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The inelastic electron scattering is one of the traditional
tools for studying the excited states of atomic nuclei. In re-
cent years the increasing availability of the experimental
technique made it possible with the help of the (e e’} -scat-
tering to obtain many new, interesting data on the giant re-
sonances - collective nuclear excitations in the continuous
spectrum regionﬂ’hgiln the present paper we dwell upon the
data on the resonances of magnetic type only - dipole and quad-
rupole resonance.

When the first data on the magnetic quadrupole resomance
have appeared in 1975—1976/&4ﬁthe existence of the M1 resonance
was thought to be practically established. Being a natural con-
sequence of the simplest ideas based on the shell nuclear mo-
del, the M1l resonance was predicted in many theoretical papers
All the theoretical calculations with different effective in-
tranuclear NN -interactions, with the so-called "realistic"
NN -forces, within the RPA and taking into account interac-—
tions with the 2p—2h (or two-phonon) configurations confirmed
the existence of 2-3 states with L"=1% and a large value of
B(M1)* in medium and heavy atomic nuclei at excitation ener-—
gies E,=6 <10 MeV. However, the total Ml tramsition strength
predicted theoretically for the concrete nuclei varied strong-—
ly. For instance, in 298ph various authors obtained for X B(MI)
the values from 17u¥ to 50#3/5/

The theoretical results seemed to agree with the experimen-
tal dataf4£°uVLHowever,these data were scarce and not always
reliable.They mainly referred to 298Ph in which IB(MDwas equ-
al to 67u% for all the states observed with any degree of re-
liability in the experiments performed until 1977/%. There were
consistent data on the (e,e¥-and {y,nyrmeasurements in 1400d 1844
reliable data on the Mi resonance in °®Ni obtained in the (e,e")-
scattering by Lindgren et al.”’%.

However in 1977-1978 the situation began to change owing
to the new results of precise experiments on the inelastic
scattering of slow electrons at large angles’1L12/ and to the
{y,n) -experiments with high resolution/!34Those data stimula-
ted experimenters and theoreticians to reconsider the traditio-
nal views on the Ml resonance.

The critical analysis of the experimental data, performed
by Raman and reported at the III International symposium on
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Fig.l. A spectrum obtained in the 208Pb(e,e)reaction
with high resolution. Pronounced peaks at E; =8 MeV
are the 2 —states (upper part). Strong M1 states

in ®98Pb, as they are calculated by Brown et al./1%/
(middle part). Calculations of the M1 states in ~°%Py
within the MSI-model taking into account the interac-—
tion of 1p-1h and 2p-8h states and quenched g_s-factors'/g../

neutron capture y-ray spectroscopy (Brookhaven 1978)/9/,has
shown that the sum Ml transition strength 47.5;;20 has been
observed in ?°8Pb but the experimental data on the |- states
with EB(MI) =30.64f  were doubtful. Further investigations
worsened the situation. Richter et al”®'® have observed in
208 Pb pome 1*-levels with  B(MD) >2u % . (the experimental_ de-
tection limit). In the upper part of fig.l (from paper' 2/}
one can see a typical spectrum of scattered electrons, obtained
in these experiments (the group of strong peaks at E ;=8 MeV
are the levels with L™=2~). At present the existence of the
group of weak 1'-states only (Ey=7.5 MeV, ZBMI) =8:%in 205Pb
is well established and there are data on seve_n‘l+-1evels in
the interval AE, = 8.22%9,40 MeV (EB(MI):8.5M%)’/14/ s which
have not been specially verified. The data obtained by the
group of Richter for other nuclei are the following’/®%in 58Ni
60% of the expected Ml-strength is detected, in "0Zr - 10Z,

2



in 140Ce, as well as in 2%8Pb, the 1'-states have not been ob-
served. It is important to note that the detected 1'-levels
are very weak, 1.e., the experiment indicates a strong frag-
mentation of MI -strength. For instance, in 807, ten magnetic
dipole states with B(MI1)=0.2:0.3¢%and ZB(MI) .52.6;:3‘“5/ have
been identified more or less accurately in the excitation
energy interval 7.7<E,<9.8 MeV,

