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MODIFICATION OF THE ARGONNE TANDEM 

J. L. Yntema . .. . . . . . 

: Argonne Nat iona l  ~ a b o r a t o r ~ ,  ~ r ~ o n n k ,  I l l i n o i s  60439 

. . 

-Tf one wishes t b  do nuc lea r  s t r u c t u r e  -experiments  w i th  heavy i o n s ,  
i t  i s  necessary  t o  have ion  ene rg i e s  i n  excess  of 5 MeV pe r  nucleon.  

. 

Obviously, a FN tandem by i t s e l f  cannot produce such e n e r g i e s  f o r  i o n s  
heav ie r  than  l ? ~ . '  It i s  the regore  necessary  t o  pos t  a c c e l e r a t e  t h e  
tandem heavy ion  beam t o  a t t a i n  t h e  ene rg i e s .  neces sa ry  f o r  t h e  exper i -  . 

mental  program. A Superconducting Linac pos t  a c c e l e r a t o r  has  been under 
deve lopment .a t  Argonne f o r  s e v e r a l  yea r s .  The mod i f i ca t ion  of t h e  
Argonne tandem was designed t o  make i t  a s u i t a b l e  i o n  sou rce  f o r  t h e  
pos t  a c c e l e r a t o r .  

The i n s t a l l a t i o n  was d i r e c t e d  by p e t e r  B i l l q u i s t ,  who a l s o  took 
c a r e  of t h e  i o n  source  development work. The t e rmina l  des ign  and 
vacuum'system mod i f i ca t ions  were t h e  r e s p o n s i b i l i t y  of Floyd Munson 
and Char les  .Heath. The i n s t a l l a t i o n  of t h e  150 kV i n j e c t o r  was l a r g e l y '  
done by P a t  Den Hartog. The i o n  beam o p t i c s  c a l c u l a t i o n s  were done by 
W. Mourad of NEC and John Ersk ine  of ANL. IJe a l s o  had s i x  t e c h n i c i a n s  
working on t h e  i n s t a l l a t i o n  and about 20 man days of a s s i s t a n c e  from 
Na t iona l  E l e c t r o s t a t i c  ~ o r ~ o r a t ' i o n .  The mod i f i ca t ion  i n t e r r u p t e d  t h e  
r e s e a r c h  program f o r  f o u r  months. 

The l i n e a r  a c c e l e r a t o r  i s ' a  pulsed machine o p e r a t i n g  a t  a frequency 
of about  97 )Hz. It i s  c l e a r  t h a t  i f  one wishes t o  have an adequate  
bean1 of lieavy ions  t o  c a r r y  ou t  an experimental  program, i t  i s  necessary  
t o  bunch t h e  heavy ion  beam p r i o r  t o  i n j e c t i o n  i n t o  t h e  FN tandem. This  
i s  immediately ev ident  i f  one cons ide r s  t h e  i n t e n s i t y  of  Ca, Mg and T i  
beams. produced by p re sen t  i o n .  sources .  The q u a l i t y  of t h e  exper imenta l  
d a t a  obta ined  i n  nuc lea r  s t r u c t u r e  experiments  w i t h  t h e  tandem-linac 

. . system depends on t h e  l o n g i t u d i n a l  emi t tance  AE. A t  o f  t h e  beam a t  t h e  I 

ou tpu t  of t h e  system. I f  AE.At i s  smal l  enough a t  i t s  i n p u t ,  t h e  l i n a c  
w i l l  no t  d e t e r i o r a t e  t h e  l o n g i t c d i n a l  emit tance .  Therefore ,  t h e  emit- 
t a n c e  and . the reby  t h e  ' q u a l i t y  of t he . expe r imen ta1  program a r e  determined 
e s s e n t i a l l y  by t h e  tandem and t h e  purpose of t h e  mod i f i ca t ions  was t o  

, ' a ch i eve  a s  good a p r e s e r v a t i o n  of t h e  l o n g i t u d i n a l  AE.At and t r a n s v e r s e  

