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Tensor  p o l a r i z e d  deu t e ron  c a p t u r e  i n  l i g h t  n u c l e i  

i s  a  u s e f u l  and c l e a n  technique  t o  de termine  t h e  

D-s ta te  of t h e  r e s i d u a l  nuc leus .  Measurements of t h e  

c ro s s - s ec t i on ,  v e c t o r  ana lyz ing  power Ay and t e n s o r  

a n a l y z i n g  power Ayy a r e  i n  p rog re s s  f o r  t h e  s t a b l e  

hydrogen i so topes .  During t h e  l a s t  y e a r  t h e  d a t a  

a c q u i s i t i o n  r a t e  of t h e  a p p a r a t u s  used i n  t h e  

measurement of t h e  2 ~ ( d ,  y ) 4 ~ e  r e a c t i o n  has  been 

s i g n i f i c a n t l y  improved t o  meet t h e  demands of t h i s  

exper iment :  measure ( t o  good p r e c i s i o n )  t h e  t e n s o r  

a n a l y z i n g  power f o r  a  p roce s s  wi th  a  1 nb / s r  c r o s s  

s e c t i o n  u s ing  d e t e c t o r s  w i th  s i n g l e s  r a t e s  of 

o v e r  2  MHz. It was soon r e a l i z e d  a f t e r  t h e  f i r s t  run 

(October ,  1983) t h a t  t h i s  measurement was not  f e a s i b l e  

i n  a  r e a sonab l e  amount of beam time w i th  t h e  e x i s t i n g  

expe r imen t a l  appa ra tu s .  

A de s ign  g o a l  of  a n  o r d e r  of magnitude i n c r e a s e  i n  

t h e  count r a t e  was chosen. Due t o  t h e  h igh  s i n g l e s  

r a t e s  (and consequent p i l e u p )  i n  t h e  r e c o i l  d e t e c t o r s  

t h e  u l t i m a t e  g a i n  i n  t h e  count  r a t e  w i l l  p robably  be 

abou t  a  f a c t o r  of s i x .  Th i s  should  r e s u l t  i n  

measurements of Ayy t h a t  have a  s t a t i s t i c a l  u n c e r t a i n t y  

o f  about  +/- .04 f o r  t h e  maximum i n  t h e  c r o s s  s e c t i o n  

( abou t  1.5 nb / s r  i n  t h e  l a b ) .  

The major change was t h e  c o n s t r u c t i o n  of a  new 

double-s ided  s c a t t e r i n g  chamber and t h e  consequent 

s w i t c h  t o  a  l e f t - r i g h t  geometry. With t h i s  chamber a l l  

e i g h t  photon d e t e c t o r s  can  be p laced  a t  ang l e s  

a p p r o p r i a t e  t o  4 ~ e  d e t e c t i o n  i n  t h e  hodoscope d e t e c t o r  

and  t h e r e  is  now enough room t o  i n c r e a s e  t h e  s o l i d  

a n g l e  f o r  each d e t e c t o r  by moving t h e  d e t e c t o r s  i n  

toward t h e  t a r g e t  by 22 cm. There was a  g a i n  of 2.1 i n  

t h e  s o l i d  a n g l e  pe r  d e t e c t o r  w i th  t h e  o v e r a l l  g a i n  i n  

t h e  summed photon s o l i d  a n g l e  be ing  2.8 from both  

e f f e c t s .  S ince  t h e s e  improvements r e s u l t e d  i n  an  

i n c r e a s e  i n  t h e  real/random r a t i o  t h e  l uminos i t y  cou ld  

be t hen  i n c r e a s e d  by a  f a c t o r  of  two. Th i s  g i v e s  a n  

o v e r a l l  improvement of 5.6 i n  t h e  a c q u i s i t i o n  r a t e  f o r  

r e a l  even t s .  An a d d i t i o n a l  b e n e f i t  is  t h a t  t h e  

ana lyz ing  powers can now be c a l c u l a t e d  f o r  t h e  f o u r  

d i f f e r e n t  combina t ions  of d e t e c t o r  o r i e n t a t i o n  and beam 

p o l a r i z a t i o n .  Sys t ema t i c  e r r o r s  can  obv ious ly  be 

d e t e c t e d  and c o r r e c t e d  much more e a s i l y  i n  t h i s  new 

d e t e c t o r  c o n f i g u r a t i o n  than  i n  t h e  o l d  s i ng l e - s i ded  

chamber. Another change was t h a t  t h e  hodoscope r e c o i l  

d e t e c t o r  could  be p laced  i n  vacuum, e l i m i n a t i n g  t h e  

s c a t t e r i n g  and energy  l o s s  a s s o c i a t e d  w i th  t h e  vacuum 

windows. 

