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INTRODUCTION

G3d o1i ni u m h ss a n u m b e? r of p r o r- er t i p s which m a k e it s n
i n t e r e s t i n a e ,1 e m e n t for u s e in S N 0 as 8 n e u t r <? 1 c u r r e n t
detector* These F’ r o perties a re I

* The isotopes 15 5 G d s n d 3 5 7G d h sv e 3. 5 r £; e cross sec t i o n s f or-
es F- t u r e of t h e r m 51 n e u t r o n s *

* The de - e >’. c i 131 i o n of the n u c 1 (�? i a f t P r n e u t r o n c B P t u r e ^o e ?;,-

t h r o u ^ h their first excited s t s te s i-fi t h h i 3 h p r o b B b 1 i 1 i t y ,

* These s t Bt e s h 5 v e h i ^ h c o n -v e r s i c n electro n c o ef f i c i e n t s ’�
t h u s P r o d u c i n s e 1 e c t r o n s u i t n ene r ^ i ^ s ij p t, o y 0 k e’,’ 1.1 �; ^. i-i
h i ^ h e f f i c i e n c y o n n e ij t r u n c- ^ P i. u T- e <

* The h i sS h e n e r ^ y n e u t r o n c ’^ P t u T- e ^ ?. m m <s r -?- ’=� s a r’ e e .= �-: ;. "i ��;

detected by the S N 0 p h o 1. o m ij 1 �I- :i. F- 3, i i? r- s »

These properties, c o ni b i n �? i n i.. h ’�? f n 1,1. o ’^ i n �^ ;^ .-^ �r; t.. n i:i.-:,::’-., ;:-:�

G d u s e f u 1 i n d e t e c t i n s t. h <? r’ e- <, 11. r ^ ] c- ’j r T- ’:��� i �f �I. r i e- ij �L. i � o r; .;. �; \ S ,^ 0 ..

The h i 5 h n e u t r c n capture’ c r o s s s p c-1- j. i f n in s k e ��::. I �I F i::’;:;. 5 :i. b I ^ ’�� ’;�

c B P t u rQ 3 1 3 r c; e? f r 5 c t i o n o f t h e n e u t. r c’ n s p r’ o d u c’ �;� d :i, n ?!’--? n ^ .i.’;.!;

c? s IT) s 11 5 m o u n t o f m s t e r i 5 1 * T h e h i ^ h c o r; �;’ R �f% s i .;»i-i i:.:.:’ 11:" c I r- n r:

coefficient of the first excited ststfr conlhi n �-/ d y �i I h i h .:�.-
1 arse f r s c’ f i n n o f n e u t r o fi c s P t u r- e s ° o i rid t. h r- o u s-i h t h i ’3 = 1’, ,-� i., ,-

ni (51-’. e s it P o s s i b 1 c-’ t. n d e t. e ;"� t. s 1 s r^e f rs c i- i o n n f f, h p H ^ i,., �’.; �

i.n ,

i:: ci P t u r e s i. r’ r o 3. s t i v e 1 y s i m p 1 e d e +. e c -I-.. o r- -s , Thee c? i n c ;i. c’ e ’-i c °

i.-i e t w e e n t he c o u n +,. e r s s-1’ d t h i? S N U r- h c: �’... c’ ft) ’.i’’, t. :i p ] .1 G r-<- ir, ? ’-�. (�:-� s i �I
P o s s i b 1 e to e 1 i m i n s te t h e b ’:i <�-’ I--:, a r r. u n d -:’-. -f �(- o in ri o i’?. Q i. r-: -t h e
c.’ o ij n t e r s 5 r-i d r- 5 d i o .3 c t- i -v i t �::: i r i 1. n c ;n.? �i;. e r i 5 1 s c’ f �t- h (?� (:� c: u 11 �l c-’ y-i:. "

n o ri e of w h i c h h a- v e h i. -5 h e ri ^ r £’ y ^ ’:-< (T; sn .:::� r a- ^’ s e -^c:. i 1’--’ d 0 t’.. ^’:; t. ’�;’ b ] c
i n SN 0 * The s m ^ ] 1 <? ni o ;j n "t ’::.’ f iri ..= t’? T- .i p--1 ^, > � e ^ L’ :!. r- e d i r; 1.1’; ’:�

counters m s k e it possible t u r- e ci u c e- 1,. c.i r e =? s c." i o b T ^ "L - �-� e 1 s �’. h ^
n e u t r o n p r o d u c t i n r; in the V20 f r u r: d ^: :i n t e? ^ r s i i o r: c f t h ’-

d e u t e r o n by ^ s m in s r B y s 8 b o v’ e 2 - 2 M p ^ f" r11 f n\ �t. h ,-� c o u i"t 11-;’ i �

iri z. t e r i a 1 *

The detailed P r- o p e T’ t i ec: of f3 d ;£�" (�;�:� s -i v e 1-1 i. n T .5 b 1. s T .

To-ble I

F’ r o P e r t i e s of G ci d o i. i r i i. u (TI

1 "i 5 P d * 1. ? 7 G d + N;; t u r.? I G> d

Ci e n s i ty7^9o2
Atom i c n u m b er-6^ -.

K B i ri d i ri ^ e n e r sy (V. ey)50^239
L & i n d i n ^ e n e rsy ( k e"v’)8* 376 r 7 . 9 3 1 » 7 . 2 ^ ".’.
M B i n d i n ^ e n e r s y ( k e^)Ml , 5
Abundance (>,’)14.8 15,7

Cross s e c t i o r’f ( b 5 r n s’�6 4 ? 0 0 0 2[=; 5 ? 0 0 0 4 9 ? 1 2 2
N e u t r o n b i n d i n a e n e r ^ y ( M e V)8 » 4 7 » 9
E 1st e; i c i t e d s t st e (k e^)88*97 79^49
E 2 n d-1s t excited s t c= t e (k e^)199.21 181.9 7



1 - > 0 �I r s n -5 i t. i o n s / n - c s P t. * 9 7 6 « 6 6

2 "> 1 t. r 5 n s i t- i o n s / n - c,1 a P i +348 » 2 3 9

1->0 e’s/n-capt ,778 ,587

2->1 e ’s/n-capt ,06^ ,056

Total e’s/n-capt .79 *6J
Totsl/K conversion 2,63 2»9-’i

E e (K c o n v e r s i o r i) < ke v) 4 0 * 30-
E e ( L c o n v e r s i o n ) ( k e U ) 70. SO.
d£/dK<Gd) 30 »0 kev (key/micron)

70*0 keV (keV/microri^

o->74
0-266

0*66

3*3
-"> �">

* Reference 2
+ reference 3

This use of 6 d was i i’i i t i c t e d by d i s c u s s i o n s w i t h
U i c t o r P e r e z-M e n d e s and A 1i M 3 res h^ h i. of L B L sbuut t. h e use of
amorphous s i 1 i c o n hydride c o u n t e r s ( a - S i I H ) with G d r-i e u t r o n

converters as a possible neutron detector in SNO* A? a

result of our discussionsr they iri 8 d e u ^ a <3 - S i t H d e t e c t. o r

which I h s v e tested* The results of this test are d e s c r i h e d

i. n s separate p s p e r *

In this P 3 P e r ye describe s (TI e t h o d o f u s i n ^ G rl ,i. n S N C’;

a s a n e u t r s 1 c u r r e n t d e t e c t or- I n t ’n e f i r % t s e c t i o n ? w c;’

c’ 31 c u 1 s t e t hi e a m o u n t of G d r e Q u i r e d to d e t e c t t. h’-’ r-i e >.’ t r- o r’i ^
with r e o s o n s b 1. e e f f i c i e n c y * I n t. h e s e c’ o n d sect i c’ r-i �: u p ci i. <-. <:� u �?� �.;.

t h £� c o n -v e r s i o n e 1 e c t r o n d e t e c t i o n e f f i c i. e n c y 4 The -t ’n :i. r’:’.
9 e c t i o n describes the c o i n c i d e n c e c 5 P £ b i1i t y * S e c-1.1 c’’ i 4

d i s c 1.1 s s e c the e f f i c i e n c y for d e t e c-1 i o !"i o f t he ne L! t r cn
capture g a m m s r s y s i n S NO* I r, t.he f i. f t. h �=� e c t. i o n r w �:-; d c? = c r i h ^

o [-1 d discuss the P r o P o r t i o n s 1 wire c h s IT] b R r d e s i ^ -i - S & c t i ci ’-� 6

discusses t h e o v e r s 11 n e u t r n ;-i d e t e c t :i <j i"i i? f f i. c i e n c y .. S e (:� t i. ^ H

7 d e s c r i. b e s the ni e 3 s -j T- e ni e n t s w i ’I n 5 t s -:= t c " *-; n t,. e r- ;::. r’. d a G r.I
foil* In s e c t i a n S " we g :; �-’ e �? s e’ n i;- r a ] d i �-. c’.,; ^ r. i o n o -l’ t h K

t e c h n i a u e and i. n S & c t i o n 9 ^ & ^ i ’�-� e’ t h’- c o r-i c:-1 u -= :;. o 1-1 -.,

^ p p e n d i ;-: I e v-. f s n d s ur’ t h �-? d i c t r i b u t i r n n r t h e c o u ri t. e T’ �::. 3 n

t h e £i2 0 with P 5 r t i c u 1 s r s P P 1 i c’s t i o n �’.. o t he 3 H’- c’’::’ 1.1 n 4. e r- ^ .

