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ABSTRACT* 
Beam diagnostic ion chambers are used throughout the SLC 

to perform a variety of tasks including locating beam losses 
along the beam direction, determining localized losses from 
individual bunches in a multibunch beam, and detecting 
scattered particles from beam profile wire scanners where 
backgrounds are too high to use photomultiplier tubes. 
Construction and instrumentation of very fast ion chambers 
with pulse duration of less than 60ns are detailed. Long ion 
chambers referred to as PLIC (Panofsky’s Long Ion Chamber) 
are the primary diagnostic used to locate losses in all the SLC 
transport lines. Accurately locating beam loss with the use of 
fiducial cables and coaxial switches will be discussed. 

INTRODUCTION 
Normal operation of the SLC requires two bunches of 

‘electroris and-2 single bunch of posit&s to be present in the 
accelerator during each machine pulse. These bunches are 
approximately lmm in length and about 60ns apart. In the 
past, beam losses detected by conventional ion chambers could 
not be atti%&e:d to a particular bunch. The pulse length of 
these ion chambers ranges from hundreds of nanoseconds to 
many milliseconds and hence their signals are the sum of the 
losses from all three bunches. In order to resolve losses from 
each bunch, fast ion chambers with a minimum pulse length 
of 35ns were constructed. Fast ion chambers have been 
installed at collimators or other aperture restrictions in the 
linac. Their signals are monitored on a real time basis and 
over long term running. 

Wire scanner measurements of beam size are crucial to the 
successful operation of the SLC.[l] Fast ion chambers are 
used as wire scanner scattered particle detectors where 
backgrounds are too high for photomultiplier tubes. They are 
also used at all other wire scanner installations to provide a 
cross check on the photomultiplier tubes. 

DESIGN 
A cylindrical ion chamber design was optimized to: 1) 

produce pulses of less than 60ns, 2) provide reasonable 
sensitivity, 3) absorb high radiation without damage, and 4) 
allow ease of construction. 

The body of the ion chamber is a brass tube 3Ocm in length 
with an inside diameter of 3.25 mm. For wire scanner 
applications where thk pulse length must be as short as 
possible, the tube can be sleeved with another brass tube with 
an inside diameter of 2.35mm. Notching the tubes at either 
end allows the gas to flow freely when purging impurities. 
The end of an ion chamber tube is shown in fig. 1. The ends 
of the brass tube are fitted with insulating standoffs made from 
Vectra, a plastic which is radiation resistant to 5 x lo8 rads. 
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Fig. 1: Crossection of a fast ion chamber tube end 

Gold-plated beryllium copper wire with a diameter of 
0.25Omm is used for the center conductor. The wire is 
soldered into a feedthrough made from small diameter brass 
tubing which fits into the outer hole in the standoff. It is then 
passed through the brass tube, the other standoff and another 
feedthrough. The standoffs are fitted into either end of the 
tube. The feedthroughs are seated in the standoffs, then the 
wire is tensioned and soldered to the second feedthrough. A 
short length of wire is left on one end to allow for 
connections. A number of these tubes are bundled together and 
connected electrically in parallel. The bundle is inserted into 
two polyethylene rings that act as supports and gas baffles. 
This assembly is placed inside a 2 inch diameter stainless steel 
CZIII. 

A positive voltage between 50 and 200 volts is applied to 
the center conductor through a current limiting resistor. The 
signal is obtained from the center conductor after being 
decoupled from the high voltage by a capacitor. Ten volt zener 
diodes are added to the low voltage side of the capacitor in case 
it breaks down. Originally the ends of the feedthroughs were 
left exposed at high voltage, and electrons collected over large 
distances produced tails on the pulse. These tails are 
eliminated by insulating the ends of the feedthroughs and then 
covering them with copper foil at ground potential. 

The signals of the individual tubes are combined in parallel 
to increase the output of the fast ion chamber. The tubes have 
an impedance of about 150 ohms, and three tubes together 
provide the best match into 50 ohm cable. If more tubes are 
added, the impedance match becomes worse, and the pulse 
length increases due to signal reflections at the ion chamber 
cable boundary. Given the 60ns bunch spacing, 15 tubes is 
about the maximum number that can be combined and still 
produce the required pulse length. Ten tubes are used for wire 
scanner installations. 

