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Abstract

A complete and unitary computerised system for the compi-
lation and evaluation of the neutron nuclear data has been adopted
in the Nuclear Data Laboratory from Institute for Atomic Physics
in Buchdrest. A general scheme of this system is presented. It
starts with the generation of the DANEX-library (containing the
experimental nuclear data) and generates at finally the DANEM-
library (containing evaluated nuclear data). A number of the com-
puter programs used for this and for the processing of the data

are quoted, compatible with each other.



The technology of evaluating neutron
nuclear data in Romania

S. Radpeanu, G. Vasiliu, N. Mateescu, S. Mate
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library.

The unitary system of programs, on processing stages is
presented in fig. 1. It can be assumed as consisting of two ;ain
stages: compilation (with forming the DANEX-experimental data 1li-
brary), and evaluation (with forming the DANEM-evaluated data 1li-
brary). Evaluatioﬁ, in its turn, is composed of experimental data
processing, their analysis, fitting, calculations with reaction
theoretical models, checkiﬁg'the consistency of the set of evalua-
fed data and forming the evaluated data library. In the main, this
system is applicable for evaluating any type of cross-section.

(A-B) As it may be remarked, the evaluation of a cross-
section starts with the bibliographical selection from the CINDA
index, and introducing the data by means of the INDEX program, in
the DANEX-experimental nuclear data library (compilation stage).
The input of data is performed on basis of the systemizing indica-
tions recommended by IAEA [1], the adopted format being similar to
the CSISRS format as well as that of data storage at IAEA. .

It is to be mentioned that also specific values for eva-
luating thermal neutrons cross-sections are introduced, as for in-
stance frequency distribution functions {(w), g(v), p(R), the
scattering law S(a,B), the Debye-Waller factor, etc.

Besides the data compiled within the laboratory, compiled
data pfovided by IAEA are also introduced in the DANEX-library.

The DANEX tapes are kept in two copies, and the data in-
troduced by us also on punched cards. The data introduction is
done reference by reference, representing distinct "entries'", the
proper figures being introduced as "subentries" for each set of
data provided by the work (on reactions types, temperature, excita-

tion levels, etc.).

[1] J0.0. Schmidt - IAEA Report 111, 1969, pg. 20




The DANEX tapes represent the starting point of the eva-
luation stage. | | |

(C) Using a DANEX tape as'input, a number of programs al-
low the selective exfraction of soﬁe data of interest.

Thus: the SINTEX programihas two alternatives and extracts
from each subentry contained on a DANEX tape, synthetical informaﬁ
tion regarding the institute, reference, first author, isotope, daél
ta type (section, etc.), the vafiation range of the measuréd ekpe-;
rimental data, numbef of points and the éccess and subaccess number
of the entry for the entire content of the tape or selectively for
an isotope and given reaction types. 7

The REDEX program allows the selective retrieval of the
entire content of a DANEX tape, which refers to an isotope and a
given reaction type.

Although these programs do not participate directly in the
evaluation process, their outputs allow the determination of preli-
minary information and an analysis of the data and their quality.

(D) For the evaluation and to short the computer time are
used two programs for processing data, PREG 1 and PREG 2, which
create 3 work tapes BL 1 (basic tape), BL 2, and BL 3.

The program PREG f selects from a DANEX tape, a minimum of
information for identifying the data as well as the numerical data
for a certain isotope and reaction type, supplying as the output
the BL 1 work tape.

Any subsequent processing of these data can start from
this tape avoiding the retrieval of each data on the DANEX tape
which is much more ample.

Using the BL 1 tape as input, program PREG 2 partially pro-
cesses, the numerical data (homogenizing the measuring units, re-

normalization, arranging data according to energies, etc.)



supplying the BL 2 working tape. .

' In the absénce of a display, data plotting, with a view to
, analyéeithem, is performed on pbintér-by means of the LISTPLOT pro-
‘gram;fusing tape BL 2 as input. The plotting of experimentai cross-
sections, eﬁergy er%%%ggfsection errors, as energy functiohs or
other quantities is performed on 11 energy ranges from 10’? eV to
207MeV}~Thg energy scale is linear, and the cross section scale is
linéar,‘loga;ithmical or équare root.

(E) By means of plotting, both of experimental points and
éﬁ@érs, realized by the LISTPLOT program, and of experimental de-
tails}retrievea by program REDEX, it is further proceeded to deter-
mine and analyse the gaps, the discrepancies, taking decisions on
el?minating some data (F) and the energy ranges which shall be co-
veredjby cross-sections calculated on the basis of reaction models
(@), i

(F) With an adequate choice and using tape BL 1 as input,
program PREG 2 eliminates the data established in point (E) crea-
ting tape BL 3 which contains the data effectively selected for
fitting. |

For fitting the use of spline functions of 3rd degreehwas
adopted, as first approximation of the set of chosen expgfimental
points, and optimization by an x® criterion by means of the SPN-
SIGMA-FIT program.

The selection of spline function knots is done by a new
plotting of data contained on tape BL 3 and weighted by averaged
-achieved with the LISTPLOT program.

The program SPN -SIGMA-FIT provides as output the parame-
ters of the cubic polynomials which describe the set of evaluated
data and allow the calculation of the cross-section at any energy

in the range covered by experimental and calculated points.




(G) Depending on the decisions taken while analyzing the
data, on the type of ‘nucleus and cross-section to be evaluated,
particuiar attention is given to the selection of the most ade-
quate reaction models.

For this, the plotting of the experimental and calcula-
ted points is done simultaneously, starting from the BL 1 tape,
choosing, by the search procedure, the optimum parameters for the
computing models.

This allows covering the gaps and taking of some deci-
sions in case of discrepancies of experimeital data.

It is resorted to theoretical model calculation, in the
thermal field, of solved and unsolved resonances and as necessary
in the fast range.

(H) From the data evaluated preliminarily, theoretically
and experimentally, it is proceeded to checking the consistency
of the cross-sections set and possibly to reevaluation.

(G) After obtaining the consistent set, a lattice of
energies is established, also the interpolation laws on various
ranges and by means of the progr;§¥?§ created a tape compatible
with program INDA [2], by which the data are introduced in the
DANEM evaluated data library [3]. Programs CORA and REDA [2] allow
correction and retrieval of evaluated data.

The presented diagram does not claim to be entirely origi-
nal and uniquely possible.

It is liable to be improved.

