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HI GEL IGMT S 

C a r e f u l  s p e c i f i c a t i o n  of des ign  v a r i a b l e s  is  e s p e c i a l l y  impor tan t  f o r  

spec ia l -purpose  f i s s i o n  count ing  a p p l i c a t l o n s  such as h igh  s e n s i t i v i t y  

[;lo counts  s (nv) ] o r  o p e r a t i o n  i n  high gamma f i e l d s  (;lo R/h) .  A 

computer code w a s  developed t o  determine the combination of  va lues  of 

such v a r i a b l e s  as e l e c t r o d e  spac ing ,  f i l t e r  t i m e  c o n s t a n t s ,  and i n p u t  

c a b l e  impedance t h a t  would provide  t h e  b e s t  performance f o r  a s p e c i f i e d  

a p p l i c a t i o n .  However, con f iden t  use  of the  code r e q u i r e d  v a l i d a t i o n  of 

the assumptions and approximations on which i t  w a s  based .  

t h i s  v a l i d a t i o n ,  a va r i ab le - spac ing  f i s s i o n  coun te r  w a s  b u i l t  and 

used i n  a pa rame t r i c  t e s t i n g  program t o  provide a we l l - cha rac t e r i zed ,  

expe r imen ta l  d a t a  b a s e  f o r  comparison. 
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To accomplish 

For m a x i m u m  d i s c r i m i n a t i o n  a g a i n s t  gamma p i l e u p ,  t h e  v a r i a b l e -  

spac ing  coun te r  w a s  opera ted  i n  t h e  cu r ren t -pu l se  mode dur ing  t h e  tests. 

The v a r i a b l e s  which w e r e  coclsidered are e l e c t r o d e  spac ing ,  i n t e r e l e c t r o d e  

and electrode-to-ground capac i t ance  f i l l  gas camposttion and p r e s s u r e ,  

c h a r a c t e r i s t i c  impedance of t h e  p r e a m p l i f i e r  i n p u t  c a b l e ,  f i l t e r  t i m e  

c o n s t a n t s ,  t he  r a t i o  of e l e c t r i c  f i e l d  t o  f i l l  gas  p r e s s u r e  (E /P ,  V cm-I 

t o r r  >, and gamma dose rate. For each combination of des ign  v a r i a b l e s ,  

i n t e g r a l  p u l s e  h e i g h t  d i s t r i b u t i o n s  w e r e  ob ta ined  f o r  e l e c t r o n i c  

p r e a m p l i f i e r  n o i s e  (EN) on ly ,  EN p l u s  neut ron  e x c i t a t i o n ,  and EN p l u s  

gamma e x c i t a t i o n .  A f i g u r e  of m e r i t  w a s  computed t o  c h a r a c t e r i z e  the 

performance of each expe r imen ta l  c o n f i g u r a t i o n .  

t h e  Eigures  of m e r i t  w e r e  supplemented and e x t r a p o l a t e d  through t h e  use 

of a s i m p l i f i e d  a n a l y t i c a l  model of coun te r  performance t h a t  w a s  

developed from equa t ions  of t h e  computer code + 

-1 

Q u a l i t a t i v e  t r e n d s  of 

In  some cases, t h e  tes t  d a t a  simply conf i rm p r e v i o u s l y  known 

r e l a t i o n s h i p s  between counter  performance and such des ign  v a r i a b l e s  as 

t h e  E/P r a t i o  and the  product  of f i l l  gas p r e s s u r e  and e l e c t r o d e  

spac ing .  

p rev ious ly  cons idered  i n  d e t a i l ,  such as counter  capacitance and 

impedance oE the s i g n a l  cab le .  I n  p a r t i c u l a r ,  t h e  d a t a  show t h a t  Cor 

h i g h - s e n s i t i v i t y  coun te r s  w i t h  l a r g e  e l e c t r o d e  areas o r  f o r  coun te r s  

t h a t  must o p e r a t e  fii very h igh  g a m a  Fie lds  s u b s t a n t i a l  improvements 

However, some d a t a  a l s o  show the  i n f l u e n c e  of parameters  not 
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i n  performance can be  obta ined  by lowering the  c h a r a c t e r i s t i c  impedance 

of t h e  s i g n a l  c a b l e s  below t h e  convent iona l  50 s2 value .  

Va l ida t ion  of t he  computer code has  n o t  y e t  been completed. 

However, the  agreement obta ined  between the  exper imenta l  d a t a  and the  

s i m p l i f i e d  model provides  a t  least p a r t i a l  v a l i d a t i o n  of t h e  b a s i c  

mathematical  concepts  on which the  code i s  based. 
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I. INTRODUCTION 

A v a r i a b l e  spac ing  f i s s i o n  counter  (VSC) w a s  b u i l t  and used i n  a 

paramet r ic  t e s t i n g  program t o  provide a we l l - cha rac t e r i zed ,  exper imenta l  

d a t a  base  f o r  v a l i d a t i o n  of a f i s s i o n  counter  des ign  op t imiza t ion  code. 

This  v a l i d a t i o n  w a s  a p r e r e q u i s i t e  f o r  a p p l i c a t i o n  of the  code t o  such 

op t imiza t ion  problems as minimizing the  volume of a coun te r  a t  constant:  

s e n s i t i v i t y  o r  maximizing the  s e n s i t i v i t y  a t  cons t an t  f i s s i l e  inventory .  

The o r i g i n a l  impetus f o r  developing and v a l i d a t i n g  t h e  code a r o s e  

from t h e  need €o r  a l a rge -e l ec t rode -a rea  f i s s i o n  counter  having a neutron 

s e n s i t i v i t y  of 5 t o  10 counts  s (nv) . Severa l  a p p l i c a t i o n s  of  neutron 

moni tor ing  i n  t h e  Advanced Breeder Reactor program r e q u i r e  neutron 

d e t e c t o r s  t h a t  can d e t e c t  neu t rons  w i t h  such h igh  e f f i c i e n c y  dur ing  
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simultaneous exposure t o  h igh  g a m  dose rates (%LO5 R / h ) .  

a p p l i c a t i o n s  are delayed-neutron monitors  f o r  fa i led-e lement  d e t e c t i o n  

and l o c a t i o n  systems,  ex-vessel  low-level f l u x  monitors f o r  s u b c r i t i c a l i t y  

measurements and source-range f l u x  measurements, and s u b c r i t i c a l i t y  and 

f i s s i le  a s s a y  monitor ing i n  f u e l  r ep rocess ing  p l a n t s .  

t h e s e  a p p l i c a t i o n s  may a l s o  r e q u i r e  ope ra t ion  a t  e l eva ted  temperature ,  

t h e  r e l a t i v e l y  rugged c o n s t r u c t i o n ,  l o w  s u s c e p t i b i l i t y  t o  r a d i a t i o n  and 

temperature  e f f e c t s ,  and unsurpassed gamma d i sc r imina t ion  c a p a b i l i t y  of 

t h e  f i s s i o n  counter  make i t  a p r ime  candida te .  S ince  a neut ron  s e n s i t i v i t y  

of 10 counts  s (nv) i s  an o r d e r  of magnitude i n c r e a s e  over  t h a t  

obtained from commercially a v a i l a b l e  f i s s i o n  c o u n t e r s ,  des ign  problems 

such as a lpha  p i l e u p  and l a r g e  i n t e r e l e c t r o d e  capac i t ance  are s u b s t a n t i a l l y  

more severe than p rev ious ly  encountered.  Consequently,  des ign  opt imiza-  

t i o n  i s  p a r t i c u l a r l y  impor tan t  t o  the  success  of h i g h - s e n s i t i v i t y  counter  

des igns  a 

Among these  

S ince  some of 
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For  maximum d i s c r i m i n a t i o n  a g a i n s t  gamma p i l e u p ,  t he  VSC w a s  opera ted  

i n  the  c u r r e n t  p u l s e  mode dur ing  the tests. 

considered are e l e c t r o d e  spac ing ,  i n t e r e l e c t r o d e  and electrode-to-ground 

capac i t ance ,  f i l l  gas composition and p r e s s u r e ,  c h a r a c t e r i s t i c  impedance 

of the  p r e a m p l i f i e r  i n p u t  c a b l e ,  f i l t e r  t i m e  c o n s t a n t s ,  t h e  r a t i o  of elec- 

t r i c  f i e l d  t o  f i l l  gas p re s su re  (E/P ,  V c:m t o r r  ) , and g a m a  dose rate. 

