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Abstract

Recent codes for direct-semidirect (DSD) model calculations in the form of
answers to a detailed questionnaire are reviewed. These codes include those
embodying the classical DSD approach covering only the transitions to the
bound states (RAF, HEKARI, and those of the Bologna group), as well as the
code CUPIDO+-1- that also treats transitions to unbound states.

1 Introduction
The DSD model is a widely employed semi-microscopic model for the description of
radiative capture of nucleons in the region of excitation energy where the giant dipole
resonance (GDR) and other multipole resonances are excited. The matrix element
in the model is the sum of the direct and semidirect (two step) matrix elements
describing transitions via giant dipole and/or other multipole states to the selected
final state. The DSD model requires input on the properties of the resonances (energy,
width) and the interaction between the nucleon and the collective multipole motion.
Data on the former are taken from experiment or systematics, and the strength of
the latter is usually treated as a free parameter obtained from the systematic analysis
of the available experimental data. In traditional DSD calculations, the initial and
final state wave functions are calculated from an optical potential and from a real
potential which reproduces the binding energy of the considered state, respectively.

The DSD model provides the ability to calculate the angular distribution of the
capture photons, as well as analyzing powers for polarized projectiles. The bombard-
ing energy dependence of the corresponding Legendre coefficients is rather strongly
sensitive to the interference between diffrent multipole contributions. It is just this
sensitivity which allows the study of the higher multipole resonances by observing
these coefficients.

It should also be noted that F. Dietrich (code CUPIDO++) has extended the DSD
model to describe also the transitions to the region of unbound final states, which are
described by optical model wave functions. In this code optical model wave functions
may also be used to treat the transitions to the region where the bound states cannot
be treated separately.
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2 Short review of the DSD codes

Clasical DSD codes, allowing the calculation of the differential cross section to bound
final states, presented here are the codes HIKARI (H. Kitazawa. Tokyo) and RAF
(R. Martincic and A. Likar, Ljubljana). As noted in the introduction, these codes
use as free parameters the strength of the real and imaginary form factors V\ and
Wi. The codes differ in the details of the algorithms used. The contribution of the
Bologna group to the development of the DSD model should also be noted. Although
no longer in general use. we have included their codes (DIRCO, SPEC, and KISS) in
this report from information supplied by G. Longo. The first two of these calculate
dipole capture, while the third includes quadrupole radiation as well.

The already mentioned code CUPIDO++ (F. Dietrich, Livermore) is based on
an extended DSD model. Its calculated observables are similar to those from the
classical DSD codes.

Recently A. Likar (Ljubljana) has introduced the so-called consistent version of
the DSD model in which the imaginary coupling strength W\ follows directly from
equating the current and density expression of the multipole operator. In this ap-
proach W\ is no longer a free parameter (A. Likar and T. Vidmar, Nucl. Phys. A598,
(1996). The corresponding code is in the developmental stage and has not yet been
disseminated.
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Questionnaire Regarding Direct-Semidirect Codes

1. Name and/or designation of the program

CUPIDO++

2. Computer for which program is designed

The program was developed on a 486 66-MHz IBM-PC compatible with 20MB mem-
ory, but should run on any computer with a C++ compiler adhering to the ANSI
standard.

3. Nature of physical problem solved

Implementation of the direct-semidirect (DSD) capture mechanism for spin-0 and
spin-1/2 projectiles, with particular attention to unbound final states and to bound
final single-particle states that damp into a dense background of compound states.
The standard DSD calculation for capture to bound single-particle states is included
as an option. Direct El through E4 radiation is treated, as well as convective-current
Ml through M4. Semidirect El, isoscalar E2, and isovector E2 radiations are included
with several options for the complex form factors. The direct radiation may be
calculated using either current or density forms for the operators, and with either the
full Bessel forms for the operators or a long-wavelength approximation. Quantities
calculated are total (angle-integrated) cross sections, gamma energy spectra, angular
distributions, and (for spin-1/2 projectiles) analyzing powers.

4. Method of solution

Standard coordinate space methods are used. Initial-state wave functions are derived
from an optical potential. The final-state wave functions are derived from a real
potential well in the standard DSD option. Unbound final-state wave functions are
derived from an optical potential, while unstable bound final-state configurations
are treated via radial Green's functions using an optical potential. In the case of
unbound final states, the long-range parts of the radial integrals are calculated using
the Vincent-Fortune technique of integration in the complex plane.

