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1. INTRODUCTION

Experimental measurement of charge—exchange spin-dipole and
Gamow-Teller resonances in some spherical nuclei/!"4/ stimula-
ted theoretical investigations in this region. Most attention
is paid to the reasons for the missing of part of strength
of the Gamow-Teller and spin-dipole resonances in comparison
with the relevant sum rules. One of the reasons for the quen—
ching of the charge-exchange transition strength is the fragmen-—
tation of charge-exchange states due to the coupling with
2p-2h states /512/ and to the mixing with the A-isobar-nucleon
hole configurations /6:13-17/ 1t has been shown/18/_ that the
A -hole coupling decreases the transition strength spin-dipole
states but to a lesser extent than in the case of Gamow-Teller
strengths. What is the role of the A-hole interactions in the
quanching of spin-flip states is not quite clear. It has been
shown 71920/ that the isoscalar transition strength decreases
to the same extent as the isovector strength in the excitation
of 1™ states in (p,p’) reactions. The influence of the A-iso-
bar effects on the isoscalar states must be insignificant. For
the experimental study of the quenching of the spin-dipole
strength it is important to correctly subtract the background
since the calculated background is not large/2!/,

Most of the calculations of the transition strength to the
charge-exchange spin-dipole states in spherical nuclei have
been performed in the RPA /22-27/, We think it sensible to calcu-
late the fragmentation of charge-exchange spin-dipole states
caused by the quasiparticle-phonon interaction. This is impor—
tant for elucidating how the fragmentation is respondible
for missing of the spin-dipole strength in the maximum region.
The calculations have been performed within the quasiparticle-
phonon nuclear model/28-31/ ~ 1n the present paper we use the
same formalism and notation as in the previous paper/3%/,

2. FRAGMENTATION OF SPIN-DIPOLE CHARGE-EXCHANGE PHONONS
AND STRENGTH FUNCTIONS OF (p.n) TRANSITIONS

Formulae for the description of the fragmentation of charge-
exchange states are given in/32/, We will not repeat them again
but point out necessary changes. The RPA secular equations

and the model Hamiltonian terms H.,,, and H .,  for the

spin-multipole states in the general case can be obtained from
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the formulae /3%’ by changing the constants x} A by « ;" and
the matrix elements f(A:j,j,) by

(A, 3,) = <ipll e 1Y, 0,8), 00y t4 ]

['3s 2

The charge-exchange spin-dipole states with AL = | and_AS =1
have negative parities and spins A = 0,1 and 2. States with
A" = 17 can also be generated by dipole forces. The dipole and
spin-dipole |7 states in deformed nuclei have been calculated
simultaneously‘s‘ﬂ It was shown that in spite of the closeness
of energies of these states, they do not mix considetablyr and
therefore, they can be calculated independently. In spherical
nuclei the dipole and spin—dipole 1~ state energies are notice-
ably separated and in this paper we treat them as independent.

To study the fragmentation of charge—exchange phonons, like
in/32/ we use the wave function of an odd-odd nucleus in the
following form:
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where | > is the ground state wave function of a doubly even
nucleus (phonon vacuum); Q%y, and Qxyiare th? creation opera-
tors of neutron-proton and usual phonons. lsing the variational
principle we get the secular equation

F)=0 (2)

the explicit form of which is given in/3%/, _
The strength functions for coherent transitions [rom the
states | > to those described by the wave function (1) are

ktk” + +
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where mkk»are the minors of determinant (2), ¢§f is the tran—
sition amplitude of multipolarity A and parity (-1)" from the
ground state of the target-nucleus Ng, Z; to the one—phonon.sta-
tes of the nucleus Ny-1, Z,+ 1;1§I is the transitio? émplltude
to the states of the nucleus Ny +1, Z,-1. Their explicit form
can also be found in/32/,

3. RESULTS AND DISCUSSION

The Saxon-Woods potential parameters, the pairing constant
and the chemical potential for the systems with closed shells

2

are the same as in/%%/, The isovector constant of the spin-dipo-
le interaction is

01

L L 23 MeV
<r2> A<a?>’ m? P
1 ’ . e
where & == MeV is the Gamow-Teller interaction constant.

The two-phonon part of the wave function (1) inquﬂes the same
multipole and spin-multipole phonons as in ref, /.

