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Пономарев В.Ю. я яр. Е 4 - I 2 0 9 3 
Влияние двухфононных примесей на свойства Ml - резонанса 
в сферических ядрах 

Рассчитана силовая функция Ml -переходов в большом числе 
сферических ядер из интервала мяссоього числа 60iAv]40. Учитыва
лось взаимодействие одно- и двухфононных состояний. Результаты 
сравниваются с экспериментом. 

Работа выполнена в Лаборатории теоретической фишки ОИЯП. 

Препринт Объединенного института ядерных исследований. Дубна 1979 

Ponomarev VJu. et e l . E 4 - 1 2 0 9 3 
Influence of the Two-Phonon Admixture on the 
Ml - R e s o n a n c e in Spher ical Nuclei 

The influence of the hvo-phonon admixtures on the Ml - r e -
j . trice in spher ica l nuclei with mass numbers 60 < A < 140 is 
! ' .died. The calculations a r e performed within the quas ipar t ic le-
• , , 'Onon nuclear model with factorized rnultipole and spin-rnuitipole 

; л-ces. In nuclei with the numhor of neu t rons 50,82 the role of 
.he two-phonon admixtures is insianificant whereas in other 
nuclei especial ly in those vith s t rong pairing in the proton ernd 
neutron schemes it is significant. T h e radiat ive s t renath functions 

; a r e calculated at the neutron binding energy . The resul ts a r e 
! corrr-^ered with the experimental da ta and calculat ions of other 
j au thors . 

I The investigation h a s been performed at the Laboratory 
I of Theoretical Phys ics , JINR. 
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At present it is generally accepted that the interaction 
with the two-phonon states is important for the formation 
of the giant resonance structure in medium and heavy 
spherical nuclei, which, in particular, determines their 
w i d t h ' 1 - 5 / . However the quantitative calculations of these 
effects are possible within rather simple nuclear models 
only and were performed for a small number of nuclei. 
The doubly magic nuclei, were calculated within the theory 
of finite Fe rmi - sys tems / 3 ' 4 ' . In nuclei with strong pairing 
the calculations have been performed within the quasi -
particle-phonon mode! ' 1 ' r , / . T h e latter papers have mainly 
investigated the electric resonances. The calculation of the 
Ml -resonances in the Ba , 1 4 0 C e , 1 2 6 T e / o / isotopes 
were aimed at studying the Ml -radiative strength func
tions in these nuclei. The influence of the two-phonon ad
mixtures on the N:. -resonance itself has not been studied. 
The study of this problem for many nuclei is of great in
terest, especially as the simplicity of the Ml-resonance 
structure and its relatively low excitation energy allow one 
to m?ke calculations with minimal computational simpli
fications. The interest to this problem is simulated also 
by the recent experimental data on the Ml-resonance (more 
likely, on the absence of it) obtained in Darmstadt ' 1 ' . In 
the precise experiments on the scattering of slow electrons 
on nuclei performed by this group, 60% of strength of the 
Ml -transitions predicted by the shell model has been 
detected in 5 8Ni о п 1 У- Т п е М.1 -resonance has not been 
detected neither in 9"Zr nor in 2 0 8 P b though its existence 
was thought to be determined. At the same time all the cal
culations within the RPA (see, for instance, refsV 4 - 8, э - n / 
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predict the existence of the Ml-resonance. A sharp weaken
ing of the resonance Ml-transitions as compared to the 
theoretical values obtained within the RPA is caused 
perhaps by two reasons. The first one is the interaction 
with more complex configurations primarily with the two-
phonon ones, which may result in the spreading of strength 
of the Ml -transitions over a considerable excitation 
energy interval. The second one, expressed in ref. : , is 
a possible decrease of effective gyromagnetic factors g£ f f 

with increasing mass number A; this will result in the 
predominant suppression of the Ml-resonance in heavy 
nuclei. The influence of the continuous spectrum at the 
excitation energies of the Ml-resonance cannot be essen
tial. 

