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Allowed Fermi and Gamow-Teller b e t a  decay I n  mass 13 t h e  r a t i o  of  measuredl  and c a l c u l a t e d 2  

t r a n s i t i o n  r a t e s  p rov ide  a s p e c i a l  c l a s s  of nuc l ea r  GT s t r e n g t h s  f o r  t h e  1/2' + 1/2' m i r r o r  t r a n s i t i o n  is  

model i n fo rma t ion  because of t h e  s imple  r e l a t i o n s h i p  0.66. Th i s  r a t i o  is  c o n s i s t e n t  wi th  t h e  " t y p i c a l "  GT 

between t h e  model d e s c r i p t i o n  of t h e  nucleus  and t h e  quenching f a c t o r .  However, t h e  c a l c u l a t e d  B(GT) va lue  

t r a n s i t i o n  process .  The Fermi (F)  o p e r a t o r  changes f o r  t h e  s t r o n g e s t  t r a n s i t i o n s 2  t h a t  from t h e  ground 

on ly  t h e  i s o s p i n  p r o j e c t i o n  of a nucleon.  The s t a t e  of I 3 c  t o  t h e  3/2', 3.51-MeV l e v e l  i n  1 3 ~ ,  i s  

Gamow-Teller (GT) o p e r a t o r  changes t h e  p r o j e c t i o n s  of B(GT)=2.38, wh i l e  t h e  va lue  deduced from our  (p  ,n )  

bo th  i s o s p i n  and sp in .  The t r a n s i t i o n  r a t e  between measurements3 i s  B(GT)=0.85+0.03, a d i s c r epancy  of 

m i r r o r  s t a t e s  is t h e  i ncohe ren t  sum of t h e  r a t e s  f o r  n e a r l y  a f a c t o r  of  t h r ee .  The c a l c u l a t e d  B(GT) summed 

t h e  Fermi and Gamow-Teller components. A l l  of t h e  over  a l l  l e v e l s  i s  3.95. 

Fermi s t r e n g t h  appea r s  i n  t h e  mi r ro r  s t a t e  t r a n s i t i o n ,  For mass 15, i f  we hold on ly  t o  t h e  r e s t r i c t i o n  

bu t  due t o  t h e  s p i n - o r b i t  i n t e r a c t i o n ,  t h e  GT s t r e n g t h  t h a t  t h e  model space  be l i m i t e d  t o  t h e  p - she l l ,  u n l i k e  

i s  d i s t r i b u t e d  between t h e  s p i n - o r b i t  p a i r  s t a t e s ,  and t h e  s i t u a t i o n  i n  mass 13, t h e  t o t a l  GT s t r e n g t h  and t he  

o n l y  a f r a c t i o n  of t h e  t o t a l  GT s t r e n g t h  is con t a ined  d i s t r i b u t i o n  of  s t r e n g t h  between t he  p 1/2 and p 3/2 

i n  t h e  m i r r o r  s t a t e  t r a n s i t i o n .  h o l e  s t a t e s  a r e  independent  of  t he  sp in -o rb i t  s p l i t t i n g  



and of t h e  two-body r e s i d u a l  f o r ce .  The t o t a l  s t r e n g t h  

i n  t h i s  model is  B(GT)=3, w i th  B(GT)=8/3 going  t o  t h e  p  

312 ho l e  s t a t e  and B ( G T ) = ~ / ~  going  t o  t h e  p  112 h o l e  

s t a t e .  

We have r e c e n t l y  re-examined t h e  d i s t r i b u t i o n  of 6 

s t r e n g t h  i n  t h e  mass 13 system and made new 
h 4 

measurements i n  t h e  mass 15 system. The no rma l i za t i on  2 
2 

o f  our  measurements r e q u i r e s  t h a t  we know t h e  f r a c t i o n  2 
\ 
n 

of  t h e  m i r r o r  s t a t e  c r o s s  s e c t i o n  a t t r i b u t a b l e  t o  GT - 0 
s t r e n g t h .  The previous  method we used t o  deduce t h i s  J 5 ~ ( p , n ) ' 5 ~  

f r a c t i o n  could  be open t o  some q u e s t i o n  and we f e l t  

t h a t  i t  needed co r robo ra t i on .  We have now measured t h e  

s p i n - f l i p  p r o b a b i l i t y  SNN(OO) f o r  (p ,n)  r e a c t i o n s  on 4 - 

13c  and 15N. Th i s  obse rvab l e  can be used t o  o b t a i n  a  
2 - 

d e t e r m i n a t i o n  of t h e  GT f r a c t i o n s  independent  of t h e  

method used i n  Ref. 3. I n  a d d i t i o n ,  we p o i n t  ou t  t h a t  
excitation energy E x  (MeV) 

b o t h  methods a r e  independent  of t h e  a b s o l u t e  

n o r m a l i z a t i o n  of t h e  (p,n)  c r o s s  s e c t i o n s  and make use  

o n l y  of r e l a t i v e  c r o s s  s e c t i o n s ,  which can  be F i  u r e  1 S p e c t r a  measured f o r  t h e  (p,n)  r e a c t i o n  on 
*i5N a t  a  p ro ton  energy  of 160 MeV and a  

de termined  q u i t e  r e l i a b l y .  s c a t t e r i n g  a n g l e  of  0". 