I 
:.. (x,x',y,yl) emitfance du r ing  a c c e l e r a t i o n  through t h e  tandem a s  . ' i 

p o s s i b l e .  According t o  ~ i o u v i l l e ' s ' t h e o r e m ,  one cannot improve t h e  . .  

emi t tance  b u t  i t ' i s  c e r t a i n l y  p o s s i b l e  t o  d e t e r i o r a t e  i t .  The emit- 
t ance  of t h e  tandem beam is' a f f e c t e d  by t h e  a c c e l e r a t i o n  and by t h e  ion  
source  i n j e c t i o n  system. 

The f a c t o r s  which a f f e c t  t h e  t r a n s i t  t ime through t h e  a c c e l e r a t o r  
a r e  t h e  t e rmina l  r i p p l e ,  t h e  v o l t a g e  d i s t r i b u t i o n s  a long  t h e  a c c e l e r a t o r  
and f l u c t u a t i o n s  i n  beam t r a j e c t o r y .  The charg ing  system of t h e  Argonne 
tandem was changed from b e l t  charg ing  t o  P e l l e t r o n  cha ins  about 4 yeaFs 
ago. The t e rmina l  r i p p l e  is  now normally 2200 v o l t s  w i t h  a. main 



componeilt o f .  0.6 Hz. The chains.  have been e s s e n t i a l l y  t r o u b l e  f r e e  
f o r  t h e , p a s t  4  yea r s .  Of cou r se ,  t h e  t o t a l  upcharge t o  t h e  t e rmina l  
i s  on ly  about  160 pa. .The l i m i t e d  upcharge made' i t  necessary  t o .  
.change' t h e  v o l t a g e  d i s t r i b u t i o n  a long  t h e  column s t r u c t u r e  from. 
resist;& to. an independent ly  p re s su r i zed  . k l o ~ e d  'corona system. 
Th i s  system has  a l s o  worked ve ry  w e l l  a f t e r . ' some  i n i t i a l  t e e t h i n g  
pyobleis . . '  The l i f e t i m e  of t h e  c6rona needles  . i s  i n  excess . 'of  10,000 
hours ;  The t o t a l  d ~ w n ~ h a r g e ' n e e d e d  t o  run  t h e  machine i s  'about  70 pa- 
which l e a v e s  about 90 pa  . f o r  t h e  beam; 

The t r a n s i t  Lime of heavy i o n s  through t h e  a c c e l e r a t o r  is  of 
t h e  o r d e r  of a  few microseconds. In  o r d e r  t o  succes s fu ly  o p e r a t e  t h e  
tandem-linac system, i t  i s  d e s i r a b l e  t o  keep t r a n s i t  t ime f l u c t u a t i o n s  
w e l l  below 1 nanos'econd. Such t r a n s i t  t ime f l u c t u a t i o n s  a r e  
caused by f l u c t u a t i o n s  o£  t h e  v o l t a g e  d i s t r i b u t i o n  a long  t h e  accel- .  
e r a t o r .  To keep such f l u c t u a t i o n s  t o  a  minimum, it i s  necessary  t o  
match t h e  i n j e c t i o n  t o  t h e  acceptance  of t h e  a c c e l e r a t o r ,  t o  minimize 
l o s s e s  due t o  i o n i z a t i o n  of t h e  i n s u l a t i n g  gas and t o  prevent  i ons  
from h i t t i n g  t h e ' e l e c t r o d e s  i n  t h e ' h i g h  energy s e c t i o n  of t h e  machine. 
It was our  opin ion  t h a t  one could  achieve  t h e s e  cond i t i ons  more 
r e a d i l y  i n  an a x i a l l y  symmetric a c c e l e r a t i o n  s t r u c t u r e  and t h i s  was 
one of  t h e  reasons  why t h e  Nat iona l  ~ l e c t r o s t a t i c  a c c e l e r a t o r  tubes  
w e r e  s e l e c t e d .  The guaranteed t e rmina l  v o l t a g e  f o r  t h e  NEC tubes  was 
8 MV. For a tandem-linac system, t h e  t e rmina l  v o l t a g e  is  n o t  very  
impor tan t  a s  l ong  a s  t h e  l i n a c  has r e sona to r s  w i t h  t h e  a p p r o p r i a t e  
v a l u e s  of B .  It i s  however q u i t e  important  t h a t  t h e  a c c e l e r a t o r  be 
v e r y  s t a b l e  a t  h igh  heavy ion  c u r r e n t s .  I n  our  c a s e ,  we can r e a d i l y  
produce 4 pa of C R ~ + ,  06+, C4+ and 1 .6  pa of 5 8 ~ i 1 0 +  wi th  t h e  necessary  
s t a b i l i t y .  . This  is about  an o r d e r  of magnitude more c u r r e n t  than  
t a r . ge t s  used i n  n u c l e a r  s t r u c t u r e  experiments  w i l l  u s u a l l y  b e  a b l e  
t o  w i ths t and  wi thout  s e r i o u s  d e t e r i o r a t i o n .  The machine w i l l  o p e r a t e  
w i t h  t h e  needed s t a b i l i t y  a t  a  t e rmina l  v o l t a g e  of 8.5 MV and we expect  
e v e n t u a l l y  t o  ach ieve  r o u t i n e  o p e r a t i o n s  a t  9 MV. 

