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Summary 

To p r o t e c t  t h e  Stanford 3 km a c c e l e r a t o r  from 
damage caused by i t s  own e l e c t r o n  beam, a s i n g l e  
ion chamber has  been i n s t a l l e d ,  which runs t h e  
whole length  of t h e  a c c e l e r a t o r .  The pulse  t r a i n  
from t h e  ion  chamber i s  displayed on an o s c i l l o -  
scope, giving a representa t ion  of beam power loss 
along the  machine as a funct ion  of d i s t a n c e  from 
t h e  i n j e c t o r .  It a l s o  opera tes  a system t h a t  shuts  
off t h e  e l e c t r o n  beam wi th in  1 m s  whenever t h e  
s i g n a l  l e v e l  exceeds a p r e s e t  va lue .  

In t roduct ion  

If missteered at  high power, t h e  SLAC e lec-  
t r o n  beam can cause l o c a l  mel t ing  of a c c e l e r a t o r  
components i n  a f r a c t i o n  of a second. Even rela- 
t i v e l y  low l e v e l  i r r a d i a t i o n  of t h e  a c c e l e r a t o r  
waveguide w i l l  cause harm, gradual ly  changing 
c r i t i c a l  dimensions by a l t e r i n g  t h e  c r y s t a l  s i r u c -  
t u r e  of t h e  copper. To p r o t e c t  t h e  a c c e l e r a t o r ,  a 
system has been i n s t a l l e d  which i s  based upon a 
s i n g l e  long i o n  chamber1 t h a t  runs t h e  whole 3 km 
length  of the  a c c e l e r a t o r  housing. The s i g n a l  
from t h e  ion chamber operates  equipment t h a t  t u r n s  
of f  t h e  beam when any l o c a l  r a d i a t i o n  l e v e l  becomes 
too  high.  

The Long Ion Chamber 

The ion  chamber i s  assembled from some 20 
lengths  of 4 . 1  cm diameter RG 319/U c o a x i a l  cable ,  
and pressur ized  t o  1 atmosphere gauge wi th  a mix- 
t u r e  of A with 5% COP. The f a c i n g  sur faces  of t h e  
cable  a r e  bare  copper spaced by a narrow s p i r a l  of 
polyethylene. The cable  i s  supported by scraps  
near t h e  c e i l i n g  of the  a c c e l e r a t o r  housing, 2 m 
away from t h e  a c c e l e r a t o r  waveguide. 

When high energy e l e c t r o n s  s t r i k e  t h e  inner  
w a l l  of the  a c c e l e r a t o r  s t r u c t u r e ,  a cascade shower 
i s  produced i n  t h e  copper waveguide. The shower 
m u l t i p l i c i t y  i s  propor t iona l  t o  t h e  primary e lec-  
t r o n  energy. The flux of i o n i z i n g  r a d i a t i o n  and 
t h e  charge c o l l e c t e d  i n  the ion  chamber a r e  t h u s  
propor t iona l  t o  t h e  l o c a l  e l e c t r o n  beam power l o s s .  
An ion iz ing  event gives  r i s e  t o  a negat ive  pulse  i n  
t h e  cable  which s p l i t s ,  wi th  on? h a l f  t h e  energy 
be ing  propagated i n  t h e  forward d i r e c t i o n .  The 
o t h e r  h a l f  i s  propagated backward toward t h e  i n j e c -  
t o r .  The backward pulse  t r a v e l s  t o  t h e  i n j e c t o r  
end of t h e  cable ,  which i s  extended some 500 meters  
t o  form a de lay  l i n e .  It i s  t h e r e  inver ted  and  re -  
f l e c t e d  by a capac i tor ,  and r e t u r n s  a long t h e  cable ,  
which i s  extended i n t o  t h e  Cent ra l  Control  Room 
( C C R )  and terminated. Each backward pulse  a r r i v e s  
i n  CCR with a r e l a t i v e  time d e l a y  which i s  propor- 
t i o n a l  t o  t h e  d i s t a n c e  of i t s  o r i g i n  from the  In -  
j e c t o r .  I n  CCR t h e  pulse  t r a in  from t h e  cable  i s  

displayed on an osc i l loscope  ( F i g .  1) and fed  i n t o  
a d iscr imina tor  c i r c u i t .  