The v a r i a b l e s  which were 

-1 -I 
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The U 0 c o a t i n g  th ickness  was no t  considered i n  these  tests because l a r g e  

amounts of experimental  d a t a  we. re  a l r e a d y  a v a i l a b l e  concerning t h i s  

important  d e s i g n  v a r l a b l e . 2  For this . report ,  t h e  l a r g e  amount of raw 

d a t a  accumulated ( i n  t h e  form of i n t e g r a l  pu lse  h e i g h t  d i . s t r i b u t i o n s )  

was reduced by computing a " f i g u r e  o f  m e r i t "  t o  c h a r a c t e r i z e  t h e  perform- 

ance of each experimental  c o n f i g u r a t i o n  s t u d i e d .  Fur ther  use of  t h e  word 

' 'data ,"  t h e r e f o r e ,  r e f e - r s  t o  these  f i g u r e s  of merit. In  some cases, we 

arranged t h e  d a t a  t o  show some important  r e l a t i o n s h i p s  between f i s s i o n  

counter  performance and s p e c i f i c  des ign  v a r i a b l e s .  I n  o t h e r  cases, w e  

used a siinple, a n a l y t i c a l  model of f i s s i o n  counte-r performance t o  

extrapo1.a te q u a l i t a t i . v e  perforrnance t r e n d s  beyond t h e  range o f  our  

measurements. While n o t  as d e t a i l e d  as t h e  s i m u l a t i o n  code, t h e  a n a l y t i c  

model h a s  t h e  advantage t h a t  t h e  d e s c r i p t i v e  e q u a t i o n s  can be  w r t t t e n  i n  

c losed  form, and,  t h e r e f o r e ,  they are amenable t o  exact s o l u t i o n  f o r  t h e  

maxima o r  optima. 
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2. RACKGKOUND 

The i n i t i a l  o b j e c t i v e  of t h e  tes t  program w a s  t o  v e r i f y  a des ign  

opt imiza t ion  code s o  t h a t  i t  cou1.d be used t o  a i d  i n  t h e  design of a high- 

s e n s i t i v i t y  f i s s i o n  counter  having a s e n s i t i v i t y  o f  5 t o  10  counts  

s (nv) . Comparisons of i n i t i a l  test r e s u l t s  wi th  p r e d i c t i o n s  of  t h e  

code w e r e  not encourag:i.ng, b u t  they  did p o i n t  o u t  several areas where 

o v e r s i m p l i f i e d  approximations had been used. The program w a s  cont inuously 

modified as more experimental  d a t a  became a v a i l a b l e ,  b u t  s t i l l  i t  was n o t  

considered t o  be a r e l i a b l e  design t o o l  by t h e  t i m e  program schedules  

r e q u i r e d  d e s i g n  s p e c i f i c a t i o n s  f o r  the h i g h - s e n s i t i v i t y  counter .  
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W e  t h e r e f o r e  r e l i e d  on t h e  experimental  approach and s h i f  ired t h e  

emphasis of t h e  t e s t i n g  program t o  des igns  involv ing  h igh  i n t e r e l e c t r o d e  

capac i tance  which wou1.d be i n h e r e n t  i n  a l a r g e  f i s s i o n  counter .  

h i g h  Capacitance tests,  i n  conjunct ion w i t h  qua l . i t a t i ve  t r e n d s  p r e d i c t e d  

by the code, w e r e  then used as a b a s i s  f o r  a t e n t a t i v e ,  h i g h - s e n s i t i v i t y  

des ign .  

we. a t t r i b u t e  t h e s e  d e f i c i e n c i e s  t o  t1i.i.s major change i n  o b j e c t i v e  midway 

through t h e  t e s t i n g  program. 

These 

I n  most i n s t a n c e s  where t h e  d a t a  are incomplete  o r  i n c o n c l u s i v e ,  
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3 .  DESCRIPTION OF THE FISSION COUNTER ASSEMBLY 

The v a r i a b l e  spac ing  f i s s i o n  counter  (F ig .  1) w a s  a p a r a l l e l - c i r c u l a r -  

p l a t e  dev ice  designed f o r  underwater gamma t e s t i n g  a t  room temperature .  I t  

cons i s t ed  of  two s e p a r a t e  p a r t s :  a counter  and a cable-header .  T h i s  

des ign  f a c i l i t a t e d  the  t a s k  of implementing v a r i a t i o n s  i n  the  cable  

c h a r a c t e r i s t i c  impedance, e x t r a  i n t e r e l e c t r o d e  capac i t ance ,  and the gas 

type  and p res su re .  

3 .1  F i s s i o n  Counter 

The f i s s i o n  counter  had 28 e l e c t r o d e s  (6.35 c m  OD) each of which 

was coated wi th  U 0 

2 mg/cm ; the total e l e c t r o p l a t e d  area w a s  -1470 cm . The 28 e l e c t r o d e s  

were d iv ided  evenly between two sets and s t acked  a l t e r n a t e l y  wi th  space r s  

on to  s i x  t i e  rods ,  t h r e e  per  se t .  Each set was e l e c t r i c a l l y  i n s u l a t e d  

Erom the  o t h e r  set and connected t u  i t s  p a r t i c u l a r  ceramic feedthrough a t  

t h e  cab le  end of t he  counter .  The t i e  rods w e r e  r i g i d l y  supported a t  

each end by a ceramic i n s u l a t o r .  'fie Lengths of the  tie rod end-spacers 

were such t h a t  t h e  c e n t e r  of t he  s e n s i t i v e  volume remained s taEionasy 

r e g a r d l e s s  of the  e l e c t r o d e  spac ing .  

(99.9% enr iched  23sU)  t o  a th ickness  of 
2 3 8  2 

For high common-mode r e j e c t i o n  of e lec t romagnet ic  i n t e rEe rcnce ,  t he  

counter  w a s  opera ted  d i f f e r e n t i a l l y  by connect ing each e l e c t r o d e  se t  t o  

one of t h e  i n p u t s  of an ORNL Q-SO95 d i f f e r e n t i a l  p r e a m p l i f i e r .  The h igh  

vo l t age  (AV) w a s  d iv ided  evenly ( + 1 / 2  AV) between t h e  two sets of 

e l e c t r o d e s  ( v i a  the  two c a b l e s )  t o  seduce the p r o b a b i l i t y  o f  breakdown 

p u l s e  no i se .  

3 . 2  Cable Header 

The header  was a t t a c h e d  t o  the top of t h e  counter  with s c r e w s ,  a l i g n -  

ment p i n s ,  and an O-ring t o  provide  a w a t e r t i g h t  enc losure .  

t h e  header  w a s  used t o  i n s t a l l  c a p a c i t o r s  t o  add i n t e r e l e c t r o d e  capaci-  

t ances  ( for  the s imula t ion  of l a r g e r  coun te r s )  and t o  Make c.sb1.e 

connect ions t o  the counter  e l e c t r o d e s .  

Space i n s i d e  
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COPPE 
CONBU 

OWNL-DWG 79-926 

GROUNDING PLAT 
FOR CABLE BRA1 

Fig. I. 

fission counter. 

Cross-sectional view of experimental ~ variable-spacing 

(Counter shell is  $8 c m  d i a m  and $32 c m  long.) 
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Eight  l eng ths  of RG-223/U, double-shielded,  50-9 coax ia l  cab le  en te red  

the  header  through a 3/4-in.-diam by 21-ft-long copper tube  t h a t  w a s  hard- 

so lde red  to the  header .  P a r a l l e l  combinations o f  one t o  fou r  cab le s  

provided c h a r a c t e r i s t i c  cab le  impedances of 50, 25, 1 6 . 7 ,  and 12.5 Q f o r  

each e l e c t r o d e  set .  The Ear end of the  copper tube  was f langed  f o r  

connect ion t o  an o u t e r  s h i e l d  box f o r  the  p r e a m p l i f i e r .  

4 .  ELECTRONIC COUNTING CHANNEL 

Figui-e 2 i l lustrates t h e  p a r a l l e l  cab le  connect ions,  and F ig .  3 i s  a 

diagram of the  complete count ing  channel .  Two s u p p l i e s  app l i ed  h a l f  t he  

t o t a l  c o l l e c t i n g  vol tage  t o  each set of e l e c t r o d e s  so as t o  minimize the  

magnitude of t he  dc v o l t a g e  on t h e  cab le s  and the b i a s  supply filters. 

The p r e a m p l i f i e r 3  had a d i f f e r e n t i a l  ga in  of 500 and a rise t i m e  of 5 ns .  

An a d d i t i o n a l  ga in  of ~ 1 0 0  i n  the t h r e e  main a m p l i f i e r  s t a g e s  increased  

the  s i g n a l  above the  30-mV lower l i m i t  of t he  leading-edge p u l s e  discr im- 

i n a t o r  (OWL Q-5480) . 4  

Each main a m p l i f i e r  s t a g e  had a bandwidth o f  dc t o  1-50 PIIz, and the  

d i s c r i m i n a t o r  had a pulse-pa i r  r e s o l u t i o n  of < l o  ns .  The bandwidth of 

t h e  system w a s  l i m i t e d  by i n t e r s t a g e ,  s ing le -po le ,  low- and high-pass 

(RC-CR) f i l t e r s  w i th  s e l e c t a b l e  t i m e  cons t an t s  o f  13 .5 ,  27 ,  50, 100, 150, 

and 200 ns. A second RC f i l t e r  (2  ns) suppressed a p a r a s i t i c  resonance 

i n  the RC-CR f i l t e r  networks. 

The t h re sho ld  level of t h e  pu l se  d i sc r imina to r  w a s  se t  by the  ou tpu t  

of a d ig i t a l - to -ana log  conve r t e r  (DAC) under c o n t r o l  of an automated d a t a  

a c q u i s i t i o n  s y s t e m .  The usable  th re sho ld  w a s  between 30 mV and 1 .0  V. 

The lower l i m i t  w a s  determined by the  s t a b i l i t y  and s e n s i t i v i t y  of the 

d i s c r i m i n a t o r ;  the upper l i m i t ,  by the  l i n e a r i t y  of t h e  main a m p l i f i e r .  

The DAG ou tpu t  r e s o l u t i o n  w a s  10 mV (10 V maximum). The outpii t  of a 

p r e c i s i o n  dc a t t e n u a t o r  (lox) w a s  app l i ed  t o  t h e  d i s c r i m i n a t o r  e 

Near t h e  end of t h e i r  work wi th  the  v a r i a b l e  spac ing  coun te r ,  t h e  

au tho r s  redes igned  the  d i s c r i m i n a t o r  t o  inc lude  a "window" mode. The 

window w a s  a d j u s t a b l e  t o  100 mV maximum. 
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O R N L - D W G  79-929 

RG223IU 
CABLES 

I 
ELECTRODES 
(28 TOTAL) 

Q 5095 
DIFFERENTIAL 

PREAMPLI FlER 

Fig .  2 .  Electr ical  connect ions f o r  the  var iab le-spac ing  counter  and 

4-5075 d i f f e r e n t i a l  p reampl i f i e r .  

s i x  s i g n a l  c a b l e s  are shown.) 

