  A s im i l a r  a c c e l e r a t o r  t h a t  i s  
d e s ig n ed  to  o p e ra te  a t  X-band f r e q u en c y  i s  c u r r e n t l y  under deve lopment. The 
t h e o r e t i c a l  a c c e l e r a t o r  d e s ig n  p a ram e te rs ,  as w e l l  as  e x p e r im e n ta l  r e s u l t s ,  
a re  p re s e n te d .

INTRODUCTION

E x i s t i n g  s tand in g-w ave  a c c e le r a t o r  c o u p l in g  c a v i t i e s  can be c l a s s i f i e d  i n t o  
fo u r  g e n e r a l  d e s ig n  ty p e s :  s id e  c a v i t y ,  o n - a x is ,  c o a x i a l ,  and a n n u la r  r i n g  
s t r u c tu r e s *  These fo u r  s t r u c t u r e s  a re  shown s c h e m a t ic a l l y  i n  F ig u re  1 and 
im po r ta n t  f e a t u r e s  a re  summarized in  Tab le  I .

S in c e  the  s i d e  c a v i t y  s t r u c t u r e s  a re  o f f - a x i s ,  th ey  do not i n f l u e n c e  th e  
d e s ig n  o f  the  a c c e l e r a t i n g  c e l l s ,  e n a b l in g  s id e  coup led  a c c e l e r a t o r s  to  a t t a i n  
h ig h  e f f i c i e n c i e s .  S id e  coup led  s t r u c t u r e s ,  however, have the  d is a d v a n t a g e s  
o f  i n c r e a s in g  the  e f f e c t i v e  d iam e te r  o f  the  a c c e le r a t o r  g u id e ,  low e r  and 
a l a r g e  number o f  m ach in in g  and a s s e m b ly , s t e p s  r e q u i r e d .

C y l i n d r i c a l l y  symmetr ic  c a v i t i e s  - the o n - a x is ,  c o a x i a l ,  and a n n u la r  r i n g  
d e s ig n s  一 have the  advan tage  o f  b e in g  mach ined d i r e c t l y  i n t o  the  o p p o s i t e  s i d e  
o f  an a c c e l e r a t i n g  c e l l ,  th e reby  e l im i n a t i n g  m u l t i - p ie c e  a ssem b ly  and 
p r e b r a z in g .  C on s t ru c t io n  c o s t s  can be s u b s t a n t i a l l y  reduced . E x i s t i n g  
d e s i g n s ,  however f a l l  have d is a d v a n t a g e s .  The r a d iu s  o f  an o n- a x is  c o u p l in g  
c a v i t y  is. com parab le  to  the  r a d iu s  o f  the  a c c e l e r a t i n g  c a v i t y ,  but the  
s t r u c t u r e  i s  s u s c e p t i b l e  to  the  e x c i t a t i o n  o f  p a r a s i t i c  and beam b lowup inodesf 
wh ich  reduce the  o v e r a l l  a c c e l e r a t o r  e f f i c i e n c y  and beam s t a b i l i t y ^ - .
On-ax is  s t r u c t u r e s  a re  a l s o  s e n s i t i v e  to  th e rm a l d e tu n in g ,  a r e s u l t  o f  th e  
th e rm a l d e fo rm a t io n  o f  the  web between a c c e l e r a t i n g  c e l l s . 2 C o a x ia l  

s t r u c t u r e s  e l im i n a t e  the  d i r e c t  i n t e r a c t i o n  o f  the  e le c t r o n  beam w i t h  the  

c o u p l in g  c a v i t y ,  but e x i s t i n g  d e s ig n s  in c r e a s e  the  e f f e c t i v e  g u id e  d iam e te r  

60% to  80%. The c o a x i a l  s t r u c t u r e  i s  a l s o  more r e s i s t a n t  to  th e rm a l 
d e tu n in g .  Current d e s ig n s  c o n s i s t  o f  n a rrow  c y l i n d r i c a l  c a v i t i e s  sandw iched  
between a c c e l e r a t i n g  c e l l s ,  wh ich  o p e ra te  a t  a c o a x i a l  TMm o - l i k e  mode.3 
C o a x ia l  c a v i t i e s  use m agne t ic  c o u p l in g  and have s t r o n g  n e a r e s t- n e ig h b o r  

c o u p l i n g f w i t h  sm a l l  n e x t - n e a re s t- n e ig h b o r  c o u p l in g ,  K2 , wh ich



im p roves  power f l o w  and in c r e a s e s  the  m ech an ic a l  t o l e r a n c e s  a l l o w e d .  A nnu la r  
r i n g  d e s ig n s  have the  same s i z e  d is a d v a n ta g e  as the  e x i s t i n g  c o a x i a l  
s t r u c t u r e s ,  a lo n g  w i t h  in c r e a s e d  m ach in in g  c o m p le x i t y .  M oreover f th e se  l a r g e  
d iam e te r  c o u p l i n g  c a v i t i e s  tend to  e x c i t e  h ig h e r  o rd e r  modes.

