
M&STIR LBL-11545 

iLoior - teQtzM --3T\ 

Lawrence Berkeley Laboratory 
UNIVERSITY OF CALIFORNIA 

Rapporteur's Report, presented at the Fifth International Symposium 
on Polarization Phenomena in Nuclear Physics, Santa Fe, NH, 
August '0-15, 1980 

POLARIZATION EFFECTS IN LIGHT NUCLEI 

H. E. Conzett 

September 1980 

BISTHIBUTISH OF THIS 3-51'V.WT IS [KlKiia 

Prepared for the U.S. Department of Energy under Contract W-74GS-ENG-48 



- 1 - I 3 L - 1 1 5 4 5 

R a p p o r t e u r ' s R e p o r t , p r e s e n t e d a t t h e 
FiP-Ji I n t e r n a t i o n a l Symposium on P o l a r i z a t i o n 

Phenomena i n N u c l e a r P h y s i c s , 
August 1 1 - 1 5 , 1 9 8 0 , S a n t a P e , New Mexico 
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H. £ . C o n z e t t 
Lawrence B e r k e l e y L a b o r a t o r y 

U n i v e r s i t y o f C a l i f o r n i a , B e r k e l e y , CA 94720 

The d i s c u s s i o n d u r i n g t h e s e s s i o n on P o l a r i z a t i o n E f f e c t s i n 
L i g h t N u c l e i was l i m i t e d t o t h e f o l l o w i n g t o p i c s : 

1 . The d e u t e r o n D - s t a t e . 
2. ine t h r e e n u c l e o n s y s t e m . 
3 . P o l a r i z a t i o n v s . a n a l y z i n g - p o w e r i n t h e 

1 5 N ( p , n ) 1 5 0 r e a c t i o n . 

DEOTERON D-STATE 

The D - s t a t e o f t h e d e u t e r o n r e c i v e d t h e most d i s c u s s i o n , 
p r o b a b l y b e c a u s e t h e r e h a s b e e n a f l u r r y o f a c t i v i t y c o n c e r n i n g 
i t , b o t h t h e o r e t i c a l and e x p e r i m e n t a l , d u r i n g t h e p a s t two y e a r s . 
In s e p a r a t e p a p e r s , Amado and :*riar s u g g e s t e d t h a t t h e D - s t a t e 
p r o b a b i l i t y , P Q , i s n o t r e a l l y a c c e s s i b l e t o e x p e r i m e n t a l d e t e r ­
m i n a t i o n . At about t h e same t i m e , Amado, L o c h e r , and S i m o n i u s 
showed t h a t p D . t h e a s y m p t o t i c D t o S - s t a t e r a t i o o f t h e d e u t e r o n 
wave - f u n c t i o n , was e x p e r i m e n t a l l y d e t e r m i n a b l e . T h i s r a t i o i s 
d e f i n e d a s : 

P D S f V r > / U o ( r , W 
w h e r e U j t r ) a n d u 0 ( r ) a r e t h e d e u t e r o n D a n d S - s t a t e r a d i a l w a v e -
f u n c t i o n s , r e s p e c t i v e l y . A l t h o u g h t h e i r f i r s t p r e s c r i p t i o n f o r 
t h e d e t e r m i n a t i o n o f p D h a d t o b e c h a n g e d a b i t , t h e m e t h o d i s v e r y 
c l e a r a n d d i r e c t . F i r s t , m e a s u r e t h e d i f f e r e n t i a l c r o s s - s e c t i o n 
a n d t h e t e n s o r a n a l y z i n g - p o w e r c o m p o n e n t T22<G) in e l a s t i c d - p 
s c a t t e r i n g . Then , c o n s t r u c t t h e f u n c t i o n 

f ( z ) = k2 a(z) T „ ( z ) (z-z ) 2 / < l - z 2 ) , (1) 
22 p 

w h e r e z = c o s 8 . N e x t , e x t r a p o l a t e f ( z l t o t h e n u c l e c n e x c h a n g e 
p o l e a t z p = - ( 5 / 4 + 9 B / 4 E J ) , w i t h B a n d E d t h e d e u t e r o n b i n d i n g 
e n e r g y a n d t h e d e u t e r o n l a b . e n e r g y , r e s p e c t i v e l y . Then one 
d e d u c e s p D d i r e c t l y f rom 

f ( z p ) = - 0 . 0 5 4 2 P D . 
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To an experimental ist , there i s hardly ever such a beaut i fu l ly 
direct connection between h i s data and a physical parameter of a 
nuclear system. How does the function f (z) achieve t h i s Magic? 
I t becomes a b i t more transparent i f one notes that 