The results of the RPA calculations and of the fragmentation
of .charge-exchange spin-dipole pn (proton-neutron hole) states
with A" =07, 1~ and 2~ are shown in figs. 1-5 and tables 1-6.
The excitation energies, given in the figures and tables, are
reckoned from the ground states of doubly even nuclei. Table |
contains the average values of the excitation energy of spin-
dipole states calculated in the RPA and by formula (3) (denoted
by 2*+Q'Q% ), The energies are given for the states with
the definite spin and for total transitions with AL - 1. The
last column of the table contains the experimental average va-
lues of the energy of AL =1 states’?/. Tn this case, since un-—
certainty of the experimental data amounts to 1.0 MeV, there
is agreement between these and our calculations. The quasi-
particle-phonon interaction does not lead to considerable
changes in comparison with the RPA calculations.

Now we proceed to discuss briefly the results of calcula-
tions of the fragmentation of charge-exchange spin-dipole
states for several spherical nuclei. As is seen from fig.1 and
table 2, the RPA calculations for ?°2r provide the following
strength distribution: For A"= 0~ strength is concentrated in
one state at 31 MeV, for A" = 17 at about 28 MeV, and for 2~
it is distributed from 15 to 25 MeV. The quasiparticle—phonon
interaction results in a strong fragmentation of one-phonon
states. In this case the main part of the total strength of
spin-dipole pn -transitions is in the energy interval from 13
to 35 MeV, about 87 of the total strength is shifted to the
region above 35 MeV.

..The data on the spin-dipole pn strength distribution on
1208n  and 124Sn are represented in figs. 2,3 and in tables 3,4.
The quasiparticle-phonon interaction leads to a considerable
redistribution of strength within the energy interval of 10-
30 MeV. About 107 of the total strength in '2°Sn and 12Z in '2%Sn
are shifted to the energy region above 30 MeV. Ahout 37 of
strength in !2%8; is lowed below 5 MeV. Most probably, the in—
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fluence of low-lying 2~ states in!248b s essential.A similar
situation is observed in !'2%Te (fig.4 and table 5). The excita-
tion energy region above 30 MeV receives 10Z of pn tramsition
strength and about 2% is shifted into the region below 5 MeV

and to the ground state of 1281 W"=27). 1n 2°8Pb (fig.5 and
table 6) the influence of two—-phonon components of the wave
function leads to a considerable redistribution of transition
strength within the interval of 20-30 MeV, 25% of the total
transition strength being shifted to the energy region above
30 MeV. Approximately 1% of the total strength is below 5 MeV.

The calculations show that the quasiparticle-phonon inte-
raction leads to the formation of widths of spin-dipole char—
ge-exchange resonances in spherical nuclei, the main part of
the transition strength (from 60 to 75Z) is in the range from
15 to 25 MeV (from 15 to 30 MeV in °°Zr ). From 10 to 25% of
strength is at energies larger than 30 MeV, and about |0%
below 15 MeV. In '2%8n and '**Te this part of strength is rather

low due to the influence of low-lying 2~ states in odd-odd nuc-—

lei. The total missing of the spin-dipole transition strength
from the maximum region is E¥° .5 times less than in the case
of Gamow-Teller transitions’®"’ . It should be noted that in
spherical nuclei with open shells the strength distribution is
the same as in the nuclei with one open shell. Thus, within
the quasiparticle-phonon nuclear model with the use of central
separable residual forces,one succeeds in describing correctly
the centroid energies of spin-dipole states of the pn —type
and their widths.

According to our calculations with the wave function (1),
only (10-25)% of the spin-dipole strength is shifted above
30 MeV due to the quasiparticle-phonon interactien. For the
calculation of strength distribution of charge-exchange states,
it is desirable to improve the description of the fragmentation

of neutron-proton one-phonon states. A new method for a more ac-

curate description of the fragmentation of one-phonon states
forming giant resonances has been developed in/34/ The method
consist in that the one-phonon states already fragmented are
used in the two-phonon part of the wave function (1). In this
case one may expect the fragmentation of charge-exchange one-
phonon states to be stronger in comparison with the present
calculations.
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Table 1

(in MeV) *

pn

Centroid energies for spin-dipole charge—exchange states of the type

AL=ﬂ

For partial transitions

wave

Approxin.

fo

Nlucleus

Experiment'*)

o=

functions

of excited
states

2646 20.8 24.1 23.4

29.5

RFA

o+ iRt

20z

20.1 2341

25.7

27.8

”averaging was over
the states with

21.5

22.
21.4

19.
201

24.1
22-4

26.6
24.2

RFPA

o+ 'R"

1203n

from 5 to

energies
35 MeV
**) from/2/

20.4

20.1 2.
0.1 21.5

25.
22.9

27:
23.8

RPA

. 52*4-Qtf2+

124,

22.7

22.0

19.6
19.8

23-9
22.5

26.6
24.0

4' Q+

Q

© o

25-3

24,08
24.05

22,01
22.36

25.89
25.58

28.29
27.80

fo 1 NN

RPA

208Pb
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