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1. 	 INTRODUCTION 

Experiment al measurement of charge-exchange spin-dipole and 
Gamow-Teller resonances in some spherical nuclei /l - 41 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 15-121 and to the mixing with the ~-isobar-nucleon 
hole configurations 16.13-171 It has been shown /18/ , tbat 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 /19, 20 1 that the isoscalar transition strength decreases 
to 	the same extent as the i sovector strength in the excitation 
of 	1+' states in (p, p') reactions . The influence of the 6-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 /21/ . 

Most of the calculations of the transition strength to the 
charge-exchange spin-dipole states in spherical nuclei have 
been per f ormed in the RPA /22-271. We think it sensible to calcu
late tbe fragmentation of charge-exchange spin-dipole states 
caused by the quasiparticle-phonon interaction. This is impor
tant fOT elucidating how the fragmentation is respondible 
for missing of the spin-dipole strength in the maximuIll region. 
The cal culations have been performed within the quasiparticle
phonon nuclear model/28-31/. In the present paper we use the 
same formalism and notation as in the previous paper /32/ . 

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 

Ir and the model Hamiltonian terms Hcsmv and Hcsmvq for the 
spin-multipole states in the genera~ case can be obtained from 
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t he f ormu l ae /32/ by c l!.:1I1gin ~ t he const an t s K ~-J ,A by KtA a nd 
l he matrix elemen ts f(A;jpJ u ) by 

f(U.;jl'j n) = <J[111 {rL ( YI,W,¢ ),U )A t (- I II j " > . 

he charge- exchange spin-d ipo le s t a t es with 6L = 1 and as = 1 
have negat ive r;I Liri c!:. and sp i ns A = 0,' and 2 . St a tes with 
A" - , - can also be gener ~ted by dipole f alces. The dipo l e and 
.pin-- d i polc 1- states in deformed nuclei have been cal c u l ated 
simu l taneously ' 34/. I t was shown that in spi t e of the c losenes s 
of energ ies o f th~se states, they do not mi x cons id erab l y, and 
therefore, l hey can be cnlculat e d independen tl y. Tn s phL'r i c :l l 
uc l ei the dipole .Jnd spin-d ipole 1- t~L.1te c1H'rgi V'i :ITl' II n l i ce

ably separ.'1te d a nd in t hi~ pape r we trent Ull' m Illi i nd (',w nd l'nt . 
To study t he fragme n tation o r c hnrgc- t'Xl' II ;II1j'.I· phl,lI lnn" , 1 i ke 

in / 32/ we use th e wave fu nction H [ an Cllld ndd 11111 1" /", i n tilE' 
foll ow i ng [orm: 

1v + . )., I i I 1 " 
IJMII > =( }'R ._ 11 JM' + .L p" (.lv)lU'I , 11'1 I J~l I i 

k A ", . " "2 12 "I I "" .. 
"I I J "2 ' 2 

where I > is t he ground stat e wave funcli ('Il l 01' :1 ,k ill" I Y l've n 
nuc l eu s ( pho non v acumn) ; nl Mk .lnd QXJLi art' 1: 111' I FI':lti 1_111 tl pc ra 
tors o f n eu t ron- prot on a nd u sua l ph onons. tiRiI11', I h l ~ V:ll iationa l 
pr i nc i ple we ge t the secular e quation 

a (1/ v ) = 0 (2 ) 

the exp l i c i t f o r m of which is given in /32 /. 

The st ren g th functions for coherent transilio ll f> j 111 111 t llfJ 


state s I > to t hose des cribed by t he wave Eunel ion ( 1) ,lr 


I. (- 1) " tit ' A $ (±) 

J.17) =.!... lm ~, ~' mH .(1/+ 1 )$ (;!- JIt
b(±) T1 _ 2 JIt 

( 3 ) 

j' (1/ + i A)
2 

where mkk , a re t he min ors o f determin ant (2), ~i~ is the tran
s 1tw n amp l i t ud e of mult i polarity). and pa r ity (_ I) L from the 
ground state o f the target-nucleus ~o' Zo to t h e one-phonon sta
tes of t he nucleus No- I , Z o + I ; 41ft is t he t ransit i on ampli tude 
to the s t a t e s o f the nucl eus No +1, Zo -). Their e xp l i c it f orm 
can a l so be found i n 132/ . 

3. RESULTS AND DI SCUSSION 

The Saxon-Wood s po t e n ti a l pa r ameter s , t he pai ring consl.rn 
a nd the chemical poten ti al f or t h e systems with closeJ slll'll ,s 

2 

are t he same as in/32~ he i s ovec to r nstan t of the spin-dipo
1e interact i on i s 

01 

K 1 23
1A MeV 

/( 1 
<r'" > A<r2 > • fm 2 (ll ) 

h OI 23 V ' h 11 ' .were K I = - A Me 1S t e Gamow-Te er InteractIon constant. 

