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I t  is an important prohlerr, in nuclear structure how 
protons anJ neutrons correlate with each other. One of the 
examples for this problem i s  the study of the structure of 
the N = 30 nuclei with z = 20- 2 8  which have active protons

4 8 and neutrons outsire the Ca core. Shel l-model calcula-
tions (ref. '. 1 1 )  for these nuclei have been carried out

z-20 within the nroton-neutron con f igurations ( 1£712)p 
x 

X (2P3/2 ' 2Pl/2 ' l f S/2 ) �. 
The n�m i lton ian i s  writt€n as 

!! = H + V + V + V s.p. pp nn pn ( 1)

Single particle energies P ana the rroton-proton in-s.p. 
teractions Vpp are ta�en from the ohserved energies in 
the nucleu� 4 0ca and the N = 2 8  nuclei , respectively. 
The �atrix elements of  the neutron-neutron interactions 
Vnn have been determined by the shell mode l calculation 
for r:i isotopes ( re f. : 2 ! ) • 

Th.e proton-neutron ( p-n )  interactions are investigated 
in d etail in ref. � 3 1  and their matrix ele�ents are 
deter�ined by cl. least- square- fit to the low-lying energy 
leve ls  of � �  2 g  isotones .

55 The resu lt!=- of �ln arc shown in fig. 1. 'I1he experi-
mental �pectra (f ig. l a ) are wel l reproduced by the shell­
model calculation ( f i g . lb) . Agreement between the 
c� lculaterl energy s�cctra nnd the observed ones i s also 
satisfactory for the other nuclei. The resultant wave 
functtons 8hm,, the brec=tkdown of the pairing scheme and 
strong proton-neutron correlation. 

In order to �now the property of the proton-neutron*----- ---------------------------------------------- -
On leave froJT' Instj tutc for t.;uclecir �tudy, t'niversity of
Tokyo . 
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a ) experinent , b )  shell-mod el calcula­
tion {ref. : 1 : ) ,  c) shell-model calcula­
tion (truncated) , d) l\laga model {ref. 

'. 4 '. ) •

correlations , we trv to reproduce the �atrix ele�ent of 
the p-n interactions adopted here hy a si�ple force. It 
is notice2ble that the gross feature of these matr ix 
elements is reproduced hy the Monopole plus �uadrupole 
force. Since the r.onopole �art of t�e p-n interact ions 
renorrrializes the sinsle-partj_cle ene:::-gics , •,•e cc1n ·:.rri te 
the Hamiltonian as 

H = H '  + V + V + � ( 0 . n ) s.p . �r nn p n ( "') ' . - ,
Where H .. i s  the �oif ifi ed sincrle-narticlc J :a.m.iltonian . s .  p . . . . 
The Matrix clerocnts  of the nua�rupole part in the p-n 
interaction , ( '"'  • 0 } can 1- ,e ·written a s  follo··!s . p . n 

(J T ; ( r- " ) . J ' T  ' ) = i·1 { JJ J '2 · J  .T " :
l)\ n I ' r • n 1 

\. r\. , n J n p p 1.. ;� 

(J  '. I ('\  ! ' J ' )  ( '  I !
(' 

I , 3 .. ,r · : p . r � n n . n · ( 3 )
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From this equation we can learn which states are strongly 
coupled by the p-n interactions. In the (p31 2,p11 2,f51 2) �
configuration, the quadrupole matrix elements among the 
o;, 2; and 41 states are quite large. Then a new trunca­
tion method can be introduced. We take only three states 
in the neutron system, i. e. o;, 21 and 41 , instead of 
the exact shell model calculations mentioned above. The 
result of this truncated calculations is shown in fig. 
le. Agreement between the exact shell model (fig. lb) 
and the truncated shell model (fig. le) is quite satis­
factory. 

This truncation method, which is based on the large 
matrix elereents of the quadrupole operator, will be ap­
plicable to other nuclei with more complicated configura­
tions. 

Finally, we can mention the relation between the 
shell model and the particle-vibration coupling model 
(Alaga model) • 

It is easy to show that the latter Model corresponds 
to a special case of the truncated shell model, where we 
can create further the o; and 2; states in the proton or 
neutron system which have large quadrupole �atrix 

+ 5 5  elements to the 21 state. As far as the nucleus Mn is
concerned, the neutron system does not seem to be a 
vibrator core, because there is discrepancy between the 
spectra of the truncated shell model (fig. le) and of the 
particle-vibration coupling model in ref. 1 4 1 (fig. ld). 
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