C o a x i a l l y  coup led  s t r u c t u r e s ,  however, a t t a i n  a h ig h e r  p e rc en tag e  o f  
t h e o r e t i c a l  shunt i m p e d a n c e ^ .  The s i z e  d is a d v a n t a g e  o f  the  a n n u la r  r i n g  and 
e x i s t i n g  c o a x i a l  d e s ig n s  e x e m p l i f i e s  the  p rob lem  o f  d e v e lo p in g  a new c o a x i a l  
d e s ig n  wh ich  1 ) has a d iam e te r  com parab le  to  an a c c e l e r a t i n g  c a v i t y ,  2) does 
not s i g n i f i c a n t l y  in c r e a s e  the  web t h i c k n e s s ,  and 3) has l a r g e  Kj a n ( 3 s m a l l

k2 • In  t h i s  p ape r ,  a new c o a x i a l  c a v i t y  d e s ig n  i s  p re s en te d ,  and low  power 
t e s t s  o f  a p r o t o t y p i c a l  a c c e l e r a t o r  u s in g  t h i s  d e s ig n  a re  summarized*

THE COAXIAL COUPLED ACCELERATOR

The C o a x ia l  C oup l inq  C av it y  Des iqn

The new s t r u c t u r e  i s  p re s en te d  s c h e m a t i c a l l y  i n  F ig u re  2. I t  c o n s i s t s  o f  a 

s m a l l  r a d i u s ,  c o a x i a l  s t r u c t u r e  w i t h  e n la r g e d  t r i a n g u l a r  a re a s  w h ich  f i l l  the  
unused a re a s  between a c c e l e r a t i n g  c a v i t i e s  and in c r e a s e  the  m agne t ic  in d u c t io n  
in  tho se  r e g io n s .  In  e sse nce ,  the  geometry  enhances the i n t r i n s i c  f i e l d  
d i s t r i b u t i o n  o f  a s im p le  c o a x i a l  c a v i t y  in  the TM o io- l ik e  mode, w h i l e  
re d u c in g  the  c a v i t y  to  s m a l l e r  o v e r a l l  d im e n s io n s .  The f l a t  a re a  between the  
e n la r g e d  end r e g io n s  a c t s  as  an e f f e c t i v e  c a p a c i t o r  and c o n c e n t r a te s  the  
e l e c t r i c  f i e l d  in  t h a t  r e g io n ,  away from  the  c o u p l in g  s l o t s ,  s im i l a r  to  a 
r e e n t r a n t  c a v i t y .  The c o n c e n t r a t io n  o f  the  m agne t ic  f i e l d  p r o v id e s  an i d e a l  
c o u p l in g  o p p o r t u n i t y .  Two s l o t s  a re  cu t  180° o p p o s it e  each o th e r ,  th e re b y  
p r e s e r v in g  symmetry about th e  beam a x i s .  R e l a t i v e l y  s m a l l  s l o t s  can p r o v id e  
adequate  n e a r e s t- n e ig h b o r  c o u p l i n g ,  and the  n e x t- n e a re s t- n e ig h b o r
c o u p l i n g , K2 , can be made n e g l i g i b l y  s m a l l  by r o t a t i n g  the  s l o t s  90° a t  
each c e l l .  The d e s ig n  a l s o  a l l o w s  f o r  a ve ry  h ig h  K! to  be o b ta in e d  w h i l e  

keep in g  K2  to  an a c c e p t a b le  v a l u e f by i n c r e a s in g  the  s l o t  w id th  and a rc  
le n g t h .  •

The A c c e le r a t o r  D es ign

An S-band p ro to ty p e  a c c e l e r a t o r  wh ich  c o n s i s t s  o f  7 1/2 a c c e l e r a t i n g  c a v i t i e s  
was d e s ig n e d  f o r  optimum pe r fo rm ance  a t  4 MeV ou tpu t ene rgy .  A beam 
s im u la t i o n  program  was used to  d e ve lo p  the  buncher c o n f i g u r a t i o n  f o r  the  
g u id e ,  u s in g  the  LALA f i e l d  p r o f i l e s .  An i n j e c t i o n  v o l t a g e  o f  15 kV was u s e d , 
w i t h  v a r i a b l e  f i e l d  g r a d ie n t s .  The r e s u l t i n g  ou tpu t  energy  s p e c t r a  a re  g iv e n  
in  F ig u re  3 • The o v e r a l l  le n g t h  o f  the  g u id e  i s  35.9  cm. The peak r f  power 
d e l i v e r e d  a t  the  g u id e  i s  2 .3 MW, w i t h  a 4.3 usee p u ls e  w id th .  T ab le  I I  
summarizes the  a c c e l e r a t o r  d e s ig n  p a ram e te rs .  Both the  c o u p l in g  and 
a c c e l e r a t i n g  c e l l s  were a c c u r a t e l y  tuned by m ach in in g ,  in  o rd e r  to  make 

