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The expe r imen t a l  search1  f o r  charge symmetry u s u a l  shakedown and debugging of t h e  CSB and 

breaking  (CSB) i n  n-p s c a t t e r i n g  a t  En=188 MeV i s  now po l a r ime t e r  e l e c t r o n i c s ,  t h e r e  a r e  procedures  u t i l i z i n g  

on t h e  verge  of p roduc t i on  running  - t h e  f i r s t  such  t h e  secondary neut ron  and p ro ton  beams a v a i l a b l e  i n  t h e  

run  being scheduled  f o r  March of 1986. Although t h e r e  PNF, s c a t t e r i n g  from p l a s t i c  s c i n t i l l a t o r  and CD2 

has been a  r e l a t i v e l y  sma l l  ove r l ap  of r e l i a b l e  t a r g e t s ,  which provide  f o r  au toma t i c  matching of t h e  

p o l a r i z e d  t a r g e t  o p e r a t i o n  w i th  r e l i a b l e  cyc lo t ron  

o p e r a t i o n  du r ing  t h e  p a s t  yea r ,  none the l e s s ,  

cons ide r ab l e  p rog re s s  has been made du r ing  t h i s  pe r i od  

i n  t h e  many a r e a s  c r u c i a l  t o  t h e  p roduc t i on  running  

mode of t h i s  experiment.  A few h i g h l i g h t s  a r e  

summarized below. 

The p o l a r i z e d  neu t ron  f a c i l i t y  (PNF) and d e t e c t o r  

a r r a y s  f o r  t h e  CSB experiment have been complete f o r  

some t ime and have been used t o  a c q u i r e  n-p s c a t t e r i n g  

d a t a  i n .  a  number of p r e l im ina ry  runs  .2 One major 

purpose  of t h e s e  runs has been t h e  development of 

e x t e n s i v e  d i a g n o s t i c s  and in-beam c a l i b r a t i o n  

t e chn iques  f o r  t h e  equipment. The d a t a  a c q u i s i t i o n  

so f twa re  now c o n t i n u a l l y  checks incoming even t s  f o r  a  

wide v a r i e t y  of anomalies s u g g e s t i v e  of hardware 

problems,  a l l owing  much more r a p i d  i d e n t i f i c a t i o n  of 

equipment f a i l u r e s  t han  was p o s s i b l e  p r ev ious ly .  I n  

a d d i t i o n ,  more e l a b o r a t e  c a l c u l a t i o n s  i nvo lv ing  s o r t e d  

event  d a t a  and s c a l a r  r a t i o s  a r e  performed a t  r e g u l a r  

i n t e r v a l s  (e.g. ,  every  10-15 minutes  of running)  t o  

check f o r  t h e  p o s s i b i l i t y  of more s u b t l e  problems w i th  

t h e  d a t a  be ing  w r i t t e n  t o  magnetic tape .  

An e x t e n s i v e  s e t  of s t a r t u p  procedures  has been 

developed and c a r e f u l l y  documented. I n  a d d i t i o n  t o  t h e  
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p u l s e  he igh t  and t iming  r e sponse s  from t h e  192 l i q u i d  

s c i n t i l l a t o r  neu t ron  d e t e c t o r  c e l l s .  At t h e  same t ime 

we o b t a i n  an  a b s o l u t e  ang l e  c a l i b r a t i o n  f o r  t h e  

d e t e c t o r  a r r a y s  and a  c e l l - by -ce l l  e f f i c i e n c y  

c a l i b r a t i o n  f o r  t h e  neut ron  d e t e c t o r s .  These checks 

and c a l i b r a t i o n s  a r e  performed a t  t h e  beginning  of 

every  running  pe r i od ,  and i n  con junc t i on  w i th  t h e  

shakedown and tuneup of t h e  e l e c t r o n i c s ,  t a k e  on t h e  

o r d e r  of two days (6 s h i f t s )  of machine time. 

From our  now e x t e n s i v e  expe r i ence  r e p l a y i n g  d a t a  

from t h e  p r e l im ina ry  runs ,  we a r e  l e a r n i n g  how t o  

e x t r a c t  f r e e  n-p s c a t t e r i n g  y i e l d s  w i th  op t ima l  

e f f i c i e n c y ,  whi le  minimizing t h e  chance of i n t r o d u c i n g  

p o s s i b l e  s u b t l e ,  spin-dependent b i a s e s  i n  t h e  a n a l y s i s .  

