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Abstract

The latest achievements of the DSD (direct-semidirect) capture model, such
as the extension to unbound final states or to densely distributed bound states,
and the introduction of the consistent DSD model are reviewed. Recommen-
dations for the future use of the model are presented.

1 General

The DSD model([l],[2]) is the best available model for the calculation of radiative
capture of polarised and unpolarised nucleons in the region of the GDR and also of the
isoscalar and isovector quadrupole GR ([3]). It has proved successful in reproducing
differential cross sections for nucleon capture to the well defined single particle states
of not too high spin. On the basis of this model one can therefore calculate the
7-ray spectra and energy integrated capture cross sections in the region near closed
shell nuclei for applications such as reactions involving 14 MeV neutrons from fusion
reactors.

In the present CRP attention has been paid to the general behaviour of the model
(such as the mass dependence of 14 MeV neutron capture results) and to some its
fundamental questions (radiative capture to unbound states, particle - collective vi-
bration coupling (PVC)).

The classical DSD model had been formulated to describe only the transitions
to the bound states. Recently (partly also in the framework of the present CRP)
Dietrich, Chad wick and Hermann ([4], see also [5], [6]) have reformulated the model
to cover also the transitions to the unbound states. The authors call this version of
the model the Extended DSD (EDSD) model.

On the other hand Likar and Vidmar (also partly supported by the present CRP)
eliminated the need for the imaginary part (Wi) of the PVC to be considered a free
parameter by equating the current and density form of the effective (dressed) electric
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multipole operator (see e.g.[3]). As this procedure requires consisitent treatment of
the equation of continuity, the authors name this approach to the DSD model the
Consisitent DSD (CDSD) model.

2 Recommendations

2.1 "Extended DSD" (EDSD) model

1. Using the EDSD model, for the first time in the history of the DSD model one
is able to calculate the spectrum of 7-rays corresponding to capture of nucleons to
unbound states. The population of these states and also of bound states close to the
nucleon binding energy has been in the past experimentally rather uncertain. New
calculations using EDSD should stimulate interest in reexamining experimentally the
corresponding part of the 7-ray spectra.

2. The use of the optical model to describe unbound final states has been in [6]
extended also to the region of dense bound states just below the threshold for particle
emission. This method should deserve more attention in the future. It could prove
useful for the calculation of the complete radiative capture 7-ray spectra including
the energy region where single particle structure is not evident. The challenge here is
that the imaginary part of the potential suitable for the bound state region has not
yet been studied intensively enough.

2.2 "Consistent DSD" (CDSD) model

1. The form of the effective electric dipole (multipole) operator has been in the
CDSD model obtained phenomenologically just by multiplying its current and density
expressions by a factor (1+F(r)) and equating them [3]. It remains now to understand
the microscopic background of this successful procedure.

2. The CDSD model has not yet been applied to the capture of polarised nucleons.
3. In the near future the consistent approach should be introduced also in the

extended DSD model.

2.3 DSD model in general

The DSD model can be considered as a semimicroscopic one. Only its fundamen-
tal "ansatz" is microscopic. In the final development of the formulas, besides the
strengths of the particle-vibration coupling mentioned above, experimental or clas-
sical parameters describing the giant dipole (multipole) resonances (Energy ER and
width F) are introduced. The exhausted part of the sum rule fs, which also appears
in the final expression for the cross section, may be extracted only from the experi-
mental data. If the aim of the calculation is to follow the general trend of the cross
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sections, classical parameters (see e.g. [9]) serve reasonably well. For the compari-
son of the calculated and experimental cross sections, experimental giant resonance
parameters should be used. One can find an extensive collection of these data in [8].
Sometimes one can profit from evaluated and graphically presented mass dependences
of the parameters in question, as e.g. in Ref. [9].

As mentioned above, the DSD model has failed to describe the angular distribution
of 7-rays from radiative capture of nucleons to high spin states (e.g. 2pg/2 and liu/2 in
Pb209 [7]). To study in detail this drawback theoretically and experimentally remains
a task for future research in this field.
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