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Note

This complete format description of the SOKRATOR library (Soviet
Library of Bvaluated Muclear Data) is a translation from a Russian
original ("Format of the Recommended Nuclear Data Library for
Reactor Calculations” by V.E. Kolesov and M.N. Nikolaev, Jadernye
Konstanty No. 8, part 4, 1972, p. 3) and its Supplement ("Changes
in and Additions to the Format of the SOKRATOR Evaluated Nuclear
Data Library" by M.N. Nikolaev, extract from Jadernve Konstanty
No. 16, 1974). The translation of the supplement had already been
published separately as INDC(CCP)-69 (1975).

Previous incomplete versions of the format description have been:
wpe(ccp)-24  (1972)
mpc(ccp)-13  (1970)
INIC (FR)-2 (1971) (comparison with the UKNDL format).

These are superseded by the present document.
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FORMAT CF THE RECOMMENDED NUCLEAR DATA LIBRARY FOR REACTOR CALCULATIONS

V.E. Kolesov and M.N. Nikolaev

At present, most nuclear reactor calculations are performed by means
of multigroup methods, and it is most likely that this practice will con-
tinue for a fairly long time to come. Until recently the preparation of
multigroup constants required such a large expenditure of effort and time
that the only practical possibility was to use systems of constants with
fixed neutron energy ranges depending on the type of reactor being calcu-
lated. At the same time such an approach has a number of obvious disad-
vantages, arising from the non-universal nature of the systems of constants
obtained as well as the ftechnical difficulties involved in introducing
changes.

The development of computer techniques has allowed a considerable de-
gree of automation to be introduced into the process of converting a point
set of recommended nuclear data into group constants with arbitrary energy
divisions, and enables this process to be linked directly with multigroup
programmes for reactor calculation. The basis for such an information pro-
cessing system is a library of recommended nuclear data. Existing library
formats for recommended nuclear data [1-4] allow storage of large volumes of
different types of information in a form convenient for practical use. In
particular, these formats allow the inclusion in the library of data on neu-
tron and photon interactions with nuclei of different materials, as well as
data on photon generation. This information makes it possible to solve on
a computer a wide range of problems connected with neutron and photon trans-
port.

The same nuclear-physical constants may be represented in various ways.
Thus, in the resonance region for example, cross-sections may be represented
as a detailed energy variation, as resonance parameters, or in sub-group
form, with different numbers of sub-groups. The differential cross-sections
for elastically scattered neutrons can also be specified in various ways:
as an angular dependence or as expansions in Legendre polynomialse. Here too
a sub-group representation of the data is possiblaz.

The choice of one or other type of data presentation is governed in
practice by a number of different factors: the nature of the problem, con-
siderations of convenience, the programmes available, etc. It is therefore
desirable to design the library in such a way that information can be stored
in different formats. PFor this purpose it is convenient to introduce into
the storage system a special characteristic - namely a format type number.

This report discusses formats for the storage of recommended nuclear
data for reactor calculations. These formats represent a generalization and
extension of the English formats described in Ref. [2], which are used in a



number of laboratories abroad. An important feature of the formats pro-
posed here is the introduction of a special classification of the inform-
ation according to the type of representation. This makes the system of
nuclear data storage more flexible and allows the capabilities of meodern
computers to be more fully utilized.

The present format for storing recommended nuclear data is a develop-
ment of that proposed in Ref. [6].

Translator's note

The following identifier code equivalents have been used in this trans-
lation:

UAH = NIN
HTP = RTN
HOK = QCN
HYK = pcy
HTII = PN
BH® - 1mN
WHT = INT
e CLASSIFICATION OF NUCLEAR DATA

Nuclear data contained in the library are classified according to
three criteria: the composition of the substance, the type of reaction,
and the term of the data presentation.

First, the data entering the library are sub-divided according to the
substances to which they refer. Each data set for a material of specific
composition is characterized by a ™nuclear identification number" (NIN) and
represents a more or less independent body of information. Data having a
particular NIN are further classified according to the types of reactions
which can take place in the material and are assigned specific "reaction type
numbers" (RTN). Finally, nuclear data with a given RTN are classified accor-
ding to the way they are represented in the library, for which purpose they
are given "form type numbers" (FIN).