:!. * NEUTRON CAPTURE: ^P-Fini^CY IN SMn liST^ P11’ ST-PH^

i. ) I n t r o d u c t i o n

It is e s s e n t i s 1 to k n o w t, h i"? :;* if; o u (i "I of G d o n e w i 11 n ^ ^ o
to capture s s i ^ n i f i c s n t n u ni b e r- c f n «.��:�� u i r o n s i n ? N 0 ^ ^, f"; c:i H t, c’

Carlo P r o ^ r s ni (ret 1 ? has bee i -f u r i 11 e i"i i- o c <? 1 c L! 1 31e t h ^-’
neutron capture e f f i c i e n c y for ? -v a- r i ^ t y o f c c-- �--1 -j r ? a s5 e f ��: "’:.

si e o m e t r i e s < This P r o ^ r a m has b s e n u % ^ d to s i n: LI 1 a t e v ^ r �L c- !�! �->

8 r r a n s e m e n t s of G d i- n the ^ o]ume c’ f ? N 0 * A n i n i t i ff]

e f f i c i e n c y c 31c u1 a t i o n was ni 3 n e for G d dissolved i n t h e D20

of SNO * This calculation gives the n;o;; .-i mun; 8ch i ??vc?b .1 e

e f f i c i e n c y for a g i v e n IT! s s s * All the other e f f i c :i. e? n c y

c 31 c u 1 a t i o n s described i n t. h i & s e c t i c’ n h s v e b e- e n r.:! o n ft f o r J

ni j. c r o n t h i c k. s trips of 157 G d & s s f u n c t i o n o f -’. o t ’;:< 1. G d ifi - �:; �ii -
These c s 1 c u 1 s t i o n s may b e t r a n �= 3. a t e d t- o n a t u r a 1 G d o -:::

t a k i n B i n t o a c c o u f-i t the c r o s s sec -t. i o n c a n d r e 1 a t i v ^
abundances of 1551’id and 157Gd. The re ^ ;-� 1.1 requires i. n c r e a % i. ;’i ^
the t. h i c k. n e ss of the s t r i P b y t h e ra’t i o o f t h e n e u t T- o r’.

capture cross section of 1 5 7 n d a n d n a t u r a 1 G d ^ a f a c �!.- u r c f
r:. /�)^��’ * ^. \i’ <�

For t hi e strip s e o ni e t r y ^ t w o d iffe �’�� n i-i t c- 31 c LI 1. .-:� t.. i o n �7:



have? been msde . In -the �first calculation!: i.hf? st r i ^ ^ (-;��:-

u n i f o r m 1 y distributed t h r o u ^ h t. he full. v o 1. u in e o F S N 0 - I n t: �; .::.:
s e c o n d calculation? ^ n a 11 e (TI F t. ^ s s m ad e t o o P �!.. i m i - e 1. h ?;��

c a P t u r e e f f i c i e n c y -f o r 3 f i ?; e d IT; ^ s 5 o f f3 d b y v �? T-- y i n s: �!. h ^
i n t-1 e r 3 n d outer r 3d i 1 of the s t r- i P s [:. e e F- ir’.s the d i s t. r :i b u -’.. :i .::� r:
o �r1 the s t r i P s u n i f o r m between these t w o P K d i i . T h e r1 p <:-:.; .1 ],t -=; c: -f
t h (? h o n t e C B r 1 o p r o s; r a fii h s v e b e e ri c o [T! F 3 r e d L; i t h o t h �? r s .i id i "I <;: r-
P r o s r 3 m E i n the 3 N 0 c o 11 3 b a r s t i o n .? no to u n u to ^ i v i:-

c o {TI P 5 r s b 1 e nu m b e r s <-

ii) Neutron Capture Efficiency in S N 0 for Gadolinium

The results, of these n e u t r o n c a P t u r e & f f i c i e n c ’;:;

c 31 c u 1 B t i a n & for G s d o 1 i n i u (TI distributed i ft S N 0 <s r e f-1 o t t e u
3 3 3 i n s t ni s s s of 1 5 7 G d s n d a r- e s how n in F i 5 *. 3. a 1-1 d F i ^ - 2 ..

The upper curve is for G d dissolved i r�i the D 2 0 * T his
T’ e P r e s e n t s the m sxim u m possible efficiency for n e u t ron
c a P t u r e * The lower curves display t h (? r e s u1t s of the
calculations for strips with widths of 0.5’ 1 . 0 <� 5 « 0 < 10 -- 0 ?

B n d 15*0 c ni or! I s 11 i c e s of 50’ 75» s ri d 100 c- ET! * L i ri h.. ^ o r
c o n s t s n t lattice s ’,-� B c i n ^ a r e d T- a i/,i n w :i. t. h s o 1 j d ]. :i n - �::-. i-.1 h :i }. ^3. i n e s of c o n s t B n t strip w i d t h 3 r- ^ d r -�3 w n w i t h d o 11 v- o 1 :i. r’ e s ..

U n c e the 1 311 i c e spacing is f :i. :-�; e d t h & 1 e n ^ t. h r- f �f, h ^ �r o :i 1 :: <.,

determined s n d 5 i r’i c e the width s n d t h i c k n e s s of t h <-:� f o :i."! ^ ; �’:::

k n o w n T the t o t $ 1 �v o 1 u n-i e of G d is d r t (-’ r-;[; i n i? d ^ n d h ^ n c - :i. 1 ^
in B s s < 0 n e c 3 n d r c? w s n u Hi b e ’� of c n ri c 1 u �= i o n s f r o IY; i h’- s ^
c s 1 c ij 1 31 i o n s ’.

1 < The neutron capture 0 f "f i c i e r; c �^ i n c F e s s: ^ ^ i r; i t:;, z 1 1. ’�r:

rspidly with ;T;5ss a fid then s 1 os-i1:’- ^rid ev^ r’ ’I*.,! ^ ^ ^ ^s a t ’j r e-1 e s *

2 < A T- r s n ^ i n a t h’? G d i n 5 t r i p s red u c e s t h F e ^ -f’ i. c i ^ n c; �-.-:. f c’ ’�

n (? u t r on c ^ P t u r i? s i ^ n j f i c 5 n �I. 1l:’ r-1- 1 ^ t i �- ^ �t c: t h P ’..!’; i r <:; r :�
d i s t r i b u t i o n . 0 �..� e T- {T] o s t of the i n �!-. e r e =. t i n -3 r- -;� ^ i 1:1 ���i �i, h i.,-

loss is s b o 1-11 s f ^ c -I- (�:� Y- o f t i-- o .

3 * I n o " d e r to ^e t r e 8 s u n 5 b 3. e c; -:;��- �r-- ’�.. u r i’;-:’ e f f 3. c i e n c Y s-.i (-:1 r- >�:� r, ij j. r i:-

400 a m s or m o T- e of 1 5 7 G d + S :; r, c- P t h :i s is d i s t rib LI -I i;- d :; n ^;

1 m icr-on layer? 500 ^nis re^ui r^-;:. sr-i ^r^^ ci-r 63 s c*’.’.:; re
meters.. This 1 atfFr point is c !�- :i t :i c-::.: I s i nc:’^ i t. d&t.e-ri;; i n^-’.

t h e f i n s 1 v o 1 u n-i e o f c;- (:� u ri -t e r s r e c? u :’. \- ^ d ’,

The 1 5 7 G d c s n c: e for’ tii c- d b �:- r o 1 1 i n a o f v s c u i..i in

d e P o s i t i o n i n t o s e 1 f - s u P P o r t i n :^ 1. rn :i. c r o r: t h i. cV -f o i 3 - uh i. c i’ i

ore t h e n placed i n ^ s s c o u n t e r- s ^5.2 mi c r o r i t. h i c; k f o i 1 s ci �!’
n o t u r s 1 G d would £i i v e the s o FT! e T" ’.? s u 3 t) - T h ^ n; fr s r’i f r^ e ^ P -? �t h !:i f
n e u t r o n a b s o r- p t. i o n of the 1 5 713 d i s ’-:: b o u t 1 . ? lii :i. c r’- o n s * T h L-

sres of the Gd is 1.266KE5 (cm2/l OOs-n: - .

