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I. INTRODUCTION 

The progress has been achieved in the experimental study of 
the giant charge-exchange resonances 11"61 The Gamow-Teller (GT) 
and charge-exchange ~f = I resonances are observed in many 
nuclei. At the early stage the investigation of the GT reso
nance was related with the calculation of the ~decay strength 
functions 16~1. In recent years the energies of charge-exchange 
resonances have been calculated in the RPA in spherical nuclei 
with closed shells /9·18/. 

A part of strength of the charge-exchange resonances 1s 
observed experimentally as compared to the relevant sum rules. 
The quenching of the GT and charge-exchange ~f = I transition 
strength has two reasons, namely the strength fragmentation 
due to the coupling with the 2p- 2h states and to the mixing 
with the ~-isobar - nucleon hole configuration. Fiegig and 
Wambach 114/ have calculated the GT resonance on 208pb taking 
into account the admixtures of the ~-hole and 2p-2h confi-

·gurations. It wa"s found that the ~-hole admixtures decrease the 
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plaining the missing strength due to the ~-isobar-hole confi
guration. The influence of the 2p-2h configurations turned 
out to be essential, though only the first 21 and 31 vibrational 
states in 208Pb, were taken into account. Adashi/15/ Muto 
et al. 1161 have used the Tamm-Dancoff approximatio~ to calcula
te the GT spreading width on 208 Pb including the 2p-2h states. 
Bertsch and Hamamoto 117/ have investigated the effect of the 
central and tensor forces on the fragmentation of charge
exchange phonons and obtained that half of the GT strength 
in 90zr is shifted into the energy region of (15-50) MeV. 
According to Knlipfer and Matsch/18/ the inclusion of 2p-2h 
states with tensor forces in 90 zr shifts 26% of the strength 
into the high-energy region. Bortignon et al. 11 91 studied the 
influence of 2p -2h configurations on the distribution on 
the GT strength on 40Ca. Many authors 120·26/ assume that mis
sing of GT strength is due to the admixtures of the ~ -hole 
excitations to the proton-particle - neutron-hole GT states. 
Brown and Rho 122/ state that a consistent description of the 
position of the GT resonance in 208 Pb and the renormalization 
of the strength through coupling to ~-isobar region, can be 
achieved in terms of 17- and p -meson exchange forces. However, 
the quenching of the GT strength cannot be thus explained. 
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It is evident that the L\ -hole configurations play an impor
tant role in quenching the strength of charge-exchange phonons. 
Nevertheless, one should study more thoroughly the fragmenta
tion of GT phonons to clarify how the fragmentation is res
ponsible for the missing of the GT strength in the maximum 
region. The calculations should not be restricted to magic 
nuclei only, as it has been made before. One should perform 
calculations with pairing but without tensor forces for some 
spherical nuclei. The solution of this problem is the aim of 
the present paper. In further investigations one can additional
ly take into account tensor forces and the coupling with the 
L\ -hole configurations. 

The fragmentation of charge-exchange phonons is studied 
within the quasiparticle-phonon nuclear model 126/, In this case 
the neutron-proton np phonon operators are used, which have 
been introduced by Kuzmin and Soloviev 1271 for describing the 
T>part of the giant dipole resonance. A general method for 
introducing np or charge-exchange phonons in the quasiparticle
phonon model is presented by Soloviev/28/, In the same paper 
the author obtained the general equations for the fragmentation 
of charge-exchange one-phonon states in spherical nuclei and 
the system of approximate equations used for a description of 
the fragmentation of charge-exchange phonons. The present 
paper contains the basic approximate equations of the model, 
which allow one to describe charge-exchange resonances. In 
Sec.2 we introduce the charge-exchange phonons and obtain the 
RPA secular equation. Section 3 is devoted to the description 
of the fragmentation of charge-exchange phonons within the 
quasiparticle-phonon nuclear model and to the calculation of 
strength of the (p,n) transitions. The obtained results are 
discussed in Sec. 4, and the conclusions are made in Sec.S. 