The energy and Ml -resonance excitation probabilities 
have been calculated for the 5 f i- 6 0Ni , 9 0 Zr , n 8 - 1 2 0 S n , 
124, i 2 6 T e t i 38 B a a n ( i i-*°ce nuclei. The calculations have 
been performed within the semimicroscopic quasiparticle-
phonon nuclear model which has been thoroughly investigated 
in p a p e r ' 1 2 ' . In the model wave function of the 1 * state 
the one- and two-phonon components have been taken into 
account 

4» (JM) = l2R l,(Ji)Q n.,+ 2 P^rMlQ? .Qx . I,. ПО , (1) v i J M l A,A2

 A I ' I V l » 1 А2Й2'2 JM 
i,i 2" 

where Qt . is the phonon creation operator with the an
gular momentum A, its projection \i and number i ; 
10 > is the wave function of the ground state of a doubly 
even nucleus (phonon vacuum). To find the energies of the 

A „ i 0 

states Ч̂СЛМ) and coefficients R^(Ji) and P A V (Jv) it is 
necessary to solve complicated nonlinear equations (see, 
for instance, ref . ' 1 3 ' ). However, as in papers'' l< s<6' we 
decided to calculate directly the Ml -transition strength 
functions b(Ml, TJ) 

b(Mi,,) = - L s A — _ вой. oE

+

> s. - С ) . (2) 

Here 
(т,-^) + Л=74 R , s -

B(M1,0 + -. 1 + ) = | 2 R (Ji)<0|?Ii(Ml)Q+ | 0 > | 2 , 
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The matrix element of the magnetic dipole moment opera
tor between the ground and i -th one-phonon 1 + -state of 
nucleus is calculated in the RPA. It has already been 
shown / ' > 1 2 / that MMl.q) can be calculated directly without 
solving complicated equations. 

The Hamiltonian of the quasiparticle-phonon nuclear 
model includes besides the average field chosen in the 
form of the Saxon-Woods potential, the superconducting 
pairing interaction and the so-called long-range forces 
which generate in the nucleus the phonon excitations. These 
forces are chosen in the factorized form, which allows 
one to simplify the calculations essentially. The phonons 
with I, тт = А,(-1) л are generated by the multipole forces 
whereas the phonons with I. тг - А,(-1) л + ' by the spin-multi
pole forces. The parameters of the single-particle potential 
chosen on the basis of the results of r e f s / 1 , are given 
in Table 1. The single-particle energies, wave functions 
and matrix elements of the multipole and spin-multipole 
operators are calculated by using the code REDMEL which 
realizes the numerical method of solving the spherically 
symmetrical Schrodinger equation suggested in paper ' v . 