i i i 5 D P t i m i z 31 i o n of t. h e G d r o i 1 F! i s t. r i bu t :I o n :i. r i
c f-! {’)

In addition to the i n v &� s t i ^ s t. i o n s 5 b o v - ? F’ i :::, 1 �-. � -i c; 2 �

we c o n d u c t e d detailed i n v e s t i s .=-1. i n r. s. ���’ f t. h (- d i. s t. r i b!..; 1, �j.. o r\ �;:. n r
13 d foil p r o P o r t i o n s 1 tubes in c N 0 - In t h e �= e s :i r;: ’j 1 �-; t �L ^;"’’:: L;’, ��:�:
outer b o u n d s- r y of the t u br? s w £ s reduced in ^- �t i^ p ^ f r- o ;ri t, h :;: �’�. :.:: :

the S N 0 vessel outer b o u n d ;r- r y k P e p i n s t h^ m <? s s u f ’�. h ^ G d
f i ;�; e d . These i n v e s t i S s. t :i o r; s s h o u’ ^ d t. h.:! t. t. b �? & �f �f j c i p n c- -:�: c- n:,.’ ^ -;

be i ni P r o v e d ? p 5 r t i c u 1 s- r 1 y for low m a -. s c ^ ^ e s ^ b ^ i .1 p �’�-:: � 1 r;"/,..
The o P t i ni u n; outer- bo und <? r- �=�� f �::�� - t h e t. u b e s s e s r,. & d t o (:i c c ;.i r’ .::: ’:.
o b 0 u t 550 c ni * This e f f e c t i s d e rr- o n s t r .5 t e d 1 n F :i. -a .. ":. ? :i, n



which the efficiency s s <? f u ri c-1 s o n o f o u t. e- r r- <?� d i -j s f c- r ;;;

f i ;; e d m s s s is F 1 o 1.t e d <� U e s 1 s o v 5 r i e d t h ^ j n n’-- r b o Lt n d -:i; r y b;�� t

f o u n d t. h 51- this s 1 w s y s r e d ij c e d the e f f i c i e r.;::- y ’- o t h r; f <3 ] 1 t h �-�;

c 3 1 c u 1 Bt i o n s discussed here sre for t h ^:- i n n e r h n’ j ;� i a s ’ � y s s t �!’.. (:�

zero* The i m F- o r i B n c e of t- h i i;. r (? -;;; L’ 11. i- s t h c-’t. t h i s i. s

e ou i v s 1 e n t- to re d u c i n si t h &? r i u m b e r o f c o’ i n i e r s b �-.’ s b o ’..it 2 ’"� ’�» -

(A d i s t- i n c t d i f f P r- e n c e b e t w e e ri t. h e P r c’P o -::- e d 3 H �? d e �’;- s c !.. o r- -:;. ^ t’d

+/ h e G d foil detectors w h i c h ye i n v e s t i ^ s t e d is t h e f <3 ��:-1 t ’n -^ t

t h e low HI B s s G d foil counter- s w e r’ d- n c t n e u ’I r G n l"i ] ^ c’ k s r i d

therefore n e u t r o n c 5 P t u r e e f f i c i e n c y could be i m F- r o ��/ e d in

s o (Ti e esses by m o v i n s; t h e G d i n w 3 r d -::>«)

i v) D i s c u s s i o n

The c s 1 c u 1 s t i o n s as s h c- w r; i n F i ss * 1 s- n d F i ^ 2 i n d i c.:? t. �-.’

t h s t we c s n obtain? with r e c? s o n /? b .1 e ^ e o IT) ^ t. r1 i e s T s n e u t r on

capture e f f i c i e n c y of UP t o 5 07.» T h e h i -^ h e r t h & r e & 1,1 i T- e d

n e u t r o n capture e f f i c i. e r i c y ? t h &? s5 r e -’ t- e r’ t. h’? P h c:’ t o i ’i } o ;;, s ^ ;:; a i", d

the Greater the critics! radius* ft re3sori.’?bl e con^roini^.e

which we will use for t h ^ re’-1 o f t h i ’r. r, c �I (:’ i �;;.- A ^"; r; ^ u 1, i � o i’

cspture efficiency. On 5 100 cm l^tU.^- 900 - or 1""’^; ,^11,

achieve 457. neutron CBpt.urfr eff^r-i ^nc^; - ^ ;; th ??;�-� T--:;;>: i f^’t’?^ ^
1 6’/» loss of 1 i s h t s i 3 r> -:? 1 s d u e t o o b s t r u c’ t :i. c- n ..

CONVERSION ELECTRON EFFICIENCY IN G^DDl T N �r i.iM

One i s r e c-i u i. r e d to k ri o w the P r o b 5 b i. 1 �i. t ’::� o -F o i;i ^’-. (-’.-;;, ;��; ^ ,

cor? v e r % i- o n e 1 e c t r o n 3 f t G r- �::";� n e ij t r’) n c z P "i-- u "r- e * G r;.i h /�::: r:. b ��? ^r’;

c’:-:? r e f u 11 y s t u d i e d s n d one c $ ri e;--: t- r 3 c t t h i? s e n u n b s ’r �s f T o !T’ �t h ^-:

litersture. The cross sections for neutron c-?^t;..: r & :;. n the �I ^
ni .K? i n ;i. s o t o P e s c 3 n be found in T .5 b Ie I » T h & f’ r z c t. i ’-,’ n

of captures which �=io through the first e;;c i t^d st^U’ ^Fi7.’’

o t h e’ r- r G 1 e-:’ v s n t t r c? n s i t i o n s f u r t he t w o n-’ -?-; i n is o t o P £�� �=-, IT! 3 y ?. 1 �:;;.

be to u n d i n t h B t t s b 1 e "

There is considerable K snd L conve? rs i c’n i n th-? f :i, rs I
excited s t.? t e $ n d s o’?’ & c o n t T- i b u t i o n f r o m h :i, ^ h 9 P s t. s t e s ’ W c

have extracted th& frsctio ["i ’:? f c �"::’ ri ’..� ^ r s i o n e 1 e c t r- o n s ,::; s 61^

for 157Gd srid 79^ for ^SGd. The efficiency for- r.;F:t;,.^.:-l Qd

j, s 3 c o m b i ri -: t i o i"i o f t h e -s; e- t w o ri u ni !:.i t-;’ r s 8 F’! d -: d d s u �-� t c c: i.;1 o u i’..

66^

1 n order t o c;- o n v e- r t t h e s L- n u ni b e r- s i i"i t.- o ’J %’:? f’ ’-i 3.

efficiencies? o n e h s �- t. o 1-1 c’ r k o u -I. t h e P r o b <? b i 1 i t. y f c- r- 13

conversion e 1 e c t r o n S e 11 i n ^ o’. 11. o f t- h e G d f o :I 1 c? r’ d f;i -�- ^. :i. n % .::>-

m e s s u r 3 b 1 e s i s n 3 1 in s d e t ^ c t o r- < This ^ i } 1 d e P e t. d o r; t h i::-

t h i ck n e s s of the foil -s n d t h e s n ff r ^ y s- P ’? c t r u n o f I-.- i �i £.�

electrons* The energy of t h e f1." c o ’"i \’ �"’ r- s i u r’i ’? 1. ^ c �!. r i::i ri s :i. ^
between 30 s. n d 40 kev while the L e1ect T o n s h 5 �y e b e t w e e11 7 0

and 80 (/. e y d e P e n d i n s o n t h o. i. s o t o P c . THE- e �::> t i ni a t (�? d �? n e r ^ y
loss of electrons in Gd is 3*8 ke’v1/^ i c ron st 30 ke’J ^nn 2.2

1< e N / m i c r o n 51 70 k e V » Thus the e f f i �::� i e n o y for d c -I -7--c �IJ n ^ t ^ c.