[2] s. Mateescu, Al. Badescu-Singureanu, N. Deciu - Preprint IFA,
DNBR-7-1973

[3] Al.I. Badescu-Singureanu, N. Deciu, D. Gheorghe, N. Mateescu,
S. Mateescu, S. Rapeanu, St. Cerc. Fiz. 26, 982-991 (1974)
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A number of other aspects like creating libraries of mul-
tigroup constants for thermal and fast reactors  which also is part
of the preoccupations of the Nuclear Data Laboratory of the Insti-
tute for Atomic Physics, exceed the framework of this paper.
At the same time, aspects such as testing and adjusting of
evaluated nuclear data are stages that follow the evaluation pro-

cess and are not described here.
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Abstract

According to IAEA recommendations concerning computerised
neutron nuclear data libraries, the program INDEX assures the sto-
rage of the typical neutron nuclear data on magnetic tapes. The
program SINTEX retrieves compressed information regarding the in-
stitute, laboratory, first author, isotope and reaction type,
‘energy range, number of experimental points, for a fast and quali-
tative analysis of the data. The program REDEX retrieves and

prints all information regarding a given isotope and one or more

reaction types.




INDEX, SINTEX, REDEX - programs for storage

and retrieval of experimental neutron nuclear data

S. Mateescu, G. Vasiliu

1. Introduction

Analyzing the world experience in the field of nuclear da-
ta libraries, and taking into account the IAEA criteria [1] for
general structure of such libraries, we have adopted a generél
system for computerised storage and retrieval of nuclear data.

The principal aspects adopted are very similar with the
CSISRS library.

Cenerally speaking, such types of libraries have the fol-
lowing advantages:

1. a compact storage of a large quantity of information
concerning the nuclear data, usually on magnetic tapes, disks, etc

2. they allow a fast retrieval of nuclear data for an
isotope and for a reaction type, etc

3. they allow a computerized processing of the data for
evaluation

4. they allow the data exchange with other similar labora-

tories.

2. General structure of the DANEX library

Using magnetic tapes for the storage, the DANEX library
contains selected information from literature, from authors, con-
cerning neutron nuclear data, rimarily necessary in reactor cal-
culations. For this reason the DANEX library up to now contains

only the data for the energy range between 10”2 eV and 20 MeV.

[1] J.J. Schmidt - PReport IAEA-111, 1969, 23




Each selected paper, according with these two criteria, is
completely included and represents a separate "entry".

In such an "entry", there are a number of "subentries",
each of them ccntaining nuclear data regarding an isotope, a reac-
tion type, for one or more energy values angle values, etc. General
structure of one DANEX tape is given in fig. 1. Each "entry" and
"subentry" has a characteristic access number and subaccess number,
respectively.

The first figure of the access number represents the geo-
graphical area from which the data occurs.

Our convention is the typical one.

1;5 USA and Canada
2;6 Saclay area
337 Vienna area
438 USSR.
Each entry contains two particular cathegories of information:

The first one contains:

a) bibliographical information as authors, reference,

title of paper

b) standard information concerning experimental conditions

[1] as experimental facility method, neutron source,
sample, type of detected particle, detector, standard,
errors, corrections, analysis of the data,remarks

¢) common numerical information for all subentries.

These information are contained in the first subentry of
each entry. All of them are characterized using a number of key-
words according to the CSISRS dictionary [2].

The second information cathegory is contained in the next

subentry.

[2] cSISRS dictionaries, BNL - 1974
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They are: the measured isotope and quantity (isoquant),
specific information of subentry and experimental data given as a
table. The data are included using the original units and error
cathegories.

The neutron nuclear data types, selected and dncluded in
DANEX library are the typical cross sections, as: total, integral
and differential scattering cross sections, absorption, elastic,
nonelastic, gamma emission, neutron emission, the quantities cha-
racterizing thermal neutrons (scattering law S(a,B), scattering
cross sections for the bounded atom) more than 400 types of data.

Each type of data has its own keyword according to CSISRS-
dictionary, except those for the thermal neutrons which have ori-

ginal keywords.

3. The program INDEX

The INDEX program assures the writing on a magnetic tape of
the "entries" into a card image format, using a system of grouping
‘on cathegories of information.

The records are control records which allow the selective
retrieval of the records with desired information and data re-
cords. |

The typical structure of an entry on the DANEX tape is
shown in fig. 2.

In the last three fields the program writes the access
number (NA), the subaccess number (NSE) and the number of the re-
cord (NR).

The,firsf record starts with an "ENTRY" record with NSE =
0 and NR = 1, and finishes with an "ENDENTRY" record having NR =
99899 and NSE = 999. In the last record, RSUB represents the num-

ber of the subentries in an entry and can be maximum 998.




The subentries start with a "SUBENTRY" record having NSE =
1 and NR = 1 (NANSE = NA and NSE and DA is the storage data) and
finishes with a "ENDSUBENT" record having NR = 999399; RSENT being
the number of the "effective" records from subentry. The "effec-
tive".records are the records between two sequential control re-
cords.

The first subentry contains two typical records. The first

record type (BIB-1) contains bibliographical information and stan-
dard information concerning the experiment, beginning with a "BIB"
control record and ending with an "ENDBIB" record.

The second record type ("COMMON-1") contains the common
numeriéél information characterizing the experiment, starting with
a "COMMON" record and finishing with an "ENDCOMMON" record.

The COMMON-1 records may be absent, in this case the con-
trol record becomes "NOCOMMON" and NCOLC = RECOM = O.

The other subentries have identical structures, and con-

tain 3 types of record, namely:

+1°, "BIB-2" records which are similar with BIB-1 records
" but contain only the information regarding the particular experi-
mental conditions. The first record always specifies the isotope
andithe reaction type (ISO-QUANT).

2°. "COMMON-2" records contain quantitative information
" which are particular for this ISO-QUANT and may become "NOCOMMON™
whénfthére are no such information.

.3°.."DATA" record type startswith two head records for
the - dafa table (one with data types as energy, cross-section,
error-1, error-2, error-3, etc. and one with the corresponding
 measure units). The minimum number of columns in the data table is

2, and the maximum is 6.



Then, there are numerical data records. |

Each tape starts with a "TRANS" record having NA = BOOOO,
NSE = O, NR = O and finishes with an "ENDTRANS" record where the
RENTR is the number of the storaged entries; NA = 99999, NSE = 99§
NR = 99999.

