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BEVATRON RAPID BEAM .EJECTOR 
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C h a r l e s  G. Dols 
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Berkeley,  Ca l i fo rn ia  
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ABSTRACT 

T h e  operat ion cycle of a bubble chamber  includes  a br ie f  per iod 
- 

during which charged  pa r t i c l e s  en te r ing  the  chamber  produce optimum t r a c k s .  
Following the  l e ad  of Rahrn a t  the  Brookhaven Cosmot ron ,  a g roup  a t  the 
Berkeley Bevatron cons t ruc ted  a r ap id  b e a m  e jec tor  to  produce br ie f  pu l ses  
of pa r t i c l e s .  Energy  s to r ed  i n  a capac i to r  bank i s  t r a n s f e r r e d  to a n  air- 
co re  magne t  surrounding the proton b e a m  of the Bevatron.  The  protons  a r e  
displaced f r o m  the i r  no rma l  o rb i t  and s t r i ke  a suitably ?located t a rge t ;  
pa r t i c l e s  f r o m  this  t a rge t  can  then e m e r g e  f r o m  the a c c e l e r a t o r .  A capaxi tor  
bank of 120pf s t o r e s  13,500 joules  a t  15,000 volts .  T-wo ign i t rons  i n  para l l e l  
connect  the  capaci tor  to the magne t .  The magnet  c u r r e n t  r i s e s  to  the  peak 
of 52,000 a m p e r e s  in  55 mic roseconds ;  at peak c u r r e n t  a r e s i s t o r  i s  connected 

I i n  pa r a l l e l  to  damp  the  c u r r e n t  decay.  
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INTRODUCTION 

The  Cosmot ron  and Bevatron (proton synchro t rons)  do not e j ec t  
protons d i rec t ly ;  ex te rna l  b e a m s  a r e  0btaine.d f r o m  t a r g e t s  ins ide  the 
acce le ra t ing  chamber  b y  sca t te r ing  o r  f r o m  other  in te rac t ions  of . the  in te rna l  

1 b e a m  with these  t a rge t s .  . . 

The operat ion cyc les  of bubble c h a m b e r s  include re la t ively  b r i e f  
per iods  of opt imum re sponse  to charged  pa r t i c l e s .  The methods of , 

sca t te r ing  protons  in  u se  s ince  before  the  development of bubble c h a m b e r s  
result. i n  pulses .of  re la t ive ly  long durat ion - of the o r d e r  of mill isec 'onds.  

2 
In 1956 David Rahrn a t  Brookhaven d i r ec t ed  the development of the 

Cosrnotron rap id  beam e j ec to r  i h  o r d e r  to  obtain pu lses  of pa r t i c l e s  of 
durat ions  of the o r d e r  of'3 p.se.c. 

Af te r  in i t ia l  s u c c e s s e s  of the Cosmot ron  ins ta l la t ion,  Glen Lamber t -  
son of the Universi ty of California Radiation Labora tory  a t  Berke ley  d i r ec t ed  
the development of the Beva t ron  r ap id  b e a m  e jec tor  whose e l ec t r i c a l  sys ten l  
i s  descr ibed  in  th is  r epo r t .  Because  i t  i s  cu .s tomary a t  the ,Bevatron t,o 
think of t a r g e t s  a s  gene ra l  purpose  dev ices  that  a r e  re la t ive ly  independent of 
o ther  eqwipment, that  p a r t  of. the s y s t e m  not including the t a r g e t s  h a s  been  
r e f e r r e d  to a s  a beam-kicker . '  

. . 

The  e s s e n t i a l  e lement  of the r ap id  beam-e j ec to r  sy s t em i s  the two- 
t u rn  a i r - c o r e  magne t  surrounding the  no rma l  posit ion of the high-energy 
proton beam in  one of the  s t ra igh t  sec t ions  of the synchrotron.  

The  air -c'ore magne t  i s  energ ized  by d i scharg ing  a l a r g e  capaci tor  
bank through i t s  windings, . The resu l tan t  magne t ic  f ie ld  cause s  the  protons  
to shift f r o m  the n o r m a l  orbi t  to a tiew orbi t  which i s  roughly eccen t r i c  to 
the no rma l  orbit .  A suitably located t a rge t  can be hit by protons  in the 
displaced orbi t  and can  .scat ter  pa r t i c l e s  dur ing the upper 'pa r t ,  o r  p a r t s ,  
of the magne t  c u r r e n t  pukse. 

