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The single-particle states of 49Sc are strongly affected by low lying 2p-lh excitations of the structure 

P3y f~ i J " These 2p-lh states are not very much higher in energy than the p~ single-particle 

states, 

The nuclei  49Ca and 49Sc both have a single 
par t ic le  outside the double c losed shell  of 48Ca. 
Thus, we expect  low lying s ing le -pa r t i c l e  s ta tes  
in these nuclei .  In 49Ca the p} ground state and 
the p½ f i r s t  exci ted state a re  a lso  found to be 
ra ther  pure s ing le -pa r t i c l e  s ta tes ,  but in 49Sc 
only the f~- ground state is  pure.  The strength of 
the p} state in 49Sc is  divided up between two or 
more  s ta tes  and the p½ and f~ s t rengths  a re  even 
more  spread out. The g r ea t e r  complexi ty of the 
49Sc spec t rum might a r i se  because the energy 
requ i red  for 2 pa r t i c l e -1  hole exci ta t ions  is much 
sma l l e r  in 49Sc than in 49Ca. The lowest  2p - lh  
s ta tes  of spin ~ will be of the form 

or, in a more  convenient  notation 

n , n -1 

with L = 1, 2 and 3. These configurat ions will not 
be appreciably  higher  in energy than the p~ s ing le-  
par t ic le  state,  because the energy r equ i r ed  to 
lift the neutron f rom the f½ orbit  to the p~ orbit  
is  part ly gained by taking down the proton f rom 
the p~ orbit  to the f~ orbit .  2p - lh  s ta tes  of a s i m -  

* Present address: Palmer Physical Laboratory, 
Princeton, New Jersey, USA. 

i l a r  s t ruc ture  but coupled to spin ½ and ~ mix  
with the p½ and f~ s ing le -pa r t i c l e  s ta tes .  

Informat ion on the 49Sc spec t rum comes  
mainly f rom the s tr ipping react ion 
48Ca(3He,d)49Sc [1,2] and the B-decay of 49Ca to 
va r ious  exci ted s ta tes  in 49Sc [3]. Thus, a she l l -  
model  calculat ion can be checked by compar ing  
both ene rg ie s ,  spec t roscop ic  f ac to r s  and/3-de-  
cay ma t r ix  e l emen t s  to exper imenta l  values .  

In the she l l -mode l  calculat ion we take the 
diagonal m a t r i x  e l emen t s  f rom exper imenta l  
va lues  and calculate  the non-diagonal  ones by 
means  of the Kal l io -Kol l tve i t  force  [5]. Deta i ls  
of the calculat ion a r e  given in the appendix. The 
s ing le -pa r t i c l e  binding ene rg i e s  a re  obtained 
f rom the s t r ipping data, and the binding e n e r -  
g ies  for  the 2p - lh  configurat ions 

a re  obtained f rom the binding of the p~ neutron 
in 49Ca and f rom the low-lying s ta tes  in 48Sc, 
which a re  of the s t ruc ture  

The remain ing  very  smal l  par t  of the 2p- lh  bind- 
ing energy,  which a r i s e s  f rom the interact ion 
between the p~ neutron and the configuration 
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Fig. 1. Comparison of theoretical and experimental pro- 
perties of 49Sc levels. The spectroscopic factors 
(2J + 1)S measured in the reaction 48Ca(3He,d)49Sc are 
shown together with the log ft  value of the fi-decay 
from 49Ca, where this has been observed (ref. 3). Only 
the lowest theoretical and experimental levels are 

shown. 

(fP n-1 fl )L' 

i s  ca lcu la ted  by means  of the Ka l l io -Kol l tve i t  
fo rce .  