The INPUT cards

The beginning of each entry is formed of a card with con-
trol data for the first subentry and of one for each subentry con-.
taining the respective control data.

‘There are the following input cards:

CARD FORMAT INPUT-LIST Description

1 1X,Iu KL = 0 a new Danex tape will. be gene-
rated

# 0 an od Danex tape will be com-

pleted
2 1X,I5 NA the access number
I3 NSE1 the number of subentries
I6 DA the date
I2 NCC the numper of keywords from
BIB-1
12 REBIB the number of records from
BIB-1
I1 NCOLC the number of columns from
COMMON-1
I3 RECOM the number of records from
COMMON-1
3 1X,16A4 ,A2 the effective BIB1 content
4*  1X,16Al4,A2 the effective COMMON-1 content
(if it exists)
5 1X,1I2 NCC the number of keywords from
BIR2

* Optional cards




12
I1
I1.
I1
I1

6 '1X,16A4,A2

7% 1X,16A4,A2

8 1X,16A4,A2
9 1X,16A4,A2
10 " 1X,6E11.4-

REBIB
NCOLC
RECOM
NCOLD
REDAT

- 6

the nuﬁber
the number
the number
the number

the number

of records from
of columns from
ot records from
of‘columns from

of records with

the effective BIB-2 content

BIB2
COMMON-2
COMMON-2
DATA

numerical data

the effective COMMON-2 content (if it

exists)

the head table

the measure units

thé numerical data.

The card types 3, 4, 6, 7, 10 are generally sets of cards.

There are no restrictions regarding the sequence of the

entries according to certdin criteria,as: isotope, data type, reac-

tion type, etc.:

The program's characteristic

The program is written in FORTRAN-IV for the IBM-370/135

(IAP) computer and allows the storage for any reference with 3500

experimental points, and with maximum 4 error types.

The necessary of memory is 35 kbytes.

In fig. 3 is presented an output example.

4, The programs for retrieval of the data from DANEX library

The analysis of the experimental data from DANEX library

for the evaluation process, involves two stages.

The first stage of the fast and compressed investigation

of the exigting_information into the DANEX library for a given

isotope, for the purpose to give a general view regarding the ex-

_perimental data, the density of the measured points per energy

. %

Optional cards



"range‘ﬁﬁit;

‘The second stage of the blbllographycal 1nvest1gat10n, in= -
cludes the complete analy31s of the experlmental data and involves.
retr;evalﬁpf all;stoqeged data_and information from the DANEX li-
brary for~the seerched‘isotOPe‘per reaction types.

To these purposes, we realised two retrieval programs
SINTEX (for the compressed selective retrieval of the blbllography-
cal information) and REDEX (for total selective retrieval of the

experimental data).

4.1. The program SINTEX

The program SINTEX extracts from DANEX library some infor-
mation for a given isotope, per reaction type. These information .
are: the isotope, the guantity (the cross section type), minimum

and maximum limits (eV) of the energy range with experimental

data in respective reference, the number of experimental points,

the institute (the institute and the country) where the points have
been measured, the reference where the paper was published, the

first author, as well as the access number.

Optionally, the program may select these information for
all entries from a tape, (a), or for a given isotope and one or more

given reaction types, (b).

Input cards

The input card types are given below:

CARD FORMAT  INPUT LIST ' . Description
1 , I5 IXI = 0 'variant (a)
# 0 variaﬁt (b)
2 12x;uAu IC(K),K=1,4 the isotope (only for variant
b) '
3 1X, 3Ay SOL(K),K=1,3 Name of claimant

1X,9A1  DATA(K),K=1,9 ~ the date




4 28X,A4 IC(5) the reaction type (only for variant (b))

In the last type 4 card ,"END" is written in the columns 30
-32.

The output will be extracted in variant (b) in order of
type 4% cards.

Fig. 4, 5 show output examples.

The program's characteristics

The program is written in FORTRAN-IV language and needs 36
kbytes memory. This program is compatible with the IBM-370/135 com-
puter, and uses a DANEX tape as input, and, for variant (b) uses

also a scratch tape.

4.2. The program REDEX
 The retrieval of the experimental data from DANEX library,
is performed with the program REDEX.

The criterion for selective retrieval of the references
which contain complete information, or, only for a given cross-
section type and for a given isotope, is the identity between the
read iso-quante from the tape and the searched isotope from the in-
put cards. A first investigation of the full tape leads to the cre-
ation and the storage into the memory of a three dimensional matrix
M(K,I,J), J = 1,2 where K is the current number of the entry, I is
the current number of the subentry for a particular entry.

The matrix M(K,I,J) may have maximum 1200 elements.

The matrix terms represent the number of records which must
be skipped (when there is no identity between the iso-quante and
the searched isotope), or extracted (when there is an identity).
After this operation, the program imposes the rewinding of the tape

and the writing on printer of the selected records.




Input-cards

The card types for input are:
'CARD FORMAT INPUT LIST Description

1 I5 ICON = 0 the data are selected only according

to the isotope

= 1 the data are selected according to

the isotope and reaction type

2 12X, 5Al IC(K),K=1,5 the isotope and reaction type

The program's characteristics

The program is in FORTRAN-IV language, and needs 145 kbytes

maximum.

The program uses a DANEX tape which is read as input.

5. Conclusions

The set of programs representesan unitary and complete sys-
tem which answers to the storage problem bn tapes and fhe compres-
sed and extended retrieval problem of the compiled data, concerning
the measured neutron experimental cross-sections.

This set allows to perform the automatic processing of the
experimental data, with a view of their evaluation. The selected
retrieval information are given to the users as listings or magne-

tic tapes.




'[Bnbluogrcphycal ‘information |
l
{[Experiment detailes ]

'[The common data for all subentried |

-
:[Specmc experimental detailes ]:
| |
({Common data for 2-nd subentry]:
| |
ILExperumento[ numerical data |

| Bregyeregen gy gy———————————————————— pit |

L

ﬁmrnllmz'bﬁbzi ﬁmom bib1

THE 2-nd UBci«TRY FIRST SUBENTRY

FIRST ENTRY

]

[ [Specmc experimental detalles] |
l

| [Common —data for nh subentry]:
! |

-

common2bib2|
l"!