. The  following table (Table  I )  c o m p a r e s  the Cosmos t ron  r ap id  be'am 
e jec tor  s y s t e m  &th the Bevatron sys t em.  . .  . . 

. . .  . .. , , . - .  . . . . . . . . , . .. 



TABLE I 

Compar i son  of the  B.evatron and the  Cosmot ron  . , .  . . rap id  b e a m  e jec tor  sy s t ems  
. .  . . . 

. ~ . C o:sm.otr on Bevatron 

Magnet 

To t a l  number  of t u r n s  

Coi l  connections . . 
. 7. 

P a r a l l e l  . . 

2, 

S e r i e s  

P e a k  l ine cur s en t  (ampe.re 6.) .TO,  000 52,000 

Length of e ach  one- tu rn  coil  
( inches;  c e n t e r  to cen t e r ) . .  

Width of e ach  coil  8. 16.5 
( inches,  cen te r  t o  c e n t e r )  . 

Ver t ica l  ti pacing of cbi ls  7 
( inches,  c en t e r  to center )  

.. , Conductor. diaiiikter (irlch&s) ' U.625 2 

Inductance (mic rohen r i e s )  2 ( sy s t em . .7. 
to ta l )  

Deflection str.ength 70,000 '1 10,000 
. - / B  X dl . ' (gauss  i nches )  . 

Deflection'of o rb i t  ( inches )  4.5 (at 3 Bev)  6.5 (at 6 Bev)  

P u l s e r  ' . . . 

P e a k  charging potential  (vol ts)  25,000 15,000 
. .  . . . . . .  

. . .S tored energy  . . ( jou les )  I .  . 2,500 13,500 . .  
Switch . ' Three -e l ec t rode  . 'Two . type-5555 

.. , . . s p a r k  gap  igni t rons  i n  
. .. 

c _ ,  . - .  para l le l  
. , .  . .  , 

P u l s e  shape ' 0 s  ci l lat ion,  . Unidirectional  
damped"by .' pulse;  ' $ / . she  -wave 

. . . . c i r cu i t  r e s i s t a n c e  r i s e ,  c r i t i ca l ly  
. . damped decay 

. . 
P u l s e  r i s e -  t ime  (mic roseconds )  6' 55 

' T r a n s m i s s i o n  Line 
. . s  ' 

F o r m  Rigid, P a r a l l e l  RG- 1 4 / ~  
coaxial  coaxia l  

Inductance (mic rohen r i e s )  ... : . . .  . i , s m a l l  1.1 

Length ( feet )  -6 1 3oa 

. .. . . a Iacludes 05 f t  i n  the faul t  inductor ;  . . .  . . 
I 



.. . THE ELECTRICAL  SYSTEM^ 
, .  . . . 

A simplified equivalent c i r cu i t  i's shown in  F i g v i e  l a .  The impedance 
of the t r ansmis s ion  l ine and load i s  inductive and i s  r ep re sen t ed  
by L i n  the  equivalent  c i rcu i t .  Ene rgy  s to red . in  the c a p a c i t o r ' c  i s  t r a n s -  
f e r r e d  to the  inductance L when S- 1 i s  c losed.  At peak ma'gnet c u r r e n t  ( ze ro  
voltage),  S- 2 i,s closed,  connecting the .cr i t ica l  damping r e s i s t a n c e  i n  
para l l e l  with. the magne t  ,and capac i to rs .  Note that  the c u r r e n t s  i n  S- 1, L, 
S-2,  and R a r e  unidirectional ,  and that  v i r tual ly  all of the or iginal  s t o r ed  
e n e r g y ' i s  t r a n s f e r r e d  to  the inductive load.  

F i g u r e  lb r e p r e s e n t s  the. idea l ized  magnet  c u r r e n t  and voltage. The 
e lements  of the e l ec t r i c a l  systcm include 

. , 

1. the pu lse r ,  
2. the  load c i rcu i t ,  
3 .  the  control  and moni tor ing c i r cu i t s ,  and 
4. the radiofrequency compensation.  

These  e l emen t s  a r e  descr ibed  in  deta i l  below and -a r e . shown  i n  the block 
d iagram'of  F ig .  2. 