In the same 1978 year the theoreticians threw upon the
traditional picture of Ml-excitations in nuclei’ 187 Since
the interaction with complex configurations, turned out to be
insufficient to explain the absence of 1T-states with a large
B(M1) -value in nuclear excitation 5pectra"’17'13/. the most
natural explanation of the arisen experimental situation be-
came ipvalid. Brown and Speth have considered a cunning mecha-
nism of influence of complex configurations on the M1 -reso-
nance /1%16,19 T ghort it is the following. The single-par-
ticle and single-hole energies, extracted from the experimen-
tal data, can be reproduced in the calculations with the sta-
tical single-particle potential when the nucleon effective
mass m*coincides with the free nucleon mass (m*= m). However,
one should take into account that the experimentally observed

"levels are contracted due to the interaction of single—par-
ticle and vibrational degrees of freedom. This means that the
density of "bare" single-particle levels should be less (ac-
cording to the estimates it corresponds to m*=0.5+0.6 m).The
renormalization of the 1p and 1h energies, contributing to
the structure of different collective excitations, depends
on the properties of the last. According to the estimates of
Brown and Speth, the isovector part of Ml-strength should be
shifted towards higher excitation energies (E, 10 MeV). In
this case, due to a high density of 2p-2h states with L7=1*the
M1 -strength is strongly fragmented. There are no consistent
calculations in the framework of this approach, and all the
above cited numbers as well as the picture in the middle part
of fig.l’lg/are of a qualitative nature. However, the compari-
son of these provisional calculations with the results of the
(e,e”) -experiments’12’shows that the contradiction with expe-
riment remains.

We should have mentioned that the theoretical BMI) —values
depend stromgly on the value of spin gyromagnetic factors g*
entering the expression for nuclear current. The fact that
the predictions of various nuclear models about ZB(ML)in nuc-
lei differ considerably is in many respects due to the use of
different values of g*-factors. Therefore, no wonder that
the attempts to explaih "disappearance" of the Ml resonance
htas been accompanied by reconsideration of the value of this

3



T T T T T

Fig.2. Dependence of the

' ﬂ M2 - strength quenching factor -y=g:/g?;
08 L ] on the mass number A,
<} + +_ which has been obtained

from the analysis of the
041 { experimental data on M}
strength (middle part)

M2 strength ( upper part)
=~ and magnetic moments (lo-

s M1 - strength wer part).

-+ - + " "

081 h _
3 _

ET’QL | é + §i para@eter too, that.resul—
° ted in the hypothesis abo-
¥ ut "quenching" of g* -
2 et — 3 factors”/ 1%, s
o 1 7 Indeed, if one deter-
€ ggl| > i * knowing S B(MD
< 08| \,R o oy mines g%, knowing ex
5] o8 1 1y &  and 3BM } ex in each nucleus
S .. so that X B(ML) ., -—-ZB(ML)?l
2 04 L 1 then the value of y=g}/ g °®

- Magnetic moments will decrease with increas-
s 4 ing A (see fig.2, which is
20 60 100 140 180 220 takem from Tef7E). It is
seen from this figure that
Mass  number - for A=210, y=0.50.8, Ac-
cording to the data in the

lower part of the figure,
the same behaviour of y is seen from the analysis of nuclear

magnetic moments. It should be mentioned, however, that such
a reasoning is model-dependent to a great extent. We have al~
ready mentioned that the predictions of various theoretiecal
papers about EB(MD, in 08pp differ three times {1). The
same can be said about the WM2-strength and especially about
magnetic moments. For instance, in paper’/2! SB(M2) has been
calculated in 58Ni, 902!‘, 14006 and 208pp, A satisfactory ag-
reement with experiment has been obtained in all the nuclei
for one value of g%{=0.8g g'" (see the table). At the same time,
the magnetic moments in ©®INicalculated within the same ap-
proach coincide with the experimental ones at g‘."s=0.6+0.7g_§’3/22’.'.
Soon the attempts have been made for a more profound treat-
ment of the hypothesis about "quenching™ of g_‘;“ factors/22-24/
All of them tried to evaluate the influence of virtual exci-~
tations of the N-A -isobar in nuclear matter on the renormali-
zation of spin and spin-isospin ccomponents of the effective
nuclear forces and photon vertex. According to the calcula-
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= Table