PULSE LENGTH 
For a burst of radiation that is short compared to the 

electron collection time, the pulse length of a fast ion chamber 
is determined by the drift velocity of the electrons in the gas 
and by the distance between the electrodes. 
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Ini t ial  tests w e r e  p e r fo r m e d  us ing  a  m ixtu r e  o f 9 5 %  A r  a n d  
5 %  C 0 2 , wh ich  h a s  a  m a x i m u m  e lec t ron  drift velocity o f 
a b o u t 4 .5 c m /ps. T h e  pu lse  f rom th e  i on  c h a m b e r  us ing  th is  
m ixtu r e  is s h o w n  in  fig .2 A . A lth o u g h  th e  pu lse  l e n g th  is 
shor ter  th a n  th e  S L C  b u n c h  spac ing,  a  m u c h  c leaner  s e p a r a tio n  
is r e q u i r e d  fo r  w i re  scanne r  b e a m  size m e a s u r e m e n ts. 

E x p e r i m e n ta l  resul ts us ing  p u r e  C F , o r  C F , in  m ixtu res  
with a r g o n  ind icate  a n  e lec t ron  drift velocity o f ove r  
1 2 c m /l& [2 ] A  fast i on  c h a m b e r  us ing  a  m ixtu r e  o f 8 O % A r  
a n d  2 0 %  C F 4 , p r o d u c e s  th e  shor ter  pu lse  with i nc reased  
a m p litu d e  s e e n  in  fig . 2 B . This  m ixtu r e  was  se lec ted fo r  u s e  
in  fast i on  c h a m b e r s  u s e d  as  w i re  scanne r  p a r ticle d e tectors 
b e c a u s e  o f th e  shor t  pu lse  l e n g th , a n d  h i g h  a m p litu d e  s ignals  
it p r o d u c e d . 

A n o th e r  m e th o d  o f dec reas ing  th e  pu lse  l e n g th  is to  
e ffect ively r e d u c e  th e  drift d is tance by  us ing  a  m ixtu r e  wh ich  
c o n ta ins  a n  e lec t ronegat ive  g a s , such  as  F r e o n . E lect rons 
l ibera ted  a t l a rge  d is tances f rom th e  c e n te r  c o n d u c to r  r e c o m b i n e  
with th e  F r e o n  a n d  d o  n o t c o n tr ibute to  th e  pu lse  l e n g th . T h e  
s a m e  fast i on  c h a m b e r  us ing  a  m ixtu r e  o f 9 5 %  A r , 4 .7 %  C O ;?  
a n d  0 .3 %  F r e o n  p r o d u c e d  th e  pu lse  s h o w n  in  fig . 2 C . This  
m ixtu r e  signif icantly reduces  th e  s igna l  a m p litu d e  b u t is idea l  
fo r  fast i on  c h a m b e r s  u s e d  a t col l imators w h e r e  th e  rad ia tio n  
flux  is very  lafge.  

lO m V /div 2 O n s /div 

Fig. 2 : Fast  i on  c h a m b e r  s ignals  with constant  b e a m  
condi t ions,  us ing:  A )  9 5 %  A r  a n d  5 %  C O 2 , B )  8 0 %  A r , 2 0 %  
C F 4 , C)  9 5 %  A r , 4 .7 %  C O 2  a n d  0 .3 %  F r e o n . 

P E R F O R M A N C E  
T h e  sensitivity o f a n  i on  c h a m b e r  is p r o p o r tio n a l  to  th e  

a m o u n t o f g a s  b e tween  th e  e lect rodes.  B e c a u s e  o f th e  smal l  
v o l u m e  o f th e  tu b e s , s igna l  levels o f fast i on  c h a m b e r s  u s e d  
with w i re  scanners  a r e ’on ly  a  fe w  m illivolts, a n d  th e s e  levels 
d e p e n d  heavi ly  o n  th e  locat ion o f th e  i on  c h a m b e r . 
Calcu la t ions ind icate  th a t m u ltip le  scat ter ing o f e lec t rons o ff 
th e  w i re  scanne r  w i re  p r o d u c e  m o s t o f th e  signal. [3]  Ray  
t rac ings o n  scale  d raw ings  h a v e  b e e n  h e l p fu l  in  se lect ing 
locat ions fo r  th e s e  ion  c h a m b e r s . Fo r  a  1 G e V  b e a m , a n  i on  
c h a m b e r  is insta l led a b o u t 7 m  d o w n s t ream o f its w i re  scanne r . 