. . PULSER 

. . The  pu lse r  i s  made  up of two para l le l  sect ions  which a r e  energ ized  
f r o m  a' common power supply.,  The impor tan t  c i r cu i t  e l emen t s  of one 
sect ion a r e  r ep re sen t ed  in  Fig .  3 .  , . ' 

. 'When V- 1 i s  t r iggered ,  the capac i to r  d i s cha rges  into the 'load. When 
the capaci tor  voltage r e v e r s e s ,  V- 3 conducts through the  igni tor  of V-2, 
f i r ing V-2 and  connecting the damping r e s i s t o r  i n  pa r a l l e l  with the capaci tor  
and the magne t -co i l  load . .  . . 

. .  . 
' Power  Supply 

The  p o k e r  supply now in  u s e  i s  a ' general -purpose unit,  
which i s .  control led by  a n  induction regu la to r  and i s  connected t h r ee -phase  
f u l l - w a ~ e  delta-wye.  (Fig .  4). The  r e c t i f i e r s  a r e  type-6894 m e r c u r y  diodes.  
The supply i s  r a t e d  a t  20 kv, 50 kw, bu t  the  induction regu la to r  range  i s  
l imi ted fo r  th i s  application to .15-kv max imum output voltage.  

Capaci tor  Banks 

E a c h  o,f the  two capaci tor  banks  cons i s t s  of  a n  ang le - i ron  f r a m e  
enclosed within s tee l  panels  and hinged doors ,  and h o u s h g  s ixty  capac i to rs .  
Each  capaci tor  i s  r a t ed  a t  1 pf, 2 5 . k ~ .  The capac i t o r s  a r e  connected i n  
pa ra l l e l  i n  twelve 'groups  of 5 eaizh, and.  e ach .5 -p f  g roup  is '  connected to one 
RG- 1 4 / ~  cable  through a high-voltage fuse .  4.  The f a r  ends  of the twelve 
cab les  a r e  connected in para l l e l  i n .  the adjacent  igni t r  on cubicle.  

T r i g g e r  Ampl i f i e r s  

, A "standard Bevatron t r i gge r  pulse"  of plus 50-v ampli tude and 
10-psec durat ion t r i g g e r s  a type-2050 thyra t ron ,  which d i s cha rges  a 



capac i to r  through a t r a n s f o r m e r .  The 200-v pulse output i s  connected to the 
g r i d  of a 5C22. hydrogen thyrat ron.  The 5C22 d i s cha rges  an 0.15 pf capaci tor  
a t  5000 v through two (one- to- one ratio);liigh-voltage isolat ion t r a n s f o r m e r s ,  
applying posit ive pu lses  to the ign i to rs  of the two type-5555 igni t rons  which 
a r e  des ignated V- 1. 

The  2050 and 5C22 ampl i f i e r s  a r e  i n  s epa ra t e  c h a s s i s .  In the c h a s s i s  
with the 2050 ampl i f i e r  i s  a univibrator  that  ope ra t e s  a r e l ay  each  pulse .  
When the high-voltage chain i s  complete ,  c l o su re  of th i s  r e l ay  opera tes  a 
pulse-counting r e g i s t e r .  

5 
Ignitron Assembly  

Switches S- 1 and  S-2 of the simplif ied ~ q u i v a l e n t  c i r cu i t  (Figure l a )  
corrtspurld to the type 5555 igni t rons  r e p r e s e n t e d  i n  Fig .  3 a s  V- 1 and V-2 
respec t ive ly ,  

Type 5555 ign i t rons  a r e  manufac tured  p r i m a r i l y  fo r  power - r ec t i f i e r  
and  r e s i s t a n c e  -welding s e r v i c e  and a r e  r a t e d  by thei r  manufac tu re r s  f o r  
those  applications.  However,  they have been  u sed  successful ly  (a t  UCRLI 
L i v e r m o r e  and a t  other l a b o r a t o r i e s )  i n  high- cu r r en t ,  high-voltage,  capaci tor  - 
d i scha rge  c i r cu i t s .  These  h igh-cur ren t  appl icat ions  have usually permi t ted  
a l i fe  uf a s  few a s  10,000 pu lses  (for example) .  A "crysta l -bal l"  in te rpo la -  
tion was  made  between the r ec t i f i e r - s c rv i ce  ra t ing  and the pulse-application 
expe r i ence  a t  L ivern iure ,  and the va lues  of potential  and cu r r en t ,  which we 
hope will  p e r m i t  a l ife of one mil l ion pu lses ,  a r e  l i s t ed  i n  Table  I1 below, 
(One mil l ion pu lses  co r r e sponds  to abnut t h r e e  months  of co t~ t inuous  opera -  
tion with the Bevatron.  ) Table  11 c o m p a r e s  r ec t i f i e r - s e rv i ce  r a t i ngs  with 
the beam-k icke r  application.  