(Ro i s  matched t o  t h e  i n p u t  cab le ;  only 

ORNL-DWG 79-928 

H I GH -VO LTASE 

FREQUENCY 
COUNTER 

FROM DIGITAL-TO- 
ANALOG CONVERTER 

Fig.  3 .  Diagram of the e l e c t r o n i c  count ing channel .  
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5. DATA ACQUISITION SYSTEM 

A diagram of the  d a t a  a c q u i s i t i o n  system i s  shown i n  F ig .  4 .  The 

ou tpu t  of t h e  d i s c r i m i n a t o r  w a s  the  i n p u t  t o  the  frequency coun te r .  A 

thermal  p r i n t e r  made hard  cop ie s  of t h e  exper imenta l  d a t a ,  and a c a s s e t t e  

recorder  made t apes  of t he  d a t a  f o r  subsequent  d a t a  re t r ieval  and a n a l y s i s .  

I n t e g r a l  and d i f f e r e n t i a l  b i a s  curves  w e r e  p l o t t e d  by an x-y p l o t t e r ,  

Data a c q u i s i t i o n  w a s  based on a cyc le  time of % l o  s. A t  the beginning 

of the  f i r s t  cyc le ,  the  c a l c u l a t o r  set t h e  i n i t i a l  t h re sho ld  of t he  

programmable d i sc r imina to r  and then enabled the  frequency counter .  AE ter  

1 0  s of d a t a  a c q u i s i t i o n ,  the  frequency counter  w a s  d i s a b l e d ,  and i ts  

d a t a  w e r e  t r a n s f e r r e d  t o  the  c a l c u l a t o r  memory. The threshold  w a s  then 

inc reased  by a p r e s e t  increment ,  and the cyc le  was repea ted .  

. _ _  - 
OUTPUT 

ORNL-DWG 79-930 

fi x-Y PLOTTER! 

DI G I TAL -TO - AN A LOG 7 CONVERTER 

TO 
D I SCRl  MIN A T 0  R 

THRESHOLD CONTROL 

Fig .  4 .  Diagram of the  d a t a  a c q u i s i t i o n  system. 
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The p u l s e  he igh t  c a l i b r a t i o n  of t he  system was checked d a i l y ,  using 

p r e c i s i o n  pu l ses  from a mercury-relay pu l se  gene ra to r .  Under con t ro l  of 

the programmable c a l c u l a t o r ,  the  h a l f - t r i g g e r  levels f o r  i n p u t  pu l se s  of 

t h r e e  d i f f e r e n t  ampli tudes were ob ta ined?  and a l i n e a r i t y  curve was ca l -  

cu la t ed  from a f i r s t - o r d e r  f i t .  The curve w a s  normalized t o  express  both  

i n t e g r a l  and d i f  f e r e n t i a l  b i a s  p l o t s  i n  terms of a r b i t r a r y ,  b u t  reproduc- 

i b l e ,  pu l se  he igh t  (PHS) u n i t s .  Tn i s  procedure removed a l l  dependence of 

exper imenta l  d a t a  on the  long-term d r i f t s  of e l e c t r o n i c  ga in  o r  discr im- 

i n a t o r  th reshold  s e n s i t i v i t y  and o f f s e t  

d( 

For p r a c t i c a l  c o n s i d e r a t i o n s ,  the  c a l i b r a t i o n  test pu l se  had a f i x e d  

shape:  % l o  ns rise t i m e  and a 600-ps exponen t i a l  t a i l .  However, when the  

c u r r e n t  pu l se  from a f i s s i o n  counter  w a s  p rocessed ,  t he  ou tpu t  pu l se  

ampli tude depended on t h e  shape,  as well as the  amplitutle,  of the  c u r r e n t  

p u l s e  Thus each var iab le-spac ing  design r e s u l t e d  i n  d i f f e r e n t  peak 

p u l s e  ampli tudes and v a r i a t i o n s  i n  i n t e g r a l  and d i f f e r e n t i a l  b i a s  p l o t s ,  

even though the  normalized PHS i m i t s  were used. Therefore ,  t o  g ive  a 

convenient  means of comparing the  performance of va r ious  counter  des igns ,  

t h e  p l o t s  were made wi th  a logar i thmic  pulse  he igh t  s c a l e  so t h a t  only 

a s imple h o r i z o n t a l  displacement  of the b i a s  curves  quick ly  revea led  the  

counter  conf igu ra t ion  wi th  t h e  s u p e r i o r  r e j e c t i o n  of system no i se .  

6. GROUNDING AND SHIEJ.,X)ING 

A copper condui t  enclosed the  e i g h t  double-shielded KG-223/U c o a x i a l  

c a b l e s  and connected the  header of t h e  v a r i a b l e  spac ing  counter  t o  t h e  

o u t e r  s h i e l d  box of t he  p r e a m p l i f i e r .  The copper condui t  w a s  hard- 

so lde red  t o  t h e  header ,  and, as cons t ruc t ed ,  t h e  s h i e l d s  of t h e  s i g n a l  

c a b l e s  were a l s o  e l e c t r i c a l l y  connected t o  the  header .  Thus,  the  s h i e l d i n g  

and grounding a t  t h i s  p o i n t  d i f f e r e d  from t h e  classic des ign  which 

* 
The system d i f f e r e n t i a l  response  t o  a c a l i b r a t i o n  pu l se  w a s  

modulated by p r e a m p l i f i e r  n o i s e  and appeared as a Gaussian p u l s e  he ight  
d i s t r i b u t i o n  whose c e n t r o i d  corresponded e x a c t l y  t o  the  c a l i b r a t i o n  
pu l se  ampli tude.  Therefore ,  i n  t h e  i n t e g r a l  mode, w e  searched f o r  t he  
d i s c r i m i n a t o r  level which r e s u l t e d  i n  a t ir igger ra te  equal. t o  one-half 
of t h e  pu l se  genera tor  frequency . 
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i n s u l a t e s  t h e  o u t e r  (or "d i r ty")  s h i e l d  from the  i n n e r  ( o r  "clean") s i g n a l  

s h i e l d  to  avoid a ground loop.  (Our exper ience  a t  OWL has shown t h a t  

balanced i n p u t  s y s t e m s  are more t o l e r a n t  o f  ground loops  and can s impliFy 

t h e  des ign  of the d e t e c t o r . )  

E lec t romagnet ic  h t e r f e r e n c e  from the d a t a  a c q u i s i t i o n  equipment 

and i t s  a s s o c i a t e d  i n t e r f a c e  bus system c r e a t e d  count ing  errors. Since  a 

s h i e l d e d  enc losu re  w a s  not  p r a c t i c a b l e ,  the e lec t romagnet ic  i n t e r f e r e n c e  

w a s  e f f e c t i v e l y  reduced by connect ing a l l  components of  t h e  d a t a  a c q u i s i -  

t i o n  system t o  a ground p lane  wi th  s h o r t  l e n g t h s  of s h i e l d i n g  b r a i d .  The 

ground p lane  w a s  f a b r i c a t e d  from. a 3 x 4 f t  s h e e t  of copper-clad epoxy 

board. 

7 .  TEST FACILITIES 

7 . 1  Gamma I r r a d i a t i o n  T e s t  F a c i l i t y  

The gamma f a c i l i t y  cons i s t ed  e s s e n t i a l l y  of a w a t e r - f i l l e d  thimbLc 

t h a t  extended from t h e  s u r f a c e  of a w a t e r - f i l l e d  cana l  t o  i t s  bottom, where 

a gamma source  holder  w a s  pos i t i oned .  

6 o C o  p e n c i l s ,  each ~ 1 5 , 0 0 0  C i ,  i n  a r a d i a l l y  symmetric a r r a y ,  

between the  thimble and the  ho lde r  was enclosed  by a c a i s s o n ;  the water 

could b e  pneumatical ly  e j e c t e d  t o  cause h ighe r  gama dose rates than would 

have been o b t a i n a b l e  o therwise .  The thimble water w a s  i s o l a t e d  from the 

s l i g h t l y  contaminated c a n a l  water, and the counter  w a s  i n s e r t e d  and 

withdrawn wi thout  removing the  gamma sources .  

The ho3.3er accommodated up t o  12 

Water 

7.2 Neutron T e s t i n g  Geometry 

The neut ron  t e s t i n g  geometry (ORNL q-2633) w a s  a c y k h d r i c a l  b lock  of 

h igh-dens i ty  polye thylene ,  $81 cm long by 6 1  em diam. 

c e n t r a l ,  axial  h o l e  t o  hold  the  neutron source ,  and another  a x i a l  c a v i t y  

a t  midradius  €or  the  test coun te r .  Count rates of about  10 n e u t r o n s l s  

w e r e  ob ta ined  from t h e  v a r i a b l e  spac ing  counter  with a Pn-Be source  t h a t  

genera ted  8 x lo6  neu t rons / s .  