THE n-th SUBENTRY

=

|[_Exper|mentd numerical _data |_;

The 2-nd entry

The n—th entry

Fige.l. General structure of one DANEX tape.
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FIELD 1 FIELD 2 FIELD 3 FIELD u FIELT 5 FIELD 6 FIELD 17
C0l1.1-12 C01.13-23 Col.24-34 Co0l.35-67 Col.68-72 Co0l.73-75 76-80

W ISLLT TR T L T TIER T E TRIIE SN W T T ST I T L S L ST T ISR T T T o

ENTRY NA DA NA NSE NR
SUBENTRY NANSE ‘DA NA NSE NR
. BIB1 NCC REBIR NA NSE NR
Bibliographycal information + Experi-
mental detailes NA NSE NR
" ENDBIB1 REBIB NA NSE NR
COMMON1 NCOLC RECOM NA NSE NR
Common data fcr all subentries NA NSE NR
ENDCOM-
MON1 RECOM NA NSE NR
ENDSUB-
ENT RSENT NA NSE 99534
SUBENT NANSE DA NA NSE NP
BIB2 NCC REBIB NA NSE NF
Specific experimental detailes NA NSE NR
ENDBIB2 REBIB NA NSE NR
COMMON2 NCOLC RECOM NA NSE NR
Date commune NA NSE NR
ENDCOM-
MON2 RECOM NA NSE ~NR
DATA NCOLD REDAT NA NSE NR
Experimental numerical data NA NSE NR
ENCDATA REDATE NA NSE NR ,
ENDSUBENT RSENT NA NSE 99999
SUBENT NANSE DA NA NSE NR
BIB2 NCC REBIB NA NSE NR
Specific experimental detailes NA NSE NR
% ENDBIB2 REBIB NA NSE NR
COMMON2 NCOLC RECOM NA NSE NR
) Date commune NA NSE NP
] ENDCOMMON2 RECOM NA NSE NP
DATA NCOLD REDAT NA NSE Nk
Experimental numerical data NA NSE NF
ENDDATA REDATE NA NSE NR
ENDSUBENT RSENT NA NSE Gy a

ENDENTRY RSUB NA 999 5929

Fig. 2. The typical structdre of one "entry"

from a DANEX tape
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Fige3. An output example of the program INDEX,
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Fig. & - An output example of the Program SINTEX (variant a).
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PREG-1 AND PREG-2 - PROGRAMS FOR THE PROCESSING

OF THE NEUTRON NUCLEAR DATA

G. Vasiliu, S. Mateescu
Inst.itute for Atomic Physics

Bucharest, Romania

Abstract

The program PREG-1 selects from a DANEX tape a minimum
quantity of information for identification of data and numerical
data, made uniform the data units, generating an output tape BL1
for a given isotope and reaction type. Any later processing of
these data can start with this tape which is shorter than the ori-
ginal DANEX tape. The program PREG-2, using the BL1 tape generated
by PREG-1 as input, made the renormalization of the data and exclu-
des some of them, optionally according to inputvdata. As output the
program PREG-2 generates the tapes BL2 or BL3, respectively.
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PREG 1 and PREG 2 - programs for processing

neutronic nuclear data from DANEX library

G. Vasiliu, S. Mateescu

1. Introduction

The evaluation process of the experimental nuclear data
involves, in many cases, to homogenize the data wunits , to re-
normalize some data, to exclude some data, to plot the data and
the corresponding errors, to fit the data and so on.

All these operations are made using distinct computer
program which have as input the DANEX-library.

Because the DANEX-tapes contain much more infoﬁmation than
those strictly necessary for the searched isotope, we have consi-
dered as very useful to achieve intermediate work tapes containing
only the necessary data for the later processiqg.

A tape like this is much more shorter than a DANEX-tape,
and contains the input data for the program which made the 1la-

ter processing.

2. The program PREG 1

Using DANEX tapes, the program PREG 1 sort out a minimum
of information for identification of the data, and numerical data.
In addition, the program assures the homogenizing of the
data units (eV for the energy, barns for cross-sections,-etc)
and gives different signs necessary for the plotting of data for
each data set.

The data thus sorted and partially processed are written

- on the scratch tape BL 1, whose general structure is presented in

fig. 1.



The records are in card-image format, each "entry" from
the DANEX-library being represented here by five records contai-
ning identification information, and by the records with numerical
data.

The significance of the variables from fig. 1 is the fol- .

lowing, for each "J" entry:

ARR  (J,I),I

1,3 - real numbers between 1 and 4 representing

flags characterising the errors types

TLAB (J,I),I = 1,2 - country and the laboratory providing the
data

IAUT (J,I),I = 1,2 - the access and subaccess numbers of the
corresponding references from DANEX-tape

REF (J,I1),I = 1,44 - the reference

AUT (J,I),I = 1,44 - the authors

REDAT - the number of records with numerical data

Each record with numerical data contains:
E 1 the argument (energy, angle, etc.)
E 2 the function (cross-section, scattering law, etc.)
E 3 the argument error
E 4 the function error
IE the access number
IIE the attributed sign for the reference
LIS = 1 a flag for the end of the record.

Each tape generated by this way has as first record, a
special record containing the variable IC(I),I = 1,5 representing .
the isotope and the cross-section.

At the end of the tape there are two characteristic re-
cords pointing the end of file.

The program has also the ability to include, at the end

of ~ file, and before its closing, external sets with computed




numerical data, read from cards or another tape using the CIDEX

subroutine.

3. Input/output (PREG 1)

The typical input cards are the following:

CARD FORMAT INPUT-LIST Description

1 F5 IXI control flag
= 0 writing on tape and partially on
printer (without numerical data)

# 0 complete writing on tape and prin=
ter

2 I5 IFLAG 1 the number of external data set

I5 IFLAG 2

"
o

no external data sets

= 1 the external set is added at the
end of BL1 tape already created

= 2 the BL1 tape is generated with data
from DANEX library and external set

simultaneously

= 3 the BL1 tape is generated with ex-
ternal data set only

3 12X,5A4, (IC(K),K= the isotope and the quantity selec-
47X,I1  =1,5),LIS ted

Yy 6 E11.4 E1(I),E2(I) external data set

An output example is given in fig. 2 for IXI = 0, IFLAG1 =-
0, IFLAG2 = O.

4. Program’s characteristics

The program is written in FORTRAN IV language compatible
with the IBM 370/135 computer.
The memory request is 76 kbytés. The running of the pro-

gram requests. two tape units, for DANEX tape (input) and for BL1



tape (output).

