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Abstract. The new semimicroscopic model (particle-hole dispersive optical model) recently developed for de-
scribing high-energy particle-hole-type excitations in medium-heavy mass nuclei is applied for the description
of the simplest photonuclear reactions accompanied by excitation of the isovector giant dipole and quadrupole
resonances. The calculated reaction cross sections and their derivatives are compared with corresponding experi-
mental data and also with the similar results obtained within the previously developed semimicroscopic approach
to the description of the giant resonances.

1 Introduction

The simplest photonuclear reactions (photoabsorption, di-
rect+semidirect (DSD) photonucleon and inverse reactions)
many years were a powerful tool of experimental studies
of the isovector giant dipole and quadrupole resonances
(IVGDR and IVGQR, respectively) (see, e.g. [1]). Theoret-
ical description of above mentioned reactions is most ade-
quate within microscopic and semimicroscopic approaches,
allowing take into account the main relaxation modes of
giant resonances (GRs). In case of GRs in medium-heavy
mass ’hard’ spherical nuclei (in particular, in singly- and
doubly-closed-shell nuclei) these modes are: (i) particle-
hole (p-h) strength distribution, or Landau damping, which
is a result of shell structure of nuclei; (ii) coupling of the
(p-h)-type states, forming a given GR, to the single-particle
(s. p.) continuum, that leads to GR direct-nucleon decay, or
to the DSD reactions with one nucleon in the continuum;
(iii) coupling of the mentioned (p-h)-type states to many-
quasiparticle configurations (chaotic states), that leads to
the spreading effect. These relaxation modes are taken into
account within the semimicroscopic approach to the de-
scription of GRs (SMAGR) based on the versions of the
continuum-Random-Phase-Approximation (cRPA) [2,3].
Within this approach Landau damping and coupling to the
s. p. continuum are considered microscopically, using the
cRPA, while the spreading effect is described in a phe-
nomenological way in terms of the energy-dependent imag-
inary part W(ω) of the effective s. p. optical-model poten-
tial directly used in the cRPA equations. In implementa-
tions of the SMAGR a phenomenological mean field and
the Landau-Migdal (momentum-independent) p-h interac-
tion connected by some self-consistency conditions are
used, as the input quantities. The above mentioned imag-
inary part is parameterized by an universal function, hav-
ing the saturation-like energy dependence, with intensity
α (MeV−1) chosen to describe the experimental total width
of a given GR. Being appeared due to the spreading ef-
fect, the real part of the effective s. p. optical-model po-
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tential P(ω) is determined by the imaginary part via the
proper dispersive relationship [4]. The unique feature of
the SMAGR is its ability to describe direct-nucleon-decay
properties of various GRs without the use of specific ad-
justable parameters. (A number of implementations of the
approach are briefly reviewed in [2,3]). As applied to the
description of photoabsorption within the above described
approach, it was found the necessity to take the isovec-
tor momentum-dependent forces into account to reproduce
in partially self-consistent cRPA calculations the observed
IVGDR energy and exceeding the experimental integral
photoabsorption cross section over the Thomas-Reich-
Kuhn sum rule. To formulate the cRPA equations in a closed
form, these forces are taken as separable p-h dipole-dipole
and quadrupole-quadrupole isovector velocity-dependent
interactions (with the dimensionless intensities k′L, L = 1, 2).
This extended version of the SMAGR is used in our re-
cent paper [5], where reasonable description of the pho-
toabsorption and the partial differential DSD (γ, n)− and
(n, γ)−reaction cross sections is given for a number of
medium-heavy mass spherical nuclei. In particular, the
asymmetry (with respect to 90◦) of the partial differential
cross sections of the (γ, n)− and (n, γ)− reactions was also
described. Being determined by interference of the E1- and
E2-reaction amplitudes (the latter is due to the p-h inter-
action), this asymmetry exhibits a non-monotonic energy
dependence in a vicinity of the IVGQR and is the most
suitable object for the study of this resonance in photonu-
clear reactions.

Within the SMAGR phenomenological treatment
of the spreading effect consists in the known substitution
ω → ω + iW(ω) − P(ω) [5] in cRPA equations and, there-
fore, was expected to be valid in the ’pole’ approximation
(i.e., in the energy region of a given GR) [2,3]. In some
cases it is necessary to know properties of (p-h)-type ex-
citations at energies far from the corresponding GR en-
ergy. For example, the above discussed asymmetry is de-
termined, in particular, by the E1-reaction amplitude taken
in the energy region of the IVGQR [5]. Recently, a semimi-
croscopic model (the p-h dispersive optical model (PH-
DOM)) is developed to describe properties of (p-h)-type
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excitations at arbitrary (but high enough) energies [3,6].
Within the PHDOM and SMAGR the same input quantities
and model parameters are used. Moreover, in the energy re-
gion of a given GR the results obtained within both models
are expected to be closely related. Differences might ap-
pear outside the GR region. In other words, the PHDOM
is the verification and the extension of the SMAGR. In the
’pole’ approximation the energy-averaged ’free’ p-h Green
function is taken as:

A
pole
0 (ω) = AcRPA

0 (ω→ ω + iW(ω) − P(ω)) . (1)

The main new point in formulation of the PHDOM is the
corresponding expression for the energy-averaged ’free’ p-
h radial Green function A0(ω) which is different from that
used within the SMAGR. The easiest way to see the dis-
tinction between these quantities is the use of λ−represen-
tation (’λ’ is the total set of single - quasiparticle quantum
numbers). In this case the quantity ARPA

0 (ω) is well known
[7]:

(ARPA
0 )λλ′ (ω) =

nλ − nλ′
ελ − ελ′ − ω , (2)

whereas (A0)λλ′ (ω) has the form [3,6]:

(A0)λλ′(ω) =

=
nλ − nλ′

ελ − ελ′ − ω + (nλ − nλ′ )(iW(ω) − P(ω)) fλ fλ′
. (3)

The meaning of the quantities introduced in (3) is deter-
mined in [3,6]. In the present work some calculation re-
sults obtained within the PHDOM for the photoabsorption
and the partial differential (n, γ)−reaction cross sections
are shown and compared with the results obtained within
the SMAGR [5] and also with the corresponding experi-
mental data.

