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I. INTRODUCTION 

The purpose  of  t h i s  r e p o r t  i s  t o  summarize o u r  p r o g r e s s  i n  Medium 
. . 

Energy Research d u r i n g  1979. The r e s e a r c h  h a s  been s u p p o r t e d  by t h e  U.S. 

Department cf Energy C o n t r a c t  No. EY-76-C-05-'2972, .TASK C .  The group,  a l l  

from The u n i v e r s i t y  of  Texas at A u s t i n ,  c o n s i s t s  of P. J .  R i l e y ,  P r o f e s s o r  

o f  P h y s i c s ,  C h a r l e s  H o l l a s ,  Resea rch  S c i e n t i s t ,  and two P h y s i c s  g r a d u a t e  

s t u d e n t s ,  C h a r l e s  Newsom and.Ron Ransome. Cur r e s e a r c h  program i s  one 

p r i n c i p a l l y  i n v d l v i n g  medium energy  n e u t r o n  exper iments  a t  LMfPF. I t  i s  

a  c o l l a b o r a t i v e  e f f o r t  i n v o l v i n g  The U n i v e r s i t y  of Texas ,  Texas A & M 

U n i v e r s i t y ,  and Los' Alamos S c i e n t i f i c  Labora to ry ;  The aim of t h e  e x p e r i m e n t a l  

program i s  t h e  d e t e r m i n a t i o n  of  t h e  nucleon-nucleon ampl i tudes .  a t  medium 

energy .  The r e q u i r e d  d a t a  i n c l u d e  b o t h  e l a s t i c  and i n e l a s t i c  e x p e r i m e n t s ,  

and i n  a d d i t i o n  t h e  measurement of p o l a r i z a t i o n  and s p i n  c o r r e l a t i o n  p a r a m e t e r s .  

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

program a s  a  whole. We have t r i e d  t o  emphasize t h e  r e s e a r c h  work t h a t  The 

U n i v e r s i t y  of Texas group was most concerned w i t h .  

An u n u s u a l l y  l a r g e  f r a c t i o n  o f  1979 was s p e n t  on a c t u a l  e x p e r i m e n t a l  

r u n s  a t  LAMPF, a l 1 , i n v o l v i n g  p o l a r i z a t i o n  measurements.  O v e r a l l ,  we b e l i e v e  

t h a t  t h e  measurements have been v e r y  s u c c e s s f u l ,  and w i l l  p r o v i d e  s i g n i f i c a n t  

new nucleon-nucleon d a t a .  The e a r l y  p a r t  of 1979 was s p e n t  i n  p r e p a r a t i o n  

f o r  exper iment  360, "The Measurement of t h e  P o l a r i z a t i o n  T r a n s f e r  C o e f f i c i e n t s  
- 

-+ -+ 6  + -> 9  
D and A '  a t  800 MeV f o r  t h e '  R e a c t i o n s  d(z ,G)  2p ,  ' ~ i  (p , n )  Be, and '11; (p ,  n)  B . I 1  

L ' t= .-- 

Fol lowing a tune-up r l j n  d ~ ~ r i n g  March 5-9, t h e  f i r s t  e x p e r i m e n t a l  d a t a  were 

t aken  d u r i n g  A p r i l  12-23.. For a l l  b u t  two days  o f  t h i s  t ime p e r i o d  t h e  

s p i n  of t h e  LAPIPI? p o l a r i z e d  p r o t o n  beam was a l i g n e d  v e r t i c a l l y ,  a l l o w i n g  
. . 

t h e  D measurements t o  b e  made. During t h e  p e r i o d  May 17-June 11, f i n a l  
t 

. .  , 



e x p e r i m e n t a l  measurements were c a r r i e d  o u t  on exper iment  46,  "Neutron-Proton 

P o l a r i z a t i o n  ~ e a s u r e m e n t s  ' u s i n g  a  P o l a r i z e d  T a r g e t :  Phase 11. The n-p S p i n  

C o r r e l a t i o n  b b s e r v a b l e ,  CN (O)." F u r t h e r  e x p e r i m e n t a l  n l n s  were made w i t h  t h e  N- 

LAMPF p o l a r i z e d  p ro ton .beam from June  12-25, t h e  beam time b e i n g  d i v i d e d  

between exper iment  360 and exper iment  402, "A Measurement of t h e  P o l a r i z a t i o n .  

T r a n s f e r  C o e f f i c i e n t s  D (0') i n  t h e  R e a c t i o n  p.ff-tx?f a t .  800 MeV." The i n c i d e n t  
t 

p o l a r i z e d  p r o t o n  beam w a s . a l i g n e d  v e r t i c a l l y ,  a l l o w i n g  measurement o f  t h e  D 
t 

p o l a r i z a t i o n  t r a n s f e r  f a r  b o t h  e x p e r i m e n t s .  Dur ing J u l y  and August ,  

development work and t e s t s  we.re c a r r i e d  o u t  u s i n g  b o t h  t h e  EPB and L ine  I3 

beam l i n e s  on t h e  r e c o i l  p r o t o n  p o l a r i m e t e r  t o  be  used f o r  exper iments  194,  

"p-p D ,  R ,  and A Measurements,"  403, "A Measurement of  t h e  T r i p l e  S c a t t e r i n g  

Paramete r  D f o r  t h e  Charge Exchange Region o f  n p . S c a t t e r i n g , "  and 492, 
t 

" P o l a r i m e t e r  C a l i . b r a t i o n s  and Search  f o r  Energy Dependent S t r u c t u r e  i n  pp 

E l a s t i c  v i a  Cross  S e c t i o n ,  Analyzing Power, and - Wolfens te in  Paramete r  

During t h e  f a l l ' s h u t - d o w n  of  LAMPF, a  superco.nduct ing s p i n - p r e c e s s i o n  

s o l e n o i d  was i n s t a l l e d  i n  t h e  l i n e  B beam t r a n s p o r t  sys tem of LAMPF, a l l o w i n g  

s i m u l t a n e o u s  usage o f  l o n g i t u d i n a l l y  p o l a r i z e d  p r o t o n s  i n  a r e a  BK and v e r t i c a l l y  

a l i g n e d  p r o t o n s  i n  l i n e s  EPB and C .  Us.ing t h i s  s o l e n o i d ,  c o n c l u d i n g  measure- 

ments were made on exper iment  360 d u r i n g  t h e  p e r i o d  Dec. 14-24, d u r i n g  which 

1 .  
t ime t h e  A t r a n s f e r  c o e f f i c i e n t s  were measured.  During the. same t ime p e r i o d ,  

t 

~ e c k m b e r  14-24, t h e  f i r s t  e x p e r i m e n t a l  measurements were c a r r i e d  o u t  on 

experiment: 194 u s i n g  t h e  p ro ton  r e c o i l  po la . r ime te r  i n  l i n e  EPB f o r  D+ measure- 

ments.  Immediately f o l l o w i n g  t h i s  e x p e r i m e n t a l  r u n ,  t h e  r e c o i l - p o l a r i m e t e r  
. . 

was m n v ~ d  i n c n . a r e a  BR f o r  exper iment  403, t o  be  r u n  d u r i n g  J a n u a r y  5-20, 1980.  

C h a r l e s  ~ o l l a s ,  ~ h i r l e s  Newson, an'd Jion'Ra~isorne a l l  s p e n t . 1 9 7 9  i n  res ' idence  

a t  Los Alamos, C h a r l e s  Newsom w i t h  t h  s u p p o r t  of  'an' A s s o c i a t e d  Western 



U n i v e r s i t i e s  (AWU) Fe l lowsh ip .  Ron Ransoine a l s o  r e c e i v e d  an AWU F e l l o w s h i p ,  

s t a r t i n g  October  1, 1979. P e t e r  R i l e y  s p e n t  t h e  months of  J u n e ,  J u l y ,  and 

August i n  r e s i d e n c e  a t .  Los Alamos, and v i s i t e d  t h e r e  a .pprox imate ly  once p e r  

month d u r i n g  t h e  remainder  o'f t h e  y e a r .  C h a r l e s  H o l l a s  s p e n t  t h e  e a r l y  p a r t  

of  1979 w i t h  p r e p a r a t i o n s  f o r  exper iment  360. L a t e r ,  he became i n v o l v e d  

i n  .an a n a l y s i s  of  t h e  s i n g l e t  and t r i p l e t t  c o n t r i b u t i o n s  t o  t h e '  t o t a l  c r o s s  

s e c t i o n s  d i f f e r e n c e s  Aa and Acr i n  3 - $ s c . a t ' t e r i n g .  He s u b m i t t e d  a  c o n t r i b u t e d  
T L 

paper  on t h i s ' w o r k  t o  t h e  8 t h  I n t e r n a t i o n a l  Conference  on High Energy P h y s i c s  

and Nuclear  S t r u c t u r e ,  Vancouver, Canada, August ,  1979. T h i s  paper  was 

s e l e c t e d  f o r  o r a l  p r e s e n t a t i o n  a t  t h e  mee t ing .  During t h e  F a l l  of 1979,  he 

s p e n t  most of  h i s  t ime a s s i s t i n g  i n  t h e  f i n a l  development o f ' t h e  r e c o i l  p r o t o n  

p o l a r i m e t e r ' t o  b e  used f o r  expe'r iment 403.  During t h i s  w o r k ,  he des igned  and 

b u i 1 t . a  n e u t r o n  moni to r  t e l e s c o p e  sys tem,  QPAN (Quick  P o l a r i z a t i o n  Analyzer  

f o r  N e u t r o n s ) ,  which was s u b s e q u e n t l y  used v e r y  s u c c e ~ s f u 1 . l . ~  i n  b o t h  exper iments  

360 and 403 f o r  m o n i t o r i n g  t h e  s p i n  d i r e c t i o n  o f  t h e  i n c i d e n t  n e u t r o n  beam, 

and f o r  o p t i m i z i n g  the ,  magnet s e t t i n g s  of t h e  n e u t r o n  s p i n  p r e c e s s i o n  magnets 

EURYDICE and POLLUX. During 1979 C h a r l e s  H o l l a s  a l s o  s e r v e d  b o t h  a s  t h e  

Nucleon P h y s i c s  Working-Group Chairman, and a s  a  member of  t h e  LAMPF T e c h n i c a l  

Advisory ,  Committee (TAP). . 

1979 was Ron Ransome's f i r s t  y e a r  i n  f u l l - t i m e  r e s i d e n c e  a t  Los Alamos. 

During t h e  e a r l y  p a r t  of  1979 he  a s s i s t e d  i n  p r e p a r a t i o n s  f o r  exper iment  360. 

During t h e  s p r i n g  he  became invo lved  w i t h  work on t h e  p r o t o n  r e c o i l  p o l a r i m e t e r ,  

e s p e c i a l l y ' w i t h '  t h e  programming a s p e c t s .  n e c e s s a r y  t o  o p e r a t e  t h e  po l . a r ime te r  i n  

c o n j u n c t i o n  w i t h  t h e  rnu l t iwi re  p r o p o r t i o n a l  chamber s p e c t r o m e t e r  (biWPC) sys tem.  