. . . . 

Igni t rnns  have a okor t  l i fe i f  the a r c  t r a n s f e r s  f r o m  the  m e r c u r y  
pool to  the  s t a in l e s s  s t e e l  wa.11 (the wall  i s  a t  cathode potential).  To  keep  
the magne t ic  f o r c e s  that  r e s u l t . f r o m  the  high c u r r e n t s  in  th i s  s y s t e m  f r o m  
dr iving the a r c s  to  the wal ls ,  the igni t ron tubes  a r e  mounted coaxially i n  
copper  cy l inders  and the cy l inders  c a r r y  the  r e t u r n  c u r r e n t s .  The neces sa ry  
openings i n  the cy l inders  a r e  made  s y m m e t r i c a l  so  that  a s y m m e t r y  of 
magne t ic  f o r c e s  i s  min imized .  

The  igni t ron cubicles  a r e  shown i n  .Fig. 5; F ig .  6, i s  a  view ins ide  
one of the two igni t ron cubicles .  The l a r g e r  cyl inder  contains two type 5555 
ign i t rons ,  V-1 below V-2. The s m a l l e r  cyl inder  contains the a i r -cooled 
damping r e s i s t o r .  The t ransmiss io t l  l ine  consis t ing of s i x  .paral le l - type 
RG- 1 4 / ~  cab les  is. .visible a t  the lower  r igh t .  

Because  the ave rage  c u r r e n t  i s  v e r y  low, the power diss ipat ion i n  
each  ign i t ron  i s  l e s s  than 20 wat ts .  The  damping r e s i s t o r  b lower s  (a t  lower  
l e f t  in F ig .  6 )  a r e  the  only cooling provided i n  the  igni t rvn cubicle.  , 



TABLE I1 ' ,. . 

Compar i son  of type.-5555 igni t ron ra t ings  with the .beam-kicker  application 
. . 

Rect i f ier  s e r v i c e  Beam-  kicker  
application Application 

(Manufacturer  ' s  V- 1 V-2 
r a t i ngs )  posit ion posit ion 

(Ser ies  (Damper  
switch)  . switch)  

, . .  . . .  

Maximum. peak forward  i node  pot,ential 2,100 15,000 - 
' .  . . , (vo l t s )  

Maximum peak i n v e r s e  anode potential  . 2,100 - .  15,000 
(volts  ) 

Maximtim peak anode c u r r e n t  ( a m p e r e s )  1,200 26,000 23,000 

Surge c u r r e n t  for' 0.. 15 s e c  ( a m p e r e s )  9,000 . 
' .  . . . 

Anode c u r r e n t  averaged  over  165 p sec ,  
( a m p e r e s )  

Anode c u r r e n t  averaged  over 110 psec  
( a m p e r e s ) ,  

Lontinuous ave rage  c urL cnt ( a m p c r c s )  150 0, 5a 0 . 3 5 ~  

d 

a , ...:. 
10 pulses  pe r  minute  ' , .::I I;, 

Damping Ci rcu i t  

P e a k  magnet  c u r r e n t  i s  r e ached  when the elec ' tr ical  energy.  that  was 
init ial ly s t o r ed  in  .the capaci tor  banks  ha s  been  t r a n s f e r r e d  to the inductive 
load.  . .The capaci tor  voltage p a s s e s  through ze ro ,  , and  the  magnitude of the 
negative voltage i n c r e a s e s  a s  energy  is t r a n s f e r r e d  back  to the  capac i to r .  . 