I... e 1 e c t r o n s i n foils of c- few ni i c r o n s of G ’:i w i 11, b - h i -=s h

while t h ? t o f t h e K e 1 e c t r o n s w i 1.1 I-.’ e 1 c w e- r » !-’ o ^ (? �-1 �? r "’. h’

alphsdotsl )/Blpha(K) is 2.63 for 156Gd snd 2.94 for 15@Gd<

T h i? r e f u r e m o s t of the e 1. e c t r o n s w i ] 1 h s v f t. h e h i s; h e v c-’ n (? r- ^ i �:��’

B n d we c 8 n e ;�( P e c:-1 the e f f i c i e n c i e s o f t h e c o u n 11;? r s �!;. o b e v e T-

h i ;^ h - Ue i n t e n d to ni e c s u r e t. h i s ;? n d i^ 1 s o t. o c.- c? 1 i::- u -1 a ’I- e i, �’:�

u s 3. n ^ t he £ G S c o d & ^



F o r the purposes o <" t. h i s paper" we e s t i m 5t & t h -
e f f i c i e n cv f o r n /? t. u r- c; ] si 5 c; n ].:;. n j ij rn c o n v ^ T’ s i o r: e ] e c �t. r c’ n ^ i ^, 5
65^* There 5 r e "two o F � t i o n s o p e n w h i c h w o u 1 ci s 1, ’1 o w one t- o ?.i h-1.
to higher o v e r s 11 e f f i c i & n c i. e �::.. * The s e’ c: r’ e t o u s c t. h ’:-:� p i.-i r >?

i s o t o F e s * The isotope 157 G d w o u 1. d ^ 11 o w c? ne ’I. n i n c r- s s ’r. i- t, h *7:’

capture e -f f i c i e n ’^; while t 5 5 G d a i. \- >? s =. h i ^ h &� r- en n <-� ? r - :i. o; i

e 1 e c t r o n e ff1 c i e n c y *

3» THE COINCIDENCE OPTION

A m B J o r- f" e s t u r e of this t e c h n i. Q u e is the 1.1 s e of
c o i n c i d e n c e s b e t w e e n the (? d c o n v" e r s. i a;’ i e 1 e c t r ci ris i n ^ c o u n t >:"? "r

s n d the C h e r e nV. o v 1i si h t p r o d u c e d i n S N 0 by t h e B % s o c i ���:. t e d
n e u t r o n c s p t u r e s s m Hi s r 3 =�-=.<� This c o i n c i ci e n c *:? ni e 3 s u r e !T| <-? n t,

m 3 k e s it possible to o P e r s t e c o u n t e r s i n S N 0 with 5 single ^
rote which one c an reasonably e ;< P e c t j n n o r rii a 1 c o u n t- c:-1 T s »

For i n s t s n c e for the proposed c- o u n t R r s o s i rii p 1 e
calculations shows;

R< chance ) ^ R( SNO)*N^R*RT 1. .

Here R ( c h s n c- e ) ^ t h e- c h a r’i c e r ^ t <? b ^ t w ^ en ? ^ r.l c: n c’ t h; ’���’ c: o u n -’, i.:.-’ :��

s y s t e ni *

I-’ (S N 0) == s i n a 1es rate s i n S N 0
N ^ t h e n u ni b R T’ o f F r"- o F o r t i o n 5 1 c- o u n �t E’ !1 ^R ^ t h �? n o i s (-? r’ -:=� t-’.? ?�� £" r c o u n’t R r
F’T =: f h e v e s o 1. �-’ i n ^ "i, i rn �’s o f" t h e c a u r’i t.. e r -;:

F’ u 11 i n s the f o 11 o w i n ^ r e <? �::�(:� r’i ^ h I ^ n u :ii b e r ^ f �::) r’ <�;

P r- c:’ P o r t i o n s 1 c o u r’t e r- s =� s t. e n-i i n t o e o. u .3 t. i u (-i 1 ?

R(ch5nce) - ^^Mt7-^ H.: (2.0/d^:’-

R ’ S N 0 ? F > -^ M e i.1) -- A - S^ - ^ H ^ ?1 5 ? 0 0 0 c n u n t s ^ p T ’^;.. y )

R( SNG r E:":^ neV; ^ 6 . 31::-3 fis ^ 200 - 000 count.,; p^r ^.,^ . ’�
RT =. 1.0;^:--7 S^:.

a i v et:.

N * R =500? 0 0 0 H z (4 Me V t. h r e s h o 1 d )
N^R == 36»000 H^ (3 n-’.1 th r-..shn;! d)

A r e s s o n a b1e value for N i. s 1? 0 0 0 » T h e r’ e f c- r e r the
rates for- the two c s �::- e �;= n’i e- y be d i v i e d by 1 ’ 0 0 0 i f o n e as s u IT! ’::.� ^
that the c o u n t e r’.:: are s’ j m m e d for ni e a 5 u r e Hi en t p u r p o s e = *

However if o n e s s s u iii e s t. h a t- the r e s o ] u t. i o n of S N 0 i �:- <:.: �;:.’ o r’

e n o u s h so t h s -t one c c r’i r e = o 1 v & i n d i v > u a 1 c- c’ LI n t s r s ’ t h c1 ;-�: N ::;:

1 a n d these rates t h e r, 8 p p 1 �=’ to t. h & i n d i ’v u,? 1 c o u n t e r �=. * 0 n c?

Con e;-; P- e c t t h at T- e a s o r’i a b 1. e" n u rri b e r ’:: f n r t I’l e s i n ^ 1. e s r ’3"(’, e s i r i

the c o u ri t e r s i n the S N 0 en v i. r- o n ni e n t wo j1 o’ b e 1n w i1 r- t n a r i 3 6
if c a r e f u 1 a 11 e n t, i o n i s p 5 j, d t o rri --: t e r i a 1 s a n d 3 r’ I i. ^ i t ’.:;

1 e v e 1 s r It is further o b v i o u<:. t. ’n c--1 o ri & wo ’-* ] d b e e -= c. :l }, �:,: ::; b ,1 P

to work with reasonable variatio n s �j n t h e r a 1. e ^ f r n H! t-1’) i !-i ^ �;;
1 i k e c o u n t e r h r- e’?. V: d o w n a r; d (=� .1 e c- -I r o n i c ri o 3, s f.: ,

A. EFFICIENCY FOR GADOLINIUM NEi.!TRD?J CAPTURE ^W^^ R^V^ TN ^N1:)

The e n e r ° y spectrum ’"i f t h e c’?- ’-’� 11-1 r r-’ s s in ti’.;:: r’ ^ -::- f r1 o 11; [. d
j. r’i S N C) j. s. c a 1 c? u 1 a t e? d s s a f u n c t i o n. c’ -r e n e i’ ;.��; =� ,i n t h ^ LI h ;i, 1.1-
B o o k a n d the e ;�; P e c t e d b s c k tf r c u n d T- a t e ?. i n ? N d ^.-1? r’ �;�� c-,": .1 c- u ] i: 1.1:-’:
f c> r the r e p o r t to the N S E RC r e ’-�’ i e w c o m rn i 11 e e " s e e-; F L .’i:! 4 :: ;s r. i./i



F i £?; * 4 b r e s P e c t i v e? 1 y fr The e f f i c i e n c y f or- oh s �? r -v i n -s i hi e ^ a in in ,r;

rays will d e P e n d o n the lowest, e n e r ^ y 5t which we c a n o b �? s " �-�’’- /

coincidences b e t w P e n the c oun t &� r ? y s t e ni a n d S M 0 wit, h 1:3’-’ i be i r; ^
s w a m P e d by chance c o i n c i d e n c e s < This n u n; b e r will d e p e n d or;

the spectrum of b s c k S r- ou n d P u 1 s e s s n d t h &’ s �i ri ^} e- ^ r 51 ��?�::-. i n

S N 0 * To c31c u1s t e this n u ni b e r we h 8 v e- used fairly

c o n s e r v s t i v e numbers f r o ni F i 6 4 3 s s h o w n i n F i ^ 5 * T h <;: -1

figure is s sf r 5 p h o ’f efficiency 3 n d c o u n t rate- i n S N 0 as �?

f u n c t i D n of’ the threshold e n e r -S y for’ ^ 3 n’i ni s ray d e t e c t- i o n :i. r-i

S N 0 » If we choose 4 Me V 3 s 3 r e 3 s o n 5 b1e t h r e s h o1d t h s n the
efficiency for detecting the fisrriiTis rays is shout 7 0 ’<. If t h t-’

r s t e s in the co un te r s s r e lower t h s n the 100 Hz 8 n d o r-i c (T| 3 k e s

use of the s P s t i a 1 r e s o 1 u t i o n of SN 0 » o n e c Bn e a s i 1 y ^ o in LI c’ h

lower* At 3*0 MeV one would hsve s n efficiency of 90"<« In
whst follows we will use 707^

One factor which has to be t s k e r’i into <? c c o u n t i s t he

effect of the proportional counters o n the e n e r s y s P e c t ru iii c f

the EianiniB rsys * It is possible thst the rn.i (Tiber of photons

c1 o u1d be r e d u c e d by as m u c h as 20^? i n w h i c- h c- s s e we shoutd
lower- the e f f i c i e n c y c o r r e s P o n d i n ^1y *

A n o t h e r factor which h c? s -to b o e v s I u 3 t e d i. s 1. h (~

b a c k si r o u n d f r o m r e s 1 e 1 e c t r o n - ^ s m m s r .3 y c o i n c i d e? n c- e ’3 d u. ^ t. c1

background rad i c.sct i \’ i tv :i n the counters. Thi^ ^ i.} 1. d^p^nd

o n the s m o u n t of the v B r i. o u s r .3 d i. o n u elide ^ i n t h e m s- (". ^ r i .?. 1 -:;

of the counters which h c? s r’ o t b e e n d & t«? r m i n ^ d y e I -.