2. CHARGE-EXCHANGE PHONONS AND RPA EQUATIONS 

The Hamiltonian of the quasiparticle-phonon nuclear model 
consists of the average field as the Saxon-Woods potential 
for neutron and proton, superconducting pairing interactions 
and the effective separable residual interaction. To generate 
the state of a natural parity, we use the multipole-multipole 
forces 

The spin-multipole - spin-multipole interaction is chosen in 
the form 

v~~Jl = -[ K ~A+ K~\r-1, ;2)]RLA(r 1) RLA_(r2 )[ y L (Ol' ¢1)u 1(-ll [ YL (tJ2,¢2 )u2] A,-jl' 

(2) 
2 

where [Y L(O, ¢)u ]AJl = ~ <LM1miAJl> VLM(O, ¢)am. The spin-multipole 
M,m 

forces are responsible for the states of unnatural parity at 
L = .>. ± 1 and natural parity at L =A . Here we shall use the 
forces with L =A -1 only. The radial dependence of residual A . . 
forces may be arbitrary. Usually RA(r) = r or RA(r) = aU(r)/ar 
'< U(r) is the central part of the average field potential). The 
constants: isoscalar KoA, K ~A and isovector KA, K 1A are deter
mined from either the experimental data or pfienomenological 
estimates. Isotopic matrices (rl., -;2) can be separated into the 
charge-neutral and charge-exchange interaction parts. The 
charge-neutral interaction is used for calculating the fragmen
tation of phonon forming the giant electric and magnetic reso
nances 126, 29·3°1. The charge-exchange interaction can be written 
as follows: 

(3) 

where 

jnmn' jpmp 

iArA YA,-Jl (0, ¢), OA-1)A,Jl = iA-1rA-1 [YA-1(0, ¢)a]A,-Jl 

a,_ r::~t_) are the nucleon annihilation (creation) ooerators and 
("m cr·~ ) are quantum numbers of the proton (neutron) single

p p .n n 
part1cle states. 

Now we perform the canonical Bogolubov transformation a- = 
. Jm 

u. aj + (-)J-m v. a+j and introduce the phonon operators J m J , -m 

flAJli = ~ (1/T~ii A(jpjn;AJl)- (-)A-Jl¢iA.ti A+ (jpjn ;A. -Jl))' (4) 
ioi p P n P n 

where A(jpj 0 ;AJl) ~ <jpmpj 0 m0 IAJl>ai m aj m 
m0 mp n n p p 

In the RPA the ground state wave function of a doubly even 
nucleus is approximated by the phonon vacuum I> 

n AJli 1 > = o < s) 
and the phonon operators satisfy the commutation relations 

< 1 [ n, 
1 

, n:-, ,
1 

1 1 > = s. . ,8 , ~ 
1\ Jl 1\ Jl - -A.A. JlJl . . 

JpJ n 

Using (4) and (6), we get 

R f (A ; JpJn) { A-Jl 
'A =~ (-) 

- 1, A,Jl ipJn y 2A + 1 
+ 

u . u J B (j j ; AJl)- v. vi B (j j ; A - Jl ) l + 
J0 p p n ln p p n 

3 



where 

f(A . . ) (-) Ai ;jpJ u .. w .. 
n Jpln Jpln 

and f(A;jpjn)=<ipiiOA-lAt(-) II in> is the reduced matrix 
element of the spin-muitipole operator. Formulae for the multi
pole phonons can be derived by changing the matrix elements 
and effective constants. 

Like in the book by Soloviev 133~ to find the RPA equations, 
we use the variational principle 

ana gee 
(
. . ) (+) (+) - (-) D (-) 

E Jp Jn u ipi n DAi + wAi u ipin Ai 
g~i. = _2_ KA-1,A f(A ;j j ) ___ __;_ _____ _..;_ __ _ 

Jp J n <tA + 1 1 p n 

Ai 2 A-1,A f(' . · · ) w. . = --- K 1 ", Jp J n 
Jpl n <tA + 1 

2(j") -2 
€ p J n - w Ai 

- <+> o<+> (J J ' <-> o <-> wAi u jpjn Ai + € p n' u jpj n AI 

2c· . > -.2 
E Jp Jn - w AI 

(8) 

where £(jJ>jn) = £ (jp) +£On) and dQ is the ~ne-quasiparticle 
energy. Inserting expressions for g ~ 1 j and w ~~j into the 

