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©  Method  and  apparatus  for  sensing  the  impact  position  of  nidral  partietes. 

A  position-sensitive  neutral  particle  sensor  comprises 
two  spaced  parallel  cathode  arrays  (10, 12),  each  comprising 
a  plurality  of  metal  strips  (16, 20)  arranged  adjacent  and edge 
to  edge,  the  strips  in  one  array  being  orthogonal  to  the  strips 
in  the  other  array,  the  metal  of  which  the  cathode  arrays  are 
formed  being  such  that  an  incident  neutral  particle  is  con- 
verted  to  a  fast  electron  which  escapes  from  the  cathode: 
and  an  anode  array  (14)  between  and  parallel  to  the  cathode 
arrays  and  comprising  a  plurality  of  spaced  wires. 

When  a  neutral  particle  is  converted  by  a  cathode  strip to 
a  fast  electron  (34)  an  avalanche  forms  and  its  presence  can 
be  detected  in  one  or  more  strips  in  each  cathode,  so that  the 
orthogonal  position  is  determined. 



This  i n v e n t i o n   r e l a t e s   to  p o s i t i o n - s e n s i t i v e   s e n s o r s  

for  n e u t r a l   p a r t i c l e s   such  as  X-rays ,   gamma  rays  and  n e u t r o n s .  

It  is  known  tha t   mu l t iw i re   p r o p o r t i o n a l   coun te r s ,   n o r m a l l y  

used  to  de t ec t   charged  p a r t i c l e s   in  the  f i e l d   of  high  ene rgy  

phys i c s ,   can  a lso  be  used  to  de t ec t   n e u t r a l   p a r t i c l e s .   I n  

Nuclear  I n s t rumen t s   and  Methods,  Volume  124,  1975,  pages  491 

to  503,  A.P.  Jeavons  et  al  summarise  the  p o s s i b l e   a p p r o a c h e s  

and  d e s c r i b e   a  device  in  which  i n c i d e n t   gama  rays  are  a b s o r b e d  

in  a  mat r ix   s t r u c t u r e   of  a  s u i t a b l e   conve r t i ng   so l i d   m a t e r i a l  

such  as  a  lead  a l l oy ;   p h o t o e l e c t r o n e   are  produced  in  t h e  

c o n v e r t e r   and  escape  into  t h e  v o i d s   in  the  matr ix   which  c o n t a i n  

a  t y p i c a l   gas  mix ture ,   and  secondary  e l e c t r o n s   are  r e l e a s e d   i n  

the  gas.  An  e l e c t r i c   f i e l d   is  a p p l i e d   to  the  matr ix   to  c a u s e  

the  secondary  e l e c t r o n s   to  d r i f t   onto  a  conven t iona l   m u l t i w i r e  

p r o p o r t i o n a l   counter   at  one end  of  the  m a t r i x .  

However,  the  device  has  the  d i s a d v a n t a g e s   tha t   a l l   s i g n a l s  

occur  in  a  s i n g l e   anode  p lane ,   so  tha t   t h r e e - d i m e n s i o n a l   r e s o l u t i o n  

is  not  p o s s i b l e ,   and  tha t   lone  d r i f t   t imes  may  occur  so  tha t   good 



time  r e s o l u t i o n   is  not  p o s s i b l e .   F u r t h e r ,   while  p a r t i c l e s  

having  ene rg i e s   of  about  660  kev  can  be  s u c c e s s f u l l y   d e t e c t e d ,  

for  p a r t i c l e s   having  ene rg ie s   of  about  140  kev  a  very  f i n e  

matr ix   must  be  used,  having  for  example  0.08  m i l l i m e t r e   d i a m e t e r  

holes   on  0.1  m i l l i m e t r e   c e n t r e s .   This  is  because  the  range  o f  

p h o t o e l e c t r o n s   v a r i e s   r a p i d l y   with  energy;  such  a  f ine   s t r u c t u r e  

is  d i f f i c u l t   to  make  a c c u r a t e l y .  

Also  in  Nuclear   I n s t rumen t s   and  Methods,  volume  117,  1974, 

pages  599  to  603,  U.  Shimoni  et  al  d e s c r i b e   i n v e s t i g a t i o n s   i n t o  

the  e f f i c i e n c y   of  metal  c o n v e r t e r s   for  gamma  ray  d e t e c t i o n   and 

d i s c l o s e   a  mapping  device  based  on  cathode  p lanes   made  of  t h i n  

lead  s t r i p s   (x  d i r e c t i o n )   and  anode  p lanes   made  of  very  t h i n  

copper  s t r i p s   (y  d i r e c t i o n ) .   De t ec t i on   on  the  e l e c t r o d e s   o f  

p h o t o e l e c t r o n - i n i t i a t e d   i o n i s a t i o n   in  a  gas  between  the  e l e c t r o d e  

planes   gives  the  x  and  y  c o - o r d i n a t e s   of  the  gamma  ray  which  was 

conver ted   to  the  p h o t o e l e c t r o n .  

However,  the  d i s c l o s e d   device  cannot  work  on  the  same 

p r i n c i p l e   as  a  m u l t i w i r e   p r o p o r t i o n a l   counter   because  e l e c t r i c a l  

breakdown  would  occur  at  the  high  e l e c t r i c   f i e l d s   r e q u i r e d   f o r  

o p e r a t i o n   in  t h i s   mode;  it   is  b e l i e v e d   tha t   only  pulsed  o p e r a t i o n ,  

analogous  to  a  spark  chamber,  is  p o s s i b l e   for  the  d e v i c e .  