^THH PRCJPDF.;TIUNAL. COUNTED DESIGN

The proposed d e s i < n w o u 1 d u �:-- e- ? tr u 11. i - 1 <-- y c;-’ r1 G d f’.:; :i :’
proportional wire Sc?ndwich< Fis. 6 is c; drswinsi of % i,.i c n ^
c o u n t e r + For 5 s i -v e n c r c. -=; c. s ? c t i o rr o f c o u n t e r ? o n e c ^ n p u’(. <:�-

n u m b e T-- o f foils i n t h & c o LI n t e- r- B n d t h u c. 3 c h i e ve s f o i ’i s r- e- .?

u h i c h i s c o n s i d e r c; b 1 y 1 B r 3 s r t. h & n t h �? w i d t. h o f t. h ^ c c; i.j r, �t. e r

i -t. s e 1 f -, The- 8 n; o u n t of G d i n s Li c h s c a u n t e \- csn be o d J u s t. e d

t. o be w h o t e ’v e r i c; r, e e d e d .

The p s r- 5 ni e t e r s o f t h i -;- d e c i ^ n s r e d P t- e r [�.�i :i. n ^ d b y �!��;; FT:’

neutron detection efficiency* The process of ^i-ri’-’in^ -?�’. thff

pars m e t e r s foilow s t h e f" o11o w i n a s t e p’- (see F i a u " P ^ 1 § ? > �,

1 * F’ i c k the Efficiency which you r e c< u i r e (F i -S 1 or 2 v e ’- -I i c’ z 1.

s ;< i s ) *

2 * Use this nu m b e r to d e t e r ni i n e the r eQiJ i r *? d in 8 s s (F1^ * 1 o r

2 H o r i z o n t s. 1 A;-; i s ) of c s P t u re 5 a e n t ( G d ? for the 1 & 11 .-i c (::�

of interest (the 1 e n s t h of the c o u n t e r s is de t e r m i 1-1 e? d b y

the Isttice)*

3 » This d e t e r m i n c s the width of f o i 1 r e ^. u i r e d s 1-1 d t h e r e f o r e t h e
size of c o n t si n m e n t t u b e r e Q u i r e di

4 » For the L B 11 i c e s p s c i n ^ s n d the foil width w o T- k. o ’�� I’.. the

P h o t. o n loss f r 5 c t i o ri * These 1 o s s e s ? r e s h o w n in t h (-?�

bottont hsif of Fissures 1^2.

Uj e h B v e deter ni i n e d i.. h e s e n u m b’? r’ -::. f’ c« r 3. s 111 c- ^ s o f 1::! 0 �’

75 3 n d 10 0 c m -3 n d -s n e f f 1 c- i e n c y o f 4 ’5 * ^ 0 s n d 4 0"’; < T h �?

r e s u 11. s o f t h e s e d e t e r m i. n s t i o i-i % s r e -?;i i, v e n i r’ T.-? b 1 ’-:� T T -
Table IT

P s r a me te r- s o f ^ R d C o u ri t (-:� r- D e s i. ^ n



E;ff

neu
C3P

L s 11 R s d * M s s s Foil Tube- # o f L e n * F’ ’"i o t c r. -n

Out U i d t. h D i c: m * f o i 3 ^. c -I. r <-; } o s s. e <:. /

/;,

45

c(T!cm^r3 mscmrmfit

10055090016.25.A4*705*16
10060092013*04*74893.18
755506706*84*521249* 19

756006805*43*821588*20
505504702*12*322781*29
506004801*72*223585*29

50

40

100
100
100
100

550
600
550
600

1150
1220
700
705

20
17
12
10

.7
*3
*6
*0

6*5
5*7
4*6
4* 1

4
4
4
4

705
893
705
893

*19
*19
* 14
* 14

There s r e 5 n u JT) b e r of c c’ ri c 1 u % i o n s which c s n be draw n
f r a ni this t s b 1 e ;

1 * T h e n e u t r o r; c a p t u r e e f f i c i. e r’i c y o f" t h e s y s t ^ m c ^ n be Hi c; d &
1-1 s e f u 11 y his h ’-

2 * The P h o t o n losses c sn be k e p t t. o s r e s s o n sbIe 1e v e1
3 * The ni 3 s s o �f G 5- d o 3, i n i u IT! is n a �t LI r) r e .3 s o f-i s b 1 y 1 5 r ^ (-- *

4 + The- n u ni b e r of c o u n t e T" s r e c< u �i. red i s n n +. u n r p c:’. s o n s b 1 e 1 ? ’;- ^ ��:�:�
5 ^ There s r c- 5 number- of P - r 5 ni i? t e r’s B �-,/ c? i. 1 ct b 3 <? to o^-1 j. m :i. z ^ t. i-i

s ^ s t e fri *

The c o u n t e r of F i si -, 6 ^ cL’ Id b -^ o p e r 31 e d at 51 r; o s F h;- r- i, i:

pressure or 5 d J u s t e d in such s w c: �- i h.: t. the 3 v e r c: s ^ ^ r- ?�c - !.i r’ �}�

i- ["( t h c t u b e b s 1 s n c e s the w 51 e r- ?- r e s s u r e ., ft t ’L h i, �’-, 1 Q :.j

P r e s s ij r e t h e v o 11 s- ^ e o n t h e c- c? u r’i t e r s u o i.j Id b e i n t h &�� i-;- .^ :i o; -i

o f 1 5 0 0 y w h i c h i s Q L! i t e 1 o y 5 n d e.-’ s :i 1 �=:’ h s- n d 1 e d » 0 r i e- u r. u 1. d
s I s o use ^ s 15 n d s r d c o u n t i n s ^ s s I a k &� F 1 0 t h u s ^ u ^ " ?;-: 11? i^ :i,;-, ^e c? s e o f operation s n d low c o s t ^ The c:. i a r. s 1 s w o u 1 d b e-
r e s s o n -s b 1 e ’ i n the r e ^ i c- n of 1000 electrons before ^;? i. n * T n :i. ^
w o u 1 d r e <--< u i r e -^ s i n s o f t he or d e r of 1 0 0 0 o n t h ^ ^ :i r f s o f t \": c:-?

c- o u n t e r s which is v e ry low* It is p o s s i. bIe t. hi,? t. one c u u1d
m ciV. e �t h e c-’ o u n t e r s o P e r c-1 e w i t hi o u t s n y p T- e .s (T( p s i n t h e t ub - �=�
which w o u 3. d s i m F]i f y the e 3ectr o n ic s &n d i n c r e y. s e t h e
rQ 1 i s b i 1 i t y of the s y s t e iii *

T h e a m o u n t of m 51 e r i s 1 i n t hi e c; y ^ t e rfi could be ’:.’ u i t e
s m s 11 since the ^ s s pressure c a n be Hi c: d e t. o r o u ^h 1 y b ? 1 s n c ’:�

the hydrostatic pressure* For this r e s s o n o n e can c:- n ’1-. i c i F s t -?

t h 51 P r o b 1 e m s w i t hi T h o r i u ni ? n d U r’"-’- r i i. u ni i-i ^p m ni <? r & y s r w hi i c i i

c c; LI s e the d i s i nt. e a r s t i o n of t h e d e u t e r o fi ? c ^ n b c k e p t t o 8

negligible level*

A 11 the P r o P o r t i. o n s1 wires would be co r i n e c t e d i r i

P B r 3 11 e 1 end o n 1 y one s 3 ^ n <? 3 w o u ] d h s- v e t. c’ b e t, 8 k e n 13 LI i;. �-- ^ ; -

counter* These s i ^ n 5 1 s could be t. ^ !�-, e r-i o 111 or; t h e h :I ^ h -v o 1.1 y -�; -c:- 8 b 1 e s so t h.? t o n 1 y or; e c s- b .1. e ^ c u I d i’:’ c? r t? Q ij j r (��? d p ’��-? T- c1 o L! r i -!. r �’ �.
The s i s n B 1 s s n d cables f r o ni s nu m b e r- c,’ f c o ’..t 1-111? T- s c n u 1 d b r
;^ 3 n tf e d to s e t- h e r to r e du c e ’L h e n u m h’- r o ’F ’;�� Bb 3 ^? �;::. t. o u h ^ �!’ F ��.’ - i- �i ����.
r e R u i r e d or p r -3 c t. i c s 1 ,

OVERALL EFFIC1TNCY



T h e o v e r s 11 e f f i c i e n «::� y of such s -5 ��-:� s t e m c s n b e-

cBlculsted fro Hi the sbove n u m b e r s,

Table III
Overall Ef f i c i & n c-L:’

