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I. INTRODUCTION 

The Gamow-Teller resonances in deformed nuclei are described 
in refs. 11,21. In paper /2/ the charge-exchange phonons are in
troduced, and the secular equations in the random-phase approxi
mation are obtained. The strength functions for the (p,n) and 
~.~ trans1t1ons with excitation of charge-exchange states are 
also presented in this paper. 

In the present paper we use formulae 121 to study the strength 
functions of the (p, n) and (n, p) transitions with P =I, i.e., 
the charge-exchange electric dipole and spin-dipole states in 
even deformed nuclei. 

2. STRENGTH FUNCTIONS OF THE (p, n) AND (n, p) TRANSITIONS 

The model Hamiltonian is given in ref. 121 and has the form 
np + ) + np 

H = :£ f(s)a pap+ :££(r arparp + Hcoll, 
v sp s s rp 

where arp is the 

quas1part1c1e absorpt1on operator, f~fJ 1s tne quas1part1c1e 
energy, H~~l! describes the multipole-multipole or spin-multi
pole - spln-multipole charge-exchange isovector interaction 
in the particle-hole channel. 

Now we shall discuss how the secular equation becomes compli
cated in the case of a simultaneous inclusion of the multipole 
and spin-multipole interaction. A part of the Hamiltonian cor
responding to these interactions can be written as 

H np 
col! 

Here 

( I ) 

arp'and a 8p•are the proton and neutron absorption operators,~· 
and sp' are the quantum numbers of proton and neutron single
particle states including the angular momentum projection onto 
the symmetry axis of nucleus K and Kh, p = .!_I, and K\ is the 
isovector constant of the multipole-multipole interaction. The 
operators f3 ApiJ. and f3 LApiJ. differ by_ the mjlt:r;t-!L~~m.e.l1~ts f~~ and 
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f ;sAil • Expressing ( 1) through the np -phonon operators and using 
the variational principle, we get, as under a simultaneous in
clusion of quadrupole and spin-quadrupole forces 13~ the fol
lowing secular equation: 

.~ (0 g) = det (A) 

Here 

w' 1 

w' 1 

g = Alli, 

t(rs) = E(r) + E(s). 
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The quantities X f and X ~g differ by the matrix elements rAil 
and t LAil • rs 

(2) 

In E'he secular equation (2) W~, w: and wf2 are the sums of 
terms, taking positive and negative values. Therefore, they are 
much less than the values of X.' ,which are the coherent sums. 
Assuming Wg = W g = W g = O, eq

1
• (2) disintegrates into two in

dependent Jquati~ns (§) from ref. 121 , taking into account 
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the multipole-multipole interaction and the other spin-multipo
le - spin-multipole interaction. Equation (2) has the same 
properties as eq. (8) in ref. 121 

In the case of a simultaneous inclusion of multipole and 
spin-multipole forces the strength functions for the (p,n) mul
tipole and spin-multipole transitions are 

A 1 A 11 (0 + 1M2) 
b ll (p, n; 0) = -( 2 -5 

0
) Im 1-~.:;.____ !, 

TT p 2(K A ) 2 ~ (0 + iM2) 
1 

(3) 

LAp 1 Ass (0 + iA/2) 
b (p, n; 0) = -(2 -lill0 ) Im I I ; 

TT 2(K tA )2 .~ (0 + 1M2) 
(4) 

and for the (n,p) multipole and spin-multipole transitions, 

Ap 1 A22 (0 + iA/2) 
b (n. p; 0) = -(2 -li 

0
) Im I - I , 

TT p 2(KA)25(0 + iM2) 
1 

(5) 

A 1 A 44 (0 + iA/2) 
b L P (n, p; 0) = - (2 - li 

0 
)lm I I · 

TT p 2 (K LA )2 5 (0 + iA/2) 
1 

(6) 

Here A ii are minors of the determinant (2). 
Now we introduce the total (p, n) and (n, p) transition strength 

S(p,n) = S_ = ( b(p,n;O)dO, S(n,p) == S+ = fb(n,p;O)dO.. The fol

lowing sum rufes are used to study the cha~ge-exchange reso
nances: 

for the electric resonances 

(7) 

for the spin-multipole resonances 

s.:A- SLA = I.II.I<IrL(aY \ t(-)ILApi>\ 2
-

+ P i L P (8) 

-I.I<IrL(aY) t(+)ILApi>i 2 1 = 2A+l (N<r~-Z<r 2 >). 
i LAp 4TT n P 
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Here <r 2> and <r 2> are the squares of neutron and proton radii 
averagea over ttre ground nuclear state. It is usually assumed 
that 

(9) 