5. Restrictions on the complexity of the problem

The program has been successfully tested up to approximately 50 MeV for nucleon
capture. Extension to higher energies is possible but will require attention to the
stability of the numerical techniques used to calculate the long-range part of the
radial integrals in the case of capture to unbound final states.

6. Typical running time

For the most complex case so far attempted, calculation of a full gamma energy
spectrum in 1-MeV steps for 34-MeV incident protons on a medium-weight nucleus
with all electromagnetic operators included requires approximately 5 minutes on a
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166-MHz Pentium processor. The running time for capture to a single bound state
using the standard DSD model is very short.

7. Unusual features of the program

See question 3 above.

8. Related and auxiliary programs

The CUPIDO++ code system consists of a main program, CUPIDO, that calcu-
lates a Legendre polynomial decomposition of the results, and a second program,
SPECTRA, that processes these Legendre coefficients into physical observables. For
standard DSD calculations, bound-state wave functions may be calculated internally
within CUPIDO or alternatively from a file of wave functions created by an auxiliary
program. BOUND.

9. Machine requirements

The program was developed using Borland and Microsoft C++ compilers on a PC-
compatible system. It should run on a 486 or higher system of this type. It should
be easily adaptable to other platforms that have an ANSI-standard C++ compiler.

10. Programming language used

ANSI-standard C++. Platform- and compiler-specific extensions were avoided.

11. Operating system under which program is executed

Currently Windows 98 on a 600-MHz Pentium3 system. It was formerly run with
Windows 3.1 on a 66-MHz 486 and Windows95 on a 166-MHz Pentium.

12. Other programming or operating information or restrictions

None.

13. References

A reasonably complete description of the formalism, but not the computational de-
tails, may be found in W. E. Parker et a/., Phys. Rev. C52, 252 (1995).

14. Name and establishment of author(s)

F. S. Dietrich, LawTence Livermore National Laboratory
Mail Stop L-050, P. O. Box 808
Livermore, CA 94551, USA
E-mail address dietrich2@llnl.gov

15. Status (well documented, in progress ...)

This is a developmental program; there is no specific documentation currently avail-
able.
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16. Availability of the program
The program has not been officially released but may be made available on a collab-
orative basis.

17. Material available (source code, sample I/O, command files ...)

Source code as well as sample input and output.

18. Keywords

radiative capture, direct-semi direct, continuum final states, damped final states, final
state fluctuations
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Questionnaire Regarding Direct-Semidirect Codes

1. Name and/or designation of the program

RAF

2. Computer for which program is designed

The program was developed on a VAX-4200 computer running VMS, but should run
on any computer with a F77 compiler adhering to the ANSI standard.

3. Nature of physical problem solved

Implementation of the direct-semidirect (DSD) capture mechanism for neutrons and
protons to bound final states. Total and differential cross sections and angular distri-
bution coefficients are determined as a function of the projectile energy in the region
of the giant multipole resonances. Isovector dipole, isovector and isoscalar resonances
can be taken into account.

4. Method of solution

Standard coordinate space methods are used (Merson integration, Simpson quadra-
ture). Initial-state wave functions are derived from an optical potential. The final-
state wave functions are derived from a real potential well.

5. Restrictions on the complexity of the problem

None noted.

6. Typical running time

Up to a quarter of an hour on a VAX-4200 machine for a problem involving a few
final states.

7. Unusual features of the program

See question 3 above.

8. Related and auxiliary programs

The RAF code system consists of a main program, RAF.EXE and a command file
RAF.COM which assigns the appropriate fortran files and starts the execution.

9. Machine requirements
The program was developed using an F77 compiler on a VAX-4200 machine running
VMS. It should be easily adaptable to other platforms that have an ANSI-standard
F77 compiler.

10. Programming language used

ANSI-standard F77. Platform- and compiler-specific extensions were avoided.

11. Operating system under which program is executed

Currentlv VMS on a VAX-4200 machine.
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12. Other programming or operating information or restrictions

None.