po s t- b ra z e  t u n in g  o f  the  g u id e  u nn e ce s sa ry .  The a c c e l e r a t i n g  c e l l s  were tuned  

to  w i t h i n  土 0 .1  MHz o f  the d e s i r e d  f r e q u e n c y .  The d e s i r e d  f r e q u e n c ie s  were 
d e te rm ined  from  the  d i s p e r s i o n  measurements o f  s u c c e s s iv e  s t a c k s  o f  2 f A, and 
6 h a l f  c e l l s .  Because o f  the  s e n s i t i v i t y  o f  the  l a r g e  c a p a c i t i v e  r e g io n  o f  

the  c a v i t y  to  gap l e n g t h ,  the  e f f e c t  o f  the  b ra ze  had to  be a l l o w e d  f o r • The 
f u l l  c a v i t y  f r e q u e n c y  v a r i e s  240 MHz/mm o f  a d d i t i o n a l  s p a c in g  between h a l f  
c e l l s .  The b ra ze  p ro c e s s  adds 20 m ic ron s  o f  copper between c e l l s  on a v e ra ge ,  
r e s u l t i n g  in  an in c r e a s e  o f  a p p ro x im a te ly  5 MHz.

An X-band a c c e l e r a t o r  c u r r e n t l y  under deve lopm en t,  w i l l  c o n s i s t  o f  12 1/2 
a c c e l e r a t i n g  c a v i t i e s  w i t h  an o v e r a l l  l e n g t h  o f  19 .7  cm. I t  i s  d e s ig n e d  to  
have an ou tpu t  ene rgy  o f  4 MeV and w i l l  be powered by a 1 .3 MW c o a x i a l



magnetron a t  9300 MHz. Because o f  m ech an ic a l  and th e rm a l c h a r a c t e r i s t i c s ,  and 
beam d yn am ic s , the  X-band a c c e l e r a t o r  d e s ig n  cannot be s im p ly  a s c a le d  v e r s io n  
o f  an S-band a c c e l e r a t o r . The r e s u l t a n t  shunt impedance i s  139 Mil/m wh ich  i s  
o n ly  65% o f  the  v a lu e  f o r  a s im p le  s c a le d  d e s ig n .

EXPERIMENTAL RESULTS

The measured and t h e o r e t i c a l  d i s p e r s io n  cu rv e s  f o r  the  brazed  S-band 
a c c e l e r a t o r  g u id e  a re  shown in  F ig u re  4. The t h e o r e t i c a l  curve  assumes a 

b i p e r i o d i c  s t r u c t u r e  w i t h  f a c c e l e r a t i n g  = 2996.69 MHz and f c o u p l i n g  = 3000 
MHz. The measured lo w e s t  h ig h e r  o rd e r  mode s t a r t s  a t  4300 MHzf f a r  above the  
dom inant mode. The g u id e  had a measured Q o f  13,500 and Qe x t o f  6 ,580 , w i t h  
a c o u p l in g  f a c t o r ,  )30 , o f  2 .05 . The n e a r e s t- n e ig h b o r  c o u p l in g ,  K! was 3.3% 

and the n e x t-n e a re s t- n e ig h b o r  c o u p l i n g ,  K2/ was 0 .04% .  The c o u p l in g  c a v i t y  
f r e q u e n c ie s  were 3001.5 MHz, + 1 •5  MHz. B e fo re  and a f t e r  b r a z in g  le n g th  
measurements o f  the  g u id e  in d i c a t e d  a g r e a t e r  than ave rage  in c r e a s e  per c e l l ,  

a p p ro x im a te ly  30 m ic ro n s .  T h is  e x p l a i n s  the  h ig h  c o u p l in g  c a v i t y  f r e q u e n c y ,  
wh ich  i s  app a ren t  in  the d i s p e r s io n  cu rv e .  The a c c e l e r a t i n g  c e l l s  remained 
tuned to  w i t h i n  + 0 ,1  MHz o f  a f i x e d  f r e q u e n c y .  These f r e q u en c y  v a r i a t i o n s  
were a c c e p ta b le  and no p o s t- b raz e  t u n in g  o f  the g u id e  was done. H igh power 
t e s t s  o f  the  a c c e l e r a t o r  a re  c u r r e n t l y  b e in g  unde rtaken .