L1 ¥uclear Identification Number (NIN)

Each NIN may comprise data on a given isotope, element, chemical com-
pound, mixture, etc. Classification by NIN also makes it possible to in-
clude in the library various data sets for one and the same substance. These
may be data from different compilations, or data obtained from basic library
data by means of different processing programmes. When such data are entered
into the library, they are assigned new NINs. In this way, the NIN character-
izes the various systems of library data for diffsrent substances as well as
for the same substance.



We have adopted the following NIN structure. NIN is a nine-figure
integer, NIN = mympMammsagmymgng y the last three places of which, m7mAmng 4
are used for recording the atomic number of the isotope A, and places mj5
and mg for recording the charge number Z. If the data set relates to a
natural mixture of isotopes, zeros are entered in places m7mgmg - If it
relates to a chemical compound, zeros are entered in mg and mg, and places
mgy Og and mg are used for recording the serial number of the chemical com-
pound.

The first four places are used to denote tle serial number of the
data set in the evaluated data library {library file number - LFN).

It was decided %o keep the first thousand rumbers in reserve. The
second thousand numbers (from 1000 to 1999) are assigned to data sets re-
lating exclusively to individual reactions, or data relating to limited
energy ranges. This information is similar to that stored in the American
ENDF/A library and is used to prepare the complete data sets required for
reactor physics calculations. The second thousanc numbers are allocated
to the numbering of such data sets.

The numberes for data sets relating to different isotopes, elements
or chemical compounds cannot be identical. Thus there can never be two
sets of data with the same first four NIN digits (even if the subsequent
digits differ). Thus the last five NIN places are used only for convenient
identification of a data set, whereas the first NIN digit determines the
type of data (ml = 1 is an incomplete sety, mj} = 2 is a complete data set;
the meaning of the other possible values of m; has not yet been fixed),

I.2 Reaction Type Number (RTN)

Data which have the same NIN are sub-divided according to the reactions
which occur in the material. The Reaction Type Number (RTN) is a five-digit
decimal number divided into two parts: a two-digit "general classification
number"” (GCN) and a three-digit "particular classification number" (PCN).

The construction of the RTN from GCN and PCN give this nuclear reac-
tion data classification system great flexibility. By means of the RTN, it
is possible for example to combine into a single set, with a given NIN, both
neutron data and data on photon production and photon interactions with
matter. In practice, however, it is often more convenient to store these
three types of data under three different NINs, especially since their energy
ranges do not usually coincide.

Thus, with the NIN and the RIN, it is possible to have various arrange-
ments of the data in the library. This possibility will be further extended
by the introduction of the form type number (FIN).



Te3 General Classification Number (GCN)

Classification by GCN divides data with a given NIN into groups
according to type. The following GCNs are used for neutron data:

01 - neutron cross-sections

02 - angular distributions of secondary particles

03 - energy distributions of secondary particles

04 -~ energy-angular distributions in thermal-neutron scattering
05 - special quantities for neutrons (V,a,q,Bi etc.)

No further GCN assignments have yet been made. In particular, no
GCNs have been assigned for photon interaction constants because we do not
have any recommended data.

I.4 Particular Classification Number (PCN)

The particular classification numbers specify nuclear interaction
processes, Bach PCN identifiecs one of the processes that may occur when
neutrons or photons collide with matter. The table that follows lists
the PCN assignments for neutrons and is based on the English classification

system.
001 total
002 elastic scattering
003 nonelastic
004 inelastic scattering (n,n')

005-014 inelastic scattering with excitation of the i-th 1level
of the target nucleus (i = 1,2,e00e, 10)

015 inelastic scattering with excitation of other ("unresolved")
levels of the target nucleus

016 (n,2n)

017 (ny3n)

018 fission [(n,f)+(n,n'f)+(n,2nf i+ ceee ]

019 (n,f)

