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T a t  K. Khoe, ~ u g e n e  P. Colton, and Robert J. Burke? 
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i 
. . I j. 

Argonne Nat iona l  Laboratory (ANL) is  c u r r e n t l y  
Ideveloping t h e  i n j e c t o r  of  a heavy i o n  beam-driver  f o r  
' the  i n e r t i a l  confinement fus ion  program. The f i r s t  
p h a s e  of  t h e  program is t o  a c c e l e r a t e  about  20 mA o f  

I 
jabout  18, we expected t h e  c a v i t y  t o  r e q u i r e  shimming 
) t o  reach  des ign  frequency. . , I 
I 

f I The c a v i t y  is now on s t a t i o n  i n  f r o n t  o f  t h e  . , , 
I . p r e a c c e l e r a t o r  undergoing. low power t e s t i n g .  S h o r t l y  I 

I it w i l l  be  p u t  under vacuum and h igh  power t e s t i n g  ; - .  

. w i t h  beam w i l l  commence. The c a v i t y  h a s  been tuned 
' ~ e "  from a 1.5 Hv p r e a c c e l e r a t o r  t o  11.4 MeV i n  a low-: . 

: t o  t h e  design frequency o f  12.500 MHz by adding a 
b e t a  RF l i n a c .  The f i r s t  s e c t i o n  o f  t h e  l i n a c  u t i l i z e s  

.0.409 cm copper ring to the bottom end plate flange in 
a s i n g l e  harmonic buncher and independently-phased . o r d e r  t o  decrease  t h e  end p l a t e  capac i tance ;  it had a 
s h o r t  l i n a c  r e s o n a t o r s  with a FODO magnetic quadrupole 

measured Q o f  5500 and a gap impedance o f  525 kc.  
focusing l a t t i c e .  These a r e  followed by two double- o 
s t u b  WiderCIe l i n a c s .  A l ayout  o f  t h e  l i n a c  up t o  

. 6.4 MeV is shown i n  Fig.  1. The o p e r a t i n g  parameters  : 

'of t h e  low-beta l i n a c  a r e  given i n  Table I. This  ! 

paper  g i v e s  d e t a i l s  o f . t h e  low-beta l i n a c  design.and 
' 

r e s u l t s  o f  low power measurements o n , t h e  f i r s t  accel-  
e r a t i n g  cav i ty .  l 

i Buncher and Shor t  Linac ~ e s o n a t o r  Design I 
I 

i I Beam capt&e i s  optimized by us ing  a buncher 
I 

i . '  [immediately a f t e r  t h e  1.5 NV p r e a c c e l e r a t o r .  The 
buncher c a v i t y  is t h e  s i n g l e  d r i f t  t u b e  lunged i n d u c t o r '  
r e s o n a t o r  shown i n  Fig. 2. The o u t s i d e  s h e l l  of  t h e  
resona tor  i s  y d e  o f  5083 aluminum and h a s  been coated 
wi th  about  70 A o f  t i t a n i u m  i n  o r d e r  t o  p revent  
~ m u l t i p a c t o r i n g .  The i n s i d e  c o i l  ( induc tor )  shown i n  
h g .  3, t h e .  end p l a t e s ,  and o u t s i d e  housing o f  t h e  i I d r i f t  t u b e  a r e  made o f  copper. The buncher is sepa- 
r a t e d  from t h e  f i r s t  a c c e l e r a t i n g  c a v i t y  by a space o f  / 
3 m conta in ing  a quadrupole t r i p l e t  and beam diag-  

:nos t ics .  

, A model o f  t h e  lumped i n d u c t o r  r e s o n a t o r  was made,  
!of 3.2 mm t h i c k  6061 aluminum s h e e t  and seam welded ! 

\ toge ther  t o  form a .  c y l i n d e r  0.76 m in h e i g h t  and 1 
.I '0.69 in I D .  The i n n e r  conductor was made o f  copper ! 

p i p e  and wound i n t o  a 0.51 5 diameter  c o i l  o f  2-1/3 j 
' t u r n s  wi th  0.18 m between tu rns .  The c o i l  was shor ted  1 
t o  an aluminum end p l a t e  through a 0.28 m copper sup- i 
p o r t  s tub .  The open end was connected t o  a d r i f t  tube / 
by a l a r g e  r e c t a n g u l a r  coax ia l  t ransmiss ion  l i n e  of  

.: 1 c h a r a c t e r i s t i c  impedance 14.5 Q. ' T h e  model, designed i 
t o  resona te  a t  12.5 blHz, had a measured resonant  f r e -  j 

' quency o f  11.8 MHz and gap impedance o f  280 M. Only i 
.about  1.8 kW o f  RF power w i l l  b e  r e q u i r e d  t o  reach t h e  j 
buncher v o l t a g e  o f  23 kV p e e  .per  gap. , I 

I The f i r s t  a c c e l e r a t i n g  c a v i t y  o f  t h e  l i n a c  is t h e  
lumped c a p a c i t o r  s i n g l e  d r i f t  t u b e  r e s o n a t o r  shown 
schemat ica l ly  i n  F ig .  1. The o u t s i d e  s h e l l  of  t h e  
resona tor  is made o f  copper p l a t e  .and seam welded 
t o g e t h e r  t o  form a c y l i n d e r  0.648 m i n  diameter  and 
1.93 m i n  l e n g t h  a s  shown i n  Fig.  4. The i n n e r  con- 
duc tor ,  c a p a c i t o r  p l a t e ,  d r i f t  tube ,  and d r i f t  tube  . 
o u t s i d e  housing a r e  made of  copper. 