The c r o s s  s e c t i o n s  and t r a n s v e r s e  s p i n - f l i p  

p r o b a b i l i t i e s  f o r  1 3 ~ ( p , n )  and l ' ~ ( ~ , n )  were measured expe r imen t a l l y  deduced v a l u e s  of  B(GT). The s h e l l  

a t  z e ro  deg ree s  u s ing  a  160 MeV p o l a r i z e d  p ro ton  beam model c a l c u l a t i o n s  a r e  based on t h e  assumpt ion  t h a t  

from the  Indiana  U n i v e r s i t y  Cyclo t ron  F a c i l i t y  and a t h e s e  n u c l e i  can  be c h a r a c t e r i z e d  a s  p - she l l  n ~ c l e i . ~  

n e u t r o n  po l a r ime t e r  c o n s i s t i n g  of b a r s  of p l a s t i c  The ground s t a t e  t o  ground s t a t e  B(GT) v a l u e s  a r e  

s c i n t i l l a t o r  a t  t h e  end of a  45 meter  f l i g h t  pa th .  The deduced from be t a  decay f t  va lue s .  We have used v a l u e s  

p o l a r i m e t e r  i s  de sc r i bed  b r i e f l y  e l sewhere4  and w i l l  be from Raman e t  a1 . l  

d e s c r i b e d  more f u l l y  i n  a  f u t u r e  p u b l i c a t i o n .  The Exc i t ed - s t a t e  t r a n s i t i o n  s t r e n g t h s  can  be 

t a r g e t s  were p r e s sed  wafers  of  carbon 0 9 5 %  13c)  and e x t r a c t e d  by f i r s t  decomposing t h e  ground s t a t e  c r o s s  

Melamine ( c ~ H ~ ~ ~ N ~ ,  > 992 enrichment i n  l ' ~ ) .  s e c t i o n  i n t o  Fermi and Gamow-Teller p a r t s  by u s i n g  t h e  

The r e s u l t s  of  ou r  measurements a r e  d i sp l ayed  i n  observed  r e l a t i o n s h i p  between GT and F t r a n s i t i o n s  . 3  

T a b l e  I, and t h e  (p ,n)  s p e c t r a  a r e  shown i n  Fig. 1. 

aGT/aF = (Ep/55+1 M ~ v ) * [ B ( G T ) / B ( F ) ] ,  
The carbon c o n t r i b u t i o n  t o  t h e  Melamine-target  spec t rum 

(1) 

was s u b t r a c t e d  by making u se  of d a t a  ob t a ined  under t h e  where B(F)=N-Z. Once t h e  f r a c t i o n  f G T = q T / ( a G T + q )  of 

same expe r imen t a l  c o n d i t i o n s  w i th  a  n a t u r a l  carbon t h e  c r o s s  s e c t i o n  a t t r i b u t a b l e  t o  t h e  GT p a r t  o f  t h e  

t a r g e t .  Table  I a l s o  shows c a l c u l a t e d  and m i r r o r  t r a n s i t i o n  has  been de termined ,  t h e  c r o s s  



TABLE I. Cross sections, spin-flip probabilities, and GT transitions strengths 

for 13~(p,n) and 15~(p,n) at 0 = OD and Ep = 160 MeV. 

Final State IS(O")~ SNN(OO) B(GT)expt B(GT)model 
(mblsr) 

- - 

a Statistical uncertainty only. Absolute normalization uncertainty is k 15%. 

Transition strength determined from p+ f t values, Ref. 1. 

B(GT) determined from (p,n) cross section ratios at 160 MeV and the method 
of Eqs. (2) and (4). Note that the value for 13N(3.51 MeV) differs 
slightly from that in Ref. 4 because we have not averaged in values 
obtained at other energies. 

B(GT) determined from (p,n) data and Eqs. (3) and (4). 

Shell model transition strengths, Cohen-Kurath "POT" wave functions, 
Ref. 2. 

section per B(GT) for that target is known. Values of 

B(GT) for excited states are then extracted with this 

proportionality factor. 