He h a s  become a n  e x p e r t  i n  programming and' f i l e  m a n i p u l a t i o n  on t h e  PDP 1tSS 1.1 D 

o p e r a t i n g  sys tem and w i t h  t h e  LMPF "Q" d a t a  a c q u i s i t i o n  programs. He h a s  

been l a r g e l y  r e s p o n s i b l e  f o r  w r i t i n g  and d e v e l o p i n g  s o f t w a r e  f o r  f i n a l  d a t a  



a n a l y s i s  of  p o l a r i m e t e r  d a t a .  We e x p e c t  t h a t h i s  Ph.D. t h e s i s  work w i l l  

be  based on the 'measurements  of Experiment 403. Most of  C h a r l e s  Newsom's 

t ime d u r i n g  1979 h a s  been s p e n t  i n  a n a l y z i n g  data f o r  exper iment  65 (on 

which h i s  Ph.D. t h e s i s  i s  b a s e d ) , ,  "Neutron P r o t o n  P o l a r i z a t L o n  Measurements 
. . . . 

Using a  Po la r . i zed  . P r o t o n  T a r g e t :  Phase  I. The n-p P o l a r i z a t i o n  o b s e r v a b l e  

P(B) ."  He h a s  a l s o  been ' a s s i s ' t i n g  i n  t h e  a n a l y s i s  o f  d a t a  f o r  exper iment  66,  

and h a s  been h e l p i n g  d u r i n g  e x p e r i m e n t a l  r u n s .  I n  August ,  he  s u b m i t t e d  a  
. . 

. c o n t r i b u t e d  paper  t o  t h e  8 t h  I n t e r n a t i o n a l  c d n f e r e n c e  on High Energy P h y s i c s  
. . 

and Nuclear  S t r u c t u r e ,  Vancouver, Canada, e n t i t l e d  'IN-P Analyzing Power a t . .  

LAMPF ~ n e r g i e s . "  T h i s  paper  was s e l e c t e d  f o r  o r a l  p r e s e n t a t i o n  a t  t h e  meeting. '  

C h a r l e s  Newsom h a s  s p e n t  most of  t h e  p a s t  few months i n  w r i t i n g  h i s  ' P ~ . D .  

t h e s i s ,  w h i c h s h ' o u l d b e  completed d u r i n g  February ,  1980.  
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1. A n a l y s i s  of t h e  S i n g l e t  and T r i p l e t  C o n t r i b u t i o n s -  t o  t h e  T o t a l  Cross  Se(- t ion 
Dif f e r e n c e ~ ' A u , ,  and Au, i n  - $ S c a t t e r i n g  Between 1 and 3 GeV/c. 

l, - - .% 

'3 & -- -a 2" 
Measurements of t o t a l  c r o s s  s e c t i o n  d i f f e r e n c e s  f o r  p ro ton-pro ton  

1 

s c a t t e r i n g  i n  pure  s p i n  s t a t e s ,  b o t h  t r a n s v e r s e ,  Aa, =(at 4 - at 4) and 

l o n g i r u d i n a l ,  AoL=(o+ - o*) have e x h i b i t e d  momcntum dependent  s t r u c t u r e  

f o r  p r o t o n  l a b  momenta between 1 and 2 GeV/c. These d a t a  a r e  i l l u s t r a t e d  

i n  F i g .  l ( a )  w i t h  A and 0. The s t r u c t u r e s ,  e s p e c i a l l y  t h a t  i n  AU have - .  L ' 

been t h e  s o u r c e  of much d i s c u s s i o n  and have been a s  i n d i -  

c a t i n g  a  3~ d i b a r y o n  resonance  p e a r  1 . 5  ~ e V / c .  
3 

These c r o s s  s e c t i o n  d i f f e r e n c e s ,  and t h e  s p i n  averaged  t o t a l  c r o s s  

s e c t i o n ,  , can be  expressed  i n  terms of t h e  imaginary  p a r t  of t h e  Oto t 
5 t h r e e  h e l i c i t y  a m p l i t u d e s  e v a l u a t e d  a t  t = 0 . 

Here q i s  t h e  c e n t e r  of mass p r o t o n  momentum; C a r e  
$2,  3 

t h r e e  of t h e  f i v e  independen t  h e l i c i t y  a m p l i t u d e s  w i t h  t h e  p a r t i a l  wave 

expans i o n s  6 

{ (2J+l)RJ+JRJ-A, J 
J even 

$2(o) ‘= 1 { - (23+1 )R J+JRJ-i # J+ (J+1) RJ+I, -2 mx7 R ~ I ,  (5 
J even 

03(o) - '(J'l)RJ-lmJ+JRJ+l, J 
J even .- 



F i g .  1. 

j The momentum d e p e n d e n c e  o f  ( a )  t h e  c r o s s  s e c t i o n  d i f f e r e n c e s  

; b o  and  Aa The d a t a  a r e  f r o m  R e f s .  1 and  2 ,  t h e  c u r v e s  
L.  

I T / a r e  d e s c r i b e d  i n  t h e  t e s t s .  ( b )  t h e  s i n g l e t  a t r i p l e t  a T 
I s ' 
I 

t 

l a n d  t r i p l e t - i n t e r f e r e n c e  qT c r o s s  s e c t i o n s ,  a s  d e s c r i b e d  i n  

I , . 
i i t h e  t e x t .  ( c )  t h e  s p i n  a v e r a g e d  t o t a l  c r o s s  s e c t i o n s ,  

T F. 
1 t o t  

( c h a i n - d o t )  and  o ( d a s h e d ) .  i 0 (A) , a to t  t o t  , 

0.0 10 2.0 . 3:O 4 0 

Protor: Momentum (Gel//c) 



With a p p r o p r i a t e  g r o u p i n g s ,  t h e  t h r e e  o b s e r v a b l e s  con be expressed  

T 
i n  terms o f  t h r e e  p a r t i a l  c r o s s  s e c t i o n s  oT s '  oT t and oi, 

where oT s i s  t h e  s i n g l e t  c o n t r i b u t i o n  

aT = C  o 
8 J even J  ' 

T = C  
O t  ('J-I,J + 'J+I,J ) + c  odd a 9 

J even 

and (1: I s  t h e  c o n t r i b u t i o n  of s p i n - t r i p l e t  term of even J  and t h e i r  
L 

i n t e r f e r e n c e  I .  

J J+1 +-a - I ) .  
( s o ~ - l , ~  2J+1 J + l , J  

. J  even 

The p a r t i a l  c r o s s  s e c t i o n s  a r e  d e f i n e d  i n  terms of  t h e  a m p l i t u d e s  

TI 
(I = -  , ( 2 j  + 1) Z I ~ ( R , ) ,  

(13) 

24 



T  
Using t h e  d a t a  of  Ref.  1 and 2  and a t o t  from Ref.  7 and 8 ,  t h e  p o i n t s  

Tn F i g .  l ( b )  have been e x t r a c t e d  f o r  momenta a t  ( o r  n e a r )  which d a t a  f o r  

t h e  t h r e e  c ross  s e c t i o n s  e x i s t .  The p o i n t s  below . 9  GeV/c have been c a l c u -  

l a t e d  from t h e  phase  s h i f t s  of  a n  a n a l y s i s  by Bugg &t  a l e 9  of  a d a t a  b a s e  

- which c o n t a i n s  e x t e n s i v e  s p i n  dependent  o b s e r v a b l e s .  ~ d d i t i o n a l  ~ o i n t s  a t  

1 . 0 ,  1.1, and 1 .3 .GeV/c  p l o t t e d  a s  open c i r c l e s ,  were  o b t a i n e d  by e s t i m a t i n g  

T  
v a l u e s  which y i e l d  a,,  smooth momentum dependence f o r  oT o T  and oi, and 

S '  t '  

r e p r o d u c e  t h e  v a l u e s  o f  oT a n +  A 0  
L' t o t  

The t h r e e  p a r t i a l  c r o s s  s e c t i o n s  each  e x h i b i t  a n  i n c r e a s e  above 0 . 9  

T  
GeV/c, w i t h  t h e  l a r g e s t  i n c r e a s e  o c c u r i n g  i n  t h e  t r i p l e t  c o n t r i b u t i o n  a . 

t 

These i n c r e a s e s  a r e  c a u s e d . b y  t h e  s h a r p  r i s e  i n  t h e  s p i n  averaged  (0  ' ) t o t  

c r o s s  s e c t i o n  n e a r  1 . 2  GeV/c (F ig .  l . ' [ c ] )  which i s  p r ' imar i ly  due  t o  t h e  

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

+ + 
pp -+ PPnO ; pnn ; and dn . It i s  s u g g e s t i v e  t h a t  t h e  s t r i c t u r e s  observed i n  

haT and AUL between 1 and 2 GeV/c a r e  caused by t h e  momentum dependence of 

p i o n  p r o d u c t i o n  f r o m t h e  i n i t i a l  s i n g l e t  and t r i p l e t  p a r t i a l  waves. 

E 0 . )  and i n e l a s t i c ,  o r  r e a c t i o n  A s e p a r a t i o n  i n t o  t h e  e l a s t i c  (Us, U t ,  

R R 
(0,. 0:. Oi) c o n t r i b u t i o n s  t o  t h e  t h r e e  p a r t i a l c r o s s  s e c t i o n s  of  F i g .  1 (b)  

c a n  b e  o b t a i n e d  by n o t i n g  t h a t  the ' .  s p i n  averaged  t o t a l  c r o s s  s e c t i o n  i s  t h e  

sum o f  t h e  e l a s t i c  a n d ' r e a c t i o n  s p i n  averaged  t o t a l  c r o s s  s e c t i o n s  

= 0 + 0 R ) ;  t h a t  each  of  t h e  p a r t i a l  c r o s s  s e c t i o n s  i s  t h e  ?dm of  
@ t o t  t o t  . t o t  

E 
e l a s t i c  and r e a c t i o n  c o n t r i b u t i o n s  (oT = 0 +OR w i t h  x ' =  s ,  t , i )  ; and t h a t  

X X X' 

E E .  
. r e l a t i o n  7 h o l d s  f o r  t h e  t o t a l  e l a s t i c  (ato: = U + O ) a n d  t i t a l  r e a c t i o n  

S t 
R 

= aR + a ) c r o s s  s e c t i o n s .  Wi th in  t h e s e  c o n s t r a i n t s  t h e  s e p a r a t i o n  
@ t o t  S t 

i~ o b t a i n e d  from v a l u e s  of t h e  s p i n  averaged  t o t a l  i n e l . ' a s t i c .  ( o r  e l a s t i c )  



R .  
c r o s s  s e c t i o n s  a n d  assumed v a l u e s  f o r  o and oR T h e  s p i n  averaged t o t a l  

S i' 

i n e l a s  t i c  c r o s s  s e c t i o n s .  a r e  w e l l  de te rmined  f  r o h  t h r e s h o l d  t o  n e a r  1 . 3  GeV/c 

and a r e  t a k e n  from Ref.  7 .  ' Above t h i s  momentum v a l u e s ,  f o r  .oto: have been 

R R t aken  from Ref. 10 . '  I n  t h e  f o l l o w i n g ,  oi h a s  been f i x e d  t o  b e  5 / 2 1  0 . 
t 

- The f a c t o r  5 / 2 1  r e s u l t s  from t h e  r a t i o  of ( 2 J + l ) . v a l u e s  i n c l u d e d  i n  t h e s e  

c r o s s  s e c t i o n s  when JQ. The u s e  of  o n l y  t h i s  f a c t o r  i m p l i e s  t h a t  p ion  

p r o d u c t i o n  'from t h e  even t r i p l e t  p a r t i a l  waves i s  t h e  same a s  f r o m \ t h e  odd 

t r i p l e t . p a r t i a 1  waves. T h i s , i s  a n  o v e r - s i m p l i f i c a t i o n ,  b u t  t h e  e x a c t  b e h a v i o r  

of  0; is  riot i m p o r t a n t  f o r  t h e  d i s c u s s i o n  t h a t  f o l l o w s .  

