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I t e p e r t l e n t  o f  A p p l  i c d  M a t h . r a t  i c a  t  A s t r o n o l y
U n i v c r s i t y  C o l  l c g e ,  C a r d i f f  C F I  l X L .  t { a l e s  U X

t , t  6O -a A ' /OOOL,  -cr ; -  r<

S u t r a r v

T h e  c o i n c i d c n c e  p r o b a b i l i t i e s  f o r  a  n e t r o r k  o f  L t s c r

l n t c r f e r o r e t r i c  G r a v i t a t i o n a l - l l a v e  d e t e c t o r r ,  o b s e r v i n g

b u r ! t a  f r o l  c o a l e s c i n g  b i n a r y  3 y ! t e a s  c o n t ! i n i n g  n e u t r o n

s t a r s  o r  b l a c k  h o l e s ,  ! r e  c a l c u l a t e d  b y  d e v c l o p i n g  t h c

t b e o r e t  i c a l  r e ! u l t s  d e d u c e d  i n  e  p r e v i o u s  p r p e r .  A f t e r

d e r i v i n g  t h e  f o r r u l a  f o r  t h e  s i n g l e - d e t e c t o r  a n t e n n c  p c t t e r n

h  f o r  p l a n e - H a v e s  f r o r  b i n o r i e s ,  w e  c a l c u l a t e  t h e  s i n 6 l e -

d e i e c t o r  d e t c c t i o n  p r o b a b i l i t y  a c  y c l l  a s  d o u b l e ,  t r i p l e  a n d

q u a d r u p l e  c o i n c i d e n c e  r a t c s  f o r  I  i k e l y  d e t e c t o r  l o c a t  i o n 3  i n

U S A  a n d  E u r o p e .  l l c  f i n d  t h a t  p r o p o r e d  d e t e c t o r r  r o u l d  b e

a b l e  t o  3 e e  e v € n t 3  f r o r  s o u r c e s  o u t  t o  5 5 0  l l p c  u i t h  o

p r o b a b i l i t y  g r e a t e r  t h a n  8 0 1  r h e n  r o r k i n g  a t  t h c i r  e x p e c t r d

s e n s  i  I  i  v  i  t  i  e s .

I n  c o i n c i d e n c e  e x l ' e r i a e n t s  r i t h  i w o .  t h r r . r .  o r  f o u r .

d c t e c l o r g  t h e  c o i n c i d e n c e  p r o h a b i l i t i e s  d e c r e c g e  l o .  l

l y l , i c n l  v a l u e  o f  7 0 i  f o r  d o u b l e  c o i n c i d e n c e s ,  G : t t  f r , r .  l r i t r l r .

a n d  5 7 i  f o r  q u a d r u p l e .  T h i s  a l  l o r s  u s  t o  c a l r . u l n l e  t h *  r e a n

n u l t r e r  o f  < ' o i n c i d e n r . e s  F e r  u n i i  l i r i e  f o r  c < , a l t , s t . i n g  ( - o r p n ( .  1

h i n a r i e s  t r u t  l o  a  g i v e n  d i 3 t 6 n c e .  .
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I  .  l n t  r o d u c t  l o n

S l n c e  t h c  c a r l y  c r p c r l t r a t t  o f  J o r c p h  | | c b . r . t  t h c
U n l v . r a i t y  o f  | ' l a r y l a n d r  r o r k  o n  t r . v l t a t l o n a l  r a v c  d c t c c t o r t

h a r  l o n j  b c c n  t o t i v a t c d  b y  t h c  c x p c c t ! t l o n  t h a t  . u p . r n o v .

o x p l o r l o a t  a r c  t h .  t o r t  i r p o r t e n t  e n d  i n t c r c r t l n S  c v c n t r  f o r
t b c  d ? t c c t o r .  t o  a c . .  l h i l c  t h c e c  t a y  r t i l l  g r o r c  t o  b c

i . p o r t i n t  . o u r c G . .  t h c r c  l r  . t i l l  l r c c t  u n c c r t a l o t y  r b o u t
t b c  l i L c l y  r t r c n t t b  o f  t b c  r c v c r  t b c y  p r o d u c c .  l n  r e c c n t
y . a r a  I  o c r  c l a r r  o f  g r t v l t e t i o n o l  r r v c  a o u r c e  b r r  b c j u n  t o
o c c u p t  I  c c n t r e l  p t l c c  i n  t b c  t h i n t t n l  o f  c r p c r i r c n t a t  r n d

t h c o r c t l c e l  r c l ! t i v i r t a :  t h c  c o e l c r c c l c c r  o f  c o r p a c t
b i n . r l a a  ( c o n t r i n i n j  n G u t r o o  e t a r r  o r  b l r c k  h o l c e  )  .  T h c y
r c r c  f l r . t  d i . c u r t c d  b y  C l e r l  a n d  E c r d l y  ( 1 9 ? ? ) .  b u t  i t  r a r

I i p  ? h o r n c  r h o  f i r r t  p o i n t e d  o u t  t h c i r  i r p o r t c n c c  f o r  b r o a d -

b r n d  L r t c r  l n t e r f e r o r c t r i c  G r a v i t a t i o n e l - | f t v c  O b s c r v t t o r i c s
(  L I G O .  )  .

A l t h o u l h  p o e e i b l y  y c a k c r  t h e n  t h e  y a v e !  f r o l
r u p " r n o v ! c r  t h o c e  f r o t  c o a l e l c i n g  b i n a r i : s  h a v e  a  u n i q u e
r i ; n a t u r c  t h a t  c n t b l c e  t h c t  t o  b c  G r t r a c t e d  f r o r  w i d c - b a n d

d e t a  b y  d i a i t a l  f i l t c r i n j  t c c h n i , q u " s  ( c c e  T h o r n e  l g B ? ,
S c h u t r  1 9 8 6 ,  l l c r c y  1 9 8 6 ) .  T h i r  c i j n a t u r c  i r  t h c i r  a c c e t c r -
. t i n !  a r . c p  u p r a r d t  i n  f r e q u e n c y  a a  t h e  b i n a r y  o r b i t  d c c a y s .

S i n c c  t h c  l i l n a l  f r o r  a  a u p e r n o v !  i c  t h o r t - l i v e d  ( a n d  h a r d
t o  p r c d i c t ) ,  c o a l c r c l o (  b i n a r i c r  b c y c  t h "  a d v t n t a 6 e  o v ? r
s u p e r n o v . a  i a  i i a n a l - t o - n o i r c  r a t i o  b y  r  f . c t o r  d e p e n d i n g  o n
t h a  t g u r r a - r o o t  o f  t h c  r t t  i o  b c t r . e n  t h e  c o r r c c p o n d i n g

n u r b c r  o f  c y c l c r  i n  t b c  r a v e  t r ! i n .  ( r e e  T h o r n e .  l g B ? ) .
? h i r  i r  I n  f a c t  t h c  c n h a n c e . . n t  i n  e f f c c t i v c  e i g n a l  t h t t  t h c

a r p c r i r c n t e r r  r i  I  I  a c h i c v e  b y  o p t i r a l  r i l n a l  p r o c c r r i n g  i n
t b e i r  a G a r c h  f o r  t h c r c  f r c q u c n c y - c r c e p i n g  b u r r t a .  T h c  k c y
t o  b c i n g  e b l c  t o  t a l c  e d v a n t a l c  o f  t h i r  i r  t h c  c o n f i d c n c c
r i t b  r h i e h  r G  c . n  p r a d l c t  t h c  r c v c  f o r r .  E e c a u t c  t h c  b i n t r y

. y . t c .  r p c o d r  r o r c  t i r c  i n  t h c  l o r - f r e g u c n c y  p a r t  o f  t h c

. r c e p  t h t n  i n  t h c  h l j h - f r c g u c n c y  p a r t  o r  i n  t h e  f i n e l
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c o a l c r c c n c c ,  ! n d  b G c l u r c  j r e v i t y  y a v c  d c t e c t o r l  h a v e  l c r r
a r p l l t u d c  n o l . G  . t  l o r  f r : q u c n c i e r  ( - 1 0 0  f f z )  t h a n  a t  h t j h
( > 1 0 0  H z )  ( r c c  l l o u g h  e t  e r . ,  l 9 g 6 ) ,  i t  r i l l  b c  c e r i c r  f o r
d c t G c t o r .  t o . G c  t h c  t c r t o n i a n  r c t i r c  o f  t h c . r c . p  t h l n  t h c
p o r t - I c r t o n i a n  o n c .  l n  t h e  l l c r t o n i ! n  r . a i r c ,  i f  r c  o r i c n t
t h e  r a v e ' r  p o l a r l z c t i o n  e x e t  a l o n j  t h e  a r c r  o f  t h c  p r o j c c -

t l o n  o f  t h c  o r b l t a l  p l a n c  o o  t h c  . l y .  t h c n  t h c  r a v c ' r
a r p l i t u d c r . . . u . .  t h c  f o l l o v i n j  f o r r ,  ( u n i t . :  c :  G  =  l )

h .  .  
t (  l + c o r l i ,  ( B / . r ( n i l f )  : / r c a 3  ( 2 n f I l

h x  =  , t  4 c o a i  ( u / r )  ( n l l f  l 7 /  z s i n ( 2 r r t t )

r h c r e  i  i .  t h c  r n t l c  o f  t h c  i n c l i n a t i o n  o f  t h c  o r b i t  t o  t b e
l i n e - o f - r i t h t  o f  t h c  d c t c c t o r :  l l . n d  !  e r c  t h e  t o t ! l  e n d
r e d u c e d  l a ! a G . ,  r  t h c  a b r o l u t c  d i r t r n c c  t o  t h c  b i n a r y  a n d  f
t h e  f r c q u e n c y  o f  t h c  u l v c r  ( c q u a t  t o  t r i c e  t h c  o r b i  t a l
f r c q u e n c y ) ,  ( e e e  T h o r n c ,  l g B ? ) .

f r o r  !  ! t u d y  o f  t h c  y a v c  f o r r  ( l . l . A )  b y  u s i n g  a
n c t r o r k  o f  b r o a d - b a n d  d c t c c t o r t  l o c a t c d  ! t  d i  f f . r c n t  p l ! c . s
o n  t h c  f , ! r t h ,  F G  c a n  i n  p r i n c i p l c  d c d u c c  t h c  f o t  l o r i n g
i n f o r r a t j o n :  ( i )  t h a  d i r c c t i o a  t o  t h e  , o u r c . ;  ( i i )  t h c
i n c l i n a t i o n  o f  t h e  o r b i t  t o  t h c  l i n c - o f - e i g h t ;  ( i i i )  t h c
d i r c c t i o n  t h c  r t a r e  t o v .  i n  t h c i r  o r b i t :  ( i v )  1 1 r .  c o . _
b i n a t i o n  t , l 2 / a  o f  t h e  r c d u c e d  a n d  t o t a l  r ! l r c . ;  ( v )  t h c
d i ! t r n c c  r  t o  t h e  a o u r c c .  I n  p r r t  i c u l a r  i n  c o i n c i d c n c c
c r p c r i r c D t r  r i t b  f o u r  d e t c c t o r r  i t  r o u l d  b e  p o r e i b l c  t o  t c r t
E i n . t c i n ' e  p r c d i c t i o D .  r c t ! r d i n t  t r e v i t ! t i o n . l  r e v c  p o l a r -
i z a t i o n :  f o u r  d c t c c t i o a t  o v e r  d c t e r r i n e  t b .  . o l u t i o n  f o r  a
t r a n r v c r o c l y  p o l a r i r c d  q u a d r u p o l c  w . v c r  ! o  a n y  i n c o n r i . t c n c y
. r o n g  t h c  d a t a  r o u t d  b c  c v i d c n c c  f o r  o t h c r  p o t a r i z a t i o n
. t . t c . .  S e e i d c c  t h i r  i . p o r t . n t  p o i n t ,  S c h u t z  (  l 9 g 6 )  h a r
a h o e n  f r o l  a  d e t ! l l € d  a n a l y r i e  o f  t b e  c x p c c t c d  n o i c c  i n
f u t u r c  L I G O r  t b a t  i t  r o u l d  b e  p o r r i b l c  t o  o b t . i n  a  r i 3 n i f i -
c a n t l y  b c t t a r  v a l u c  f o r  t b c  f , u b b l c  c o n r t a n t  t h a n  n o t  r c
h e v e .