When the r e v e r s e d  voltage magnitude r e a c h e s  a few volts ,  the type-575A 
m e r c u r y  diode, V- 3 ,  conducts c u r r e n t  through .the igni ter  of V- 2. If the 
in i t ia l  capaci tor-bank voltage,  Vo ,, was between 5 and 15 kv, V- 2 will f i r e  
.approximately 10 to 5 psec  a f t e r  z e r o  voltage. After  V-2 f i r e s ,  the voltage 
applied to V-3 and. i t s  s e r i e s  r e s i s t o r  i s  the  tube voltage d r o p  of V-2 . (about . 

20 to 30 v), and the i gn i t e r - c i r cu i t  c u r r e n t  d rops  to a low value.  

The  damping r e s i s t o r  i s  connec'ted in. pa r a l l e l  with the inductive 
magnet  load when V-2 f i r e s .  Each  damping r e s i s t o r  h a s  a r e s i s t a n c e  of 
0,24 ohms , .  which i s  sl ightly l e s s  than the cr i t ica1,value .  . . 

.. . . . . .  . 
., The r e s i s t 0 r . s  a r e  coaxial  a s s e m b l i e s  of n ichrome ribbon supported 

ins ide  copper hibe s . :  The  . r ibbons a r e  bent into a sinuous shape which 
r educes  the dist'ance between the  ends . to  one-half the extended length. The 
sinuous shape p c r m i t s  the ribbon to abso rb  the sudden pulse  (6000 jou les )  
and the cor responding  thermal -expans ion  impac t  without excess ive  
mechanica l  s t r e s s .  



The inductance of the r e s i s t o r s  i s  to le rab le  i n  th i s  application-the 
t ime-cons tan t  i s  l e s s  than 10 psec'.?,hd does, not significantly. modify  the 
ideal ized behaviol; of the pu l s e r .  The  damping r e s i a t d r  a s sembly  is .  a t  the 
.left of ,the coaxial  ign i t ron  a s s e m b l y  in  F.igi 6 .  ' The cen'tiifugal bldiver (low- 
. e r  l e f t )  cools t he  r ibbon. 

' 

LOAD CIRC UIT , 

Each  pu lse r  d i s cha rges  into a bundle of s i x  para l l e l  RG 1 4 / ~  cab les .  
.These bundles of cab les  f r o m  the  s e p a r a t e  p u l s e r s  a r e  brought  togcther a t  
tilt (dull iuduclur;  they ape connected ' in  pa r a l l c l  ( e lec t r i ca l ly )  a t  the vacuum 
feed- through plate.  At the feed- thr0ugh.a  4 ohm re ' s i s to r  ( in s e r i e s  with a 
0.25 pf, 20 kv capac i t o r )  a b s o r b s  m o s t  of the high-frequency energy  i n  the 
steep-fr0n.t.  vultage wave that  i s  t r ansmi t t ed  t h r o u g l ~  the twelve para l l e l  
50-ohm Cables. 'l'he vacuum feed- through a s sembly  f o r m s  a single coaxial  
c i r cu i t  through an epn iy -g l a s s  insu la to r  which i s  mountcd on a por t  iu  Ll~e 
ins ide  wall  of the  south tangent. tank nf the ~ e i r a t r o n , '  I n ~ i d c  thc  t ank ' a  g r o u p  
of eight  RG 1 4 / ~  cab les  continues the  c i rcu i t ,  formi,ng. .a~fl ,exible l ink to the .  
magne t  a s sembly .  A junction a s s e m b l y  t e r m i n a t e s  the . f lexible  l ink and 
connects  i t  in  s e r i e s  with the  magne t  co i l s  through'  tw'o g roups  of eight  cables .  

Fau l t  Inductor 

The capac i t o r s ,  ign i t rons ,  and para l le led-  cable  t r a n s m i s s i o n  l ine  
const i tu te  very-low-impedance s o u r c e  of e l ec t r i c a l  pnwer .  The single - 
bushing capac i t o r s  r e s t  on ang le - i ron  m e m b e r s  in  the capaci tor  r ack ,  which 
i s  connected through copper  conduit to the tangent tank.  The impedance 
between the tangent tank and the  capac i to r  r a c k s  i s  low, but  i t  would have 
to b e  much  lower  than the  sou rce  impedance to p reven t  a l ine- to-ground 
fault  a t  the  tangent tank f r o m  developing a high potential  d i f ference between 
the ends  of the conduit r e tu rn .  