5. The program PREG 2

Using as input the BL1 tape generated by the program
PREG1; the program  PREG2 made an additional processing of the
data as: renormalisation, (using the subroutine RENORM), optional
excluding of certain data (using the subroutine FILTRU) and rear-
rangement of the data according with the increasing order of the
argument values.

The program  computes also the minimal and maximal values
of the function, of the argument errors, and of the function er-
rors (using the subroutine MINMAX).
| Optionally, the PREG2 program is able to‘generate as
output two tapes, BL2 or BL3, function of the later destination,
of which structures are shown in fig. 3 and fig. 4.

The BL2 tape is destinated for plotting on printer of the
experimental renormalized dafa with different signs fof each refe-
rence.

The BL3 tape contains the selected data after their analy-
sis and after excluding certain data. These data are arranged- ac-
cording with the increasing order of the argument values.

The BL3 tape once formed, is used for plotting the weigh-
ted means of the points, with a view to choose the knots and for
their fitting by the cubic spline, using the -SPN-SIGMA-FIT pro-
gram

The signification of the variables appearing in fig. 3 and
fig, 4 are the same with those from fig. 1, and additionaly: MM
‘show the value of the ratio EMAX/EMIN,‘namely:

| MM = 1 if EMAX/EMIN S 50

MM = 2 if EMAX/EMIN < 500




MM = 3 if EMAX/EMIN >* 500
These three records containing EMIN and EMAX r=fer to the
extreme values of the function, of the argument error and of the
function error reébectively.
' These redords are used by the plotting program = LISTPLOT.
The BL2 tape is organized on data sets arising from maxi-
mum 27 references.
Each reference set starts with a record confaining the va-
riables LV and NRR meaﬁing, the number of references (£ 27) and .
the number of experimental points respectively, and is finished
with a particular record indicating the end of set.
The BL3 tape has a similar structure with the BL2 tape,
. with only difference that this later contains a single data set
which refers to all data from all references from the BL1 tape.
Each tape (BL2 or BL3) starts with a specific record na-
mely the variable IC(I),I = 1,5 meaning the isotope and the reac-
tion type (cross-section) and finishes.with a particular record

referring to the end of tape.

5. Input/output (PREG 2)

The input card types are given below:

CARD TFORMAT COLUMNS INPUT/LIST Description

1 "Is 1-5 IXI

"
o

the BL2 or BL3 tape is
generated and the data
are partially printed

# 0 complete writing on tape
and on printer

2 12 1-2 IWM # 1 is generated BL2 tape

"
[y

is generated BL3 tape

use the FILTRU subroutine
for excluding of certain .

I2 5-6 IND2

"
[y



data

# 1 no excluding data

3 I5 1-5 NA access number of the "entry"
for which the
I3 6-8 NSE subaccess number |renormalization
is made N
4 T7E11.4 1-77 CREN(I), the renormalizatibn coefficients
I=1,REDAT -
_ of the "entry"
5 I5 1-5 NA access number ]for which is
_ made partial
I3 6-8 NSE subaccess number or complete
excluding of
experim. data
E 11.u4 9-19 LAW the lower energy limit
E 11.4 j20-30 UP the upper energy limit

The card types 3,4 and 5 are placed in order of appearing
of access numbers NA and increasing of subaccess numbers NSE, into
the DANEX tape.

The 4,5input data typesindicates generally, card sets.
An output example is given in fig.5 for IXI # O, IVM = 2.

6. The program’s characteristics

The PREG2 program is written in FORTRAN IV language and
needs 171 kbytes memory. The program is able to put in order ma-
ximum 4000 experimental points arising from maximum 100 referen-
ces.

The program uses an input tape BL1 and an output tape :
BL2 or BL3.

The PREG2 program was run on an IBM 370/135 computer. .
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LISTPLOT - A PROGRAM FOR THE PLOTTING

OF THE EXPERIMENTAL AND/OR COMPUTED

NEUTRON DATA

G. Vasiliu, S. Mateescu
Institute for Atomic Physics

Bucharest, Romania

Abstract

Using as input the tape BL 2 generated by PREG-2, the pro-
gram LISTPLOT made on the printer, a plot of nuclear cross sec-
tions, energy errors and cross sections errors from different re-
ferences with different signs. The plot is made on 11 energy sub-
ranges between 10 > eV and 20 MeV with particular scale for each
range or with a scale for all ranges. According to the extreme va-
lues ratios of the quantity to be plotted, the scales can be lin-
lin, log-1in, and sqrt-lin. Because of the large number of points
the program made averaged values for the all points arising from
one reference to be plotted at one energy. This type of plot is
used for the analysis and selection of the data according to their
quality for evaluation. Using the tape BL 3 with the complete pro-
cessed data the program permites the plotting with the same sign
of the weighted averaged data to choose the knots for their fit-
ting with the program SPN-SIGMA-FIT.



LISTPLOT - a program for the plotting
of the experimental and/or computed

neutron data

G. Vasiliu, S. Mateescu

1. Introduction

One of the main stages of the evaluation process includes
the comparative analysis of experimentaly measured and/or theore-
tically computed data for each given cross-section and also of
errors for data and for incident neutron energy.

The visual analysis of these data, although has a quali-
tative character, allows to take certain decisions regarding the
data with too large errors, the discrepancies, and, also to esta-
blish the gaps.

In absence of a display, the LISTPLOT program allows the
plotting an printer of data from DANEX-library.

Using BL2 or BL3 tape , with the input data, the pro-
gram plots the arithmetical average data on references, with dif-
ferent signs ("standard" representation), or the weighted évera-
ged data from all available references, with a single sign ("par-
ticular" representation), respectively.

The former plot answers to the visual analysis problem
mentioned above.

The latter plot type is used to establish the input data
with « view to fit the experimental data by the SPN-SIGMA-FIT

program.

2. The program description

The program LISTPLOT performs the plotting of experimen-

tal data concerning a given isotope and reaction.




The energy range of interest for the evaluation process

3

(1077 eV - 20 MeV), is subdivided into 11 energy ranges, namely:

1073 - 1072 eV, 107% - 107" eV, 107" - 1 eV, 1 - 10 eV, 10 - 100
eV, 0.1 - 1 KeV, 1 - 10 KeV, 10 - 100 KeV, 0.1 - 1 MeV, 1 - 10
MeV, 10 - 20 MeV.

In each subrange is chosen an "energy step" which assures
his covering by maximum 200 equal spaced points.

The eneréy is represented in a linear scale.