( +) Jp n Jp n 
definitions D i:·• we get the system of equations, which has non-
zero solutions ~nly at wAi satisfying the equation 
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The phonon amplitudes are 

(+) - (-) 
A! 1 KA-1,A uipin+YAiuipin 

t/1. · v' -f(A;jpj ) , 
lp J n q, - n 

v' <tA + 1 ;, Ai ( (j pi o) - WAi 

1 
A-1,A 

---v K1 (I 0) 

v' <tA + 1 'lJ Ai 

a . 
-5(.;)) I - KA1-t,A xio><~Ai > 

q\i = aw W=WAi 
"" • YAi 

K ~-1,A x Xi> <.;;Ai > - 1 1<'}-t,A x<r> <C::At > - 1 
Consider the single particle operators 

0(-) 
A-1,A,I-! 

(II) 

and 

(-)>..-1-' < j m I 0, 1 ' 
n n "- •"• 1-1 jpmp jnm n 

(+) . + 
t IJ m >a. a .• (II') 

p p ln mn Jpmp 

The operator o~-=!1 A II (0 ~-::! 1 A II) describes single-particle tran-
' ',... ' t,... 

sitions from the target-nucleus N0,z 0 to the nuclear states 
N 0 -l, Z 0 +l(N0 +l,Zo-l) with decreasing (increasing) by 
unity isospin projection. The amplitudes of these transitions 
are 

. (±) -- (±) 
<1>,. =v'<iA+l<I0,

1
Q,, ,,~> 

/\I "1-' 1\ -1,/\ 1-L 
(12) 

The one-phonon states 
+ 

OAI-!i I> (13) 

are a superposition of excitations in nuclei with N 0 - 1 , z0 + 1 
and N 0 + 1 , Z 0 - I. In each state one can separate a dominating 
branch. Mixing is due to the pairing and ground states correla
tions. If there is no pairing in the neutron or proton system, 
eq. (9) splits. 

Taking into account the secular equations for the one-phonon 
states, the Hamiltonian of the quasiparticle-phonon nuclear 
model is 

5 



. + 
HM = j~ £(j)ajmajm+ Hmv+ Hmvq + Hsmu + Hsmvq + (14) 

+ Hem + Hesmv + Hemvq + H esmvq 

the explicit form of Hmv' H smv• ~vq and Hsmvq is given in 126,34/ 

- - 1 - y.\."15-\1, + , . 
Hesmv - I OAp.IO.\p.l • (IS) 

A , "' "' -p.ii ...j 0 Ai 0 Ai ' 

KA-t,X f(A; Jp j n ) I(-) A-p. uJ 
Hesmvq "'- I ...; --- I uj B(jpjn:Ap.)-

AILI ~AI JpJn ...j 2.\. + 1 

(16) 

+ I - + - A-IL 
- VJp v Jn B <Jp j n; A- p.) I (1 - YAI ) OA,-p.l + (l + Y AI ) (-) 0 Ap.l I + h. c. 
The terms Hemv and Hemvq differ from (IS) and (16) by the matrix 
elements and isovector constants. The model Hamiltonian is con
structed so that all operators A(jj'; AIL) , A+ (jj'; AIL), A(jpjn; AIL) 
and A+(j j :AIL) are expressed through the phonon operators, 
and the ~~asiparticle operators enter only in the form of 
B(jj': AIL) , B(jpj0 : All) and B+(JpJn: Ap.). Under such a construction 
of the Hamiltonian there is no double counting. In nuclear field 
theory a special procedure developed to overcome double coun
ting has been developed by Bes et al. 1361 • 

3. FRAGMENTATION OF C.HARr.F.-F.XCHANr.F PHONONS 

To study the fragmentation of charge-exchange phonons, we 
write down the wave function of an odd-odd nucleus as 

where 

I. <AtiJ.1A2P.21 JM>Qt1ll1l1ot2P.2I2 
,.,.1' IL2 

and the phonon creation operator 

+ 1 r Ai _. , A-IL AI + ( . , )) 
QA = - I. I. (I{IJ. , A (JJ : .\p.) - (-) ¢ JJ ,A JJ : A - 1L 

1IL111 2 r=n,p jj' J 

as in /26, 29·32/. 