The block had a 

4 
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8 .  MATHEMATICAL MODEL OF FISSION COUNTER PERFORMANCE 

The experimental  d a t a  i n  the  fo l lowing  s e c t i o n  c l e a r l y  s h o w  t h a t  the  

performance of a f i s s i o n  counter  ope ra t ing  i n  the c u r r e n t  pu l se  mode is  

s e n s i t i v e  t o  changes of such design v a r i a b l e s  as e l e c t r o d e  spac ing ,  cab le  

impedance, and e l e c t r o n  d r i f t  v e l o c i t y .  However, i n  many cases  t h e  d a t a  

are not  complete enough to  pred i .c t  even q u a l i t a t i v e  performance t r e n d s  

o u t s i d e  the  experimental  ranges .  Therefore ,  t h i s  s e c t i o n  p r e s e n t s  a 

r e l a t i v e l y  s i m p l e  model of f i s s i o n  counter  performance t h a t  w i l l  h e l p  f i l l .  

some of t h e  experimental  gaps and serve as a r e fe rence  f u r  subsequent  

i n t e r p r e t a t i o n  of t he  d a t a  (I 

F i g ~ i ~ e  5 i s  a diagram of the  s imples t  model of a c u r r e n t  pu l se  f i s s i o n  

count ing channel  t h a t  can be expected t o  y i e l d  use fu l  a n a l y t i c a l  r e s u l t s .  

T t  c o n s i s t s  of  a p a r a l l e l - p l a t e  f i s s i o n  counter  having a t o t a l  coated 

e l e c t r o d e  area A and an e l e c t r o d e  spac ing  n .  The s i g n a l  e l e c t r o d e  i s  

connected t o  a c u r r e n t - s e n s i t i v e  p reampl i f i e r  by a t ransmiss ion  l i n e  having 

a c h a r a c t e r i s t i c  impedance of  Z R and terminated by the  i n p u t  impedance of  

t h e  p reampl i f i e r  a t  Z a .  Since  we assume t h a t  t he  no i se  spectrum of t h e  

preaniplif  ier  is  whi te ,  a s ing le-pole ,  low-pass f i l t e r  w i th  a t i m e  cons t an t  

o f  T~ = R C is  inc luded  t o  keep the  t o t a l  no i se  f i n i t e .  A I - imit ing va lue  

f o r  this t i m e  constxuit i s  i n h e r e n t  i n  any p h y s i c a l  system because t h e  

bandwidth of t h e  p reampl i f i e r  is  f i n i t e .  

0 

0 

f f  

I n  this model, a lpha  pulses  r e s u l t i n g  from uranium decay are assumed 

t o  be well p i l e d  up and can t h e r e f o r e  be  cha rac t e r iked  wi th  an equ iva len t  

gamma dose rate.  For some desig.n problems, the mean t i m e  between a lpha  

p u l s e s  i s  comparable t o  the  r e so lv ing  t i m e  o f  the  count ing channel ,  and 

more s o p h i s t i c a t e d  p r o b a b i l i t y  models are needed t o  a c c u r a t e l y  treat t h e  

p i l e u p  process .  
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ORNL-DWG 79-927 
0 

COUNTER PREAMPLIFIER 

Pig .  5. Model of f i s s i o n  count ing channel  f o r  mathematical  a n a l y s i s .  

Symbols used i n  the  fo l lowing  mathematical  development are def ined  

below. 
-12 

E P e r m i t t i v i t y  of free space  (8.85 x 10 F/m) 

A T o t a l  coa ted  e l e c t r o d e  area (m ) 

0 

2 

v E lec t ron  d r i f t  v e l o c i t y  (m/s) 

Zo C h a r a c t e r i s t i c  cab le  impedance ( Q )  

D E lec t rode  spac ing  (m) 

d 

I n t e r e l e c t r o d e  capac i t ance ,  equa l s  E,A/(ZD),  (F) 

Charge depos i ted  i n  f i l l  gas by a neut ron  event  (C) 

Zero frequency va lue  of the  auto-power s p e c t r a l  d e n s i t y  (APSL)) 

of the noise c u r r e n t  (A / r ad ian )  

Ce 

qn 

oz0 2 

0 2  Zero frequency va lue  of t he  APSD of t h e  c u r r e n t  due t o  alpha and 
PO 2 

gamma p i l e u p  (A / r a d i a n )  

CT T o t a l  rms no i se  c u r r e n t  (A) 
t 
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E A2 
0 0  = I__- 

T i I n h e r e n t  i n t e g r a t i o n  time c o n s t a n t ,  Z O C e  233 9 

T Low-pass f i l t e r  t i m e  c o n s t a n t ,  e q u a l s  R C (5) 

t E l e c t r o n  c o l l e c t i o n  t i m e ,  equa ls  D/Vd , (s) 

f f f ’  

c 

’r C h a r a c t e r i s t i c  time, e q u a l s  
0 

a 

d O  
Do C h a r a c t e r i s t i c  l e n g t h ,  equals  v T = 

0 
01 Dimensionless e l e c t r o d e  spac ing ,  equals  B / D  

l3 Dimensionless,  low-pass f i l  ter  breakfrequency,  equal-s T / T  

G Preamplif  i.er ga in  (VIA)  . 
O f  

The f i r s t  s t e p  of t h i s  a n a l y s i s  will b e  to formulate  a f i g u r e  of 

m e r i t :  f o r  f i s s i o n  counter  performancc? that can b e  handled a n a l y t i c a l l y .  

For t h i s  purpose,  we d e f i n e  t h e  f i g u r e  of m e r i t  u’, as p /  = V /V , where 

V i s  t h e  peak vol tage  a t  t h e  d i s c r i m i n a t o r  i n p u t  t h a t  r e s u l t s  from a 

neutron e v e n t ,  and V i s  the  d i sc r i tn ina to r  s e t t i n g  r e q u i r e d  to reduce the 

count  rate due t o  al.1. noise s o u r c e s  t o  less than 1. count / s .  

M l 

M 

I 

The second s t e p  will be t o  select pulse  shapes f o r  t h e  calculations 

of V and V1. 

counter  i.s about  1 mg/cm , an e l e c t r o n  ne-eds only about  20 keV of energy 

t o  traverse t h e  in t : e r e l ec t rode  gap. In a typ:ical gamma f i e l d  produced by 

6oCo sources  o r  by f i s s i o n  product  decay, the  energy of a l a r g e  f r a c t i o n  

of the photo and Compton e l e c t r o n s  c r e a t e d  in t h e  f i s s i o n  counter  is  >20 

keV; t h e r e f o r e ,  most gamma events w i l l  produce a reasonably uniform 

i o n i z a t i o n  d e n s i t y  a c r o s s  t h e  i n t e r e l e c t r o d e  gap, and t h e  shape of  t h e  

r e s u l t i n g  c u r r e n t  p u l s e s  w i l l  be t r i a n g u l a r .  

Since t h e  typi.cal. areal. f i l l - g a s  d e n s i t y  €or  a f i s s i o n  
2 M 

2 
Since  t h e  range of  a f i s s i o n  fragment i n  argon i s  3-4 m g / c m  t h e  

d i s c u s s i o n  of the preceding paragraph could a l s o  he a p p l i e d  t o  fission 

e v e n t s .  However, f o r  t h e  purpose of maximizing t h e  neutron count rate 

( i . e . ,  optirni.zing the  c o u n t e r ) ,  t h e  shape of c u r r e n t  pu l se s  ~ 7 h i c h  are 

b a r e l y  capable  of t r i g g e r i n g  the d i s c r i m i n a t o r  i s  a more important  consid- 

e r a t i o n  .than t h e  shape of t h e  most probable  c u r r e n t  pu lse .  
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The most e n e r g e t i c  c u r r e n t  p u l s e  r e s u l t s  when a f i s s i o n  fragment i s  

emi t t ed  from t h e  f r o n t  s u r f a c e  of t h e  neu t ron - sens i t i ve  coa t ing  of a 

n e g a t i v e  e l e c t r o d e  E t h e  f ragment ' s  t r a j e c t o r y  is  n e a r l y  para l le l  t o  t h e  

plane of the e l e c t r o d e .  

approximately r e c t a n g u l a r .  Thus, if V i s  l a r g e  (compared t o  the  neut ron  

p u l s e  h e i g h t  spectrum), t he  coun te r  should b e  optimized f o r  r e c t a n g u l a r  

p u l s e s .  

In t h i s  case, t h e  shape of t h e  c u r r e n t  pu l se  i s  

1 

Emission of Low-energy f i s s i o n  fragments w i th  very  s h o r t  r e s i d u a l  

ranges  i n  t h e  i n t e r e l e c t r o d e  gap produces low-amplitude c u r r e n t  p u l s e s .  

I f  emission occurs  from the  p o s i t i v e  e l e c t r o d e ,  t h e  p u l s e  shape  i s  approx- 

ima te ly  an impulse wi th  minimum t o t a l  energy; b u t ,  i f  emission i s  from 

t h e  nega t ive  e l e c t r o d e ,  the p u l s e  shape is  approximately r e c t a n g u l a r .  In 

t h i s  case, i t  i s  probably  a d v i s a b l e  t o  s a c r i f i c e  the  low-energy impulses 

and t o  op t imize  t h e  counter f o r  r e c t a n g u l a r  pulses .  