The momentum dependence i l l u s t r a t e d  by t h e ' d a s h e d  c u r v e  i n . . F i g .  2 ( a )  

f o r  t h e  s i n g l e t  r e a c t i o n  c r o s s  s e c t i o n  oR was o b t a i n e d  from t h e  r e s u l t s  of  
S 

t h e  a n a l y s i s  of  s i n g l e  p i o n  p r o d u c t i o n  by  lande el st ram'^ from t h r e s h o l d  t o  

1 . 2  CeV/c.. Above 1:2 GeV/c t h e  momentum dependence was t a k e n  t o  b e  e s s e n t i a l l y  

T T 
t h a t  of  os. With t h i s  c u r v e ,  and t h e  c u r v e s  f o r  oz,  ot and o t ,  and 0 

R 
t o t  

i l l u s t r a t e d  i n  Fig .  1 ( b , c ) ,  a l l  t h e  remain ing  c u r v e s  of  F i g s .  1 , 2 ' a r e  d e t e r -  

mined v i a  t h e  above r e l a t i o n s h i p s .  . The c u r v e s  i n  F i g .  1 (b)  r e p r e s e n t  smooth 

i n t e r p o l a t i o n s  between t h e  p o i n t s .  Note t h a t  t h e  s h a r p  r i s e  i n  t h e  re ;u l t in t :  

R 
i n e l a s t i c  t r i p l e t  c r o s s  s e c t i o n s  (a ) i n  F i g .  2 ( a )  c o i n c i d e s  w i t h  t h a t  of 

t 
T t h e  t o t a l  t r i p l e t  c r o s s  s e c t i o n s  (a ) i n  F i g .  l ( b ) .  The e l a s t i c  s i n g l e t  
t 

E E 
(fib) and t r i p l e t  ( o  ) c r o s s  s e c t i o n s  i l l u s t r a t e d  i n  F i g .  2 ( b )  show no d r a m a t i c  

t . . 

momentum dependence.  Smal l  i n c r e a s e s  do occur  i n  t h e  r e g i o n s  where t h e  

i n e l a s t i c  c r o s s  s e c t i o n s  a r e  i n c r e a s i n g  r a p i d l y , ,  pe rhaps  r e f l e c t i n g  t h e  

u n i t a r i t y  c o u p l i n g  o f  t h e  e l a s t i c ' a n d  i n e l a s t i c  c h a n n e l s  a s ' i n d i c a t e d  i n  t h e  

c a l c u l a t i o n s  of K l o e t  and ~ i l b a r .  1 2  

T h i s  p a r t i c u l a r  s e p a r a t i o n  i n t o  e l a s t i c  and i n e l a s t i c  c o n t r i b u t i o n s  i s  

n o t  un ique ,  and i m p l i e s  t h a t  p i o n  p r o d u c t i o n  from t h e  i n f t i a l  s i n g l e t  p a r t i a l  

waves o c c u r s  e a r l i e r  than  t h a t  from t h e  i n i t i a l  t r i p l e t ,  which o v e r t a k e s  t h e  



0 0 

Fig. 2 .  

10 2 0 3 0 4 0 

Proton M o n ~ c n l  u r n  ( G e V j c )  

The  momentum d e p e n d e n c e  of (a )  t h e  i . n e l a s t i c  c r o s s  s e c t i o n ' s  

OR ( d a s h e d ) ,  0: ( c h a i n - d o t . )  a n d  OR ( c h a i n - d a s h ) .  T h e  
s i 

s y m b o l s  O and A a r e  r e s u l t s  f r o m  R e f .  .13. ( b )  t h e  e l a s t i c  

17 
c r o s s  s r c t i o n s  oE s ( d a s h e d ) ,  0' t ( c h a i n - d o t )  a n d  o i ( c h a i n - d a s l , ) .  



s i n g l e t  n e a r  1 . 2  GeV/c and s u b s e q u e n t l y  becomes g r e a t e r .  . The r e c e n t  

c a l c u l a t i a n  of s i n g l e  p ion  p r o d u c t i o n  by Green and s a n i o 1 3  d o e s  n o t  

a g r e e  w i t h  such  b e h a v i o r ,  r a t h e r  p r e d i c t s  bo th  s i n g l e t  and t r i p l e t  

c r o s s  sec t ' i ons  r i s e  t o g e t h e r .  However, t h e  c a l c u l a t i o n s  of K l o e t  and 

s i l b a r 1 2  do i n d i c a t e  t h e  s i n g l e t  p r o d u c t i o n  o c c u r i n g  e a r l i e r  t h a n  t h e  

- t r i p l e t .  Mandels tam's  l1 a n a l y i i s  r e q u i r e s  t h e  p r o d u c t i o n  from s i n g l e t  

. ' p a r t i a l  wsves t o  o c c u r  e a r l i e r .  The r e s u l t s  of  -+landelstam's a n a l y s i s  

a r e -  i l l u s t r a t e d  i n  F ig .  2 ( a )  w i t h  t h e  symbols A f o r  s i n g l e t  and V f o r  

t r i p l e t  i n i t i a l  p a r t i a l  waves. The agreement  i s  q u i t e  good w i t h  t h e  

p roposed .  p r e s e n t  i n e l a s t i c  c o n t r i b u t i o n s  u n t i l  above 1 . 4  GeV/c, where t h e  

assumpt ions  by Mandels-tam of nonenergy dependence o f  t h e  t r a n s i t i o n  

a m p l i t u d e s  and t h e  l i m i t a t i o n  t o  o n l y  arid 3~ 
D2 

p a r t i a l  waves i s  
0 , 1 , 2  

no l o n g e r  expec ted  t o  be  v a l i d .  
14 

I n  Mandelstam's model,  t h e  p ion  p r o d u c t i o n  t a k e s  p l a c e  through a n  

i n t e r m e d i a t e  n u c l e o n - d e l t a  (N-A) sys tem i n  a n  "s- o r - p -  s t a t e , "  where 

T I .  + 
A i s  t h e  T=3/2 ,  J .=3/2 pion-nucleon resonance  of  mass 1232 MeV. The 

I I s - s t a t e "  p r o d u c t i o n  r e f e r s  t o  t h e  (N-A) sys tem i n  an  L=O r e l a t i v e  a n g u l a r  

.+ + + 
rnoment"m s t a t e  and h a s  s p i n  and' p a r i t y  e i t h e r  .l o r  2 . Only t h e  2  can  

1 
be formed by t h e  i n i t i a l  p ro ton-pro ton  sys tem,  and t h a t  o n l y  from t h e  2 

p a r t i a l  wave. The "p -s ta te"  p r o d u c t i o n  r e f e r s  t o  t h e  (N-A) sys tem i n  a n  

L = l  r e l a t i v e  a n g u l a r  momentum s t a t e  and h a s  p o s s i b l e  t o t a l  a n g u l a r  momenta and 

- 
p a r i t y  of '0-, 1 , 2-, 3-. ' Only i n i t i a l  t r i p l e t  p a r t i a l  waves of R = l  o r  3 

can form t h i s  sys tem.  I n  h i s  a n a l y s i s ,  Mandelstam reduced t h e  number of f r e e  

p a r a m e t e r s  by e x c l u d i n g  t h e  R=3 i n i t i a l  p a r t i a l  waves and absorbed  t h e i r  

c o n t r i b u t i o n s  i n t o  t h a t  form t h e  R=3 i n i t i a l  p a r t i a l  waves. Subsequent  

a n a l y s i s ,  l5 i n c l u d i n g  a d d i t i o n a l  d a t a  u s i n g  t h e  same model, d i s t r i b u t e d  t h e  

t r i p l e t  c o n t r i b u t i o n s .  



A c r u c i a l  t e s t  of  t h e  momentum dependence of . t h e  i n e l a s t i c  c r o s s  s e c t i o n s  

of  F i g .  2 ( a )  would l i e  i n  a  complete  energy-dependent p h a s e - s h i f t  a n a l y s i s  

which i n c l u d e s  t h e  A 0  and AU d a t a  and c o n s t r a i n s , t h e  e l a s t i c i t i e s  t o  r e p r o -  
T L 

duce t h e  c r o s s  s e c t i o n s  proposed h e r e .  A r i k  and w i l l i a m s 1 6  have performed a n  

a n a l y s i s  a t  1 .26 and 1 .66  GeV/c, b u t  t h e  e l a s t i c i t i e s  a t  1 .26 GeV/c were con- 

s t r a i n e d  t o  t h o s e .  of  Amaldi it al.. ;I7 a t  1 . 6 6  GeV/c t h e  e l a s  t i c i t i e s  i n  t h e  

low p a r t i a l  waves were a l lowed t o  v a r y .  The r e s u l t i n g  i n e l a s t i c  s i n g l e t  and 

t r i p l e t  c . ross  s e c t i o n s . a t  1 .66  GeV/c were  6.57 and 1 6 . 3  mb r e s p e c t i v e l y .  

~ u ~ ~ l ~ ' h a s  performed a d d i t i o n a l  phase  s h i f t  a n a l y s e s  on t h e  d a t a  a t  0.99 and 

1 . 1 0  G ~ V / C  o f '  Ref.  9. With Aa i n c l u d e d  i n  t h e  d a t a  base , .  t h e  r e s u l t i n g  i n -  
L 

e l a s t i c  s i n g l e t  and t r i p l e t  c r o s s  s e c t i o n s  a r e  1 . 5 2  and 0.06mb a t  0.99 GeV/c, 

and 4.07 and 1 .40  mb a t  1.1 GeV/c. ~ h e s e  v a l u e s  a r e  i n  e x c e l l e n t  agreement 

w i t h  t h e  p r e s e n t  a n a l y s i s .  

I n  summary, . . t h e  s t r u c t u r e s  obse rved  i n  Aa and Aa between 1 and 2  G e V I c  T L 

a r e  due t o  i n c r e a s e s  i n  t h e  s i n g l e t ,  t r i p l e t ,  and t r i p l e t  i n t e r f e r e n c e  c r o s s  

s e c t i . o n s  o c c u r r i n g  a t  d i f f e r i n g  momenta. T h e o r e t i c a l  c a l c u l a t i o n s ~ s h o u l d  

a t t e m p t  t o  r eproduce  t h e s e  c r o s s  s e c t i o n s  a s  i l l u s t r a t e d  i n  F i g .  l ( b )  r a t h e r  

t h a n  t h e  c r o s s  s e c t i o n  d i f f e r e n c e s  w h i c h , a r e  v e r y  s e n s i t i v e  t o  s m a l 1 , c h a n g e s  

i n  t h e  momentum dependence of  t h e  s h a r p  i n c r e a s e s  i n  t h e  c r o s s  s e c t i o n s .  