The arrangement of t h e  a c c e l e r a t o r  t ubes  i s  shown i n  F ig .  1. It 
should be  noted  t h a t  tubes  connec t ing  t h e  a c c e l e r a t o r  tube  corona system 
are ve ry  c l o s e  t o  t h e  column e l e c t r o d e s  and e q u i p o t e n t i a l  hoops. The 
. p o t e n t i a l  d i f f e r e n c e  between t h e  column and t h e  corona system can b e  as 
h igh  as 100 kV and some c a r e  h a s . t . 0  b e  exe rc i sed  i n  - t he  i n s t a l l a t i o n .  
The machine a t  t h i s  t ime i s  'only equipped w i t h  f o i l  s t r i p p i n g .  The. £ o i l  
changer is  a 230 f o i i  NEC model. I n  o r d e r  no t  t o . v e n t  t h e  a c c e l e r a t o r  
t ubes  when changing f o i l s ,  t e rmina l  va lves  similar t o  t h e  ones developed 
by Weiser a t  ANU have been b u i l t  and i n s t a l l e d .  Th i s  va lve  i s  shown i n  
F ig .  2. These . va lves ,have  worked very  w e l l  and a l low us t o  r e load  t h e  
f o i l  changer  and r e t u r n  t o  8 MV ope ra t ion  i n  l e s s  t han  24 hours .  A 
v i e w  of  t h e  t e rmina l  i s  shown i n  F ig .  3. There a r e  two mini  Ti-Ball  
sub l ima to r  pumps i n  t h e  t e rmina l .  However,. s i n c e  t h e  p r e s s u r e  i n  t h e  
t e r m i n a l  is  about  t h e  same a s  t h e  p r e s s u r e  a t  t h e  h igh  energy end of  
t h e  machine, approximately 2 x 10-8 t o r r ,  t h e s e  pumps a r e  n o t  used i n  
normal ope ra t ion .  



The. i o n .  source '  arrangement i s  shown i n  Fig. 4. There a r e  t h r e e  
. . i o n  sou rce  p o s i t i o n s  - o n e  i s  occupied by t h e  d i r e c t  e x t r a c t i o n  

. . . . duoplasmatron, one by t h e  L i  exchange sou rce ,  and one by t h e  150 kV 
p r e a c c e l e r a t i o n  system, which normally uses  t h e  Chapman source .  The 
io'n o p t i c s  f o r  t h e  150 kV i n j e c t i o n  i s  shown i n  F ig .  5 .  The sou rce  . . 

i s  followed by e i n z e l l e n s  L1. - The t h r e e  p r e a c c e l e r a t i o n  tubes  A1 A2 A3 
. . 
. .are  .NEC mult i -purpose , tubes.  These ' , tubes can op,erate  a t  75 kV each. 