The  faul t  i.i.nd.ucto.r - : (Fig.  5 )  i s  a mul t i l ayer  coil  of 12 RG- 1 4 / ~  
.(3 cab les  in  I t  i s  ac tual ly  a continuous l ink i n  the t r a n s m i s s i o n  l ine;  

i t s  l e a d s  a p e  connected a t  the igni t ron cubicles  and,at the va.cn.nm feeIJ= th~nl .~gh  
plate,  r espec t ive ly .  The normal - load  c u r r e n t  r e t u r n s  .i.n the  cable  shie lds  
and cance l s  a l l  but the coaxial  inductance of about.  1 ph. However ,  i f  a 
faul t  o c c u r s  between the l ine  o r  load arid the  t a n g e a t . t a n k o r  the conduit 
beyond the , fau l t  inductor ,  the to ta l  mul t i l ayer  inductance of about 40 ph 
i s  effective i n  l imi t ing the  fault  c u r r e n t .  Before  the fault  c u r r e n t  can r i s e  
to a significant  magnitude the n 'ormal c u r r e n t  c i r cu i t  will discha.rge the 
capac i to rs .  

7 
V a c l ~ u m  Feed -  'T'hrough : 

Elec t r ica l ly ,  the  vacuum feed- through is a n  insula ted coaxial  
c i r cu i t  through the i nne r  wall of the south tangeht tank.  A laminated g l a s s -  
epoxy- res in  plate 1 in. thick suppor t s  the a tmosphe r i c  p r e s s u r e  load over  
a 19-in.  d iam.  po r t  and . insu la tes  both s i de s  of t h e ' t r a n s m i s s i o n  l ine 
c i rcu i t .  F igu re  7 i s  a photographic vi'ew of the feed- through looking into 

' the l a r g e  conduit t e rmina t ion  box outside of the vacuum tan'k. The cah1.e 
sh ie lds  t e r m i n a t e s  i n  spec ia l  threadhd fi t t ings which a r e '  s ecu red  i n  .a 

. . . 
. . 
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b r a s s  plate.  Twenty-four b a r e  No. -10 copper  w i r e s  connect the plate to a 
b r a s s  r ing  sea led  on the epoxy plate by an  0 r ing.  F igu re  8 i s  a view ins ide  
the tank showing the  corresponding 'wi res  connected to a junction and then  to 
the shie lds  of the  eight  cab les  that  make  up the  flexible l ink to the magnet .  
The  .end of th i s  l ink  i s  shown in  F ig .  9. . Number  10 wi re  was  used fo r  the 
shield connections so that  the s a m e  spr ing  plug connectors  that  t e rmina t e  the . -  
R'G- 1 4 / ~  No. 10 cen te r  conductors could be  used.  

The  load c i r cu i t  i s  insula ted f r o m  ground to  pe rmi t  r e v e r s i n g  the 
magnet  polar i ty .  The p a r t s  n e c e s s a r y  to r e v e r s e  polar i ty  have been  
designed but not y e t  fabr ica ted .  

Magnet Assembly  

F i g u r e  10 i s  a photograph of the  two-turn a i r  c o r e  magnet .  (The 
photograph was taken while the outside cover  plate of the Beva t ron ' s  south 
tangent tank was off. ) Khe magnet  i s  cons t ruc ted  of 2-in. - d i am copper  tubing; 
i t  i s  96 in .  long, 16 $ in. wide, and the upper and lower  coi ls  a r e  spaced 
13f in. a p a r t  ( cen te r - to -cen te r  d imens ions) .  The two coi ls  a r e  connected 
i n  s e r i e s  a t  the junction a s sembly  shown in F ig .  9. The  computed magnitude 
of the f i e ld  i n  the  cen te r  of the a p e r t u r e  i s  1170 gauss  a t  52,000 amp .  The 
inductance i s  approximately  7 .ph. 

Epoxy-glass  i n ~ u l a t o r s  si.~ppost the magne t  coils ,  i n  the  vacuum tank. 
The beam-k icke r  magnet  and the ( s t ee l )  i n t e rna l  b e a m  deflecting magne t  s h a r c  
the mechan i sm that  pe 'rmits  th.e ad jus tment  of the i r  rad ia l ,  positiorls f r o m  out - 
side the  vacuum tank (See F ig .  11). 