( l . l )

( t . 2 t

A l t b o u g h  i t  i r  p o r e i b l c  t o  p r c d i c t  t h c  l h r p c  o f  t h e
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! i t n . I  r i t h  a r c . t  c o n f l d c n c G ,  t h c r c  i r  c o n r i d c r a b t e

u n c c r t a i a t y  a b o u t  t h c  r c t e  o f  c o a l c r c c n c c  e v e n t . .  C l a r k ,
v a n  d c t  f , e u v c l  a n d  S u t ! n t y o  ( l g ? g )  h a v e  r r t l r a t e d .  f r o r
t L u t r o n  a t . r  o b r c r v a t i o n t  i n  o u r  o r o  6 a l a x y ,  t h a t  t o  r c c
t h r c "  c o a l c r c c o c c e  o f  n c u t r o D - a t ! r  b l n a r i e r  p c r  y c a r  o n .
. u . t  l o o l  o u t  t o  a  d i r t a o c c  o f  - 1 0 0  l l p c .  f , c c c n t  i r p r o v e -
. " n t .  i D  t b .  r t r t i e t i c r  o f  n c u t r o t  . t ! r  b i n . r i c r  r c l n f o r c c r
t b l .  c o a c l u r i o n  b u t .  a t  t b c  . . . r  t  i r c .  . h o r .  t h . t  t h i r
n u r b c r  . i t h t  b c  d r a r t i c r l l y  c h e n g c d  b y  p l a u r l b l c  . . t r o -
p h y . i c a l  r c c n c r i o r .  t o  r h a t  f o l l o s r  r €  r h a l l  ! d o p t  t h c
f i j u r c  o f  t h r c c  p . r  y c . r  o u t  t o  1 0 0  l l p c ,  b c r r l n a  l n  r i n d  l t e
u D c a r t a i n t y .

l n  t b i e  p . p c r  r G  r b a l t  c t t c u t r t c  t h c  c o i n c i d e n c e
p r o b r b i l t t i . .  f o r  c  n c t r o r k  o f  l n t e r f c r o r c t r l c  d c t c c t o r r
o b r e r v i n !  b u r a t a  f r o t  c o a l c r c i n l  c o t p . c t  b i n a r i c r ,  b y
e r t c n d l n a  t h c  i n v e t t i a r t i o n  b ? a u n  i n  t h c  p r c v i o u r  p a p e r r  b y
S c h u t z  E  ? i n t o  ( 1 9 8 ? )  e n d  ? i n t o  ( l 9 g ? ) ,  r e f c r r c d  t o  a r  p a p c r

I  c n d  I  I  r G . p c c t  i v c l y .  t n  I  r c  d e d u c c d  e  r c t a r k a b l c
r e l t t  i o n r h i p  b " t f ? c n  t h e  ; c o r c t r i c a t  f a c t o r t  e f f c c t  i n g  t h e
r c r p o n . e .  o f  t f o  d e t e c t o r t  r o r k i n ;  i n  c o i n c i d e n c e  a n d  t h e i r
t h r c r h o l d r .

r r  p r o v c d  t h a t  t h e  l c a n  o v e r l a p  o f  t h c  r q u a r e d
r o d u l u r  p r o d u c t  o f  t y o  d i f f c r c n t  a n t G n n .  p a t t c r n .  c q u a l r  t h c
e v c r c l c  o f  t h e  c o i n c i d e n c e  p r o b a b i l i t y  C  o v c r  a l l  t h r e r -
b o l d r .  ) y  . t u d y i n t  t h c  l c o r c t r i c a l  p r o p c r t  i c r  o f  t h i r
f u n c t i o n  f o r  l a v c r a l  p t l r r  o f  t i l e l y  d c t c c t o r  l o c a t i o a t  r c
d e d u c c d  r r t u c r  f o r  t h c  o r l € n t ! t l o a r  o f  t h c  i n r t r u r c n t .  t h ! r
. . x i r i r .  a c a n  c o i o c i d e n c e  r a t c .  a o d  r c . h o r l d  t h a t  t h e r c
c n ; l c r  r r c  i n r c n r i t i v c  t o  r h c t h c r  t h a  r ! v G  i r  l i n c e r l y  o r
e l l i p t l c r l l y  p o l r r i z a d ,  ( . c e  f o r  d c t a i l r  I  a n d  I I ) .  t n
p a p . r  I  r c  p o i n t c d  o u t  t h . t  t b c  r c l a  c o l n c i d c n c c  p r o b c -
b i  I  i  t y ,  d c f l r e d  . .  t h c  r v c r a l e  o f  t b c  c o i n c i d c n c e  p r o b e -

b i l i t y  o v G r . t l  t b r c r h o t d . ,  d o e .  D o t  a i v G  e  f a i r  i n d i c . t i o h
o f  t h e  t y p i c r l  p r o b c b t  t  l t y  f o r  t r o  d c t c c t o r e  o f  r c j i r t e r i n g
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t h e  r a r c  b u r r t .  T h c  c o n c i d c n c c  p r o b a b i l i t y  d c p c n d r  o n  t h c

t h r c r h o l d r  o f  t h c  i n s t r u r c n t r .  l n  t h i r  p l p c r  r l e  r h e l  I

d e v c l o p  . D  ! l a o r l t h t  f o r  c a l c u l a t  i n g  t h c  f u l  t  c o i n c i d c n c e
p r o b a b i l l t y  f o r  b r o a d - b a n d  d c t c c t o r ! ,  ! t  r c v c r a l  r i d c l y

r p e c c d  l o c a t i o n r  o n  t h c  c a r t b ,  ! 3  a  f u n c t i o n  o f  t h c l r

t h r c r h o l d r  r G l a t i v e  t o  t b :  a r p l i t u d c  o f  t h r  y a v c .  l l c r c  r e

b r i c f l y  e u r l a r i l c  o u r  r e t b o d .

t n  9 2  r c  r r i t c  t b c . n r l y t i c ! l  c x p r c r r i o n  f o r  t b c

an t cnno  p . t  t e rn  t l  f o r  r . v ca  f r o r  coa l c re i ng  coap l c t

b i n a r t c r .  T b t r  f u n c t i o n  d c p c n d r  o n  t h ?  . o u r c a  . n a l .  ( c ; a ) .

t h c  p o l a r i z . t  i o n  r n t l G  o f  t h c  r e v c  g .  t h c  i n c l  i n a t  i o n  i  o l

t h c  a n 6 u l a r  t o r c n t u l  o f  t h e  b i n a r y  t o  t h e  I  i n c - o f - r i 1 h t  o f

t h c  d a t c c t o r  a n d  t h c  r n i l c !  ( c t  F ;  / )  r c p r e r c n t i n 3  t h c

o r i c n t a t i o n ,  l a t i t u d c  a n d  l o n t i t u d e  o f  t h c  d c t e c t o r ,

A f t c r  r c c a l l i n 3  t h c  t h c o r c r  p r o v c d  i n  p . p . r  I  f o r  t h c

r e a n  c o i n c i d c n c e  p r o b a b i l i t i c t  ( e C ,  ( 2 . 8 )  b e l o r ) ,  r c  p o i n t

o u t  t h r t  f u t u r e  L I G O a  r o u l d  b c  a b l e  t o  r e c  c o a l c r c i n g

c o . p . c t  b i n c r i c e  x i t h  r i g n r l - t o - n o i ! c  r a t i o r  l a r j c  c n o u j h  t o

c n h a n c c  c o n r i d c r a b l y  t h e  r c a l  c o i n c i d e n c e  p r o b a b i l i t i c s  r i t h

r c r p e c t  t o  t h e  c o r r c c p o n d i n a  r " a n  v a l u e c  c a l c u l a t c d  i n  I  a n d

t I .

l n  9 3  r c  c v a l u a t e  t h c  t i n g l e - a n t c n n a  d c t c c t i o n
p r o b a b i l i t y  ! r  r e l l  a !  t h c  d o u b l e ,  t r i p l e  a n d  g u a d r u p l c

c o i n c i d e n c c  r a t c .  i n  t c r . .  o f  t h e  d c t c c t o r a ,  t h r c t h o t d e

r c l c t  i y c  t o  t h c  r r p l i t u d c  o f  t h c  y a v c .  | | e  t a k c  r l  d c t c c t o r a
I n  t h . l r  p r o p o r c d  l o c r t i o n r :  C a l i f o r n i a ,  i l r i n c ,  S c o t l e n d  e n d
l r v r r l t .  A  f i f t h  d c t c c t o r  t a y  b c  b u i l t  i n  F r a n c c .  b u t  r c  d o
n o t  i o c l u d c  t h t t  h c r c ,  | | c  f i n d  t h a t  i n  t h c  e x p c c t c d  r e n 3 c
o f  t h r c r h o l d r  t r i p l c  c o i n c i d c n c a  p r o b a b i l i t i c a  f o l l o r

r c r r o n a b l y  r c l l  d o u b l c  c o i o c i d c n c e  r . t c .  b u t  a r c  a b o u t  l 0 l
b c l o r  t h c r .  r r d  t h a t  g u c d r u p l c e  r i t i l a r l y  f o l l o r  t r i p l c r

r i t h  r  f u r t h e r  d r o p  o f  a r o u n d  5 t .  P h y r i c a l l y  t b i e  i r  d u c  t o

t b c  f r c t  t h a t  t h c  t r o  E u r o p c a n  d c t c c t o r r  r i l l  l i c  o n  r o u j h l y

t h c  r a r c  t . n J c n t  p l i D G  t o  t b c  o a r t h .  T b c r c f o r c .  a  t r l n r -
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. t l a n t i c  d o u b l c  c o i n c i d c n c c  r i l l  u r u a l l y  b c  a  t r i p l c  a n d  a
c o i n c i d c n c c  i a v o l v i n a  t h c  t r o  A t c r i c c n  d e t e c t o r t  a n d  o n a
D u r o p c r n  o n c  r i l l  l a n c r r l l y  i n v o l v c  t h c  f o u r t h  d c t c c t o r  a a
r c l  l .  l n  1 4  r c  d l r c u r r  t h c  r c r u l t  r n d  c o n c l u d c  t h a t  !
n c t v o r l  o f  f o u r  l a r l c - r c r l c  l a r e r  i n t c r f G r o r a t r i c

t r r v i t r t l o n . l  r e u c  d c t c c t o r r .  r o r k i n 3  a t  t h c i r  o p t l t u t
. c n . l t l v l t a . ,  r i l l  h a v c  a  p r o b o b l l l t y  j r c t t c r  t h a n  6 0 t  o f
d e t c c t l ! t  r i r u l t a o c o u r l y  b u r r t r  f r o t  c o l p . c t - n c u t r o D - a t ! r
b i n a r i c t  o u t  t o  5 5 0  t l p c .

2 ,  l n t e n i a  p r t t . r p l  f o r  r . v c a  f r o l  !  b i n . r v  . v a t . t

t b c  r G . p o n . .  o f  . n  i o t a r f c r o . G t r i c  d c t G c t o r  o f

a r e v i t r t i o n a l  y c v c r  c o n r i e t r  b a r i c a t l y  o f  t h c  c h ! n ! .  S t l 9 o
i n  t h c  r a l a t i v c  l c n l t h  o f  t h c  t r o  . r . ! .  I t e  e n e l y t i c a l
c r p r c a . i o n  h t r  b e e n  d c d u c c d  i n  I  f o r  p l a n c  r a v e r  a n d  i n  t h e
l o n g - r r v c l e n ; t h  a p p r o x i r a t i o n  ( r c d u c e d  r a v c l c n j t h  ^ / Z n  >
a r r - l ? n a t h  , o ) .  T h e  g e n e r a l  c x p r c e . i o n  r e y  b e  r r l t t c n  a s
f o l l o r r :

v . � a i  a i 9 { 4 5 '  }  r ,  . i s l  .
x J

( 2 .  1 )
r h e r c  J  i t  t h c  i r a g i n a r y  u n i  t .

l o r  e  d c r i v a t i o n  o f  t h :  f u n c t i o n  E ,  i t t  p r o p e r t i e e

a n d .  c o a p l c t c  d c r c r i p t i o o  o f  t h c  t € o r € t r y  i n v o l v e d  r c  r c f c r
t h e  r c r d c r  t o  9 ( 2 - 3 )  o f  I .  n c r c  r c  o n t y  p o i n t  o u t  t h a t :

i  )  2 0  i r  t h e  ! n ! l c  b c t r c c n  t h e  t r o  . r r l  o f  t h a
i  n t c r f c r o r c t . r  (  r c €  f i r u r c  I  )  ;
( i i )  t b c  p . r r . c t . r .  d ,  B  e n d  y  l r c  r e t p e c t i v c l y  t h e  a n g l e
b . t f c . n  t h c  d i r c c t i o n  o f  t h c  d c t . c t o r  b i l e c t o r  e n d  t h c  l o c a l
r e r i d l a o .  t b c  l a t i t u d c  a n d  l o n a l t u d .  o f  t h e  d c t e c t o r  o n  t h e
S a r t h  ( r c c  f l t u r c e  l - 2 ) ;

( i f t )  ( c . O )  l o d  I  l r c  e r r o c i r t c d ,  r . r p c c t i v e l y .  t o  t b c
d i r c c t i o o  o f  t b c  i n c o t l a g  y a v c  c n d  t b e  t n c l l n . t l o n  o f  t h e

8

r x c r  o f  t h c  p o l r r l z . t i o n  c l l  1 p . . .