Experimental’2% 1112/ ang theoretical’218¥ valyes

of the sum M2 strength for some spherical nuclei

58Ni 80 Zr 140 Ce . 208Pb
AE , ,MeV 6:8 8:10 7.5:10 6.1+8.4
BM2) uZFu? exp. 500 1100+100 6000+600 8500+750
BM2) uFm® theor. 700 1090 4500 9700

tions of the authors of the hypothesis on "quenching™/2%/ the
empirical dependence of y on A as well as the value of ¥
can be explained by the action of two factors, giving almost
the same contribution, - the polarization of nuclear core and
the above mentioned renormalization of the coupling =NN -
constant and photon vertex. The last two effects were calcula-
ted for an infinite nuclear matter and the estimated for fi-
nite nuclei were obtained by a qualitative extra yolatlon. The
calculations of Toki and Weise for finite nuclei’® though
confirm the decrease in y with increasing A, but give the
values y = 0.8:0.9 for A -150. It should be noted also that
according to the calculations“gs/y(2‘%>y(1'ﬁ. but this diffe-
rence is not large (<0.1)..In paper/24 the influence of the A -
isobar-hole excitations in nucleus has been estimated on the
basis of the representations on the nucleon and A-isobar
quark structure, For the Ml resonance the following result
has been obtalned: in ?98pb the M1 resonance energy is Ey=7 MeV
and X BM1) = 26;;

Thus, the present situation concerning the existence of
the M1 resonance in medium and heavy nuclei is highly uncer-
tain. First of all, we are obviously far from an adequate
theoretical understandlng of the properties of spin and spin-
isospin excitations of atomic nuclei. But there are problems
for the experiment. For instance, there is an evident discre-
pancy between the data of the e, @”)-and (y, n) -reaction con-
cerning the M1 resonance in !4%Ce.The available (y,n)-data
on the strengthening of the M1 radiative strength function
at the neutron binding energy in nuclei with A 140 have been
earlier interpreted as a result of the influence of the Ml re-
sonance, whose parameters were in agreement with the (e,e”) ~
experiments of Pitthan and Walcher:/7/, At present the |*-levels
with B(M1) >1x? (experimental detection limit) are not cobser-
ved in the inelastic electron scattering on 40Ce,  The data
of the {y, n) —experiments are not disproved. Moreover, quite
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recently Anantaraman et al/? a){'xave announced the M1 resonance
in the 90,92,947; isotopes, which has been observed in the
inelastic scattering of protons with E_ = 200 MeV at small
angles. The observed in the (p,p’)~reaction cross section peak
at an energy ofE ,=8.6:8.9 MeV with width I =1.5+1.7 MeV has
been assigned as the Ml resonance by the form of the angular
distribution (the theoretical calculation has been performed
within the DWBA). A similar peak in the forward (p.p”) —scatter-
ing cross section has been observed in %%Zr by Bertrand et al.’®%

The data on the M2 resocnance, -which have been compiled
since 1975, are more determined than on the M1 resonance.
The states with ,"=2~ have been observed in 658 Ni, 90Zr  140(Ce
and 208pp/2:4/18/ The excitation energy interval under study is
different in various nuclei but remains within '6.<Ex;<10 MeV,
The estimates for the sum value of the M2 ~-strength detected
in different nuclei are shown in the table. The form factors
of individual 27-levels are measured in PSNi, 204, -

it should be noted that the M2 resonance is cbserved just
at the same excitation energy as the levels with IF=1*More-
over, in M0Ce and 208Pb,with the largest concentration of the
M2 -strength, not a single 1*- state (at least with B(MI1) >
>1—'.-2p§ } has been observed in the (e, e”)experiments of Richter
et al, /3, There arises a question whether the M! resonance is
masked by the 27 ~states. To answer this question ome should
calculate in the .framework of the same model the’ M1 -and M2 -
excitation probabilities in the inelastic electron scattering.

