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GENERRAL REPORT

1. Task

The
and

and

subject of this IAEA lecturer's-mission was Data Evaluation.
Processing Technigues, in particular the theoretical aspects

the practical use of nuclear reaction model computer codes.

" The use of such codes for the evaluation of nuclear data to

be applied in nuclear reactor neutronics calculations is one
of the_recéntly started activities of the Nuclear Data Centre
of the Instituto de Estudos Avangados of the Centro Técnico
Aeroespacial, and therefore this course aimed at training

the staff there in hethods of nuclear data evaluatioﬁvbased on
nuclear model calculations. The full report including lecture notes is
available from the IAEA Fuclear Data Section as supplement to this report.
2. The Institute ’

The Instituto de Estudos Ayan;ados (IEAv) is one of the in-
‘stitutes which belong to the Centro Técnico Aeroespacial (CTa)
and comprises departments for nuclear energy, laser, theore-
tical physics and computing. The other four institutes be-
longing to the CTA are concerned with aeronautic technology,
aircraft engine structure, space activities (missiles) and
research and development concerning aviation. The Nuclear
Data Centre involves collaboration of the groups for nuclear
energy, theoretical physics and computer sciencé, and also
will cooperate.with an experimental physics department to

be founded in connection with the construction of an electron
linear accelerator which is expected to become operative

iﬁ 1986. The IEAvV is located in new buildings outside the

CTA campus several kilometres from the Centre of Sao José

dos Campos.

3. Participants

The course was mainly addressed to the members of the eva-
luation group which is part of the department for theore- ---
tical physics ‘and consists of Dr. Helio Dias, Ricardo-Afonso
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do Rego, Tobias Frederico, Milton Pereira Isidro Filho

and Jairo Fiorentino. The latter four persons are students
at the University of Sdo Paulo. This evaluation group par-
ticipated. in the theotetical and the practicél part of the
course; the theoretical lectures, moreover, were attended
by up to five (mostly graduate) persons belonging to the re-
actor physics group of the nuclear energy division or other
départments of the IEAv. - A

4, Activities

The course was divided up into a theoretical and a practi-
cal part. Theory was presented in two lectures per day, A
45 minutes each, starting at 8.15 and 9.15 a.m. The'pracﬁi—
cal part consisted of more loosely organized "workshops"”
held -on many days in the late morning and everyday in the
afternoon. During these workshops all steps of the evalua-
tion procedure were exércised by treating sample problenms.
The used computer codes ABACUS, IUPITOR and STAPRE had been
installed at the CDC Cyber 170/750 at the TIEAvV already, more
récent{versions as well as small subsidiary programs for pre-
paring input data and processing results I had brought with
me. Advice was given with input preparation, output eva-
Jluation, comparison of the results to experimental data
(partly brought with me in form of EXFOR listings) and
parameternvariation.lA more detailed description of the
problems treated in the workshops is given in the last pait
of the report. Besides that, the workshops also offered:a -
possibility of discussing open guestions in connection
with the theoretical lectures. Thé contents of the lectures
can be seen in the an part of this report which consists
of copies of the transparencies used. Such:kind of lecture
. notes were also made during the course for all partici-
pants in order to give them the chance to go through the
theory afterwards on their owns, This was necessitated by
the fact that often an immediate understanding of the lectu-
res seems to have been hindered by their problems with the
English language as well as by deficiencies -in their basic
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 physics knowlegde. ' :

'lBesides the time devoted td direct'édllaboration with the
participants, much work was invested in lecture prepara-
tion,'érogr;m;mddifications, debugging of samble runs angd
searching for pérticular experimental ahd evaluatibn papers
 in the library. In this context it may be worth stating
that the library, despite its being equipped with nuclear
theory'textbooks rather completely, suffers from a grave
.dack of papers published before 13876. B

5. Further needs

In order to support the beginning activities regarding model
code~based evaluations, further experts' guidance is desirable.
One of the aims of such support should be to enable the
members of the evaluation group to work more independentiy
which 1s not the case up to now,.due partly to lack of ex-
perience, partly to the fact that they are mainlyAstudents
and not yet used to perform independent research work.