( i v )  h 1  a n d  h y  c r c  t h e  a r p l l t u d c e  o f  t h c  t r o  i n d c p c n d c n t

p o l . r l r r t i o n  . t . t c r  ( r c f e r r c d  t o  t h c  o r i e n t a t l o n  e n t l c  g ) ,

l t t d  I  l r  t h c  p h a r c  l a g  o f  o n c  p o l e r i z r t l o D  r i t h  r c r p e c t  t o

t h c  o t h c r .

l f  t h c  r a v c  i c  r l d i a t c d  b y  a  c o a r l G . c t n t  c o r p . c t -

b l n t r y ,  t h e  r a v c ' r  t r o  a r p l i t u d c t  h a .  h ,  a n d  t h c l r  r c l e t i v e

p h . r e  3  . . y  b c  r r i t t . n  . .  f o l  l o r r  i n  t h c  l l e r t o n i a n

. p p r o x i . r t i o n :  ( T h o r n c ,  1 9 8 ? )

S e  a

r h c r c  i  l a

r o u r c c  t o

t o :

| '  .  I  . -  2 .
i  t  h *  =  

i  
(  l + c o e - i  ) h l  h x  =  c o . (  i  ) h  ( 2 . 2 1

t h c  i n c l  i n e t i o n  o f  t h e  . n a u l . r  l o l c n t u r  o f  t h e

t h c  l i n e - o f - ! i ! h t  o f  t h c  d c t c c t o r  a n d  h  i e  e q u c l

n = o I f l [ * r l " '  ( 2 . 3 )

i !  
=  . t n r o [ r r o , r ,  v - . i c i v ) h .  +  E ( c i F :

s b e r e  l l  ! n d  g  a r c  t h c  t o t a l  a n d  r e d u c e d  a l a . c r r  r  t h c

a b a o l u t c  d i r t a n c c  t o  t h c  b i n a r y  a n d  f  t h c  f r c q u c n c y  o f  t h e

r a v e  ( T h o r n c ,  1 9 8 ? ) .  l l o t i c e  t h a t  h  i c  t h e  r a x i r u l  p o e r i b l e

a r p l i t u d c  o n a  c ! n  r c c c i v e  f r o t  t h c  s o u r c c :  f o r  a o ! t  c v c n t ! ,

t h c  a n 3 u l a r  f a c t o r e  i n  E q .  ( 2 . 2 )  r i l l  r c d u c a  t h c  o b r c r v c d

a r p l i t u d c  b c l o r  h .  F r o r  E q .  ( 2 . 2 ' )

f o l l o r i n 3  f o r r  f o r  l h e  c n C e n n d  p c t t e r n

8 t  f  F  2n  .  t ; 8 .  :  r i n 2 o l  i  t t + c o r ' i )  r

v h c r c  x c  h a v c  d r n o t c d  v i  t h  E  t n .

c i  9 + 4 5 ' )  .

v e  e a l i l y  d c d u c c  t h c

n :

_1
j  c o r i  E J (2  .  4 ' � )

f u n c t i o n  E ( c ; t ; ) r - a :

T b c  r i z c  o f  t h e  d c t c c t o r ' r  r e r p o n e c  d e p e n d e  n o t  o n l y

o n  t h c  S e o r c t r l c r l  f e c t o r .  r c n t i o n c d  i n  p o i n t e  ( i i )  a n d
( i i i )  b u t  a l r o  o n  t h c  l c v c l  o f  n o i r e  a n d  i t s  r t c t i e t i c a l

d i r t r l b u t i o n .  l n  p r . c t i c .  e  v a r i e t y  o f  n o i e c  r o u r c c r  r i l l

. G t . [ : f f e c t i v c  t h r c r h o l d  ( 8 9 / t o ) r  o n  t h c  l c v e l  o f  r c . p o n . c
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S l l l o  t h a t  c e n  r c l i a b l y  b c  d i r t l n S u i r h c d  f r o r  n o i r c  d u r i n S  a

; i v c o  o b r c r v e t i o n  t i r c .  A c c o r d l n l  t o  t h c  h y p o t h c e l r  r a d e  i n

l .  r c  r h a l l  a r r u r c  t h . t  ! n y  ( S i l l o )  l a r g c r  t h a n  ( 3 ? / l q ) 1  i r

d c t c c t c d  c a d  a a y  r r a l l e r  o n c  l r  l o r t .

I o  p e p c r  I  r e  b a v c  b c c n  r b l c  t o  p r o v e .  r c l l t i o n r h i p

b c t r c c n  t h a  t c o . G t r l c ! l  f r c t o r r  ! f f a c t l n a  t h c  r e r p o a r c  o f

t h c  d c t c c t o r  a n d  l t r  t b r c r b o l d r  r c l t t i v c  t o  t h e  r l p l i t u d c  o f

t h c  r r v c .  B c r e  r c  o n l y  a u a a r r i r c  t h c  a a l n  r c . u l t r  r h i l c  f o r

a  f u l l  p r o o f  a n d  a n a l y r l r  r c  r c f c r  t b c  r c r d c r  t o  t .

O v e r  !  l a r j c  n u t b c r  o f  o b r c r v a t i o n r  9 c  c . n  c x p e c t  t h c

t l r e  o f . r . i v . t  a n d  p o l e r i z . t i o D  r D t l e  o f  t h c  S r c v i t a t i o n a l
r e v c .  t o  b c  r a n d o t .  l €  r a y  t h c r c f o r c  t a l c  t h e  a n l l c !  a  r n d

V  t o  b a  r a n d o t  v a r i r b l c t  u n l f o r r l y  d i r t r i b u t c d  o n  t h c

i n t c r v a l  ( 0 ,  2 n ' )  c n d  c . l c u l r t c  t h c  f o l l o r i n l  c x p e c t . t i o n

v a  I  u c r  :

a x > ,  ( x ! , x 2 ) ( 2 . 5 )

r h c r e  X  :  l 8 t , /  9 o h  |  2  i a  t h e  c n t c n n a ' s  p o y e r  p a t  t e r n ,  t h e

a n ; 1 "  b r r c k G t a  d e n o t e  a v c r r a a a  o v e r  r a n d o l  v a r i a b l c c ,  a n d

t h e  i n d i c c e  r .  :  r c f c r  t o  d i f f c r c n t  d e t G c t o r . .  l l e  r h a l l

d i e c u r r  b e l o r  h o r  t h e r c  g u a n t i t i " .  r h o u l d  b c  i n t e r p r e t c d  i n

o r d c r  t o  t c t  r e e n i n g f u l  i n f o r r a t  i o n  a b o u t  c o i n c i d c n c e

e x p a r i r a n t r .

l n d c p c a d c n t  d c t c c t  i o n r  o f  r n y  t i v c n  t r ! v i t a t  i o n a l

r . v c  ? v e n t  b y  d i f f c r e n t  d c t c c t o r a  i .  v i t . l  f o r  i t r  r e l i a b l c

i d c n t i f i c c t  i o n  a .  !  t r r v i t a t i o n a l  u a v c .  T h i e  i e  b c c c u r e  t h e

c v e n l l  . . y  n o i  b c  r u c h  l a r t c r  t h a n  t h e  n o i r c  l a v c l .  I n

u h i t . - G . u . . i r n  n o i e e ,  t h c  t y p c  o f  n o i t e  c x p c c t c d  r t  t h e

o u t p u l  o f  e  r h o t  n o i r c  l i r i t c d  i n t c r f e r o r e t r l c  e n t c n n a ,  !  5 d

c r c u r i i o a  r i  I  t  b c  I  i t e l y  o n c e  i n  G v e r y  l ? x 1 0 3  t a t p l  i n g

t i r € . .  f o r  c o a l e c c i n j  c o r p c c t  b i n r r i c e  t h c  e a r p l e  t i . c  i a

o f  t h l  o r d c r  o f  t 0  r i l l i r a c o n d ,  c o  5 o  c v e r t .  o c c u r  5  t i r c c  r

d e y .  C o a l c l c c n c c r  o f  n c u t r o n  r t . r a  o u t  t o  5 0 0  l l p c  o c c u r  5

t i . G .  b  r e c l  o r . o ,  . n d  r a y  D o t  b c  l o r c  t b r n  5 o  i n  a t p l l t u d e

f o r  t h I  p r o p o r c d  d e t c c t o r r .  l l o r e  d c t c c t o r r  r i l l  l o r c r  t h e

r a t c  o f  n o i e c  c v c n t r .  ? r o  d c t c c t o r r  r i l l  h t v e  5 o  e o i n c i -

d c n c c r  v i t h i n  a  t l O  r a r p l l n a - t i r a  r i n d o y  ( t o  e l l o r  f o r  t i r e

d o l a y r  a e  t h .  r l a v c  t r e v e l r  f r o t  o n c  d c t G c t o r  t o  a n o t h c r )

o n c c  G v c r y  ? x l 0 r o  r a t p l i n g  t i r c t .  T h i r  c o r r c r p o n d r  t o  a b o u t

2  n o i r c  G v c n t r  p c r  y e l r .  a l l o v i n j  c v e n t a  c l o r c r  t h a n  2 G p c  t o

b c  r c l i a b l y  l d c n t i f i e d  l f  t h c y  o c c u r  ! t  t h c  p r c d i c t c d  r a t c ,

E x t r a  d c t c c t o r e  c o u l d  b c  b u i l t  o n  t h c  e a r c  r i t c  t o  g a i n  t h i r

r d v l n t . t G ,  b u t  b y  r p e c i n S  t b c t  o u t  r c r o . .  t b c  l I o b c  o n e

a u t o r s t i c e l l y  l a t n r  r u c h  t o r a  l n f o r t a t i o n .  r u c h  ! .  t h c

d i r c c t l o n  t o  t h c  r o u r c c .

? h c  p r o b a b i l i t y  o f  c o i n c i d c n t  o b . c r v a t i o n r  o f  a  a i v c n
c v c n t  d c p c n d r  n o t  o n l y  o n  t h G  a a o t c t r i c a l  f c c t o r r  b u t  a l r o

o n  t h c  t h r e r h o l d c  o f  t h c  d c t c c t o r r  r € l ! t i v c  t o  t h c  a r p t i t u d e

o f  t h r  r a v . ,  L e t  I 1  b c  t h c r c f o r c  t h c  t h r c t h o l d  o f  t h e

r q u a r c d  r o d u l u t  a r p l i t u d c ,  t h c  r i n i t u t  d c t c e t t b l e  v a t u c  o f

l E t / t o h l 2 .  F o r  a  a i v c n  h  t h c  d e t e c t i o n  p r o b r b i l i t y  o f  a

a i n 6 l c  a n t e n n a  i r :

s ( x r )  =

a n d  t h c  c o i n e i d e n c c i  I  i t y  i r  t h e r c f o r e  e q u a l

I
x ) I t
p r o b

4 aoav
4 n '

( 2 . 6 )

( 2 . 7 1

I

b a b

c ( X r r ; t r . )  =  
J

r r > r r r
r : > x a t

J- 6i6e
4 n '

r b c r c  t h c  i n t . t r a l .  . r c  e x t c n d c d  o v c r  t h e  r . a i o n  o f  t h c
( a , 9 )  a p a c c  i n  r h i c h  t h c  a n t c n n a ' r  p o r c r  p a t t c r n !  r r e
. l r u l t a n c o u r l y  t r c a t c r  t h a n  t h c i r  c o r r c t p o n d i n a  t h r e . h o l d . ,

I n  I  r a  p r o v c d  t h e t  t h c  l e a n  v a l u e  o f  C ,  o v e r  a l l  p o r e i b l e

t h r c r h o l d r ,  i r  . q u r l  t o  t h e  r c r n  o v c r l a p  o f  t h c  a n t c n n !
p o r c r  p . t t c r n .  ( I l f t ) ,  t b a t  i r :

J l  r t' r r r r )  =  
J o  l o  c ( r r r i r 2 r ) d r r r d x a r  Q . 8 ' )

r h c r c  t h c  l i r i t r  o f  i o t e g r a t i o n  a r e  t h e  c x t r e t e  v a l u c t  t h a t



l l

t b .  t h r c r h o l d r  c . n  t r k c .  l t  r . r  t b c r c f o r c  p o t r t b l c  t o

c r t r . c t  r c e n l n j f u l  l o f o r r a t l o n  a b o u t  c o l n c i d c n c c !  b y
p l o t t l n j  t h l r  r r  a  f u a c t l o n  o f  t b e  d c t c c t o r  o r l c n t a t i o n r ,

f o r  r c v c r t l  p r l r .  o f  l t k c l y  l o c a t l o n r .  f o r  l n c o r l n a  s . v c .

f r o r  r  f l r c d  r o u r c c  a .  r c l l  . .  f r o r  r r n d o r l y  d t r t r t b u t c d

. o u r c c .  o n  t b c  r k y  ( r c e  d i e l r e t r  i n  I  a n d  ! t ) .

l b i r  f u o c t i o n  t c l l r  u .  h o y  r c  r h o u l d  o r l c n t  t r o

d c t e c t o r .  r l t c d  l n  t r o  d l f f c r c n t  p l r c c r  l n  o r d c r  t o  r . x l r l z c

t b c  c b r o c e  o f  c o l o c i d e n c c  b u t  d o c r  D o t  c o D t . i D  q u . n t l t a -

t l v c l y  c x r c t  l n f o r r t t l o n  o f  t h c  p r o b c b i l l t y  l t r c l f .  T h c
r r l u c r  o f  t h e  f u o c t l o n  < I r f r )  t h a t  r c  p l o t t e d  l n  t  a n d  I t
! r .  t y p i c o l  l y  5  t o  l 0 l ,  r b i c h  . i t h t  . u a t c r t  t b e t  t h c
p r o b r b i  I  i t y  o f  e  c o i n c l d c n c c  f o r  t r o  d : t c c t o r r  i e  v G r y

r r e l  l .  t h l r  i r  n o t  c o r r e c t ,  b o r c v c r .  l c  r c c o l l  t h r t  < I r I z )

i r  .  l c . n  y a l u c  r n d  t h a t  t h e  r c a l  c o i n c i d e n c c  p r o b a b i l i t y

d c p c n d r  o r  t h c  t h r c e h o l d e  f 1 1  a n d  I 2 1 ,  ? h r c e h o l d r  n G l r  z c r o

r G r n  t h . t  t b c  r i l n a l  i .  r t r o n t  r c l e t i v c  t o  t h c  n o i r c  l c v e l ,

r n d  i  t  r i  I  I  t h c r c f o r e  b e  d c t c c t ! b l c  . l . o r t  r c ; a r d l e r e  o f

r h a t  d i r c c t i o n  i t  c o . c .  f r o r .  ? h r c r h o l d r  n c a r  r r  o o  t h c

o t h c r  h a n d ,  ! r €  r . i a h t " d . t r o n t l y  i n  t h c  r l j h t - h c n d  c i d c  o f

E q .  ( 2 . 8 1  a n d  i h c y  r c a n  t h a t  t b e  r i t D . t  l r  r c l e t i v e l y  r e a l ;

i t  r i l l  b c  d c t c c t r b l c  o n l y  i D  !  n r r r o y  r . D ! c  o f  i n c o t i n g

d i r c c t i o n r  c n d  p o l e r i z a t i o o e .  S i n c c  t h c . i t n a l  r t r c n g t h ,  a t

f r c q u c n c t  f ,  f r o r  c  b i n a r y  . y . t c t  o f  t o t a l  r a r e  i f ,  r c d u c e d

. . . r  t l r  a t  a  d i a t r n c c  r .  i . :

h = 5.5.r0-?' t  ] .9+!* 1t  r ;  l " '  I  "4 JI  i r6E l" '
( 2 . 9 )