We have found t h a t  it is h e l p f u l  t o  c a l c u l a t e  s e v e r a l  

new t ransformed v a r i a b l e s  i n  o rde r  t o  reduce  t h e  

c o r r e l a t i o n s  among t h e  v a r i o u s  parameters  t o  which we 

t h e n  apply  so f twa re  c u t s .  Other  so f twa re  improvements 

r e l a t e  t o  i n c r e a s i n g  t h e  s o r t i n g  speed  and f u r t h e r  

r e d u c t i o n  of troublesome bugs. We have found t h a t  t h e  

most r e l i a b l e  d i s c r i m i n a t i o n  a g a i n s t  q u a s i f r e e  

s c a t t e r i n g  background even t s  is performed by a  s e r i e s  

of r e l a t i v e l y  conse rva t i ve  c u t s  on raw and i n  some 

ca se s  c a l c u l a t e d  k inema t i c  v a r i a b l e s ,  coupled w i th  



s u b t r a c t i o n  of q u a s i f r e e  da t a  acqui red  wi th  a  

hydrogen-free "dummy" t a r g e t .  A r a t h e r  e l a b o r a t e  dummy 

t a r g e t  has been made from hydrogen-f r e e  compounds t h a t  

c l o s e l y  s imu la t e  t h e  components and c o n s t r u c t i o n  of t he  

po l a r i zed  pro ton  t a r g e t .  

I n  a  t y p i c a l  opening-angle spectrum t h e  r e s i d u a l  

background, a f t e r  s u b t r a c t i o n  of t he  "dummy" t a r g e t  

spectrum, accounts  f o r  & 0.1% of t h e  f r e e - s c a t t e r i n g  

peak a r e a  ( t h i s  is adequate f o r  t h e  l e v e l  of 

s t a t i s t i c a l  accuracy  we hope t o  r each ) .  From t h e  

f r e e - s c a t t e r i n g  y i e l d s  f o r  t h e  l e f t  and r i g h t  

d e t e c t o r s ,  determined a s  a  func t ion  of beam and t a r g e t  

s p i n  p r o j e c t i o n s  ( e i g h t  p i ece s  of informat ion  a l l  

t o g e t h e r ) ,  we w i l l  be a b l e  t o  e x t r a c t  informat ion  which 

is s e n s i t i v e  t o  t h e  presence of a  CSB analyz ing  power 

d i f f e r e n c e  AA(8) An(8) -Ap(8). With t h e  expected 

beam and t a r g e t  p o l a r i z a t i o n s  and count ing  t imes,  we 

should be a b l e  t o  determine AA t o  a  s t a t i s t i c a l  

p r e c i s i o n  of < +0.001 i n  each of s i x  angle  b ins  

spanning t h e  range 60" < 8,, < 120'. More p r e c i s e l y ,  

t h e  q u a n t i t i y  we e x t r a c t  is3 

where AP = Pb-Pt and P  = (Pb+Pt)/2, and where Pb and Pt 

a r e  t h e  beam and t a r g e t  p o l a r i z a t i o n s ,  r e s p e c t i v e l y .  X 

may be be c a l c u l a t e d  d i r e c t l y  from t h e  va r ious  s p i n  

dependent f r e e  s c a t t e r i n g  y i e l d s  (L++, L+, e t c . )  and 

r e l a t i v e  neut ron  f l u x e s  (I++., I+, e t c . )  ( I n  f a c t  

t h e r e  a r e  s e v e r a l  ways t o  e x t r a c t  X; t h e  va r ious  

methods having d i f f e r e n t  s e n s i t i v i t i e s  t o  c e r t a i n  

sy s t ema t i c  e r r o r s . )  S ince  AP/P is independent of 0 ,  

any dependence of X(O) on ang l e  is a  s i g n a t u r e  

of CSB. This  method of e x t r a c t i n g  t h e  CSB informat ion  

does not r e q u i r e  a c c u r a t e  knowledge of Pb o r  Pt. Shown 

i n  t h e  top  .panel  of Fig.  1 a r e  c a l c u l a t i o n s  of AA(8) 

a r i s i n g  from both e lec t romagnet ic  ( sp in -o rb i t )  and 
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Figure  1. T h e o r e t i c a l  c a l c u l a t i o n s  of A(O), AA(8) 
( t o p  pane l ) ,  and t h e  CSB v a r i a b l e  X(8) (bottom 
pane l )  over t h e  ang l e  range covered i n  t h e  
experiment.  The isospin-mixing parameters4  i nc lude  
s e v e r a l  s t r o n g - i n t e r a c t i o n  c o n t r i b u t i o n s  which 
p a r t i a l l y  cance l  t o  g ive  %ucl shown. The "data  
p o i n t s "  p l o t t e d  a r e  r e p r e s e n t a t i v e  of t h e  r e s u l t s  
we hope t o  a t t a i n !  