Table 1 
Parameters of the Saxon-Woods Potential and Pairing 

Interaction Constants 

A * ,Z f.Jm. А Ы 3t /M2 ai A . ' ' £*,» M t l / 

59 
1-31 
Z-27 

1.31 
1.24 

46.2 
53.7 

0.413 
0.308 

1.613 
1.587 

0.280 
0.302 

91 
Ж-53 
Z-39 

1.29 
1.24 

44.7 
56.9 

0.413 
0.338 

1.613 
1.587 

0.168 
0.194 

121 
• -71 
Z-51 

1.28 
1.24 

43.2 
59.9 

0.413 
0.346 

1.613 
1.587 

0.122 
0.136 

127 
M-73 
Z-53 

1.28 
1.24 

43.4 
59.7 

0.413 
0.350 

1.613 
1.587 

0.124 
0.130 

H I 
1-63 
Z-59 

1.27 
1.24 

46.0 
57.7 

0.413 
0.349 

1.613 
1.587 

0.116 
0.122 
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As a result the single-particle spectra used differ from 
those obtained earlier in paper ' I f i / by using the semi-
analytic way of solving the Schrodinger equat ion/ , ? / . A new 
spectrum has a larger density of the single-particle levels 
and the wave functions of the quasi-stationary states have 
a correct asymptotic form what is more important. The 
constants of the pairing forces GN , G z have been deter
mined by a usual procedure from the experimental values 
of the pairing energies. The values of GN „ are also 
given in Table 1. It is more difficult to choose the constants 
of the long-range forces, the isoscalar and isovector ones. 
For the dipole forces they have been determined from the 
position of the giant dipole resonance in each nucleus and 
from the condition wj, =0, this allows one to exclude with 
good accuracy the influence of a spurious state which is 
caused by the breaking of the translational invariance^ 1 9^ 
The constants of the quadrupole and octupole interactions 
are chosen so as to fit the theoretical values of the 2 | and 
37 level energies to the experimental ones. The theore
tical energies have been calculated taking into account 
the admixture of the two-phonon components to their struc
t u r e / ' 6 / . The values of the multipole constants A>3 are 
chosen to be less by an order of 1.5 than in monograph/ 2 0 / 
At these values of the constants the low-lying collective 
states with A > 3 do not appear. The isovector constants 
KJW have been calculated by the isoscalar * ( Л ) ones using 
the relation: ° 

*!A) = -* i A > x 0.2(2A + 3). (3) 

The relation (3) is a renormalized version of formula 
(6.12*7) from the monograph/ 2 0 / . It provides such a value 
of the isovector quadrupole constants к | 2 ) that the posi
tion of the E2-resonance with T=l coincides with the ex
perimental one ; this value is close also to the estimates 
of the hyrirodynamic model. The value of the constants of 
the spin-spin interaction has been studied in paper ' г ' . 
It has been obtained that the values 

KQ = 0 , Kj = -4**28/A MeV (4) 
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provide the position of the Ml-resonance in the RPA, 
which is in agreement with a s c a r c e experimental data. 
This value of the constants ag rees with the data of the 
Copenhagen g r o u p 2 1 ' . Alongside with (4) in some nuclei 
the calculations have been performed for other values of 
к0 , \, . For the spin-mult i pole forces with A 1 , we 
Hssume 

« ( Л> = 0 KW = - 4 * \ 2 8 MeV x f m - - ' ^ 2 . 
<> > A < r A - ] - 2 

The value of the effective gyromagnetic factors were taken 
from p a p e r ' 8 : К = оя*»" • к|? - 0. sj? = 1.0. For the pa ra 
meter Л we took the value of 0.1 MeV. Such a value of Л 
allows one to distinguish between individual s ta tes with 
large value ofB(Ml)and does not resu l t in additional broa-
denning of the Ml-resonance. 

Since the one-phonon excitations can be collective and 
two-quasipart icle , the two-phonon par t of the wave func
tion (1) may include the components violating the Pauli 
principle. To weaken this effect an additional requirement 
was imposed on the two-phonon par t of the wave function 
(1). that is one of thephonons G! * or G! should 

l 'Vl 2'V2 
necessar i ly be collective. Of course , this method is not 
consistent, but a consistent consideration of the Pauli pr in
ciple complicates strongly the problem. 

According to the influence of the two-phonon admixtures 
on the Ml - resonance the nuclei studied a r e divided into 
two groups: The f irst group includes the nuclei with magic 
number of neutrons in which the influence of the quas i -
particle-phonon interaction on the Ml-resonance is weak; 
the second group includes all the r e s t nuclei ( Ni , Sn , 
Те ) where it influences strongly the distribution of strength 
of the Ml- t ransi t ions in the resonance region. The f irst 
group includes 9 0 Zr, the resonance of which has been 
studied by many a u t h o r s / 4 ' R > 1 0 / / . W e shall begin to d iscuss our 
resu l t s with this nucleus. Figure 1 shows the resu l t s 
of our calculations of the Ml - resonance in the RPA (a)-c)) 
and of other authors Z 4 , ' 0 / / (d)-f)). Our calculations a r e 
given for three values of the constant KQ •. a) « 0 = 0 ; 
D)K 0 =0.r>Kj ; c) « 0=0.9«j.With increasing |к | the s ta tes 
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with larger values of В (Ml) become close to each other; 
this is mainly due to the increasing excitation energy of 
the lowest state. The calculations shown in Fig. ld)-f) 
are performed within the theory of finite Fermi-systems. 
Figure Id) is taken from paper '*' which did not consider 
the pairing interaction in the proton system. Therefore, 
the Ml-resonance comprises only one neutron particle-
hole state l g 7 / 2 - l g 9 / 2

T n e other two figures (1 ejand If)) show 

B(M1)f>i2 
10 a) 
5 

1 i J _ 

iB(M%i! 