(I 7) 

The general form of equations for describing the fragmenta
tion is given in paper by Soloviev/281. In this paper we use 
the boson commutators for the phonon operators and the con-
dition [QA p. I , Ox IL 1 ] 0. Then the normalization condi-

111 222 
6 

(18) 

The coherent transition strength to the state (17) has the form 

B(±)(Jv) -= I (±)I 12 ~R-JvRJv..,(±)..,(±) (19) I. I<JMlv OJM > = "".. i i' .... Ji .... Ji' . 
M 1'M2 2 ii 

J Atil 
The energies '11v and coefficients Rt and PA212 (Jv) are deter-

mined by the variational principle 

81<JMviHMI JMv > -11v<e v- l )I = 0, 

where the HamiltonianHM is taken in the form of (14). 
As a result we get the system of linear homogeneous 

N Jv 
I. a

11 
, ( 17 ) R . , = 0 , 

j '= 1 V I 

where 

wA i + w A i - '11 
1 1 2 2 

ll.t .:: .... ,._t..,_, ........ ~1-.-.- .-.C .................... _..,.'h, ............ ,... ...... ,.. ...... ...., .............................. +- ....... ., ...... +-h.-. ... ........... ............... ............................ ....... .... - ,... .... ~ ............... .._ ...................... ._ .... _~ - .... -··-
( 17), and 

A i v 1 1 (Ji) 
A212 =<IOJM.HM[Q~ i O~ i ]JMI>. 

I 1 1 2 2 

(20) 

equations 

(21) 

(22) 

The system of equations (21) has nonzero solutions only for 11v= -
S:<11v> = det llaii •<11v> II = 0. (23) 

One can easily show that 

(24) 

where Mu• are the minors of the determinant (23). 
Thus, the coherent transition strength to the states (17) ~s 

N i+i' (+) (+) 

(+) ~~- (-) Mu·<'l7v>~it ~ji• 
B - ( ) i,l -1 

J,v =----------------- (2S) 

<a! a11 > s= <11> 1 11 = 11 v 
The following strength function was calculated to simplify the 
numerical calculations: 

7 



(±) 
b (J, 1/) (16} 

The averaging 
tation of the 
properties of 

energy interval tl determines the' way of presen
results of calculation. Using the analytical 
(25) and the weight function p,.(1J-7J) we have 

, u v 
N J+j !J. (±) (±) 

(±) ~- (-) M jj'(l'l + 1y-)$ JJ $ JJ' 
b (J, 71) = ..!.. Im J, J -1 

----~------tl---------------
J (7J + iy- ) 

TT 
(27) 

The obtained formulae can be used to describe the fragmentation 
of any charge-exchange phonons;and the strength functions,to 
calculate the (p,n) and ~.p) transition strength. 

4. RESULTS AND DISCUSSION 

The parameters of the Saxon-Woods potential and the pa1r1ng 
constants are the same as in /30/, Other parameters of the 
Saxon-Woods potential were also used for the calculation of 
90zr and 208 Pb. The isovector Gamow-Teller interaction constant 
K~l (see formula (3)) is

0
equal to -23/A MeV (see 131 ). The 

change of the constant K 1
1 from- 20/A HeV to - 25/A MeV causes 

a small change of the RPA phonon energies and a certain redis
trihnti()n ()f thP tr.<~no:::iti()n o:::trPnPth_ 'T'hP mnltin()lP .<~nrl o:::nin-

multipole ordinary and neutron-pr~ton phonons with A" = 1± 
2+ 7+ 8--, ... -, were used as phonons in the two-phonon terms 
of the wave function (17). From several dozen up to several 
hundred roots of the RPA secular equations were used for each 
A

17 
•• the isoscal~r and ~sovector constants of the multipole

multlpole and sp1n-mult1pole - spin-multipole interactions 
were either fixed from the experimental data or calculated 
by the phenomenological formulae like in/30,311. The present 
calculations used 10-15 one-phonon terms and up to 2000 
two-phonon terms in the wave function (17). The density of 
two-phonon po~es increases strongly with excitation energy. 
When calculat1ng the strength functions (26) and (27) the 
averaging energy interval tl = 0.5 MeV. 