For the El and spin-dipole resonances our calculations exceed 
by (10-20)% the values obtained by formulae (7) and (8) with 
the value (9). The ~roperties of the strength functions are 
considered in ref. 1 • 

The parameters of the Saxon-Woods potential and the pairing 
constants in our calculations are the same as in ref. 141• The 
calculations are performed for the ranges with A= 155, 165 
and 239 with the parameters of equilibrium deformation fi~ and 
fi~ given in ref. 141 . The largest possible number of single-par
ticle levels is taken into account. The isovector dipole con
stants obtained by calculating the giant El resonances are taken 
from ref. 141 . The isovector constants for the spin-dipole forces 
are obtained from the comparison of our calculations with the 
experimental data on 169 Tm and the empirical curve of the posi
tion of spin-dipole resonances given in ref. 161, For the spin
dipole forces the isovector constant is 

f= 1 - 0 75 417 f= 0 
Kl - • -2-·K1 

<r A> 

At Kf=l ___ 417 Kf=O h ( • t e p,n) resonance l1es too high. If the 
1 <r2> 1 

A 
factor is taken ·to be equal to 0.6, 0.75, 1.05 the ~entroid 
energies for 166 Er are 22.7, 23.5, 26.1 :HeV. He.re K 1=

0 = 

= 17/A MeV, the choice of this constant is considered in ref.
121 

3. RESULTS AND DISCUSSION 

The calculations for charge-exchange spin-dipole and El re
sonances are made for many nuclei in the range A = 155, 165 
(rare-earth region) and 239 (actinide region). 

The results of calculations of the (p, n) and (n, p) transition 
strength functions with excitation of spin-dipole states are 
shown in tables 1,2 and figs. 1,2. The spin-dipole resonance 
consists of the states with A17 = o-, 1-, 2-. Table I exempli
fies the centroid energies E and EA- for the (p,n) transitions 
to the states with A17 

= o-, 1-, 2- for the low-energy maximum 
regions and the fraction of total strength in three energy re-
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Table I 

Centroid energies of the spin-dipole states A17 
= 0~ 

1-, 2- excited in (p, n) reaction with f = I and the 
fraction of the total strength in three energy 
regions 

E<14 14eV 14 14eVcE«33 14eV E~33 
14eV 

leus frac-
frac- frac- frac- frac- frac- tion 

tion tion tion of tion tion 
i of Eo. of EJ. of iL of i of S(p,n) 

2 S(p,n) S(p,n) S(p,n) S(p,n) S(p,n) % 
% % % % % 

156Gd: 9:.2 9.5 28.6 11.2 25.9 33.0 22.3 43.8 24.4 88.0 2.8 

158Gd 9.5 9.0 29.0 10.9 26.4 32.7 22.7 44.2 24.8 87.2 2.8 

160Gd. 9.5 9.0 29.4 10.1 26.9 32.2 23.0 44.4 25.2 86.8 4.8 

160Dy 9.4 9.7 28.4 11.5 25.8 33 22.0 43.3 24.2 88.0 2.6 

162Dy 9.3 8.3 28.0 10.9 25.6 32.6 22.8 44.6 24.5 88.6 3.2 

164ny\ 9.2 8.2 28.4 11.3 24.0 32.6 23.0 44.7 24.8 88.6 3.3 

16~r: 9.4 9.6 27.4 11.7 24.8 32.7 22.2 43.4 23.8 87.1 3.3 

166Er 9.2 8.7 28.2 11.5 25.6 32.7 22.6 44.2 24.4 88.2 3.0 

168.... ~ - A .... n . . ... nt:: . ..,... ., ,.,., (\ AA t: 0A a AA I; ~.~ 
r.r ;) • I ..... , '"'•""' I I •-' &..V. I _,_ .. _ _, __ - , .... - -

16Bn, 9·5 9.8 27.6 11.7 24.9 32.8 22.2 43.0 23.9 87.6 2.6 

236u 9.2 7.7 28.8 10.4 26.4 31.2 23.8 46.4 25.3 88.1 4.2 

23Bu 9.1 7.5 29.0 9.6 26.7 31.2 24.1 46.6 25.6 88.0 4.5 

23~ 9.2 8.1 28.3 10.6 25.8 31.6 23.3 45.9 24.8 88.1 3.8 

240Pu 9.2 7.9 28.7 10.5 26.2 31.5 23.6 46.1 25.1 88.1 4.0 

gions. The (p,n) strength is distributed within 2-40 MeV. The 
maximum region of the spin-dipole resonance (14-33) t-feV con
tains (87-89)% of the (p,n) strength. The low-energy part 
(2-14) MeV has only the states with A = 2. For A= 0 there is 
one pronounced maximum within 3D-32 HeV; for A= I, two maxima 
at 24-25 MeV and 29-30 MeV,for A= 2 the strength maximum is 
distributed in a wide energy region of 14-30 MeV. The high
energy part gives a (3-4)% contribution to the total strength. 
The strength distribution for different A is shown in fig. I. 
The total strength has a broad maximum within 14-33 ~1eV for 
all calculated nuclei, this is seen in figs. I and 2. In the 
region of maximum the strength of the nuclei in A = 155 range 
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Fig. I. Strength functions of (p, n) and (n, p) transitions 
with f = I to the spin-dipole states with 11.