I I To c i c u l a t e  i t s  resonant  frequLncy, t h e  c a v i t y  , 
.was modeled a s  a c a p a c i t i v e l y  loaded t ransmiss ion  l i n e  ; 
.wi th  t h e  f r i n g i n g  capaci tance of  t h e  l a r g e  end p l a t e  ' 
i a l s o  taken i n t o  c0ns idera t ion . l  The bottom p a r t  o f  1 
] t h e  c a v i t y  which c o n t a i n s  t h e  d r i f t  tube is  rectangular :  

. :and was modeled a s  a rec tangula r  t ransmiss ion  l i n e . 2 .  ' 
- . Since  t h e  accuracy o f  t h e  c a l c u l a t i o n s  was a t  b e s t  

i i 
t 
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Therefore,  on ly  9.52 kW o f  power w i l l  be  r e q u i r e d  to '  
reach t h e  des ign  of  100 kV peak o f  t h e  gap. S ince  

125 kW o f  RF power is  a v a i l a b l e ,  s t u d i e s  w i l l  be  under- 
taken t o  determine t h e  v o l t a g e  breakdown l i m i t  w i t h  
beam. 

i The n e x t  two"div i t i es  (shown. schemat ica l ly  i n  
I Fig;  1) a r e  t h e  s h o r t  m u l t i d r i f t  tube "drum" loaded : 
I 
' r e s o n a t o r s .  They o p e r a t e  i n  t h e  Sn/r mode wi th  one . 
i n t e r n a l  quadrupole p e r  c a v i t y .  The p r e v i o u s l y  

; mentio-ned t ransmission l i n e  model and s u p e r f i s h 3  84 
: h a v e  been used t o  determine t h e  dimensions and oper-  
a t i n g  parameters  o f  t h e  resona tor .  Cur ren t ly  t h e  
c a v i t i e s  a r e  being f a b r i c a t e d  i n  ANL shops. The 

. o u t s i d e  s h e l l  of t h e  c a v i t i e s  is  t o  be e l e c t r o n  beam ' 

jwelded copper p l a t e ;  t h e  end f langes  and p o r t s  a r e ' t o  . 
. . . . i b e  brazed t o  t h e  shel l :  I . .  

I . . I 
i Double-Stub Widerije Design 
i I 
] The double-st* Wideriie l i n a c  is  'shown schemati- , . 
,tally i n  Fig. 1, a s  t h e  l a s t  two tanks on t h e  r ic jht .  
The tanks  were designed us ing  a Wideriie l i n a c  code 

j developed a t  t h e  Lawrence Berkeley ~ a b o r a t o r ~ ~  i n  c o l -  ! . 
/ l a b o r a t i o n  wi th  .GSX. The program is i n t e r a c t i v e  and 
1 i t e r a t i v e .  By. varying t h e  p o s i t i o n  and l e n g t h  o f  t h e  j 
j s t u b s ,  t h e  input /output  energy,  and Line l o a d i n g ,  we 
' f i n d  a c o n s i s t e n t  s o l u t i o n  f o r  frequency, d r i f t  tube  / t a b l e ,  energy g a i n  p e r  c e l l  and gap vo l tages .  The 

. 
1 Iprogram a l s o  conta ins  a p l o t t i n g  r o u t i n e  f o r  the.vo1-  

I ~ t a g e  on t h e  gaps and t h e  c u r r e n t  a long t h e  l i n a c .  
. . . . 

I n  o r d e r  t o  c o n t r o l  space charge f o r c e s  and 
ach ieve  maximum beam t r a n s p o r t  it is necessary  t o  be I 

: a b l e  t o  c o n t r o l  t h e  vo l tage  tilt along t h e  l i n a c .  
; F i g u r e  5 shows a p l o t  o f  gap v o l t a g e  along t h e  l i n a c  
/ f o r  t h r e e  d i f f e r e n t  s t u b  l e n g t h  s e t t i n g s .  The proper  
vo l tage  tilt can be  s e t  by vary'ing t h e  s t u b  l e n g t h s  i . 

!wi thout  t h e  need f o r  tun ing  b a l l s  o r  p r e c i s e  model 
'I measurements. The double-stub Wider6e is s u p e r i o r  . / 

i n  t h i s  regard  t o  t h e  s i n g l e - s t u b  WiderBe, which was 
prev ious ly  under i n v e s t i g a t i o n .  The s.ingle-stub h a s  1 .  