020 (nyn'f)

021 (ny2nf)

022 (nyn'x)

023 (n,n'3)

024 (n,2nx)

025 (ny3na)

026 (n,2n) isomeric state

027-100 reserved for other possible reactions leading to the pro-
duction of secondary particles of the same type as the pri-
mary particles

101 total absorption (all reactions which do not lead to the
emission of incident-type particles)



102 (n,y)
103 (nyp)
104 (n,d)
105 (n,t)
106 (n,38e)
107 (n,a)
108 (ny2x)

109-150 reserved for other possible reactions which do not lead to
the production of secondary particles of the same type as
the primary particles

151-200 in the English library these PCNs are used for classifying
information on resolved and statistical resonances. The
detailed meaning of the PCNs is directly related to the form
of the data. We have not yet used these PCNs

201-999 reserved for a variety of other data which may be needed or
which may occur in the future

It can be seen that a large number of PCNs have been left unassigned
to allow for the future needs of the recommended nuclear data library.

In the English classification, PCNs 201-208 are used to identify such
characteristics as transport and removal cross-sections, Vﬁf, and a number
of other derived quantities. PCNs 301 to 450 are assigned to parameters such
as (§xEx) which define the rate of energy release (Ex is the average energy
released in reaction k). These quantities are also derived from those de-
fined by PCNs 001 to 150; +the corresponding reaction is identified by sub-
tracting 300 from this PCN. Thus 301 denotes the total rate of energy pro-
duction whilst 302 denotes the energy released in elastic scattering.

Derived quantities are usually not contained in a library of recom-
mended nuclear data, but can easily be obtained with the help of special pro-
grammes. It is therefore natural not to assign PCNs to these quantities (at
least for the time being). It is probably more convenient to include such
quantities in a group—constant library to be compiled from the detailed data
library considered in this report by means of special processing programmes.

The reaction specification is such that the PCN enables the final pro-
duct to be uniquely determined. Thus for 120, the 120(n,n')3a reaction has
PCN = 023 whilst the reaction 12C(n,n')12*¢(y)12C has PCN = 5 if the 4.43
MeV first excited state is considered. Similarly, for 238U, PCN = 016 in-
dicates that 237Np+2n are the final products. Thus for any nuclear trans-
mutation we can use the PCN to determine both the state of the residual nuc-
leus and the type of particle emitted.



E}amples of Reaction Type Numbers

01001 -~ total neutron cross-section

01002 - elastic cross-section for neutrons

02018 - angular distributions of prompt fission neutrons

03016 - energy distribution of neutrons from the (n,2n) reaction
05018 - average number of neutrons per fission, V

I.5 Form Type Number (FTN)

Since data can be represented in the library in a number of ways,
the different forms are classified by a form type number (FTN). The use
of the FPTN allows various types of representation for data with the same
RTN and thereby greatly enlarges the potential of the storage system.

The following modes of data representation are included:

~ Detailed energy or angular dependence;

— Parametric representation, for example expansion in legendre polynomials
for the angular distributions;

- Sub-group data representation [5] with a variable number of neutron sub-~
EToups.

In the sub-group representation, neutrons with a given energy are
divided into N sub-groups. Each such sub-group (n), characterized by its
cross-section value §,, has a weight a, such that

The sub-group representation is a convenient method of quoting the
data in the region of unresolved resonances. In this case a, may be re-
garded as the probability that the total cross-section will be equal to 6n
for the energy E under consideration. Sub-group representation can also bhe
used for resolved resonances provided that a detailed energy dependence curve
for the data in the relevant energy range is not required.

This format assumes that there is complete correlation between the
total and partial sub-group cross-sections, i.e. that neutrons of a given
sub—group n have not only an identical total cross-section &, but also iden-
tical partial cross—sections &, If this approximation is not valid, the
sub~-group method becomes unusable.

For the angular and energy distributions of secondary particles we
can use various modes of representation which reflect the type of mechanism
involved in the given nuclear reaction. The PTN classification assumes that
the angular and energy distributions are constructed in the form of a super-—
position of these representation modes with the appropriate probability
assigned to each.