The resu l t ing  e n e r g i e s ,  spec t roscop ic  f ac to r s  
and l o g f t - v a l u e s  a re  compared  to the e x p e r i m e n -  
tal va lues  in fig. 1. The expe r imen ta l  f indings 
a r e  not quant i ta t ively reproduced .  However ,  the 
l a rge  re ta rda t ion  of the E-decays to the ~ s ta tes  
comes  out qual i ta t ive ly  in the r ight  manner .  The 
calcula t ion g ives  a h indrance  fac tor  of 8 as  c o m -  
pared  to s i ng l e -pa r t i c l e  va lues ,  whereas  the e x -  
pe r ime n t a l  h indrance fac tor  i s  about 30. The r e -  
tardat ion is  due to the conf igura t ions  

and 
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Fig. 2. Low-lying high spin states with the 2p-lh 
~ F / b  n n -1  q 

configuration]--JaL|p3(~7 f7 ) .  iT. These states 
L k ~\ ~ ~ / ~J~  

might possible be seen in more complicated reactions 
such as 46Ca (~,p) 49Se. 

which have large  G a m o w - T e l l e r  m a t r i x  e l emen t s  
with the p~ neutron state in 49Ca, but come in 
with signs so as to par t ly  cancel  the s i n g l e - p a r t i -  
cle G a m o w - T e l l e r  m a t r i x  e lement  [4]. The ~-  
t r ans i t ions  to the ~ s ta tes  a re  de te rmined  only by 
the 2p - lh  conf igurat ions  

and 

n ~ n-1 

n ~ n,1 

because  the f~ s ing l e -pa r t i c l e  s ta tes  have no 
G a m o w - T e l l e r  m a t r i x  e lement  with the p~ neu-  
t ron state in 49Ca. 

The ca icula ted  e n e r g i e s  and spec t roscop ic  
f a c to r s  only change ve ry  l i t t le  by including more  
2p - lh  s ta tes  in the calcula t ion or  by rep lac ing  
the Kal l io -Kol l tve i t  force  by the H am ada - John -  
ston potential .  As can be seen f rom the ca l cu la -  
ted spec t roscop ic  f ac to r s ,  the 2p - lh  conf igura-  
t ions a re  of impor tance  in spli t t ing the s ing le -  
pa r t i c l e  s t rength.  However ,  they do not spli t  i t  
as  much or  as  f inely as  obse rved  exper imen ta l ly .  
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We conclude that s ing le -par t i c le  s tates plus 2p- lh  
configurat ions do not provide a sufficient bas i s  
for a r ea l i s t i c  descr ip t ion of 49Sc, although qua-  
l i tative t rends  away from the simple she l l -model  
behaviour are  aff i rmed.  

The authors  like to thank A. Mol inar i  and O. 
Hansen for s t imulat ing d iscuss ions .  

Appendix. We give here some of the numer i ca l  
detai ls  of the calculat ion.  The s ing le -par t ic le  
energ ies ,  de te rmined  empi r ica l ly ,  are  

49Se 49Ca 

f7 9.62 MeV 
5.80 5.14 MeV 

p~ 3.58 3.11 

For  the p~ s ing le -par t i c le  energy in 49Sc a 
smal l  change have been made in order  to br ing  
the energy of the lowest ~-s ta te  in ag reemen t  
with exper iment .  

The /] L in teract ion can be par t ia l ly  

de te rmined  from the exper imenta l  48Sc spect rum 
[6], but for some of the configurat ions we have 
to rely on calcula t ions  from the 42Sc spect rum 
[7]. The in terac t ion  used was 

All of the ma t r ix  e lements  a re  obvious, ex-  
cept the off-diagonal one connecting a s ingle-  
par t ic le  state with a 2p - lh  state: 

: 3 ~ y(~ ~j ~;KL) U(j~j ~;K0) × 
K 

× ((jf½)K!½ VT=I-½ VT=OI (P~ f½)K ). 

As an example of a wave function resu l t ing  from 
the calculation we have, for the lowest ~ state of 
49Sc, 

n - l '  1 ) ~ ( ~ - ) = 0 . 8 7 ( r - s . p . ) + 0 . 2 4 / p ~ t  Tf½ 1 ~ +  
L r ' ~  

rn /P n-1 \ 
+0.27 p~l~f~f~ ) 2 ] ~  

L ~ Z 
& 

0 . 3 4 I p  3 ~ 7 ~ ; 1  3 ]  ~ 0.084 f n ,p n-1 ,, 

where the s ing le -par t ic le  state of good isospin is  
given by 

L O 1 2 3 4 5 6 7 
t v(, ,il ) L 0 -3.38 -5.39 -5.95 -6.25 -6..40 -6.50 -5.18 

The in terac t ion  mat r ix  e lements  for the dif-  
fe rent  configurat ions considered (single -par t ic le ,  
2p- lh  of the form 
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