Since  h e u r i s t i c  arguments can be made i n  f avor  of t h e  r e c t a n g u l a r  

neu t ron  p u l s e  a t  bo th  l o w  and h igh  v a l u e s  of VI' t h e  r e c t a n g u l a r  shape i s  

assumed i n  t h e  following d e r i v a t i o n s ,  even though the  s a m e  t y p e  of 

arguments probably  i n d i c a t e  t h a t  a t r i a n g u l a r  shape would be  a p p r o p r i a t e  

f o r  i n t e r m e d i a t e  va lues  of V 
1' 

The t i m e  dependence of t he  f i s s i o n  coun te r  s i g n a l  i s  

f A f t e r  two s ing le -po le  i n t e g r a t i o n s  wi th  t i m e  c o n s t a n t s  of T and T 

( T ~  # T ~ ) '  the v o l t a g e  pu l se  becomes 
i 
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V( t )  = I”‘ - t / T  + / T f  

i +(e - 1). ] , f o r  0 5 t 5 tc,  ( 2 4  
T’ 

f 
1 - - e  

T. 

o therwise  I 

Since  the  peak of t he  v o l t a g e  pu l se  always occurs  w i t h  Ir. 2 tc, the  va lue  

of t t h a t  maximizes V( t )  i s  found from E q .  (2b) by s e t t i n g  

= o .  a t  
tm 

The s o l u t i o n  i s  

Back s u b s t i t u t i o n  of E q .  ( 4 )  i n t o  Eq .  (2) y i e l d s  

The i n t e g r a l  b i a s  curve f o r  a l l  n o i s e  sources’  i s  

-v 2 2  /2u t  

Re 
c p  = f 

(3) 

S e t t i n g  the  l e f t -hand  s i d e  of E q .  ( 6 )  equa l  t o  1 and s o l v i n g  f o r  V y i e l d s  

t 
VI = u ( 7 )  

vl 
Although f i s  a func t ion  of coun te r  des ign  and noise i n t e n s i t y ,  

depends only  on the  squa re  r o o t  of the  loga r i thm of f For the  p r e s e n t ,  

V w i l l  be  approximated as 

R 

K’ 

1. 
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VI = kut , 

where k i s  a c o n s t a n t .  S ince  e l e c t r o n i c  n o i s e  sources  and p i l eup  n o i s e  

sou rces  are uncor re l a t ed ,  E q .  (8) can be r e w r i t t e n  as 

With the assumption of a wh i t e  e l e c t r o n i c  n o i s e  spectrum, t h e  

e l e c t r o n i c  no i se  power spectral  d e n s i t y  i s  cons t an t  

e l e c t r o n i c  n o i s e  a t  t h e  ou tpu t  is  c a l c u l a t e d  as 

cr2 and the  rms e0 

With an  assumption t h a t  the  t r iangular -shaped  gamma c u r r e n t  pu l se s  are 

of t h e  form 

I 0,  o therwise  , 

t he  power s p e c t r a l  d e n s i t y  of t h e  p i l eup  no i se  becomes 

2 s i n P t c )  I 2 [1 - cos (utc>] 
9 

w t  2 2  
C u t  

C 

(12) 

where v and q 

i n t e r a t i o n ,  r e s p e c t i v e l y ;  

are t h e  gamma-ray i n t e r a c t i o n  ra te  and average  charge p e r  
Y 
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and t h e  rms p i l e u p  noise  i s  c a l c u l a t e d  as 

2 -6 c I T f  

7r3 t2 - 2 T f  -+ 2.rf ( r f  + tc)  e 

+ -  2 2  
Ti - 'Cf  

f c  _.__ 

I n  terms of t h e  dimensionless  v a r i a b l e s ,  a and 6 ,  E q .  (9)  can  be  w r i t t e n  

as 

2 

L [ ,  - B 2  -_______ a4 - 2 + 2 (1 4- 2)  e- 
6 a 3  2 2 a B - a  

With s u b s t i t u t i o n  of a and 8 i n  E q .  (51, t h e  express ion  f o r  t h e  f i g u r e  of 

m e r i t  becomes 
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= I  
9. TEST RESULTS 

The gene ra l  format of the  t e s t i n g  program w a s ,  f i rs t ,  t o  e s t a b l i s h  

an experimental  c o n f i g u r a t i o n  c o n s i s t i n g  of some unique combination of 

des ign  v a r i a b l e s .  Next, the au tomat ic  d a t a  a c q u i s i t i o n  system neasured 

and recorded i n t e g r a l  b i a s  curves  f o r  e l e c t r o n i c  p l u s  a lpha  p i l e u p  n o i s e  

(EN) only ,  EN p l u s  1 . 6  x l o6  R/h gamma p i l e u p ,  and EN p l u s  neut ron  counts .  

A f e w  tests w e r e  a l s o  made i n  a gamma f i e l d  near  7 x l o 6  K/h. 

s i n c e  a t  t h i s  dose. rate,  s a t u r a t i o n  could be  obta ined  only  a t  t h e  smallest 

e l e c t r o d e  spac ings  and the  lowest fill gas p r e s s u r e s ,  the r e s u l t s  w e r e  

g e n e r a l l y  poor .  nata taken a t  unsa tu ra t ed  c o n d i t i o n s ,  which would be  

of i n t e r e s t  t o  d e s i g n e r s ,  were n o t  ob ta ined ,  s i n c e  t h e  neut ron  and gamma 

responses  were measured s e p a r a t e l y .  

However, 

Much of t he  test  d a t a  presented  p e r t a i n  t o  an a r b i t r a r y  va lue  of 

coun te r  capac i t ance  of ~ 2 7 0  pF and are intended t o  show t r e n d s  o f  t h e  

f i g u r e  of m e r i t  r a t h e r  than  t o  r e p r e s e n t  t h e  s p e c i f i c  des igns  of a high- 

s e n s i t i v i t y  f i s s i o n  coun te r .  The 1 . 6  x 10 R/h gamma f i e l d  used f o r  the  

m a j o r i t y  of t h e  t e s t i n g  w a s  a r b i t r a r i l y  chosen t o  provide a response w e l l  

above e l e c t r o n i c  p l u s  a lpha  p i l eup  no i se .  

w a s  about  2.5 t i m e s  g r e a t e r  than t h a t  expected f o r  a h igh - sens i t i -v i ty  

counter  i n  a LO5 R/h f i e l d ;  however, the s c a l i n g  l a w s  are w e l l  under- 

stood,l and performance a t  the  lower dose rate can be a c c u r a t e l y  

e x t r a p o l a t e d  e 

6 

The r e s u l t i n g  gamma p i l e u p  n o i s e  

I n  some cases, the  test:  d a t a  simply confirm p rev ious ly  known r e l a t i o n -  

s h i p s  between counter  performance and such des ign  v a r i a b l e s  as the  E / P  

r a t i o  and gas  p r e s s u r e .  However, some d a t a  a l s o  show t h e  inEluence of 
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parameters  n o t  p r e v i o u s l y  cons idered  i n  d e t a i l ,  such as counter  capac i tance  

and impedance of t h e  s i g n a l  cab le .  

9.1- D e f i n i t i o n  and Computation of t h e  Figure of Merit 

The method f o r  computing i ~ - v i . u e s  from experimental  d a t a  i.s i b l u s -  

Y 
t r a t e d  i n  F ig .  6 .  ‘-fie curve l a b e l e d  C (V) i s  a l e a s t - s q u a r e s  f i t  of 

2 2  -v /2a c (V) = f e 
R Y 

Y 

where C (V) i s  t h e  number of p u l s e s  per  second t h a t  w i l l  t r i g g e r  a n  

i n t e g r a l  d i s c r i m i n a t o r  wi th  a thres1iol.d s e t t i n g  of V, and f and u are 

c o n s t a n t s  f o r  a given count ing channel d e s i g n  and gamma fie1.d. The curve 

l a b e l e d  C (V) is  a l o c a l ,  second-order polynomial f i t  t o  i n t e g r a l  p u l s e  

h e i g h t  d a t a  f o r  neut rons  only.  The va lue  C ( V  ) i s  obta ined  by extending 

a ve r t i ca l  l i n e  from t h e  I.-count/s i n t e r c e p t  of t h e  C curve t o  t h e  C 

curve.  The va lue  of t h e  o r d i n a t e  a t  t h e  r e s u l t i n g  i n t e r s e c t i o n  i s  

Cn(V1). 

n o i s e  and g r a p h i c a l l y  e x t r a p o l a t i n g  t h e  neutron d a t a  t o  zero p u l s e  h e i g h t .  

However, t h e  accuracy of t h i s  method r e q u i r e s  knowledge of t h e  behavior  of 

t h e  in t eg ra l .  b i a s  curve n e a r  zero pul.se h e i g h t .  This u n c e r t a i n t y  i s  almost 

enti.re1.y e l imina ted  by using t h e  computer s imula t ion  code t o  compute t h e  

i n t e g r a l  p u l s e  h e i g h t  response t h a t  would b e  obta ined  i n  the absence o f  

n o i s e .  A f t e r  over lay ing  and v i s u a l l y  a l i g n i n g  t h e  computed and experimen- 

t a l  curves ,  w e  o b t a i n  C (0) as t h e  i n t e r s e c t i o n  of t h e  computed curve 

w i t h  t h e  exper imenta l  o r d i n a t e .  The va lue  of  C (0) ob ta ined  t h i s  way is  

a p p l i c a b l e  as long as t h e  s e n s i t i . v e  volume remains f i x e d  with r e s p e c t  t o  

t h e  neut ron  f i e l d .  I n  a d d i t i o n ,  th i s  same v a l u e  rcmains a p p l i c a b l e  as 

t h e  e l e c t r o d e  spac ing  i s  v a r i e d  i f  tile a x i a l  f l u x  g r a d i e n t  i s  c o n s t a n t  

over t h e  s e n s i t i v e  l e n g t h  ( a s  i s  t h e  case i n  the neut ron  t e s t i n g  geometry). 

Y 
K 

* 
n 

n 1  

Y n 

The va lue  of C (0) can be  approximated by ignor ing  e l e c t r o n i c  
11 

n 

n 

* 
N o  s imple analog t o  Eq. ( 1 7 )  e x i s t s  f o r  t h e  ncutron i n t e g r a l ,  p u l s c  

h e i g h t  d i s t r i b u t i o n .  Thus we a r b i t r a r i l y  chose a second-order polynomial 
t o  approximate the curve over  a l i m i t e d  p u l s e  h e i g h t  range. 
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Fig.  6 .  I n t e g r a l  p u l s e  he igh t  d i s t r i b u t i o n  wi th  cons t ruc t ions  f o r  

de te rmina t ion  of exper imenta l  f i g u r e  of m e r i t .  