CONTROL AND MONITORING CIRCUITS 

The e l ec t r i c a l  sy s t em of the r ap id  b e a m  e j ec to r  includes  a conven- 

I tional in ter lock chain fo r  personnel. and equipment protection.  The pulser  
. and power supply can .bc controlled remote ly  f r o m  the Beva t ron  m a i n  

control  r oom.  

F o u r  panel  m e t e r s  in  the m a i n  con t ro l  r o o m  display. power-  supply 
voltage, power-supply cu r r en t ,  and charging- l ine  voltage of e ach  capaci tor  
bank. The  .capacitor charging- l ine-vol tage s ignals  come f r o m  compensated 
d iv iders  of 1 to 1000 ra t io .  

: . _  
: A s e t  of four  cab les  t r a n s m i t  pu l se r  (output- c u r r e n t  s igna l s  fr.om 

each  igni t ron cubicle.  The s ignals  a r e  the in tegra ted  voltages idduced i n  
e lec t ros ta t i ca l ly  shielded a i r - c o r e  co i l s  surrounding the l eads  f r o m  the 
s e r i e s - i gn i t ron  cathodes .  The  co i l s  have a mutua l  inductance of about 0.45 
ph, and a f t e r  in tegrat ion i n  RC i n t e g r a t o r s  of about l 0 ' m s e c  t ime  constant ,  
the s ignal  ampl i tude i s  45 m v  p e r  1000 amp.  A balanced c i r cu i t  p e r m i t s  the  
s ignals  f r o m  the  two pu1ser.s to be  examined individually, and the sum and 
dif ference s ignals  can b e  observed  (on an  oscil los.cope) by connecting ,the l ines  
i n  s e r i e s  aiding o r  s e r i e s  opposing. 

The c u r r e n t  s ignals  a r e  a l s o  used to  compensa te  f o r  the rad io-  
freqllency e r r o r  de sc r ibed  below. 



\ 

R A  DIOFREQ UENC Y C OMPENSATION 

When the beam-k icke r  magne t  i s  energized,  the Bevatron proton 
orb i t  i s  displaced-roughly eccen t r i c  to  i t s  n o r m a l  orbi t ,  but  d i s to r ted  so  
that  the  p e r i m e t e r  of the per tu rbed  path i s  s h o r t e r  than normal .  The 
max imum deflection (toward the south)  i s  about 2.5 in. a t  the magne t  in  the 
south  tangent tank and 6 in .  i n  the nor th  tangent tank. 

If the  a c c e l e r a t o r  radiofrequency i s  not var ied  to compensa te  for. 
the s h o r t e r  path, the phase  e r r v r  i i .kc~~rni i l -ates  until thc pratuus  l u se  
sjrtichronlsm and  a r e  tlo longer  acce ' leratpd.  Howovcr, i f  the ~ d l u f r e q u e n c y  
is eemporar i ly  i n c r e a s e d  s o  t.hat i t  m a t c h e s  the p r t u r b c d - o r b i t  f requency,  
the b e a m  can b e  r e tu rned  to i t s  no rma l  o rb i t  with m o s t  of the or iginal  
protons  i n  phase  with the accel .erat i  ng voltngc. The ~llitj siug pPbtC5nS include 
thvse  purposely  s t r ik ing  the t a rge t  and those  l o s t  because  of impe r f ec t  
c n m p ~ n s a t i o n ;  The r t ~ u  vered pY6tons can  b e  used  .in addit ional  expe r imen t s  

. and will - not. Appear-  a s  -undesi red background within the acceptance t ime  of 
the exper imenta l  s y s t e m  using the k i cke r .  

The phas:e error.p;x:tur n i s  v e r y  near ly  propor t ional  to the deflection, 
which i n  t u rn  i s  propor t ional  to the magne t  s t reng th .  .The magne t  s t reng th  
i s  propor t ional  to the c u r r e n t ,  which m a k e s  the c u r r e n t  signal  a convenient 
s'igrlal with which to  modulate  the radiofrequency.  