In  the  p r e s e n t   i n v e n t i o n ,   there   is  no  need  for  a  f ine  m a t r i x  

s t r u c t u r e ,   and  the  device  can  ope ra t e   c o n t i n u o u s l y .   P a r t i c l e s  

having  a  wide  range  of  ene rg i e s   can  be  d e t e c t e d   by  s e l e c t i o n   of  t h e  

a p p r o p r i a t e   m a t e r i a l .  

According  to  the  i n v e n t i o n ,   a  p o s i t i o n - s e n s i t i v e   method  o f  

sens ing   a  n e u t r a l   p a r t i c l e   comprises   r e c e i v i n g   the  p a r t i c l e   in  one 



of  two  spaced  p a r a l l e l   cathode  a r r a y s ,   each  compris ing  a  

p l u r a l i t y   of  metal  s t r i p s   a r ranged  ad j acen t   and  edge  t o  

edge,  the  s t r i p s   in  one  a r ray   being  o r thogona l   to  the  s t r i p s  

in  the  o ther   a r r ay ,   the  metal  of  which  the  cathode  a r r a y s  

are  formed  being  such  tha t   the  n e u t r a l   p a r t i c l e   is  c o n v e r t e d  

to  a  fas t   e l e c t r o n   which  escapes  from  the  c a t h o d e f  

r e c e i v i n g   the  fas t   e l e c t r o n   in  a  gas  between  the  two 

cathode  a r rays   and  conve r t ing   the  fas t   e l e c t r o n   to  ions  o f  

the  gas  and  secondary  e l e c t r o n s ;  

conve r t ing   the  secondary  e l e c t r o n s   to  an  ava lanche   o f  

e l e c t r o n s   and  p o s i t i v e   ions  between  the  two  cathode  a r r a y s ;  

and  sens ing  in  at  l e a s t   one  s t r i p   of  each  cathode  a r r a y  

the  p resence   of  an  e l e c t r i c a l   charge  induced  by  the  e l e c t r i c a l  

f i e l d   su r round ing   said  p o s i t i v e   ions  in  the  a v a l a n c h e .  

It  wi l l   be  immediate ly   unders tood   tha t   whereas  c o n v e n t i o n a l l y  

in  m u l t i - w i r e   p a r t i c l e   coun te r s   an  i n c i d e n t   p a r t i c l e   is  c o n v e r t e d  

to  an  e l e c t r o n   in  the  gas  between  t h e  c a t h o d e s ,  i n   the  a p p a r a t u s  

accord ing   to  the  i n v e n t i o n ,   t h i s   convers ion   occurs  wi th in   the  c a t h o d e  

m a t e r i a l .  

Also  accord ing   to  the  i n v e n t i o n ,  a   p o s i t i o n - s e n s i t i v e   n e u t r a l  

p a r t i c l e   sensor   comprises   t w o  s p a c e d  p a r a l l e l   cathode  a r r ays ,   each  

compris ing  a  p l u r a l i t y   ef  metal  s t r i p s   a r ranged  ad j acen t   and  edge 

to  edge,  the  s t r i p s   in  one  a r ray   being  o r thogona l   to  the  s t r i p s   i n  

the  o ther   a r r ay ,   the  metal  of  which  the  cathode  a r rays   are  formed 

being  such  tha t   an  i n c i d e n t   n e u t r a l   p a r t i c l e   is  conver ted   to  a  f a s t  

e l e c t r o n   which  escapes  from  the  c a t h o d e ;  



means  for  connec t ing   each  s t r i p   of  e a c h  c a t h o d e   a r r a y  

to  a  known  e l e c t r i c a l   p o t e n t i a l ,   u s u a l l y   e a r t h ;  

an  anode  a r ray   between  and  p a r a l l e l   to  the  cathode  a r r a y s  

and  compris ing  a  p l u r a l i t y   of  spaced  metal  wires ;   and  

means  for  connec t ing   a l l   of  the  wires  of  the  anode  a r r a y  

to  a  source  of  e l e c t r i c a l   p o t e n t i a l .  

Fu r the r   according   to  the  i n v e n t i o n ,   a  m u l t i p l e   p o s i t i o n -  

s e n s i t i v e   n e u t r a l   p a r t i c l e   sensor   comprises   a  p l u r a l i t y   of  s e n s o r s  

according   to  the  i n v e n t i o n   a r ranged   with  at  l e a s t   one  c a t h o d e  

a r ray   in  each  sensor   c l o s e l y   ad j acen t   a  cathode  a r ray   of  a n o t h e r  

sensor ,   p r e f e r a b l y   with  the  s t r i p s   in  a d j a c e n t   cathode  a r rays   i n  

the  same  o r thogona l   d i r e c t i o n ;   and  means  for  supply ing   a  gas  

to  the  volume  between  each  anode  a r ray   and  i t s   two  a s s o c i a t e d  

cathode  a r r a y s .  

A  p o s i t i o n - s e n s i t i v e   n e u t r a l   p a r t i c l e   sensing  s y s t e m  

comprises   a  m u l t i p l e   p a r t i c l e   sensor ,   and  means  for  sensing  t h e  

p resence   of  an  induced  e l e c t r i c a l   charge  in  at  l e a s t   one 

s t r i p   in  each  cathode  a r ray   of  at  l e a s t   one  sensor   and  for  p r o v i d i n g  

an  output   s igna l   r e p r e s e n t i n g   an  o r t h o g o n a l  p o s i t i o n   in  the  a t  

l e a s t   one  s enso r .   Usual ly   a  m u l t i p l i c i t y   of  p a r t i c l e s   wi l l   b e  

r e c e i v e d ,   and  a  d i sp l ay   co r re spond ing   to  each  sensed  p a r t i c l e   w i l l  

be  provided  at  the  co r r e spond ing   o r thogona l   p o s i t i o n   on  a  two-  

d imens ional   d i s p l a y   device ,   such  as  a  cathode  ray  t u b e .  