A convenient  method f o r  comparing d i f f e r e n t  count ing  channel  config-  

u r a t i o n s  is t o  cha rac t e r i ze .  t h e  performance of each channel  wi th  a s i n g l e  

number c a l l e d  a " f igu re  of merit." I n  t h i s  s e c t i o n ,  t h e  f i g u r e  of merit 

(11) i s  def ined  as 

where C (0) is the  neut ron  count  rate t h a t  would be ob ta ined  a t  a discr im- 

i n a t o r  t h re sho ld  of zero  i n  the  absence of n o i s e ,  and V1 i s  t h e  th re sho ld  

r equ i r ed  t o  reduce t h e  spu r ious  count  rate due. t o  a l l  n o i s e  sou rces  

( i n c l u d i n g  gamma p i l e u p  when p r e s e n t )  t o  less than 1 count/s.  The range 

of  1-1 i s  0 5 p 5 1, and p i s  an i m p l i c i t  func t ion  of gamma dose r a t e ,  s i n c e  

V i n c r e a s e s  as the  gamma dose ra te  i n c r e a s e s .  Also ,  l~ may be i n t e r p r e t e d  

as t h e  f r a c t i o n  of t h e o r e t i c a l l y  d e t e c t a b l e  f i s s i o n  even t s  t h a t  r e s u l t  i n  

p u l s e s  a t  t he  d i s c r i m i n a t o r ;  11 i s  d i r e c t l y  p r o p o r t i o n a l  t o  neut ron  

s e n s i t i v i t y .  

n 

1 



AlErhough t h i s  measure of performance is  (€if  f e r e n t  from t h a t  presented  

i n  the  preceding a n a l y t i c a l  s e c t i o n ,  our  exper ience  i s  t h a t  they e x h i b i t  

similar q u a l i t a t i v e  t r e n d s ,  as might b e  expected s i n c e  t h e  neut ron  

i n t e g r a l  p u l s e  h e i g h t  d i s t r i b u t i o n  i s  i n h e r e n t l y  monotonic and smoothly 

vary ing .  

9.2 Elec t rode  Spacing 

E l e c t r o d e  spac ing  i s  t h e  iiiost important  parameter t o  opt imize  s i n c e  

except  f o r  s p e c i a l  devices  l i k e  t h e  one used in t h i s  work, i t  cannot be 

changed wi thout  r e b u i l d i n g  o r  r e p l a c i n g  t h e  e n t i r e  counter .  Since i n f o r -  

mation f o r  des igning  a h i g h - s e n s i t i v i t y  counter  w a s  needed, the l a r g e  

counter  was simulated a t  each e l e c t r o d e  spac ing  by ad jus t i -ng  i t s  i n t e r -  

e l e c t r o d e  and s t r a y  capac i tances  w i t h  padding c a p a c i t o r s  t o  g i v e  values  

c o n s i s t e n t  w i t h  t h e  l a r g e  e l e c t r o d e  area of a 10 count  sec (nv) 

design.  These d a t a  are presented h e r e ,  r a t h e r  than d a t a  f o r  t h e  

a r h i t r a r - y  -value oE %270 pF, because of t h e i r  re levance  t o  the proposed 

design.  

-1 -1 

Figure  7 shows the e f f e c t  of e l .ectrode spac ing  on t h e  f i g u r e  of 

m e r i t ,  w i t h  t h e  product  of gas p r e s s u r e  (P) and  spac ing  (13) h e l d  c o n s t a n t  

a t  290 torr-cm of  a n  hr - 5% GO gas  mixture ,  and t h e  E / P  r a t i o  h e l d  

c o n s t a n t  a t  1.38 V c m - l  t o r r  

charge  genera t ion  i n  t h e  i n t e r e l - e c t r o d e  gap and e q u a l  d r i f t  v e l o c i t i e s  

f o r  a l l  v a l u e s  of e l e c t r o d e  spacing.  Under t h e s e  c o n d i t i o n s ,  t h e  

c o l l e c t i o n  t i m e  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  spac ing ,  and the c u r r e n t  

p u l s e  ampli tude is  i n v e r s e l y  p r o p o r t i o n a l  t o  the spac ing .  The E/P v a l u e  

of 1.38 used t o  o b t a i n  t h e  d a t a  of F ig ,  7 provided an o p e r a t i n g  p o i n t  on 

t h e  s lowly vary ing  p o r t i o n  of t h e  e l e c t r o n  d r i f t  v e l o c i t y  curve.  The da ta  

were taken a t  three v a l u e s  of c a b l e  impedance ( S O ,  2.5, and 1 6 . 7  R )  and 

t h r e e  va lues  of  RC-CR f i l t e r  t i m e  c o n s t a n t s  (50, 2 7 ,  and 1.3.5 ns) .  Some 

d a t a  w e r e  a l s o  taken a t  a c a b l e  impedance of 1 2 . 5  R ,  b u t  the r e s u l t s  were 

so  poor t h a t  tests a t  t h i s  impedance w e r e  d i scont inued  and none of  t h e s e  

d a t a  are presented he re .  

2 
-1 . This  approach a s s u r e s  n e a r l y  e q u a l  
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W e  a t t r i b u t e  the  decrease  of f i g u r e  of m e r i t  va lues  from t h e i r  va lues  

a t  the  4-mm spac ing  t o  the l a r g e r  c o l l e c t i o n  t i m e s ,  which reduces the  

c u r r e n t  p u l s e  ampli tude of a neut ron  event  t o  a g r e a t e r  e x t e n t  than the  

gamma p i l e u p  no i se ,  r e s u l t i n g  i n  a lower s igna l - to-noise  r a t i o .  T h e  f i g u r e  

of  merit f o r  t h e  50-0, 50-11s case a t  the 10-mm spac ing  .is anomalously h igh .  

This i s  the  only  i n s t a n c e  where the  f i g u r e  of merit i n c r e a s e s  wi th  spac ing .  

W e  b e l i e v e  t h a t  t h i s  behavior  w a s  due t o  incomplete s a t u r a t i o n ,  r e s u l t i n g  

i n  an er roneous ly  low gamma p i leup .  S ince  s a t u r a t i o n  i s  notl a func t ion  

of the  cab le  impedance or  the f i l t e r  t i m e  c o n s t a n t ,  the  o t h e r  d a t a  at 

t h e  10-mm spac ing  m u s t  be  s i m i l a r l y  a f f e c t e d .  

The f i g u r e  of merit va lues  are also expected t o  dec rease  f o r  small 

spac ing  because of t h e  r e s u l t i n g  , l a r g e  i n t e r e l e c  t r o d e  capac i tance .  

Although our  d a t a  do n o t  extend t o  spac ings  t h a t  are s m a l l  enough t o  s h o w  

t h i s  dec rease ,  i t  can be  p r e d i c t e d  wi th  t h e  a n a l y t i c a l  approach of S e c t .  8 

by e v a l u a t i n g  Eq. (15) a t  d i f f e r e n t  va lues  of a while holdiug the  o t h e r  

v a r i a b l e s  cons t an t .  Some r e s u l t s  are shown i n  Fig.  8, where the  va lues  

of -r0, Do, 8 ,  oeO, and CT 

c o n f i g u r a t i o n s  used to o b t a i n  t h e  d a t a  of F ig .  7 wi th  T~ = 27 ns. 

w e r e  chosen t o  s i m u l a t e  t h e  exper imenta l  
PO 



22 

Figure 8 shows t h a t  E q .  (15) p r e d i c t s  a peak which i s  followed by a 

monotonic d e c l i n e  i n  t h e  fi-gure of m e r i t  as t h e  e l e c t r o d e  spac ing  i s  

decreased.  It  i s  a l s o  seen  t h a t  t h e  va lue  of cab1.e impedance which 

provides  t h e  b e s t  performance i n c r e a s e s  as t h e  e l e c t r o d e  spac ing  (and thus  

t h e  c o l l e c t i o n  time) i n c r e a s e s ,  This  t rend i s  a l s o  e v i d e n t  i n  t:he d a t a  of 

F ig .  7 .  

The p r e d i c t e d  va lues  of e lec- t rode spac ing  t h a t  correspond t o  maxima 

i n  the f i g u r e s  of  merit are somewhat l a r g e r  than might be  i n f e r r e d  from 

Fig  7. W e  a t t r i b u t e  C h i s  d iscrepancy t o  t h e  omission of the d i f f e r e n t i a t o r  

i n  the  mathematical  t rea tment .  When t h e  d i f f e r e n t i a t o r  is  included i n  t h e  

a n a l y s i s ,  t h e  q u a l i t a t i v e  p r e d i c t i o n s  are s i m i l a r  t o  those of t h e  

simpli.f i e d  model presented  h e r e ,  b u t  as might b e  expec ted ,  q u a n t i t a t i v e  

agreement wi th  the  experimental  d a t a  i s  much improved. 

* 

9 . 3  A r e a l  Gas Densi ty  (PD Product)  

The e f f e c t  of the PD product  (gas p r e s s u r e  x spacing)  w a s  examined 

by varying the  p r e s s u r e  of an Ai: .- 5% CO gas  mixtxre  i n  a test counter  

w i t h  a fi-xed spac ing  of 4 111111, a c o n s t a n t  E/P r a t i o  of 1.38, and a c o n s t a n t  

capac i tance  of 270 pF. Measurements were made a t  t h r e e  p r e s s u r e s ,  7 2 4 ,  

1145, and 1810 t o r r ;  t h e y  w e r e  repeated a t  t h r e e  cable  impedances of 

16 .7 ,  25, and 50 R and t h r e e  RC--CR f i l t e r  t i m e  c o n s t a n t s  o f  1 3 . 5 ,  2 7 ,  and 

50 ns .  