Using the strength functions (27) we introduce the total 
strengths of (n, p) and (p, n) transitions 

E 
m (+) r b - (J. 11 > ct11 • 

0 
(28) 

The Gamow-Teller transitions have a model independent sum rule 
in the form 
s:=o - s~=o = a(N- Z). (29) 
8 

_, 

• 

According to our calculatLons, for the spherical nuclei from 
90z 208pb h · gf=O;gf=O . r to t e rat1o + _ = 0.02-0.03. Accord1ng 
to the R¥A calculations, under integration in (28) up to 
30 MeV s_=o are equ~l to (96-98)% of tP.! sum-rule limit 3(N- Z). 
These values agree w1 th the values of S_- 0 for 9°zr and 208 Pb 
calculated in/13/ with a continuum. 

As in 1291 the Pauli principle is roughly taken into account 
in the two-phonon terms of the wave function (17). The terms 
(17) consisting of two noncollective terms, in which the Pauli 
principle is violated, are neglected. Thus, in calculating 

A . 
V, 1 ~ 1 (Ji), the terms violating the Pauli principle are excluded. 

"2 1 2 
It has been shown 1321 that an approximate inclusion of the Pauli 
principle in calculating the giant electric resonances turned 
out to be almost equivalent to the exact inclusion of the Pauli 
principle in the two-phonon components of the wave functions. 

The fragmentation of the Gamow-Teller resonance is calcula
ted for several spherical nuclei including nuclei with open 
shells. The results of calculations by formula (27) (denoted 
by n+ + Q+n~ of the (p,n) transition strength functions with 
excitation of the 1+ states in odd-odd nuclei and the results 
of the RPA calculations are given in the table and figs. 1-7. 
Excitation energies are relative to parent doubly even ground 
states. In the distribution of the Gamow-Teller strength one 
can separate the low-energy part, region of maximum and the 
nign-energy parL. -liH:! LaUi.e 1-H.t:bt:HLb Liu:: ._l;_bLL;_~uL..~uu u~ ;_~L~ 

Gamow-Teller strength over these regions, which has been cal
culated in the RPA and by formula (27) taking into account the 
quasiparticle-phonon interaction. The results are given as per 
cent of the sum-rule limit 3(N- Z). According to the RPA cal
culations 56-81% of 3(N- Z) is concentrated in the region of 
the resonance maximum. The calculation of the fragmentation 
of charge-exchange phonons I+ leads to the decrease in strength 
u~ to ~3-60% in the regi~~ of the resonance maximum. The values 
glVen 1n the table for S _- 0 are equal to (90-98)% of 3 (N- Z), 
the decrease of the values to (90-92)% is due to the elimina
tion of weak RPA states in the calculations with the quasi
particle-phonon interaction. 

Now we discuss the strength distribution of the Gamow-Teller 
resonance in some nuclei. According to the experimental data 
in 90 Zr the energy of the GT resonance maximum is 15.6 MeV 
and the centroid energy of the low-energy part is 9.2 MeV. 
Our RPA calculations (see the table and figs. I and 2) and 
calculations in 111·13,23,25/ give a right position of the 
maximum and low-energy part of the GT resonance, in which 
(70-85)% and (10-20)% of strength is concentrated, respectively. 
The calculations of b(-)(1+,7J) by formula (27), taking into 
account the fragmentation of (n,p) phonons, result in the 
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Table 
Strength distribution of the Gamow-Teller resonance 

·Buc
leua 

90zr 

1208n 

124an 

124Te 

140ce 

208Pb 

:Snerg ,Strength distribution in ~ 
ot sum-rule limit 3(•-z> region ot •ppro

maximum 
Ot the GT ximatio·n-------------------------------

Below the Region ot ·Above the 
region ot maximum region of resonance 

JleV 

12-18 

12-18 

14-20 

13-19 

15-20 

17-22 

RPA 
_0 + ... a"Xt 

RPA 
Q+-+ Q+fl 

RPA 

o· • o\2~ 
RPA 

_o+. on· 
RPA 

a+-+ o+n• 

RPA 
_Q+-+ Q-+_Q+ 

maximum of the OT maximum 
of the OT resonance of the GT 
reaonanoe resonance 

14 81 .3 
15 54 29 

27 56 7 
29 )6 25 

18 67 5 
26 3.3 .31 

25 62 5 
)1 40 21 

12 7 4 
)0 46 18 

11 78 .3 
19 59 14 

s_· 
in • 
of 

)(H-Z) 