JO 

5 

10 

b) 

c) 

e) 

f) 

10 15 10 15 
tMeV 

Fig. 1. The Ml-resonance in y uZr in the RPA. Our calcu 90,, 

lations with the effective spin-spin-forces : - 2 8 X 4 J T / A MeV 
a)Ko = ° ; b)Ko =0.Ьк1 ; с~)к.0 = 0.9K J ; Calculations by the 
theory of finite Fermi-systems: ayref.'*' ; e)-f) refj9' . 

the results of paper / i o / for two values of factor (dn/df,, )" 
entering into the expression for the effective particle-hole 
interaction. We give these results in order to show that 
different semimicroseopic models in the RPA give s i 
milar results for the Ml-resonance at a certain choice 
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of the strength parameters. The total probability of the 
Ml -resonance excitation differs in various papers mainly 
due to different values of g'" The interaction with the two-
phonon states influences the Ml-resonance in 9 0 Zr 
slightly. As it is seen from Fig. 2a) which shows the func
tion h(Ml, //) in 9 0 Zi for ,< 0.9/,,.the region of location 
of the Ml-resonance is the same with the mean energy 
being somewhat lower. In the calculations by the theory 
of finite Fe rmi - sys t ems ! % : {fig. 2b) the two-phonon 
states influence the Ml-resonance stronger. The only 
1' state obtained in the RPA (fig. Id) spread into three 
states which are located in the interval \K= 2.5 MeV; 
besides there appeared a weak state with E 15.5 MeV. 
However we should like to mention that the "final" form 
of the Ml-resonance in paper ' and in our calculations 
is almost the same. Thus, neither our results nor the 

x-
20 

10 

10 

ЫМЦгМ; /MeV 

J. 

90zi 
a) 

VL 
B I M I I ) ^ 

b) 

10 15 E,MeV 
Fig. 2. The Ml-resonance in Zr taking into account the 
interaction with the two-phonon states: a) our calcula
tions; b) calculations of paper'*'. 



results of p a p e r ' 4 / cannot explain by the interaction with 
the two-phonon configurations the "disappearance" of 
a large portion of strength of the Ml-transitions in 9 0 Zr 
which was observed in ref. ' 7 / / . In other nuclei with magic 
number of neutrons the influence of the two-phonon ad
mixtures on the structure of the Ml-resonanee is negli
gible too. 

Rather reliable experimental data on the Ml-resonance 
exist for the r > , !Ni nucleus Z 2 2 / . In the experiments on the 
inelastic scattering of electrons in this nucleus there were 
observed two groups of states with the excitation energies 
from 6.0 to 8.5 MeV (S. B(M1) t = 2.7,^ ) and from 9.8 to 
11 MeV (2 3(Ml)t-5.7^).It if confirmed that they are the 
levels with I я = l 4 , though the group with lower excitation 
energy perhaps comprises the l 4 and 2~ levels. The 
calculations of the Ml-resonance in ' Ni with the iso-
vector spin-spin forces in the RPA (Fig. 3a), (see also 
ref. / / f l / ' ) predict the existence of one Г* level with «> =-
= 10 MeV and B(Ml)t = 10/, g (at g^ff - 0.8^*''' ). The in
clusion of the isoscalar spin-spin forces leads to the 
splitting of this state into two states spaced by the distance 
cf about 200 KeV (fig. 3c) and with the same total value of 
B(Ml)t .The interaction with the two-phonon states influ
ences strongly the Ml-resonance in ' Ni; this results 
in the spreading of strength of the only one-phonon state 
with a large value of В (Ml) in the interval Л Е- 2 MeV. 
The maximum of the function b(Ml, r/) is by 400 keV lower 
than the one-phonon 1 + state itself (Fig. 3a). The position 
of the maximum b(Ml. r/) is almost independent of U 0 |, as it 
can be seen from Fig. 3b), c), but the distribution of 
strength of the Ml-transitions in the resonance region 
changes noticeably. At the values of constants (4) the ma
ximum of b(Ml, 77) is by 600 keV lower than the experimen
tally observed group of 1 + -states with strong Ml-transi-
tions/22//. The total probability of excitation 2 B(Ml)t in the 
interval ДЕ = 1 MeV which is symmetric with respect to 
the maximum b(MllJ?) is 7.8/^. By renormalizing the con
stant к we can make the maximum b(m,TJ) coincide with 

the experimental energy. Figure 4a)-c) shows how the 
form of the Ml-resonance changes with increasing |к |(к0=л). 
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ЫМ1»д)м!/МеУ с о 
5 8 N i 