A s e p a r a t i o n  i n t o  e l a s t i c  and ine1.as t i .c  c o n t r i b u t i o n s ' t o  t h e  s i n g l e t  and 

t r i p l e t  c r o s s  s e c t i o n s  h a s  been proposed which e a s i l y  accomodates t h e  d a t a  

and is  i n  c l o s e  agreement  w i t h  t h e  a n a l y s i s  of  Mandeistam'' f o r  s i n g l e  p ion  

p r o d u c t i o n ,  and i n  agreement w i t h  phase  s h i f t  a n a l y s e s  16'18 a t  0.9.9, 1 . 1 0  

a n d  1;66 GeV/c. With t h e  proposed i n t e r p r e t a t i o n  of t h e  d a t a ,  no r e s o n a n t  

b e h a v i o r  i s  r e q u i r e d  t o  d e s c r i b e  t h e  s t r u c t u r e s  obse rved  i n  ACJ and AaL 
T  



between 1 and 2 GeV/c. These s t r u c t u r e s  r e s y l t  p r i m a r i l y  from p ion  p roduc t ion  

through t h e  (N-A) system i n  a r e l a t i v e  angGlar momentum s t a t e  of L=O b e i n g  

i n i t i a t e d  a t . l o w e r  momenta t h a n  when t h e  (N-A) is i n  a r e l a t i v e  a n g u l a r  momentum 

s t a t e  of L=l .  
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1 
2. N-P Analyzing Power a t  LAMPF E n e r g i e s .  

-+ -- 

The exper iment  d e s c r i b e d  h e r e  h a s  t h e  o b j e c t  of p r o v i d i n g  new d a t a  

on t h e  f r e e  n-p a n a l y z i n g  power, A' ( 8 )  a t  e n e r g i e s  up t o  800 MeV. 
Y 

1 
P r i o r  t o  t h e  r e c e n t  TRIUME e x p e r i m e n t s ,  below 500 MeV, t h e  p r e v i o u s  

d a t a  i n  t h i s  energy range  were o b t a i 6 e d  by q u a s i - f r e e  p ,n  

F r e e  n-p a n a l y z i n g  power d a t a  1 9 4 ' 5 y 6  above 500 MeV i s  

s p a r s e  w i t h  e r r o r s  t y p i c a l l y  g r e a t e r  than  0.1.  

The exper iment  was performed i n  t h e  Nucleon P h y s i c s  ~ a b o r a t o r ~  
. . 

a t  t h e  LAMPF a c c e l e r a t o r  w i t h  t h e  e x p e r i m e n t a l  s e t u p  shown i n  F i g .  3.  An 

u n p o l a r i z e d  n e u t r o n  beam was produced a t  0  d e g r e e s  when 800 MeV p r o t o n s  were 

. s c a t t e r e d  from a  b e r y l l i u m  t a r g e t . .  The r e s u l t a n t  n e u t r o n  e n e r g i e s  v a r i e d  

from 300 t o  800 MeV (F ig .  4 ) .  The n e u t r o n s  were then s c a t t e r e d  from a 

p o l a r i z e d  p r o t o n  t a r g e t  w i t h  bo th  o u t g o i n g  p a r t i c l e s  d e t e c t e d .  The t ime 

of  f l i g h t  and p o s i t i o n  o f  t h e  s c a t t e r e d  n e u t r o n s  was d e t e c t e d  i n  an  a r r a y  

of N E l l O  p l a s t i c  b a r  s c i n t i l l a t o r s  w i t h  a n  e f f i c i e n c y  of  a b o u t  15%. The 

o u t g o i n g  charged p a r t i c l e s  were momentum ana lyzed  i n  a  magne t i c  s p e c t r o -  

me te r  .. Particle i d e n t . i f i c a  ti.nn was de te rmined  by ca lcu la t - i ' ug  
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t h e  mass from t h e  measured  time o f  f l i g h t  and momentum. Bending  

effects i n  t h e  p r o t o n  . t r a j e c t o r y  due  t o  t h e  f i e l d  of  t h e  p o l a r i z e d  

t a r g e t  magnet were c a l c u l a t e d  u s i n g  t h e  measured  momentum. E l a s t i c  

s i g n a l  e v e n t s  o f  t h i s  t y p e  p r o v i d e d  6 k i n e m a t i c  q u a n t i t i e s ,  which 

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

e i t h e r  t h e  p r o t o n  o r  n e u t r o n  a n g l e s .  I n  a d d i t i o n ,  t h e  5 . n a n o s e c o n d  

. p u l s e d  s t r u c t u r e  o f  t h e  incoming p r o t o n  beam a l l o w e d  u s  t o  measu re  

t h e  i n c i d e n t  n e u t r o n  time 0 f . f l i g h . t  t o  w i t h i n  a  modulus o f  5 ns .  

F o r  e l a s t i c  e v e n t s  t h e  2 arm e n e r g y  d e t e r m i n a t i o n  e n a b l e d  u s  t o  

remove t h i s  rf time o f  f l i g h t  u n c e r t a i n t y ,  g i v i n g  a . t h i r d  i n d i c a t i o n  

of"the ene rgy .  D i f f e r e n c e s  i n  t h e s e  3 'measurements  g a v e  c r i t e r i a  

f o r  s e p a r a t i o n  o f  e l a s t i c  e v e n t s  from a c c i d e n t a l  and i n e l a s t i c  

e v e n t s .  Areas  o f  p o o r  r e s o l u t i o n  i n  one  method were u s u a l l y  o f f s e t  

by b e t t e r  r e s o l u t i o n  i n  a n o t h e r  and when. t h e  f i n a l  e n e r g y  was 

de te rmined  by a w e i g h t e d . a v e r a g e  o f  t h e  t h r e e  me thods ,  t h e  

r e s o l u t i o n  r anged  from 30 t o  .50  MeV. 

The r e l a t i v e  s i z e  o f  t h e  e l a s t i c  s i g n a l  was measuyed by f i t t i n g  

t h e  c o p l a n a r i t y  h i s t o g r a m  ( F i g . 5  ) w i t h  a g a u s s i a n  s h a p e  and a 

q u a d r a t i c  background.  The a s y m m e t r i e s  w e r e , t h e n  c a l c u l a t e d  by 2 

methods.  I n  t h e  first method t h e  g a u s s i a n  component is assumed t o  

, b e  a c o n s t a n t  f r a c t i o n  o f  t h e  e l a s t i c ' s i g n a l .  I n  t h e , s e c o n d  method,  

t h e  s i g n a l  was deemed t o  be t h e  y i e l d  minus  t h e  c a l c u l a t e d  

background.  C o n s i s t e n c y  be tween t h e  two methods  was e x c e l l e n t . .  
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The p o l a r i z a t i o n  o f  t h e  t a r g e t  was determined f r o m ' 2  independent  

. methods. I n  t h e  s t a n d a r d  method, we measured t h e  t h e r m a l  

e q u i l i b r i u m  p o l a r i z a t i o n . s i g n a 1  p r e s e n t  a t  , , . 0  degree  Kelvin  i n  a  25 

KGauss f i e l d  by a n  NMR method. T h i s  method has  an  i n h e r e n t  

u n c e r t a i n t y  o f  t y p i c a l l y  5%. I n  t h e  second method, we performed a 

P-P A s c a t t e r i n g  exper iment  .and r e l a t e d  t h e  measured asymmetry t o  
Y 

7 t h e  measured p-p a n a l y z i n g  power of Bevington e t  a l .  . T h i s  

method c a l i b r a t e d  d u r  NMR t e c h n i q u e  t o  abou t  2%. R e s u l t s  from a  

p re l i .minary  a n a l y s i s  of t h e  p-p c a l i b r a t i o n  were i n  good agreement 

w i t h  t h e  NMR measurement. D r i f t s  i n  t h e  equipment were determined 

by measur ing the rmal  e q u i l i b r i u m  p o l a r i z a t i o n s  a t  i n t e r v a l s  

th roughout  t h e  exper iment .  T y p i c a 1 , d r ' i f t  c o r r e c t i o n s  t o  t h e  

a n a l y z i n g  power were l e s s  than  18,  w h i l e  t h e  a v e r a g e  p o l a r i z a t i o n  .of 

t h e  t a r g e t  was a b o u t  80%. 

I n  t h e  p r e s e n t  exper iment ,  t h e  measurements i n  t h e ' e n e r g y  range  

400 t o  800 MeV were made s i m u l t a n e o u s l y  a t  a  s i n g l e  s p e c t r o m e t e r  

, . . a n g l e .  , S y s t e m a t i c  e r r o r s  from energy t o  energy were minimized,  and 

t h u s ,  t h e . o v e r l a p  of t h i s  exper iment  wi th ,  t h e  TRIUMF d a t a  p rov ided  

an e x c e l l e n t  c h e c k . o f  o u r  c a l i b r a t i o n  t e c h n i q u e s .  

T h e . d a t a  shown i n  F ig .6  demons t ra tes  t h e  energy dependence of 

A f o r -  n-p s c a t t e r i n g '  a t  110 d e g r e e s  .(cm).  A broad minimum i s  
Y 

observed  i n  t h e  d a t a  a t  about- 650 MeV.. .However, t h e  d a t a  p o i n t  o f  

Cheng f o r  110 d e g r e e s  (cm) a t  700 MeV is  i n  d i sagreement  w i t h  o u r  

d a t a  and g i v e s  no i n d i c a t i o n  o f  a  minimum a t  650 MeV. E x i s t i n g  d a t a  



above 700 M e V  is  o f  i n s u f f i c i e n t  p r e c i s i o n  t o  i n d i c a t e  t h e  o b s e r v e d  

s t r u c t u r e ,  b u t  i s  n e v e r t h e l e s s  c o n s i s t e n t  w i t h  i t .  A similar s t r u c t u r e  

i n  t h e  p-p p o l a r i z a t i o n  a t  35 d e g r e e s  ( c m )  s u g g e s t s  t h a t  khe 

o b s e r v e d  e n e r g y  dependence  i n  t h e  n-p d a t a  i s  a r e f l e c t i o n  of  t h e  

T = 1 c o n t r i b u t i o n  t o  t h e  n-p i n t e r a c t i o n .  

Angu la r  d i s t r i b u t i o n s  i n  A a t  7  d i f f e r e n t  e n e r g i e s  were measured  from 
Y 

60 t o  1 6 0  d e g r e e s  (cm) . F i g u r e s  7 ,  8 ,  and 9  show ' t h e  575 ,  625,  a n d .  800 MeV 

d a t a .  The d a t a  i n  t h e  lower  ' energy  r a n g e  a r e  i n  good ag reemen t  w i t h  t h e  

1 2  
TRIUMF a n d ' c h e n g  r e s u l t s ,  t h u s  g i v i n g  us' c o n f i d e n c e  i n  t h e  h i g h e r  ene rgy  

b e h a v i o r .  
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3 .  P r o g r e s s  on Da ta  A n a l y s i s  f o r  Experiment 66. 

The purpose  of  t h i s  exper iment  w a s  t o  measure t h e  s p i n  c o r r e l a t i o n  

paramccer A i n  np s c a t t e r i n g .  Data  were  accumulated i n  l a t e  1978-ea r ly  
YY 

1979 and p r e l i m i n a r y  r e s u l t s  a r e  now a v a i l a b l e .  The e x p e r i m e n t a l  a r r a n g e -  

ment used was v e r y  s i m i l a r  t o  t h a t  f o r  exper iment  65 excep t  t h a t  t h e  p o l a r i z e d  

0 
n e u t r o n  beam was o b t a i n e d  by q u a s i f r e e ,  pd+?ix a t  20 . The e x p e r i m e n t a l  l a y o u t s  

0 
f o r  b o t h  exper iment  66, which used t h e  20 n e u t r o n  l i n e ,  and f o r  exper iment  360, 

0 
on t h e  0  beam l i n e ,  a r e  shown i n  F i g .  10 .  