T 2 2 ( z ) « lOjojte) - o iz)J/<J{z), 

where a ^ i z ) and Oyy(z) are the (spin-dependent) cross sec t ions 
for incident deuterons al igned along the x and y axes , respect ive ly 
(Fig. 1 ) . Then, 

f (z) " k 2 ^ ! : ] - a ( z ) ] ( z - s ) * / ( l - z 2 ) . (2) 

and f (z) would be zero for an S-state deuteron whose spherical 
symmetry would make o*xx(z) equal to Oyy(z). Thus, f (z j i s an 
observable that provides a d irect measure of the D-state parameter. 
In the v i c i n i t y of the nucleon exchange-pole, the sca t ter ing 
amplitude i s dominated by i t , so there 

aCz) = N/(z-Zp). 

Thus, the factor ( z - z - ) 2 in Eqn. (2) cancels the pole denominator 
i n the cross sec t ions and ( 1 - z 2 ) removes the zeros of T22(z> a t 
z = ± 1. we see from the Zurich data in Fig. 2 that t h i s construc­
t ion does, indeed, produce a n ice smooth f ( z ) for extrapolat ion, 
whereas the z-dependences of o(z) and T 22<z) are much more v i o l e n t . 

Since Pn must be independent of E^, the incident deuteron 
energy, i t i s important to do the experiment over a range of E<j in 
order to evaluate the consistency of the extrapolat ion procedure. 
The Zurich group reported ver;- consistent r e s u l t s from measurements 
at ten energies between E,j - 5 and 45.4 MeV. Their f inal re su l t i s 

p = 0.02S9 * 0.0007, (3) 

where the error includes both s t a t i s t i c a l and data-normalization 
uncerta int ies . This value i s in exce l l ent agreement with the 
e a r l i e r Berkeley resu l t 

p = 0.0263 ± 0.0013. (4) 

In a completely di f ferent experiment, the Wisconsin group have 
determine pp from measurements of the tensor analyzing powers in 
the 2 0 8Pb(d7p) 209pb s tr ipping reaction at sub-Coulomb energ ies . 
In the DWBA calculat ions these analyzing power sca le d irec t ly with 
PQ, and the calculated f i t s to these data have y ie lded 

P = 0.02649 ± 0.00043 ,'5) 

as t h e i r l a t e s t value. This i s some 14% larger than t h e i r or ig ina l 
(1975) value, and I assume that data taken at lower energies and 
more complete DWBA calculat ions are responsible for the change. 
Clearly, (3) (4) and (5) are in complete agreement. I would, 
however, caution that once the experimental uncertaint ies are 
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reduced t o the l e v e l of (3) and ( 5 ) , one must be concerned with 
the "theoretical" uncerta int ies of the extrapolation procedure, 
on one hand, and of the DWBA ca lcu la t ions , on the other. 

This experimental value of p D i s now very s a t i s f a c t o r i l y 
provided by the most recent meson-exchange nucleon-nucleon 
potentials: 

de T o u r r e i l and Sprung (1975): pp = 0.0260 
Bonn (1979) P = 0.0258-0.0260 
P a r i s (1980) P D = 0.02608 

This shows, p r i n c i p a l l y , that the intermediate and longe range 
parts of the interact ion are wel l t i e d down, but can anything more 
be sa id about the deuteron D-state from t h i s very accurate d e t e r ­
mination of p D ? The answer i s y e s . Klarsfeld e t . a l . ( in a 
recen t p r e p r i n t ) have, from the quadrupole moment and p D , e s tab­
l i shed a lower bound on the D-state probabi l i ty . They show in a 
model-independent way, i n the sense of any t r i p l e t - e v e n i n t e r ­
action that agrees with one-pion exchange for distances R > 2 . 0 f . , 
t h a t P D > 3.5%. 