The cross-section is represented in a linear-linear,
square root-linear or logarithm-linear scale, according with the
ratio of the extreme values of the functicn (£ 50, £ 500 or > 500
respectively).

The corresponding scale is chosen by the program for each
energy range, or it is unique for all energy ranges (using a gi-
ven input option).

For a more detailed analysis of the energy range around
14 MeV, covered by many experimental points generally, the pro-
gram aliows also the plotting of a particular energy range with

a given extension.

3. The program and its subroutines

3.17. The main program

The main program, using the input tape BL2 or BL3, with a
variable format for reading, selects the values for plotting of
each energy subrange (in the "standard" representation case, IVM
= 2).

In the "particular" representation case (IVM = 1), the
main program performs a weighted average of the cross-sections at
the same energy, indifferent of the references from which it

comes.




In both cases, the main program calls the "supervisor"
subroutine - ANALIZ - going on to the subsequent processing and

the data plotting.

3.2. The subroutines

The LISTPLOT program uses 8 subroutines, as it is shown in
the flow-chart in fig.1.

1. ANALIZ subroutine is a "supervisor" subroutine which

czlls in order the following subroutines: MINMAX, EVAL, ILIST, MED
(optionally), PLOT, FLIST.

Having established array for the plotting function by the
main program, the subroutine ANALIZ computes the number of steps
which must be skipped on the abscise between the beginning of the
energy range and the first plotting point, and between the last
plotting point and the end of the range - to assure the abscise
scale linearity.

This subroutine compﬁtes also the number of points to be
plotted at the same energy.

2. MINMAX subroutine - selects the extreme values EMIN and

EMAX of the plotting function in each energy subrange. Also, esta-
blishes the plot type: y = f(x), vy = §(x), or Log y = §(x), ac-
cording to the EMIN/EMAX ratio (£ 50, s 500 or > 500).

3. EVAL subroutine. The purpose of the EVAL subroutine is

to compute the number of steps which must be skipped on abscise
between two sequencial points.

4. ILIST subroutine. Computes the step-value on the ordo-

nate scale and points at the beginning of each plot, certain in-
formation strictly necessary for its analysis, the plotted isotope
and cross-section, the plot type, the energy limits of the range,

the step for the advance on the abscise scale.



This subroutine draws and graduates also the ordonate
scale, points the lower limit of the energy range, printing the
starting point of the abscise.

5. MED subroutine is called when there are more points at

some abscise point. In this case, the subroutine MED computes an
arithmetical average value for each reference.

6. PLOT subroutine computes the positions on the ordonate

scale of the points to be plotted on a gride with 101 columns on
the printer, and prints the corresponding signs for the averaged
or exact values.

7. FLIST subroutine. Closes the plot and writes the prin-

cipa1>information regarding the references whence the data were
plotted: the sign, the access number, the authors, the reference
and the laboratory.

8. PLOTEX subroutine. In the case of the extended plot of

the points from any energy range, performs the corresponding
function array. After that, calling the subroutine ANALIZ, as-

.sures the plotting.

4, Input/output

The input card types are described below:

CARD FORMAT COLUMNS INPUT-LIST Description

x/ 1 I2 1-2 IFLAG1 0 the plot is made on
the energy ranges es-
tablished by the pro-
gram.

# 0 the plot is made for

an arbitrary energy

range, with a given

energy step.
x/ The card type 1 is blank when the plots are standard using the
energy ranges established by the program(the PLOTEX isn't called)




E 11.4
E 11.4
E 11.4

I3

I3
I3
I3
I3
13

I3

3-13
14-24
25-35

1-3

7-9
10-12
13-15
1e-18

19-21

EMI
EMA
PAS

IVM

MIN
MFIN
MPAS
JIN
JFIN

IND3

"
o

lower energy limit
uper energy limit
energy step

case of the plot of weighted average

with a unique sign

plot with distinguished signs for

each reference

flages to identify the quantities to
be plotted

(see the table no.I)

flags to identify the energy

range to plot (1-11)

one adequate ordonate scale for each

energy range

unique ordonate scale for all energy

ranges

Table no.l

The significance of the input data according to

different plot types

MIN | MFIN | MPAS | The plot type

1 | 1 1 o = §(E)
o = §(E)
112 1 AE = §(E)
o = £(E)
1 3 1 AE = {(E)
Ao = {(E)
2 2 1 AE = §(E)
AE = §(E)
2 | 3 1 do = §CE)
3 3 1 Ao = 4(E)
o = {(E)

S 2 po = f(E) |




For one running, the program is able to perform the plot-
ring of the cross-section for all energy ranges, or a given number
of sequencial energy ranges, and also, of the cross-section errors
and/or of the energy errors, optionally.

An output example is given in fig.2.

5. The program's characteristics

The program is written in FORTRAN IV language and needs
112 kbytes memory, on the IBM 370/135 computer.

The compilation time is about 3 minutes.

The program uses an input tape (BL2 or BL3 types) prepared

by the programs PREG1 and PREG? with data from the DANEX-library.



MINMAX

ANALIZ

MAIN
PROGRAM

=1 PLOTEX

Figel. The flow=chart of the program LISTPLOT.



SICMAL2ARN)

(@] >
o [
Lii A\ e u
nA * %
oA ® : T
ol ] ° I
°) * EH ! f
o) #* o ) C o
) 3 [ -
(e N [y
oI . e +* g o<
) * L Uee 3 0 I
u - X XU = o
" g - 3
f\\'n—.- 2 q AT %
- | b a :'Jw
. re . >
c:: LXK | 3 : cv
] ' »
Q1 (S g’ S
D4 - % 1<
) x = -9 oL
wy
<) ® Lo
] = K< —N
1 * o = -
3 o 5
(&N * '
. . s
gl o > 3
p -
i) o] *® i < e
N | L& (] =’
-3 e g : \"
N o] -
(A | x .
. - 4] P
21 >4 (e} [ ] [ B4
) * . 3=
- -
o' —-e x ’ 2
2 * |~
[og : X e o ’ -9
Oyt ] * ) -
X} i
* ~. >4 .5 .
S C (&
] 3
-] [ ] fan] ® :
QY Y
[ ] x{ * x ‘2 4
wop i :
- e * - 3 :
C o ; B -
PN | ! o 4.
LN *
<A ] e
l 1
- | P
o1 - N &
T — ¥ (]
ui g > [T
™ P
e “ - o® e
a1 . )
[ ] [ 4
~ | -. 3t (K
i (- | I
(I | L3R 8 Cr [ }
Wiy > % - Py
) > (N
o r— e % o
. C Ry
ol et o
S 1
' . !
-} o > —
(o | > & 1t O
P * i
ur) - ()
~1 '
P~ = o~
ol . RN
e ' [
oy > = 'O
} [ i
—t | e } -
9 ~ ]
"M " .
L) ) i*__u
"R s
(127 +o i
-1 . e
[N ] — |
o\ > Lo
\ 3 i
“ ) el 1o
o0 > poe
1 - HW
i | > -
« ) e P o
L) ey NTe
- L2l -
» L ]
(o] Fl\#b—hhhhhhbhhh-r\rﬂ*»bhhvshhwx:ﬁwo:mwww«:wmcxocmwwmcomcc TCXTXTIDNC CULX CITVTCCXTTOOOT XX &