( 1 1 6  i r  t b € . . . .  o f  t h c  r u n ) ,  c n d  t h c  a r p l i t u d c  n o i e c  f o r  a
I  l r . o t c a D . r  r o r l r l n j  r i t b  l i a b t  r e c y c l i n 6  ( r c e  l l o u g b  c t
. L ,  1 9 8 6 ) .  i .  e g u . l  t o :

t 2

sc  dcducc  t ha t  r i t h  a  t b r c rho ld  a t  5o ,  a t  100  f , t  ead  f o r  r

b i n a r y  c o r p o r c d  o f  t r o  l . t t  X 6  n c u t r o r r  . t ! r . .  a  d c t c c t o r  r l t h

e  I  k r  a r r - l c n 3 t h  ( a r  t h c  o n c  p r o p o . . d  b y  t h c  r e r c e r c b  j r o u g

lo  G le rgo r )  cou td  r cc  t o  550  Mpc  r t t h  a  ve luc  o l  l � 1n ( r  So lh )

o f  r b o u t  0 . 2 5 .  I n  r u c h .  c ! . c  t b c  t h r c e h o l d r  a r c  i n  a  r e n ; c

r b c r c  t h c  c o l n c i d c o c c  p r o b a b i l l t l c r  . r G  b i a h c . t ,  l h c

a v c r l t c  I n  8 q .  ( 2 . 8 )  t h c r c f o r e  r c l g h t r  l o r  c o i n c l d c n c c

p r o b e b l l l t l c .  t o o  r t r o o g l y  f o r  t h i r  c a r c .  f G  c . n  c x p c c t

t h e t  o u r  c a l c u l a t l o n r  o f  r c a l  c o i n c i d e n c e  p r o b a b i l i t i c r  r i l l
y l c l d  v e l u c r  r u c h  l a r j e r  t h a n  t h c  r c l n  f o r  l n t c r c r t i n j

c t a e a .

| | e  o b e e r v c  t h a t  t h c  f i g u r c  a l v c n  r b o v .  o f  5 5 0  l l p c .

f o r  a  2 0 o  o b r c r v a t i o n  l n  a  I  k r . n t . n n . r  d i r a g r c c r  y i t h  t h t t

u r e d  i n  t h e  l l t c r a t u r c  ( l t o u j h  e t  e l . . 1 9 8 6 ;  S c h u t z , 1 9 8 6 )

r h c r c  a  v a l u c  o f  1 0 0  l l p c  a t  t h e  r e r e  l c v c l  o f  r i 6 n a l  h a r

b c e n  a r r u r c d .  ? h c  r e a r o n  o f  t h i r  i r  b c c a u r e  r c  l r c  n o r r t l -

i r i n g  t o  t h c  t a x i r u r  r a v e  a r p l i t u d e  h  r a t h e r  t h a n  t o  t t r
a v c r a j c d  v c l u e  o v c r  d c t c c t o r  a n d  t o u r c c  o r i " n t r t i o n a .

3 .  C o i n c l d c n c c  E x o c r i r e n t e

( a )  C o i n c i d e n c c  P r o b a b i l i t i e r

O v c r  a  ! G q u c D c c  o f  o b r c r v a t i o n t ,  b e r i d c c  t b c  a r r i v a l

t i r c - c n 3 l c  O  a n d  t h c  p o l a r i : t t i o n  c n g l c  g  o f  t h c  r a v c ,  . l . o
t h c  i n c l l n a t i o n  i  o f  t h c  o r b i t  t o  t h c  l i n c - o f - r i i h t  o f  t h c
d c t c c t o r  l n d  t h c  e r l r u t h a l  r n g l !  a  c e n  b c  c o n c i d c r c d  r a n d o r
v c r i r b l c r  u n l f o r r l y  d i r t r i b u t c d  o v . r  t h c  .  e p h c r c .  T h i s
i r p l  i c r  t h c  f o l  l o r i n g  c r p r c r r i o n  f o r  t h c  c o i n c i d e n c c
p r o b r b i l i t y ,  l n  t e r t .  o f  t b c  t h r c r h o l d e  o f  a  o c t r o r k  o f  n
d c t c c t o r r :

c ( X r t ; I 2 r ; a t
; r n r )  =  

J  ; F  
r i n i  . i n c  d . d . d v d i

f 1 ) I 1 1
r r ] r z r

I n ) I n 1

o :  6 . G ' o - ' . [  n # f , ;  l t ' / '  I  t  l " '  [ f t  J " '  ( 2 . r 0 ) ( 3 .  r )
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i n r i d c  t h c  u n i t  . q u . r . .  L a t  I f '  d c r i 3 n a t e  t h .  n u t b c r  o f
p o l n t r  t h a t  h e p p c n c d  t o  f r l l  r t t b i n  S .  | | c  h e v c  t h r t  t h c

r a t l o  l f  
' , / t f  

a l v G .  r n  c . t i r a t e  o f  t h c  a r c a  t h a t  y c  y . n t  t o

c a l c u l a t c .  f h c  g r c c t c r  l l  t h e  h i S h c r  t h e  . c c u r ! c y  o f  t h c

c . t  l . ! t . .  l n  o r d c r  t o  e v a l u a t e  t h e  p r c c i r i o n  o f  t h l r

e . t l . r t c  H C  l a y  u ! c  t h e  c e n t r a l  l i t i t  t h c o r c t  i n  t h c

f o l l o r i n l  f o r r  ( r c c  S h r c i d e r .  1 9 6 6 ) :

r h c r c  t h c  l n t c j r a l  i r  o v c r  t h c  d o r r l n  l n  r h i c h  t h c  I r  c x c c c d
t h G l r  c o r r e r p o n d i n j  t b r c r h o l d r  r i r u l t a n c o u r l y .  t c  r c r l n d

t h c  r . . d c r  t h r t  i n  t S . ( 3 . 1 )  r c  h r v c  t o  l l t l t  t h c  o r t c n t . t l o n

f r c c d o r  o f  t h G  d G t c c t o r r  i n  r o r c  r l y ,  o t b c r r l r c  c o l n c l d c n c c -

r e t c  c c l c u l a t i o n r  r o u l d  h a v c  t o o  . . n y  i n d e p e n d c o t  r e r l t b l c r

t o  b c  t r r c t a b l e .  l e  d o  r o  b y  f i x i n g  t h c  o r l c o t c t l o n r  o o  t h c
v a l u e r  t b r t  o p t i t i t c  t h c . G r n  c o l n c l d c n c c  p r o b a b l l t t t c r .  I n
l l  r c  r h o r c d  t b a t  t h c  o r i c n t t t i o n r  o p t l r t r l n 3  a l r u l t e n c o u r t y

d o u b l c ,  t r i p l c  r n d  q u a d r u p l c  a . r n  c o l n c i d c n c c  r a t a a  ! r c
c r l c n t  i e l  l y  i n d e p e r d c n t  o f  t h c  t y p e  o f  p o l a r i r ! t i o n  o f  t h e
r a v a .

l c c t u r e  o f  t h c  r u t  t  i d i t e n e i o n c l  n a t u r c  o f  t h e

i n t c ! r ! 1 .  t h a t  r c  r a n t  t o  c a l c u l a t e ,  a n d  l h c  c o r p l c x i t y  o f

t h c  d o r e i n  o f  i n t c r l r a t i o n ,  r e  h a v c  u e e d  t h e  l l o n t e  C a r t o
. c t h o d ,  F o r  a  f u l l  d c r c r i p t i o n  o f  t h i r  r c t h o d  n c  r e f e r  t h e
r e l d e r  t o  S h r c i d c r  (  1 9 6 6 ) .  H e r c  r e  b r i e f l y  r u r r a r i r .  i  t s
a r i n  f c r t u r . a  r c l c v a n t  t o  o u r  p r o b l c r  b y  a  f a i r l y  t i r p t e

e x a r p l c .

L c t  u r . . . u l .  t h a t  r c  h a v e  t o  c a l c u l a t e  t h e  e u r f a c e

c r c a  F  o f  I  c e r t a i n  p l r n e  f i j u r c  S ,  I t  r ! y  b e  a  c o r p t c t e l y

a r b i t r . r y  f i S u r c  r i t h  c u r v i l i n c a r  b o u n d a r y  y h c t h c r  i t  b e

c o n a c c t c d  o r  c o n t i r t l o j  o f  r e v c r a l  r c c t i o n r ,  a n d  r p c c i f i c d

J r r p h i c r l l y  o r  r n a l y t i c a l l y .  L c t  u r  . . r u . .  t h a t  i t  i r

c o c l o l c d  r i t h i n  c  u n i t  ! g u r r r .  S u p p o r c  t h a t  r c  c h o o ! G  !

r a n d o r  p o i n t  i n  t h e  ! g u . r G  b y  t . k i n g  o n c  r h o r c  c o o r d l n ! t c !

. r c  i a d c p c o d e n t l y  u n i f o r r l y  d i r t r i b u t c d  i n  t h c  i n t c r v a l
( 0 ,  |  ) .  l t  i r  c l c e r  t h t t  t h c  p r o b a b i l i t y  f o r  t b i e  p o i n t  t o
l i c  i a  t b c  r c a i o o  S  i r  c q u a l  t o  l .  B y  a p p l y i n g  t h c  l ! r ! c -
n u r b c r ' r  t b c o r e t  r " . a y  a l v c  a n  a p p r o x i r a t a  c r t i a ! t .  o f  t h e
c r e a  f .

r [ t r u r  -  r l ( G l  I  1  -  ! J j ]  ;  1

r I t n ' z r  -  r t < e f  >  r - s

w e  o b t a i n  f r o r  t h e  i n e q u a l i t y  ( 3 . ? )

i c  v e r i f i c d  a  p r i o r i  i f  y e  h a v e :

s =  I

4c2 l t

l n  o t h c r  r o r d c  t h e  p r e c i e  i o n  o f  o u r

p r o p o r t i o n e l  t o  t h e  c q u a r c - r o o t  o f  t h c

( 3 . 3 )

t  h . t  t h e  c o n d i  t  i o n  (  3 . 3  )

( 3 . 4 )

e r t  i r r t c  i r  i n v e r r G l y

n u t b c r  o f  t r i a l r :

( 3 . 5 )

I

4e2 t {
( 3 . 2 )

t h a t  i r ,  t h c  p r o b a b i t i t y  o f  c v a l u a t i n g  F  w i t h i n  . n  G r r o r  G

l .  t r c r t € r  t h a n  a  q u l n t i t y  d c p e n d i n g  o n  t h e  n u r b c r  o f  t r i a l r

l l  a n d  e  i t r e l f .  S c t t i n !  f o r  a  t i v e n  c  r  g u a r a n t c c d

p r o b c b i  I  i t y  i n  t h c  f o l  l o r i n j  r a y :

G . +
2 /Stl

| l c  o b e c r v c  t h a t  t h i e  i t  a n  u p p c r  l i r i t  t o  t h e  c r r o r  G  e n d  r c
c h o u l d  r c t e l b e r  t h i r  f a c t  r h c n  d i e c u e r i n g  t h c  c a l c u l a t i o n r

f o r  t b e  c o i n c i d c n c e  p r o b a b i l i t i e s .

f r o l  t h a  c c n t r a l  l i r i t  t h e o r a .  ( E q .  ( 3 . 2 )  )  r c  t a y

c o n c l u d c  t b a t  t h c  n u r b c r  o f  t r a i l c  ! t  d o c r  n o t  d c p c n d  o o  t b c
d i r a n t i o n a  o f  t h c  i n t r S r a l .  T h c r c f o r c  t h c  u t i l i z a t i o n  o f
t h c  I { o n t e  C a r l o  r c t h o d  i l  a d v a n t a g c o u r  i n  c a l c u l c t l n l

r u l  t  l p l c  i n t c ! r a l . ,  . a  . ! r i n . t  t h c  u . c  o f  q u e d r a t u r c

f o r r u l a r  r h i c h  i n v o l e a .  a r c a t  d i f f i c u l t i e r .  ? h e  p r i n c i p e lL c t  u r  r c l c c t  l l  r e o d o r  p o i o t r ,  u n l f o r r l y  d i e t r l b u t a d
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f . r t u r c  o f  t b c  l l o n t c  C a r t o  r c t h o d  i n  o u r  p r o b l c r  i t  i n  f a c t
t h c  r i r p l c  r t r u c t u r e  o f  t h c  c o . p u t r t i o n  a l g o r l t h t .  A t  e
r u l c ,  a  p r o r r a r  l r  p r c p a r c d  t o  p c r f o r r  o n l y  o n c  r a n d o t
t r i r l .  t h . t  i .  t o  r c r c e t  a  r a n d o r  p o i n t  r r t h r n  t h c  l r r t t r  o f
e  c c r t a i n  r c a i o n  a n d  c h c c l  r h c t b c r  l t  l i c r  r r t h i n  t h c  d o r a i n
o f  l n t c 1 3 r r t l o l .  ? h l .  t r l . l  l .  r c p G r t a d  l f  t l r c r ,  c a c h  t r l a l
b c l n j  l o d c p c n d e o t  o f  e l l  o t h e r r ,  a n d  t h e  r c e u l t e  o f  a l l
t r i e l r  a r c  a v c r c 3 c d ,

( b )  P r o b t b i l l t v  o f  D c t c c t l o n  f o r  e  r l a t l c - A a t c n n e

t f  r e  . . . u l a  n  =  I  l n  E c .  ( J .  l )  r e  o b t a l n  t h c
. r p r c . . i o o  o f  t h c  d c t c c t i o n  p r o b e b i l i t y  f o r . . i n r l c  a n t c n n a
r i t h  t h r c r h o l d  I 1 :

( 3 . 6 )

S i n c a  y .  r r e  r v c r . ! i D t  o v c r  a t t  p o a c i b l c  d i r e c t i o n r  a n d
p o l a r i z r t i o n . t ! t e .  o f  t h c  i n c o t i n l  r a v e ,  t h c  r e a u l t  r i l l
n o t  b a  e f f e c t e d  b y  t h c  p c r t  i c u l a r  l o c a t  i o n  c n d  o r i c n t a t  i o n
o f  t h e  . n t c o n a .