A  gamma  camera  or  an  X-ray  camera  accord ing   to  the  i n v e n t i o n  

comprises   a  p o s i t i o n - s e n s i t i v e ' n e u t r a l   p a r t i c l e   sensing  s y s t e m ,  

and  a  c o l l i m a t o r   a r ranged  to  allow  passage  of  n e u t r a l   p a r t i c l e s  



only  in  a  d i r e c t i o n   s u b s t a n t i a l l y  p e r p e n d i c u l a r   to  e ach  

cathode  plane  of  each  s e n s o r .  

A  p o s i t r o n   camera  according   to  the  i nven t ion   c o m p r i s e s  

two  spaced  p o s i t i o n - s e n s i t i v e   n e u t r a l   p a r t i c l e   sensing  sy s t ems  

and  c o i n c i d e n c e   sensing  means  a r ranged  to  sense  the  s i m u l t a n e o u s  

a r r i v a l   of  a  n e u t r a l   p a r t i c l e   in  each  sens ing  system.  Such  a  

camera  wil l   record  the  s imul t aneous   a r r i v a l   in  each  sys tem 

of  n e u t r a l   p a r t i c l e s   emi t ted   b y  a  d e c a y i n g   p o s i t r o n   at  a  

p o s i t i o n   between  the  two  s y s t e m s .  

The  i n v e n t i o n   wil l   now be  de sc r ibed   by  way  of  example  

with  r e f e r e n c e   to  the  accompanying  drawings  in  w h i c h : -  

F igure   1  is  an  exploded  sketch  view  of  a  n e u t r a l   p a r t i c l e  

sensor   accord ing   to  the  i n v e n t i o n ;  

Figure   2  is  a  s e c t i o n a l   diagram  o f  a   s tack   of  sensors   fo rming  

a  m u l t i p l e   n e u t r a l   p a r t i c l e   s e n s o r  

Figure   3  is  a  schemat ic   diagram  of  e l e c t r o n i c   c i r c u i t r y  

a s s o c i a t e d   with  a  m u l t i p l e   p a r t i c l e   s e n s o r ;  

F igure   4  i n d i c a t e s  u s e   of  a  m u l t i p l e   n e u t r a l   p a r t i c l e   s e n s o r  

as  a  medical  gamma  camera;  a n d  

Figure   5  i n d i c a t e s   use  of  t w o  m u l t i p l e   n e u t r a l   p a r t i c l e   s e n s o r s  

as  a  medical  p o s i t r o n   imaging  summer .  

In  F igure   1,  a  p o s i t i o n - s e n s i t i v e   n e u t r a l   p a r t i c l e   s e n s o r  

comprises   f i r s t   and  second  p l a n a r  c a t h o d e   a r rays   10,  12  and  a  p l a n a r  

anode  a r ray   14,  a l l   th ree   a r r ays   being  p a r a l l e l   and  the  anode  a r r a y  

being  between  the  cathode  a r r a y s .  

The  f i r s t   cathode  a r ray   10  c o n s i s t s   of  a  s e r i e s   of  s t r i p s   16 

of  metal  f o i l ,   a r ranged  c l a s e l y   spaced  e d g e - t o - e d g e   in  the  c a t h o d e  



plane  but  i n s u l a t e d   from  each  o ther ;   one  end  of  each  s t r i p   i s  

connected  to  ear th   through  a  220  k  r e s i s t o r   17,  and  the  o t h e r  

end  of  each  s t r i p   is  connected  to  a  delay  l ine   18  which  can 

provide   an  output   s igna l   V1.  The  second  cathode  plane  i s  

s i m i l a r ,   c o n s i s t i n g   of  a  s e r i e s   of  s t r i p s   20  a r ranged  w i t h  

t h e i r   l o n g i t u d i n a l   d i r e c t i o n   at  9 0   to  the  s t r i p s   in  t h e  

f i r s t   cathode  p lane ,   ea r thed   through  r e s i s t o r s   19  and  c o n n e c t e d  

to  a  delay  l ine   22  which  can  provide   an  output   s igna l   V  .  

The  anode  plane  14  c o n s i s t s   of  a  s e r i e s   of  spaced  metal  w i r e s  

24  each  connected  at  one  end  to  a  common  lead  26  through  which 

a  p o s i t i v e   e l e c t r i c a l   p o t e n t i a l   is  supp l i ed   to  each  wire  and 

which  also  can  provide   an  output   s igna l   Vo  through  a  c a p a c i t o r   28.  

In  the  F igure ,   the  anode  wires  are  a r ranged  at  45°  to  t h e  

cathode  s t r i p s .   This  is  not  e s s e n t i a l ;   the  wires  can  be  p a r a l l e l  

to   one  a r ray   of  s t r i p s ,   or  make  an  angle  other   than  0 ,   450  o r  

900  with  the  cathode  s t r i p s .  

A  gas  (not  known)  such  as  the  gas  used  in  a  c o n v e n t i o n a l  

mu l t iw i r e   p r o p o r t i o n a l   coun te r ,   is  supp l i ed   to  surround  the  c a t h o d e  

and  anode  a r r a y s .  

The  F igure   is  not  to  sca le   and  is  exploded  so  tha t   the  s e q u e n c e  

of  events   can  be  i l l u s t r a t e d   c l e a r l y .  

