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The main goal of the presented talk is the further development of the semimicroscopic
approach for better description of the simplest photonuclear reactions in the energy region of
the giant dipole resonance (GDR). Various versions of the semimicroscopic approach based
on the continuum random-phase approximation (cRPA) were intensively used during last
years for the studies of these reactions (see, e.g., [1, 2]). Saying of the simplest photonuclear
reactions we mean, first of all, the total photoabsorption and the direct or inverse single-
particle reactions. Though during these studies the important results have been obtained, all
of them are characterized by one essential shortcoming. It appeared that it is impossible to
obtain the proper position of the GDR energy in the framework of cRPA in the form adopted
in the finite Fermi-system theory (FFST) using the residual Landau-Migdal partical-hole
interaction in the following form:

F™(r,x') = Co(x —x)[f(x) + ['(0)7 - 7] (1)

where f(r) and f’(r) are the dimensionless parameters determining the intensities of the
isoscalar and isovector interactions, respectively.

The decision of this problem is prompted by the general principles of the FFST. In the first
edition of Migdal book [3] the following relations between the energy (wys), the integrated
total photoabsorption cross section (0g1 ;) and parameter f{ determining the intensity of
momentum-dependent forces have been obtained in a model way:
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wi = wi(l+ gf{) , OELint = 0o(1 + gf{) . (2)

Here wy and oy are the GDR energy and its integrated cross section, respectively, calculated
without account of momentum-dependent forces. As follows from Eq.(2) these forces should
play an important role in the GDR formation and its properties.

The first study of the simplest photonuclear reactions in the GDR energy region with
the momentum-dependent forces account has been carried out in Ref. [4], where the rather
satisfactory description of the experimental photoabsorption and partial (n, 7)-reaction cross
sections for some nuclei has been obtained, in particularily, for 2°®Pb isotope. However, the
calculated energy behaviour of the total photoabsorption cross section for this nucleus is
characterized by the feature similar to the resonance peak splitting in the strongly deformed
nuclei. Besides, the approach used in Ref. [4] has the certain shortcomings. For instance,
introduction of the smearing parameter (the mean doorway-state spreading width)

I(w) = a(w = A)*/[1+ (w— A)*/B7] (3)



(its form is similar to that proposed in Ref. [5]) leads in calculations to the appearance of
the additional terms F(i/2)I(w)I(r) in the potential U(x) used for the calculations of the
cRPA certain ingredients (Green’s functions and continuum-state wave functions). As I(r)
is usually used the Woods-Saxon function fys(r, R*,a). In the mentioned approach [4] the
cutoff radius R* was chosen as R* = 2R in the calculations of the Green’s functions and
R* = R in the calculations of the partial reaction amplitudes. Such choice of R* is not
quite justified and makes the used approach rather inconsistent. It is necessary to notice
also that the smearing parameter I(w) is an imaginary part of the polarization operator
II(w) = —(i/2)I(w) + ReIl(w), which determines the relaxation of the particle-hole degree of
freedom. The quantity ReII(w) which can be determined through I(w) with the help of the
certain dispersion relation [6] also gives a contribution ReIl(w)I(r) to the potential U(x).

Therefore the account of the above made remarks has been chosen as the first step to
improve the approach of Ref. [4]. As it is well known in the FFST the effective fields V'
satisfy to the following equations (in symbolic form):

V=Vo+FAV | (4)

where Vj is the external field, A is the response function and F' is the residual particle-hole
interaction. In the presented approach the isovector part of this interaction is chosen in the
form having the separable momentum-dependent part [7]:

F(1,2) — <F’5(F1—F2)+ T:;l(ﬁ@))(ﬁ@) , (5)

where F’ = f’-300MeV fm?, k' is the dimensionless intensity of the momentum-dependent
separable forces, m is the nucleon mass and A is the number of nucleons. In the case of the
GDR excitation the external field Vy(x) is taken as following:

1
Vo(z) = —5r¥(2)r

?

(’x” means the set of space, spin and isospin variables). Assuming the operator equality
p = mdr/dt, in the cRPA from Egs. (4),(5) the following relations may be obtained after
separation of isobaric and spin-angular variables:

Vir,w)=V(rw)+ Vi(r,w) , (6)
V(r,w)=r+ 2:; /[A(r, ' w) 4+ Ag(r,r )|V (', w)dr’ (7)
kw2 / / /
Vi(r,w) = T W = ok [T A(r . ) rdrdr -r/rA(r,r,w)V(r,w)drdr : (8)
kw? ,
Ap(r, 1 w) = T F = ok [T A @) ’drdr/ATT w)r'dr! /TA(T’T wydr . (9)

Here k = ;;Lrgm k'. The small correction to the equality p'= mdr/dt caused by the spin-orbit
part of the nuclear mean field can be neglected [7]. All w-dependent single -particle quantities
in Egs. (6)-(9) are determined by the potential, including the above mentioned additional

terms.



Using Egs. (6)-(9) it is possible to find the dipole strength function
1 -
S(w) = ——Im/rA(r, ' w)V (' w)drdr’ | (10)
m

where w is a photon energy and, hence, the total photoabsorption cross section in the energy
region of the GDR:
873 €2

o(w)=——wS(w) (11)

Unfortunately the results for photoabsorption cross section in 2*Pb isotope obtained in

this version of the presented approach happened to be practically similar to those obtained
in Ref. [4] (Fig. 1).
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Fig 1. The total photoabsorption cross section in 2°®Pb calculated in the first version of the
presented approach (solid line) in comparison with corresponding results of Ref.[4] (dotted line) and
the available experimental data [8].