«MU)JJ* 

10 

юЕ,М# 
Fig. 3. The Ш-resonance in 5 8 Ni. The right part is the 
calculation in the RPA. The left part if the strength func
tion b(Ml, 77) taking into account the interaction with the 
two-phonon states. к1 =-28x4^/A MeV а) к 0 = 0, b) к 0 = 0.5*j, 
C)KO = 0 .9KJ . 
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b(M1l,q)> 

•30 . 

j*/MeV 
58 N j 

BIMIWJJ 

•8 

2 
N 

•20 J -6 

•4 10 Ал •2 

•30 •8 

: Xk, 
•6 

•U 

2 

•30 •8 

•20 i •6 

-4 

* .лА -2 

9 10 11 
• — i 

12 10 11 ̂ M teV 
Fig. 4. Ш-resonance m №. The right part is the calcula
tion in the RPA. The left partis the strength function b(Ml, ??) 
taking into account the interaction with the two-phonon 
states. «o = 0 а)к, =-37х4гг/А MeV, Ь)кл = -42х4тг/А MeV, с) к, = 
= -50х4т7/А MeV1. ' ' 
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The best agreement with the experimental excitation ener
gy is achieved at к} = -37 x 4n/AMeV.As it is seen from 
Fig. 4 the increase in \к \ results in increasing energy of 
the main peak of the Ml-resonance, but its amplitude 
decreases. As a result at the value к =-37х4п/А MeV in 
the interval AE - 1 MeV with the center at the maximum 
b(Ml, JJ) the sum value of B(M1) is 5.9/^ which is in good 
agreement with the experimental values. However, we 
fail to obtain the 1 + states in the region of 6-8 JlfeVwith 
the value of В (Ml) close to the experimental one at any 
values of к 0 and к, . The only one-phonon 1 + state in 
this region has В (Ml) = 0 . 5 ^ , and the interaction with the 
two-phonon states does not change this value. For the states 
in this region В (Ml) increases in heavier isotopes of Ni 
only; this is due to the strengthening of the Ml-transition 
from the two-quasiparticle neutron 1 state 2 P 3 / 2 ~ 2 p i / 2 
in these nuclei* . This result testifies to the assumption 
that the lower group of states in S 8Ni comprises mainly 
the states with V= 2~ . To make more profound conclusions 
it is necessary to study the spectrum of the 2~ states in 
this region of excitation energies. 

It is seen from Figs. 3a)-c) that the form of the Ml-
resonance in r ,8Ni changes depending on the ratio of the 
constants к and к • A more interesting situation occurs 
when in the one-phonon approximation the Ml-resonance 
is formed by several states "vith slightly different values 
of В (Ml). As an example Figs. 5a)-c) and Fig. 6 show the 
Ml -resonance in the l l 8 Sn and 1 й Т е nuclei. In H 8 S n 
the Ml-resonance is given for three values of к 
а)к 0=.о , b)« 0 = 0.5/< , с) к =0.9KJ With increasing \KQ\ the 
two strongest one-phonon V states become close to each 
other and at the same time В (Ml) decreases for the states 
with higher excitation energy (the right part of Fig. 5a)-c). 
The interaction with the two-phonon states leads to that 
two peaks approach each other very slowly, and the integral 
values of В (Ml) in them become close to each other. There 
occurs redistribution of strength of the Ml-transitions in 

* The state ( 2Pi/2- 2Ря/2 )i+ i n the Ni isotopes is at 
an energy of about 6.5 MeV, but beginning from the Ni 
isotope it becomes the particle-hole state; this is just 
the reason of strengthening of В (Ml). 
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b(M1l.q)pJ/MeV 
118 Sn 

a) 