Neutron capture

Conversion electron
Capture 5 a ffi m 3 rays in SNO

Total efficiency

L.’ P t i n’ i s t icCons e r v.? t i v
.c;.4’5

*8*65
*9*70

.36.20

we use the number * 2 in this document» Certainly the--
Optimistic number is too hish* It seems likely thot one can

achieve 30^ without too much trouble*

7. GADOLINIUM TEST COUNTER

T h e t. e s t c o u n t e T- c c’ n s t T’- ij c: t & d to T1 t h e Li c o i..i ri t e r- h s s

been used with s t h in G d f o :i 3 1 i"i c- u i n c i d e n c e u i �[.; i a N .?� T f’ T 1 )

s c.’ i n t i 11 s t i o n counter- to ^ e 5 s i j r e +.. he r-e s F o n s e of t. h e s y s’’.- e r;i

to t h e r IT! s 1 n e? u t r o n s * T h e n e u t. r- �:i r-i s ^ e r- ^ ;��- r- o duc e d h y s n A m - ^ (�;�:�

n e; u t r o n source with s r s- �t. & o �f’ 1 0 E "5 i"! e? i .1 �I. T- ;::i n s r- ^ r ’3 ^ c * T he

s o u r c e B ri d the F’ U C were F 1 a c e d i n s i o -; �~s P c: r’ o ^ <?,’-: c 8 s 1.1 e-;

with the? P14C shielded fron; the source by 5" of Fb . n 6° :;K^"

N -3 I crystal wss p 1 -? e e- d ? t- r i ?5 h i B n ^ 1 F s �\.c. 11-1’? 1 j n e- b e’ �I ^ (-^ r*

t he so u T1 c e s n d the P UJ C c o u n t e r s t- a d 1 s �1:.. ^ n,::;- e o �r f-’ �f" r’- o r; ’�, ;-i i-::

centre of the F’UC cou n t e r » T h’? F u I s c- h e i <h t s Q f t n P ?-’.;;’ I ^;-«d

�t. hi e P l-l C for s 1 1 c o i n c i d e n t. e v e n t s w ere d i s i t i z e1’-:’ .3 n d s L �:; �’�- -? d

:i. n <? n I & fi c o HI F .31 i b 1 e c o nri ? u t fe? r <�

T h r e e G d foils were P r e F’ ^ red f n r ,j s. b t=’ F’ e t c r D �-� iTi t. r e? r; i-:. o

o f C RHL <� T" h e y w e r- e 1 c fii w i d e b �;:< I 0 c n; 1 o n s B n d h;:; ’’.i

t h i c k n R s s e s of 1*1? 1 » 2 s n d 2.0 ni i c r- o n s v ^ 11 th" t e ^ I:.. s
T’ e p o r t e d in t h i, s d o c u rri e n t w e r e c 5 r- r :i.’? d a ’:.i t u ::; i n -^ t. h (.? 1 + 1

Hi i c r o n f o i 1 v

Us described e 5 r 1 i e r ? see T s b 1 c 1 ? s 1 s r s:; P f r =i c t �i. o n o �r
the n e u t r o n c sP t- u r e s 5 o through the first e:; c i t e d s t. ci �b e ..

I n n s t u r s 1 G d F 8 0 ;< of the captures occur o n 15 7 G d s n d 20"/; u r’i

15 5 G d * There is s 1 /? r s e -s m o u n 1, o f bo t. h K 3 n d L i n tei - n o ’’
c o n v e r s i o n with L c o n v e r- s i o n b & i r i ^ s-b out 3 t i iri e s the K
c o n v e r s i o n ? see T s b 1 e I »� H e n r e one- wo u Z d e ’���. P e’ c’ t t c:: s ^ ^
electrons with an e n e r ^ y b e t w e e n 30 o n d 40 i< e ^ for K
c o n v e r s i o n 5 n d b e t w e e n 70 3n d 80 S--. e u f o T- L. c o n v e r s i o n . A 1 ;�-’ o

s i n c e there is s c o n ci d e r s b 1 e s rr; c u n t of e n e r :^ y 1 o --r ^ bl-’ t h e
(? 1e c t r o n s i n 3 e 11 i n ^ o u t of the? foil s n d b e c 5 u s e the r .3 n a ^
for the higher e n e r g y e 1 e c t r o r’i s i s close to the s i z e of t h e-

c o u n t e r » o n e wo u 1 d n o t. e;-; P c- c t Srest r & s o 1 u t i o n 3 n ni e s- s u r .1 r;: .s
t- h & e ne r S y of these e-; 1 e c t r o r> s -

A typical b 5 c k ri r o u n d s n d r"i e u ’I. r o n F’ U] C s P e c t r - & 1. (-. r; ^
with t. h c b s- c k 2 r o u n d s u b t r.:?- c t. e id n e’ i..i "I- r- c’ fi s ;-�-- e c-1 r LI Hi cs r’ i-? s h c’ (.1 r.i :E rt

F i ^ * 7 < 0 n e c s n see t h s t. the b ? �"-;� k si r :’j u r; d i. -=� s rn o o t h u h i 1 ’s �’... h i-:-:-

n e u t r o n source s P e c t. r u m h .5 s ::; 6 uub 1 ("- P ’? ’T. 1---. u; h i c h i �r. r- o u ^ S"’ I ^
c o n s i s t e n t with the s P e c t r u n. e >: F e c t e’ :i f o r t h e K a n /:i I.
c- o n v e r s i o n e n e r a i e s * F u r t. h e r- t h e r ^ i. s - h i 5 h t-’ n i? s �c; y

c o n t i n u u m which is c o n s i s t e n t with ’�::. o [TI e h i :=: h e s: e r ^ ^ ^ 1 ’�:�? c t r �-� n".



b e? i n s produced by higher t- r s- n s i t- i o r; s,

The c o i n c i d e n c e s p e ct r s b e t- w e e n the N s I s c i n t ill.;:; b o r
cind the F’UC for both the ?-f5l snd the F’UC ?re shown i r. F i.^i <- ff
T" h e P w C s P e c t r u m has t h e s 3 m e double h u rn p e d s t r u c t u T- e z n d r-; c:
s i 3 n i f i c s n t b s c k ^ r ou fi d * The N 5 T s P e c t r 1.1 (T| i s s 1 s c’ show n ;;. n F i s
8 f o r the e n e r s y r s n ^ e UP- to 2.5 M e u ^ There i $ n o h ::. ^ h
c-? n e r ^ y s t r u c t u r & but t h e1 re are o n u fi; b e r of .1. o w e n e r s y ] i n i",’<::-

w h i c h ni s y be i d e n t i f i e d w i t h p r o HI i n e n t. 1 i n ^ s in the R d
capture ^emma rsy s P e c t r u ni <

The two N a I spectre in c o i nc i d en ce u i t h each c’ f the t<
3 n d L lines are s houn in t. h e to p s n d b o 11 o n* s p e c t r- ^
re s P e c t i v e1y of F i si 9 4 One c Br i see t h s t the s P e c t r s h c< v e
the same si en e r a 1 s h sp e b u t the P e c4’:, structure is c? u i t’?
different* This s u s si e s t s t h 51 the two p e s K s i n the P U C
spectrum are associated with ditto ren i. ess c c? d e s. T h i s (�J :i ] 1
r eG u i r e further i n ves t i a 31 i o n *

The s P e c t r- u m from -I he? F" U C u i t h 1 0 b ^ ^ s p T1 e s % i..i i- e i s
s h o w n i n F i ^ * 1 0 * One c s n s e’ c- t h ^ t. t h e i. n t e n s i t’.-: p .5. t i c.’ ::’ r
the two P e 5 k s h s s c- h 3 n s e d ^ r-i d t/ h .��=: t. �!�� h ^ u;-- F- ^ i1 p e c? k i s r;, ij c; i-;

m o r e i n t e n s e . T h i. % is P r e s u m ^ b 1 y b e c1 ^ u -r. & [T! u r h m c; r- & o r �f, b >-:�

e n e r a y of the c o n v e r s i. u n c 1 e c t r o n s is /- b % o r b e d i. n t h ’"’ :^ o s ..

These ri! e c? s u r e rri £’ n t s .? r-1? �v e- f’ ’�.-.’. y-’ ^ e } i n; ;i. n s r-y c; i’ d ’I h ’:��’� f o’ .::"’ r’ i.1:-;

s r’i u rif b e’ T"- o f i. rfi p o T’ t s n t. m e 5 s u r e n; e n t.-t;:- t-.’ h i c h <:, -1’. i ]. 1 h .s <.’ i- T.. o S;;’ ’�:�;’

m a d e + These s r- (? ^1. <� T he f r s c t i o n of n e u t r c’ n c s r--1. ’.-� r- P s ^ h 3, c- h a n �!’, hi r- u i.,; s ’���i t, h -f i. r s t e K cite d s t- s t e o f ? d .? r; d t- h �:�- r e -5 u 11 o r, 1. r, u r,i h .r r o i"
e 1 e c t. r o n s p r o d u c e d v

2 .. T h e e f f i c i e n c y o f d e t e c-1 i o n o f t. h e s e e-1 e c f r- o n s i n --;,�:

t y P i c s 1 counter ^ i t h a t -;. v-- i c 8 1 f o i. } t h i c-1;. n v -;- s .