Suppose  a  source  of  n e u t r a l   p a r t i c l e s ,   r e p r e s e n t e d   by  r e f e r e n c e  

30,  emits  a  p a r t i c l e   along  a  path  32  towards  the  sensor .   If  t h e  

metal  f o i l   ca thodes   are  of  the  c o r r e c t   m a t e r i a l   and  t h i c k n e s s ,  

c o n s i d e r i n g   the  energy  of  the  i n c i d e n t   p a r t i c l e ,   the  p a r t i c l e   i s  

absorbed  by  one  cathode  s t r i p   and  a  f a s t   e l e c t r o n   34  is  e m i t t e d  

into  the  gas;  t h i s   e l e c t r o n   has  a  speed  approaching   r e l a t i v i s t i c  



values  and  may be  a  p h o t o e l e c t r o n   or  a  Compton  e l e c t r o n .  

The  fas t   e l e c t r o n   i on i se s   gas  atoms  to  produce  s e c o n d a r y  

ions  and  e l e c t r o n s .   The  ions  d r i f t   slowly  towards  t h e  

cathode  and  can  be  ignored.   The  e l e c t r o n s   are  a t t r a c t e d  

towards  the  anode  along  the  path  36  and  as  they  a p p r o a c h  

an  anode  wire  c l o s e l y ,   encounter   a  very  high  e l e c t r i c  

f i e l d .   An  avalanche  of  e l e c t r o n s   and  p o s i t i v e   ions  i s  

i n i t i a t e d .   The  e l e c t r o n s   are  a t t r a c t e d   to  the  anode  w i r e ,  

and  are  r e l e a s e d   into  the  ex t e rna l   anode  c i r c u i t   by  t h e  

movement  of  the  p o s i t i v e   ion  cloud  38  away  from  the  anode  

wires ,   and  gene ra te   a  nega t i ve   output   s igna l   V o  at  a  t i m e  

which  is  very  s h o r t l y   a f t e r   the  time  of  a r r i v a l   of  t h e  

i n i t i a l   n e u t r a l   p a r t i c l e ,   and  can  be  regarded   as  i n d i c a t i n g  

the  time  of  tha t   a r r i v a l .  

The  movement  of  the  cloud  of  ions  away  from  the  anode 

wires  also  gene ra t e s   an  e l e c t r o s t a t i c   i nduc t ion   f i e l d   40,  which 

in  turn  r e s u l t s   in  a  p o s i t i v e   charge  pulse  in  s eve ra l   c a t h o d e  

s t r i p s   in  each  a r r ay .   Each  s t r i p   p rov ides   a  p o s i t i v e   o u t p u t  

pulse;   the  cathode  s t r i p s   immediately  above  and  below  t h e  

e l e c t r o n   ava lanche   provide  the  l a r g e s t   s i g n a l s ;   ad jacen t   s t r i p s  

r ece ive   less   charge  and  provide  lower  s i g n a l s .   The  output  p u l s e s  

from  the  s t r i p s   in  each  cathode  ar ray  are  coupled  onto  t h e  

r e s p e c t i v e   delay  l ines   18,  22,  and  the  delay  l i n e s ,   in  e f f e c t ,  

merge  the  s e p a r a t e   pulses   to  provide  a  s i ng l e   pu lse ,   s l i g h t l y  

spread  in  time,  which  t r a v e l s   along  the  delay  l ine ;   the  t i m e  

of  a r r i v a l   of  the  pulse  maximum  at  the  delay  l ine   output   can  be  

r e l a t e d   to  the  p o s i t i o n   along  the  delay  l ine   of  the  s t r i p   r e c e i v i n g  



maximum  charge.   Since  the  s t r i p s   in  each  cathode  a r r a y  

are  a r ranged  o r t h o g o n a l l y ,   the  x-y  c o - o r d i n a t e s   of  t h e  

e l e c t r o n   ava lanche ,   and  thus  the  p o s i t i o n   of  the  r e c e i v e d  

n e u t r a l   p a r t i c l e ,   can  be  de te rmined .   Such  an  a r r a n g e m e n t  

of  delay  l ines   and  time  measurement  means  is  well  known  i n  

the  f i e l d   of  mu l t iw i r e   p r o p o r t i o n a l   c o u n t e r s .  

It  has  a l r eady   been  s t a t e d   tha t   a  p l u r a l i t y   of  s e n s o r s  

accord ing   to  the  i n v e n t i o n   wi l l   be  r e q u i r e d   to  provide   a 

s u f f i c i e n t l y   high  d e t e c t i o n   e f f i c i e n c y   for  a  p r a c t i c a l   n e u t r a l  

p a r t i c l e   coun te r ,   and  a  t y p i c a l   m u l t i p l e   sensor   is  shown  i n  

s e c t i o n   in  F igure   2 .  

The  m u l t i p l e   sensor   comprises   twenty  cathode  a r rays   50  and 

ten  anode  a r r ays   52.  Each  cathode  a r ray   comprises  a  s e r i e s  

of  s t r i p s   of  metal  f o i l   suppor ted   by  a  film  of  a  s u i t a b l e   p l a s t i c s  

m a t e r i a l ,   such  as  p o l y e t h y l e n e t e r a p h t h a l a t e ;   an  example  is  a  

Kaptan  ( R e g i s t e r e d   Trade  Mark)  film  12.5  microns  t h i ck .   The 

two  outer   ca thodes   have  metal  s t r i p s   on  only  the  inner  side  o f  

the  f i lm,  but  the  o ther   cathodes  have  s t r i p s ,   in  the  same 

o r thogona l   d i r e c t i o n ,   on  both  s ides   of  the  f i lm.   The  f i l m s  

are  suppor ted   at  t h e i r   edges  between  spacers   54  which  are  b o l t e d  

t o g e t h e r   to  form  a  r i g i d   s t ack ,   and  the  spacers   are  bo l ted   to  a  

base  board  55 .  

