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MICROSCOPIC DESCRIPTION OF NEUTRON AND PROTON
TRANSITION MOMENTS IN SPHERICAL NUCLEI

R.M.Nikolaeva

Neutron and proton transition matrix elements for low-lying quad-
rupole transitions are calculated microscopically in the framework of
the quasiparticle phonon nuclear model in some spherical nuclei. For
isoscalar states M and Mp are of the same value and sign, and for
the isovector states they are predicted to be of the same value and
opposite sign. The isoscalar and isovector states are differently excited
in inelastic scattering of protons and deuterons.

. The investigation has been performed at the Laboratory of Theo-
retical Physics, JINR.

Mukpockonnieckoe ormcaHne HEHTPOHHbBIX H IMIPOTOHHBIX
nepexo/iHbIX MOMEHTOB B cepHUeCKHX AXpax

P.M.HukonaeBa

B paMkax KBa3HYACTHYHO-POHOHHOH MOMEAM MHMKPOCKOIHYECKH
BBIYMCIIEHB HEHTPOHHbIE M NPOTOHHBIE NEPEXOHbIE MAaTPHYHBIE 3jI€-
MEHTBl HH3KOJIEXKAUIMX KBAaJApPYIOJBHEIX COCTOAHHA B HEKOTOPBIX
cepuieckux Anpax. JiA msockanspHbix cocroanui M, u Mp HMe-
T ONH3KHe 3HAYeHHMA M ONMHAKOBHIE 3HAKH, 3 JJIA H30BEKTOPHBIX
COCTOSIHMH — GJTM3KHe 3HaUYeHHA U TIPOTHBONOJIOXKHEBIE 3HAKH.

Pabora BrinoyHeHa B JB6Goparopum teopernueckoi dusuxku OUAN.

The dynamic properties of nuclear states manifest themselves in
the behaviour of the proton and neutron transition multipole moments
M, and M,. The former are directly obtained as square roots of the
electromagnetic transition rates and are much better known than the
neutron multipole moments M,. The latter can be measured by com-
paring the inelastic scattering of different hadronic probes. These me-
thods are based on different interactions between the probe and target
protons and neutrons 1.2/ and may be of great use in the investiga-
tion of the recently predicted new class of low-lying collective states’ %/ .
These states are described in some microscopic 4/ and geometrical
models’® and are known as isovector states. The existence of isovec-
tor states has been found in the case of 1% states in deformed nuclei.
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The third 2* states in N = 84 nuclei and in “Fe have been considered
as 2* — isovector candidates’%’. For isovector states M, and M, are
predicted to be of opposite sign / 5 11/

m’? a method is applied to the mvestlgatlon of the isospin struc-
ture of the low-lying quadrupole states in nuclei. It is based on the com-
parison of the inelastic scattering of protons and deutrons on nuclei
to different 2% states. It has been shown that an anomalous
o(p,p’)/o(d,d’) ratio indicates either an isovector state or a state
with a dominant n or p component. In both of the cases these states
are predicted to be excited differently in (p, p’) and (d,d’) reac-
tions. A 2% state equally excited bythetwo probes cannot, on the
other hand, have a sizable isovector component. The transition matrix
elements of the reactions M(p,p) and M(d,d’) can be expressed
as a sum of M, and Mp that manifest the properties of the target nuc-
leus, weighed by the interaction strengths (dependent on the probe).
At given incident energies/ 2/ we can assume an affective p—n interac-
tion three times larger than the p—p interaction and then for M(p,p")
and M(d,d") the following relations are obtained:

M(p,p’) = 0.25M + 0.76M,,
1)
M(d,d’) = 0.6M, + 0.5M .

For the case of collective isoscalar transitions, Mp and M, are of the
same sign and order of magnitude and lead to similar values of M(p,p’)
and M(d,d’). For transitions with a large isovector component Mp and
M, moments are of opposite sign and may differ in magnitude so that-
the ratio M(p,p’)2/M(d,d)% . o(p,p’)/0(4,d") can be far
from unity.

In the present paper we shall consider from the microscopic point
of view the neutron and proton matrix elements.

We have already treated the problem of existence of low-lying
isovector states /4’ within the framework of the microscope quasipar-
ticle-phonon nuclear model (QPM)/ v,

The Hamiltonian of the model includes an average field as the
Saxon — Woods - potential, pairing interactions with constant matrix
elements and separable multopole-multipole and spin-multipole-spin-
multipole (isoscalar and isovector) particle-hole interactions. We per-
form the Bogolubov-Valatin canonical transformations and then through
Y, ¢ transformation from pairs of the Bogolubov 'quasiparticle opera-
tors a';'m “}m" @ Bjm > ajma ym’» We pass to the phonon operators

M P Qt a1’ to yield the Hamiltonian in doubly-even nuclei:
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This is the Hamiltonian of a system of interacting phonons with
different energies, moments and parity. The wave function of the pho-
non is a linear superposition of forward- and backward-going two-
quasiparticle amplitudes ¢ and ¢. The structure of the phonons is

i
calculated in the RPA’"/ . The coefficients U ,\ and Vig 2 depend
111

LB
on the amplitudes ¢ and ¢ and are calculated mlcroscoplcally/ 8.
The parameters of the separable particle-hole forces are determined
from the experimental data for the lowest-lying collective states and
the giant resonances’8/ .