Two . d i p o l e  magnets,  CASTOR and POLLUX 'were u s e d '  i n  t h e  i n c i d e n t  n e u t r o n  

0 
beam l i n e  t o  p r e c e s s  t h e  i n c i d e n t  n e u t r o n  p o l a r ' i z a t i o n  th rough  180 , from t h e  

spin-up t o  t h e  spin-down c o n f i g u r a t i o n .  The c h a r a c t e r i s t i c s  of  t h e  n e y t r o n  

beam a r e  a  p o l a r i z a t i o n  of  20% and an e n e r g y  s p r e a d  of 75 MeV c e n t e r e d  a t  

a n  energy  of 675 MeV. It was found t h a t  t h e  lower  energy  n e u t r o n s  a l s o  had 

a h n ~ ~ t  t h e  same p o l a r i z a t i o n .  The asymmetry i n  t h e  s c a t t e r i n g  o f  t h e s e  

n e u t r o n s  from p o l a r i z e d  p r o t o n s  was measured o v e r  t h e  c.m. a n g u l a r  r a n g e  

80-165'. Measurements were made f o r  t h e  f o u r  i n i t i a l  s p i n  s t a t e s .  

An i n d i c a t i o n  of t h e  c o c s i s t e n c y  of t h e  r e s u l t s  c a n  be had by e x t r a c t i n g  

t h e  a n a l y z i n g  power a s  w e l l  a s  A from t h e  d a t a .  I n  F i g .  l l ( a )  i s  shown 
YY 

0 
t h e  A e x t r a c t e d  at  110 c.m., compared t o  t h e  energy  dependence of t h i s  

Y 

p a r a m e t e r  measured i n  exper iment  65. Tbe agreement i s  v e r y  good. Also  

shown a r e  t h e  p r e d i c t i o n s  of A r n d t ' s  phase  s h i f t  a n a l y s i s  code.  Some 

d i s c r e p a n c y  a t  600 and 800 MeV i s  e v i d e n t .  

0 
The r e s u l t s  f o r  A f o r  107-7.65 a t  670 MeV are ,  shown i n  F i g .  l l ( b ) .  

YY 

The r e s u l t s  o f ' t h e  two p r e d i c t i o n s  a r e  a l s o  shown--that of Arndt a t  t h e  

same energy  and t h e  p r e d i c t i o n s  from David Bugg based o n ' r e c e n t  TRIUMF 
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measurements a t  495 MeV. It is  a p p a r e n t  t h a t  A a t  t h e  two e n e r g i e s  a r e  
Y Y  

v e r y  s i m i l a r  i n  s h a p e  and magnitude.  A r n d t ' s  phase  s h i f t  s o l u t i o n  w i l l  

urldoubtedly improve a f t e r  t h e  i n c l u s i o n  of t h e s e  r e s u l t s .  



Measurement of t h e  P o l a r i z a t i o n  T r a n s f e r  C o e f f i c i e n t s  D,; and A: a t  - -.. 
7. ti ~ ' t 7  
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800 MeV f o r  t h e  R e a c t i o n s  ' H ( p , n ) ~  ~ ( ~ , n )  X and ' ~ e ( ~ , n ) ~  
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' + +  
Measurements of  p o l a r i z a t i o n  t r a n s f e r  c o e f f i c i e n t s  i n  ( p , n )  r e a c t i o n s  

a r e  of i n t e r e s t  t o  de te rmine  whether  t h e s e  mechanisms' can be  used f o r  t h e  

p r o d u c t i o n  of a  p o l a r i z e d  n e u t r o n  beam a t  medium e n e r g i e s .  The v a l u e s  

of t h e  p o l a r i z a t i o n  t r a n s f e r  c o e f f i c i e n t s  c a n  a l s o  p r o v i d e  i n f o r m a t i o n  

r e l a t i n g  t o  n-p s c a t t e r i n g  phase  s h i f t s  and t o  p i o n  exchange models.  

Using t h e  LAMPF p o l a r i z e d  p r o t o n  beam i n c i d e n t  on a  l i q u i d  deu te r ium 

t a r g e t ,  we .have c a r r i e d  o u t  measurements of t h e  p o l a r i z a t i o n  t r a n s f e r  

0 p a r a m e t e r s  D and A '  a t  0'. 0  n e u t r o n  momentum s p e c t r a  f o r  p r o t o n s  
t t 

i n c i d e n t  o n . d e u t e r i u m  and hydrogen a r e  shown i n  F i g .  1 2 .  

The o u t g o i n g  n e u t r o n  p o l a r i z a t i o n  was measured w i t h  a n  a n a l y z e r  c o n s i s t i n g  

of a  l i q u i d ,  h y d r o g e n . r a d i a t o r  and a  m u l t i w i r e  p r o p o r t i o n a l  chamber (MWPC) 

s p e c t r o m e t e r . '  The c o n c e p t u a l  e x p e r i m e n t a l  measurements of D and A; a r e  . 
t 

shown i n  F i g .  1 3 ,  where t h e  symbol .0  i n d i c a t e s  v e r t i c a l  p o l a r i z a t i o n ,  and 

t h e  symbol -+ i s  used t o  d e s i g n a t e  l o n g i t u d i n a l  p o l a r i z a t i o n .  A l a y o u t  

o f  t h e  e x p e r i m e n t a l  a r e a  i s  shown i n  F i g .  10.  A f t e r  p a s s i n g  th rough  t h e  

0 
'LD t a r g e t ,  t h e  i n c i d e n t  p o l a r i z c d  p r o t o n  beam i s  'd~ .E l . ec ted  th rough  60 

2 
0 

and t r a n s p o r t e d  t o  a s h i e l d e d  beam dump. Neutrons  emerging a t  0  a r e  

c o l l i m a t e d ,  and a f t e r  p a s s i n g  th rough  a  c l e a r i n g  magnet M 1 ,  e n c o u n t e r  a  

l l q u i d  hydrogen r a d i a t o r  p l a c e d  upst ream of  t h e  MWPC q p ~ r . t r o n c t e s ,  The 

0 
s p e c r r o m e t r r  W A S  p o s i t i o n e d  a t  a nominal  a n g l e  nf 30 ( 1 1 0 ~  c-m.)  where t h e  n-p 

a n a l y z i n g  power is  known t o  be a  maximum. The v a l u e  of t h e ' n - p  a n a l y z i n g  power f o r  





Figufe 1.3.. .Conceptual experimental measurements of  D t  'and 
+ -+ 

A; f o r  t h e  r eac t ion  d  (p,n)Zp.  The symbol [a] 
i n d i c a t e < '  v e r t i c a l  p o l a r i z a t i o n ,  and t h e  symbol 

1 i s  used t o  i n d i c a t e  long i tud ina l  



0 
800 MeV. i n c i d e n t  n e u t r o n s  a t  110 c.m. was t aken .  t o  b e  0.31: -+ 0.02 from 

2 
p r e v i o u s  measurements i n  t h i s  l a b o r a t o r y .  The b a s i c  t e c h n i q u e  used t o  

deduce t h e  p o l a r i z a t i o n  of t h e  i n c i d e n t  n e u t r o n  beam was t o  measure 

t h e  spec t rum of  p r o t o n s  s c a t t e r e d  e l a s t i c a l l y  n e a r  30' i n t o  t h e  a c c e p t a n c e  

of t h e  ME'C s p e c t r o m e t e r ' f o r  a  g i v e n  i n c i d e n t  p o l a r i z e d  p r o t o n  s p i n  o r i e n t a t i o n .  

. S p i n  r e v e r s a l  (from u p  t o  down f o r  D and from p a r a l l e l  t o  a n t i - p a r a l l e l '  f o r .  
t 

t h e  A '  work) was accompl i shed '  by r e v e r s i n g  t h e  s p i n  of  t h e  i n c i d e n t  p b l a r i z e d  
t 

p r o t o n  beam a t  . t h e b a c c e l e r a t o r  i o n  s o u r c e  e v e r y  t h r e e  m i n u t e s .  Dur ing a n  

e x p e r i m e n t a l  , r u n ,  s e p a r a t e  r e c o i l  s p e c t r a  were b u i l t  up f o r  spin-up and 

spin-down ( o r  p a r a l l e l  and a n t i - p a r a l l e l )  e v e n t s ,  and asymmetr ies  were 

compvted from t h e  s p e c t r a  a s  a  f u n c t i o n  of  i n c i d e n t  n e u t r o n  energy .  The 

p r o t o n  beam p o l a r i z a t i o n  w a s  measured us in ,g  a  double-arm beam l i n e  p o l a r i -  

meter.; t y p i c a l  p r o t o n  p o l a r i z a t i o n  was 0 .78.  

0 
The A (0 ) measurement was compl ica ted  by t h e  s p i n  p r e c e s s i o n  of  I-I-, 

t 
+ 

H , and n e u t r o n s  i n  t h e  v e r t i c a l  bend ing  magnet f i e , l d s .  The p r e c e s s i o n  of 

+ 
t h e  i n c i d e n t  H- and H beam between t h e  a c c e l e r a t o r  and t h e  LD2 t a r g e t  

0 
is  i n d i c a t e d  i n  F i g .  14.  S i n c e  a  1 6  bending magnet was l o c a t e d  between 

+ 
t h e  beam l i n e ' . p o l a r i m e t e r  and t h e  LD t a r g e t ,  t h e  H beam, w h e n . a l i g n e d  

2  
0 

' p a r a l l e l  t o  t h e  beam a x i s  a t  t h e  LD2 t a r g e t ,  was a l i g n e d  a t  5 3 . 1  w i t h  

r e s p e c t  t o  t h e  beam a x i s  a t  t h e  beam l i n e  p o l a r i m e t e r ,  which c o u l d ,  t h e r e f o r e ,  

be  used t o  moni to r  t h e  beam p o l a r i z a t i o n  j u s t  a s  i n  t h e  D measurements.  
t: 

~ u r i n ~  p r e l i m i n a r y  - A 1  measurements t h e  p o l a r i z e d  beam was a l i g n e d  a t  
t 

t h e  LAMPF i o n  s o u r c e  t o  g i v e  1ongitudinal.polnrizcltion a t  t h e  LD n e u t r o n  2  

p r o d u c t i o n  t a r g e t .  T h i s  a l ignment  n e c e s s i t a t e d  t h a t  l i n e  I3 be t h e  s o l e  

u s e r s  3f t h e  p o l a r i z e d  beam. During t h e  F a l l  s h u t  down o f  LAMPF, a  super -  

conduc t ing  s p i n  p r e c e s s i o n  . s o l e n o i d  was i n s t a l l e d  i n  l i n e  B immedia te ly  

0. 
downstream o f  t h e  L i n e  EPB s p l i t  t o  p r e c e s s  t h e  p o l a r i z e d  beam by 90 , 
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0 
from v e r t i c a l  t o  t r a n s v e r s e .  The s u c c e e d i n g  bend o f  32 i n  l i n e  B p r e c e s s e d  

t h e  s p i n  by 106.2' s o  t h a t  t h e  p o l a r i z e d  beam reached  t h e  n e u t r o n  p r o d u c t i o n  

0 
t a r g e t  w i t h  i t s  s p i n  1 6 . 2  away from a p u r e  l o n g i t u d i n a l  c o n f i g u r a t i o n .  