Such calculations have been performed for 58Ni and 140Ce
within the quasiparticle-phonon nuclear model” 2% The model
Hamiltonian includes the average field for neutrons and pro-
tons (the Saxon-Woods potential), the pairing n-n and pp in-
teraction in the particle-particle channel and the effective
separable multipole and spin-multipole forces in the particle-
hole channel. The Hamiltonian parameters are chosen from' the
experimental data on the properties of the low-lying nuclear
excitations and giant resonances (see refs. “8’2”). In the
RPA the magnetic dipole and quadrupole states are generated
- by the isovector spin-multipole forces of the follewing form:

1 1 (1) > > >
Vatl =-2--K1 (rlrg)(alcrz),

g ,3 1 12} - . M . ,
Vor € R) = e Rdnyry = N5, @) 15,7, @),

AL _ _4mx28  MeV
1 A<t s m?A . _
It has been shown in papers’18:2}/, devoted to the study of
the distribution of Mi- and M2 -strengths in the spectra of
spherical nuclei with A > 50, that 2B(M2) for the magnetic quad-
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rupole resonance (see tha table) and the data on the M! radia-
tive strength functions are well described at the above values
of the constants and vy =0.8(g:"1‘ =glfree )/ 18,85/

The current transition densities p ,(f) contain the whole
information on the structure of anomalous parity states,which
is necessary for the calculation of the (e, e’)-scattering
cross section with excitation of these states. We have taken
into account only the magnetic and convection parts of nucle-
ar current, therefore p; (1) =pfy () +pL (N The expressions for
2Ty () are presented in ref./28/The current transition den-
sities py(f) for the one-phonon resonance 17— and 27~ states
in 99Zr ‘are showm in fig.3. We should like to note a specific
difference in the behaviour of P11 and pyo(r): the first have
the surface nature and the second have the volume nature.

Figure 4 exemplifies the one-phonon 1* and 2~ excitation
cross sections in **Ni, %Zr and *°Ce in the backward (e,e )
~scatterin§. The cross sections have been calculated within
the DWBA/3%/ . The results allow one to conclude that the contri-
bution of the 1% states to the sum cross section becomes less
with increasing A. This is caused by two factors: a) the num-
ber of the 1*-states is small and their excitation cross sec—
tions decrease with increasing A; b) the excitation cross sec-
tions of the one-phonon 27 -levels increase with increasing A;
moreover, the number 2 -levels also increases in heavy nuclei.
Therefore, the 1 -levels are hardly seen as compared to the
2"-levels in the (e, e’)-scattering on heavy nuclei /297,

The calculations in the RPA do not always allow an ade-
quate description of the experimental data. For instance, to
reproduce the picture of the M1 and M2 strength distribution
in %8Ni | which follows from the (e,e’) -scattering data ob-
tained by Lindgren et al.”% one should take into account the
interaction of onme- and two—phonon states’2YWithin the quasi-
particle-phonon nuclear model the influence of this interac-
tion on the (e, e’) —scattering cross section can be taken into
account by using the method of strength functions/28:3V,

The excited state wave function of a doubly even nucleus,
taking into account the one- and two-phonon states, has the
form

4

g Agig + n
=1 Q *
v, @AM 1‘§‘R1(LV)QLM1 * Mz"z PAIiI(I"V)[QMMH Agitg 12]LMN'0 )

where Criuiis the phonon é%é%tion operator with momentum, pro-—
jection LM and numberi; ¥y is the ground state wave func-
tion of a doubly even nucleus. Figure 5 shows the strength
functions describing the behaviour of the averaged over the
interval A = O.! MeV(ee”) -excitation probability of states
(2) withL"=1", 2~ as a function of the excitation emergy E,.
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In this case the 1*- and 2 -excitation wave functions have
the form (2}.