In addition, the FTN makes possible a more flexible arrangement of
the data stored in the library. In particular, it becomes possible to make
any desired changes in the number and priority of the variables (parameters)
on which the library data depend.

The FTN is designed to allow not only different modes of data pre-
sentation in the library (discrete points, parametric representation, etc.)
but also different hierarchies among the variables on which the data depend.
Generally speaking, the structure of the PTN depends on the RTN and is
governed by the GCN. Thus, for any GCN, the FTN is adequately defined by
a three—digit number (FIN = n1n2n3) whose components assume different mea-
nings depending on the GCN. Supplementary information to specify the FTN
more exactly is provided in some cases. The identification of the FTN com-
ponents and the supplementary information will be considered during the dis-
cussion of data formats for the appropriate GCN.

1.6 Presentation of cross-sections by means of resonance parameters

Only the format for Breit-Wigner resonance parameters has so far been
defined. Formats for recording the parameters used in other equations will
be developed as programmes based on these equations are compiled and used
for calculating cross-sections.

Our format is based on that used by the UK Resonance Parameter Library
RPL [7], modified to fit the general requirements of the SOKRATOR library
format. The modifications, however, are such that the numerical data on re-
sonance parameters can be fully converted from one format to the other with
the aid of a simple programme. Unlike RPL, however, the format of the basic
SOKRATOR Library does not provide for the storage of auxiliary information
(reference to the evaluation report, date and place of the evaluation and
other alphabetical information); such information can be put in a library of
textual commentaries parallel to the main library.

I,6.1 Breit-Wigner formula

Scattering cross—section:

6um(E)= st? [Z Jin® ﬁy’rz Be(E)| e Cos 2 Yy = 205 e Sin* by
FRE-ED) e B0 2y [f 45 BB le-2(E-E) B} 6.0 ey (1)

Reaction cross-section (n,R)

B (E) =F A Z 91+ Zrml‘n?»(E) *6, (E). (@)



Total cross section

B,y (E) = Bun (E) + 22 8. (E). (3)

The following notation is used here:

1
B.(E) = (FE0y+nin %4’ (4)

Oéw _é Z +f‘g) (5)

str
‘/5'. ___Z Cn (E E ) (6)
s¢r
Dyr= (E5-E)" + {(G+L)) (1)
EHEE‘_"(E):i [l1..(E) is the total neutron width (8)
&=L,
E[:,(E)==;Z:I:L(E) is the width of inelastic interactions (9)
= (E) =[5 (F) +T (B) is the total width (10)

Effective resonance energy E'n:

| ol

LZ.
E=E+& 2 [MEA) —&(E)] [ne (E1) /R (1) +

+ £ 5 8,080 - 8e(B)| T (1) /. CE). (11)

For ¢ = 0, the S, are independent of E. The Sp are usually taken to be con-
stant in the other reactions as well. If, as is done here, S is given for

= E.y then E' (E.) = B, in all cases, and as a rule E'y.=E. for other values
of E as well. The first summation (over J and™ ) is taken over all systems
of levels which can contribute to the cross-section.



The summation over £ is taken over all the orbital momenta of the
neutrons which can form states with the given J and 7 :

L,=mcn{|7—|1-§\\3 Ig-I"%\}, (12)
if
- - %%, (13)

where 'y is the parity of the ground state of the target nucleus. If the
parity condition in expression (13) is not satisfied, L is greater by unity
than the value given by expression (12).

L_,,=JV+I+-% ) (14)
if
(—1)1’=$ﬁ; (15)

or smaller by unity if the condition in expression (15) is not satisfied.
Owing to the condition for conservation of parity,

(-1)¢ = % 9%, (16)

the value of 2 in the sum changes by 2 from one term to the next.