Maybe, advice can be given in written form in the frame of
.cofreépondence, maybe -some other form d% contact can be
established. The director of the IEAV, Dr. Reginaldo, as well
as the head of the nuclear energy department, Dr. Naii;'
asked me to come back for several months in late 1983 or .
beginning of 1984. Also, one thinks of sending 1-2 members
6f.the evaluation group abroad for further trazining in the

- field of nuclear data evaluation. - '

A further mission of an expert from the ENEA Centro di
Calcolo in BOngna'is expected for middle 1983.

; complementary valuable source of obtaining information.and
advice is of course the participation in relevant training
‘courses. In particular, the'"Workshdp on Nuclear Model. Com-
puter Codes" (Jan./Feb. 1984, Trieste) and the "Course on
Methods of Nuclear Data Evaluétion and Processing” (middle of
1984, Vienna) would probably be a suitable and helpful con~
tinuation of the presently described course for each of its

participants.
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Theoretical part: Contents of lectures

I. Introduction to the theory of elastic and 1nelast1c scatterlng and nuclear
reactions

1) Direct and compound reactions
2) Elastic scattering

3) Inelastic scattering
a) Coupled channels theory
b) DWBA .

4) Nuclear reactions

II. Spherical optical model calculations
1) Géneral-description of the problem
2) Comparison with-experimen{al data
* 3) General flow chart of spher. OM program

III. Coupled channels oP{icél model calculations
1) Introduction
2) The interaction potential
~ 3) The coupled equations
4) Scatiering matrices and cross sections

5) Adiabatic approximation

IV. Statistical model for. compound nucleus reactions and preequlllbrlum decay

1) Compound nucleus model

Theory
b Subsidiary quantities

2) Preequilibrium exciton model
V. Survey of nuclear model computer codes

VI. ABACUS
1) Program operétion
2) Input
3) Output

VII. IUPITOR
' 1) Program operation
2) Input |
3) Output
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VIII. STAPRE
. 1) Program operation
2) Input.
3) Output

IX. Evaluation prdcedure
1) Retrieval of experimental data’
2) First choice of model parameters
~3) Input preparation
4) Output evaluation
5) Parameter variation
6) Consideration of special features

7) Accuracy
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Practical part: Description of the problems treatéd in the workshops'

1) Optical model calculations for *STi+n

Spherical optical model calculations by means of the codé ABACUS
were performed using the potentials by )

'J. Rapaport, Phys. Repts. 87 (1982) 25 and

"E.D. Arthur, P.G. Young, Rept. LA-8626=MS.
As both these potentials differ from what is provided for in
ABACUS with respect to energy or radial dependence, an existing
computer program for ABACUS input construction was modified so as
to handle these potentials. The resulting s-wave strength
function, total cross section and differential elastic cross .
section at 2.9 MeV were compared to experimental data by the
followiné auvthors: '

Quantity | Energy - , Reference _ v

So 2.7 - 300 keV ~ Allen et al., Exfor 30359.017

SgrR' 17.6 = 270 keV BNL=-325 |

o .389 MeV ~ Bowman et al., Exfor 11600.012
total ) .

Orotal 14.2 MeV _ Djumin et al., Exfor 40149.004
=5 . 2.9 MeV Pasechnik et al., Exfor 40045.002

The.sensitivity of the results to variations in the depths of
real .and imaginary potential was studied by means of the parameter scan
option. of ABACUS. As both potentials were found to reproduce the
experimental data reasonably although they had been determined
for slightly heavier nuclei and, .in the case of the Rapaport
potential, for energies above 7 MeV only, they were also used

to preparelneutron transmission coefficients for the statistical

model calculations. . ' _ '/f\A
‘ - | 48 . 45 R
2) Calculation of transmission coefficients‘for . Sc+p and “Cata - .