L o c a tin g  fast i on  c h a m b e r s  fo r  p r imary  b e a m  col l imators 
p r e s e n ts n o  p r o b l e m . B e c a u s e  o f th e  l a rge  a m o u n t o f 
r ad ia tio n , s ignals  in  th e  h u n d r e d s  o f m illivolts a r e  o b ta i n e d  by  
p lac ing  th e  i on  c h a m b e r  a  fe w  m e ters  d o w n s t ream o f th e  
&vice.  

O P E R A T IO N  
S igna ls  f rom th e  fast i on  c h a m b e r s  a r e  m o n ito r e d  o n  rea l  

tim e  d isplays (osc i l loscopes)  a n d /o r  fe d  into A D C s  ( A n a l o g  
Digi tal  C o n v e r te r )  to  calculate b e a m  sizes a n d  m o n ito r  
ind iv idua l  b u n c h  losses ove r  l o n g e r  pe r iods  o f tim e . 

Fast  i on  c h a m b e r s  u s e d  with w i re  scanners  typical ly h a v e  
a n  o u tp u t o f 5 m v  a n d  n e e d  to  b e  a m p lifie d . T h e  s igna l  m a k e s  
a  s ing le  pass  th r o u g h  a  L e C r o y  6 1 2  x 1 0  a m p lifie r  b e fo r e  it is 
fe d  into a n  A D C . Fig. 3  shows  a  w i re  scanne r  fast i on  
c h a m b e r  se tup  

Fast  i on  H V  inpu t  

- -nul l  C .  

Fig. 3 : B lock d i a g r a m  s h o w i n g  bas ic  c o m p o n e n ts o f a  
w i re  scanne r  fast i on  c h a m b e r  

L O N G  IO N  C H A M B E R S  
L o n g  ion  c h a m b e r s  ( P L IC) h a v e  b e e n  u s e d  to  locate b e a m  

loss a n d  p r o tect th e  acce lera tor  a t S L A C  s ince its 
b e g i n n i n g .[4 ] T h e  system consists o f a  g a s  dielectr ic coax ia l  
cab le  a p p r o x i m a tely 3 5 0 0 m  in  l e n g th  insta l led o n  th e  cei l ing 
o f th e  acce lera tor  h o u s i n g . T i m e  d ispe rsed  P L IC s ignals  
t ravel  u p s t ream to  th e  sta r t o f th e  cable.  T h e y  a r e  r e flected,  
a n d  t ravel  to  th e  d o w n s t ream e n d  o f th e  cab le  w h e r e  th e y  a r e  
o b s e r v e d . B e c a u s e  it is v iewed  f rom th e  d o w n s t ream e n d  o f th e  
cab le  th e  a v e r a g e  P L IC pu lse  p r o p a g a tes  ove r  a b o u t 5 3 0 0 m  o f 
cable.  T h e  r ise tim e  o f a  P L IC s igna l  is d is tor ted by  th e  cable,  
a n d  th is in t roduces a n  u n c e r tainty o f a b o u t 3 O n s  in  locat ing th e  
l e a d i n g  e d g e  o f th e  P L IC pulse.  [5 ] 

Du r i ng  th e  construct ion o f th e  S L C , P L IC cab les  w e r e  
insta l led in  al l  t ranspor t  l ines.[6] T h e  S L C  P L IC s igna l  is 
v iewed  f rom th e  u p s t ream e n d  o f th e  cab le  a n d  o n  a v e r a g e , th e  
s igna l  p r o p a g a tes  ove r  on ly  3 0 0 m . In  th is  case,  th e  l e a d i n g  
e d g e  c a n  b e  d e te r m i n e d  to  wi th in 5 n s . 