s t r o n g  i n t e r a c t i o n  sou rces ,  according  t o  f i r s t - o r d e r  

Born approximat i on  p r e d i c t  i ons  of ~ e r s  t en .  I n d i c a t e d  

i n  t h e  lower panel  of F ig .  1 a r e  corresponding 

c a l c u l a t i o n s  of X(O). Also shown i n  t h e  f i g u r e  a r e  

"mock" d a t a  p o i n t s  f o r  X(O), which i n d i c a t e  t h e  - 
s t a t i s t i c a l  accuracy  we expect  t o  achieve  i n  t h e  

experiment (corresponding t o  a  t o t a l  of 4  x l o 7  

d e t e c t e d  f r e e  n-p s c a t t e r i n g  even t s  summed over  a l l  

ang l e s  and s p i n  s t a t e s ) .  

I n  o rde r  t o  e f f i c i e n t l y  e x t r a c t  such numbers from 

t h e  d a t a ,  a  cons ide rab l e  e f f o r t  has  gone i n t o  

cons ide r ing  t h e  va r ious  e x t r a c t i o n  schemes (5 a t  l a t e s t  

count )  f o r  X(O), and t o  w r i t i n g  an ex t ens ive  a n a l y s i s  



program (POLOC) t o  perform t h e  a p p r o p r i a t e  c a l c u l a t i o n s  

from t h e  spin-dependent f r e e  s c a t t e r i n g  y i e l d s  ob t a ined  

e i t h e r  on- l ine  o r  from subsequent  r ep l ay  of event  d a t a  

t ape s .  I n  a d d i t i o n  POLOC permi ts  one t o  c a l c u l a t e  t h e  

neut ron  beam p o l a r i z a t i o n  ( e i t h e r  d i r e c t l y  from t h e  

neut ron  p o l a r i m e t e r ,  o r  i n d i r e c t l y  from t h e  i n c i d e n t  

beam p o l a r i z a t i o n  a s  measured w i th  a  po l a r ime t e r  

l o c a t e d  i n  t h e  h igh  energy beam swi t chya rd ) ,  PPT 

p o l a r i z a t i o n  (under  t h e  assumption t h a t  AA = O), t h e  

ana lyz ing  powers and s p i n  c o r r e l a t i o n  c o e f f i c i e n t s  a s  a  

f u n c t i o n  of ang l e ,  and many o t h e r  q u a n t i t i e s  of 

i n t e r e s t .  When a p p l i e d  t o  on- l ine  d a t a  (every  few 

event  t a p e s  or  s o )  t h e  program p r i n t o u t  p rov ide s  many 

a d d i t i o n a l  ways of checking t h e  q u a l i t y  of t he  d a t a  

be ing  acqu i r ed  du r ing  t h e  run. 

We have a l s o  devoted cons ide r ab l e  t ime t o  d e v i s i n g  

schemes f o r  measuring and minimizing s e n s i t i v i t y  t o  a  

v a r i e t y  of sou rce s  of s y s t e m a t i c  e r r o r  i n  t h e  CSB 

experiment.  The ma2n concern a r e  spu r ious  

angle-dependent l e f t - r i g h t  asymmetries t h a t  e x a c t l y  

s i m u l a t e  AA, i n  t h a t  they  change s i g n  wi th  a  f l i p  of 

one,  but  not  t h e  o t h e r ,  of t h e  i n t e r a c t i n g  nucleon 

s p i n s .  Such an  e f f e c t  a r i s e s ,  f o r  example, from t h e  

bending of p ro tons  t r a v e r s i n g  t h e  PPT ho ld ing  f i e l d .  

To keep t h e  consequent AAfalse 5 1 x we must 

c o r r e c t  t h e  measured pro ton  ang l e  f o r  t h e  bend 

( t y p i c a l l y  - 1') t o  an  accuracy  b e t t e r  t han  0.04' over 

t h e  e n t i r e  angu l a r  range of t he  d e t e c t o r s .  We have 

r e c e n t l y  developed a  new and improved ve r s i on  of t h e  

ang l e  c o r r e c t i o n  so f twa re  which is based on d e t a i l e d  

r e a l i s t i c  f i e l d  maps. The a c t u a l  ang l e  d e f l e c t i o n s  a r e  

parameter ized  i n  a  way t h a t  pe rmi t s  t h e  c o r r e c t i o n s  t o  

be made r a p i d l y  on an  event-by-event ba s i s .  