Due to that an attempt has been made to reconsider one of the principal foundation of
the approach: to change the potential used for the calculations of all cRPA ingredients. This
procedure has been carried out in Ref. [9] on the base of new phenomenological potential
proposed in Ref. [10]. In this potential the mean field U(z) consists of pure nuclear parts,
containing the isoscalar and isovector spin-orbit interaction, Coulomb field, the symmetry
energy and is written in the following form:

U(z) = Us(r) + (U0) + 5USO)r 5 + ov(r)r® + 2 (1= r)e(r) (12
The space dependences of central field Uy(r) and spin-orbit interactions U5 and UP© are
determined by the Woods-Saxon function fy s(r, R*, a) and its derivative dfy s(r)/dr, respec-
tively. As to the symmetry potential v(r) and Coulomb field Uq(r), they are calculated in a
self-consistent way. The choice of all parameters determining every part of the potential U (x)
is made by means of the minimization of the differences between calculated position of the
energy levels and the experimental ones (for the details of the total procedure and obtained



values of potential parameters see Ref. [9]). It is worthwhile to notice that obtained value of
the isovector constant f’ is equal to 1.09 in contrast to the previously used value 1.0 (see,e.g.,
Ref. [4]).

The approach developed on the base of this new potential includes only two parameters
which should be treated as the adjustable ones: the intensity of the momentum-dependent
forces k' and the intensity of the smearing parameter a (the values of A and B are taken
to be the same as in Ref. [4]). To determine them the experimental data on the photoab-
sorption cross section for 2%Pb isotope [8] has been chosen as the most authentic ones. The
corresponding calculations of the o(w) has been carried out on the base of Egs. (6)-(11) using
the newly defined potential. The comparison of the obtained results with the experimental
data in Fig. 2 allows to define the values of & and ks o = 0.1 MeV ™!, k' = 0.4.
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Fig 2. The calculated total photoabsorption cross section for 2°®Pb (solid line) in comparison
with available experimental data [8].

To check the possibilities of the presented approach the available partial (n,) reaction
cross sections for 2%*Pb isotope have been also investigated in the energy region of the GDR.
The reaction amplitude which has been calculated on the base of Egs. (6)-(9) has the following
form:

M(w) =< WIMillG) > [ 07 0 wpmar (13)

where ¢ = {e(\), u} is the set of the reaction-channel quantum numbers, p = {c,, (1)} is
the set of quantum numbers for single-particle state, x,(r) is the radial wave function of the

populated bound state with energy €, and Xf(r/\)) (r) is the corresponding to this channel and
normalized to the é—function of energy the scattering radial wave function of incident nucleon
with energy ¢ = w + ¢, (for other notations see, e.g. [4]). The bound state wave function is
calculated with new potential (12) while the scattering wave function - with potential (12)
and additional terms connected with I(w)I(r) and II(w)I(r) (see above). The cross sections
of these reactions can be then presented in the following form:

dog(,0) 8 5,p€ w?
s 37 e 2me2e T el& m)Prleost) (14)



Aple,p) = 30 7N (=1H (1 = 1L LO)W (5511; L) < (M[YEII(V) > Me(w) M (w)
M)
Here, Py (cosf) are the Legendre polynomials, (1—111|L0) and W (jj'11; Lj,) are the Clebsch-
Gordan coefficient and Racah coefficient, respectively.
The relults of these cross section calculations are shown in Figs. 3,4 in comparison with
the available experimental data [11] and some results from Ref. [4]. As it is seen from
Figs. 3,4 the presented approach based on the use of new potential [9] allows us to describe
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Fig 3. The calculated on the base of the presented approach the partial (n,y) reaction

cross sections at 90° to some single-particle states in 2°°Pb in comparison with the available
experimental data [11].

satisfactorily the studied photonuclear reactions: (i) the splitting of the GDR peak in 2%Pb
is absent; (ii) the obtained cross sections of partial (n,) reactions appreciably better agree
with the available experimental data than those from Ref. [4]. The energy-averaged (due
to the use of the smearing parameter I(w)) differential cross sections for neutron radiative
capture, do,/dS?, are calculated without use of any adjustable parameters. Each calculation
of the cross section is carried out with account of the experimental spectroscopic factor
value, S, of the final product-nucleus single-particle state populated after the capture. The
corresponding experimental data are taken from Ref. [12].

As a conclusion one could say the following. In the presented approach a reasonable
description of the experimental data on the total photoabsorption cross section and the
partial (n,7) reactions for 2*Pb isotope is obtained. In the future it is planned to expand
the such investigations on the other medium-heavy mass nuclei having the similar structure.
Besides, it is supposed to carry out these studies on the base of the potential [9] using the
new set of parameters. Finally, it is planned to perform in a framework of the presented
approach some predictive investigations, for instance, of (y,n) reactions where there are
some appropriate experimental data.
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Fig 4. The calculated partial cross sections at 90° for neutron radiative capture (solid lines) to
some single-particle states in 2°°Pb in comparison with the corresponding results of Ref. [4] (dotted
lines) and the available experimental data [11].
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