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0DKC8Hiie rHrBHTCK!iX KBBJlpyDOilbHblX pe30H8HCOB B He'leTHblX 

Jlelj!OpM!ipOBBHHblX S!Jlpax 

8 p8MK8X nonyMHKpOCKODH'IeCKOH MO)lenK npeJlnO*eH CDOC06 ODHCBHKR 

aneKTpoMarHKTHhiX nepexo)loB B wHpOKOM JlKanaaoHe <!HeprKll JlnR He'!eTHhiX 

Jlelj!OpM!ipOBBHHb!X RJlep, 165 155 
npHBe)leHbl pe3yllbT8Tbl pac'!eTOB )lnR Ho, Gd. 

Pa6oTa BhmonHeHa a lla6oparopKH TeopeTH'!eCKOH lj!K3KKK OI-HU1. 

flpenpMHT 06beAHHeHHOrO MHCTMTyTa ~AepHNX MCGneAOBaHM~ 
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Akulinichev S.V., Malov L.A. E4. 9758 
Ori Giant Quadrupole Resonances in Odd-A 

Deformed Nuclei 

In the framework of the semimicroscopic model a metho 
is proposed for description of the electromagnetic transi
tions in a large energy range for odd-A deformed nuclei. 
Calcu.lation results are given for 165 Ho, 155 Gd. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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I· The structure of odd-A nuclei at present is success
fully described within the semimicroscopic model taking 
account of pairing and residual multipole - multipole, 
spin-multipole, spin-spin and other interactions (see, 
e.g., 111 and references therein). Such an approach 
allows one to describe the energy and structure of low
lying states of odd-A deformed nuclei 121. However, at 
energies of several MeV a detailed study of each level 
makes no sense due to strong increase in the density of 
states and its complicated structure. Under these con
ditions, nuclei should be described by means of r:trength 
functions and other averaged characteristics 3

•
41 . 

To determine E 2 -transitions from the state i to 
states in the energy range near 0 one may introduce 
the strength function 

b(E2,0)=(1 1K 1 .\ 11 1IrKr) 2 f < ilm(E2)1f>2 
p(Tfc -&), (1) 

where & is a searched energy, .,., r - the energies of 

excited states, p (TJ -&)= _l 11 ,m(E2) is the operator 
{ 2 TT (TJ ("&)2-(L\/2)2 

of the electric quadrupole transition. 
We make use of the intrinsic wave functions which 

are the eigenfunctions of the Hamiltonian including the 
interaction of qua!Jiparticles with isoscalar multipole
multipole phonons 1 

• The phonons are calculated within 
the RPA (random phase approximation) and are taken 
in an odd-A nucleus the same as in a neighbouring even
even nucleus. Therefore in the odd-A nucleus there are 
no free parameters. Due to normalization of the weighted 
function the integral of (1) over some energy range 

3 



equals approximately the reduced transition probability 
to states in that range. The result thus is almost inde
pendent of 11 that influences only the smoothness of the 
function b (E2, ~ ). 

The use of the properties of analytic functions allows 
one to dispense with solving the eigenvalue problem of the 
excited states of a nucleus: one uses just the property 
that the sum of residues at poles of a function, analytic 
throughout but a finite number of points, equals zero. 
Expression (1) can be represented as a sum of residues 
of some complex function at single poles which are 
situated 1 on the real axis and are the roots of the energy 
secular equation for TJ f • Hence b (E2, G) can be found by 
determining the sum of residues of .th.e function at all 
remaining poles of the complex plane 1 51 

In the numerical calculations we utilize parameters 
of the Saxon-Woods potential and interaction constants 
following ref. 121. The effective charge is taken zero, 
the averaging parameter 11 = 0.15 MeV. Results shown 
in fig. 1 correspond to the transitions to levels with all 
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Fig. 1. The strength junction of the E2-excitation for 
165 Ho (dashed curves are individual strength junctions for 
11K= 0,1,2). 
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Fig. 2. The strength junctions of E 2 -transitions to the 
ground state K 77 

= 3/2 - in 155Gd from levels I 77K = 1/Tl/2. 

admissible values of the total moment If for definite 
K f . For 165 Ho we calculate the quadrupole resonance 
characteristics: the position of the center E 

res 
= 12.5 MeV (it decreases with including the isovector 

part of interaction 161 ), the width rres = 3.5 MeV, the 
reduced probability of excitation B(E2)t =0.14e 2 bam 2 , the 
contribution to the energ/ weighted sum rule EWSR= 25%. 
Experimental results 17 : E res = (11.6 ± 0.2) MeV,·rres = 
= 3.6 MeV, B(E2)t = (0.15 ± 0.03) e 2 bam 2 , EWSR = 
= (21 ± 4)%. Three peaks observed experimentally at 

different scattering angles (see 17 I ) correspond evidently 
to transitions with 11K =0,1,2. 

It should be noted that the resonance in the odd-A 
nucleus differs slightly from that in the neighbouring 
even-even nucleus. The difference consists in an addi
tional splitting of each peak. 

The proposed calculation procedure of the strength 
function is convenient for studying both the giant reso
nance and the electromagnetic transitions around the 
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neutron binding energy. The experimental research of 
transitions in this energy range can be realized, e.g., 
through (n,y) reactions. 

From fig. 2 and the table it is clear that the same 
calculation produces the transition probabilities for in
dividual states at low energies, and the transition pro
babilities for groups of states with definite K" at inter
mediate and high energies. 

· We are grateful to Professor V.G.Soloviev for useful 
discussions. 
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