CONCLUSION

A new, s m a l l  d iam e te r  c o a x i a l  c o u p l in g  c a v i t y  wh ich  f i t s  e n t i r e l y  in  the  web 
between a c c e l e r a t i n g  c a v i t i e s  was d e ve lo ped .  A compactf s t a n d in g  wave, l i n e a r  
a c c e l e r a t o r  in c o r p o r a t i n g  the  new c a v i t y  was d e s ig n e d ,  a ssem b led ,  and t e s t e d .  
I n  a d d i t i o n  to s m a l l e r  s i z e  and l e s s  w e ig h t ,  the a c c e l e r a t o r  o f f e r s  v a r io u s  
advan tage s  over e x i s t i n g  s t r u c t u r e s .  The component c e l l s  a re  s im p le r  to  
mach ine  and a s s e m b le • No p o s t- b ra z e  t u n in g  o f  the a c c e le r a t o r  i s  r e q u ir e d .
For e q u a l  s i z e  c o u p l in g  s l o t s ,  h ig h e r  v a lu e s  o f  K! w i t h  low e r  v a lu e s  o f  K2 

a re  o b t a in e d .  Because o f  the  s m a l l  c o u p l in g  c a v i t y  d iam e te r ,  the  f r e q u e n c ie s  
o f  h ig h e r  o rd e r  modes l i e  w e l l  above the  dom inant mode f r e q u en c y .  Low power 
t e s t s  in d i c a t e d  the  p r o p e r t i e s  o f  the  assemb led  p ro to ty p e  a c c e le r a t o r  were i n  
good agreement w i t h  the  d e s ig n  c a l c u l a t i o n s ,

REFERENCES

1 . J .  P. L a b r ie  and J .  McKeown, "The C o a x ia l  Coupled L inac  S t r u c t u r e " ,
N uc le a r  In s t rum en ts  and Methods , No. 193, pp. 437-444, 1982.

2. J .  McKeown and J .  P . L a b r i e , "Heat T r a n s f e r , Thermal S t r e s s  A n a ly s i s  and 
the  Dynamic B ehav io r  o f  H igh Power RF S t r u c t u r e s " , IEEE T ra n s a c t io n s  on 
N uc le a r  S c ie n c e ,  V o l.  NS-30f No. 4, pp. 3593-3595, 1983.

3. R. M. L aszew sk i and R. A, H o f f s w e l l ,  "Coax ia l-C oup led  L inac  S t r u c t u r e  f o r  
Low G rad ie n t  A p p l i c a t i o n s " f in  P ro c eed in g s  o f  the L in e a r  A c c e le r a t o r  
Con ference  1984, pp. 177-179.

4. s. 0. S c h r i b e r f e t  a l ,  " E f f e c t i v e  Shunt Impedance Comparison Between 
S-Band S ta n d in g  Wave A c c e le r a t o r s  w i t h  On-Axis and O f f-A x is  C ou p le r s " , i n  
P ro c e e d in g s  o f  1976 P ro ton  L in ac  C on fe rence , Atomic Energy o f  Canada,
Ltd . R eport No. AECL-5677f 1976, pp. 338-343.



TABLE 丨 TYPICAL PARAMETERS FOR S BAMDP2 MODE 
STANDING WAVE ACCELERATOR STRUCTURES

Side
Coupled On-axis Standard

Coaxial
Annular

Ring Design

Effective Diameter 16.5 cm 8.4 cm 12.6 cm 14.0 cm 8.4 cm

Minimum Web Thickness 
Between Accelerating Cells 3 mm 9 mm 9 mm 5 mm 9 mm

Maximum Nearest Neighbor 
Coupling: Ki 5% 20% 25% 18 % 25%

Nearest Neighbor Coupling 
Next Nearest Nkighbor 一 

Coupling

K,
K

30 200 - - 110

TABLE II DATA SUMMARY
Accelerator Length 
Number of Cavities 
Frequency
Coupling: Nearest Neighbor (Ki)

Next Nearest Neighbor (K2) 
RF Peak Power 
RF Pulsewidth 
E peak/Eo
Transit Time Factor 
Theoretical Qo 
Theoretical ZT2/L

Qo
Qext
Po =Qo/Qext 
ZVIl

Design 
R 4 0 0  
7,200 
2.0 

111 Mo/m

35.9 cm 
7% 

2997 MHz 
3.3% 
.03%

2.3 MW
4.3 fi sbc 

8.1 
.916

16,000 
124 Mo/m

Measured 
13,500 

6,600 
2.05 

105 Mo/m

. ^

Annular Ring Coupled Structure

Ot-axis Coupled S
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