T h c  c c l c u l a t i o n  o f  t h c  i n t c ; r a l  ( 3 . 6 )  a n d  o f  t h e
. p p r o p r l . t "  i n t " a r r l r  f o r  t b c  d o u b l c ,  t r i p l c  a n d  g u a d r u p l e
c o i n c i d c n c c  r a t c r ,  h a r  b c c o  d o n c  o n  t h e  f C L _ 3 9 g 0  o f  t h e
S o u t h  l f . . t  U n i v c r r i t y  R c l i o n a t  C o r p u t c r  C c n t r c  b y  u l i n l  t h e
l f l G  l i b r r r y  f o r  ! G n e r ! t i D !  u n i f o r r l y  d i . t r i b u t c d  r a n d o r
n u r b c r r  e n d  t r r u r i n j  t h c  n u r b e r  o f  t r l e l r  l l  c g u a l  t o  1 0 . .
l f  v c  u r c  ! q . ( l . r l )  f o r  t h c  c r r o r  c .  b y  f l r i n l  8  t o  l O - t  r n d
f ,  t o  1 0 .  r c  d c d u c c  . n  G r r o r  o f  5 f ,  l n  o t h c r  r o r d r  t h e
p r o b c b i  I  I  t y  o f  o b t a i n i o g  a  r c r u l  t  a f f c c t c d  b y  a n  G r r o r
r r a l l c r  t b r n  5 l  i r  3 r c r t c r  t h a o  g 9 t .  f c  r h a l l  r c c  l c t c r
t h . t  t b c  c h o i c c  r c  h a v e  t t l c n  f o r  t {  p r o v l d c r  c o n . l . t c n t
r c r u l  t r .

l D  F i t u r c  3  r e  p l o t  t b c  d c t c c t i o o  p r o b a b l l t t y . r r i D . t

s ( r t )  =  
, l r .  #  

r i n i  r i n c  d c d ' d s d i
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t h c  d e t c c t o r r r  t h r c r h o l d t  r c l a t i v a  t o  t h c  a t p l i t u d c  o f  t h e
r a v c .  A r  c x p c c t c d  t h i r  i r  a  d e c r c a . i n a  f u n c t i o n  o f  f g t r .

a o l n S  f r o r  I  t o  z c r o . .  f r r {  l c t  f r o .  r c r o  t o  l .
f o r  a  r l n ; l c - d c t c c t o r  c x p . r i r c D t ,  i t  i r  t o r c  l i k c l y

t h a t  t h e  " x p " r l r c D t c r r  y i l l  f i x  t b e  t h r c r h o l d  o n  ? o  t h r n  5 s
l n  o r d c r  t o  t l n l t l : e  t h c  a u r b c r  o f  G a u r e l a n  f l u c t u a t l o n .
r a r l n . t  t h c  r e t c  o f  b u r r t  c v c n t .  o f  l i k c l y  r . p l i t u d c . .  t n
t h l r  a r r u r p t i o n  r c  r l y  c o n v c r t  o u r  v a r i a b l a  I a N  i n t o  t h c
t o r c  u r u a l  r i S n a l - t o - n o l r c  r a t i o  ( S t { R ) . i r p l y  b y  r e p l a c i n 3
I 1 t r  r i t h  ? I f - f { .  F r o r  t h c  c o n r i d c r e t l o n r  r a d c  l n  g 2  o n  t h c
p r c d i c t c d  n o i r c  l n d  r l v e  a r p l i t u d c r  f o r  L I G O T  o b r e r v i n j
c o a l c r c i n S  b i n a r i c t ,  r e  h a v c  t h . t  t h c  i n t c r c e t  i n j  i n t e r v e l
f o r  t h c  I l N r  i r  b c t r e e n  0 . 1 5  a n d  0 . 5 0 .  I n  t c r . .  o f  S l l R  t h i r
. c . n !  b c t r . c n  l {  a n d  a b o u t  4 5 .  t t  S l f R  l 4  t h "  e i n j l e . D t c n n .
p r o b e b i  l i t y  i e  c g u t l  t o  2 0 t :  i n c r c a r i n g  t h c  S t R  t o  t h c  v a l u c
o f  2 5  t h c  p r o b a b i t i t y  ! o c .  u p  t o  5 i t .  F o r  S N R I  t r c ! t e r  t h a n
4 0 ,  r h i c h  i n  p r i n c i p l e  t a y  b e  t c h i e v e d  b y  r n  o p t i r u t  c o r _
b i n a t  i o n  o f  h i 3 h c r  l a e c r  p o r c r ,  b e t  t c r  a n d  h e a v i e r  . i r r o r r .
l o n g c r  b a c c l i n e c ,  ! c t i v G  a c i a r i c  i r o l c t i o n  a n d  t h c  u t c  o f
" r g u e c ' c d  t t a t c c '  ( t e c  C r v e r ,  l g S l ) ,  r c  d c d u c e  f r o r  F i l u r c  3
t h a t  t h c  d c t c c t  i o n  p r o b a b i  l  i  t y  r i  l  I  b c  g r e a t e r  t h . n  g s t .

F o r  v c t u c r  o f  1 1 X  i n  t h e  i D t c r v ! l  t O ,  0 .  S )  r c  h a v c
d o n e  a  l c a r t - r q u a r e r  f i t  t o  o u r  d a t a  p o i n t r  b y  u ! i n t  a
l i n c a r  c o r b i n a t i o n  o f  C h c b y e h c v  p o l y n o r i a l a .  T h i r  p r o v i d c s
r  u r c f u l  r a y  o f  r c a r c r c n t i n g  o u t p u t  o f  t h e r c  c a t c u r a t i o n r .
l b c  r c t r o n  f o r  p r c f c r r i n g  r u c h  r  f i t  r c l i c c  o n  t h c  c o n d i t i o n
o f  h r v i n l  i n d c p c n d c n t  c r r o r .  i n  o u r  d ! t . ,  ( s c e  H e t r i n g ,
l 9 ? 3 ) .  f c  h r v c  u r c d  t h c  . c t  o f  C h c b y c h e v  p o l y n o r i a l r

b a c r u l c ,  a l o n a  a l l  o t b e r  o r t h o 6 o n a l  p o l y n o r i t l a ,  t h c y
r i n l r i z €  t h r  r e x i t u t  d c v i c t i o n  f r o r  t h c  d a t a ,  p r o v i d i n a  ! t
t b c  l . . e  t  l r c  ! D  c x p r n ! i o n  r i t h  t h c  f a r t c t t  r . t c  o !
c o n v c r a c n c €  ( r . c  f o x  &  p a r k c r ,  l 9 6 g ) .  f i n a l l y  f c  h a v c
c h o . c n  t h a  d c i r c c  o f  t h e  a p p r o x i r a t i n 6  p o l y n o r i a t  b y  l o o k i n g
r l  t h c  r l 3 n  c h t n a c .  i n  t h c  r c r i d u a l r .  I f  r e  a r c u r c  t h c
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r G . i d u . l .  t o  b c  r e n d o r  r n d  t n d c p e o d c n t  o f  o n e  a n o t h c r .  t b c n

r c  r h o u l d  c x p c c t  t o . c c  r b o u t  b e l f  t h e  n u r b e r  o f  p o r a i b t c

r i l n  c b a n j c r .  l f i t h i n  a  f c r  t i r c r  t h c  l q u a r c - r o o t  o f  t h i r

o u . b c r ,  r c  h a v c  v c r i f l c d  t h i .  c o l d i t i o n  r h e n  t h c  d c a r c c  o f

t h c  . p p r o r i r a t l n l  p o l y o o t i e l  i r  t r o .  I n  t h c  a p g c n d l x ,  r f t : r

c r t e n d l D a  t h c  l e a r t - r q u . r e .  f t t  t o  d o u b l c ,  t r l p l e  a n d  q u c d -

r u g l c  c o l a c i d c n e c  r a t c . ,  r c  p r o v l d c  t h e  c o c f f l c l c n t r  o f  t h c

c o r r c r p o n d l o j  C b c b y r h c v  c r p e n r l o n r .

( c )  D o u b l c  C o i o c i d c a c e  P r o b a b i l i t i e r

l o  f l j u r a  t l ( a - f )  r .  p l o t  c o n t o u r .  o f  c o n . t r n t

C ( f t r t a . f t t l )  f o r  t h c  r i x  i n d c p c n d e n t  b a r c t i n e e  ! . o n t

C r l  i f o r n i a ,  l f a i n c ,  S c o t l a n d  a n d  S o u t h  G c r r a n y ,  l e  h a v c  l e f t

o u t  f r o r  o u r  c o n a i d c r a t i o n r  t h c  p l a n n c d  d e t c c t o r  l n  f r a n c c

b c c a u r c  i  t  r i  I  I  I  i c  c t r c n t  i a l  l y  o n  t h c  r ! . .  t . n a e n t  p l a n c

c o n t . i n i n a  t h c  l r l u n i c h  i n . t r u . c n t  o n d  t h c r c f o r c  r i l  I  h a v c  t h e

r a r c  c o i D c i d c n c c  r a t c a ,  r h e n  o p c r a t i n a  i n  c o i n c i d e n c e  r i t h

. n y  o t h c r  d a t ? c t o r  i n  i t r  o p t  i r u a  o r i c n t a t  i o t ! a .

F i t u r c  4 ( a - f )  s h o r r  t h c t  t h e  d o u b l c  c o i n c i d c n c c
p r o b r b i l i t y  i r  r y r . . t r i c  u n d c r  i n t e r c h a n ; c  o f  i t t  v a r i a b l e t

r  , 1 N '  r  
2 1 x :

c { x r r x : x r r l )  =  c { r r r x ; r r r N ) ( 3 . ? )

T h i r  c o a d i t l o n ,  a l r o  v c r i f l c d  b y  t r i p l c  a n d  q u a d r u p l a

c o i n c i d c n c e  p r o b a b i l i t i c t ,  l r  r  c o n l c q u c n c c  o f  h a v i n !

e v e r t j c d  o r c r  ! l l  d i r c c t i o n r  o f  t h c  i n c o r i n l  r e v c .  ? b e

d e 3 r e c  t o  r b i c b  t h c  l l o n t e  C a r l o  c a l c u l a t  i o n r  o b c y r  t h i !

a y r a c t r y  i l  I  t c a l u r c  o f  t h c i r  a c c u r r c y .  T h c  o n l y  r e r a i n i n g

; c o r c t r i c a l  f a c t o r e  a f f c c t i n g  t b c  c o i n c i d c n c e  p r o b ! b i l i t i e e

. r c  t b c  d c t c c t o r r '  r c l a t i v c  l e t i t u d e ,  l o n S i t u d c  e n d  t h c
o r i ? o t a t l o t r .  l b c  c f f c c t  o f  t h c  r n t u l a r  . c p . r e t i o n .  i n  c a c h

b e r c l l n c ,  o n  t b .  c o i n c i d c n c c  p r o b a b i l i t y ,  r p p c . r .  r o r c

c l c r r l y  f o r  v c l u c r  o f  t h c  t h r c r b o l d r  I 1 X  l r c a t c r  t b a n  0 . 2 5 .

t t  l r t X  =  t 2 1 f  =  0 . 5  f o r  i a t t a n c c ,  t h c  c o l n c i d c D c .  p r o b a -
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b t l t t y  t o c .  f r o t  5 l  f o r  t h c  C s l i f o r n i . - S o u t h  G c r r e n y  b a r e -

l i n c  ( F i j u r e  l ( c )  )  t o  a b o u t  l ? t  f o r  t h c  S c o t l a n d - S o u t h

c c r r r o y  b a r c l  l n c  ( F i 3 u r c  4 ( t ) ' ) .  ? h i r  v r l u e  i r  o n l y  3 l
r r r l l c r  t h c n  t h c  c o l r c l d c n c c  p r o b a b i l i t y  f o r  t y o  l d c n t l c r l

d c t G c t o r . . l t G d  n r x t  t o  c a c h  o t h c r  ( r e c  F l 3 u r c  3  f o r  t h c

. t o a l a - d c t c c t o r  p r o b a b t  I  I  t y ) .

l r  r c  r r i d  a . r l i c r ,  r c  h a v c  f l x c d  t h c  o r l . D t l t l o n r  o o

t h c  v a l u c r  o p t l r t : l n 1  t h c  r c a n  c o i n c i d c n c c  r a t c r  d c d u c c d  l n

I .  f , o r e v c r  f o r  j c o g r a p h i c  r c o r o n r  n o t  t l l  d c t c c t o r r  r i l l

a . . u . c  t h c  c o D f i a u r . t l o n .  r u g j c e t c d  i n  l .  t n  o r d c r  t o
q u a n t i f y  b y  h o r  r u c b  t h e  c o i n c i d c n c c  p r o b a b i l t i a r  r o u l d  b c

r a d u c c d  b y  a  d i f f c r c n t  c h o i c e  o f  t h a  o r i " n t . t i o n r ,  r c  h a v c

c o l c u l r t e d  c o i n c i d c n c c  r r t c r  i n  t c r r r  o f  t h c  d c t e c t o r r '

o r l c n t . t i o n r  f o r  c b e r a c t e r i r t i c  t h r c t h o l d r .  t l c  h a v c  f o u n d
t h a t  f o r  t h r c r h o l d r  c q u a l  o r . . a l l e r  t h a n  0 . 3 0  t h c  c o i n c i -

d c n c c  p r o b a b i l i t i c t  a r €  n o t  t i l n i f i c a n t l y  c f f e c t e d  b y  t h c

! n ! l c !  n c  c h o o o c .  P h y r i c a l l y  t h i t  i r  d u c  t o  t h e  e l l i p t i c a l
p o l a r i r c t i o n  o f  t h c  F l v c r .