13. References

A reasonably complete description of the formalism, but not the computational de-
tails, may be found in the folowing references:
A.Likar. M. Potokar and F. Cvelbar, Nucl. Phys. A280 (1977) 49
A.Likar and F. Sever, Nucl. Phys. A295 (1978) 405
A.Likar and R. Martincic, Nucl. Phys. A321 (1979) 306
A.Likar, and R. Martincic, Nucl. Phys. A350 (1980) 74

14. Name and establishment of author(s)

R. Martincic, A. Likar
J. Stefan Institute
Ljubljana, Slovenia
E-mail address: Rafael.Martincic@ijs.si, Andrej. Likar @ijs. si

15. Status (well documented, in progress ...)

This is a developmental program; there is no specific documentation currently avail-
able, but the source code is extensively commented.

16. Availability of the program

The program has been sent to the ENEA software data bank.

17. Material available (source code, sample I/O, command files ...)

Source code as well as sample input and output.

18. Keywords

radiative capture, direct-semidirect
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Questionnaire Regarding Direct-Semidirect Codes

1. Name and/or designation of the program

HIKARI

2. Computer for which program is designed

Any computer on which a Fortran 77 compiler is installed.

3. Nature of physical problem solved

The computer code :: HIKARI" calculates the angular distribution of cross sections
and analyzing powers of gamma-rays produced by the radiative capture of polar-
ized nucleons by unpolarized nuclei. The formalism is based on the direct-semidirect
capture model and takes account of the electric dipole, quadrupole, octupole and
magnetic dipole transitions. Special features include the ability to calculate transi-
tions from the isovectior (El, E2, E3, Ml) and isoscalar (E2, E3) resonances and to
take the isospin splitting of the electric giant dipole state into account. The use of
a complex coupling between incident nucleons and target nuclei is optional. Options
are also given for the particle-vibration coupling form factor for E2 and E3 transitions
and for the form of the optical potential.

4. Method of solution

Fox-Goodwin method.

5. Restrictions on the complexity of the problem

None stated.

6. Typical running time

Very short time.

7. Unusual features of the program

None.

8. Related and auxiliary programs

None.

9. Machine requirements

No special requirements.

10. Programming language used

Fortran 77.

11. Operating system under which program is executed

UNIX system (SUN OS 4.1.3).
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12. Other programming or operating information or restrictions

None.

13. References

H. Kitazawa, Triangle Universities Nuclear Laboratory Annual Report TUNL-XIX

(1980).

14. Name and establishment of author(s)

Hideo Kitazawa
Department of Energy Sciences
Interdisciplinary Graduate School of Science and Engineering
Tokyo Institute of Technology
4259, Nagatsuta-Cho, Midori-Ku, Yokohama 226, Japan
TEL. 045-924-5688
FAX. 045-924-5688

E-mail: kitazawa@es.titech.ac.jp

15. Status (well documented, in progress ...)

The code manual is in preparation.

16. Availability of the program

The program is not yet released, but it is available: contact the author.

17. Material available (source code, sample I/O, command files ...)

source code, sample input and output.

18. Keywords

Direct-semidirect model, polarized and unpolarized nucleon capture.
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Questionnaire Regarding Direct-Semidirect Codes

1. Name and/or designation of the program

DIRCO, SPEC, and KISS

2. Further information

As noted in the introduction, these codes and the work performed with them played an
important part in the development of the direct-semidirect model. They were written
in FORTRAN IV and developed for an IBM 360/75 system. While these codes
are now considered obsolete by their authors, information about them may possibly
be obtained from the ENEA Nuclear Data Center, Bologna. DIRCO and SPEC
calculated dipole capture to single bound final states and to a spectrum of bound
final states, respectively, while KISS calculated quadrupole radiation as well. The
codes were documented in the reports indicated below, and these may be available
via the ENEA Nuclear Data Center. Inquiries may also be directed to one of the
authors at the address below.

3. References

The codes were documented in the following CNEN Reports:
DIRCO: RT/FI/(71)29
SPEC: RT/FI/(71)30
KISS: RT/FI/(71)31

4. Name and establishment of author(s)

Giuseppe Longo
Department of Physics
University of Bologna
Via Irnerio 46
1-40126 Bologna Italy
e-mail: longo@bo.infn.it
Fax: 39-51-244101, 39-51-247244
http://bohp03.bo.infh.it/tunguska96/

5. Keywords

direct-semidirect, dipole capture, quadrupole capture