11 = o-, 1-, 
2-on 162Dy,The dashed-dotted line denotes transitions 
to 11.11 = o-, the dashed line is the transition to A11

"' 1-, 
the dotts are transitions to 11.11

"' 2- states, the solid 
line is their sum. tl "'0. 5 MeV. 

is distributed more uniformly than in A "' 165, 239 ranges. For 
nuclei in A"' 165 and 239 ranges the strength is concentrated 
to a large extent in the upper part of the distribution. 
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Table 2 

Centroid energies of the spin-dipole states A." =0-, 1-' 
2- excited ~n (n, p) reaction with f "' I and the ratio 

of the total (n, p) transition strength to the total 
strength of (p, n) transitions 

Nucleus ED- Et. £2._ g St"1 tp. ") 

156Gd 1).0 11.2 10.6 11.4 0.14 

158Gd 12.7 11.0 10.7 11.3 0.12 

160Gd 12.3 10.8 10.7 11 .1 0.11 

160Dy 13.4 11.5 10.8 11.7 0.14 

162Dy 12.4 10.8 10.2 11.0 0.11 

164Dy 11-9 10.5 10.0 10.7 0.10 

16~r 13.1 11.3 10.3 11.4 0.14 

166Er 12.7 11.0 10.2 11.2 0.12 

168Er 12.2 1 o. 5 10.0 10.8 0.10 

16Byb 13.6 11-5 10.6 11.6 0.14 

236u 8.9 8.3 9.1 8.7 0.05 

23Bu 8.6 8.1 8.9 8.5 0.05 

238lu 9.J 8.5 9.2 8.9 d.o6 

240l'u 9.0 8.4 9.1 8.8 o.o6 

The centroid energies EA.- for the (n, p) trans1t10ns with 
A,11 , o-, 1-, 2- and the total value E as well as the ratio of. 
the total (n, p) transition strength to the total (p, n) trans~
tion strength are depicted in table 2. The spin-dipole (n,p) 
strength is distributed in the region of 2-25 MeV, this c~n be 
seen in fig. I. The distribution has a well pronounces max~mum 
at 12-13 MeV for A "' ISS, 165 and 9 MeV for A= 239. The total 
strength S(n,p) increases slightly with A. The values of ~(~,p) 
for the rare-earth nuclei are 10% as small as for the act~n~des. 

According to the calculation the position of the charge
exchange El and spin-dipole resonances overlap strongly. The
refore, the calculations have been performed with a simulta
neous inclusion of the dipole and spin-dipole electric forces, 
the secular equation for which is (2). Figure 3 exemplifies 
the charge-exchange El resonance on 162 Dy calculated with and 
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Table 3 

Centroid energies of the EI states excited in 
(p,n) reaction and the fraction of the total 
strength in three energy intervals 

• E41 
• E1 <E c 31 MeV B>31 

MeV leu a frac-frac- frac- frac- frao- tion tion tion tion tion of E of E~-o of of i of 
S(p,n) S(p,n) Ei-i S(p,n) S{p,n) S(Jl 0n) 

% % % % % 

156Gd 20.2 21.5 25.2 15.3 28.3 58.1 27.6 7J.4 5.0 
158Gd 20.1 19.0 25.6 17.6 28.6 57.9 27.9 75.5 5.6 
160Gd 20.0 16.9 26.0 19.7 29.2 56.6 28.3 76.3 6.8 
162Dy 20.) 21 .4 25.4 11 .a 27.8 55.2 27.2 73.1 5.5 
164ny 20.2 16.8 26.0 21.9 28.5 54.6 27.8 76.5 6.7 
166Er 20.) 21.) 25.) 18.1 27.7 55.5 27.1 7).6 5.1 
16~r 20.1 1'7 .o 25.9 21.7 28.) 55.0 27.7 76.7 6.2 
23f3u 20.1 17.7 27.4 24.6 28.2 50.8 28.0 75.4 6.8 

l i i 

* E 1 is equal to 24 MeV for A =I 55 and I65 and 27 ~ieV for 
A = 239 • 

without spin-dipole forces. It is seen from fig.3 that the inclu
sion of spin-dipole forces almost does not change the resonance 
form. The values of individual peaks are weakly changed in the 
low-energy part. The inclusion of spin-dipole forces increases 
the centroid energy by 0. I MeV. Thus, the inclusion of spin
dipole forces does not change the form and position of the EI 
charge-exchange resonance. So small is the influence of the 
inclusion of dipole electric forces in caiculating the strength 
functions for the transitions to the spin-dipole electric 
states. 