Observation of t h e  backward pulse  t r a i n  en- 
a b l e s  one t o  es t imate  the  magnitude of beam power 
loss i n  var ious regions along t h e  machine, and t o  
e s t a b l i s h  t h e  l o c a t i o n  of a beam scraping event t o  
wi th in  a few dekameters. l'he parameters governing 
t h e  space reso lu t ion  a r e  t h e  e l e c t r o n  c o l l e c t i o n  
time, -0.27 p ~ , ~  che e lec t ron  v e l o c i t y  i n  the  
a c c e l e r a t o r ,  c, and t h e  propagation v e l o c i t y  of 
t h e  cable ,  0.92 c. The O-5O$- and lO-gO% r i s e  
t imes have been measured f o r  pu lses  making a two 
way t r ans i t  of t h e  whole cable .  They have been 
found t o  be approximately 0 . 1  and 3 p s ,  respec- 

i n  agreement with r e s u l t s  c i t e d  by Kerns, 
- :?zl The e f f e c t  of t h e  presence of f r e e  e lec-  
t r o n s  and ions upon t h e  propagation of s igt ia ls  i n  
t h e  cable  has been estimated4 and found t o  be  s m a l l  
f o r  t h e  ion iza t ion  d e n s i t i e s  usua l ly  encountered i n  
p r a c t i c e .  

An important advantage of a s ingle  long ion  
chamber i s  i t s  uniform s e n s i t i v i t y .  This  uniform- 
i t y  i s  somewhat impaired i n  t h i s  appl ica t ion  by 
t h e  presence of e x t r a  m a t e r i a l  such as quadrupoles, 
d ipoles ,  and beam scrapers  between t h e  beam and t h e  
ion  chamber, and by geometr ical  asymmetry. Kul t i -  
p l e  s c a t t e r i n g  of t h e  beam and of secondary elec-  
t r o n s  tends t o  reduce the  e f f e c t  of a x i a l  asym- 
metry. 
t h a t  i t  a l l  s t r i k e s  t h e  inner  w a l l  of t h e  accel-  
e r a t o r  i n  a d i s t a n c e  of 20 o r  30 m, a pulse  about 
1 v high i s  observed i n  CCR. By manipulating t h e  
l o c a t i o n  and o r i e n t a t i o n  of missteer ing,  i t  has 
been found poss ib le  t o  vary t h e  pulse  height  
through a range of about 30%. 

When a 10 MW (peak)  beam i s  s teered  so 

The Discr iminator  and Pulse Tester  

Whenever l o c a l  beam power loss  exceeds a pre- 
s e t  value,  t y p i c a l l y  2 v f o r  360 pps operat ion,  
t h e  d iscr imina tor  system t u r n s  of f  the  e l e c t r o n  
beam by operat ing the  1 m s  tone loop system.5 The 
tone loop system responds t o  t h e  loss of one o r  
more input  s i g n a l s  by i n t e r r u p t i n g  tone s i g n a l s  i n  
two channels. Absence of tone s i g n a l  i n  e i t h e r  
channel causes t h e  i n j e c t o r  t o  t u r n  of f  wi th in  
l m s .  A pu lse  generator  and l o g i c a l  ga t ing  c i r -  
c u i t s ,  ind ica ted  i n  Fig.  2, t e s t  severa l  proper- 
t i e s  of t h e  ion chamber system during each i n t e r -  
pu lse  i n t e r v a l .  I n  t h e ' t e s t ,  a pulse  i s  trans- 
mi t ted  along the  cable, i t s  t r a n s i t  time t o  t h e  
i c j e c t o r  end and back i s  measured, and it  i s  v e r i -  
f i e d  t h a t  t h e  r e f l e c t e d  pulse  indeed opera tes  t h e  
d iscr imina tor .  

The t e s t  c i r c u i t  c o n s i s t s  of a p a i r  of b i -  
s t a b l e  mul t iv ibra tors ,  a clock and t e s t  pu lse  

* generator ,  and l o g i c a l  ga t ing  c i r c u i t s .  The Work supported by t h e  U.S. Atomic Energy Commission 
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operat ior i  ol t h e  l o g i c  c i r c u i t s  can be understood 
w i t h  t h e  a i d  of t h e  s t a t e  t r a n s i t i o i i  diagram shown 
i n  F ig .  2. F l i p - f l o p  R i s  s e t  t o  S t a t e  A whenever 
t h e  s i g n a l  exceeds t h e  d iscr imina tor  threshold.  
Flip-flop:: A and B a r e  r e s e t  t o  . s t a t e  (a, 3) by 
c lock  pu1::re C L 1 .  F l i p - f l o p  B i s  s e t  t_o s t a t e  E 
whenever CL-2 i s  ~ O i i i c i d e I l ~  with s t a t e  A. During 
ngnngl opz-ration, t h e  syz teg  cyci.es through :;trite 