2 

These d a t a  are pl-otted i n  Fig.  9 ,  and the 25- and 50% curves show 

a i n o n o t o n ~ . ~  i n c r e a s e  i n  f i g u r e  of m e r i t  v a l u e s  as the gas p r e s s u r e  i s  

reduced. W e  a t t r i b u t e  t h i s  ga in  of performance a t  lower p r e s s u r e s  t o  t h e  

d i f f e r e n t  s p e c i f i c  i on iza t ion  c h a r a c t e r i s t i c s  (dE/dx) o f  f i s s i o n  fragrrieizts 

and e n e r g e t i c  e l e c t r o n s  which cause both t h e  neutron and gamma i o n i z a t i o n  

t o  decrease  i n  suc.h a manner t h a t  t . 1 ~  neutron--.to-gamma-charge r a t i o  

i n c r e a s e s .  The optimum f i l l  gas p r e s s u r e  w i l l  t h e r e f o r e  decrease  w i t h  

i n c r e a s i n g  gamma dose ra te .  However, cont inuing  t o  lower Che p r e s s u r e  w i l l  

u l t i i n a t e l y  r e s u l t  i n  dominance of e l e c t r o n i c  noike (which i s  n o t  a f f e c t e d  

* 
To be publ ished.  
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Fig.  8 .  P r e d i c t e d  dependence of  figure of m e r i t  on e l e c t r o d e  spac ing .  

Fig.  9 .  Experimental  f i g u r e  of merit versus f i l l  gas pressure  (o r  

PD product )  f o r  va r ious  combinations of c a b l e  impedance and f i l t e r  t i m e  
-1 -1 c o n s t a n t  (Ax - 5% C02, 1.6 x I O 6  R / h ,  E/p = 1.38 V t o r r  c m  , D = 4 



2 4  

by p r e s s u r e ) ,  producing a peak and d e c l i n e  of I he  f i g u r e  o f  m e r i t .  This  

e f f e c t  can a l s o  be  pred ic ted  from E q ,  (15) by n o t i n g  t h a t  on ly  the  vari- 

a b l e s  q and a are f u n c t i o n s  of gas pressurrx:. Wien gamma noi.se dominates 

( c ~ ~ ~ / u ~ ~  >> I), p' i s  p r o p o r t i o n a l  t o  q /a 

do m i  iia te s For t h e  pre- 

ampI.if ier6 used i.n t h e s e  tests, which bad a grounded-base i n p u t  s t a g e ,  

t h e r e  was a c h a r a c t e r i s t i c  i n c r e a s e  i n  e l e c t r o n i c  n o i s e  as t h e  i n p u t  

impedance of  t h e  p r e a m p l i f i e r  w a s  reduced. With a 16.7-R i n p u t  c a b l e ,  

t h e  e l e c t r o n i c  n o i s e  level  w a s  high enough t o  . influence t h e  f i g u r e  of  

m e r i t  even a t  p r e s s u r e s  of 1000 t o r r .  

11 PO 
when e l e c t r o n i c  noise  n PO;  

(opO/aeQ << 11, p' i s  p r o p o r t i o n a l  t o  (1 /a 
n eQ' 

9.4  Cable Impedance and Counter Capacitance 

I n  conjunct ion  wi th  t h e  coirnter capac i tance ,  t h e  cable  impedance 

forms a s ingle-pole ,  low-pass f i l t e r  which can i n f l u e n c e  (:lie count ing 

channel  performance when i t s  t i m e  cons tan t  (C Z ) becomes s i g n i f i c a n t  

compared wi th  t h e  e l e c t r o n  c o l l e c t i o n  t i m e ,  as ?.n a l a r g e - a r e a ,  high- 

s e n s i t i v i t y  design.  This low-pass f i l t e r  i s  a p p l i e d  d i r e c t l y  t o  s i g n a l s  

generated by t h e  counter  (neutron pulses and gamma p i l e u p ) .  

t h e  peak ampli tudes of both neutron and gamiia pulkes  by equival-ent amounts 

because of t h e i r  s imilar  shapes.  I n  a d d i t i o n ,  both types o f  pulses  are 

s i m i l a r l y  s t r e t c h e d .  The i n c r e a s e d  width i s  of no consequence f o r  

indi.v:i.dual neut ron  pulses  a t  t h e  i-nput of an arrip1:i-tude-sensit jive d i scr imi-  

n a t o r ,  b u t  t he  longer  pulse  widths  enhance t h e  gamma p i l e u p .  Therefore ,  

the n e t  e f f e c t  o f  t h i s  f i l t e r  i s  t o  reduce t h i t  neutron-to-gamma p i l e u p  

s i g n a l  r a t i o .  S ince  tile e l e c t r o n i c  n o i s e  i s  generated at t h e  preampl . i f ier  

i n p u t ,  i t  is n o t  a f f e c t e d  by t h i s  f i l t e r ,  a l though the  C Q U I I ~ W  end o f  t h e  

i n p u t  c a b l e  p r e s e n t s  a misterrni.i-tati.on t h a t  c-auses a r e s o n a n t  s t r u c t u r e  i n  

t h e  p r e a m p l i f i e r  noise spectrtim. I t  has  been OUT experl.eni:e t h a t  t h i s  

r e s o n a n t  s t r u c t u r e  can be  neglec ted .  

c o  

It reduces 

Figure 10 shows t h e  i n f l u e n c e  of  c a b l e  i.mpedance f o r  two values  o f  

C (270 and 1100 pF) t o  s i m u l a t e .  two d i f f e r e n t  e l -ectrode areas. The 

f i l t e r  t i m e  constant  was 2 7  ns. Only the  case f o r  t h e  4-mm spac ing  a t  an  

E/P v a l u e  of 1.38 w a s  s t u d i e d .  The low-capacitance d a t a  show t h a t  the 

C 
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25-4 cab le  provided %15% more neut ron  s e n s i t i v i t y  than the  1 6 . 7 4  cab le  

and n e a r l y  10% more s e n s i t i v i t y  than t h e  widely used va lue  of 50 6 2 .  

The t r end  of t h e  higher capacitance d a t a  is q u a l i t a t i v e l y  similar t o  

t h a t  of t he  low-capacitance case. Here, t h e  16.7- and 2 5 4  cab le s  gave 

e q u i v a l e n t  performance, w i th  n e a r l y  15% more s e n s i t i v i t y  than t h e  SO-Q 

case. 

With only t h r e e  d a t a  p o i n t s ,  i t  is  d i f f i c u l t  t o  p r e d i c t  p r e c i s e l y  the  

c a b l e  impedance corresponding t o  t h e  m a x i m u m  f i g u r e  of m e r i t .  Noting t h a t  

t h e  maxima tend t o  be  broad,  we  observe t h a t  t he  d a t a  i n d i c a t e  a maximum 

above 25 R i n  the  low-capacitance case and below 25 S2 i n  t h e  high- 

capac i t ance  case. W e  expec t  t h i s  r e s u l t  because t h e  h ighe r  capac i tance  

allows t h e  cab le  impedance t o  b e  reduced t o  lower va lues  be fo re  ga ins  i n  

the  r a t i o  of the  neut ron  p u l s e  ampli tude t o  t he  gamma p i l e u p  are o f f s e t  

by i n c r e a s i n g  e l e c t r o n i c  n o i s e ,  as p rev ious ly  mentioned i n  connect ion with 

t h e  d i scuss ion  of PD product .  
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F i g .  10. Experimental  f i g u r e  of merit ve r sus  c a b l e  impedance f o r  

two va lues  of i n t e r e l e c t r o d e  capac i t ance  Ar - 5% C02, a t  724 t o r r ,  
-1 -1 , -rf = 27 n s ,  D = 4 

6 
1.6  x 10 R/h, E / P  = 1-38 V t o r r  cm 
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9.5 F i l t e r  T i m e  Constant and Gama .[lose R a t e  

Figure 11 shows the  f i g u r e  of m e r i t  a t  t h r e e  d i f f e r e n t  gamma dose 

rates and two RC-CR t i m e  cons t an t s  of 1 3  and 50 ns. 'i'he fill gas was 

A r  - 10% C 0 2  a t  724  t o r r ;  t h e  o t h e r  v a r i a b l e s  were cons tan t  a t  Z 

E/P  = 2.0 V t o r r  ern , and D -- 4 mm. The i n t e r e s t i n g  p o i n t  is  t h a t ,  

whereas t h e  l a r g e r  f i l t e r  time cons t an t  gave the b e t t e r  performance a t  

zero  gamma dose rate where e l e c t r o n i c  n o i s e  is the  dominant n o i s e  sou rce ,  

t he  s h o r t e r  t i m e  cons t an t  was s u p e r i o r  f o r  o p e r a t i o n  i n  t h e  hfgh gainma 

f i e l d s .  Tliese d a t a  show t h a t  a counter  which i s  optimized f o r  ope ra t ion  

a t  a p a r t i c u l a r  g a m a  dose rate does n o t  n e c e s s a r i l y  r e p r e s e n t  an optimum 

d e s i g n  a t  a d i f f e r e n t  dose rate. 

demonstrate t h a t  a given des ign  can r e p r e s e n t  an optimum only at a unique 

va lue  of gamma dose rate.  