About twenty s h i f t s  were used i n  J u l y  1984 t o  t e s t  

t h e  new system wi th  t h e  l ~ ( d , ~ ) ~ H e  r e a c t i o n  and t o  t a k e  

some p r e l im ina ry  2 ~ ( d ,  y ) 4 ~ e  d a t a  and carbon background 

measurements. These ' ~ ( d ,  y) 3 ~ e  d a t a  should  be 

pub l i shed  soon. Upon r ep l ay  i t  was obvious  t h a t  t h e  

new hodoscope was not  s u i t e d  f o r  s t u d i e s  of t h e  

2 ~ ( d , y ) 4 ~ e  r e a c t i o n  s i n c e  t h e  f i r s t  p l ane ,  which is 

most s e n s i t i v e  t o  t h e  he l ion-deuteron  energy  l o s s  

d i f f e r e n c e ,  d i d  not  have adequate  r e s o l u t i o n  f o r  c l e a n  

s e p a r a t i o n  of t h e  v a r i o u s  p a r t i c l e  spec i e s .  Th i s  

v a r i a t i o n  i n  r e s o l u t i o n  was caused by t h e  v a r i a t i o n  of 

t h e  l i g h t  t r a n s m i t t e d  t o  t h e  photo tube  because of 

a t t e n u a t i o n  w i t h i n  t h e  s c i n t i l l a t o r .  (Th i s  f i r s t  p l ane  

was only  .25 mm t h i ck . )  By changing t h e  i n c i d e n t  



deu t e ron  energy  t o  95 MeV t h e  t h i cknes s  of  t h i s  f i r s t  

p l a n e  could  be i nc r ea sed  40% due t o  t h e  40% i n c r e a s e  i n  

t h e  range  of t h e  r e c o i l i n g  4 ~ e  nucleus .  Th i s  t hen  

r educes  t h e  numbers of  r e f l e c t i o n s  f o r  e ach  r a y  and 

consequen t l y  improves t h e  r e s o l u t i o n .  

T h i s  new r e c o i l  d e t e c t o r  was t e s t e d  du r ing  a  run  

i n  December 1984. A 120 MeV a lpha  beam was used t o  

e s t a b l i s h  uniform g a i n s  f o r  a l l  d e t e c t o r s  and t o  g i v e  a  

r e f e r e n c e  p o i n t  f o r  a  p u l s e  he igh t  a s  a  f u n c t i o n  of  

ene rgy  and p a r t i c l e  spec i e s .  The major p o r t i o n  of t h e  

r u n  was devoted t o  t ak ing  d a t a  w i th  both C H ~  and C D ~  

t a r g e t s  t o  check t h e  t ime and energy  response  of t h e  

hodoscope and t o  de termine  t h e  maximum luminos i t y  

a l lowed by t h e  d e t e c t o r s .  The d e t e c t o r  response  was 

ve ry  good, w i t h  an  energy r e s o l u t i o n  of  10% i n  t h e  

t h i c k  (1.5 mm) p l anes  and 20-30% i n  t h e  t h i n  (0.6 mm) 

p l ane .  The t ime response  was about  800 psec  (FWHM). 

T h i s  poor performance was due t o  t h e  low b i a s  v o l t a g e  

r e q u i r e d  t o  e l i m i n a t e  g a i n  s h i f t s ;  a t  s i g n i f i c a n t l y  

h ighe r  b i a s  v o l t a g e s  t h e  t ime response  decreased  t o  400 

psec.  

With t h i s  s u c c e s s f u l  t e s t  of  t h e  new r e c o i l  

d e t e c t o r  t h e  hardware development phase of t h i s  

exper iment  should  be a t  a n  end. A f t e r  a n a l y s i s  of  t h e  

d a t a  t aken  du r ing  t h e s e  l a s t  development runs  t h e  

minimum t o l e r a b l e  r a t i o  of r e a l  t o  random even t s  w i l l  

be known, s e t t i n g  t h e  al lowed l uminos i t y  of  t h e  d a t a  

a c q u s i t i o n  runs .  These p roduc t i on  runs  should  begin i n  

May 1985. 
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