98 

90 

90 

92 

94 

92 

change of distribution of the GT strength. Notably, in 9°zr 26% 
of the GT strength is shifted into the high-energy region and 
only 54% of strength remains in the region of maximum. In the 
low-energy region the GT strength is shifted towards lower 
excitation energies. It should be noted that for a more correct 
description of the strength distribution by formula (27) in 
the low-energy region one should impose a condition for the 
strength not to be lower than the ground state energy of 
a doubly odd nucleus. 

Bertch and Hamamoto 1171 investigated the GT strength dis
tribution in 90 Zr taking into account central and tensor for
ces. They considered a large number of the 2p-2h states and 
used a perturbative treatment. They found that roughly half 
of the GT strength is removed from the resonance towards 
higher excitation energies up to SO MeV. The tensor forces are 

10 

0.15 

0.10 

0.05 

0 5 10 15 
Fig.!. Fragmentation of the Gamow-Teller resonance on 90 zr. 
Parameters of the sinyle-particle potential are from paper 
by Pyatov and Fayans 1 31• Vertical lines are the results 
of the RPA calculations. Solid curve is the strength func
tion including two-phonon admixtures. Both the scalars are 
normalized to 3(N-Z). Energies are reckoned from the 
ground 90 zr state. 

responsible for about 1/3 of the effect obtained. According 
to the more consistent calculations of KnUpfer and Metsch 1 18/ 

in 90 zr 74% of the GT strength is concentrated in the region 
of maximum and only 26% is shifted into the high excitation 
energies. In the calculations of KnUpfer and Metsch 1181 and 
in our calculation almost the same part of the GT strength is 
shifted towards the high-energy region. In our calculations the 
tensor forces are neglected but a large number of one-phonon 
states is used, and the GT strength is mainly shifted towards 
the region of (18-25) MeV. According to the papers 11 7, 18/ the 
GT strength is distributed up to 50 MeV. It is possible that 
the tensor forces are responsible for the shift of a small 
part of the GT stren~th up to 50 MeV. The analysis performed 
by Scholten et al. 13 1 indicates the presence of the GT strength 
at high excitation energies. 

The details of distribution of the Gamow-Teller strength 
on 90zr depend on the position of single-particle levels. As 
is known (see, for instance, /37/ ), there are some difficulties 
in describing the low-lying and deep hole states in 89Zr and 
91Mo.It is difficult to choose the parameters so as to describe 
the position of levels in these nuclei. The dependence of the 

11 



fragmentation of the GT resonance on the position of single
particle levels is demonstrated in figs. I and 2. The calcula
tions with the parameters of the Saxon-Woods potential of 
Pyatov and Fajans 115/ ,are shown in fig. I, whereas with the 
parameters 150 in fig.2. The comparison of figs. I and 2 shows 
that the use of the parameters 150/ causes a splitting of the 
GT resonance and a larger shift of the low-energy part of 
strength towards lower energies. The fragmentation of one-phonon 
states depends on the completeness of the one-phonon basis. 
Figure 2 shows the calculations in which the two-phonon terms 
(17) include phonons with A17 = 1±, 2±, ... 7±, s-and phonons 
with A17 

= 1±, 2±, 3±. The comparison of the results of calcula
tions with the complete and reduced one-phonon basis shows 
that the inclusion of phonons with A~3 increases considerably 
the fragmentation of one-phonon states. Possibly, the role 
of phonons with A> 3 in our calculations is somewhat overestima
ted. 