( A ,  B ) ,  ( A ,  B), (A, B ) ,  ( A ,  B), e t c .  A " f a s t "  en- 
a b l e  s i g n a l  i s  genezated by passing a s i g n a l  cor- 
responding t o  ( A  . B + A . B )  through a low-pass 
f ' ilter. 
t ime i n t e r v a l  dur ing  which s t ,a te  ( A ,  B )  p e r s i s t s  
f02' n o m a 1  operat ion,  t h e  low-pass f i l t e r  main- 
t a i n s  t h e  " f a s t "  enable  vol tage.  However, i f  t h e  
t r a n s i t i o n  frorc (A, B) t o  ( A ,  B) f a i l s  t o  occur, 
s ta te  ( A ,  B)  w i l l  p e r s i s t  for 1 .4  ms. I n  t h i s  
event  t h e  enabl ing s i g n a l  w i l l  decay below a n  ac- 
c e p t a b l e  va lue  i n  approximately 100 ps, thereby 
s i g n a l l i n g  a system f a u l t  and s h u t t i n g  off  the  
tone s i g n a l  t o  t h e  i n j e c t o r .  A simple pu_lse width 
d e t e c t o r  measures t h e  dura t ion  of s t a t e  ( A ,  B )  and 
produces an analog s i g n a l  which i s  applied-to a 
meter r e l a y .  F a i l u r e  t o  a r r i v e  at s t a t e  ( A ,  B)  
results i n  a meter r e l a y  cur ren t  of zero. If s t a t e  
( A ,  B) p e r s i s t s  f o r  approximately 26 ys, t h e  meter- 
r e l a y  reads  w i t h i n  i t s  high-low l i m i t s .  
i f  ( A ,  B) p e r s i s t s  f o r  a ha l f  cycle, t h e  meter- 
r e l a y  reading  exceeds i t s  high l i m i t  s e t t i n g .  The 
meter  r e l a y  i s  in te r locked  with o ther  meter r e l a y s  
measuring ion- chamber high vol tage and dc cur ren t  
and w i t h  a pressure  switch ac tua ted  by t h e  gas- 
p r e s s u r e  i n  t h e  i o n  chamber. These r e l a y  c i r c u i t s  
i n t e r r u p t  a "slow" enabl ing s i g n a l  appl ied t o  the  
tone  i n t e r r u p t  u n i t .  

Thus dur ing  t h e  b r i e f  26 b s  cable  t r a n s i t  

F ina l ly  

When a s i g n a l  f a u l t  occurs, t h e  system i s  s e t  

A f a u l t - l a t c h i n g  c i r c u i t  and 
t o  s ta te  ( A ,  B)  and t h e  f a s t  enable s i g n a l  i s  re-  
moved w i t h i n  100 ps .  
redundant r e l a y  c i r c u i t s  continue t o  withhold t h e  
enabl ing  s i g n a l  even though the system again pro- 
ceeds through i t s  normal cycle  a f t e r  CL-1 .  The 
f a u l t - l a t c h i n g  c i r c u i t s  a r e  manually r e s e t  t o  re-  
sume f u l l  opera t ion .  

The Pos i t ron  Gate 

When p o s i t r o n s  a r e  being made, a l a r g e  s i g n a l  
i s  produced i n  t h e  long ion  chamber. The discrim- 
i n a t o r  i s  accordingly provided with a ga t ing  c i r -  

c u i t  which a c t s  t o  prevent the' s igna l  from the  
pos i t ron  source from shut t ing  off the  i n j e c t o r .  The 
pos i t ron  gate  i s  normally t r iggered only when t h e  
pos i t ron  beam i s  i n  operat ion.  I t s  time delay and 
dura t ion  a r e  adJustable ,  so t h a t  t h e  system can re-  
t a i n  f u l l  s e n s i t i v i t y  during those per iods when no 
l a r g e  b u r s t  of r a d i a t i o n  i s  expected from t h e  posi-  
t ron source. 

System R e l i a b i l i t y  Experience 

Since Apri l ,  1966, the  system has been almost 
continuously a v a l l a b l e  f o r  operat ion whenever t h e  
beam has been turned on. There have been two 
opera t ing  f a i l u r e s ,  so f a r .  A cont ro l  potentiom- 
e t e r  opened, and a meter r e l a y  f a i l e d .  In  both 
cases, rhe  system f a i l e d  s a f e .  The p r i n c i p l e  
cause f o r  complaint about the system has  been t h a t  
it works, making it  d i f f i c u l t  t o  perform experi-  
ments which produce ion chamber pulses  1-arger than 
about 18 v, t h e  maximum possible  d iscr imina tor  
s e t t i n g .  In  some cases  it has been poss ib le  t o  
accommodate these  experiments by using the  posi-  
t r o n  ga te .  I n  o ther  cases it has been necessary 
t o  d i s a b l e  the  system completely. 
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Fig. 1. Long ion chamber pulse trains as observed 
in CCR. The horizontal scale is approximate- 
ly 4 ps/cm. The lower t race shows evidence circuits. 
of beam blow up. 

Fig. 2.  Block diagram, timetable, and state t ransi-  
tion diagram for the long ion chamber logic 