T b i t  e h o u l d  b e  r c r e r b e r c d  r h c n  a  d e c i a i o n  f o r  a
e u l t a b l e  o r i a n t a t  i o n  o f  t h c  d c t e c t o r r  i n  G e r r a n y  r n d  F r a n c c
r i l l  b c  t a l c n .  B y  o r i c n t i n g  t h e r  r i t h  4 5  d e g r c c a  o f
d i f f c r c n c c ,  r e  r o u l d  b c  a b l c  t o  ! c t  u r e f u l  i n f o r r a t  i o n  . b o u t
t b e  d c ; r c c  o f  c l l i p t i c . l  p o l r r i z ! t i o n  o f  t h e  r l v e  b y  l o o t i n 6
. t  t h e  t i r c  d c l a y  i n  t h i r  b r r c l i n c  ( S c h u t z ,  l 9 8 6 ) .

E c f o r c  d i r c u r t i n j  F i ! u r c  4 ( a - f )  r G  r e c a l  I  t h a t  i n
c o i n c i d c n c c  c x p e r i r c n t r  t h c  n o i r c  a o u r c c a  i n  t h c  d c t c c t o r s
r i l l  b e  i n d e p c n d c n t .  l h c r e f o r c  r G  r . y  r c d u c c  t b c  t h r c e h o l d
l c v c l c  t o  5 o  i n  c i t h . r  i n ! t r u r c n t !  ( r c c  l l o u g h  e t  a I . .  1 9 g 6 ) .
l i t h i n  t h i .  ! . . u t p t i o n  t h c  S t f P  i r  a i v . n  b y  5 X r - t t .

f i ; u r c  t l ( a )  r c f c r e  t o  d c t e c t o r 3  i n  c r l i f o r n i c  ( X 1 1 N )

a r d  H a i o c  ( I 2 a f ) .  S i n c c  c u r r c n t  d e t e c t o r  d e r i g n s  f o r  t b c r c
t e o  a i t c a  p r o p o a c  .  c o t l o n  a r r - l e n g t h  o f  4  k t .  r e  e h a l l

c o l r c D t  o n l y  o n  v a l u c t  o f  t h c  c o i o c i d c n c e  p r o a b i b i l i t y
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c o r r G ! p o n d l n t  t o  t h c  . l r c  t h r c . h o l d .  f o r  S t { f , t  e q u a l  t o  l 0

f o r  b o t h  i n r t r u t c n t r  t h c  c o l o c l d c n c c  p r o b a b t l l t y  l r  a b o u t

l 2 l .  B y  i n c r c a r i a t  t h c  S l f R r  t o  2 0  t h c  p r o b a b i l i t y  3 o c r  u p

t o  t h e  v a l u c  o f  5 5 t ;  r e a c h l o 3  S t { R r  3 0  t h e  p r o b c b i l i t y  i r

a r o u n d  7 5 t .  t o r  S l f R r  t r G e t c r  t b r n  4 0 ,  r h i c h  p r o p o . c d  L I G O .
r l l l  p r o b c b l y  a c b l c v c ,  t h c  c o l o c i d e n c c  p r o b a b l l i t y  r i l l  b e

e b o v c  8 5 1 .

l i a u r c  4 ( b )  l r  f o r  d c t c c t o r  I  i n  L o r  I n t c t c !  a n d

d c t c c t o r  2  i n  G l r r j o x ,  t o  t b t r  b a r c l i n c  t h e  d c t e c t o r  i n
l l o r t h  A . a r l c a  r l l l  b c  i n  p r i l c l p l c  r o r G  . c n . l t i v c  t h a n  t h c

d c t c c t o r  i n  S c o t l . D d  b e c a u r c  o f  t h c  p r o p o . c d  l o n 3 c r  . r l -

l e n l t h .  D o u l h l y  r e  l . y  p r e d i c t  a  r a t i o  o f  2  i n  e e n r i t i v i t y
r h c n  t h c  d c t c c t o r r  a r c  r o r l i n l  r i t h  l t a h t  r c c y c l i n S  ( r e c

X o u l h  e a  c l . .  1 9 8 6 ) .  l t c  e h o u l d  t h c r c f o r c  f o c u e  o u r

. t t a n t i o n  o n  v e l u c r  o f  t h c  c o i n c i d e n c c  p r o b a b i l i t y  o n  t h c

. t r . i t h t  l i n c  I 2 1 t l  .  2 l t a [ .  F r o r  t h c  G . t i . r t c  o f  0 . 2 5  g i v c n

i n  ! 2  f o r  f j l .  i n  t h c  c a r c  o f  a  I  k r  d c t e c t o r  r o r k i n g  r i t h

l i l h t  r c c y c t i n g  a t  1 0 0  l l z  a o d  t e a r c h i n a  f o r  a  b i n a r y  o f  t r o

1 . 4  l l g  n € u t r o n  r t ! r 3  r t  5 5 0  l l p c ,  r c  d e d u c c  a  c o i n c i d e n c c
p r o b e b i l i t y  o f  a b o u t  6 t l  f o r  t h i r  b a a e l i n e .

l i j u r e  4 ( c )  r e f e r ,  t o  t h .  L o .  A n ! e l c r - l l u n i c h  b a r c -

l i n c .  ? h c  c o i n c i d e n c e  p r o b a b i l i t y  i r  n o t  r u c h  d i f f c r c n t
( t h c  o r d c r  o f  l l )  t h a n  t h a t  a h o r n  i n  t h c  p r e v i o u r  f i t u r c  f o r

t h a  p ! l r  L o r  A n l e l a ! - G l i . a o r .  ? h i r  i e  d u e  t o  t h e  t t a l  I

a o t u l ! r  r . p . r . t  i o n  b c t v c c n  G l r r t o r  a n d  i l u n i c h .  C u r r " n t

d c . i a n .  f o r  t h c  G e r r c n  d c t c c t o r  a n t i c i p a t c  a n  c r l - l e n S t h  o f

3  k r  r i t h  a n  i n c l u d e d  a n a l c  o f  6 0 ' .  | | c  e h o u l d  t h c r c f o r e

c o n r i d c r  t h l r  r p p . r a t u r  r i t h  . n  c f f c c t l v c  a r r - l e n S t h  o f

2 . 5  k r ,  I n  p r i n c i p l e  1 . 6  t i r c r  . o r e  . e n s i t i v €  t h . n  t h c

l r l t i r h  d c t c e t o r  a n d  1 . 2  t i r e r  l c e r  t h a n  t h c  A r e r l c e n e .  y h c n

. l l  l n . t r u . e n t r  r r r  r o r k i n g  r i t h  l i g h t - r c c y c l i n S .

f l j u r c  4 ( d )  i e  f o r  t b e  d c t c c t o r e  l n  l l a l n c  ( I 1 j r )  r n d

S c o t l a o d  ( t t . r ) .  S i n c e  t h c  e n 3 u l a r  t c p a r a t i o o  i n  t h i a

b r r c l i n c  i r  o n l y  a b o u t  l 5  d c t r . G r  a r c ! t c r  t h a n  t h a t  i n  t h e

p a i r  C a l l f o r n i a - t l a i n c ,  r e  b a v c  a  c o i n c i d c n c c  p r o b a b i l l t y

n c a r l y  G q u ! l  t o  t h a t  r h o r n  i n  F i j u r c  r t ( a ) ,  r i t h  c  l a r i l u l

d i r c r c p a n c y  o f  a b o u t  2 t .  I { a r e l y ,  ! t  S l t R .  l 0  t h c  p r o b a b i l i t y

l .  l l t .  a t  S l {R r  20  i e  cqua l  t o  53 t  and  ?5 t  r hcn  S l fR r  a r c
e q u i l  t o  3 0 .

F l j u r c  t l ( c )  r c f c r r  t o  t h c  b a r c l i n e  l l a i n c  ( f r 1 [ )  a n d
O G r r r n y  ( I a r x ) .  t h c  . . . c  c o n t i d c r a t i o o r  r a d c  f o r  F i j u r e
4 ( c )  a p p l y  h e r c  a n d  t h c r c f o r c  r c  r h a l l  n o t  r c p e e t  t h c r .

F i j u r c  4 ( f )  c o n r l d c r r  t b .  t r o  E u r o p c . n  d c t c c t o r . :

c l . . t o r  ( I r r X )  a n d  l t u n l c h  ( I a r X ) .  S i n c c  t h c  a n j u l r r
. c p l r a t i o n  b c t r c c n  t h c r c  t r o  . i t a r  i t  r r r l  l c r  t h c n  2 0
d c j r c c r ,  t h €  c o n t o u r  p l o t  i e  n a l r l y  c q u a l  t o  t h c  o n c  f o r  t r l o
d a t c c t o r r  . i t c d  n c r t  t o  c a c h  o t h e r ,  F o r  i n . t ! n c c .  . t  S l l R .
l 0  t h c  G l a r j o r - l l u n i c h  b a r c l i n G . h o r r  a  c o i n c l d c n c c  p r o b c -

b i l i t y  o f  l ? f  ! a . i D ! t  t h c  v a l u c  o f  2 0 1  f o r  t r o  d c t G c t o r .
l o c a t e d  e t  t h c  . ! . G  p o i n t  o n  t h e  E a r t h .  F o r  S I R c  2 0  t h :
p r o b a b i l i t y  6 c t e  t o  6 l t  a n d  g o e r  u p  t o  B 0 l  f o r  S t { R r  3 0 .

( d )  ? r i o l c  c o i n c i d e n c e  o r o b a b i l i t i e c

T h c  r a i n  r c a r o D r  f o r  p r c f c r r i n l  t r i p l c  c o i n c i d c n c e r
t o  d o u b l c  a r c  b c c a u t c  t b c y  g i v e  a d d e d  c o n f i d c n c c  t h a t  a n
c v c n t  h a r  o c c u r r c d  a n d  a l r o  p r o v i d c  r u c h  i r p r o v c d  d i r e c _
t i o n . l  l n f o r r e t i o n  f o r  g o o d  S i l R .  t f  t h c  G v e n t !  r r c  n o t
c o r r o b o r l t c d  b y  c n  e t e c t r o t a g n c t i c  d c t c c t i o n  ( o p t i c a l ,  l - r a y
o r  r . d i o  t c l e r c o p c r )  t h i t  c o u l d  b e  c r u c i a l .  I n  t h e  c a r c  o f
n e u t r o n - r t a r  b i n c r i e r ,  i t  r r y  r c l l  b e  p o r r i b l c  t h . t  !
t r l v l t e t i o n a l  y e v e  a v c n t  f i l l  b c  a c c o r p a n i c d  b y  a n  o p t i c a l
e c t i v i t y  ( S c h u t z ,  1 9 8 6 ) .  l l o r c v c r ,  c v c n  i f  t h c r c  i t  ! n
o p t  l c e l  a c t  i v l t y ,  . n  r l  l - t k y  r u r v e y  i a  n c a r l y  i r p o e r i b l e
o p t l c a l l y .  l l i t h  t h r c e  d c t c c t o r c ,  f r o r  t h e  t r o  i n d e p c n d c n t
t i r o  d c l a y r  r n d  t h c  t h r c e  a t p l i t u d c  o b r c r v a t i o n r ,  o n c  h a r  l n
p r l n c t p l c  G D o u t h  i n f o r a . t i o t r  f o r  d c t c r r l n i n g  t h c  p o r i t i o n  o f
t b c  r o u r c e  i n  t h c  r l y  r i t h i n  t H o . e p . r ! t c  c r r o r  b o x c e ,  t o
c l l c u l a t c  t h c  t y o  i n d c p c n d c n t  p o l r r i z a t i o n  a r p l i t u d e s  o f  t h e
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r . v c . n d  t h c  p h a r c  l e j  b c t r c c n  t h c r .

S i n c c  t h c  t r o  E u r o p c a n  d c t c c t o r r  r i l l  b e  r e l a t i v c t y

c l o r c  t o j c t h c r ,  t h e y  y i l l  t e c  . o . t l y  t h .  . . r G  G v c t r t a .  T h l r
l c . n l  t b . t  .  t r a f t . . t l a n t i c  d o u b l c  c o l n c l d c n c e  p r o b a b i l i t y

c r l c u l e t i o n  c e n  r o u a h l y  b c  c o n r i d c r c d  r .  .  t r l p l c ,  r n d  .

c o i n c i d c l e c  i n v o l v i n j  b o t h  A r c r i c l n  d c t G c t o r .  l D d  a t  l G r ! t
o r r ?  E u r o p € . n  o n e  r l t l  r l r o  t u r D  o u t  t o  b c  c  q u r d r u p l " .  H G r c

e n d  i o  t b e  o e r t  p c r a j r a p h  r c  o n l y  p o i n t  o u t  c  f c r  v a l u c e  f o r

t r l p l c  . n d  q u . d r u D l G  c o l n c i d c o c e  r a t c .  c o r r c t p o n d l n !  t o

c a r t . i n  c o r b i o e t l o n r  o f  S l l n r .  l f e  r h a l l  r c p r o d u c c  i n  t h c
r p p c n d l x  t h c  t n a l y t l c c l  c r p r c r e l o n  o f  t h c  f i t !  r €  h r v €  d o n e
t o  t h c  f u l l  c t l c u l a t i o n r .