The r e l i a b i l i t y  of t h i s  procedure  can be t e s t e d  

(and parameters  a d j u s t e d )  , f o r  example, by checking t h e  

accuracy  w i th  which we can measure t h e  Ay(8) 

z e ro - c ro s s ing  ang l e  f o r  p-p s c a t t e r i n g  (which must 

c r o s s  a t  p r e c i s e l y  90' i n  t h e  c.m.) of a  secondary  

p ro ton  beam from t h e  PPT. 

The a v a i l a b i l i t y  of t h e  secondary  pro ton  beam a l s o  

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

a s s o c i a t e d  w i th  t h e  s p i n  c o r r e l a t i o n  of h o r i z o n t a l  

p o l a r i z a t i o n  components i n  t h e  beam and t a r g e t .  The 

neu t ron  beam has  an  unavoidable  h o r i z o n t a l  component 

+ + 
[ a r i s i n g  from t h e  * H ( ~ ,  n )  p roduc t i on  r e a c t i o n  

p o l a r i z a t i o n ] ,  and consequent ly  t h e s e  e r r o r s  a r e  most 

e a s i l y  e l im ina t ed  by i n s u r i n g  t h a t  t h e  h o r i z o n t a l  

components of t h e  t a r g e t  p o l a r i z a t i o n  a r e  n e g l i g i b l e .  

Th i s  w i l l  be done by measuring t h e  PPT h o r i z o n t a l  

p o l a r i z a t i o n  and u s ing  c o r r e c t i o n  c o i l s  t o  c a n c e l  t h e  

cor responding  h o r i z o n t a l  components of t h e  magnet ic  

f i e l d  a t  t h e  t a r g e t .  For  t h i s  purpose,  we have b u i l t  

and t e s t e d  room tempera ture  c o i l s  which hug t h e  PPT 

dewar w a l l  a t  90' t o  t h e  beam ( l e f t  and r i g h t )  t o  

provide  c a n c e l l a t i o n  of t h e  t r a n s v e r s e  f i e l d s .  The 

p o l a r i z i n g  magnet i n t e r n a l  t o  t h e  PPT w i l l  be used t o  

c ance l  ou t  l o n g i t u d i n a l  components. These a d d i t o n a l  

f i e l d s ,  c o n t r o l l e d  by t h e  PPT mic rop roces so r ,  may have 

e i t h e r  p o l a r i t y  and/or  d i f f e r e n t  magnitudes f o r  t h e  two 

d i f f e r e n t  o r i e n t a t i o n s  of t h e  main PPT ho ld ing  f i e l d .  

I n  o rde r  t o  de termine  how t o  s e t  t h e  c o r r e c t i o n  

f i e l d s  we w i l l  make measurements of t h e  asymmetries 

produced i n  p-p s c a t t e r i n g  i n i t i a t e d  on t h e  PPT by a  

s ideways-polar ized  secondary  pro ton  beam. I n  

p r e p a r a t i o n  f o r  t h i s  t ype  of running  we have modif ied  

t h e  beam swi tchyard  po l a r ime t e r  (p  + 12c s c a t t e r i n g )  t o  

i n c l u d e  l e f  t - r i g h t  a s  w e l l  a s  up/down d e t e c t o r s .  The 

o v e r a l l  performance of t h e  sw i t chya rd  p o l a r i m e t e r  has  

been improved by r e p l a c i n g  t h e  NaI s c i n t i l l a t o r s  w i th  

t e l e s c o p e s  c o n s i s t i n g  of a  t h i n  p l a s t i c  " t r i g g e r "  

s c i n t i l l a t o r ,  fo l lowed by an  A1 abso rbe r  block 

( r educ ing  t h e  s c a t t e r e d  pro ton  energy  from 200 t o  100 



MeV), and a  p l a s t i c  s t opp ing  d e t e c t o r .  The " t r i g g e r "  

s c i n t i l l a t o r  s e r v e s  t o  reduce t h e  very  l a r g e  number of 

background even t s  which would normally occur  i n  such a  

spec t rum by g iv ing  some degree  of d i r e c t i o n a l i t y  a s  

w e l l  a s  en su r ing  t h a t  a  s c a t t e r e d  charged p a r t i c l e  

i n i t i a t e s  t h e  d e t e c t e d  event  r a t h e r  t han  a  h igh  energy 