THREE NUCLEON SYSTEM 

The d i scuss ion on the three-nucleon system centered on the 
presen t s t a t e of agreement or disagreement between experimental 
r e s u l t s and r e s u l t s calculated with the Faddeev equations 
( p r i n c i p a l l y by Do le scha l l ) . Recent measurements of deuteron 
break-up cross s e c t i o n s i n the 2 H(p,2p)n r e a c t i o n a t 26 Mev were 
reproduced very wel l by the c a l c u l a t i o n s . Doleschal l d i scussed 
the major ou t s tand ing disagreement in e l a s t i c nucleon-deuteron 
s c a t t e r i n g . The c r o s s - s e c t i o n s and the nucleon and deuteron 
analyzing powers have been measured a t s e v e r a l energ ies up t o 
Epj = 23 Mev. The major discrepancy between experiment and theory 
i s found with the nucleon analyzing power Ay(8,E). F ig . 3 shows, 
q u a l i t a t i v e l y , the problem. Par t (a) shows the t y p i c a l angular 
d i s t r i b u t i o n of Ay, the s o l i d curve for a lower energy, the dashed 
curve for a h igher energy. Pa r t (b) shows the energy dependence 
of the maximum value of Ay (0) , A y m a x . The s o l i d l i n e i s drawn 
through the experimental p*d va lues , and the dashed l i ne r e p r e s e n t s 
the c a l c u l a t e d nd v a l u e s . Above Efj = 10 Mev t h e r e i s a c l e a r and 
inc reas ing d i f fe rence with increased energy, which c e r t a i n l y can 
not be r epa i red by inc lud ing the Coulomb i n t e r a c t i o n in the 
c a l c u l a t i o n s . The usual concern i s t h a t not enou^i NN p a r t i a l 
waves are included, but a c a l c u l a t i o n which included F-waves gave 
e s s e n t i a l l y the same r e s u l t for Ay(6) as the c a l c u l a t i o n which 
omit ted them. All i s no t l o s t , however, s i nce the 3 P Q J 2 waves 
and the 3 S i - 3 D i mixing parameter Ei a re s t i l l not f i rmiy 'p inned 
dewn by the lower energy NN s c a t t e r i n g d a t a . In f a c t , high 
p rec i s ion p"p analyzing power data repor ted here (paper 1.9) are 
not f i t t e d by the most up- to -da te NN p o t e n t i a l s . Some adjustment 



of the 3P-waves i s very l i k e l y necessary and i t i s known that the 
tSd Ay(0) i s quite s e n s i t i v e t o these . So, between that and C^ 
there may s t i l l be enough f l e x i b i l i t y t o bring experiment and 
calculat ion into agreement for the fid analyzing powers. 

P-A in 1 S H ( p . n . 1 S 0 
There was a b r i e f discussion of the polar izat ion versus 

analyzing power in the 1 5 N { p , n ) 1 5 0 react ion, s p e c i f i c a l l y 

P in N(p,n) o and 
n 

A in N(p,n) o . 

Their difference i s given by 

P-A = <o~ + -o + ~) / o , 
with o the cross - sec t ion for the nucleon transverse spin f l i p 
from down to up and o the unpolarized cros s - s ec t ion . Since 
P-A = 0 follows from time-reversal invariance and charge symmetry, 
the large p-A differences found in t h i s reaction for E « 5 t o 9 MeV 
( e . g . paper 6.14) were quite unexpected and e x c i t i n g . As was 
deta i led in Ph i lpo t t ' s ta lk e a r l i e r in t h i s conference, these 
differences are very n ice ly explained q u a l i t a t i v e l y via microscopic 
shell-model ca lculat ions which include the necessary non-central 
nucleon-nucleon interact ion and i sosp in mixing. I t i s noteworthy 
that almost 25 years ago Wilkinson s e l e c t e d t h i s 1 5 u ( p / n ) 1 5 0 

reaction as a prime candidate for i sosp in mixing at the exc i ta t i on 
energies spanned in t h i s experiment. Even though e i ther time-
reversal v io la t ion or charge-symmetry breaking could lead to 
P-A *0 , in view of the very sa t i s fy ing explanation in terms of 
isospin mixing I would be the l a s t person at th i s conference t o 
even suggest that t ime-reversal v io la t ion might, a l s o , be involved. 

Fig. 1 



- 5 - LBL-11545 

i i l l 1 

* t 

-*—9—» wT 

- ! 1 1 I I 

if-Mcmm 

"± !* * 1* i* li Fig. 2 

N- rf ELASTIC 

^ (a) r\ 

v; ̂
 v. 

/&> 

£ * £>f TJ 

Jv-4 fc/ficj 

fo 20 

Fig. 3 