The comparison of figs.4 and 5 shows that the interaction
with the two-phonon states in °®Nl results in a notable frag~
mentation of M1 strength and in the lowering of a conside-
rable part of M2 strength to the excitation energy region
E; = 638 MeV. This result reproduces the picture which has been
obtained earlier/21 for the B(M1) and BM2) wvalues, a satis-
factory agreement with the experimental data being obtained
(see fig.6). Figure 6 exemplifies also the sum 17- and 27— ex-
citation cross sections in two excitation energy intervals AE..
The experimental points have been obtainred by summing over
all states in this interval AE,, which has been determined in
ref.’# as the I"-or 27-levels. According to ref, the inter-
val 9.3+11.2 MeV includes mainly the 1*-levels. Our calcula-
tions confirm this result. At E4 <50 MeV just the excited
1*-states allow one to.explain correctly the value of dz/dQ
in this interval. However, with increasing E, the contribution
to the sum cross section of 27-states becomes larger and domi-
nates at E;>60 MeV in both the intervals. The predeminance
of the 2 -excitation cross section over the 1 -excitation
cross section is clearly seen in the lower part of fig,5.

Thus, in °®Ni the (e,e) —~data are satisfactorily described
within the traditional representations of the structure and
properties of Mi-and M2 -excitations. At the same time the
calculations show that even in the nucleus with rather a large
1" ~excitation cross sectiom, which can be compared in value
with the 27-excitation cross section, one can hardly see the
1*-1evels among the 2 -levels at E,> 60 MeV. This problem is
much complicidted in heavy nuclei.

Now let us consider the sum experimental’® and theoreti-
cal’®%® £orn factors of the 1*- and 2 -states from the exci-
tation energy interval 7.5+10 MeV shown in fig.7 for 140Ge, The
interaction with the two-phonon states slightly influences the
M1 and M2 strength distribution in this nucleus’ 8% therefore
we cite the results of calculation in the RPA. We should like
to note that the strength parameters in these calculations
were calculated by formula (1) as for %8¥Ni, and the values of
g% -factors were not changed too. The absolute value of the
(e,e”) —scattering cross section in 40Ce agrees fairly well
with experiment as in 58Ni. The contribution of the 1*-levels
to the sum form factor is seen for even far less Ey than in
6 Ni. Note, that owing to this contribution, the sum form fac-
tor at E,<30 MeV decreases not so rapidly as the form factor
of the 2" ~states only; this fact describes the experimental
data better. Thus, we describe fairly well the experimental
data in 4%Ce within the usual representations.,

10
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Fig.7. Dependence of

(dﬁ/aﬂbﬁdGVaQ}HoTT the sum form factors
i of the (ee’)-excita-
16044 tion of the 1%-(dashed-

dotted lines) and 2 -
(das%ed lines) states
in 1%%e in the excita-
tion energy interval
7.5710 MeV on the
energy of electrons E,.
The solid lines are the
sum of the 17— and 27-
form factors. The expe-
rimental points are
from ref.’¥.

200 40 60 80 100 120E,,MeV

Based on the results presented in the second part of this
report, we can make the following conclusions. First, the qua-
siparticle-phonon nuclear model allows one to describe fairly
well the (e,e’)-data in %®Ni and !%0Ce without additional as-
sumptions about "quenching" of g, -factors with increasing A
or shift of the M! resonance. Second, these calculations show
that in heavy nuclei the 17-states can hardly be seen among the
2 -excitations, since their excitation cross sectioms can be
compared at smallEg =20+30 MeV only. Therefore, the conclu-
sions about the "disappearance'" of the Ml resonance seem to
us premature. To solve this problem, ome should find a nuclear
process with a predominant excitation of the 1*T-levels, which
could be clearly seen among other states. Perhaps, the (pp”) -
scattering at small angles”/26:2Y pogsesses such a selectivity.