The results of calculation of the (p,n) transition strength 
functions with excitation of the I- states without spin-flip 
~e given in table 3 and fig.3. The centroid energies E1- 0 , 
E 1-

1 
for transitions to the states with K = 0 and I andE for 

their sum, which have been obtained by integration over the 
low-energy and maximum regions, are shown in table 3. The 
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fractions of the total (p,n) strength in three energy regions are 
also given in table 3. The (p,n) transition strength is distri
buted within 15-40 MeV and has two pronounced maxima at 25-
27 MeV and 29 MeV. These maxima correspond to the transitions 
to the states with K = 0 and I. As well as for the El giant re
sonances their position does not coincide, the splitting is 
about 2 MeV.About 75% of strength is concentrated in the region 
of maximum 24-31 MeV;and (17-22)% of strength 1 in the low-
energy part. The centroid energy in the low-energy part is 
20 MeV and does not change with A. 
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Conoabea B.r., CywKoa A.B., WHPHKoaa H.~. E4-83-754 
3apRAOBO-o6MeHHWe AHnOnbHWe H CnHH-AHnonbHWe pe30HaHCW B Ae~OpMHPOBaHHWX 
RAPaX 

B npH6nHIKeHHH xaoTH4eCKHX ~a3 pacC4HTaHw cHnoable ¢lYHKIIHH (p. n)- H (o.p)
nepexOAOB c B036y)I(AeHHeM cnHH-AHnonbHOro(c A"= o-, ,-, 2-)H E1 3aPRAOBO
o6MeHHbiX pe3oHaHcoa Ha A~OPMHpoaaHHwx RApax a o6nacTRx 156 < A < 168 H 
236~ A~240. noKa3aHo, 4TO MaKCHMYM CnHH-AHnonbHOro pe30HaHca c- A".o-, 1-, 
2- pacnpeAeneH a o6nacTH 14-33 M38. B o6nacTH MaKCHMyMa 3Toro pe3oHaHca co
cpeAOT04eHo 87-89% CHnbl (p,n)-nepeXOAa. 8 HH3K03HepreTH4eCKOH 4aCTH 

(2-14 M38)HaXOARTcR TonbKO cocTORHHR c A = 2. MaKCHMYM E1 3aPRAOBO-o6MeHHoro 
pe30HaHca COOTBeTCTByeT 3HeprHH 25-29 M38,0H pac~enneH C &E,paBHWM 0,6-2 M38, 
Ha ABa nHKa, c t' K = 1-0 H ,-, . CHna 3Toro pe3oHaHca CKOHI.IeHTPHPOBaHa a 6onee 
yaKOH 3HepreTH4eCKOH o6nacTH no cpaaHeHHO c o6bi4HbiM E1 rHraHTCKHM pe3oHaHcOM 
8 o6naCTH 4-7 M38 OKOnO MaKCHMyMa COCPeAOT04eHO 73-77% CHnW. nonHaR CHna 
(D, p) -nepeXOAOB B 10-200 pa3 MeHbWe nOnHOH CHnW (p,n)-nepeXOAOB. 

Pa6oTa awnonHeHa a fla6opaTOPHH TeopeTH4ecKOH ¢lH3HKH OH~H. 

Soloviev V.G., Sushkov A.V., Shirikova N.Yu. E4-83-754 
Charge-Exchange Dipole and Spin-Dipole Resonances in Deformed Nuclei 

The (p, n) and (n, p) transition strength functions with excitation spin
dipole(with A" = o-, 1-, z-)and E1 charge-exchange resonances in deformed 
nuclei in the regions 156:; A:;l68 and 236~A ~240 are calculated in the 
RPA. It is shown that the spin-dipole resonance with A" • o-, 1- and 2-
strength is distributed within 14-33 ~leV. The maximum region of this re
sonance contains (87-89)% of the (p,n) strength. The low-energy part 2-
14 r~eV has only the states with A= 2. The E1 charge-exchange resonance 
is distributed within 25-29 HeV. It is splitted with 4E equal to 0.6-2 MeV 
into two peaks with I"K = 1-0 and 1-1. This resonance strength is concen
trated in a narrower energy region in comparison with the ordinary El giant 
resonance. In the region of 4-7 MeV around maximum (73-77)% of El strength 
is concentrated. The total (n,p) transition strength is 10-200 times as small 
as the total (p,n) transition strengtn. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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