The distribution of the GT strength in 120 • 124 Sn, 124 Te and 
14°Ce is shown in the table and figs.3-6. Our RPA calculations 

b1- 1 {1+ E l MeV -l 
l l 

90zr ~ 
a 
II 

I " I I 
• I -·•w I 

I I I 
I I I I 
I I 1 I I I I 0.50 I I I 

I 0.10 
" I I 
I I 
I I 
I I 

I 
I 
I 
I 

I I 

' I 
I 

' I 
I 

I 0.(6 

12 

0 5 10 15 20 25 
E,MeV 

Fig.2. Fragmentation of the GT resonance on 90 Zr. Parameters 
of the single-particle potential are from paper by Panama
revet al. 1501 • Solid line is the strength function of GT 
transitions (in the two-phonon part'(17) the phonons with 
A17 ~I±, 2±, ... 1±, 8- are included). Dashed line is the 
strength function of GT transitions ~in the two-phonon 
part the phonons with A17 

= 1±, 2±, 3- are included). The 
rest notation is as in fig.!. 

0.15 
1205n 

010 

0.05 

0 5 10 15 20E,MeV 
Fig.3. Fragmentation of the GT resonance on 120 Sn. The no
tation is as in fig.J. 

0.50 

0.05 
0.25 

5 10 15 20 
E,MeV 

Fig.4. Fragmentation of the GT resonance on 124 sn. The no
tation is as fig.I. 

for 120Sn are in agreement with the calculations of Sagawa and 
Nguyen van Giai 1251 , according to which the strength in the 
low-energy region amounts to about a half of the GT strength 
in the region of maximum. Due to the quasiparticle-phonon in-
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teraction the GT strength decreases down to 36% in the region 
of resonance maximum, increases up to 25% in the high-energy 
region and is shifted towards lower excitation energies in the 

0.15 Lb Hl1 +,E), Mev -1 

124Te 

0.10 

0.05 

0 5 10 15 
E 

' 

l<.t>H(1+) 12 r 
0.75 

0.50 

0.25 

Mev 
20 

Fig.S. Fragmentation of the GT resonance on 124 Te.The no-
tation is as in fig.!. 
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Fig.6. Fragmentation of the GT resonance on 140 ce. The no
tation is as in fig.!. 
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low-energy region. A similar picture is observed in the distri
bution of the GT strength in 124 Sn. The quasiparticle-phonon 
interaction shifts 8% of strength from the region of resonance 
maximum to the low-energy region. The GT strength in the high
energy•region. increases up to 31~~. 

The highly excited states of spherical nuclei with open 
shells are calculated within the quasiparticle-phonon nuclear 
model. Such an example is the distribution of the GT strength 
in 124 Te. Due to the quasiparticle-phonon interaction, the GT 
strength decreases from 62% to 40% of 3(N- Z) in the region of 
resonance maximum. In a narrower region of 13-16 MeV the GT 
strength descreases from 58% to 30%, and in the region of 
(16-20) MeV 20% of the GT strength is concentrated. There is no 
considerable difference in the fragmentation of one-phonon 
states in 124 Te in comparison with 120,l24Sn anu 14°ce. 

Our RPA calculations in14°ce somewhat differ from the cal
culations of Sagawa and Nguyen van Giai/231, in which the con
centration of the GT strength in the low-energy region is 
twice as small as in the region of resonance maximum. According 
to our RPA calculations 12% of the GT strength is in the low
energy region. Due to the quasiparticle-phonon interaction, 
18% of the GT strength is shifted into the region of 12-15 MeV, 
14% of the GT strength is shifted into the region above 20 MeV. 
The centroid energies in the region of resonance maximum and 
low-energy region are 17.and II MeV, that is in agreement with 
the experimental values Ib.J and IU./ MeV measurea oy urinara 
et al. 1381 , The ratio of the GT strength in the region of re
sonance to the low-energy region, which is 1.5, does not con
tradict the value 1.2 measured by Orihara et al. However, our 
calculations indicate the distribution of the GT strength over 
several levels. 

The distributions of the GT strength in 208 Pb are calculated 
with the single-particle energies and wave functions of the 
Saxon-Hoods potential with the parameters 1311 and the parame
ters fitted by Voronov. Our RPA calculations and the calcula-
tions in 111,14, 23, 26/ give a right position of maximum of 
the GT resonance and differ by the details of distribution of 
the GT strength in the low-energy region. The strength distri
bution in the low-energy region is most sensitive to the posi
tion of single-particle levels near the Fermi energy. For the 
parameters of the potential as in1311 6.6% of 3(N-Z) is con
centrated in the low-energy region whereas for modified para
meters II. 3% of 3(N- Z). 

