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DOUBLING 
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It i s  generally believed that  charged part icles  cannot be accelerated from 

ground potential t o  ground potentfal unless they pass through a system which has 

associated with ft a t i m e  varying magnetic f ie ld ,  Dee, elec t r ic  f i e lds  must 

sat isfy the equation f ~ d s  = 0, while the time varying i i i l d a  used i n  radio- 

frequency accelerators and betatrons are freed - .  from t h i s  restr ict ion of scalar 

1 potential theory, In 1932, A* J, Dempster produced protons with an energy of 

45 Kev, by passing them from an electrode a t  422,5 kv d,co t o  groundo The protons 

were f t r s t  a~celera ted  to ground potential, with as energy gain of 22,5 K ~ v ,  A 

small fraction of the protons then picked up an electron from a residu_al , - +  gas 

molecule, and "ooasted' t o  a second electrode a t  +22,6 kvo Then a small fraction 

of these neutral hydrogen atoms l o s t  thefr electrons, and were accelerated t o  

ground with a second gain i n  energy equal t o  22,5 Kev, An accelerator of t h i s  

type fs obviously impractical for  several reasons. The probability of neturalizing 

a proton varies inversely w i t h  a high power of the part icle  velocity, so the 

scheme would.no% work a t  energies of interest  t o  nuclear phys%cists, Even at 

the low energies where neutralization i s  not negligible9 the energy spread of the 

beam would be $lde because charge exchange could take place a t  a l l  points along 

It does appear, however, that  charge variation can be ut i l ized i n  a practical 

m m e r  t o  @ireurnvent the apparent restr ict ions of potential theory, I f  one 



aoceleratas negative hydrogen ion8 (HI o r  DO) t o  an eleotrode a t  +V vol ts ,  

s t r i p s  off  t he  4 x 0  elect rons  by a t h i n  f o i l  a t  t h a t  pointb and accelera tes  t he  
> 

protonvs o r  deittsrons %o ground potent ia l ,  he w i l l  ham doubled the  e f f ec t i ve  

voltage of the accelerator, The s t r ipping f o i l  can be of t h i n  colPodiond f o r  

example, eo the  energy l o s s  and sca t te r ing  would be negligible,  The s t r ipping 

crossl seotions a re  of order 10-lb m21, so a f o i l  with 1d6 at'ms per m2 w i l l  

s t r i p  mom than one half  of t he  beam, Such a f o i l  weighs l e s s  than 1 microgram 

per c-m2. Therefore any physically realQable f o i l  w i l l  give good strippfngg 

its Ghickness can be a s  mall  a s  t o  give no appreciable straggling or scat ter ing,  

(!€he energy l o s s  @an be a few hund.red e leet ron vo l t s , )  

An acoelera%or of t h i s  type i s  n m  being designed t o  give 4 Mev protonso 

It $8 %o 'be constructed by Lo C, Marshall and J, Roodyard of t h e  E l ec t r i c a l  

Ehgfneerhg Department of t h e  University of ~ h i f o r n i a ,  The acceleration col- 

i s  a ~ozmentional  ones a s  presently used in Van de G ~ a a f f  generators, The 

or~era1S- length fs 8 f ee t ,  so t h e  gradient  i s  about Oo7 MV per foot ,  The whole 

system is immersed in o i l ,  so no high pressure tank i s  required* The voltage 

f s suppl5ed by a Cockcroft-Walton e f r cu i t o  which operates at  50Q KC, Such a 

ofrcui-tr. has 'been brought t o  a hi& s t a t e  development by J, Roodyard, of t h f s  

Laboratory, and i s  used as t h e  primary ion  source power supply f o r  the Bevatron,, 

'be hdi-crfdual sectfons of t h e  c i r c u i t  a re  constructed a s  "plug-in units," each 

of whi~h  contains two r e c t f f i e r s ,  two t ransfomers ,  and two capacitors, In the  

event of the  f a i l u r e  of  some component, one would replace t h e  whole un i t  which 

was giving trouble,  

Opre of the  most a-ttraotive features  o f  the  machine i s  t h a t  the kon source 

i s  near gasand potent ia l ,  so no ePectronic lor electromechanScaf devices a re  

requ&red at high potent ia l ,  One can compensate automatically f o r  var ia t ions  i n  



t h e  high potential, by changing the fnJection voltage8 the output energy can thus 

be kept exceedingly constant i n  time, 

Many existing Van  de Graesfi generators are equipped with duplicate accelerating 

ccolwmns, One column f s  used as a ""differential pumping tube,' t o  handle the gas 

fsm the  ion sourae a t  htgh potential ,  It should be possible t o  accelerate negative 