(background) nent ron .  F u r t h e r  a d d i t i o n s  t o  t h e  

a n a l y s i s  program POLOC (desc r i bed  above) have been 

i nco rpo ra t ed  i n  o rde r  t o  handle  t h e s e  new measurements 

w i th  sideways p o l a r i z e d  beams. I n  o rde r  t o  provide  t h e  

sideways p o l a r i z e d  p ro ton  beam (by e l a s t i c  s c a t t e r i n g  

of a  s ideways-polar ized  primary beam from a  sp in-zero  

nuc l eus )  we have r e c e n t l y  i n s t a l l e d  and t e s t e d  wi th  

beam a  superconduct ing  sp in -p r ece s s ion  s o l e n o i d  

(borrowed from Prof .  F.D. B e c c h e t t i  a t  t h e  Un ive r s i t y  

of Michigan) i n  t h e  h igh  energy PNF beam l i n e .  

Bes ides  t h e  i n s  t a l l a t  i on  of t he  above 

superconduct ing  s o l e n o i d ,  t h e  major equipment 

development du r ing  t h e  p a s t  yea r  has  involved  

improvements t o  t h e  "sp in  r e f r i g e r a t o r "  PPT. The 

superconduct ing  p o l a r i z i n g  f i e l d  magnet has been 

rewound, and more r e c e n t l y ,  one of t h e  ho ld ing  magnet 

c o i l s  a l s o  had t o  be rewound. Numerous mod i f i c a t i ons  

have been made t o  improve t h e  t r a p p i n g  of contaminant 

gases  i n  t h e  3 ~ e  l i n e  and t o  improve t h e  f low of 

coo l i ng  l i q u i d  t o  t h e  t a r g e t .  Improvements i n  t h e  

de s ign  of t h e  t a r g e t  c r y s t a l  ho lde r ,  t h e  a d d i t i o n  of 

bea r i ng  coo l i ng  f ans  and b a f f l e s ,  and improved 

procedures  f o r  dynamical ba l anc ing  of t h e  t a r g e t  a s  

w e l l  a s  f o r  c l e an ing  t h e  s h a f t  bea r i ngs ,  have a l l  

he lped  t o  reduce t h e  h e a t  load  c r e a t e d  by sp inn ing  t h e  

t a r g e t  du r ing  p o l a r i z a t i o n .  A new ba tch  of Yb doped 

y t t r i u m  e t h y l  s u l f a t e  (YES) c r y s t a l s  has been grown and 

a  new l a r g e  a r e a  ( 5  x  7  cm2) t a r g e t  assembled. The 

p o l a r i z a t i o n  bui ldup  t imes (3-4 hours  s t a r t i n g  from P 

= 0 )  and t h e  s p i n  r e l a x a t i o n  t imes ( - 60 hours  i n  a 

0.10 T ho ld ing  f i e l d )  f o r  t h e  new c r y s t a l s  a r e  both 

much b e t t e r  t han  f o r  p r ev ious  ba tches .  These changes 

have l ed  t o  s u b s t a n t i a l  advances i n  a l l  a s p e c t s  of 

t a r g e t  performance.  I n  a  PPT t e s t  i n  September, 1985 

we achieved  a  t a r g e t  p o l a r i z a t i o n  - 0.40 i n  a  1.0 T 

p o l a r i z i n g  f i e l d  w i th  a  c r y s t a l  r o t a t i o n  r a t e  of 50 Hz 

( a t  a  tempera ture  of 0.75 K).  

E f f o r t s  t o  make f u r t h e r  improvements i n  t h e  

performance of t h e  p o l a r i z e d  t a r g e t  a r e  con t i nu ing .  

Higher p o l a r i z i n g  f i e l d s  would c l e a r l y  be b e n e f i c i a l ,  

and we a r e  c u r r e n t l y  looking  i n t o  t h e  p o s s i b i l i t y  of 

o b t a i n i n g  commercial ly wound magnets which would 

r e l i a b l y  produce f i e l d s  of up t o  1.25 T. We a r e  a l s o  

pursu ing  mod i f i c a t i ons  t o  t h e  coo l i ng  system which may 

l e a d  t o  f u r t h e r  improvements i n  t h e  tempera ture  

achieved  whi le  p o l a r i z i n g  t h e  t a r g e t .  
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