In  a  n e u t r a l   p a r t i c l e   sensor   accord ing   to  the  i n v e n t i o n ,   a s  

exp la ined   above,  each  cathode  a r ray   acts   as  a  c o n v e r t e r   for  a  

n e u t r a l   p a r t i c l e   as  well  as  a  p o s i t i o n   r e a d - o u t .   The  m a t e r i a l  

and  the  t h i c k n e s s   of  the  cathode  s t r i p s   must  be  chosen  i n  

accordance   with  the  energy  of  the  n e u t r a l   p a r t i c l e   to  be  d e t e c t e d ,  



c o n s i d e r i n g   the  binding  energy  of  the  c o n v e r t e r   m a t e r i a l  

and  the  escape  p r o b a b i l i t y   of  a  fas t   e l e c t r o n   produced  i n  

the  m a t a r i a l ;   the  escape  p r o b a b i l i t y   va r i e s   with  t h i c k n e s s .  

For  the  d e t e c t i o n   of  X-rays  having  an  energy  of  60  KeV, 

such  as  those  emi t ted   by  
241  

Americium,  each  cathode  s t r i p  

in  F igure   2  may  be  made  of  copper  about  5  microns  t h i c k .  

For  the  d e t e c t i o n   of  gamma  rays  having  an  energy  140  KeV, 

such  as  those  emi t ted   by 99m  Technicium,  each  cathode  s t r i p   i n  

Figure   2  may  be  made  of  t in   about  12.5  microns  th ick ,   and  a 

t y p i c a l   m u l t i p l e  s e n s o r   would  comprise  20  to  25  s e n s o r s .  

For  the  d e t e c t i o n   of  gamma  rays  having  an  energy  of  510  KeV, 

such  as  those  provided  by  p o s i t r o n   a n n i h i l a t i o n ,   each  c a t h o d e  

s t r i p   in  F igure   2  may  be  made  of  lead  about  125  microns  t h i c k ,  

and  a  t y p i c a l   counter   would  comprise  10  to  15  s e n s o r s .  

For  the  d e t e c t i o n   of  thermal  neu t rons   having  an  energy  o f  

100  meV  each  cathode  s t r i p   in  Figure   2  may  be  made  of  g a d o l i n i u m  

about  10  microns  t h i c k .  

In  the  examples  of  m a t e r i a l s   and  t h i c k n e s s e s   given  above,  each  

t h i c k n e s s   is  ha l f   the  p r e f e r r e d   t h i c k n e s s   provided  from  t h e  

c a l c u l a t i o n s ;   t h i s   is  because  each  inner  cathode  a r ray   is  s p a c e d  

very  close  to  another   cathode  a r r a y ,  t h e   combinat ion  giving  t h e  

de s i r ed   t h i c k n e s s ;   the  i n s u l a t i n g   film  between  the  two  a r r a y s  

must  be  very  th in   to  prevent   a b s o r p t i o n   of  the  fas t   e l e c t r o n s .  

T y p i c a l l y   the  spacing  between  each  anode  and  the  a d j a c e n t  

ca thodes   i s  4   m i l l i m e t r e s .   The  sma l l e r   t h i s   gap,  the  b e t t e r   t h e  

s p a t i a l   r e s o l u t i o n   of  the  coun te r .   The  anode  wires  may,  for  example ,  



be  g o l d - p l a t e d   t u n g s t e n   wires  20  microns  in  d i a m e t e r ,  

spaced  at  2  m i l l i m e t r e s .  

The  baseboard   55  c a r ry ing   the  spacers   54  i s  

suppor ted   by  l i p s   64  w i th in   a  g a s - t i g h t   enc lo su re   66 ,  

for  example  a  g lass   f i b r e - e p o x y   composi te   b o x .  

Conven ien t ly   the  a r ray   of  e l e c t r o d e s   58  and  the  d e l a y  

l i n e s   62  are  o u t s i d e   the  c o n t a i n e r .   A  gas  i n l e t   tube  68 

and  gas  o u t l e t   tube  70  are  p r o v i d e d .  

Any  gas  c o n v e n t i o n a l l y   used  in  a  mu l t iw i r e   p r o p o r t i o n a l  

counter   may  be  used;  the  more  dense  the  gas,  the  b e t t e r   t h e  

s p a t i a l   r e s o l u t i o n   of  the  coun te r .   Xenon  or  2-2  d i m e t h y l p r o p a n e  

or  pure  i s o b u t a n e   or  a  mixture   of  70%  argon  and  30%  i s o b u t a n e  

may  be  used.  It  is  an  advantage   of  a  counter   accord ing   to  t h e  

i n v e n t i o n ,   in  which  the  anode-ca thode   spacing  can  be  qu i te   s m a l l ,  

tha t   s l i g h t l y   e l e c t r o n e g a t i v e   gases  can  be  used.  In  use,  t h e  

gas  is  caused  to  flow  c o n t i n u o u s l y   through  the  sensor ;   the  gas  

may  need  to  be  at  a  p r e s s u r e   h igher   than  a tmospher i c   p r e s s u r e .  

I t   is  to  be  unde r s tood ,   however,  tha t   in  a  sensor   a c c o r d i n g  

to  the  i n v e n t i o n ,  t h e   gas  does  not  conver t   neu t a l   p a r t i c l e s   t o  

f a s t   e l e c t r o n s ,   as  in  a  c o n v e n t i o n a l   m u l t i w i r e   p r o p o r t i o n a l  

coun te r ,   but  p rov ides   a  medium  in  which  an  e l e c t r o n   ava lanche   and 

ion  cloud  can  be  i n i t i a t e d   by  a  f a s t   e l e c t r o n   produced  in  t h e  

cathode  of  the  device  by  a  n e u t r a l   p a r t i c l e .  