The two-phonon par t o f t h e wave function (I ) i nC; j ¥?e.c; the saml' 
mult ipole and spin - mu l t ipol e phonoDs as in ref.' _ 

The r es u l t s o f the RPA ca l cu l a tions and of t h e I r a gmenlation 
of ,charge-exc hange s p in-d ipo l e pn ( proton- nr:>ut r on ho l e) sta t es 
with A" ~ 0-, 1- and 2- are s h own i n fi gs . 1-5 and tab l es 1-6 . 
The e xc itat ion energies, g i ven i n t he f i gu r es and t ables, are 
reckoned fr om t he ground s tate s o f douh l y even nuclei . Ta b l e 1 
:on t ains t he a vera ge va l ues o f the exc i ta l ion energy o f spin
dipo l e s t ates c a l c u l a t ed i n the RPA and by formu l a (3 ) (denoted 
by n+ 1 Q In+ ). The energies a re given for t he statc-s wi t h 
t he definit e spin and f or to t a l t r ansi t io ns wi t h aL = I . Til

a s t co l umn of t h e t ab l e c ontains the experimental ave r age va
l ue s of t he energy o f t.L = I s t ate s 12 ' . Tn LI d s case , since un 
=ertain t y of the exper imen t al data amounl s t o 1. 0 MpV, t he r 
i s a greeme n t be tween these and our ca l cu ln t i ons . The quasi
par ticle-phonon inte r ac t ion doe s no t lead to considerabl e 
cha nge s in compa r ison wi th t he RPA ca l cu la t ions . 

Now we p r oceed to d iscus s brief l y the results o f c a l c ula
t i ons o f t h e fr a gmen t a t ion of charge- exchange spi n- d i po l e 
s tates f o r severa l spherica l nuc l e i . As is seen f r om fig . I and 
tabl e 2, t he RPA c a lcu l a t i ons f o r 90 Zr prov id e th e foll owi ng 
st r engt h distr i bution : For A" = 0 - strength i s concent rated in 
One state a t 31 MeV, fo r A" = 1- at about 28 MeV, and for 2 
i t is di s tributed f rom 15 to 25 MeV. The quasiparticle-phonon 
in ter act i on resu l t s in a st r on g f ragmentation of one- phonon 
states . In th i s case the -ma i n part o f t he t ota l slrenRt h of 
spin-d ipo l e pn - t r ansi t ions i s i n the energy interval from 13 

o 3S MeV, a bou t 81 of the tota l strength is shi ft ed to the 
region above 35 MeV. 

The d a t a on the spin- d ipo l e pn strength d i stribution on 
J20Sn and 124Sn are re presented in f i gs. 2,3 and i n ta bles 3,4. 
The quasiparticle-phonon interac t ion leads t o a considerable 
r edistribu t ion of sLrength within t he energ~ interval of 10
30 MeV. About 101 of the tota l strength in 20Sn and 12% in 124Sn 
are sh ifted to t he energy region above JO "leV . About 3% of 
s t rength in IH Sn is l owed below 5 MeV . Host probab l y, the 1n

3 
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fluence of low-lying 2- states in124Sb is e s sential.A similar 
s i tuation i s observed in 124Te ( f i g. 4 and table 5) . The exci t a
ti on energy r egion above 30 MeV r eceives 10% of pn t r a ns1 t 1on 
str ength and about 2% i s shifted i nto the region bel ow 5 MeV 

1 24 1 ( \ " - ) 20B p b ( .and t o the ground sta te of = 2 . In f1. g . 5 and A 

tab l e 6) t he i nfluence of two- phonon component s of t he l.ave 
f unct i on leads t o a considerab l e r edis t r i but ion of transi t i on 
s t reng t h within t he i n t erval of 20- 30 MeV, 25% of t he tota l 
t ransition s trengt h being shift ed t o t he ene r gy r e gion above 
30 MeV . App roxima t ely 1% of the t ot a l s t rengt h is bel ow 5 MeV. 

The ca lculat i ons show that the quasiparticle-phonon inte
r ac t ion l eads to the formation of widths of spin-dipo l e char
ge- exchange res onances i n spherica l nuclei, the mnin par t of 
the t ransit ion s t rength (from 60 to 75%) is in the r;l!IgC' from 
15 t o 25 HeV (from 15 t o 30 HeV i n 90Zr ). From 10 t o 25% of 
s treng th is a t energies l arf.er t han )0 MeV, and ahOUL lOr. 
below 15 MeV. I n 124 Sn and 1 4Te t h i s part of stTen~.t" i s r a the r 
l ow due to t h e influence of lOW-l y ing 2- states in odd-odd nuc
lei. The total mi ss i ng of t he spin-d i pole t ransi lion sl "ength 
f r om t he maximum regi~n . is b(ll ?) ' 5 t i mes less thnn j n I he ~ase 
of Gamow-Te l l er trans~tl0ns - . It should be not(' d t lI lit In 
spherical nuclei with open shells the strength diRlri hll t lon is 
the same as i n the nucle i with one open s hell. Thus, Io/ lthin 
the quasipar t i c le-phonon nuclear mode l with t he use u( central 
separ able r e s i dual fo r ces ,one succeeds in describing corr ec tly 
the cen troid energie s of spin-dipol e s tates of tht> po -type 
and their widths . 

According to our calcula t ions with the wave function ( I ) , 
onl y ( 10-25) % of the spin-dipole str ength is s hif t ed above 
30 MeV due to the quasipart icle-phonon interaction. For th 
ca lculation of strength dis tribut i on of cha rge-exchange states, 
it is de sirable to i mprove the description of the f r agmenta tion 
of neutron-proton one-phonon states . A new method for a mor e ac 
curate description of the fragmentat ion of one- phonon state s 
f ormi nr, giant resonances has been deve loped in / 34 / . The me t hod 
consist i n that the one-phonon states a lready f ragmented ar e 
used in the t wo-phonon part of the wave function (I ) . I n t his 
cas e one may expect the fragmentation of charge-exchange one
phonon states to be stronger in comparison with the pres ent 
calculations. 
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