A.. 

b) 

вт\р1 

j , M 

гб 

лл . / Ч -

с) 

\2 

_^А__ -J..J 
oFMeV 

jp'ig-. 5. Ml -resonance in ' 1 H Sn. 77?f rigW / m t /s the cal
culation in the EPA. The left pari is the strength function 
у (Ml, 7/) taking into account the interaction with the two-
phonon states к --28x4,T./A-MeV а)* 0,Ь)к 0.5* , с)к = О.Ок . 

the region of about 1.5 M«?Voccupied by the Ml-resonance. 
in 2 4 Те (Fig". 6) the Ml-resonance in the RPA are repre
sented by three 1^ states with almost equal B(M1). The two-
phonon admixtures influence mainly the states with larger 
excitation energy, which are fragmented strongly. The 
corresponding strength of tht Ml -transitions is spread 
in the interval of more than 2 MeV. The state at an energy 
of 7 MeV almost does not change neither its position nor 
the value of В (Ml) . This is perhaps due to a larger density 
of the two-phonon l 4 states at an energy of about 10 MeV. 
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b(MHq)>j*/MeV B(M1t)^J 

^ M e V 

Fig. 6. Ml-resonance in 1 2 4 T e . The right part is the cal
culation in the RPA. The left part is the strength Junc
tion b(Ml, 77) taking into account the interaction with 
the two-phonon states /̂  = 0, Kj = -28x4n-/A MeV . 

One more source of information about the distribution 
of strength of the Ml -transitions in nuclear spectra is 
the radiative strength function к (Ml). At the energies close 
to the neutron binding energy Bn the value of к (Ml) is 
obtained from the data on the (n,y) and (y, n) reactions. 
At other energies it is determined from the inelastic 
scattering of у -quanta on nuclei. It is true that in the 
(у, у') reaction the values of к (Ml) are overestimated in 
comparison with the (n, y) and (y, n) data; this is caused 
by the mechanism of inelastic scattering of у -quanta in 
nuclei, which separates the 1 + states with the largest 
values of B(M1) in a narrow energy region. Systematics 
of the experimental data on к (Ml) in different n u c l e i ' 2 3 ' 
gives an average value of <k(Ml)>K(15-20)xlO _ 9AfeV~ 3; 
however, it exceeds greatly the single-particle values. 
It was assumed that a sharp increase in к (Ml) in nuclei 
with A» 140'24> 2 5 ' observed experimentally is due to the 
proximity of the Ml-resonance to Bn in these nuclei. 
This assumption was verified by the theoretical calcula
tions within the quasiparticle-phonon nuclear model / 6 Л 
It should be noted that a consistent microscopic calculation 
of к (Ml) in spherical nuclei is possible if the fragmentation 
of the one-phonon states over the two-phonon ones is taken 
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into account because of the small density of one-phonon 
1 + levels and large differences in value of B(Ml)among 
them. 

With the known strength function of the Ml-transitions 
b(Ml, 7?), the value of <k(Ml)> can easily be calculated by 
the following formulae: 

<k(Ml)> = I Г (Ml, n„)/E4, \E 

IvfAK. 2 
2 Г (Ml, 7?) = 3.76 x NT 3 f r^bfMl. ;,) ib; (eV) , 

i-Q\K Y(s v K-\l' 2 

where П, is in eV, E r and ЛЕ in MeV. The calculated 
values for most of the Nuclei studied are given in Table 2. 
The calculations have been performed with к ( calculated 
by (4) for three values of * 0 : * 0 = 0 ; KQ = о.Я* ( ; KQ = o.o* {. 
The averaging interval Л Е = 1 MeV (the discussion of the 
dependence of results on Л E is given in ref.' f > ). For 
those nuclei which have no experimental data (a majority 
of them), we give the values of <k(Ml)>at Bn . We should 
like to point the difference of our results and those of 
r e f / 6 / for 1 4 0 Ce and 1 3 8 Ba. This difference is caused 
by a slight difference in the single-particle schemes and 
superfluid parameters. In I W C e the Ml-resonance is 
slightly fragmented but at the same time it is very close 
to В . Thus a slight change of its position towards Bn r e 
sults'1 in a considerable change of <k(Ml)>.So, at * 0 =- n the 
center of mass of the Ml-resonance in this nucleus is at 
an energy of 8.4 MeV (the experimental value is 8.7 MeV^2f,\ 
and therefore the value of<k(Ml)> is too low in contrast 
with experiment. The increasing \«Q I leads to the increase 
in the resonance energy and in <k(Ml)>. The same is in 
1 4 0 Ce with increasing |к | . The experimental and theo
retical values of the resonance energy coincide at к | = 