In the traditional approaches the phonon operators satisfy the
boson commutation relations
[Q)\’u’l‘Q/\m ] = 6AA,5“”,511, .

However, as soon as we go beyond the RPA taking into accont
the interaction between the phonons, multiphonon admixtures arise
in the excited state wave function of a doubly-even nucleus. We inc-
lude one- and two-phonon terms in the wave function of the excited
state [JM> | ie.
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et

‘In this case the violation of the Pauli principle is possible in the
two- phonon components of the wave function (3), especially if the

phonons Q} Wyl ‘l’o and Q} oholp Yo are non collective.

In/9.12/ the effect of the Pauli principle on the wave function (3)
was studied and expressions for the coefficients R and P were sug-
gested. ‘
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A good indication of the isotopic character of the excited states is
the ratio B of the isovector B(IV,E2) and isoscalar B(IS, E2) reduced
quadrupole transitions

P
B(IV,E2) = | <2} || 2 1y Yo, (@) -):.ﬂ £y Yo, ()11 ¥ >1%,

p B 2 (4)
B(IS, E2) = | <2’;||f e2 Y, (@) + i fﬁqu(ﬂk)H‘l’oﬂ .
Table 2

” : 2 i 2
M Mpp Maa- Mpp ™ aq’
56Fe
27 25 24 1.01
25 -3.87 -2.25 2.95
23 -1 0.30 11.1
24 5.35 4.1 1.28
142 Ce
21 67.7 65.4 1.06
23 . 1 -3.08 0.10
23 5.3 4.5 1.17
2% 1.93 1.26 2.34

The results for the ratio B, which are given in table 1, show that the
low-lying 2% states have mainly an isoscalar structure. For most of them
B << 1. For these states M; and Mp are of the same sign and differ in
the magnitude about 1.2 to 2 times. It is seen from table 2 that the
ratios (Mp'p,) 2/(M q, d’)2 calculated by (1) must not differ much from

unity. These states are assumed to be isoscalar ones.

At the same time it is seen from table 1 that the states 2%
(1.713 MeV) in 14206 and 2* (2.880 MeV) in 5eFe show an isovector
character as for these levels the ratio B is big, about ten times greater
than for the other. In the case of 2§ in ***Ce (see table 2) we have
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an isovector state with a predominant proton component. For this
state M, is most larger than M, and of the opposite sign. That is why
it must be dlfferently excited in (p, p”) and (d,d”) reactions. The ra-
tio M o’/ Mdd’ for this state is much less than unity.

For the 2+ (2.880 MeV) state in “°Fe M, and M, are of the
same value and of opposite sign. In this case the ratio Mﬁpf/M da’
must be significantly greater than unity. We assume that this state has
an isovector structure. The matrix elements M, and M, of the near-
by lying state 2+ (2.450 MeV) are also of the opposite sign. The ratio
B for this state is almost equal to unity. The isospin structure of this
state is very similar to that of 2% (2.880 MeV) state. This fact is reflec-
ted in experimental results of Hamilton et al.” 8/ where an assump-
tion is given that the isovector strength is sheared between the two
quadrupole states 2* (2.450 MeV) and 2* (2.880 MeV).

We have compared our microscopic calculations for 56Fe with
the experimental data on # %7~ inelastic scattermg/ 1/ and heavy
ion reactions’19/ | The calculatlons for 142Ce have a predictive charac-
ter. The theoretlcal results for %®Fe are in satisfactory agreement with
the expenmental ones. Some discrepancies appear in B (E2, gr. st. +
- 2 2) probability in 58Fe. This is due to not very precise description
of the distribution of the two-phonon component { 27 ® 2§} over
2i states with the wave function (3). The including of the three-phonon
components in the wave function will change the distribution and
some improvement can be achieved.

We summarize the present letter by mentioning the following:
we have made use of the QPM-formalism to calculate microscopically
the neutron and proton transition moments of low-lying quadrupole
states in some spherical nuclei. The theoretical analyses point out that
the low-lying states of an isovector character appear in the si)ectra of
spherical nuclei. States of that type are 2% (1.713 MeV) in
2+ (2 880 MeV) in 6Fe The isospin structure of 2~ (2.450 MeV)
in 58Fe is very similar to that of the third one. That is confirmed by
the similar values of ratios B and the opposite signs of Mp and M o
these states. Our microscopic calculations are in satisfactory overall
agreement with experimental data.
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