Pons up %he pumping colewa, which would no longer be needed for  its original  

pwpoas, In the  high voltage electrode, the  ions could be bent through 180' in 

a magnet;, then strfpped, and f ina l ly  aoeelerated back t o  ground through the  usual 

aooeler~t ion  co3,umn. The magnet would be of the annular type, t o  save weightd 

and would require adjustment i n  i t s  f i e l d  whenever the energy was charged, 

Ia 8 magnetic f i e ld  of 18,000 gauss, the diameter of a proton orb i t  i s  

appr oarfrnake ly s 
D = 6.3~? inches 

where  E fs the  proton energy 5n Mev, Since the spacing between centers of the two 

eo%wnna is normaE3by greater than 12  inches, it is seen t h a t  %he doubl%ng method 

is practical,  @ a meohanfcal sense, for  aSf presently operating Van de Graaff 

 generator^^ 0 

The l f t e r a t w e  on ion sources for  negative hydrogen ions i s  rather limited, 

2 h t  Bennett descrfbes a source which gave 0,02).1 smp of H' ions, Dro James k c k  

has r e ~ e n t l y  fnfomed the author of same experimental resul ts  on negative hydrogen 

ion production at  fios Alamos, The work wae done by W, Arnold, J, Phill ipsrt  

Go Sawyer, Ed Stoval1 and J, Tuck, 1% was found tha t  f f  l o w  energy protons o r  

deuterons were sent through a &in foil of A l  or SiO, t h a t  up t o  20 percent of 

the incfdent ions merged w9Sh negative chargeo FOP deuterons of 30 Key incident 

rm s f o i l  10 gm per cm2 thick, the r a t i o  Ilmfi' inoident] i s  0020. The r a t i o  I" C 
[DDD*] emergent, has been measured at several incident energies, and has the 



- 
FoPlow5arug valueso, 50 Ken* 4,s peroent: 30 Kev, 7 percent; 20 Eev, 10 percent8 

YO K~T,, 26 percent, The o u ~ r e n t s  of negative hydrogen ions a re  l imited only by 

%he heating of t h e  f o i l ,  One cou3.d obtain high enrrents by using a ro t a t i ng  

f o i l ,  i f  hee.%ing burned out Go be ser$ouso A ro%atfng foil.  would not be trouble- 

some me~hanieaf ly ,  s ince no pressure dffferenee e x i s t s  across the f o i l o  Ion 

sources g h i n g  proton ourrents i n  excess of one tnflliampere a r e  now a-saiPabHs, 

so %he aooel .e~a. to~ proposed i n  t h i s  note should be y p a b l e  of giv5ng a few 

hmcked rnioroarnperes of high energy protons, 

The p~oblem of fnjeet ing protons i n t o  a synchrotron might be simplified by 

using %he charge exchange rnschani sm described above, There f s ~1 we11 known 

theorem which s ta te8  t h a t  it i s  fmpossible t o  inject charged par t i c lee  i n t o  a 

atable o r b i t  i n  a steady magnetic f i e ld ,  H= ions coubd be directed from outside 

a synchrotron f i e l d ,  onto a t h i n  f o i l  placed a t  t h e  midpoint of t he  aperture 

of t h e  ''dou&nutba Ik t h e  Eons were tangent t o  t h e  equi9ibr5.m o rb i t  a s  they 
. . 

passed through %he f o i l ,  they would reverse t h e i r  curvature and follow s tab le  

~ f r o u l a r  paths, Thfs method of fnjeotfon might be very useful  in the  i n i t i a l  

t e s t i ng  of a proton spchro t ron ,  where small currents would be sakkxfac%ory ,  

me could expl.ore t h e  o rb i t s  i n  a Low, skeady f fe ld ,  and assure himself t h a t  the  

magraeki G desf gn was  correct, 

The author f a  indebted to D r ,  Tuck f o r  permissfon t o  quote h i s  data, before 

t h e i r  publfcat;ion, This work was  done under the auspices of t h e  Atomie Energy 