0.550€ 07

u.vu.ru.-u‘-u:wwmww.umu,u;u.sLun.;u/u.,l.uu.-l.‘.vu:tuwwwwu.-umu.mwwwusu.-wuwu:u.tu_-
O('JOOOOOOOOOOOOOOOOOOOOOOOOOOOCOOOCM’\OOOOC‘OOOO
OOOOQOOOOOOOOCOOC’C‘OOOOOHM!&NO“-—#MU‘\l\c‘*v—-i—ﬂl“-vCO‘vﬁmf:et“-ﬁ.
LN ALaL N i Al latTaY SY ¢ AT Py C et MNP T O O S O rtrmd et st et 3 O\ IO T 6 Mg
U'\I"“‘“O*D\C'O'CFFNFFQG.(I'QQJOU‘O'-C‘C‘ O el B g g g oo g, g gt gt et g gt ) gt gt o g g
ooooooo.oooooooooootooooooocooooooo.ooccoooo

OOQOOOQOOOQOODOOOOOOOOOOOOOOiDOOOOOOODOOCOOOO

WU Wwww Wl UL L il Wl LU LU A L Ll
OCXOOLO OOITD LOUNDY NO~Or PO OO0~
DN o=t O Gl (:‘-—-v-ilt‘-cd.r-w-ﬂf"iﬁiﬂﬁ—"\@;l?-'
D2 a1 AT W 7 SRV SRV, Ve DSt and and ol e ee o 15 51 ST, SX4 N0 N a T LN o &)
[ lanl o Lot T B T i g o gt el e s o gl ed 0 gt gt e gy i SN
® ® 0080 0058 0 ‘P S 0 00 0 0 0Ot SO P GO e e

O00O0O0 0TNU DTODOV0VOCOTCC

VOOOVOOU COUOCC VOCUOUQUUOLOOCCUC




INDd(RUM)-é?L,éﬁé
' 1975

SPN-SIGMA-FIT - PROGRAM FOR FITTING

OF NUCLEAR DATA

S. Rapeanu, G. Vasiliu, S. Mateescu
Institute for Atomic Physics

Bucharest, Romania

Abstract

The program SPN-SIGMA-FIT represents a chain of two pro-
grams, SPN for fitting of the data using cubic splines, and the
SIGMA for the Optimisation of the spline S parameters by x2 crite-
rion. Both SPN and SIGMA programs contain subroutines for the cal-
culation of interpoiated cross sections, for plotting the experi-
mental, computed and optimised data. They print also tables con-
taining energies, experimental cross-sections, computed cross séc-
tions by initial and optimised splines and suitable errors, allow-

ing a fast analysis of the results.



SPN-SIGMA-FIT - program for the fitting

of the experimental nuclear data

S. Rdpeanu, G. Vasiliu, S. Mateescu

1. Introduction

The program SPN-SIGMA-FIT is a part of a set of programs
for pProcessing and evaluation of neutron nuclear data, adapted by
the nuclear datallaboratory of the I.A.P.

This program performs the fitting of the experimental data
and/or theoretical computed data, cross sections at any desired
grid of energy.

Using a tape BL 3 as input, created by the program PREG 2
and containing the processed experimental data as well as and com-
puted data if these exist, the program SPN-SIGMA—FIT.generates for
a first stage, one set of functions which approximately describe
the set of data considered.

In a second stage the parameters of the approximate func-
tions are optimised using a x? criterion.

The choosen functions for the interpolation are cubic
splines which assures a higher precission than other interpolation
methods [1].

The program SPN-SIGMA-FIT is in fact a chain of two pro-
grams, corresponding to the stage of the calculation of the spline

functions (SPN) and to the stage of their optimization (SIGMA-FIT)

2., The subprogram SPN

This subprogram computes the parameters for the spline

functions which describes the variation of the cross sections with

[1] N. Deciu, S. Rapeanu - preprint I.A.P. DNBR-4-1972



2

-the energy between two successive knots.

A subroutine for the plotting added to

plots on pri%ter function of energy, experiment:

puted points by the obtained spline functions,

points.

An attached table performed on the prini

ror analysis of the computed points.

Then the parameters of the splines are

tape BL, as input data for SIGMA-FIT subprogram.

2.1. The calculation of the spline functions

Having a given number of points (5L’"L)
where gi are the knots, the intermediate values
n between two succesive knots, can be obtained
mials. If they have the first derivative contin
the second derivative is zero in the extreme kn
ral spline functions and have the best interpol

For our problem, the approximation by s
third order is enough, and taking into account

tion for the second derivative of the splines, &

the subprogram SPN

al points, the com-

the interpolation

ter allows the er-

. £ 4
listed on a scratch

o

, (4 lyee.n)

of the functions
using (n-1) polyno-
uous in knots, and
ots, they are natu-
ation properties.
pline functions of

Steffenson's nota-

we obtain a system

with (N-2) equations, where N is the number of knots:

A,S"(Ei_—l) + ZBlS"(E/(:) + C‘ls"(gi'\.‘l) = 6H1 (1)
where: S(x) is 8Spline function of third order K

Al = E‘: - E,(‘_—l .—

By = .y - 64

L+1 -1 (2)
Co = Eay ~ &4
Hy = (84,000 - e S(Ey) + S(, )/ A
“ 171
On the other hand, the function S(x) for x, between &; and




- 3 -
££+1 is extended in termsvof the setond derivatives S"(g) by the
expression:

S(x) - Falee ) g, D[(0,-0)8"(e ) - (Ep-) - 5
- (e, 0] - Gux - H,

where:

(4)

™
(]
o
]
p
N

Solving the system (1), we obtained the (N-2) second derivatives in
knots (from 2 to N-1), the complete array of the derivatives being
performed by adding the two null derivatives in the knots.