S i n c e  c o s i n e  16.2' =' 0.96 t h e  misa l ignment  was n o t  s e r i o u s ,  and o t h e r  

u s e r s  of t h e  p o l a r i z e d  beam were a b l e  t o  u s e  t h e  beam w i t h  a  v e r t i c a l  s p i n  

a l ignment .  

0 
The s p i n  p r e c e s s i o n  of  t h e  0  n e u t r o n  beam emerging from t h e  n e u t r o n  

0 
p r o d u c t i o n  t a r g e t  i n  t h e  subsequen t  1 5  bending magnet of  a p p r o x i m a t e l y  

0 
50 was compensated f o r  by a n , e q u a l  and o p p o s i t e  f t e l d  i n  t h e  c l e a r i n g  magnet 

M 1 .  The neu t ron 'beam was then  s p i n - p r e c e s s e d  i n t o  t h e  v e r t i c a l  p l a n e  .by ,an  

a d d i t i o n a l . m a . g n e t  M2, (POLLUX), p o s i t i o n e d  between M 1  and t h e  LH2 r a d i a t o r .  

.Asymmetries were then  deduced a s  i n  t h e  D :  measurements.  
t 

In .  o r d e r  t o  o p t i m i z e  t h e  n e u t r o n  s p i n  p r e c e s s i o n  i n  M 1  (EURYDICE) ,  and 

M2 (POLLUX), a  n e u t r o n  moni to r  sys tem (QPAN - Quick  P o l a r i z a t i o n  Ana lyzer  

f o r  Neutrons)  was i n s t a l l e d  between M2 and t h e  LH2 r a d i a t o r  t a r g e t .  QPAN 

c o n s i s t s  of  a two-arm te les ' cope  w i t h  a  t a p e r e d  copper  a b s o r b e r  between t h e  

s c i n t i l l a t o r s  t o . e n s u r e  t h a t  o n l y  h i g h  momentum neut , rons  a r e  d e t e c t e d .  A 

v e t o  c o u n t e r  i s  used t o  r e j e c t  cha rged  p a r t i c l e s  i n  t h e  i n c i d e n t  beam, and 

a  f o u r  i n c h  thick , po lye thy lene  s l a b  i s  used a s  a n  n-p c o n v e r t e r .  The 

, sys tem h a s  a r a t h e r  l a r g e -  e f f i c i e n c y ;  and can be  q u i c k l y  r o t a t e d  th rough  

0 
90 t o  p r o v i d e  i n f o r m a t i o n  on t h e  n e u t r o n  s p i n  i n  e i t h e r  t h e  h o r i z o n t a l  o r  

v e r t i c a l  p l a n e s . .  QPAN g r e a t l y  f a c i l i t a t e d  t h e  e x p e r i m e n t a l  measurements,  
. . 

and a l lowed u s  t o  o p t i m i z e  n e u t r o n  s p i n  p r e c e s s i o n s  i n  M 1  and M2 r a t h e r  

a c c u r a t e l y .  

The most s e r i o u s  c o m p l i c a t i o n  which a r o s e  i n  t h e  asymmetry measurements 

w a s , c a u s e d  by i n e l a s t i c  p r o c e s s e s  i n  t h e  r a d i a t o r  l e a d i n g  . to  a p r o t o n  i n  

. . 
t h e  f i n a l  s t a t e ,  p r i m a r i l y  p i o n  a s s o c i a t e d  p r o t o n s  from t h e  i e a c t i o n s  



0 
np -+ pnn , and np + ppn-. These i n e l a s t i c  e v e n t s  made. p o l a r i z a t i o n  

t r a n s f e r  measurements d i f f i c u l t  f o r  ' t h e  lower  energy  ( p i o n  a s s o c i a t e d )  

. i n c i d e n t  n e u t r o n s .  During pre1iminary.measurements n e u t r o n s  i n  coinc.i.dence 

w i t h  e l a s t i c a l l y  s c a t t e r e d  r e c o i l  p r o t o n s  were d e t e c t e d . i n  a  l a r g e  volume 

n e u t r o n  d e t e c t o r  p l a c e d  a t  t h e  c o n j u g a t e  a n g l e  r e l a t i v e  t o  t h e  M l E C  

0 
s p e c t r o m e t e r  (55 l a b o r a t o r y ) .  These e v e n t s  ( approx imate ly  10-15% of  

t h e  t o t a l  e v e n t s )  p rov ided  a n  unambiguous r e j e c t i o n  o f  i n e l a s t i c  

i n  t h e  r a d i a t o r  t a r g e t .  U n f o r t u n a t e l y ,  s t a t i s t i c a l  e r r o r s  were too  g r e a t  

t o  a l l o w  t h e  e v a l u a t i o n  of asymmetr ies  based on t h i s  f r a c t i o n  of t h e  d a t a .  

However, i t  was found p o s s i b l e  t o  remove most t h e  i n e l a s t i c i t i e s  by u s i n g  

f o r  a l l  event.s  t h e  i n c i d e n t  n e u t r o n  f l i g h t  . t ime ( t o  a  modulus of  5 n s e c ) .  

0 
The e x p e r i m e n t a l  r e s u l t s  f o r  D (0  ) f o r  deu te r ium and f o r  hydrogen a r e  shown 

t 
-+ -> 

i n  F i g s .  1 5  and 16 ,  r e s p e c t i v e l y .  For t h e  q u a s i e l a s t i c  pd+nX peak o f  t h e  

n e u t r o n  spec t rum,  t h e  v a l u e  of  D is' -0.143 2 0.026.  For  t h e  lower  e n e r g i e s ,  
t 

a  smooth peak i n  t h e  p o l a r i z a t i o n  t r a n s f e r  i s  found ,  t h e  maximum o c c u r r i n g  

-+ -+ 
n e a r  t h e  D peak obse rved  i n  p.'N1-+nA. The v a l u e s  of  D appear  t o  be  i n  d i s -  

t 

agreement w i t h  p r e d i c t i o n s  of  B.  Ver West based  on h i s  one p i o n  exchange 

model o f .  p i o n  p r o d u c t i o n .  The b e h a v i o r  of  D f o r  hydrogen i s  s t r i k i n g l y  
t 

s i m i l a r  i n  shape ;  i n  f a c t ,  o n l y  two of  t h e . d a t a  p o i n t s  f o r  hydrogen 

a r e  i n  d i sagreement  with t h e  deu te r ium d a t a ,  t h o s e  a t  775  M ~ V I C  (below clle 

p i o n  a s s o c i a t e d  peak)  and a t  1300 MeV/c (above t h e  p ion  a s s o c i a t e d  peak) .  

.The.D a n a l y s i s  f o r  Be h a s  n o t  y e t  . been  comple ted ; .  p r e l i m i n a r y  v a l u e s  of 
t 

'D (0 )  f c r  Be a r e  s m a l l ,  and c o n s i s t e n t  w i t h  a  n u l l  r e s u l t .  
t 

The ~ ' ( 0 )  measurements were completed f o r  deu te r ium and f o r  b e r y l l i u m  
t 

on Uecember 2 4 ,  1 9 7 3 ,  and have n o t  yet  been ana lyzed  o f f - l i n e .  Measure- 

6 .  
ments were a l s o  c a r r i e d  o u t  f o r  L i ,  a l t h o u g h  i t  i s  n o t  c e r t a i n  t h a t  t h e  

i n c i d e n t  p o l a r i z e d  p r o t o n  beam was p a s s i n g  c l e a n l y  through t h e  s t e e l  

l i t h i u m  t a r g e t  h o l d e r .  U n f o r t u n a t e l y ,  he l ium compressor  f a i l u r e  o c c u r r e d  
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d u r i n g  t h e  change o v e r  from L D 2  t o  a L H 2  neutr 'on p r o d u c t i o n  t a r g e t ,  s o  t h a t  

i t  was n o t  p o s s i b l e  t o  c a r r y  o u t  A '  measurements w i t h  hydrogen.  The 
t 

o n - l i n e  a n a l y s i s '  gave t h e  f o l l o w i n g .  r e s~ : i l . t s  f o r  t h e  h i g h  momentum ' n e u t r o n  

peak: 

The p o l a r i z a t i o n  t r a n s f e r  i s , ' v e r y  s m a l l  f o r  t h e  p ion  a s s o c i a t e d  peak a t  

lower  momenta f o r . a l 1  t a r g e t s .  The s i g n  conven t ion  i s  t h a t  used by D. Bugg 

and o t h e r s S 5  The p o s i t i v e  s i g n  of  A '  i n d i c a t e s  t h a t  t h e  s p i n  d i r e c t i o n  of  
t 

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

R e l a t i v e  measurements, were  a l s o  made of  t h e n - p  a n a l y z i n g  power, A y ,  by 

changing t h e  a n g l e  of  t h e  MWPC spec t r0mete . r  away f r o m . t h e  nominal  a n g l e  o f  

30' where t h e  a n a l y z i n g  power h a s  i t s  maximum v a l u e .  ~ e a s u r e m e n t s  were 

0 0  
c a r r i e d  o u t  a t  l a b o r a t o r y  s p e c t r o m e t e r  a n g l e s  o f  25 , 20°, and 1 3  ; t h e  

c.m. n e u t r o n  a n g u l a r  r a n g e s  a r e  i n d i c a t e d  below. P r e l i m i n a r y  .compar isons  

w i t h  t h e  r e s u l t s  of  exper iment  6 5  i n d i c a t e  e x c e l l e n t  agreement .  The 

0 
measurements w i l l  b e  b inned  i n t o  2 a n g u l a r  b i n s ,  g i v i n g  A d a t a  w i t h  

Y 

r a t h e r  good a n g u l a r  r e s o l u t i o n .  