F igure   2  shows  t ha t   some  cathode  s t r i p s   are  a r ranged   w i t h  

t h e i r   l eng th   p a r a l l e l   to  the  plane  of  the  F igure ,   such  as  i n  

cathode  a r r ays   50A,  50B,  50C,  while  o ther   cathode  s t r i p s   a r e  



ar ranged   with  t h e i r   length   p e r p e n d i c u l a r   to  the  plane  of  t h e  

F igure ,   such  as  in  cathode  a r rays   50D,  50E. 

Cons ide r ing   the  former  type  of  a r ray ,   and  c o n s i d e r i n g   t h e  

s e c t i o n   of  the  F igure   to  be  a  v e r t i c a l   s e c t i o n   in  the  x-z  p l a n e  

w i th  z   being  the  c o - o r d i n a t e   in  the  v e r t i c a l   d i r e c t i o n ,   t h e n  

a l l   s t r i p s   v e r t i c a l l y   above  each  other   have  the  same x  o r  y  

c o - o r d i n a t e .   Since  the  cathode  a r rays   are  r equ i r ed   to  p r o v i d e  

on ly  x   or X  c o - o r d i n a t e s ,   a l l   the  v e r t i c a l l y - s t a c k e d   s t r i p s   can 

be  bussed,   as  i n d i c a t e d   by  the  connector   56  for  the  s tack  o f  

s t r i p s   through  which  the  s e c t i o n   is  taken;  the  connector   56  i s  

connected  to  an  e l e c t r o d e   58,  which  is  one  of  a  s e r i e s   o f  

e l e c t r o d e s   spaced,   in  the  plane  p e r p e n d i c u l a r   to  the  F i g u r e ,  

on  a  suppor t   60.  A  delay  l ine   62,  of  the  wire-wound  type,  i s  

placed  in  con tac t   with  the  e l e c t r o d e   s e r i e s .   A  s i m i l a r  

ar rangement   is  used  to  bus  s t r i p s   having  t h e i r   length   p e r p e n d i c u l a r  

to  the  plane  of  the  F i g u r e .  

A  bussed  ar rangement   allows  a  much  s impler   readout   system  t o  

be  u s e d .  

The  anode  a r rays   are  not  bussed  v e r t i c a l l y ,   because  a  s i g n a l  

i n d i c a t i n g   in  which  anode  plane  an  e l e c t r o n   avalanche  is  r e c e i v e d  

may  be  r e q u i r e d   to  give  the  z  c o - o r d i n a t e .  

S u i t a b l e   e l e c t r i c a l   readout   c i r c u i t r y   is  shown  in  Figure  3 .  

The  a r rays   of  cathode  s t r i p s   16  and  20  and  the  anode  wires  24 

are  i n d i c a t e d   s c h e m a t i c a l l y .   The  delay  l ines   18,  22  are  c o n n e c t e d  

through  r e s p e c t i v e   a m p l i f i e r s   72,  74  and  d i s c r i m i n a t o r s   76,  78,  

each  to  one  input  of  r e s p e c t i v e   t i m e - t o - a m p l i t u d e   c o n v e r t e r s   (TAC) 

80,  82,  which  supply  r e s p e c t i v e l y   t he  x   a n d  I   s i g n a l s   to  a  d i s p l a y  



uni t   84.  The  anode  a r ray   is  connected  through  an  a m p l i f i e r   86 

and  d i s c r i m i n a t o r   88  to  the  o ther   input  of  each  TAC  80,  82 .  

The  a m p l i f i e r   86  is  also  connected  to  a  l i n e a r   gate  90  b o t h  

d i r e c t l y   and  through  the  d i s c r i m i n a t o r   88,  and  the  gate  i s  

connected  to  the  d i sp l ay   un i t   84  through  a  s i n g l e   channel  a n a l y s e r  

(SCA)  92  and  delay  device  94 .  

When  a  n e g a t i v e   pu l se ,   r e f e r e n c e   96,  is  r e c e i v e d  f r o m   one  anode 

plane  as  an  e l e c t r o n   ava lanche   occurs ,   t h i s   pulse  is  used  as  a  

prompt  pulse   for  the  c i r c u i t .   The  prompt  pulse  causes  t h e  

TAC's  80,  82  to  s t a r t ;   a r r i v a l   of  the  r e s p e c t i v e   p o s i t i v e   p u l s e s  

98,  100  from  the  ca thodes   through  the  delay  l i nes   s tops  the  TAC's.  

The  TAC  output   s i g n a l s   i n d i c a t e   the  c o - o r d i n a t e s   in  the  x-y   p l a n e  

of  an  i n i t i a t i n g   n e u t r a l   p a r t i c l e   event ,   and  a  d i sp l ay   is  p r o v i d e d  

on  the  d i s p l a y   un i t   84  at  the  co r r e spond ing   p o s i t i o n   on  the  s c r e e n .  

The  prompt  pulse   also  p rov ides   a  b r i g h t - u p   pulse   for  t h e  

d i s p l a y   uni t   84,  through  the  SCA  92,  which  i n t e g r a t e s   the  t o t a l  

charge  d e p o s i t e d   in  the  counter   by  the  e l e c t r o n   ava lanche   and  a c t s  

as  a  pulse   he igh t   s e l e c t o r ,   and  through  the  delay  device  94  which  

delays   the  b r i g h t - u p   pulse   by  a  time  i n t e r v a l   r e q u i r e d   by  t h e  

d i s p l a y   system  8 4 .  

If  many  n e u t r a l   p a r t i c l e s   are  i n c i d e n t   on  the  m u l t i p l e : s e n s o r ,  

a  p i c t u r e   may  be  b u i l t   up,  e i t h e r   by  using  a  s t o r age   o s c i l l o s c o p e  

as  the  d i s p l a y   u n i t ,   or  by  use  of  p h o t o g r a p h i c   methods  or  of  a  

d i g i t a l   c o m p u t e r .  