The optimization process of the spline functions involves
to know parameters of the splines, for this we formed for each suc-
cesive pair of knots one suitable system of equation type (3) ta-
king for x, 4 equal spacied values.

Its solving leads to (N-1) equations:

S(x) = AT(OIx® + A2(4i)x? + A3(i)x + A4(L) (5)
which represent the (N-1) splines.
The coefficients AI(4), A2({), A3(i), A4(L) are the 4 para-

meters characteristing the spline between 2 successive knots.

2.2. The main program and the subroutines

The flow-chart of the subprogram SPN is presented in the



fig.l.

Using the subroutine CIT BL 3, the main program reads NF
the number of the experimental points, and their coordonates from
the input tape BL 3.

The subprogram SPN computes, the coefficients A,, B,, C,,
H, from (2), generates the system of (N-2) equations (1), solves
this system of (N-2) equations (1), solves this system and compu-
tes for each spline A,,...H, from (4), chooses 4 equal spaciated
abscises between the extreme knots of each spline, and computes
the values of the spline in these points using relation (3).

The subprogram generates for each spline a system of U4
equations, the unknowns being the parameters of the suitable
splines.

Then is solved this set of systems of equations and are
calculated the values of the spline in the interpolation points.

The solving of the system of equations is made using the
subroutine SOLN called from the computer library (RLB-IBM-370/135
[2])which calls the subroutines MATIN, LOC, MAXOUT, SIMQ also.

The subroutine PLOT atributes different signs for the ex-
perimental points, knots, interpolation points as well as for ex-
perimental points computed again with suitable spline functions,
and plots them on printer into a linear scale in energy and cross
section.

The subprogram SPN computes the relative errors of the
computed by splines cross sections, compared with the experimen-
tal cross sections and points them into a table containing the
argument, the function and relative error.

Both, plot and table, allow a fast analysis of the

[2] System/360-Scientific Subroutine Package Version III
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quality of the derivated spline functions, as well as of the ap-
proximation order which was included.
Finally, the subprogram calls the subroutine SCB and
FORMVR and writes the parameters for the obtained splines on a

scratch tape.

Input-cards

Card Format Input/list Description

1 I10 NF # 0 is the number of experimental
points which must be read from the
cards

= 0 indicate that the rgading is made

from a tape with the subroutine CIT

BL 3
I10 M is the number of interpolation
points
I10 N is the number of knots
x 2 8F10.2 X1(I), are the absciseg (energies of the
I = 1,NF experimental data)
x 3 8F10.2 Y1(I), are the ordonates (cross-sections)
I = 1,NF of the experimental data
X U4 8F10.2 Y2(1), aré the errors of the experimental
I = 1,NF data
5 8F10.2 X(I),I=1,N are the abscises of the knots
6 8F10.2 Y(I),I=1,N are the ordonates of the knots
7 8F10.2 T(I),I=1,M are the abscises of the interpola-

tion points

3. The subprogram SIGMA-FIT

The subprogram SIGMA-FIT processes the parameters of the.
splines obtained with the subprogram SPN, successively, finally

supplying the optimised parameters of each spline, the errors of

x There are only for NF # O



the parameters, as well as the cross-section at experimental
energies.

A subroutine for the interpolation, performs the calcula-
tion of the cross sections and of the suitable errors, at the
energies which aren't in the experimental data set, using the op-
timised functions.

Another subroutine added to the subprogram SIGMA-FIT plots
on printer, the experimental cross-sections, first computed by
spline functions, and optimised cross sections at all energies

(experimental and for interpolation).

3.1. The main program and the subroutines

The flow-chart of the subprogram SIGMA-FIT is given in the
fig. 2.

Using the subroutine FORMVR, which establishes the format
for the reading of the data from the tape generated with the sub-
program SPN, the subprogram SIGMA-FIT reads the input data (the
parameters for the spline functions, the coordonates of the expe-
rimental points, the energies for the interpolation).

The principal subroutine for the optimization process of
the splines, is the subroutine FUMILI (CERN-D-520), which obtains
the optimized parameters of the spline, using an iterative way and

an x2-criterion.

The subroutine ARITHM computes the function to be optimi-

sed, .using a suitable analytical expression, and the first deriva- -
tives according with the parameters.

In our case, the general expression of the function is a
polynomial of 3 order, linear in the parameters (5).

Using the optimised parameters, the subroutine INTERP has

the purpose to compute the values of certain cross sections in a



number of given energy points.

Aparf from experimental points whieh have errors, the in-
terpolation‘points haven't specified the errors.

Taking into account, the parameter's errors, these above

errors are computed using the subroutine DELTA.

This subroutine calculates the variations of the suitable
cross-section -according to all parameter's variations and selects
the maximum deviation from the cross section value computes with
the optimised splines, by the subroutine ARITHM.

The subroutine PLOT madé a plotting of the experimental
(0), computed by original splines (x), and computed by optimised
splines (+) cross sections, with distinguished signs from paren-
thesis.

Finally the subroutine PLOT points out a table containing
the energies, the experimental cross sections, the computed by
initial splines cross sections,their relative errors according
with the experimental points, as well as the experimental cross
sections computed by optimised parameters of the splines, the
suitable relative errors, respectivelly.

These two elements allow a fast and conclusive analysis
regarding the quantity of the obtained analytical functions (opti-

mised splines) for the fitting of the experimental data set.

Output examples are giVen in fig.3 and Table I.

The characteristics of the program SPN-SIGMA-FIT

The language in which the program was written is FORTRAN
IV, for IBM 370/135 - I.A.P. computer.

The subprogram SPN asks for 99 kbytes memory and 3,5 mi-
nutes compilation time. |

The subprogram SIGMA-FIT needs 76 kbytes memory and 6.28



minutes for the compilation process.
L

The program SPN-SIGMA-FIT uses an input tape BL 3 and one

scratch tape for the storage of the intermediate results.




] CITBL3

MAIN
PROGRAM

FORMVRI

Fig.l. The flow-chart of the subprogram SPN.

FORM VR]

MAIN

PROGRAM ||

| ARITHM|
DELTA |

e

[ARITHM|

Fige2. The flow=-chart of the subprogram SIGMA-FIT,



Table I. Original and .computed cross-sections and their relativererrors.
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