1 n s d d i t i o n t h e T’ e K r e /:�: n i-t ITI her n f tec h n teal p r o b T ^ !T) s
which h s ’v- e to be c d d r e ^ s i? d -
1 - Ho 1-1 d o £� s o n e m a k. e t h e f c:’ "i. 1 -;�:: "

2 » y h a t s r e t y P i c -? 1 s i n -^ 1 e s r -1. e ^ in 5 c o u n t ^ �r 9

3 + How does o n &? d P t t h e s i s n 5 1 s o u t. Q f t h e c o u r-i t e p s ?

8. DISCUSSION

It is n e c e s s sr y t o s h o w t h c? t. t. his s y s t e r; has so in &?

8 d -v 8 n 13 s; e o v e r c u r r- e n 13, y F- r o P o s e- d s y s t- e? m s t o n« c- ^ e i. t c- i i

s c c e P t s b 1 e 3 11 e r n a t i v e ta t. he S N 0 c o 11.5 bor-s t :i. o n * I w :i. 3. :t.
<311 ��? m P t to 1 i ? t t hi e pro s sn r; r o r; s o f f h i. s s y s t e ni» n o t..
n e c e s s 8 r i 1 y in order of i. fr; P o r 13 r i c (:- �> a ri d e v ,=? 1. u ?:� t e i. t. -3 s ;;;: S N H
n e u t r 51 current d e t e c t o r-

i ) F’ r ac:

1« The c o i fi c i d e n c e c 5 p a b i 1 i 1’.. y i �=, t h." b i s -=; -; s t -::- fi v c? n t a .=:�; ^ .
This slloi-js o n e t o i n s u r- e 1. h <? t. t n e e v e n t :i. n b ’:�� t h c’ n u r-; t. ^ r
is s neutron c s P 11.! r r eve n t * It ;:? ]Jow s o n ^ f o IT, ^ ^ s 1.1 T- e �i, h i

G d c 5 P t u r e s 5 n-i ni’s r ^ y <- P ^ c 1.. r u n: ^ n d use this to c o r r e ^ �l f o
the Go c 3P t u r e s w h i c n ^ r e fv, i ^ s e ��:} b y t hv d P t & c �t o r- s rj u ^ �t o
d e t e c t. o r i n e f f i c i e- n r- ���;, I -i. in a !�: ^ �::. -!.. h e n’? u �’:- r’ o ri d e t �? c- -’,. j 1:1 i-i

i n s e n s i t i v e to the s i n -^ 1 r:- s r s t e s i r; t, h p d p �!;. p c-1 o T- s .



2 * The counter c o n s ’I r u c t. i o n i % r e? 1 ^ t i v’? ^ y i:- i n’’/-1 ir;.’ s i n ’:;� ("� t.h ’:� -:�’

c a n be operated at a t. m o s P h e r i c p r e s ^’.-: r’- w i. t. h r- ^ 1 .^!. i, ���� ff 1, ’.>� i ^
low v o 11 a 3 e and s 15 n d a r d c- o u n t. e r- g.:? ’-r. -

3 » A relatively s m B 11 n u m b e r of" c o u n �t e r s i. �:i- r e (::� t.i -i. ’�- e :�;;-
4 » The a HI o u ri t. of rri s t e’ r i a 1 i. n i h e c D u r, �I c-- r s c; a r i b i? t’. r? .’�-1. s IT! ;? T 1. -

5 * The P h o t o n losses d u e �to i n s e r t i o n o f the c o LI r-i t e r 9: ;:� ^ n t’ �L;’

kept under 2 0’/. *

6 * The a HI o u n t of n e u t. r o n c s P t u r e ni 3 t e r i a 1 c a n be k e P "t �-. -in ^ 1 1 *.

7 * The e 1 e c t r o n i c- s c s n be simple r e c? u i r i n 3 o n 1 y a
presmplifier and one or two levels of discrimination* It
is ouite possible that these components could be
installed on the deck thereby improving the reliability

of the system.

1 i ) Cons

I* The disc rim in a t o r s thresholds for the signal will have? to
ti e k e p t low? i n the r e S i on of a few k e v ? m a k i n <5 t. h e system

sensitive to background radiations arid noise*

2 * The c o n s t. r u c t i o n of the f o i 3 ^ u i 11 have to be s u c1 h as to

k e e P the G d t. h i n s n d u r-i i. f o T’- ni i ri o;- u p r t o k. e ^ ;-��- �t h e
efficiency for- t h & c o n v " T’ c i o n e 1 e c-1. r c’ n s h i ^ h .:.

3 ^ The co n s t r u c t i o n of t. h e foil, s’.-; �-= t e T) i r i s i. d e t f’i e "!,. i-.i i:.i ;"1 �:�: i.c:.

s o m e w h s t c o m F 1 e;;» X t i ^ n o ’I. f i? r b \ d d i n s v i 11 cu m ^ ^ i -:; <:’ ("’’ i

w i t h the c o m P 1 e >’. p r o P o r t i o r-i -=- T w "i. r e s y c- i.. ’ri ni’s i^ ?"i i ’:: h 3 r- e

s t a n d3 r d in P ? r t i c 3. e P h yt::- :i, c- -^ <? ri d (-1 h i ’;:� ;"i i"i;.- �v e b ^- e r i

c o n s t r uc t e d i n 011 B w s ’

4 , The T h c o n t e n t of t h e d d i -r k. n o ^ r-i t D b »�? b ^ t. ^ ^ - ;"i » 1 --

v 3 p ^.- in

K e f » 5 » This is too h i ^ h .5 n d re c^ LI i r-1? -s ^ n r I-:, o n 3 c h i (?’.’ :i. i" i:.-; <::

p u r i t y which is B r o u n d �t u o o v d e r c c’ f ni &� :^ ri i. �!/ ij d ^ ’-? r i- .^: �f, (-:- :� ..

i i i ) P r a P o s e d P r o s r i? ni

7 h e r e 5 r e s n u m her c:’ f s:-1 e F- s w h i c h n;’.) s t b c- f c 11 ovi ’��:� o \ n

order to develop these coun’i.eT-s*. ^ lis ’I o ’f t ’r; e -?. ^ s �I ’�? ’-� s i ::-’

1 . Me s s u r e t h e f r 5 c t. i o n c f n e u t r c; ri c a P t i..i �" -J �:" ^ h i r;’ h a n i,. i"! r r. ij c: ;-i

t he firs t e >\ c i t e d s t..;? t. c -
2 ^ M e 3 s u re the c o n ve r s i o n t? 1 e L; t. r on a e t e c b i o n e f" f i. c i e n c:’.;? f u r-

t h e e 1 e c t r o n s e ir; i 1.1 e d f r n n; ;�? f n i 1 i r; t. o ^ P U r <

3 <� Study the r = d i o s c t- i v i t.- y i n t. h e G d ’ :I n p s r t :i c ’j 1 ^ r T h ..

4 * D e v e1o p s prototype c o u n t c"-.