W h e n  th e  b e a m  p a th  l e n g th  a n d  th e  l e n g th  o f th e  P L IC 
cab le  a r e  e q u a l , locat ing b e a m  losses c a n  b e  ca lcu la ted by  
us ing  a n  osc i l loscope to  m e a s u r e  th e  tim e  f rom th e  sta r t o f th e  
cab le  to  th e  l e a d i n g  e d g e  o f a  P L IC pulse.  This  interval  is th e  
s u m  o f th e  tim e  it takes  th e  b e a m  to  t ravel  f rom th e  sta r t o f 
th e  cab le  to  w h e r e  th e  loss occurs  a n d  th e  tim e  fo r  th e  pu lse  
i n d u c e d  o n  th e  cab le  by  th e  loss, to  r e tu r n  to  th e  sta r t o f th e  
cable.  T h e  S L C  P L IC cab le  h a s  a  p r o p a g a tio n  velocity o f 
0 .9 1 4 c  so: 

T  s c o p e  =  T b e a m  +  T b e a d O . 9 1 4  (1 )  

-  
2  
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where Tscope is the time between the start of the cable and the 
b;eam’loss measured on the scope, and Theam is beam time 
from  the start of the cable to the beam loss. 
The beam time between any two events is the time displayed 
on the scope divided by 2.09. 

When there are obstacles and bends in the transport line, the 
cable length is no longer equal to the distance traveled by the 
beam, and equation 1 is no longer valid. This path length 
problem can be reduced by periodically referencing or 
fiducializing the PLIC signal to a particular beam line 
component, providing a local reference for beam loss 
calculations using equation 1. Two methods of fiducializing 
the PLIC signal, passive and active, have been devised. 

A passive fiducial is produced by connecting a 50 or 1OOns 
coil of solid polyethylene coax (which produces no PLIC 
signal when it is irradiated) between sections of PLIC cable. 
The notched pulse shown in fig. 4 is produced when sections 
of PLIC cable with this solid coax between them are irradiated. 
The thick line indicates the time of a 50ns fiducial cable. The 
leading edge of the second pulse (indicated by the second 
cursor) is produced by the end of the PLIC cable connected to 
the- downstream end of the fiducial cable. From this known 
edge, the time or position of other losses can be measured. 

Two discrete losses are unresolved when the time between 
the losses is less than the decay time of the PLIC signal from  
the first loss. The second loss can be resolved by inserting a 
fiducial cable in the PLIC cable just upstream of the second 
loss. The fiducial cable provides the extra time needed to 
allow thePLIC signal from  the first loss to die away. 
. An active fiducial can be produced by installing a coaxial 
switch between sections of PLIC cable. When the switch is 
opened, pulses, created from  earlier beam losses that propagate 
in the same direction as the beam, reflect off the open switch, 
producing an inflection in the PLIC signal at the switch’s 
location. Because these pulses do not travel at the same speed 
as the beam, there must be beam loss at the switch’s location 
in order for the spike to accurately indicate the position of the 
switch. This effect is shown in fig. 5. 

CONCLUSION 
Fast ion chambers provide beam loss information, both real 

time, and computer processed for each of the three SLC 
bunches. Accelerator operators monitor the real time signals 
to help them diagnose problems in machine performance. The 
processed information is used to determ ine beam sizes and 
emittances. This information is also stored so that individual 
bunch beam loss variations can checked for correlations with 
data from  SLC subsystems to identify system failures. 

Beam losses in SLC transport lines are located with greater 
accuracy when fiducials in the PLIC signal, produced by delay 
cables or coaxial switches, are used as references for beam loss 
calculations. 
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Fig. 4: SLC PLIC. Cursors indicate a notch in the PLIC 
signal produced by a 50 ns fiducial cable. The two notches to 
the right of the first are also produced by fiducial cables. 
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Fig. 5: SLC PLIC signals: Trace A, PLIC switch closed. 
Trace B, PLIC switch opened. The cursor indicates the 
position of the switch. 
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