2 Calculation results

Basic relationships for the description within the cRPA of
the simplest photo-nuclear reactions, namely, the strength
functions, the total photoabsorption cross sections, the par-
tial differential cross sections of the (n, γ)−reaction , the
anisotropy parameter a2 and the asymmetry are given in
[5]. Modifications of these relationships made for taking
the spreading effect into account within the SMAGR and
PHDOM are discussed above. Following [5], we employ
in calculations the partially self-consistent phenomenolog-
ical mean field, described in [8]. Due to the isovector self-
consistency condition, the (dimensionless) intensity f ′ of
the isovector spinless part of the Landau-Migdal p-h inter-
action is found from description of the symmetry potential.
Therefore, only two above-mentioned adjustable parame-
ters α and k′1, determining, respectively, the total width and
energy of the IVGDR, are used to reproduce in calcula-
tions within the SMAGR and PHDOM the experimental
photoabsorption cross section. Quality of such description
of the IVGDR one can see from figures 1-3, where the cor-
responding data are shown for 208Pb, 140Ce and 89Y. The
adjusted parameters are listed in Table 1. The partial dif-
ferential DSD (n, γ)−reaction cross sections are calculated
without use of the additional adjusted parameters. The cal-
culated cross sections at 90◦ are shown in figures 4-6 in
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Fig. 1. The calculated E1 total photoabsorption cross section for
208Pb in comparison with the experimental data [9].

5 10 15 20 25 30

0

100

200

300

400

500
abs,E1, mb

E  , MeV

140Ce

Fig. 2. The calculated E1 total photoabsorption cross section for
140Ce in comparison with the experimental data [9].
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Fig. 3. The calculated E1 total photoabsorption cross section for
89Y in comparison with the experimental data [9].
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Table 1. The adjustable parameters used in the studies of the sim-
plest photonuclear reactions in the IVGDR energy region.

Nucleus α,Mev−1 k′1
SMAGR | PHDOM SMAGR | PHDOM

89Y 0.125 | 0.13 0.3 | 0.3
140Ce 0.105 | 0.115 0.3 | 0.3
208Pb 0.10 | 0.105 0.4 | 0.35
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Fig. 4. The calculated partial differential cross sections of the
(n, γ)−reaction for 208Pb. The experimental data are taken from
Ref. [10].
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Fig. 5. The calculated partial differential cross sections of the
(n, γ)−reaction for 140Ce. The experimental data are taken from
Ref. [11].

comparing with the corresponding experimental data. Also
the calculated anisotropy parameter a2 for some partial
208Pb(n, γ)−reactions is shown in figure 7. In the presented
calculation results the experimental spectroscopic factors
for s. p. states populated in the radiative capture process
are taken from Ref. [12]. In the each presented figure here
and below the solid and dotted lines correspond to the re-
sults obtained with the use of A0(ω) and the A

pole
0 (ω), re-

spectively.
As it has been above noted, to study the properties

of the IVGQR it is reasonable to research, in particular,
the asymmetry of the partial differential cross sections of
the (n, γ)−reaction in this energy region. For this reason
it needs to introduce one more adjustable parameter k′2.
As the examples the calculated values of this asymmetry
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Fig. 6. The calculated partial differential cross sections of the
(n, γ)−reaction for 89Y. The experimental data are taken from Ref.
[11].
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Fig. 7. The calculated anisotropy parameter a2 for some partial
208Pb(n, γ)−reactions. The experimental data are taken from Ref.
[10].

for 208Pb and 209Bi are shown in figures 8,9, respectively,
in comparison with the corresponding experimental data.
These results are obtained, using k′2 = 0.1. The IVGQR en-
ergy and its other characteristics, evaluated with this value
of k′2, happened to be consistent with the systematic of
Ref. [1].

3 Conclusion

In this work first implementations of the new semimicro-
scopic model, the p-h dispersive optical model, are real-
ized. Satisfactory description of the neutron radiative cap-
ture accompanied by excitation of the isovector giant dipole
and quadrupole resonances in a few medium-heavy mass
nuclei is obtained without the use of specific adjustable
parameters. Within the mentioned model the verification
and the extension (for arbitrary, but high enough, exci-
tation energies) of the semimicroscopic approach to the
description of giant resonances (including direct-nucleon-
decay properties) are achieved. New implementations of
the model to describe the simplest photonuclear reactions
are in progress.
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Fig. 8. The calculated asymmetry of the differential cross section
of the 208Pb(n, γ0)−reaction in comparison with the experimental
data [13].
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Fig. 9. The calculated asymmetry of partial differential cross sec-
tions of the (n, γ)−reaction for 209Bi in comparison with the ex-
perimental data [14].
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