= 50 R, 
0 -1 -I 

L n  f a c t ,  t h e  a n a l y s i s  can be used t o  

0.8 

0.6 

0.4 

6.2 

1 2 3 4 5 6 7 
GAMMA DOSE RATE (MRIht-1 

Fig .  11. Experimental  f i g u r e  of merit ver sus  gamma dose ra te  f o r  two 

va lues  of f i l t e r  tiiue c o n s t a n t  

E/P = 2.0 V t o r r  cm , D = 4 

A r  .- 10% C02, a t  724  t o r r ,  Z = 50 R, 
0 -1 -I 
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By n o t i n g  t h a t  t he  le f t -hand  f a c t o r  i n  the  r ight-hand s i d e  of Eq. (15) 

i s  t o t a l l y  independent of D and T ~ ,  we see t h a t  va lues  of D and T~ t h a t  

maximize o r  op t imize  the  r ight-hand f a c t o r  also opt imize  11’. These 

v a l u e s ,  which s a t i s f y  

are p l o t t e d  i n  F ig .  12 as a func t ion  of CT /5 The opt imized q u a n t i t y ,  
p0 eo’ 

( ~ C T ~ ~ T : ’ ~ / % )  x u’ i s  p l o t t e d  i n  F ig .  13 .  

S e v e r a l  impor tan t  q u a l i t a t i v e  t r e n d s  are -indicated i n  F igs .  12 and 

13.  It i s  ev iden t  from F ig .  12 t h a t  as the  des ign  gamma dose rate 

i n c r e a s e s  ( i .e . ,  as CT / o  i n c r e a s e s )  t h e  b e s t  performance w i l l  be  

obta ined  from smaller e l e c t r o d e  spac ings  (implying faster c o l l e c t i o n  

t imes) and h ighe r  f i l t e r  b reakf requencies .  F igure  1 3  shows t h a t  t h e  

performance decreases  monotonical ly  wi th  i n c r e a s i n g  gamma dose ra te .  All 

t h r e e  of these trends are i n  accord with a r e l a t i v e l y  vast body of des ign  

expe r i ence ,  and thus they provide  some c r e d i b i l i t y  t o  t h e  a n a l y s i s .  

PO e0 

ORNL-DWG 79-918 

obo’abo 

Fig .  1 2 .  Computed optimum values of dimensionless  e l e c t r o d e  spac ing  

( a )  and dimensionless  f i l t e r  t i m e  cons t an t  ( R )  versus  t h e  r a t i o  of gamma 

p i l e u p  t o  e l e c t r o n i c  n o i s e .  
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ORNL-DWG 79-917 I (_---I------ 0.5 
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F i g .  13. Computed dependence of the  f i g u r e  o f  ~ner.i.t on the  ra t i -o  of 

gamma p i l eup  t o  e l e c t r o n i c  no i se .  

9.6 E/P Rat io  

The e f f e c t  of the E/P r a t i o  i s  shown i n  F ig ,  1.4 f o r  t h r e e  d i f f e r e n t  

For each f i l l  f i l l  gases  -- Ar - 10% C02, A r  - 5% C02,  and A r  - 10% N 

gas ,  the only v a r i a b l e  was E/P. Since the counter  was w e l l  s a t u r a t e d  

dur ing  measurements, t h e  v a r i a t i o n s  i n  the  f i g u r e  oE m e r i t  can be attri- 

buted d i r e c t l y  t o  v a r i a t i o n s  i n  the  e l e c t r o n  d r i f t  v e l o c i t y .  I n  f a c t ,  a 

comparison of t hese  curves t o  those of Fdg. 1 5 ,  i n  which the  e l e c t r o n  

d r i f t  v e l o c i t y  i s  p l o t t e d  a s  a func t ion  of E/P f o r  these gas mixtures ,  

shows striking s imi la r i t i es .  

2 ’  

The m o s t  obvi.ous r e s u l t  oE the conparison i s  t h a t  t h e  Eigure of 1eri.t 

appears  to be d i r e c t l y  rcl.atetP t o  the d r i f t  v e l o c i t y ,  In t h i s  casep both  

the  f i g u r e  of merit d a t a  and the  d r i f t :  .ve loc i ty  curves  i n d i c a t e  t h a t  t he  

e l e c t r o n  d r i f t  v e l o c i t y  i n  an A r  - 5% CO mixture  s a t u r a t e s  a t  a lower 

E/P r a t i o  va lue  than i n  a 10% CO mixture .  I n  a d d i t i o n ,  both i n d i c a t e  

that an A r  - 10% N mixture. has the s l o w e s t  d r i f t  v e l o c i t y  i n  t h e  E/P 

range considered.  The d r i f t  v e l o c i t y  curves  of F ig .  3.5 are somewhat 

2 

2 

2 
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0.6 - __ 

Ar + 1 0 %  C02 ---- A r + 5 X  COP 

--- Ar + ! O N 2  

0 r=13 
a r=27 

Fig. 14. Experimental  f i g u r e  of m e r i t  ve r sus  E/P fo r  4-mm e l e c t r o d e  
6 

spac ing  and 1 .6  x 10 R / h  gamma dose rate. 

ORNL-DWG 79-919 

1- - Ar + 5% CO, 
------ Ar + 10% C 0 2  

Ar +io% N2 --- - 

a ROSS1 AND STAUB (19491 

c NAGY,NAGY,  A N 0  DESI (1960) 
d DAVIS A N D  ROUX (19711 

,IC b ENGLISH AND H A N N A  (1953) ./ 
-I 

I I 
I I I 

0.5 1 .o 15 2 0  0 
E/P [V (cm -torr]-'] 

Fig .  15. 

gas  mixtures .  

Measured e l e c t r o n  d r i f t  v e l o c i t y  curves  f o r  three count ing 
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ambiguous concerning which CO mixture  has  t h e  f a s t e s t  s a t u r a t e d  d r i f t :  

v e l o c i t y .  However, t he  d a t a  of F i g .  14 remove t h e  ambiguity,  c l e a r l y  

showing t h a t  t h e  d r i f t  v e l o c i t y  i n  t h e  10% mixture  i s  t h e  f a s t e r .  

2 

R e f e r r i n g  t o  F i g .  13, an i n t e r e s t i n g  r e s u l t  can be  obta ined  by 

n o t i n g  t h a t  once 0 i s  se t ,  t h e  optiinized va lue  of p *  i s  p r o p o r t i o n a l  

t o  qn/koeo-ct/2. The only  dependence on d r i f t  vel-oci ty  i n  t h i s  m u l t i p l i e r  

PQ 

i s  contained i n  T = ( E ~ A Z ~ / V ~ ) ‘ ’ ~ .  Thus, s i n c e  f o r  optimized des igns  

u’ i s  p r o p o r t i o n a l  t o  ( V ~ / E ~ A Z ~ ) ~ / ~ ~ ,  the performance should i n c r e a s e  

d i r e c t l y  as the one-fourth power oE t h e  d r i f t  v e l o c i t y  and i n v e r s e l y  as 

t h e  one-fourth power of the e l e c t r o d e  area ( i . e . ,  good performance becomes 

i n c r e a s i n g l y  d i f f i c u l t  to achieve  as t h e  e l e c t r o d e  area i s  i n c r e a s e d ) .  

10.  CONCLUSIONS 

Several t r ends  can b e  i n f e r r e d  from t h i s  s t u d y ,  some o f  which confirin 

prev ious ly  known r e l a t i o n s h i p s  betwe-en d e s i g n  v a r i a b l e s  an3 counter  

performance. Most important  i s  t h e  proved e x i s t e n c e  of an optimum elec- 

t rode spac ing  f o r  a s p e c i f i c  d e s i g n  t h a t  increa.ses  w i t h  e lec txode  area 

and decreases  wi th  gamma dose ra te .  The PD product  a l s o  has  an optimum 

value,  wi th  l o w  va lues  be ing  l i m i t e d  by the presence of e l e c t r o n i c  n o i s e  

and h igh  v a l u e s  by enhanced gamma pi.leup. Conventional 50-f2 s i g n a l  

c a b l e s  do no t  always provi.de t h e  b e s t  performance, p a r t i c u l a r l y  f o r  

l a r g e - a r m  counters  t h a t  have h igh  i n t e r e l e c t r o d e  capac i tances  and 

o p e r a t e  in h igh  gamma background. 

improvement of as much as 20%,  The performance of a counter  c l o s e l y  

Eollows t h e  E / P  v e r s u s  d r i f t :  v e l o c i t y  c h a r a c t e r i s t i c  o f  i t s  gas mixture  

and i s  superi-or f o r  f i l l  gases  having h i g h e r  e l e c t r o n  d r i f t  v e h c i t i e s .  

The optimum f i l t e r  t i m e  c o n s t a n t  of the count ing channel  depends on rhe 

gamma background dose ra te .  A t  low gamma levels ,  when e l e c t r o n i c  n o i s e  

dominates,  longer  f i l t e r  t i m e  c o n s t a n t s  g ive  be t te r  s igna l - to-nolse  

r a t i o s .  Counters w i t h  s h o r t e r  c o l l e c t i o n  times more e f f e c t i v e l y  suppress  

t h e  gamm p i l e u p  a t  h igh  dose rates, and f i l t e r s  w i t h  h i g h e r  break- 

Crequencies process  t h e  f a s t e r  pu lses  m o r e  e f f e c t i v e l y .  

Val.ues as l a w  as 16 .7  S2 y i e l d  an 
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Another conclusion 

s e n s i t i v i t y  p e r  gram of 

from t h i s  s tudy  is t h a t  t he  usab le  neutron 

neut ron-sens i t  ive material i s  a monotonically 

decreas ing  func t ion  of e l e c t r o d e  area. These s e n s i t i v i t y  l o s s e s  can be 

minimized f o r  h i g h - s e n s i t i v i t y  f i s s i o n  counters  by use of neu t ron - sens i t i ve  

material wi th  low i n t r i n s i c  a lpha  a c t i v i t y  (such as e l ec t romagne t i ca l ly  

enr iched  uranium), as w e l l  as by c a r e f u l  s p e c i f i c a t i o n  of t he  major design 

v a r i a b l e s .  
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