= 50' Experiment 65 w i t h  8' Angular r e s o l u t i o n  
.---- ________( 



I 

P r e d i c t i o n s  have been made f o r . t h e  magni tudes  of  D (0 )  and A (0)  
t  

. . 
t 

f o r  deu te r ium.  I f  one  s imply  c o n s i d e r s  t h e  p ' roduct ion o f  p o l a r i z e d  

-+ + 
n e u t r o n s  by knockout i n  t h e  d ( p , n ) 2 p  r e a c t i o n ,  and n e g l e c t s  t h e  D s t a t e  

of  t h e  d e u t e r o n ,  t h e n  c r u d e  arguments  g i v e  t h e  r e s u l t  t h a t  D (0 )  = -113, 
t 

s i n c e  two p r o t o n s  must be  l e f t  i n  t h e  s i n g l e t  s t . a t e .  I t  h a s  been p o i n t e d  

+ + 
o u t  by 0 h l s e n 4  t h a t  f o r  t h e  d ( p , n ) 2 p  r e a c t i o n  a t  oO, t h e  e x p e c t e d  s p i n  

-f 0 
s t r u c t u r e  i s  1 + 172 + 112 + 0 ,  f o r  which i t  can b e  shown t h a t  At(O ) 

0 .  + 2Dt(0 ). = -1. The r e s u l t s  s h o u l d  a p p l y  t o  t h e  upp.er few MeV of t h e  

n e u t r o n  s p e c t r a ,  i . e . ,  f o r  t h e  r e g i o n  o f  th,e dominant c h a r g e  exchange 

peak.  The p r e s e n t  m e a s u r e m e n t s . f o r  t h e  peak r e g i o n  of LD2 g i v e  Dt(o) 

= -0.14 '+ 0.026 and 'A' (0 )  = -0.57 2 0  - 0 2  and t h u s  a r e  i n  r e a s o n a b l e  agree -  
t 

ment w i t h  t h e  r e l a t i o n s h i p  A;(o) + 20 (0 )  = -1. Phase  s h i f t  p r e d i c t i o n s  
t 

0 
f o r  A '  f o r  b o t h  f r e e  n-p s c a t t e r i n g  a t  180' [A '  ( n p ) ]  e q u i v a l e n t  ' t o  0 i n  

t t 

t h e  p r e s e n t  w o r k ) ' a n d  f o r  .charge  exchange s c a t t e r i n g  f o r  d e u t e r i u m ,  

[A' (CES) ] have been made by D .  Bugg, and a r e  i n d i c a t e d  i n  F i g .  1 7 .  Our 
t 

I 

measured v a l u e  of A f o r  d e u t e r i u m  is  i n  r a t h e r  good agreement w i t h  t h e  
t 

phase  s h i f t  p r e d i c t i o n s  f o r  f r e e  n-p s c a t t e r i n g ,  and i s  somewhat l e s s  

t h a n  t h e  e x t r a p o l a t e d  v a l u e  f o r  c h a r g e  exchange s c a t t e r i n g .  The rough 

agreement  between t h e  v a l u e s  of p o l a r i z a t i o n  t r a n s f e r  f o r  LD 'Be, and 
2  ' 

6 '  
L i  may p r o v i d e  f u r t h e r  e v i d e n c e  t h a t  t h e  p o l a r i z a t i o n  t r a n s f e r  mechanism 

a t '  0' f o r ,  a l l  t a r g e t s  i s  s i m i l a r  t o  t h a t  f o r  t h e  f r e e  n-p c a s e .  It 

w i l l  b e  of i n t e r e s t  t o  compare o u r  v a l u e s  w i t h  t h o s e  f o r  f r e e n - p  s c a t t e r i n g  

when e x p e r i m e n t a l  v a l u e s  f o r  A1(np)  become a v a i l a b l e .  Bugg 's  c a l c u l a t i o n  
t 

p r e d i c t s  t h a t  D (CES) = 0 ,  a g a i n  i n  f a i r  agreement w i t h  o u t  obse rved  r e s u l t s .  
t 

Prom a p r a c ~ i c a l  c o n s i d e r a t i o n ,  t h e  r a t h e r  l a r g e  v a l u e  of A1(0)  f o r  
t 

p r o t o n s  on deut'erium of  0 .57 2 0.02 d e m o n s t r a t e s  t h a t  Ehe A '  ( 0 )  p o l a r i z a t i o n  
t 

t r a n s f e r  mechanism shou ld  p r o v i d e  a  u s e f u l  s o u r c e  of  p o l a r i z a t i o n  n e u t r o n s  





a t  LAMPF e n e r g i e s .  T h e  p r e l i s i n a r y  r e s u l t s  i n d i c a t e '  t h a t  6 ~ i  and ' ~ e  

may a l s o ' b e  u s e f u l  t a r g e t s  f o r  , t h e  p r ,oduc t ibn  of  p o l a r i z e d  n e u t r o n s .  
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. . 5.  R e c o i l  Prot .on Po la r ime  t e r  .Development. 

The c o n s t r u c t i o n  and development o f  t h e  p o l a r i m e t e r  w a s . a  r a t h e r  l a r g e  

c o l l a b o r a t i v e '  e f f o r t  by some o f  t h e  members o f  o u r  c o l l a b o r a t i v e  group 

t o g e t h e r  w i t h  MP-13 and MP-10. Although i t  w a s ' o r i g i n a l l y  des igned  f o r  

u s e  i n  exper iments  i n  EPB, t h e  n e u t r o n ' b e a m  (BR), .and a t  HRS,. b e c a u s e  o f  t h e  

h i g h  a n t i c i p a t e d  demand f o r  t h e  d e v i c e ,  MP-10 i s  c o n s t r u c t i n g  a  second. 

one f o r  i n s t a l l a t i o n  a t  HRS. From The U n i v e r s i t . ~  o f  Texas ,  Ron Ransome 

and C h a r l e s  H o l l a s  have played s i g n i f i c a n t  r o l e s  i n  t h e  development of  t h e  

p o l a r i m e t e r .  The ' dev ice  i s  c a p a b l e  of measur ing  t h e  a v e r a g e  p o l a r i z a t i o n  of  

p r o t o n s  produced i n  a n u c l e a r  s c a t t e r i n g  o r  r e a c t i o n .  The d e v i c e  i s  i n d i c a t e d  

s c h e m a t i c a l l y  i n  F i g .  18.  It c o n s i s t s  of  f r o n t  and back  s c i n t i l l a t o r s ,  and 

t h r e e  m u l t i - w i r e  d r i f t  chambers b e f o r e  and a f t e r  a  b l o c k  of a n a l y z e r  

m a t e r i a l .  The s c i n t i l l a t o r s  SF and SB e a c h  c o n s i s t  o f  a n  upper and lower  . . 

' h a l f ,  SFI., SF2, SB1, SB2. Each o f  t h e s e  measures 24 i n c h e s  by 12 i n c h e s  

by 3/16 i n c h e s  t h i c k  and i s  a d i a b a t i c a l l y  coupled a t  each  ecd  t o  a  UMPF 

s t a n d a r d  p h o t o m u l t i p l i e r  t u b e .  Each o f  X Y 1  t o  XY.6 a r e  an X-Y p a i r  o f  

m u l t i w i r e  d r i f t  chambers w i t h  nominal  a c t i v e  a r e a  60 cm x  60 cm. Each 

p a i r  of  chambers c o n s i s t s  o f  a n  X and Y p l a n e  of ano,de w i r e s  between 

t h r e e  ca thode  p l a n e s .  The X and Y p l a n e s  c o n s i s t  of 0 . 8  m i l  s e n s e  w i r e s  

spaced a t  0.8 cm a p a r t ,  a l t e r n a t i n g . w i t h  3  m i l  f i e l d  s h a p i n g  w i r e s .  

Each anode s e n s e  w i r e  i s  connec ted  t o  a  d e l a y  l i n e ,  each end of  which i s  

coup led  t o  a  d i s c r i m i n a t o r .  The t ime  d , i f f e r e n c e  between t h e  two ends  of 

the '  d e l a y  l i . ne  g i v e s  t h e  a;,?ode p o s i t i o n :  AY = 'I' - T . I n t e r . p i ~ l a I ' l ' . n ~ ~  
-I- - 

between t h e  s e n s e  w i r e s  is  o b t a i n e d  from t h e  d r i f t  t ime of approx imate ly  

20 ns/mm, o r  & 80 n s  f o r  t h e  maximum d r i f t . d i ' s t a n c e  o f  4  mm. The " l e f t -  

r i g h t  ambigui ty" ,  t h e  d e t e r m i n a t i o n  o f  which s i d e  of  t h e  s e n s e  w i r e  



t h e  ava lanche  o c c u r r e d ,  i s  . reso lved  by p i c k i n g  up t h e  image of t h e  ava lanche  

on t h e  a d j a c e n t  f i e l d  shap ing  wires, .  The w i r e  c l o s e s t  t o  t h e  ava lanche  h a s  

t h e  l a r g e r  p u l s e .  A l t e r n a t e  f i e l d  shap ing  w i r e s  a r e  bussed  t o g e t h e r  t o  

g i v e  two p u l s e s  known a s  "odd" and "even." A d i f f e r e n t i a l  a m p l i f i e r  a n d  

a  summing a m p l i f i e r  g i v e  t h e  t w o . o u t p u t  s i g n a l s  0-E and 0  + E. 

I n ' . u s e ,  p r o t o n s  e n t e r  t h e  po la r ime  ter , and about  15% s c a t t e r  u s e f u l l y  

i n  t h e  a n a l y z e r .  .The s c a t t e r i n g  i n  t h e  a n a l y z e r  a t  a  g i v e n  a n g l e ' @  h a s  

a n  a z i m u t h a l  asymmetry g i v e n  by 

+ A(0) (0 COS 4 + ax s i n  $11 
Y 

where A ( @ )  is  t h e  a n a l y z i n g  power and a and a a r e  t h e  two t r a n s v e r s e  
' X .  Y 

components of t h e  s p i n  o f . ' t h e  i n c i d e n t  p r o t o n s .  A(0) i s  a  f u n c t i o n  of 

bo th  p r o t o n  energy and s c a t t e r i n g  a n g l e .  ' P r e l i m i n a r y  measurements i n d i c a t e  

t h a t  t h e  a v e r a g e  v a l u e  o f . A  f o r  ca rbon  i s  0 . 2  a t  LAMPF e n e r g i e s .  



6 .  p r o g r e s s  on Exper iments  194 and 492. 

Experiment 194 ,  "P-P D ,  R, AND A MEASUREMENTS," was w r i t t e n  i n  1974 

w i t h  P. R .  Bevington a s  Spokesman. A r e l a t e d  p r o p o - ~ a l ,  492,  " P o l a r i m e t e r  

C a l i b r a t i o n s  and Search  f o r  Energy Dependent S t r u c t u r e  i n  pp E l a s t i c  S c a t t e r i n g  

v i a  C r o s s  S e c t i o n ,  Analyzing Power, and W o l f e n s t e i n  Paramete r  Measurements ," .  

w a s , w r i t t e n  i n  1979 w i t h  M. McNaughton and H. W i l l a r d  a s  Spokesmen. , S i n c e  

t h e n ,  M. . ~ c ~ a & h t o n  h a s  e f f e c t i v e l y  become spokesman f o r  bo th  ex .per iments .  

Because of  o u r  mutual  i n t e r e s t  i n  t h e  nucleon-nucleon problem, and because  

b o t h  exper iments  i n v o l v e  usage o f  t h e  p r o t o n  r e c o i l  p o l a r i m e t e r  t o  b e  

used i n  Experiment 403, t h e  members.of The U n i v e r s i t y  of  Texas g roup  and 

B. Bonner of  P-7, LASL, have j o i n e d  t h e  c o l l a b o r a t i v e  work on exper iments  

194 and 492. The impor tance  of exper iment  1 9 4  i s  t h a t  i t  s h o u l d  make 

p o s s i b l e  f o r  . the  f i r s t  t ime  a n  a m p l i t u d e  a n a l y s i s  f o r  T = 1 a t  800 MeV. 