54 I n v e s t i S 31 e low b £� c k ^ r o u r i d rn s ferial-:.*

6 * Measure the b a c k ^ r o u r. d r- a t. e i n s P y C in s low b -=. c ^ ^ r o u r-i d

en v i r o n m e n t *

7. Study the e-^sniiria coincide rice background in S^O for resi

materials^

There (TI a y well be other pro J -? c t s w h i c h h s v 9 to be d e v e 1 ’::� P e u’

a 1 o n ^ the way a n d t h i s p r o ^ r a m w i ] 3 be updated c^r- y &�

progress »

9< CONCLUSIONS

T’ he use of G d ^ s a n e u t- r- o n c o n v e T- +- e r 1 n a P r c’ ;-� o r + i o i"i - 1.

counter s Y s t e m f o r S N 0 h c: ’:r. i-:’ ^ ? n /- h o ^ r’ t o be a n i r’t r- r- e s t. i n ^
t e c h n i Qu e for a n e u t r ci 1 c u r r e n t a^ -’,- e c -i. n r f o r S N F’ . X t h �:? s

�the following properties’;

1 . H i ^ h overall n e u t r o n c sp t u T- e" s f f :i c i ? ncy

2* Capability of usinsi �s c-oi n c i d ^ n c; &� i ^ c h i; i ^ ij &’ b & t ^ ^ e’ 11 i h ?

c (3 u n t e r s and 3 N 0 *



A * Reasonaol y hi^h efficiency for coincidence d?lection of ,
ne u t r o n -3 ? 2 0 - 3 0’/. * 7 /

4 * Relatively’ s ni s11 sm o u n t. o f- 6 d »

5 i Relatively s i m p]e c o n s t r ij c t i o n
6 * R e 1 s t i v e 1 y <=i mp1 e e; 1 e’::-1 r o n i c- s »

7 * Low levels- of b s- c k s r c. 1-1 ri d ri e ij t- r c. n s c t i v i t y i n 3 N 0

These p o i n t s lead to the c o n c1u s i o r i t h 51 3 n a c +- i v e
r- r o 5 r a m % h o u 1 d be i n s t i t u t. e d to develop- t h i s. t. e c- h n i, c? u e o r’i i-.i
search" for- possible problems^
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APPENDIX 1

NC DETECTOR LOCATING

c! i. m u 1 s t i o n r- h 5 v e b �-? e n c o n d u c t. e u’ t- o :i i"i v e % t,- :i ^ ~j ’\, e ’’- h c"

e f f e c t s o f v s r i o u s d e p ] o y [»i e n t. n F t j n n s f o r- n c a {:�’ t e c’ I/ c; F ?-. i. ;�;

S N 0 * These options i n v o1v e v a r i 5 t i o n s in the r 8 d i <3 1 ext e. r> I
of the n c detectors? B s m e <? s u r e d f r o r.i the c en t r e of t i-, e S N 0
vessel* The p u r P o s e of the i n v e s t i ^ 31 i o n s was t- o s e e k t h f
o P t i (T| ij ni P 1 5 c e m e n t of such n c d s t e? c t. o r1 s » i.j n d e r the res t r- i c-1 j i-i r i

that o f i ;-i e d m 3 s s of ne u t r o n s. h s o r- b i n ^ ni s t e P i s 1 w 5 s b e i r i ^i ri c o r P o r s t e d i n t o detectors for use i n ? N 0. T n e e f f ect c’ f
these i ri v e s t i a 31 i o n s was to e ;< P 1 o r e the r i e u t r- o n free P^t h t ,�::.
the various avsi Isble rriortsl ity channels * ss s- function of
the neutrons radial position in SNO*

In order to find the most efficient distribution of n:::
c o u n t e r s » we must c o n s i d e T’- t h e n e u t r- o n m e =? n free p ^ t h o’-:- �::
f u n c t i o n of n e u t r o n p r o d u c t i o n r a d 3 u s f m f p(r)* r n the 3 M 0
vessel without n c d e t e c t o T- s o T- <:! d d i t i. v e s t o t h e D2^ ’ i t :i. -:-

B P P s r- e n t. t h .31 ri e u t r o n s n c s r e r t h i;: c:- e n t r- e of t. h e v e s & e 1 h ? v ^ :;’

1 o n ^ m f P with s h i s h p T- o b <=:b i } i t y of b e i n ^ c:- a P t u T- e d o r i

d e u t e r o n s or 1 H or o .v y 3 e n ? s n d s 1 o w e T- p r- o h ob .i ] i t �:=; o f
e s c 3 P i n s the D 2 0 * The o P p o s i t e i, s true for 11’ o s e ! i e 1,11 r o r: �:
born nes.r the outer surf^c? . A Mont" C £ r 3 o sin.’j] -.; �I :i nn of th^
n e u t r o n d e &t h s s s a f u n c t i o n of b i r t. h r =� d i u s i s s h n w n i r; F i -.^..



Alt In t. h i s f i Su r- e the d o 1.1. e cl h i e. t o ^ r s m r ^ for <=. t ci t h o::’ ’��?

n e u t. r o n s which s r e c s F- t u r e d in the v o 1 LI m e of t. h e D 2 0 /:; r’i o !;. h ’":� f 7.
^ o1i d h i s t- o a r a m refers t. o those which e s c ^Pe. This c u P ’� � e

graphically displays thst the neutrons born in the o u 11-1 r- p z; f L
of the vessel ffi s i n 1 y e s c sF e while i, h o s e b o r n i. ("i �l. h e i c ir i o v

part of the vessel sr-e largely captured in the 1 H end 2H ii’ti:;’

A n o t h e r way of 1 o o k i n s at this is to s ? y t h --1 t. ;-i e in f^ o f

n e u t P o n s born in the outer part of the detector j s s h o rt
while those i n the inner p s r-1 approach the theoretical.
nioKiniuffi. C 1 e s r 1 y r the nc capture probability relative -to the
other possible neutron losses will depend directly on the
relative values of the m f p / s of the various processes* The
i mplication of this for neutral current detectors in S N 0 i ’-;>

obvious* Unless the neutron capture m f p for the nc detectors
is short co mpared with the competing processes the efficiency

of the n c counters will be s m a 11 4 That i s » the e f f e c: t i v e n ec:. s

of the n c counters i n capturing n e u t r o n s. i ri the outer F ff r t o ’r

S N0 will be very poor unless one puts s very 1 a r s e nurriber of’

de t e c t o r s i n that r e ^ i o n » In other words? there is an o P t i iri ij»’

outer radius for n c counters which d e F- e n d s on the 1 s 11 i c:: o

c o n s t a n t s n d the sb s o r p t i o n p r Q b c; b i 1 j t y c’ f t h e n e u t T’ o i"i -^ :i.!-’

the c ou nt e r s «

11. is $ p P s r R ("i t t h 31 f w h e r- e 1. h e ri u ni b e T- o f n c d e t.’": c t.- o r- <:;

i. s 1 i fit i t e d » or t h e- ni s: ? s o f ri p u �I. r- o n sb so r h e r i s 1 i. ffi i i- Q r;j" 1. h (�:’ �;

w o u Id be (TI o s t e f f e c t. .1. v e 1 y d er- 1 o y e d where the y c:-: n c n m F e �t ^
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proportional t u b e s * The r e f e r e n c e d e & i s ri is s n array of 10°
strings of p r o P o r t i o n a 1 tubes? of 2 » 5 4 r- m o u t" r- r s. d :i. u s "

placed o n a 100 cm s d u a r e lattice (1 a 11 i c e p o i 1-1 +. s a i-i t h e X -- Y
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purposes of capturing the n e u t r o n s � a n d d e t e c 1. i n -s t h e c h a r- ;-^ c- d
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all types due? to the o b s t r u c t i o n of s u c- hi 1 i i:i h i :i n t h ."> S ^ C)
vessel upon insertion of- the nc detectors * This prec;i cii on
is in agreement with the LASL prediction of 1 i .siht 1 c’s?. -

From our s i m u 1 o t i o n s we h a v e observed that IT; f p < r )

fal Is off rapidly in the outer one metre shel 1 of the SkT’
vessel* For ne u t r o n o 3 P t u r e e f f i c i e n c i e s b e 1 o u 3 b o u t 4 ’"i %"
the optimum radius is ne;?r 550 cni from the centre of the
vessel* The density of n e u t r o r-. s b s c- r b i n sl ni .31 e P i c? 1 u i t h i n +, h e
o u t e r boundary for the c o u r* t e r s i n c i- e <? s e s in the c ss e %

shown in F i 5 * 3 as the outer boundary is reduced* However?
for the 3H e case? neut r o n b1 a c k n e s s is already achieved h ^the tubes ? so a reduction of the total lensith of the ti.iE^-s
with a c o r r e s P o n d i n d reduction in the in a s s of 3 He should n o I
result in any appreciable loss in neutron efficiency*
provided that this reduced radius is; set z t a r1 a d i u s w h e r (:��

the detectors are in effective relative to the hi^h
probability for n e u t r o n s to escape. An outer d e t e c t o r
boundary of 550 cm w o u 1 d reduce the t o 151 1 e n £E t h o F the 3 H e
tubes from 897 m to 705 m * This c- 8 s e w s. s Simulat e -J i 1-1 t i-i .:..>
M o n t e Carlo and the T’- e s u 3. t s en- e s h o wr; i r i T a b 11? I .. T �!.. j s s <�?’-? n
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detectors* L .1 S h t 1 o ^ s e s f o r- t h i <:. c;? s �-:� u e r’ 1.5 1 6 "� *
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- i u’ ’i

cfTicIT!]. e’ n ^ t h < m>for N e u t. r o n �::."�;

600 100,0 897
550 100.0 705

4 1 1 7
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we conclude that reducins the outer boundary of thp r>c
c o u n t e r s r e1 a t i v e to the r s d i u s of the acrylic v e s s e 1, c1 c: n
lead to .s s u b s 18 ri t i a 1 r i? d u c t i o n of the n u fr> b e r of d e’t e c? t o r- s
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