In  .our  arrangment, '  t h e  tube  A 1  'is a t  113  t h e  v o l t a g e  g r a d i e n t  of A2 
and A 3  t o  a l low formation of an o b j e c t  wi th  0 . 7  mrn. r a d i u s  a t  W 1 . '  The' 
magnet M has  a  mass.energy product of 20 f o r  40" i n j e c t i o n .  The buncher 
B is  t h e  s i n g l e  gap pretandem buncher developed by B o l l i n g e r ,  Lewis; 
Lynch and Henning. .The beam is  focussed by  an  e l e c t r o s t a t i c  quadrupole . . 

t o  form t h e  o b j e c t  f o r  t h e ' a c c e l e r a t o r  tube  wi th  a  r a d i u s  of l. mm'at 
W2, about  43 cm. from t h e  a c c e l e r a t o r  tubes  en t r ance .  ' T h e  corona tube  
of t h e  f i r s t . s e c t i o n  of a c c e l e r a t o r  t ube  i n  t h e  machine i s  ar ranged  t o .  
g i v e  h a l f  t h e  v o l t a g e  g r a d i e n t  of t h e  subsequent  a c c e l e r a t o r  tube  

. s e c t i o n s  and t h e  column s t r u c t u r e  corona i n  i t s , f i r s t  8  s e c t i o n s  from 
t h e  low energy base  has  a  s i m i l a r - a r r a n g e m e n t .  This  i s  done t o  move 
t h e  c r o s s  over  p o i n t  f u r t h e r  away from t h e  machine i n  o r d e r  t o  produce 
a small enqugh beam s p o t ,  a t  t h e  t e rmina l .  The beam diameter  a t  t h e  
t e r m i n a l  i s  about  4  mm. The system was in tended  t o  be  a  cons.tant 
Q system. However, i n  p r a c t i c e ,  i t  is  n o t  opera ted  t h a t  way. It i s  
much e a s i e r  t o  achieve  good matching of t h e  i o n  sou rce  emi t t ance  w i t h  
t h e  a c c e l e r a t o r  t ube  acceptance  wi th  t h e  a x i a l l y  symmetric a c c e l e r a t o r  
tube  than  wi th  t h e  previous  , i n c l i n e d  f i e l d  tube.  For 150 kV i n j e c t i o n  
a t  9  MV on t h e  t e r m i n a l ,  t h e  i n c l i n e d  f i e l d  v e r t i c a l  w a i s t  would have 
beeil at 43. '3  cia ~ i i d  t:i? ho;-lzoiit&l walst ac 31.5 ciii f r ~ ~  Chs Z C C S ~ C ~ E ~ E G ~  
tube  en t r ance .  The l a y o u t  of ehe elements between t h e  i n j e c t i o n  ma'gnet 
and t h e  a c c e l e r a t o r  t u b e  i s  shown i n  F ig .  6 .  The Ultek cryopump i s :  
a t t a c h e d  t o  t h e  housing of t h e  f i r s , t  s t e e r e r .  I n  normal o p e r a t i o n ,  i t  
pumps t h e  magnet chamber t o  . p r e s s u r e s '  i n  t h e  low 10-8 t o r r  range.  . The 
1 . inch v a l v e  i s  an a l l - m e t a l  NEC s t r a i g h t  through va lve .  The e i n z e l l e n s  
l o c a t e d  j u s t  b e f o r e  . t h e  tank w a l l  w a s  i n s t a l l e d  t o  a l l ow i n j e c t i o n .  of 
t h e  40' kV He- beam. The quadrupole t r i p l e t  would produce . too  l a r g e  an  
o b j e c t  f o r  t h e  a c c e l e r a t o r  tubes  f o r  t h e  lower v o l t a g e .  The e i n z e l l e n s  
housing is  connected t o  a 400.2 .  Ul tek  D I  pump through a  4 i nch  r i g h t  
a n g l e  a l l -mk ta l  va lve .  To reduce 'contamination problems, t h e  D I  pump 
w i l l  b e  r ep l aced  by a  G r a n v i l l e  P h i l i p s  pump. The main purpose of t h e  
4-jaw s l i t  i s  t o  improve. t h e  mass. r e s o l u t i o n  of t h e  i n j e c t i o n  system. 
W e  expec t  t h a t ' a  mass r e s o l u t i o n  of about 1 p a r t  i n  75 w i l l  b e  achieved.  
The wais tS  of t h e  i o n  beam a r e  apprdximately i n  t h e  c e n t e r  o f  t h e  second 
s e c t i o n  of t h e  d e f l e c t i o n  p l a t e s  X2 Y2 and t h i s  does reduce  the. .  . . 