The spin-flip probability measurements give a 

second (independent) determination of the GT fraction 

in the ground state cross sections. The spin-flip 

probability for these transitions is the weighted sum 

of the pure GT value of SNN(00,GT)=0.66+0.03 and the 

Fermi value of zero. The "pure GT" value represents an 

average obtained from measurements of SNN for many GT 

transitions at 160 M ~ v . ~  This value is consistent with 

the value 2/3 expected for a pure L=O transition. The 

uncertainty represents not only experimental 

uncertainties, but also real deviations from the 

nominal value that can be attributed to LfO amplitudes 

in the transition. 

The two procedures for extracting the GT fraction 

in the ground state and B(GT) for excited states can be 

summarized in the following formulas: 

~ G T  = [l + B(F)/B~(GT)K~]-~ (2 
or 

~ G T  = SNN(OO,~)/~NN(~O,~~) (3 

and 

where R=Ep/(55+1 MeV), M refers to the mirror (ground 

state) transition, and x refers to the excited state. 



The f a c t o r  F(q) is  a c o r r e c t i o n  f o r  t h e  momentum 

t r a n s f e r  dependence of 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 s  

and is  cons t r a ined  by l.OO<F(q)<l. 10  f o r  t h e  c a s e s  

s t u d i e d  here .  The v a l u e s  of B(GT) f o r  t h e  e x c i t e d  

s t a t e s  shown i n  Table I i n d i c a t e  t h a t  t h e  methods of 

Eqs. ( 2 )  and (3) a r e  more o r  l e s s  c o n s i s t e n t .  I f  

any th ing ,  t h e  s p i n - f l i p  p r o b a b i l i t y  procedures  makes 

t h e  quenching of t h e  3/2' t r a n s i t i o n s  look even 

g r e a t e r .  

For t h e  s t r o n g e s t  t r a n s i t i o n s  i n  both  ulass 13 and 

mass 15, t h e  v a l u e s  of B(GT) e x t r a c t e d  by t h e  above 

procedures  a r e  reduced from the  l p  shell-model va lues  

by f a c t o r s  much l a r g e r  than  t y p i c a l  GT quenching. A 

s t r i k i n g  f e a t u r e  is t h a t  t h e  model p r e d i c t s  a r a t i o  of 

8 : l  f o r  t he  1/2 + 3/2 t o  1/2 + 1/2 t r a n s i t i o n s  i n  mass 

15, y e t  t h e  observed r a t i o  is  only  about 4:l. 

S i m i l a r l y ,  i n  mass 13, a s h e l l  model c a l c u l a t i o n 2  

p r e d i c t s  a r a t i o  of 7.5:l f o r  t h e  r a t i o  of t h e  

s t r o n g e s t  1/2 + 3/2 t r a n s i t i o n  t o  t h e  mi r ro r  s t a t e  

1/2 + 1/2  t r a n s i t i o n ,  wh i l e  t h e  observed va lue  i s  about  

4: 1. 

The (p ,n)  d a t a  show f o r  t h e  f i r s t  time i n  c l e a r  

i s o l a t i o n  t h e  comparison of GT t r a n s i t i o n  s t r e n g t h s  t o  

d i f f e r e n t  members of a sp in -o rb i t  p a i r .  The d a t a  

sugges t  t h a t  t h e  1/2 + 3/2 GT t r a n s i t i o n s  a r e  more 

quenched than  t h e  1/2 + 1/2  t r a n s i t i o n s  when compared 

t o  s imple  s h e l l  model c a l c u l a t i o n s  r e s t r i c t e d  t o  t h e  p 

s h e l l .  The n a t u r e  of t h e  model f a i l u r e  sugges t s  t h a t  

t h e  model space  f o r  some n u c l e i  g e n e r a l l y  cons ide red  t o  

be p-shel l  must be en l a rged  beyond t h a t  s h e l l  and 

perhaps  very  much beyond t h a t  s h e l l .  The magnitude of 

t h e  d i s c r epancy  i n d i c a t e s  t h a t  some of t h e  appea l ing  

s i m p l i c i t y  of t h e  nuc l ea r  s h e l l  model i n  p rov id ing  a 

gu ide  t o  a v a l i d  t r u n c a t i o n  of t h e  space  seems t o  be 

l o s t .  Even f o r  one of t h e  s imp le s t  s h e l l  model n u c l e i ,  

t h e  s imple  v e r s i o n  of t h e  model seems t o  f a i l .  

+permanent add re s s  : Unive r s i t y  of t h e  Western Cape, 
B e l l v i l l e ,  South Af r i ca .  
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