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The position and parameters of the giant resonance in the photoabsorption cross section for 
the Zr90 nucleus are calculated within the framework of the shell model by taking residual 
interaction into account. The results are in good agreement with the experiments. 

MANY recent papers [t] have emphasized the 
important role of residual interaction in the for
mation of collective dipole excitations of atomic 
nuclei. Detailed calculations carried for the light 
nuclei 0 16 and Ca40 and for the heavy nucleus 
Pb208, within the framework of the shell model, 
have yielded a detailed description of the character 
of dipole absorption of 'Y quanta by these nuclei in 
the giant resonance region. The medium nuclei 
have, however, not been investigated to date. In 
particular, it is uncertain whether residual inter
actions can be used to explain the fact that in me
dium nuclei, as in heavy ones, the photoabsorption 
maximum lies at energies that are one-and-a-half 
or two times greater than those given by the single
particle model. 

We consider in the present paper the effect of 
residual interaction on the properties of dipole 
excitation of medium nuclei, with Zr90 as an ex
ample. The giant resonance photoabsorption char
acteristics are calculated within the framework of 
the generator model of dipole nuclear states, pro
posed by Balashov.[2J 

The wave function >ltdip• which describes the 
collective dipole excitation of the nucleus, is con
structed by having the electric dipole moment op
erator D act on the ground-state function 

1¥ dip = (D'l"o) IN ('l"o). (1) 

The function >It dip is not an eigenfunction of the 
nuclear Hamiltonian, so that the dipole state is not 
monoenergetic and the giant resonance has a finite 
width. The ground state function >It 0 is chosen in 
accord with the shell model. The Zr90 nucleus is, 
characterized by filled proton ( lf, 2p) and neu
tron ( lf, 2p, 1g) shells. 

The total nuclear Hamiltonian H is represented 
as the sum of the single-particle Hamiltonian H0 

and the potential V of the residual pair interaction 
between the nucleons 

H = Ho+V, 

(2) 
i<J 

Following BalashovC 2J we can expand 'l>dip in 
independent configurations of the hole-particle 
type, and directly reduce the problem of determin
ing the single-particle level energy to that of ob
taining experimental data on the levels of the 
neighboring nuclei. Unfortunately, there is no in
formation at present on all the single-particle and 
hole levels of the nuclei A= 91 and A= 89 needed 
for the calculations. The lacking information was 
taken from Schroder's theoretical paper [aJ. 

The "zeroth approximation" levels are listed 
in Table I. 

Table I 

I Excitation 
Configuration energy for 

neutrons 

if~: 1g. 2 10,2 

if~,: 1g7/2 16,1 

if~.: 2d,,, 14,7 
2p;,' 2d,, 8.3 

'2 ~ 

"2p~,: 2d3,.2 1L1 

2p;,: 3s,, 10.7 

if~.: 1g7/z 10.3 

Excitation :1 
energy for :1 

protons 'I 

!I 
8' 1 d 

ll 15.0 
II 

13.0 II 
I! 

7.6 II 

ii 
10.2 

il 
10,2 
10 4 ,, 

603 

I Excitation I Excitation , 
Configuration I energy for energy for 

neutrons protons 

if~,' 2d,, 8,9 8.'~ 
'~ 2 

if~: 2d,:, 11.7 11.0 

2p-:r:2d,,, 9.4 8,6 

2p~,' 3s,, 9,0 8.6 
2 12 

1g~: 1h11,r2 
8.1 

1g;: 1h,;, 14,6 

1g;,:2f,,, 1L5 
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Table II 

Theoretical results Experimental 
results 

V,=O V0 =3,5 V0 = I ['] ['] I ['] 

ct=O et.=0,15 o:x=O ::t=0.15 - ! 

Edip• Me\' 9.39 9.26 13.35 9.57 17.54 16 18 

I 
16.8 

f. c\leV 3.19 3.0 

The residual pair interaction between nucleons 
was described by a-forces 

V12 =- g [(1- a)+ CXO\az]ll (rl- f2), (3) 

where the coefficient a characterizes the spin 
dependence of the interaction. In the calculations 
we used oscillator functions with 

r0 = JfnjMw = 1.98·10-13 em. 

The energy of the dipole state Edip and the 
quantity ~ characterizing its energy spread were 
calculated in accordance with [2] 

Edip =('¥dip I (H- Eo)2 J '¥dip)/ ('¥dip I (H- E 0) I '¥dip), (4) 

t:,z = ('¥dip I (H- £ 0) 3 1 '¥dip)/('¥ dip I (H- Eo) I'¥ dip)- E~ip, 
(5) 

where E 0 = < '~~o I HI '~~o >. 
The results of the calculations for different 

values of a and V0 = 9/47r3/2d are listed in Table 
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II and shown in Figs. 1a, b. The solid curve in 
Fig. 2 shows the absorption cross section corre
sponding to g = 1210 MeV-F and a= 0.15. The 
cross section was calculated from the formula 

with 
~ad£= 1800 mb ·MeV, 

Vo = 7, ltheor= 2.4 6 · 

For comparison, the dashed curve represents 
the experimental results [5] of the ( y, n) reaction. 
The ( y, p) reaction on Zr90 has not yet been in
vestigated. 

Thus, the generator model of dipole nuclei is 
in good agreement with the character of the dipole 
photoabsorption curve of medium nuclei. The re
sidual interactions between nucleons play qualita
tively the same role in medium nuclei as in heavy 
ones, and cause the giant resonance energy to in
crease to nearly double the value obtained with the 
single-particle model. 

In conclusion, the author is deeply grateful to 
V. V. Balashov for suggesting the subject and for 
continuous help, and also to Yu. F. Smirnov and 
N. P. Yudin for useful advice and discussions. 
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