e f f e c t i v e n e s s  of t h e  4-jaw sl'it somewhat. 

  he 150 kV i n j e c t i o n  system is shown, w i th  t h e  source.  developed 
by Ken Chapman i n  F ig .  7.  The beam l i n e  between t h e  p r e a c c e l e r a t o r  
t ubes  and t h e  i n j e c t i o n  magnet i s  shown i n .  F ig .  8. Besides t h e  
e i n z e l l e n s  L2, i t  shows t h e  l o c a t i o n ' o f  t h e  s e l e c t a b l e  a p e r t u r e .  Four 
a p e r t u r e s  ranging  from 3 mm diameter  t o  19 mm d iameter  a r e  a v a i l a b l e .  
They a r e  used p r i m a r i l y  t o  a t t e n u a t e  t h e  beam from t h e ' i o n  sou rce  when 
t h e  exper imenta l ly  d e s i r e d  beam i n t e n s i t y  changes.. The i o n  sou rce  
e i n z e l l e n s  and extraction s u p p l i e s  a r e  s i m i l a r  t o  t h e  ones of O'Dacre 
a t  Chalk River  and a l low o p e r a t i o n  from t h e  c o n t r o l  room. 



To .allow s u c c e s s f u l  o p e r a t i o n  of t h e  tandem-linac system, t h e  .. . 

energy spread  of t he ' beam a t  t h e  buncher should be  less thar i . about  
. . . 30 e V  o u t  of 132 keV. The 150 kV a c c e l e r a t i o n  supply  i s  a  HVEC 

D e l t a t r o n  w i t h  ve ry  low r i p p l e  'and high'  s t a b i l i t y .  . . 

. . Some of t h e  problems which may. occur  i n  a  t andeuk l inac  ' s y s  tem a r e  
b e s t  i l l u s t r a t e d  by some r e s u l t s  ob t a ined  w i t h  t h e  bunching system. 

. 

' 

Figu re  9  shows t h e  t i m e  spectrum from t h e  56 MeV 06+ beam from t h e  . . . 
. .  s p u t t e r  sou rce  w i t h  t h e  prebuncher and t h e  choppe r .u s ing  t h e  phase 

s t a b i l i z a t i o n  'system desc r ibed  i n  t h e  paper  by Lewis. Th i s  i s  
obvi.ously a very  good bunched beam. If one now looks  a t  t h e  t ime 
spectrum ob ta ined  w i t h  t h i s  bunched beam a f t e r  rebunching by t h e  : 
superconduct ing buncher a t  a  p o i n t  f a r  p a s t  t h e  t i m e  cr.oss over  p o i n t ,  
one o b t a i n s  . the s p e c t r a  l a b e l l e d  @. $ 20" and @ = 0" i n  F i g .  10. 
Obviously , t he re  i s  some f i n e  s t r u c t u r e  i n  t h e  beam. Such a  f i n e  
s t r u c t u r e  can b e  caused by a  component of t h e  132 kV 0- beam,with 