It  is  a  p a r t i c u l a r   advantage  of  a  sensor   accord ing   to  t h e  

i n v e n t i o n   tha t   a  l a rge   sens ing  area  may  be  p rov ided ,   for  example  

of  the  order   of  one  square   metre.   Such  a  device  may  be  e x t r e m e l y  



useful   in  medical  a p p l i c a t i o n s .   For  example,  the  sensor   may  be  

used  as  a  gamma  camera  to  de tec t   gamma  r a d i a t i o n   emit ted   by  an 

organ  of  the  human  body  a f t e r   the  a d m i n i s t r a t i o n   of  99m  Technic ium 

in  s u i t a b l e   fo rm.  

An  example  of  such  an  arrangement   is  i l l u s t r a t e d   i n  

F i g u r e  4   in  which  a  gamma  camera  compris ing  a  m u l t i p l e   p o s i t i o n -  

s e n s i t i v e   n e u t r a l   p a r t i c l e   sensor   according   to  the  i nven t ion   102,  i s  

connected  through  s u i t a b l e   c i r c u i t r y   103  to  a  d i sp l ay   u n i t  1 0 4 .  

A  c o l l i m a t o r   106,  c o n s i s t i n g   of  a  lead  p l a t e   25  m i l l i m e t r e s   t h i c k  

and  having  a  matr ix   of  p a r a l l e l   open  channels   of  abou t  4   m i l l i m e t r e s  

d iameter ,   is  a r ranged  between  the  sensor   and  a  l ive   human  body  108. 

In  th i s   a r rangement ,   the  c o l l i m a t o r   106  absorbs  a l l   g a   r a y s  

which  do  not  pass  s u b s t a n t i a l l y   v e r t i c a l l y   upwards,  and  a  two-  

d imensional   p i c t u r e   of  a  gamma-ray  emi t t ing   organ  is  o b t a i n e d .  

In  another   medical  use,  i n s t ead   of  99m  Technicium,  a  p o s i t r o n -  

emi t t ing   subs tance   is  a d m i n i s t e r e d   to  a  p a t i e n t .   Two  m u l t i p l e  

p o s i t i o n - s e n s i t i v e   n e u t r a l   p a r t i c l e   sensors   may  be  a r ranged  t o  

de t ec t   the  gamma  rays  emit ted   b a c k - t o - b a c k   b y  p o s i t r o n   a n n i h i l a t i o n .  

Such  an  arrangement   is  shown  in  F igure   5  in  which  two  m u l t i p l e  

sensors   accord ing   to  the  i nven t ion   110,  112  are  spaced  above  and  below 

a  l ive   human  body  114.  The  sensors   are  connected  through  s u i t a b l e  

c i r c u i t r y   116  to  a  d i s p l a y   uni t   118  in  such  a  way  tha t   only  c o i n c i d e n t  

gamma  rays  are  d i sp l ayed   and  a  r e c o n s t r u c t i o n   of  the  d i s t r i b u t i o n   o f  

the  p o s i t r o n   emi t t ing   subs tance   wi th in   the  l ive   human  body  is  e x h i b i t e d  

on  the  d i sp l ay   uni t   122  by  means  of  a  s u i t a b l e   c o m p u t e r .  



1.  A  method  of  sens ing  the  p o s i t i o n   of  a  n e u t r a l   p a r t i c l e  

c h a r a c t e r i s e d   by  compris ing  r e c e i v i n g   the  p a r t i c l e   in  one  o f  

two  spaced  p a r a l l e l   cathode  a r r a y s ,   each  compris ing  a  

p l u r a l i t y   of  metal  s t r i p s   a r ranged   a d j a c e n t   and  edge  t o  e d g e ,  

the  s t r i p s   in  one  a r ray   being  o r thogona l   to  the  s t r i p s   in  t h e  

o ther   a r r ay ,   the  metal  of  which  the  cathode  a r r ays   are  formed 

being  such  tha t   the  n e u t r a l   p a r t i c l e   is  conver ted   to  a  f a s t  

e l e c t r o n   which  escapes  from  the  c a t h o d e ;  

r e c e i v i n g   the  f a s t   e l e c t r o n   in  a  gas  between  the  two  c a t h o d e  

a r rays   and  c o n v e r t i n g   the  f a s t   e l e c t r o n   to  ions  of  the  gas  and 

secondary   e l e c t r o n s i  

c o n v e r t i n g   the  secondary   e l e c t r o n s   to  an  ava lanche   of  e l e c t r o n s  

and  p o s i t i v e   ions  between  the  two  cathode  a r r a y s ;  

and  sens ing   in  at  l e a s t   o n e  s t r i p   of  each  cathode  a r ray   t h e '  

p resence   of  an  e l e c t r i c a l   charge  induced  by  the  e l e c t r i c a l   f i e l d  

su r round ing   said  p o s i t i v e   ions  in  the  a v a l a n c h e .  