A r o o a  t h c  f o u r  p o r t l b l c  t r i p l e  c o n f i a u r . t i o n r  i t

. p p c . r a  c l c r r  f r o r  t h €  t . o r c t r y ,  a n d  e . 3 u r i n a  e l l  d c t c c t o r g
Y i t h  t h c  l l r c  t h r c r h o l d . ,  t h . t  t h e  c o r b i n a t l o n  l l r l n r  ( X 1 1 k ) -

S c o t l a n d  ( I 2 1 f ) - c e r . a n y  ( I 2 1 h )  i e  t h €  o p t l r u . .  F o r  t h i e
c e ! e r  a n d  r i t h  l - t [  e q u a l  t o  0 , 5  f o r  a l l  d e t c c t o r s ,  t h e

c o i n c i d e n c c  p r o b a b i l i t y  i a  8 t :  a t  I r X  0 . 2 5  i t  g o e r  u p  t o  d g t

e n d  a t  I l X r  c g u a l  t o  0 . 1 2 5  i r  a b o u t  8 0 1 .  A ! r u r i n g  ! l l  t h r " e

d ? t c c t o r r  r i l l  b c  r o r k i n l  a t  t h a i r  o p t i t u r - l i 3 h t  r e c y c l i n g

c o n f i t u r . t i o n  a n d  l o o l i n g  f o r  r i j n a l r  o f  a r p l i t u d c r  ! r c r t " r
t b e n  5  t i r : r  t h e i r  o y D  r a !  n o i r c  l c v e l r ,  a  p o r c i b l e  c o r b i n -

r t i o n  o f  t h e  t h r c r h o l d r  c o r r c t p o n d i n g  t o  b i n a r i e c  o u t  t o

5 5 0  l , f p c  r o u l d  b c  t h c  f o l l o r i n j :  l r l [  =  0 . 1 2 5 ,  l z t | {  =  O . Z s

a n d  f 1 1 X : 0 . 1 5 .  F o r  t h i r . G q u c n c e  t h c  p r o b a b i t i t y  i e  c q u a l

t o  6 3 t .

I  t r l p l a  c o i n c i d a n c c  e r p c r i r c o t  y i t h  d e t e c t o r e  i n

C r l  i f o r r l r  ( I r r x ) ,  S c o t l r o d  ( I r r X )  a n d  G c r r r n y  I r r l )  t i v e c
i n r t e r d  r  c o l n c i d c o c G  r a t e  o f  5 t  r b c n  a l l  t h r c e h o l d a  a r c  a t

0 . 5 .  l t  l n c r c c r c .  t o  { a t  f o r  f 1 x  0 . 2 5  a n d  l e  c q u a l  t o  ? g t
. t  f a ' |  0 . 1 2 5 .  A t  a  y o r l i n g  c o n f i 6 u r a t i o n  e g u i v e l c n t  t o  t h e
o o c  c o o r l d c r . d  f o r  t b c  t r i p l c  l l c i n c - S c o t l . n d - c c r r r n y  r e  h l v c

r  p r o b a b l l l t y  o f  6 0 t .
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F o r  t h e  c o r b i n a t i o n  C . l i f o r n i a  ( f r 1 f , ) - l h i n c  ( I z a t r ) -

S c o t l . n d  ( I r r I )  t h e  e o i n c i d c n c e  p r o b a b i l i t y  t r  i l t  y h c n  t h c

I j ' t r  r r c  0 . 5 ;  i t  i n c r c c r c r  t o  r l 3 l  a t  f j X  0 . 2 5  e n d  t o c r  t o

? 5 t  a t  t a n  0 . 1 2 5 .  T h c  c o r b i n a t i o n  X r l N  .  I l f X  =  0 . 1 2 5  a n d

l t r k . 0 . 2 5  g i v e r  a  c o i n c i d e n c e  p r o b e b i t i t y  o f . b o u t  5 g t .

T h a  r a . r i n i n t  p o r r r i b l c  c o r b i n c t  i o n .  n . . c l y

G t l l f o r n i a - l l a i o c - G e r r a n y ,  a l v c l  t h c  f o l l o r i n 3  v t l u c r  f o r  t h .
c o i n c l d c n c c  r e t c .  . t  c q u e l  t h r c r h o l d r :  3 t  r t  l r t a  0 . 5 ;  r l l t  r t
I r X  0 . 2 5  a n d  ? 4 1  r h c n  t h c  I l X r  l r c  0 . 1 2 5 .  t l  t b i r  t r i p l c

c o i D c i d c n c c  r G  r r y  . ! . u . c  . .  l n d i c a t i v e  t h c  f o l l o r i n 3

. G q u c n c c  o f  t h r c r h o l d a :  I 1 1 X  .  X z r H  =  0 . 1 2 5  e n d  l 9 1 t r .  0 . 1 5 .

C o r r c r p o n d i n t l y  t h e  c o i n c i d c n c e  r c t c  i r  ? 3 1 .

T b c  f i 6 u r c r  a i v c n  l b o v c  e l l o x  u .  t o  l c t  ! n  i d c ! . b o u t

t h c  t c l n  n u r b e r  o f  c o i n c i d c n t  d c t c c t  i o n e  o f  c o a l c r c i n g -

c o r p e c t  o b j c c t a  i a  a  n c t r o r k  o f  t h r c e  d e t . c t o r a .  A ! ! u . i n t

t h c  v a l u c  o f  3  c o a l e t c c n c c e  p c r  y c l r  f o r  h c u t r o n - ! t e r

b i n a r i c a  o u t  t o  1 0 0  l l p c  ( C l a r k  e t  c L ,  l 9 ? 9 ) ,  r e  d c d u c c  t h a t
o u t  t o  5 5 0  l l p c .  r n d  r i t b  d e t c c t o r r  r o r k i n t . t  t h c i r  o p t i . u t

c c n e i t i v i t i c r ,  t h e  . r c a ,  n u a b c r  o f  t r i p l c  c o i n c i d e n c e s  r o u l d

b c  b e t r c c n  2 9 0  a n d  3 6 0  p c r  y c a r ,

( c )  O u a d r u o l c  c o i n c i d e n c e  p r o b a b l l i t i e r

F r o r  o b r c r v a t i o n e  o f  c o e l c r c i n g  b i n a r i e s  r i t h  .
n e t r o r l  o f  f o u r  L I G O r  r G  t r y  o b t a i n  a  r e r i e e  o f  a r t r o -
p h y r l c a l  l n f o r t a t i o n  o f  e r t r a o r d i n a r y  r e l c v e n c c .

l n  c  r c c c n t  p a p c r  S c h u t z  ( 1 9 8 6 )  b . r  . h o e D  t h . t ,  b y
o b e c r v i n l  a  b u r r t  f r o r  a  c o . l G . c i n t  c o t p e c t  b l o a r y ,  f o u r
d c t c c t o r e  o f  e u f f i c i  e n t  l y  l a r g e  S n n .  r o u  I  d  o l  l o r  u ,  t o
d c t a r r i n c  t o  e  f e r  p c r  c c n t  t h c  c b r o l u t e  d i r t r o c c  t o  t b c
. y . t c r  a n d  t o  l o c a t e  i t r  p o . i t i o n  i n  t h e  r l y  r i t h i n  a n  a r r o r
o f  * 3 ' .  l f  t h c  c o l l c l c e n c c  i e  o p t i c e l l y  i d c n t i f i e b l c ,  t h c n

b y  r c . . u r i n t  t h e  r c d r h i  f t  e .  c a n  d c t a r r i n G  t h c  f , u b b l c
c o ! . t . n t  f , s  t o  I  f c r  p c r c c n t .  O t h e r r i r c ,  c o r b i o i o t  a t r t i . -

t i c a l l y  a  r € a . o a . b l c  n u r b c r  o f  c v c n t t ,  r c  c a n  o b t a i o  8 6  t o
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r r i t h i n  t b e  . . t .  p r c c i . i o n .

l l c t c c t i n t  t b c  d o . i n r n t  r a t e - q u a d r u p o l e  r a d l e t l o n
c l l o r r  u .  t o . G ! ! u r c  t h c  q u . n t l t y  t l 4 2 / t  ( B c . ( l . l - Z ) ) .  I f
t l r e  r . . .  c o . b l D . t l o a  l 4 4 2 / t  l r  l c r r  t h a n  a b o u t  z n ' . / r ,  e c  c r n
b c  f e i r l y . u r a  t h a t  t h c  b i n a r y  r a r  t a d c  o f  n e u t r o n . t i r . i  l f
i t  i .  l . r a G r  r G  c . o  b c  r u r c  t h e t  c t  l e a r t  o o c  o f  t b c  b o d l c r
r c r  .  r t . r i v c  b l e c l  h o l c  ( l b o r n c .  l 9 g ? ) .

I  l r r v i t a t i o n a l  o b r c r v a t i o n  r l t h  f o u r  d e t e c t o r r  r o u l d
t c . t  t i a r t e i n ' r  t h c o r y  o f  r c l r t l v i t y :  f o u r  d c t c c t l o n t
c o n t . i D  t b r c c  i n d e p c n d c n t  t l t c - d c l r y  . n d  f o u r  r r p l l t u d c
o b r c r v l t l o o r  r h i c h  r l l  t o S c t b c r  o v c r d c t c r r l n c  t b c  r o l u t l o n
f o r  a  t r a l r v e r t c l y  p o t r r i r c d  g u a d r u p o l c  r a v c .  A n y  i n c o n -
. i a t c D c t  . r o n t  t b G r  r o u l d  r b o r  d i f f c r c n t  r p l n  p r o p e r t i c r  o f
t h e  r r v c .

l i t h  o u r  c a l c u l a t i o n  r c  l r a  a b l c  t o  ! i v c  a n  c . t i . a t e
o f  t h e  c h e n c e  o f  r c c o r d i n !  r n  G v c n t ,  o f  a  g i v c n  a t p l l t u d c ,
i n  !  n c t r o r l  o f  L I G O r  c h a r r c t c r i z c d  b y  e  r u i t a b t c  c o r b i n r _
t i o n  o f  t h r c r h o l d e  a n d  r l r  n o i c c  l c v c l r .  T h e  a n a l y t i c a l
e x p r c l l i o n  f o r  t h c  q u a d r u p l c  c o i n c i d e n c e  p r o b a b i l i t y
p r o v i d c d  i n  t h c  a p p c n d i r  a l t o y c  u r  i n  f a c t  t o  d o  t o .  l l e r c ,
h o r e v c r r  r G  a h a l l  o n l y  r r p r o d u c c  a  f e u  v a l u c r  c o r r c t p o n d i n g
t o  c " r t a i n  t h r e t h o l d  c o t b i n c t  i o n a .  T h i t  e h o u l d  3 i v c  u a  a n
i d c e  e b o u t  a  c b a r a c t e r i a t i c  r ! n ! .  f o r  t b c  c o i n c i d c n c c  r a t c t .

l h c n  ! l l  d G t c c t o r .  h r v c  a  f r X  c g u a l  t o  0 . 5  t h c
c o i n c l d o a c c  p r o b r b i l i t y  i r  . b o u t  3 t .  R c d u c i n 3  b y  o n c - h a l f
t h c  t b r o r h o t d  I t N s  t h c  c h a n c c  o f  r l t u l t a n c o u l  d e t c c t i o n  3 o c e
u p  t o  3 9 t  t o d . t  f 1 { r  c q u e l  t o  0 . 1 2 5  r c  t e t  t o  !  c o i n c i d c n c c
r t t c  o f  8 t ! .  f o r  t h c  c o r b i n l t i o n  o f  t h r e r h o l d r  a l r c a d y  r c n -
t l o n c d  f o r  t r i p l .  c o i o c i d c n c e r ,  t b e t  l r :  C a l i f o r n i a  a n d
l f . i n .  . t  l r f  0 . 1 2 5 ,  S c o t l a n d  r i t h  f r X  0 . 2 5  e n d  G e r r a n y  a t
f r x  O . 1 5  t b c  c o i o c l d c o c c  p r o b r b i l t t y  t r  5 ? f .  o n l y  6 l  l c . !
t b a n  t b e . c . D  v r l u . . r o a a  t b a  f o u r  t r l p l c  c o i o c i d e n c c  r a t c s
c a l c s l r t c d  i n  t h c  p r c v i o u t  p e r e . r a p b  f o r  t h c . ! . e  t h r c t -
h o l d r '  . c q u c D c e .  I o  o t b c r  r o r d l  a o y  t r i p l c  c o l o c i d e n c c  r a t e
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c a n  b c  c o D a i d c r c d  t o  b c  a  g o o d  r c p r c . c n t a t i o n  o f  !
q u c d r u p l c .

l f  r c  l o o *  f o r  r o u r c c r  t e i c .  ! .  f a r  i n  d i . t . n c . ,  t h l .
c o r b i n c t l o n  o f  t h r c r h o l d r  h a r  t o  b c  r u l t i p l i e d  b y  e  f e c t o r
t v o  r c d u c l n t  t b c  d c t c c t i o n  p r o b r b t l i t y  t o  e b o u t  l ? f .  S o
wh i l c  a t  550  l l p c  r c  havc  S l lR  Sood  cnouah  f o r  en3u le r  l oca -
t l o n  o f  t h c . o u r c .  i n  t h e  r k y  ( S c h u t : .  l 9 g 6 )  a o d  a b o u t  2 9 0
c o l n c l d e n c c  d c t e c t i o n r  p c r  y c l r ,  n a l t c r  S i l R  r a i r e  t h c  c v c n t
r r t e  b y  o  f a c t o r  o f  a b o u t  2 , 5  t o  6 8 0  c o i n c i d c n c c r  p c r  y c . r .

4 .  C o n c l u r i o n r

A  c o l n c i d e n c c  e x p e r l t c n t  y i t h  t r o  o r  r o r a  d e t c c t o r a
c n h a n c e l  t h c  p r o b a b l l i t y  o f  d c t c c t i o n  o f  t r . v i t . t i o n ! l
b u r a t r  b c c a u t c  i t  r i n 3 l e r  t h c a  o u t  f r o r  u n c o r r c l a t c d  n o i c c
p u l a c o .  T h e  p r i n c i p a l  r e . u l t  o f  t h i e  p a p c r  h a r  b c c n  t h c
c a l c u l a t i o n  o f  t h c  c o i n c i d c n c c  p r o b c b i l i t y  f o r  a  p a i r ,
t r i p l c  o r  q u a d r u p l c  o f  l a r c r  I n t c r f e r o r c t c r e  r i d c l y  l o c e t c d
o n  t h e  E a r t h  o b r c r v i n ;  c o a l c r c c n c c .  o f  c o r p a c t  o b j c c t a .  | | e
f o u n d  t h a t  t h c  n c t r o r k  o f  f o u r  p l a n n c d  d c t e c t o r r  i n  U S A  6 n d
E u r o p e ,  r o r k i n g  a t  t h e i r  o p t  i r u r  c e n c i t i v i e t ,  r o u l d  b c  a b l e
t o  r e t i a t c r  !  a c . n  n u l b c r  o f  c o i n c i d c n c e s  o f  c b o u t  Z g O  p c r
y c a r  r h c n  l o o l i n g  f o r  t . 4  l l g  n c u t r o n - a t a r  b i n e r i a r  o u t  t o
5 5 0  l l p c .