' # a  f i x e d  vo l tage  tilt w i t h  no means o f  adjustment  1 without  t h e  a d d i t i o n  o f  tun ing  b a l l s .  T h i s  d e f i c i e n c y  f 
[ i s  f e l t  to ,ou tweigh  t h e  s ing le -s tub  design advantages 
o f  be ing  s h o r t e r  and e a s i e r  t o  a l i g n  and i n  having : 

I a very l i n e a r  vo l tage  d i s t r i b u t i o n .  ! 
I ! .: 

I Conclusion . . i 
The buncher c a v i t y  i s  now undergoing assembly on I 

s t a t i o n  i n  f r o n t  o f  t h e  p r e a c c e l e r a t o r .  The capac i -  I 
t i v e l y  loaded resona tor  i s  on s t a t i o n  i n  p r e p a r a t i o n  i 1 f o r  high power t e s t i n g  wi th  beam. The "drum" reso-  i 

, n a t o r s  a r e  c u r r e n t l y  be ing  f a b r i c a t e d .  RF a m p l i f i e r s , :  
r a t e d  a t  25 kW pulsed  f o r  2 m s ,  t o  d r i v e  t h e  above i 

! c a v i t i e s ,  a r e  scheduled t o  be  d e l i v e r e d  s h o r t l y .  The ] 1 a m p l i f i e r s  were purchased from an i n d u s t r i a l  f i r m  t o o u r  
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, ' tetrodes a s .  the f i n a l  stage. I ~ 

. !  il. 
A d e i g n  of a d~uble-s tub 5n/n WiderSe l i n a c  j 

using a FOW quadrupole focussing l a t t i c e ,  has been 
completed. This l inac  increases the  ion energy from 
2 MeV t o  6.4 MeV. The design of the  second double- ;2 .  
s tub  Wider& operating i n  the 3n/n mode with FOW . : ! 

:focussing has a l s o  been completed. It increases the / f 
'ion energy from 6.4 t o  11.4 MeV. In  order t o  increase j I ,  
'shunt impedance and reduce cost ,  a 3n/n double-stub ; 13. 
Widerb'e l i n a c  for.Tank #4 operating with a FOFOWW i 
,focussing l a t t i c e  is currently under study. i . 4 .  

i i 
i ; . . 
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TABLE I . . : :  
I : 

Low Beta Linac' Parameters 

i i . . 

I . - . , .  . . " .. - . . -  ... I ! I . . 
I . .  . . . , !  

. , ! . . .  . . . . .  .. . . . Pig. 1 12.5 MHz L o w  Befa Linac. . . . . 
. . . . . .  i . . .  . . 

..... ...--. ....-.... .... ...,-..,*,. 
. . 

1 2-.--L - .  : : : i 1 -: -.-.- -1 --:. 

. . 
#2 r 

~r&i  ~ o a d e d  ' 

Resonator 

5r/n : 
t . 4  ; . 

. .  : $12 i .  
112 1 
g.5 ' 1  
1.5 i 

38.0 : . , 

39.6 
1.625 
1;881 ' .  

.j14 j 
22.6 I . . 

#3 
Drum Loaded 

Resonator 

5n/n 

4 .  . . . .  
. :  112 

112 
' 1'.5 ' . 

1.5 
4CI . .8 .  

4'2.3 
1.891 

. 2.145 ' . ,  

#1  
&p Loaded 

Parameter Resonator 

*does not apply. 

. 

, 

. #4.  ' 

Double s t u b '  
Resonator 

5n/a 
.26. . . .  

"'226 . . 
280 . . 

-. 3.1 
5.6 . ... 

, , ,  a3.5. . 

73.6 
2.145 . . 
6.448 
98 , . 

. - '  . ' 1. 

t 5  ' .  
Double Stub . 
Resonator 

3n/n 

26. . . 
.' 221 

314, 
5.'6 . 
7.4 

, . .  ' 49.8 . ' 

65.7 ' 

6 ~ 4 4 8  
i1. 477 ' ' 

- 119 
27.9 

Mode 
Number Gaps . . .  
.Peak Voltage o n . F i r s t  ~ a p  '(kv) 
Peak Voltage on Last  Gap (kV) 
F i r s t  Gap Width. (an) . ' ' ' .  . 
Last Gap Width (an) ' 

F i r s t  C e l l .  Length ( ~ n )  . . . . . .  
Last 'Cell Length (&I) ' . 

Entrance Energy (MeV) 
Exit Energy (MeV) . . 
.Excitation Power (kW) , . 

Shunt Impedance (MS2/m) 

. .  ~. . . . .  . . . . .  I:l._.:..:: : : .... . . . . . . . . .  : ... . .; . .  . . .  . . _. _ . . _ . _ . _ . . . . . . . . . . . .  
. . . . . . . .  . . . .  . . . . . . .  . . . . . .  . . -  . _ . . .  . . . . . . 

CAP. LOADED CAVITY 
. . . - 

. . 

. . 

- .__- . _ - 

. . 

11.4 MeV 
OUT + 

.29.3 

- 2 .  . 
. . 

". 100. .: 
100 

.1 ,2  ' . 

1.2 
. : 

. '  , 

1.500 
1.625 '. 

. l o  
' 7.4 




