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THE s m  LONG ION CHAPIBEX SYSTEM FOR MACHINE PROTECTION* 
Max Fishman and D a r y l  Reagan 

Stanford Linear Accelerator Center, Stanford University, Stanford, Cal i fornia  

Summary 

To protect  t he  Stanford 3 km acce lera tor  from 
damage caused by i ts  own electron beam, a s ingle  
ion chamber has been ins ta l led ,  which r u n s  t he  
whole length of the accelerator .  The pulse t r a i n  
from the  ion chamber i s  displayed on an osci l lo-  
scope, giving a representat ion of beam power lo s s  
along the machine as a funct ion of dis tance from 
the in jec tor .  
off the e lec t ron  beam within 1 m s  whenever the  
s igna l  l eve l  exceeds a preset  value. 

It a l so  operates a system tha t  shuts  

Intrcduccion 

If missteered a t  high power, the SLAC elec- 
t ron  beam can cause loca l  melting of accelerator  
components ir. a f r ac t ion  of a second. 
t i ve ly  low l eve l  i r r ad ia t ion  of t he  accelerator  
waveguide w i l l  cause harm, gradually changing 
c r i t i c a l  aimensions by a l t e r ing  the c rys t a l  struc- 
tu re  of the  copper. To pro tec t  the accelerator ,  a 
system has been in s t a l l ed  which i s  based upon a 
s ingle  long ion chamber1 that runs the  whole 3 km 
length of the  accelerator  housing. 
from the  ion chamber operates equipment tha t  turns  
off the  bean when any loca l  rad ia t ion  l eve i  becomes 

Even rela-  

The s igna l  

too high. 

The Long Ion Chamber 

The ion chamber i s  assembled from some 20 
lecgths  of 4.1 a diameter RG 319/U coaxial  cable, 
and pressurized t o  1 atmosphere gauge with a m i x -  
tu re  of A with 5$ Cog. The facing surfaces of the  
cable a r e  bare  copper spaced by a narrow s p i r a l  of 
polyethylene. The cable i s  supported by s t raps  
near the  ce i l i ng  of the  accelerator  housing, 2 m 
away from the  accelerator  waveguide. 

When high energy electrons s t r i k e  the inner 
w a l l  of the  accelerator  structure,  a cascade shower 
i s  produced i n  t h e  copper waveguide. The shower 
mul t ip l i c i ty  i s  proportional t o  the  primary elec- 
t ron  energy. The f lux of ionizing radiat ion and 
the charge collected i n  the ion chamber are thus 
proportional t o  the loca l  e lectron beam power loss. 
An ionizing event gives rise t o  a negative pulse in  
the cable which s p l i t s ,  with one half  t h e  energy 
being propagated i n  t h e  forward direct ion.  The 
other  half  i s  propagated backward toward the  injec-  
t o r .  
end of the  cable, which is  extended some 500 meters 
t o  form a delay l i ne .  It i s  there  inverted and re- 
f lec ted  by a capacitor,  and retarns along the cable, 
which i s  extended in to  the  Central  Control Room 
(CCR) and terminated. Each backward pulse a r r ives  
i n  CCR with a r e l a t ive  time delay which i s  propor- 
t i ona l  t o  the dis tance of i t s  or ig in  from the i n -  
jector .  I n  CCR the  pulse t r a i n  from the cable i s  

The backward pulse t r ave l s  t o  the in jec tor  

Y 
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displayed on a n  oscil loscope (Fig. 1) and fed in to  
a discr iminator  c i r cu i t .  

Observation of t he  backward pulse t r a i n  en- 
ab les  one t o  estimate the  magnitude of beam power 
loss i n  various regions along the machine, and t o  
e s t ab l i sh  the  locat ion of a beam scraping event t o  
within a few dekameters. The parameters governing 
the  space resolut ion a r e  the electron col lect ion 
time, -0.27 psJ2 t he  e lectron ve loc i ty  i n  the 
accelerator ,  cy and the propagation veloci ty  of 
the  cable, 0.92 c. 
times have been measured f o r  pulses &ing a two 
way t r a n s i t  of t he  whole cable. They have been 
found t o  be approximately 0.1 and 3 ps, respec- 
t i v e l y  i n  agreement with r e s u l t s  c i ted  by Kerns, 
- e t  gJ.3 The e f f ec t  of the presence of f r e e  elec- 
t rons  and ions upon the  propagation of s ignals  i n  
the  cable has been estimated4 and found t o  be small 
for  the ionizat ion dens i t ies  usually encountered i n  
pract ice .  

The O-5O$ and lO-gO% r i s e  

An important advantage of a single  long ion 
chamber i s  i t s  uniform sens i t iv i ty .  This uniform- 
i t y  i s  somewhat impaired i n  t h i s  appl icat ion by 
the  presence of ex t ra  material such as quadrupoles, 
dipoles,  and beam scrapers between the  beam and the 
ion chamber, and by geometrical aspmetry.  Multi- 
p l e  sca t te r ing  of the  beam and of secondary elec- 
t rons  tends t o  reduce the  e f f ec t  of a x i a l  asym- 
metry. 
t ha t  it a l l  s t r ikes  the  inner w a l l  of the accel- 
e ra tor  i n  a dis tance of 20 or 30 m, a pulse about 
1 v high i s  observed i n  CCR. By manipulating t ae  
locat ion and or ien ta t ion  of missteering, it has 
been found possible  t o  vary the  pulse height 
through a range of about 30%. 