Due to the quasiparticle-phonon interaction a part of the 
GT strength is shifted into the low-energy and high-energy 
region. According to the calculations with the parameters of 
the Saxon-Woods potential 1311 , the maximum of the GT resonance 
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Fig.7. Fragmentation of the GT resonance on 208 Pb. The no-
tat ion is as in fig. I. 

1s not splitted. The results of calculations with modified 
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~nd fig.7. Fro~--~h~-~~~i~~-~f (]7~22)-MeV--JJ%-~f ~he-GT --~--
strength is shifted to the high-energy re~ion. In the region 
(17-20) MeV, 49.6% of the GT strength is concentrated, 21.4% 
of th: GT streng~h is shifted from this region towards higher 
energ1e~. Accord1~g to.our calculations the GT strength in 
the re~1?n of m~x1~um 1s larger than the experimental data. 
An ad~1t1o~al m1ss1ng of the GT strength is obviously due to the 
coupl1n~ w1th the ~ isobar-nucleon hole configurations. 

Cons1der ~ow th: distribution of the GT strength in 208pb 
w: have_obta1ned w1th the calculations including the 2p-2h con
f1gurat1ons. According to our calculations the distribution of 
the GT strength in the region of maximum has no such a fine 
~tr~ct~re as in.the calculations of Bortignon et al./39/, and 
1t 1s 1n a qual1tative agreement with the data of Muto et al./16/ 
The fragmentation of neutron-proton one-phonon states is not · 
so strong as that obtained by Adashi 1151. The distribution of 
the GT strength we obtained differs from that obtained by 
Wambach a~d Schwesinger 140/ by form in the low-energy part and 
by v~lue 1n the :nergy r:gion higher than 25 MeV. The quasi
par~1cle-phonon 1nteract1on leads almost to the same distri
but1on of the GT strength in t?e low-energy region as the 
effect treated by Grotz et al. 411 . 

16 

Thus, we may conclude that within the quasiparticle-phonon 
nuclear model the distribution of the GT strength in doubly 
magic nuclei 90 Zr and 208 Pb is described not worse than within 
other models . 

CONCLUSION 
The quenching of the Gamow-Teller strength in the region 

of its maximum is caused by two mechanisms. They are the frag
mentation of one-phonon neutron-proton states due to the coup
ling with more complex configurations and to the mixing with 
the isobar - nucleon hole configuration. In calculating the 
fragmentation of the GT one-phonon states due to the coupling 
with two-phonon states the ground state correlations are taken 
into account. The ground state correlations are not taken 
into account in the calculations including the coupling with 
2p-2h configurations. Usually, the central forces are taken 
into account in the calculations. The calculations performed 
in this paper have shown that the quasiparticle-phonon interac
tions are responsible for the shift of (IQ-30)% of strength 
from the region of maximum towards larger excitation energies. 
As a result, (20-30)% of the GT strength appeared in the ener
gy interval (20-30) MeV. In this way the authors succeed~d to 
explain a considerable part of the quenching of the GT strength. 
It is possible that the tensor forces being included cause 
a sh1tt ot a certa1n part or tne GT streng~:n in~:o Litt~ re~iuu 
of higher excitation energies up to· 50 MeV. The missing of 
another part of the GT strength is obviously due to the mixing 
with the ~-isobar - nucleon hole configuration. 

The investigation of the fragmentation of neutron-proton 
phonons within the quasiparticle-phonon nuclear model will be 
continued. First, we shall calculate the fragmentation of 
charge-exchange spin-dipole and El states in spherical nuclei. 
The charge-exchange resonance~ in deformed nuclei have been 
calculated by Soloviev et al. 421 in the RPA. The characteris
tic features of the strength distribution of the GT and charge
exchange spin-dipole and El resonances in deformed nuclei are 
discussed. 

In conclusion we should like to note that the quasiparticle
phonon nuclear model serves as a good basis to study the frag
mentation of single-particle and collective motions in medium 
and heavy nuclei. 
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