, . perhaps 1'00 eV less energy.  Such,componen.ts a r e  r e a d i l y  i n t roduced  
i n  0  beam from s p u t t e r  sou rces  because one g e t s  0- beams from every- 
where. Such a  lower energy component cannot  b e  r e so lved  by t h e  90" 

. ana lyz ing  magnet because t h e  energy d i f f e r e n c e  i s  on ly  abou t .one  p a r t  
i n  500,000. However, t h e  slow component a r r i v e s  t o o  l a t e  a t  t h e  
superconduct ing  buncher and t h e r e f o r e  g e t s  a  n e t  energy g a i n  g r e a t e r  
t han  i t s  energy d e f i c i e n c y  and g i v e s  a  h igh  energy t a i l  t o  t h e  pu lsed  
beam. 

The ad jus tments  made by B i l l q u i s t  t o  t h e  i o n  sou rce  w e r e  an 
i n c r e a s e  i n  t h e  oxygen gas  flow and s e l e c t i o n  of a  s m a l l e r  a p e r t u r e  
i n  t h e  v a r i a b l e  a p e r t u r e  box. The low energy and r e t u n i n g  i s  essen-  
t i a l l y  a  touching  up of t h e  parameters  r e q u i r e d  by t h e  change i n  
a p e r t u r e .  The improvements a r e  obvious i n  t h e  t h i r d  spectrum. The 
energy sp read  of i o n s  f r o m . t h e  d i r e c t  e x t r a c t i o n  sou rce  i s  too  l a r g e  
t o  permit  use  of t h i s  sou rce  f o r  t h e  tandem-linac sys tem a s  s h o ~ i  i n  
Fig.  11. 

I n  summary, t h e  Argcnne tandem h a s  been improved a s  an  i n j e c t o r  
f o r  t h e  superconduct ing  1 i n e a r . p o s t  a c c e l e r a t o r  and i s  now t h e  
de te rmin ing  f a c t o r . f o r  t h e  q u a l i t y  of  d a t a  o b t a i n a b l e  i n  n u c l e a r  
s t r u c t u r e  experiments  w i t h  t h e  tandem-linac system. The . i n t e n s i t y  and 
s t a b i l i t y  of heavy ion ,beams has  been s u b s t a n t i a l l y  i m ~ r o v e d .  The 
t r ansmis s ion  of N i  beams is, improved by: a  f a c t o r  of 8. A s  a s t and  
a l o n e  tandem, i t  has  now a.somewhat lower t e r m i n a l  v o l t a g e .  However, 
i t  i s  q u i t e  l i k e l y  t h a t  w i t h  . i nc reased  o p e r a t i n g  expe r i ence ,  th'e. ' . 

t e r m i n a l  v o l t a g e  w i l l  exceed 9  MV. . . 
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Fig.  1. NEC.Acceler.ator t ubes  and corona systems mounted i n  t h e  FN tandem. 

Fig.  2. Terminal a l l  me ta l  va lve .  
. . 

. . 
.. Fig .  31 - View of  t h e  t e rmina l  w i t h '  p o r t a b l e  vacuum u n i t  . . 

. . 
Fig.  .. 4. . '10.n' sou rce  a r e a .  

. . Fig. 5 .  Ion o p t i c s  f o r  150 kv  i n j e c t i o n  system. 
. . 

Fig.  .6. LorJ energy beam l i n e  e lements .  
' 3 . .  

Fig. 7. 150 kv i n j e c t i o n  -systeni w i t h  PSU sou rce .  

Fig.  8. 150 lcv beam 1-ine between sou rce  and i n j e c t i o n m a g n e t .  

6' 
F ig .  9.  ' Time ,spectrum of bun.che,d. ,tandem beam f o r  56 MeV 0 w i t h  phase d e t e c t o r  

. .  s t a b i l i z a t i o n  u s ing  s p u t t e r i n g  source .  

I : , . Fig .  10 .  : The beam of f i g .  . 9  rebunched by t h e  superconduct ing  buncher w i th  
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