When a 10 ?rIw (peak) beam i s  steered so 

The Discriminator and Fulse Tester 

Whenever loca l  beam pcwer loss exceeds a pre- 
se t  value, typ ica l ly  2 v f o r  360 pps operation, 
t he  discriminator system turns  off the  e lectron 
bean by operating the 1 m s  tone loop system.5 The 
tone loop system responds t o  the  loss of one o r  
more input s ignals  by in te r rupt ing  tone signals i n  
two channels. Absence of tone s igna l  i n  e i the r  
channel causes the  in j ec to r  t o  turn off  within 
l m s .  A pulse generator end log ica l  gating c i r -  
cu i t s ,  indicated i n  Fig. 2, t e s t  several  proper- 
t i e s  of the  ion chamber system during each in te r -  
pulse interval. In the t e s t ,  a pulse i s  trans- 
mitted along the  cable, i t s  t r a n s i t  time t o  the  
in jec tor  end and back i s  measiured, and it i s  ver i -  
f i e d  that  t h e  ref lected pulse indeed operates the 
d i s c r b i n a t o r .  

The zes t  c i r cu i t  consis ts  of e p a i r  of bi-  
s tab le  multivibrators,  a clock and t e s t  pulse 
generator, and log ica l  gating c i r cu i t s .  The 
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operation of the log ic  c i r c u i t s  can be understood 
with the  a id  of t he  s t a t e  t r ans i t i on  diagram shown 
i n  Fig. 2. Flip-flop A i s  s e t  t o  S ta t e  A whenever 
the  s igna l  exceeds the  discriminator threshoid. 
Flip-flops A and B a re  r e se t  t o  s t a t e  (A, 3) by 
clock pulse C L l .  
whenever CL-2 i s  coincident wizh state A. W i n g  
n2-l opzratioc, the  sygteg cycles through state 
(A, B), (A, B), (A, B), (A,  B) ,  e tc .  A Vast" en- 
ab le  s igna l  i s  generated by passing a s igna l  cor- 
responding t o  ( A  - B + A - a) through a low-pass 
f i l t e r .  
time in t e rva l  during which state (A, B) p e r s i s t s  
f o r  normal operation, the low-pass f i l t e r  main- 
ca ins  the "fast" enable voltage. 
t r ans i t i on  from ( A ,  B) t o  (A, B) fai ls  t o  occur, 
s t a t e  (A, B) w i l l  p e r s i s t  for 1.4 as. 
event the  enabling s igna l  w i l l  decay below an ac- 
ceptable value i n  approximately 100 ,us, thereby 
s igna l l ing  a system f a u l t  and shutting off the 
tone s igna l  t o  t h e  in jec tor .  A simple pu_lse width 
de tec tor  measures the duration of state (A, B) and 
produces an analog s igna l  which i s  applied-to a 
meter relay.  Fa i lure  t o  arrive at s t a t e  (A,  B) 
r e s u l t s  i n  a meter re lay  current of zero. If s t a t e  
(A, B) p e r s i s t s  f o r  approximately 26 f l s ,  the neter- 
r e l ax  reads within i t s  high-low l imi ts .  
if (A, B) p e r s i s t s  for a half cycle, t he  meter- 
r e l ay  reading exceeds i t s  high l i m i t  se t t ing .  The 
meter r e l ay  i s  interlocked w i t h  other meter re lays  
measuring ion-chamber high voltage and dc current 
and with a pressure switch actuated by the  gas- 
pressure i n  the ion  chamber. These re lay  c i r c u i t s  
i n t e r rup t  a "slow" enabling s igna l  applied t o  the  
tone in te r rupt  un i t .  

Flip-flop B i s  s e t  to s t a t e  B 

Thus during the b r i e f  26 E s  cable t r a n s i t  

However, if the 

I n  t h i s  

F ina l ly  

When a s i p a l  f a u l t  occurs, t he  system i s  s e t  

A fau l t - la tch ing  c i r c u i t  and 
t o  s t a t e  (A, B) and the  f a s t  enable s igna l  i s  re- 
moved within 100 ps. 
redundant re lay  c i r c u i t s  continue t o  withhold the 
enabling s igna l  even though the system again pro- 
ceeds through i t s  normal cycle a f t e r  CLl. 
fau l t - la tch ing  c i rc l l i t s  a r e  manually r e se t  t o  re- 
sume f u l l  operation. 

The 

The Positron Gate 

Wen positrons a re  being made, a la rge  s igna l  
The discrim- i s  produced i n  t h e  long ion chamber. 

i na to r  i s  accordingly provided with a gating cir- 

cu i t  which a c t s  t o  prevent the s igna l  from the 
positron source from shutting off the in jec tor .  The 
positron gate i s  normally tr iggered only when the  
positron beam i s  i n  operation. Its time delay and 
duration a re  adjustable,  so tha t  the  system can re- 
t a i n  f u l l  s ens i t i v i ty  Curing those periods when no 
large burst  of radiation is expected fro% the posi- 
t ron  source. 

System Re l i ab i l i t y  Experience 

Since April,  1966, the system has been almost 
continuously ava i lab le  for operation whenever the 
beam hes been turned on. There have been two 
operating f a i lu re s ,  so far. A control potentiom- 
e t e r  q e n e d ,  and a meter re lay  f a i l ed .  In both 
cases, the system f a i l e d  safe.  The pr inc ip le  
cause for  complaint about the  system has been tha t  
it works, making it d i f f i c u l t  t o  perform experi- 
ments which produce ion chamber pulses la rger  than 
about 18 v, the  maxi" possible discriminator 
se t t ing .  I n  some cases it has been possible t o  
accomndate these  experiments by using the posi- 
t r o c  gate. I n  other cases it has been necessary 
t o  d isab le  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 trace shows evidence circuits. 
of beam blow up. 

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