2.  A  p o s i t i o n - s e n s i t i v e   n e u t r a l   p a r t i c l e   sensor   compris ing  two 

spaced  p a r a l l e l   ca thode  a r r ays   (10,  12)  each  compris ing  a  p l u r a l i t y  

of  metal  s t r i p s   (16,  20)  a r ranged   a d j a c e n t   and  edge  to  edge,  t h e  

s t r i p s   in  one  a r r ay   being  o r thogona l   to  the  s t r i p s   in  the  o ther   a r r a y ,  

c h a r a c t e r i s e d   in  tha t   the  metal  of  which  the  cathode  a r rays   a r e  

formed  is  such  tha t   an  i n c i d e n t   n e u t r a l   p a r t i c l e   is  conver ted   to  a  

f a s t   e l e c t r o n   which  escapes  from  the  c a t h o d e ;  

means  (17,  19)  for  connec t ing   each  s t r i p   of  each  cathode  a r r a y  

t o ' a   known  e l e c t r i c a l   p o t e n t i a l ;  



an  anode  a r ray   (14)  between  and  p a r a l l e l   to  the  c a t h o d e  

a r r ays   and  compris ing  a  p l u r a l i t y   of  spaced  wires  ( 2 4 ) ;  

and  means  (26,  28)  for  connec t ing   a l l   of  the  wires  of  t h e  

anode  a r ray   to  a  source  of  e l e c t r i c a l   p o t e n t i a l .  

3.  A  m u l t i p l e   p o s i t i o n - s e n s i t i v e   n e u t r a l   p a r t i c l e   s e n s o r  

c h a r a c t e r i s e d   by  compris ing  a  p l u r a l i t y   of  sensors   (50,  52) 

accord ing   to  Claim  2  a r ranged  with  at  l e a s t   one  c a t h o d e  

ar ray   
in  each  sensor   c l o s e l y   ad j acen t   the  cathode  a r ray   o f  

another   sensor ;   and  means  (66,  68)  for  supplying  a  gas  t o  

the  volume  around  each  anode  a r r a y .  

4.  A  m u l t i p l e   p o s i t i o n - s e n s i t i v e   n e u t r a l   p a r t i c l e   s e n s o r  

accord ing   to  Claim  3  in  which  the  s t r i p s   of  the  c l o s e l y  

a d j a c e n t   cathode  a r r ays   are  suppor ted   on  oppos i t e   faces  o f  

a  th in   layer   of  a  p l a s t i c s   m a t e r i a l   and  are  in  the  same 

or thogona l   d i r e c t i o n .  

5.  A  m u l t i p l e   sensor   accord ing   to  Claim 4  for  s e n s i n g  

X-rays  having  an  energy  of  app rox ima te ly   60  keV  in  which  each  

cathode  a r ray   comprises   a  p l u r a l i t y   of  copper  s t r i p s   5 - m i c r o n s  

t h i c k .  

6.  A  m u l t i p l e   sensor   accord ing   to  Claim 4  for  sensing  gamma 

rays  having  an  energy  of  a p p r o x i m a t e l y  1 4 0   keV  in  which  each  

cathode  a r ray   c o m p r i s e s  a   p l u r a l i t y   of  t in   s t r i p s   12.5  m i c r o n s  

t h i c k .  

7.  A  m u l t i p l e  s e n s o r   accord ing   to  Claim 4  for  sensing  gamma 

rays  having  an  energy  of  app rox ima te ly   510  keV  in  which  e a c h  

cathode  a r ray   comprises   a  p l u r a l i t y   of  lead  s t r i p s   125  microns  t h i c k .  



8.  A  m u l t i p l e   sensor   accord ing   to  Claim 4  for  sens ing  t h e r m a l  

neu t rons   having  an  energy  of  app rox ima te ly   100  MeV  in  which  

each  cathode  a r ray   comprises   a  p l u r a l i t y   of  g a d o l i n i u m  

s t r i p s   10  microns  t h i c k .  

9.  A  p o s i t i o n - s e n s i t i v e   n e u t r a l   p a r t i c l e   sens ing   s y s t e m  

c h a r a c t e r i s e d   by  compris ing  a  m u l t i p l e   sensor   (16,  18,  20,  22,  24) 

accord ing   to  any  one  of  Claims  4  to  9,  and  means  (74,78,   82)  f o r  

sensing  the  p resence   of  an  induced  e l e c t r i c a l   charge  in  at  l e a s t  

one  s t r i p   in  each  cathode  a r ray   of  at  l e a s t   one  sensor   and  f o r  

p rov id ing   an  output   s igna l   r e p r e s e n t i n g   an  o r thogona l   p o s i t i o n  

in  the  at  l e a s t   one  s e n s o r .  

10.  A  system  accord ing   to  Claim  9  f u r t h e r   compris ing  d i s p l a y  

means  (84)  a r ranged   to  p rov ide   an  o r thogona l   d i s p l a y   for  each  o f  

a  m u l t i p l i c i t y   of  r e c e i v e d   p a r t i c l e s .  

11.  A  camera  s e n s i t i v e   to  gamma  rays  or  X-rays  c h a r a c t e r i s e d  

by  compris ing   a  p o s i t i o n - s e n s i t i v e   n e u t r a l   p a r t i c l e   s e n s i n g  

sy s t em (102 ,   103)  accord ing   to  Claim  9  or  Claim  10,  and  a  

c o l l i m a t o r   (106)  a r ranged   to  allow  passage  of  gamma  rays  o r  

X-rays  only  in  a  d i r e c t i o n   s u b s t a n t i a l l y   p e r p e n d i c u l a r   to  t h e  

p lanes   of  the  cathode  a r r a y s .  

12.  A  camera  s e n s i t i v e   t o . p o s i t r o n s   c h a r a c t e r i s e d   by  c o m p r i s i n g  

two  spaced  p o s i t i o n - s e n s i t i v e   n e u t r a l   p a r t i c l e   sens ing   s y s t e m s  

(110,  112)  a c c o r d i n g  t o   Claim  9  or  Claim  10,  and  c o i n c i d e n c e  

sens ing   means  (116)  a r ranged   to  sense  the  s imu l t aneous   a r r i v a l  

of  a . n e u t r a l   p a r t i c l e   in  each  sens ing   s y s t e m .  














	bibliography
	description
	claims
	drawings
	search report