The o b j e c t i v e  o f  t h e  exper iment  i s  t o  measure  t h e  s i x  W o l f e n s t e i n  p a r a m e t e r s  

+ + 
a s  a f u n c t i o n  of  angle .  f o r  pp-+pp a t  800 MeV. The exper iment  i s  i n d i c a t e d  

s c h e m a t i c a l l y  i n  F i g .  1 9 .  A c o n j u g a t e  d e t e c t o r ,  c o n s i s t i n g  o f  a  d r i f t  

chamber and s c i n t i l l a t o r  l i k e  t h o s e  of t h e  r e c o i l  p o l a r i m e t e r ,  i s  used 

, ,  t o  de tec t  t h e  r e c , o i l  p r o t o n .  A f a s t  c l e ' a r  e l e c t r o n i c  sys tem,  u t i l i z i n g  

a n a l o g  e l e c t r o n i c s ,  was d e v i s e d  f o r  t h e  p o l a r i m e t e r  t o  r e j e c t  e v e n t s ,  b e f o r e  

i n t e r r u p t i n g  t h e  computer.,  t h a t  do n o t  s c a t t e r  i n  t h e  ca rbon  through a 

0 
s ' i g n i f i c a n t  ( 3-4 ) angle . .  . S i n c e  a t  s m a l l  a n g l e s  t h e  t r i g g e r  r a t e  i n t o  

t h e  compu,ter s e t s  . the  l i m i t a t i o n s  on e v e n t  r a t e s ,  t h i s  sys tem a l l o w s  t h e  

true e v e n t  r a t e  t o  be  s i g n i f i c a n t l y  i n c r e a s e d .  'l'he f i r s t  exper1111e11Lal 

runn ing  t ime f o r  exper iment  194 took p l a c e  d u r i n g  December 14-24, 1979,  

w i t h  t h e  i n c i d e n t  p o l a r i z e d  p r o t o n  beam a l i g n e d  v e r t i c a l l y .  Dur ing t h i s  
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FIG. 18. Schemat ic  of  t h e  P r o t o n  R e c o i l  Pol .ar imeter  

EPR BEAM 
- > 

LUN JUGATE ARM ' 

14. Schemat ic  Arrangement f o r  Experiment I 9 4  

1-7 a r e  m u l t i w i r e  d r i f t  chamber (MJDC) 

xy p a i r s .  

SF, SB, SC a r e  S c i n t i l l a t o r s .  



t ime p e r i o d  t h e  p o l a r i m e t e r  was c a b i b r a t e d ,  and measurements of t h e  D 

'parameter were c a r r i e d  o u t .  



7.  P r e p a r a t i o n s  f o r  Exp. 403. 

The o r i g i n a l  a i m  of  t h i s  exper iment  was t o  measure  t h e  s p i n  f l i p  

p r o b a b i l i t y  D i n  t h e  c h a r g e  e x c h a n i e  (CEX) r e g i o n ' .  i n  n e u t r o n  p r o t o n '  
t 

s c a t t e r i n g .  From our  p r e v i o u s  exper iments  (263, 125)  i t  i s  known t h a t  

t h e  c r o s s . s e c t i o n  . in  t h e  CEX r e g i o n  h a s  t h e  s i m p l e  s h a p e  of  t h e  sum of  two 

e x p o n e n t i a l s  iil t h e  momentum t r a n s f e r r e d .  T h i s  b e h a v i o r  i s  a l m o s t  independ- 

e n t  o f ' e n e r g y  and would a p p e a r  t o  be  due t o -  two n o n i n t e r f e r i n g  mechanisms. 

Simple one p i o n  exchange i s  i n  c o n t r a d i c t i o n  t o  t h i s  b e h a v i o r .  It i s  

p o s s i b l e ' t h a t  a  knowledge of D o v e r  t h i s  r e g i o n  w i l l  s e v e r e l y  c o n s t r a i n  
t 

proposed e x p l a n a t i o n  f o r  t h e  obse rved  e f f e c t s .  

During t h e  p a s t  few months w e  have examined t h e  f e a s i b i l i t y  of 

m'easuring t h e  f o u r  o t h e r  s p i n  t r a n s f e r  c o e f f i c i e n t s  f o r  the CEX r e g i o n  

y 1  i n  a d d i t i o n  t o  D ( k  ) .  These  a r e  t h e  two s p i n  r o t a t i o n  p a r a m e t e r s  r e s u l t i n g  
t .Y 

x ' z  ' from t r a n s v e r s e  i n i t i a l  p o l a r i z a t i o n  (R = K , R; = K ) and t h e  two s p i n  
t X X 

r o t a t i o n  p a r a m e t e r s  r e s u l t i n g  from l o n g i t u d i n a l  i n i t i a l  p o l a r i z a t i o n  

x '  1 z  
(At = K , At = K ) .  Only t h r e e  of t h e s e  f o u r  a r e  independen t ;  t h u s  a  

z  z 

c o n s i s t e n c y  check i s  p o s s i b l e .  

One p r o p e r t y  of t h e ' r e c o i l  p o l a r i m e t e r  i s  i t s  i n a b i l i t y  t o  measure 

t h e  component of p o l a r i z a t i o n  p a r a l l e l  t o  t h e  p a r t i c l e  momentum; T h i s  
I 1 

p r e c l u d e s  d i r e c t  measurement of A and R . (which have t h e  f ina1 ,componen t  
t t 

of s p i n  p a r a l l e l  t o  the.momentum). T h i s  d i f f i c u l t y  can  b e  overcome by u s e  

of  a  s p i n  p r e c e s s i o n  magnet. Near 800 MeV t h e  s p i n .  of  a  p r o t o n  w i l l  p r e c e s s  

about  3.3 t i m e s  t h e  bend ang1.e. Thus, f o r  a  bend a n g i e  o f ,  29' che s p i n  

0 
w i l l  p r e c e s s  90 , making i t  comple te ly  t r a n s v e r s e .  

Experiment 403 w i l l  i n c o r p o r a t e  t h e  18D36 MWPC s p e c t r o m e t e r  and . 

t h e  p r o t o n  r e c o i l  p o l a r i m e t e r ;  t h e  f i n a l  twu pla l les  of t h e  IITJPC c p c c t r o m e t e r  



w i l l  b e  r e p l a c e d  by t h e  p o l a r i m e t e r  t n , o r d e r  t o  maximize t h e  a c c e p t a n c e  

of t h e  d e v i c e .  The s p e c t r o m e t e r  w i l l  momentum a n a l y z e  t h e  r e c o i l  p r o t o n s  

and w i l l  p r e c e s s  t h e  p r o t o n  s p i n s ,  making p o s s i b l e  t h e  measurement of  a l l  

I' 

f i v e  t r a n s f e r  p a r a m e t e r s  D 
1 

t ,  Rt' R t ,  A t ,  A and t h e  p o l a r i z a t i o n  pa ramete r .  
t 

The measurements' a r e  i n d i c a t e d  s c h e m a t i c a l l y  i n  Fig:  20. The measured 

q u a n t i t i e s  a r e  t h e  two t r a n s v e r s e  components of  t h e  s p i n  of  t h e  p r o t o n  

e n t e r i n g  t h e  r e c o i l  p o l a r i m e t e r ,  a  and a  a s  g i v e n  by t h e  s c a t t e r i n g  
nm s m  ' 

asymmetr ies  i n  t h e .  r e c o i l  p o l a r i m e t e r  by t h e  e x p r e s s i o n :  

1 
P ( 8 , ( )  = % [ I  + A ( 0 )  (o c o s  I$ + a  s i n  (I)]. 

nm s m  

I n  a d d i t i o n ,  from t h e  measured p r o t o n  t r a j e c t o r y  th rough  t h e  MSJPC s p e c t r o m e t e r  

sys tem,  t h e  q u a n t i t i e s  8  
H ,  (I,, 

B B ,  8  a r e  known. The s p i n  of  t h e  r e c o i l  
P  

p r o t o n ,  a w i t h  components a  a  
. R '  

a i s  r e l a t e d  t o  t h e  measured 
nR' sR' RR 

q u a n t i t i e s  b y . t h e  r e l a t i o n s h i p :  

+ usR 14 cos 0  s i n  241 (1 - cos  (8 - €IB)) 
H .  H P  

- s i n  6 sill 4 sin (9 -- OB)] 
H H P  

+ a  [cos  8  s i n  I$ s i n  (8 - Bg) + $ s i n  8  s . in 241 
R R  H H P  H H 

( 1  - c o s  (8 - O B ) ) l .  
P  

= "  [ + c o s g s i n 2 0  ( 1 - c o s  (8  - R B ) )  . 
s m  nK H . H  P  

+ s i n  8  ' s i n  I$ i i n  (8 - €IB)] 
H H P  



u 

. . Pfllrp C 

18D36 
nR R e c o i l  

Po la r ime  t e r  u 

I 
m €$-- 

z 
L a b o r a t o r y  Frame . . 

Y 

a = s p i n  of r eco i ' l  p r o t o n  
R  

u = s p i n  of  p r o t o n  a f t e r  p r e c e s s i o n  and bend 

0 = s c a t t e r i n g  a n g l e  of p r o t o n  
H 
QH = a z i m u t h a l  a n g l e  of .  s c a t t e r e d  p r o t o n  , 

OB = bending a n g l e  i n '  18D36 

D i r e c t i o n  of s p i n  of 
Neutron Beam a t  LH2- P a r a m e t e r s  Measured 18D36 C u r r e n t  S e t t i n g s  

* ~ n d i c a t e s  t h o s e  p a r a m e t e r s  which a r e  z e r o  f o r  QH = 0 .  

FIGURE; 20 Schemat ic  of MWPC - ~ e c ' o i l  P r o t o n  P o l a r i m e t e r  System. 



. . 
2 .2 + o  [cos  *0 ' ( s i n  m H +  cos  .dH c o s  (0 - 0  1) + s i n  ZeH cos  (0 - @ B ) l  

s R H P  B P  

+ o  [ - c o s m  s i n  (9 - 0  ) + c o s  O H ,  s i n  0  ( s i n  2$ + c o s '  
2 

RR H P  B H . H  @ H  

By making measurements a t  two d i f f e r e n t  v a l u e s  o f  bend a n g l e  0  (and t h u s  
B ' 

0  a l s o )  i . e . ,  by c h a n g i n g ' t h e  18D36 magnet c u r r e n t ,  we can  deduce t h e  t h r e e  P 

unknowns, 

o  u and, a 
nR' s R '  RR '  

Thus i n  t h e  g e n e r a l  c a s e  t h e  measured s p i n s  o  and osm w i l l  c o n s i s t  of  a  
nm 

m i x t u r e  of t h e  o . r i g i n a 1  spin components a  a and o  
!LR ' 

Note t h a t  f o r  
nR' . s R '  

t h e  s p e c i a l  c a s e  where m H . = O ,  a = o  o n l y ,  w i t h  no mixing of  o t h e r  nm nR 

components. , F i v e  s e t t i n g s  w i l l  be  r e q u i r e d  t o  s e p a r a t e  and measure a l l  f i v e  

components, as i n d i c a t e d  below t h e  f i g u r e .  The p o l a r i z a t i o n . p a r a m e t e r  comes 

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

s p i n  , s , t a t e s :  An independen t  measurement o f  t h i s  pa ramete r  ( a c t u a l l y  t h e  

a n a l y z i n g  power which i s  e q u a l  t o '  P by t ime r e v e r s a l  i n v a r i a n c e )  comes from 

t h e  asymmetry i n  c o u n t i n g  r a t e s  f o r  i n i t i a l  n e u t r o n  s p i n s  up and down. 

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

r a t e s  a r e  such  t h a t  we shou ld  b e  a b l e  t o  measure  a l l  f i v e  p a r a m e t e r s  i n  

t h e  two weeks schedu led  i n  January .  



111. CURRENT APPROVED LAMPF PROPOSALS 

No. 65 

No. 66 

No. 360 

No. 402 
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Mayes and G. S. Mutch le r ,  Spokesmen. T h i s  exper iment  i s  
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