T h i r  w o u l d  a l l o s  u .  a  n u t b c r  o f  . a t r o p h y r i c a l
o b a c r v c t l o n r  o t h c r r l r c  i r p o r r i b l e  a n d  !  t e . t  o f  E i n r t c i n ' r
t h c o r y  o f  P c l a t i v i t y .

Ackno r  I  cd l c ren t  r

I  t b r n l  P r o f c r r o r  0 c r n . r d  f .  S c h u t z  f o r  e c v c r e l
i r p o r t r D t  c o r . . r r t r  r n d  f o r  h i r  p r t i c n t  a r r d  c o n t i n u o u !
c n c o u r t t a l c n t .  I  t l r o  t h a n k  p r o f e l r o r  E n r i c o  l l a e r c  f o r  r
. t i r u l r t i n !  c o n v a r . t i i o n  o n  t h c  l l o n t c  C a r l o  r e t h o d .  T h e
f i o a n c i r l  l u p p o r t  r r r  p r o v i d c d  b y  t b c  I t a l i a n  t t i n i ! t r y  o f
8 d u c . t  i o n ,



2 62 5

!t&t!!e!!
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i - . r l .  l t . . c t l .a  t | | .  . .a t .  ! .a r . . r  a [ .  . r . . r .  . .d   t .  1 . . . r
c . .0 . . .  d l r .c r l . t .  (a . t ! . I . t  t t .  . !a l .  . t  . . ! . ! t . t ro !  . r .  D . r t ,  D . .  19a6.  r ,  ? roc . .A iaa .  o l  r t .  roc r . t  t  rc . ,

orot...Dt l..atna.t c.t...t t t.ajetar. .d.
J r . ! t .  2  i { t f tn i .  r .  t r . . r t . t

t i .  r . l . t t . n r  . r o . a  t h .  d . t . . r . , , r . r . .  ( r ! r , , t ) r   r .
l . i fh ' .  . r . .  ( r ' . r ' . t  t  . .d  t f , .  r . v . r .  . r . .  ( r r r r r ) .  t . r .  ,  J . r .  l .  a  t . r l . . ,  t . t . .  l i 6B.  a rc r r rh . ,  ? . r r .q t . t ,  ln

th .  d . t . c t . . ' .  l . t t r !d .  .na  t . . t t tod .  f ! r . . t c . t  t t . t t . i . t  o ra . ra  un t r . r . t ry  t . . . .
r . . D . . t t t . l t ,  . . d  a  t r .  o . i . , r . t i . r  . .  t .  t i a .  t .  t [ !
. . t f . .  a  .na  a  a l ! .  t i .  t rcor l ra  a r . .c t to .  .a  rh .  r . ! .  . .  n . I tn t ,  t . r . .  197a,  to . . . i c . t  t . t toa .  f . r  s . t .Da i . t t  .na
. . . . { t .d  ' l tb  r . . t . . t  lo  t t .  ! . . th , .  . r . . ,  th .  . ra r .  *  E ta i t . . . . ,  *cc . . r - t i , t t ,  toa . * r . [ .  t td .
d . t . . . t . . .  t h .  t . l . . i . . r i o n . n a t . . ,  t i .  i t ! . .

l . l a h .  J , ,  f , . . r . ,  i . J . .  x . r t . r .  G . f . ,  t o b . r r . . n .  l r . 1 . ,
t i . ! r . 3  l . r d ,  t . ,  S c h l t r .  i , f . ,  D r . ! c . r  i , t . p . .  t . I . i . . .  i .

s i r t l . . . t . . r .  d . a . c t t o n  r . . b . b t t i t r  . .  .  f ! n c r i . .  o f  a  C . . ! . t t ,  t . f . .  l t g e 6 )  t  r . i t i . t  t . r t , . . . t j r .
th r  d . t . c r . r r .  r [ r . .n . ld .  t . t .  Cr . . t r . t to t . t  t  v .  Obt . . r . t . r t ,  iu thcr f . .d  r rD l . t . r

l .bo . . to . t  t . t . r t  GrD/ tA !  t6 -OOl ,  ch i t !o . .  Oror . ,
l l r u . .  a  U .  t .

P . . r .  a .  f t  d r . t l . ,  .o r ro ! r .  o t  . .n . r . . t  d .u !1 ._
co ln . id .n . .  , . .b .b1 l r r r  . .  f t ! . t ion .  oa  r [ .  d . ! . c t . r r .  sc f , r t ! ,  l . I .  t  1946.  r . ro r . ,  !3 ;1 .  3 lo
t l . . . 6 0 l d . . l  ! . r j . ! .  r . i r .  o f  d . 1 . . t . . . .  i . .  r t r .  r . i a  t o ,
.  r l l l  d t . . r . . i . . .  ! . h t r .  a . r .  I  t i ! t . ,  i . t  t 9 ! 7 .  r o n . r . t . n . . . r i . s o c . ,  ? a n r

l 3 l

S h r c i d e r ,  Y u . l . ,  1 9 6 6 .  l l a  i l o n t e  C a r I o  E c t h o d ,  e d .
S h r c i d c r ,  Y u . A . ,  O x f o r d  p c r i l l o n
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? h o r n c ,  I . S . ,  1 9 8 ? .  l a l .  3 O 0  l c a r c  o f  G r c v i t c t l o n .  c d r .

R . x k i n a ,  S . | l . 3  l r c r c l ,  t f .  C a r b r l d t c  U n i v . r . i t y

? i n t o ,  l l . ,  1 9 8 ? .  l l o n . X o t . R . r . t r . S o c . ,  t o  a p p c a r

P r c g  e

ADDCNd i  x

l l c  p r o v i d c  h e r c  t h c  c o e f f i c i e n t .  o f  t b c  l l n c a r  f i t e

t o  t h c  e i n j l c - a n t c n n !  d e t c c t i o n  p r o b a b l l l t y  r n d  t h c  d o u b l c ,

t r i p l c  a n d  q u a d r u p l c  c o i n c i d c n c c  r r t c !  f o r  t h r c e h o l d r  f 1 X  l n

t h c  i n t e r v a l  [ 0 ,  0 . 5 1 .  ? h e  f i t r  t h c t r c l v c r  r . y  b c  d e d u c c d

b y  r p p l y i a a  a  t G ! . t - r q u a r c r  r c t h o d  t o  a  l i n c e r  c o t b i n . t i o n

o f  C h o b y r h c v ' r  p o l y n o r i a l r .  T h c i r  f o r r a l  a x p r c r r i o n r  t r y  b e

r r i t t c n  ! .  f o l l o r . :

s ( r . x ) ' i  A i r i ( r r t t )t  
i = o

c ( r r r x r r r r x )  . i l j = o B i j  ? i t r , . N ) r r ( x 2 r x )

c { x r r x l x r r x l r r r x )

2

, , L * = o c i j k  
T l { x " x ) r , ( x a ' t ) T k ( r r r  )

c { x r a t r ;  I r r x ;  I r r x ;  r . r x )

( A l )

(  A2l

( A 3 )

2

.  I  D i J r r r i r x f ,  r r r t x ! ,  l r * r x l r  ) r r ( r : r  )
i . J , l , t : o

( A 4 )

r b e r c  t h c  f u n c t i o n r  T  a r e  t h e  l ! t  k i n d  C h c b y r h c v  p o l y n o t i a l e

d c f i n c d  i n  t h c  r a n l c  ( 0 , 1 ) ,  ( f o x  I  P a r k c r ,  1 9 6 8 ) .

S i n c c  t b e  c o i n c l d c n c c  p r o b a b i l i t i e r  ! r c  i n v r r i . n t  b y

l D t G r c h a n a i n a  t b G i r  . r t u r c n t . ,  r c  r o u l d  c x p c c t  . y t r c t r y  i n

t b e  c o c f f i c l c n t r  B i l .  C t J t  a n d  I l i . i l g  u n d c r  p c r r u t a t i o n  o f
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t b c  l n d l c c r .  f , o r c v c r ,  b c c a u r c  o u r  d . t e  h r v c  b c c n  o b t a i n c d
b y  u r l n l  r  o u r c r l c c l  r c t h o d ,  r c  b a v c  r c c n  t h t t  t h c . t r . " t r y
i n  t h c  c o c f f l c i c n t a  l .  n o t  c x l c t l y  r c r p e c t c d .  ! y  . v c r a a l n g
t h c  C b c b y r b e v  c o c f f l c l c n t l  o v e r  p c r a u t . t i o n r  o f  t h c  l n d i c e r ,
r c  h a v c  v e r i f i c d  t b a t  t h e . c c u r . c y  o f  t h c  f l t r  i r  u n c h r n l c d .
? h c r c f o r c  r c  r e p r o d u c c  b c t o r  o n l y  t h e  r y r r c t r l c  p r r t r  o f
D i J ,  c i J l  e n d  D i 1 1 1 .

c8E3tg|ly OoFFICtltts toi !trreLE-ltftilm

Itr 0.30198-01 l2r-0. l l l2!+0t l3r-0.r3668+00

cnEBt$ttT coF?IcEtts toi crl.tr(tnxlr{llE BlstLttc

B0o: 0.28308+00 80tr o.ll6tB+oo

Elrr 0.217?&r0l E02r 0.2t0jE+00

tr2r 0.58t?l+00 8221 0.26t98+OO

csEStgtv ooE?Iclltts !0t cILIFRTU-Sqtn|n llsEIE

B@r-0.1819t-0t E0lr-0. t lt6E+0O

ll l :  Q.11t13.61 802r-0.?t9t-Ot

8l2r 0.lll0lt 00 B22e 0.1?l9B-01

cHEBtSflEy COFFTCIITIS R)n crl.lFnl|u{tEFttf,t EtsE tlc

800:-0.6!6lE-O1 E0t:-0. 136?E+(X)

Ellr  0. l t5l lE+01 B02r-0.33058-01

8121 0.t26?E+00 8221 0.3238-01

cf,EBtstrtv ooFnlclltttt lor I|IIE-SC0?L|D BISE ttc

B(X)l 0.tll?1.00 l0lr 0.203G+0O

Dltt 0.1756t+01 8021 0.10!t2t+00

8l2r 0.j|!l908+00 82!r 0.17?5S.OO

c8tgtsBr cogrlcllfts lttn tutG-{ilFt|lt 8lsa.tE

B00r a.t7593-02 E0k-0. t5o6t-or

Sl lr  Q.l t l t .ol  80& 0.tato8-ol

ll2r 0.231!!i00 linr 0.93t61-01
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.cf,lltf,tr co??tctltt rci lEot|,tD{htrf,t lrsEl.ttG

!(F: 0.? tttlr0o t)otr O. t t?fg.ot
'  ! t tr  0.3126!+0t !@r 0.5Zot!+OO

!l2r 0. rlllbol Jat 0.57/,72+A0

cE|l!|lr co??rctilts toi l$? ttttLE c|Llntnru-firlm-Scml^|tD

C6Or O.!l0OE-03 OOtr-O. rl0l!+0o COrlr-0.l3llt+0o

Cl I l r-0.2C57k01 O0O2r-0. t06tt-0t C0 t2r-0. t I t i[+00

Ctl2r-0.6?trtr00 EOZh 0.5E228-03 Ct22r-0.1E92t+00

G22?r-0.2t51t.0r

cElstr cot?tclttt3 tiri 13t DnLl ctl.lDnfit.||lltt-o!illrft

CO0r-O.9962!-02 OOh-0.9O1?!-Ol G0ltr-0.6r!t+00

Clltr-0.2!Il7lr0l OO2r-0.696!-03 C0t2r-0.5?2ll-Ot

Gl t2r-0.5O6lEoO OD22r 0. t195t-0t Ct22rO. t325!+00

C222t-O.723sbO2

c@tnlf c'op?Ic tut3 toi fi ? 1r ttLE ctLI tDRnr-scotLrD-cEffi fft

GOOOr 0.30OrL0t ODL-0. 169?r+00 C0r rr-0.52?58+00

Ct t lr-0.3103G+Ot G02: 0. tzlgEi-Ot C0t2r-0. t!}?9E+00

cl l2r-0.t2t0h00 co22: 0.r1288-ot cr22r-0.2t338+00

C222r-0. tT?9l.ol

clElggr co!??IcEtts l(,n fiE nI?LE XIIB-SCOtL|D-{iil{rm

C0OOI 0.23951-0t COtr-0.2E978r(F COtlr-0.9t83t+00

Ctttr-0.1326t+01 O02r-0. t5768-0t C0r2:-0.2l|OE+(X)

Ctl2r-0. ll3OBr0l O022r-0.160G-02 Cr22r-0.1055t+00

C222r-a. !t 553-91

cEllltr cor??lctEtl Fr Q0rDFn t corrcDlcts

Doooo' 0. t9ttt.0 D0@tr 0.3!1561+00 DOottr 0.?95r!+00Dorrrr 0.201?Eo0r

Dtt llr 0.?5021+01 DO@2r 0. tt653.00 DOOt2r 0.2955b00D0tr2r 0.6!663+00

Dtlt2r O.2t9tb0t DOO22r 0. l l l t trO0 D0t?2r 0.26t1+0@lt22r 0.?l5F+00

DQZ|2T O.f33l!.@ DlAz. 0.2l37!o0/c DXdEb 0. ltl3E+O

F i g u r c  l .
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