= -34xWA MeV and <k(Ml)>= 25. HT9MeV~?It should be noted 
that the value of В (Ml) for the Ml-resonance in 1 4 0 Ce is 
smaller in our paper than the experimental one (the latter 
is known with an accuracy of about 50%/ 2 f*j; this causes 
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Table 2 
Ml-Radiative Strength Functions 

Nuclei E^ т П • о г у 
НеГ Kxper. % -0 X.0.5JT, ,£-0.9,*, 

4.5 2.6 9.5 
8.9 9.5 17.в 
18.2 14.9 11.3 

39 3.0 18.0 24.0 
30 22 15 

90+35 44 37 5.6 
37 7.7 35 31 

the low value of <к(МША high experimental value of к (Ml) 
at the energy 7.915 MeV in~ 2 f i Te is obviously due to the 
fact that it is obtained in the (у, у') reaction / 2 7 /By in
creasing |*, | in this nucleus, we cannot essentially change 
the theoretical value of < к (Ml)> which is determined mainly 
by the distribution of strength of the Ml-transitions in the 
resonance region with width of about 2 MeV. Though the 
energies of the Ml-resonance and the values of Bn in the 
Sn and Те isotopes are almost the same, the value of 
the radiative strength function is less in the Sn isotopes. 
The reason of this is a weak fragmentation of the Ml-reso-
nance in the tin isotopes. Since in the 5 8 - 6 0 N i and 9 0 Zr 
nuclei the Ml-resonance is by 2-3 MeV lower than В , 
the values of <k(Ml)> at Bn are small and we did not give 
them in Table 2. 

The results of this paper demonstrate that in many 
nuclei the two-phonon admixtures influence greatly the 
distribution of the Ml-transitions in the region of the mag
netic dipole resonance although this influence is not strong, 
and we cannot speak about the "disappearance" of the r e 
sonance. Though very simple the separable spin-spin 
interaction at a certain choice of constants allows one to 
describe fairly well the experimental data. A weak point 

118, 
120, 
124 

Sn 

126, 

'3b 
Те 
'Та 

^ в в . 
НО, 'Се 

9.33 
9.11 
9.41 
7.915 
9.09 
8.54 

9.1 
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of these calculations and of all model calculations with 
effective forces is the uncertainty of the parameters 
(strength constants, effective charges and so on). So, 
for the constants of the isovector spin-spin forces one 
should obviously use the value к =~35х4тг/ A MeV in cont
rast with that of paper / 8 / (see formula (4)) obtained in 
the RPA. In fact uncertain is the choice of KQ . The values 
of the effective gyromagnetic factors allow one to describe 
В (Ml) well in 5 % i , but i n , 4 0 C e we have obtained too low 
values for B(M1) (the same in other p a p e r s / 9 , 1 0 / ). A very 
large experimental value of B(M1) for th'j Ml-resonance in 
1 4 0 Ce (in theoretical calculations it is reproduced under 
the assumption that g^' f = g ' r e only) contradicts the as 
sumption of paper / 7 ' about the reduction of effective 
g s factors with increasing A. The calculation of the radia
tive strength functions with the same parameters as for 
the Ml-resonances, gives a satisfactory agreement with 
experiment. It should be pointed once more that for these 
quantities the consideration ofthe influence ofthe two-phonon 
states is of great importance. 

The authors are very indebted to Professor V.G.So-
loviev for constant interest in this paper, the discussion 
of the results and valuable remarks. 
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