The authors are indebted to Prof. V.G. Soloviev for inte-
xest in this paper and help, to V.V.Voronov and V.M.Shilov for
useful discussions and consultations.
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JsreKTPOBO36YRIE e MATHMTHLIX PE30HAHCOP CHEepHYECKHX Anep

llan cf3op COBPEMEHHOrO COCTOAHHA NPOGIEeMB MATHHTHLIX p—
[NOABHEIX M KBafpyHonbHEX pPe3soHAHCOB chepHueckux agep. 06cyx—
FAanTCA pasiHYUHbE TEOPeTHUYSCKHE [OIBITKH OOBACHHTH, NOYeMy B
3KCIEPHMEHTEAX [0 HeYNpyroMy pacCCesHdIo 3MeXTPOHOB Ha Gonbmue
YI7bl, B KOTOPHX OOCTUTHYTA BHCOKAA paspelawmas clnecobSHOCTH
annaparypsl, B Aagpax ¢ A >100 pesonaHcHee |T-cocToaHus mu6o He
ofHapyxeHs BoBCe, NMHB0 HECYT /IHME MANYH “acTh OMHMIABWENCH CHIIL
Ml -nepexomoB, Ha OCHOBAHHM PACUETOB B paMKax MOIYMHKDOCKOIH=
YecKoH KBa3HYACTHUHO—(POHOHHONE MOTeNnH AApa BLCKA3aHO NPeRNoaIo—
xeuue,uyTo "ucyesnopenme” Ml -pesomaHca MoxerT GuTh CBA3AHO
C MACKHPYWITMM BJAHKAHHEM HAXORANMXCA B TOH Xe OBMACTH 3HEDPIHH
BO3OYRUeHus 2 —COCTOﬁHHH, HHTEHCHBEHOCTE BO3OYXHOEHHA KOTODHIX
Sonewe, ueM y 1* ~cocroanuii u KpCMe TOoI'o pacTeT c pocTOM A.
KocpenmM nogrsepifeHdeM 3ITOMY CIIVEHMT IOBTOpHoe ''OTKDhTHe"
Ml -pesoHaHca B H30TOnMax Zr B peakuuu HeyIpyroro paccesHHA

IIpOTOHOB ¢ JHeprHeit E —200 M2B Ha Manwe yIimb.,
Pa6Gorta anonHeHa B JlaBopaTopus TeopeTHUYecKol dHzukm OUAHU.
Coobuenne O0BEAWHEHHOrO WHCTUTYTA AAEPHWX MCChepoBanvin. AyGua 1981

Ponomarev V.Yu., Vdovin A.I. E4-81-769
Electroexcitation of Magnetic Resonances in Spherical Nuclei

A review of a present status of the Ml-and M2 -resonances
in spherical nuclei is given. Different theoretical attempts
to explain the results of the high resclution experiments on
inelastic electron scattering at large angles, in which the tog
small part of the theoretically predicted Ml-strength has
been detected in nuclel with A>100, are discussed. The results
of calculations within the semi-microscopic quasiparticle-pho-
non model allow one to make an assumption that the "disappear-
ing" of M1 -resonance is due to the masking effect of the
strongly excited 2 —~states which are situated at the same ex-
citation energy region. The assumption is confirmed by the new
experimental results of the inelastic proton forward scatter-
n% with Ep= 200 MeV on the Zr isotopes., The Ml -resonance in

2,94 zr has been observed in these experiments,

The investigation has been performed at the Laboratory

of Theoretical Physics, JINR,

Communication of the Joint Institute for Nuclear Research. Dubna 1981
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