For the 48.’I‘.1.+n'stat:l_.s‘ci.t:alvmoclel4ca.‘l.c:ulat:l._e:ms', charged particle

" transmission coefficients were generated using the code ABACUS.
For each particle type, two different potentials were used, namely



N

=143 -

for protons: _ v
G.S. Mani et al., Rept. C.E.A.-2379 (1963)
'F.G. Perey, Phys. Rev. 131 (1962) 745 |

- . for a-particles:

‘J.R. Huizenga et al., Rept. ANL-6373 (1961)
O0.F. Lemos, Orsay Rept., Series A, No. 136 (1972)

Also for these calculations, some programming work regarding input

construction was necessary. »
3) "Statistical model calculations for *8ri+n

Input data fbr the code STAPRE were prepared for the reactions
(n,2n),. (n,p), (n,a), (n,np), (n,ne) on 48Ti. During the input
preparation -the use of various. compilations of parameters
necessary for STAPRE calculations was demonstrated and the

models into which these parameters enter were repeated. The above

- reactions were chosen in order to be able to study the effect of

parameter variations on all competing decay modes of the inter-

mediate nuclei 49'I‘i, 48Ti simultaneously and to- compare the

calculatlons with the followlng experlmental ‘data:

Quantlgy Energy o : - Referencé-
(nfa)XS '  14;1 MeV Yu Wen Yu et al., Exfor 11583.003
(nfp)xs " 14.5 MeV E.B. Paul et al., Exfor 11274.026
-" - 12.7-17 MeV F. Gabbard et al., Exfor:@11494.006
- - 14.5 MeV - M. Hillman, Exfor 11610.004 °
- - 14.7 MeV D. Crumpton, Exfor .20931.005
e 5.8-14.1 MeV  M.T. Swinhoe et al., Exfor 20986.005
- - 14.8 MeV . R. Prasad et al., Exfor 30336.011
- " - 14,7 MeV V.K. Tikku et al., Exfcr 30394.003
v(h,np)XS' 14.7 MeV - S. Qaim et al., CINDA Suppl. 78
« production ' B |
SPECE U (15 pev. S. Grimes et al., Nucl. Sci. Eng;éz
p production | - ' (1977) 187 ’
spectrum o “

The calculations were performed with the various sets of trans-

mission coefficients described in 1) and 2)' During the level

~density parameter variations which were necessary. for improving

the agreement of the calculatlons with the (n,x) and (n,p) cross,;

'sectlons, a method for checking the compatibility of the Varled
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parameters with experlmental level information was practiced.
The 2nd chance charged particle emission cross secticns could
not be calculated during the course time, and therefore the .
coﬁparison of the production spectré could not be performed

but advice was given for this kind of investigation.

4) Optical model calculations for'238U+n
Coupled channels ootlcal model calculatlons were performed w1th S
the code IUPITOR using potentlals determlned bV‘
V.A. Konshin,Proc. Winter Course Nucl. Theory for Applications,
Trieste, 1980, IAEA-SMR-68/I(1981) 139
A. Prince, International Nucl. Model Codes Comparison Study,
NEANDC 128 "U" |

The results were compared to the experimental total and elastic
cross sections given in "Compilation of Actinide Neutron Nuclear -
Data", NEANDC(OR).153/L and the experimental strength functions
mentioned in J.P. Delaroche et al., Proc. Consultants Meeting on
Nucl. Theory for Neutron NuclearAData Evaluation, Trieste,~1975}
IAEA-190 (1976) 251. Special investigation was devoted to the de-
pendence of the strength functions on the number of states coupled
virtually to the ground state. As the reprcduction of -the
available experimental data by the calculations with the _
Konshin potential was satisfactory, neutron transmission coefflclent
were created with this potential and processed for use in the
code STAPRE.

5) Statistical medel calculations for 238U+n

As time was not sufficient for the statistical model part of the
238

U sample evaluation, recommendations regarding options and

. parameter values for the STAPRE input to betprepared_were left
to the participants in written form, together with a graphic
representation of experimental excitation functions for (n,;y) and

238

(n,f) on U and their reproduction by STAPRE calculations per--

formed by M. Uhl at the IRK (unpublished).