The Beva t ron  m a s t e r  osc i l l a to r  u s e s  a CoQi t t s  c i r cu i t  with s e m i -  
f ixed capac i t o r s .  The acce l e r a to r - cyc l e  s ta r t ing  f requency i s  control led by  , 

adjust ing the capaci tance.  and t . h ~  f requency-modula t iu l~  during acce l e r a t i on  
i s  ach ieved  by varying the  control  c u r r e n t  in  sa tu rab le  inductors .  The 
f requency  r e sponse  of the  sa tu rab le  induc tors  i s  inadequate f o r  the  f a s t  
beam-k icke r  pulse ,  and i t  was  expedient  to ins ta l l  a  vo l t age - r e spnns iw  
variable capacitox.  The capac i to r  u sed  i s  a para l le led  group  of s i l icon p-n 
juuc$ions. Although the  capaci tance v a r i e s  approximately  a s  the squa re  
r o o t  of the  applied voltage, i t  i s  poss ible  to get  sa t i s fac tor i ly  l inear  
r e s p o n s e  over the r equ i r ed  r ange  because  the n e c e s s a r y  f requency change 
i s  s m a l l  (abuut 0.3%). 

A voltage propor t ional  to t he  magne t  c u r r e n t  i s  a t ta ined by connecting 
the c u r r e n t  inducfor i n t e g r a t o r s  (F igu re  3)io se r ies .  Th is  signal  (the peak 
ampli tude i s  about 2 v )  i s  fed  into a var iab le -ga in  line d r i v e r .  The low- 
impedance  output modula tes  the  p-n junctions about 1 v through a c i r cu i t  
that  inc ludes  a 100 ohm, 100 kc audio t r a n s f o r m e r .  The dc  b i a s  on the 
junctions i s  about 8 v and the  2.5-Mc peak voltage i s  about 3 v. 



OPERATING EXPERIENCE 

While t h i s  i s  being wri t ten  the pulse-counter  r e g i s t e r  s tands  a t  
202,000. The  type-5555 igni t rons  have conducted between 15,000 and 26,000 
a m p  peak c u r r e n t - p e r  pulse .  None of them have fai led,  and we hope f o r  
1,000,000 o r  m o r e  pu lses  without fa i lure .  

When the beam-kicker  i s  pulsed a t  15 kv with no t a rge t  and no rad io-  
f requency compensation,  none: of the proton b e a m  contKues  to acce l e r a t e .  
Wheri radiofrequcncy compensat ion i s  used,  a s  much  a s  90% of the proton 
b e a m  surv ives  the max imum beam-kicker  pulse.  In some  exper iments  the 
l u s l  p~~otcrns  appcnr  a e  o b j e c t i o n a h l ~  ha.rkground, and i t  will probably become 
des i r ab l e  to i n c r e a s e  the surv iva l  percentage,  
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( l a )  

Fig .  1'. ( a . )  Simplified equivalent c i rcui t .  S-1 c loses  a t  t l ;  S-2 
closes  a t  t2. (b. ) Simplified pulse forms.  F o r  0 < t  <, t , I 
i s  equal to Vo d m  sin t / m  and V i s  equal to  Vo cos  t , h ~  
F o r  t2  < t  < m, I is  equal to Vo dm [l + t  - t 2 / 2 ~ c ]  e- t - t2IRc 
and V i s  equal to -Vo t - t Z / 2 ~ c  e-t-t2/2RC (2RC = .Jf;F). 
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' F i g .  2 .  .Diagram of the electr ical  system of the Bevatron rapid 
beam ejector .  
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F i g .  3 .  A diagram of one of the two pulsers  in the magnet power 
supply. 



Fig. 4. Beam-kicker installation. The control rack i s  in the 
foreground; the capacitor banks and the power supply are in 
the left and right background. 



- Fig. 5.  Beam kicker installation. The two ignitron cubicles are 
in front of the capacitor banks at the lower right. The fault 
inductor i s  above. 



Fig. 6. The inside of an ignitron cubicle. 



Fig. 7. View, inside the junction box at: the vacuum feed-through 
showing the transmission-line termination. 
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Fig. 8.  View of the vacuum side of the feed-through showing the 
flexible link to the magnet. 



Fig. 9 .  The junction assembly that terminates the flexible trans- 
mission line and connects the two magnet coils in series. 



Fig. 10. The beam-kicker magnet viewed from outside the open 
south tangent tank. 



Fig. 11 .  Schematic diagram showing how the internal deflecting 

magnet and the rapid beam-ejector magnet share the same 

positioning apparatus. , 
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