Since usually

r:'n(—. > En(.L,"'Z.) ... f?nu,_ s

(except for high energies, where kaR1l), it is generally possible to put
L2 = Ll-

The penultimate term in expression (1) allows for interresonance in-
terference within the Breit-Wigner approximation. This correction is exact
if at least one of the following conditions is satisfied:

(a) The resonances are well separated and interference is unimportant;

(b) Only one neutron channel is important (only S-neutrons or S-neutrons
and neutrons with high values of momentum interact, but the target
nucleus spin is I = 0).

The phase shift ¢, . is defined in terms of the channel radius azJ(E):
576.3 = kO.z,.
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Here

M 4.
k= 219685 -10° JE M +4,08665 (barn)=¥>

where M is the mass of the nucleus (taking the mass of 12C equal to 12), and

a;j: a-i'Aaiy(E)

is the effective radius of the nucleus for the given chamnel. 1If a5
shows a strong energy dependence, this dependence is entered in the library
for a, y (and not foré&azJ).

The last terms in equations (1) and (2) describe the contributions
from distant resonances and also omitted levels. These cross-sections are
either represented at discrete points or are calculated from the mean re—
sonance parameters. In equation (1) this term can be correctly allowed for
by the effective radius a. For this purpose, however, interresonance inter-
ference must be taken into account in defining the resonance parameters. If
this is not done,fiﬁg(E) will in point of fact describe the result of inter-
ference from many levels.,

I.6.2 Approximations to the Breit-Wigner formula

(a) Omission of the term describing interresonance interference

This generally leads to the appearance of negative cross—sections bet-
ween the resonances unless a smooth cross-section is added. As a rule, the
resonance parameters are in fact determined in this approximation. Since
only the resonance peak regions are considered, however, the parameters found
in this approximation are sufficiently accurate. The nuclear radius is not
found accurately, however, and must be corrected before these parameters can
be used in a precise equation.

(b) Approximate allowance for interresonance interference to give positive

solutions

This method is employed in the URAN Programme [8]. It consists in
replacing'?eJ at each point E in the neighbourhood of a given resonance r
by qf}, which is defined so that

Ha g (B = din Fy 4 2 BeCE) B e s 2 % -

-zrs'xr;nc jin"\ﬂ,’ +2.(E-E;) Em_ Ain 2 \fc]]'

The calculation is performed according to equation (1) with the interreso-
nance term omitted but witl1q£3(E) in place of ¢, S0 as to ensure a positive
cross-=section,
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(c) Omission of the shift factors

Since So(E) is a constant, this is important only for £ > 0 and
only far from a resonance. Therefore, parameters determined in this appro-
ximation can be used directly in an exact equatior.

(d) Approximations for the low—energy region:

TS A :‘v'/(,'a’" ‘/L=0 for € > 0.

Once this approximation has been used for determining parameters in
the range where it is valid, the parameters are also suitable for use in the
general equation.

M
Omissi o —_— i i
(e) ission of the factor M+l.083§ n the expression for k
If the parameters are determined in this approximation, the value for
M in the initial data must be made sufficiently high so that this factor is
close to unity. Then the resulting parameters can also be used in the general

equation.

Penetrabilities and phase shifts must be determined by one of three methods.

(1) For neutron channelsﬁ% and S, are calculated for a square well. 1In
particular,

Pp = 1,
p=(xR)" .
? L+ (kR)* ?
P - (kR)Y

9 +3(xR)* +(kR)"

P < (xr)®
Y225 vu5(xR)* 6 (xR)Y + (xR)E,

For other reactions we take Pp(E) = 1 and SR(E) = 0.

(2) PpySRyPp and S5, can be represented in tabular form as functions of
neutron energy since they are determined empirically or calculated from some
theoretical model (e.g. for reactions in which charged particles are emitted).

(3) Phase shifts and penetrabilities are calculated by an algorithm whose
number is indicated in the library data.
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IT, REPRESENTATION OF DATA ON PUNCHED CARDS

——

The nuclear data information contained in the library is assumed to
be punched on symbolic cards. ZEach such card contains a specific amount of
basic and service information. The basic information consists of the actual
nuclear data in the form of numerical tabulations and auxiliary information
coded in numerical form which serves as headings to the data tables. The
service information consists of different types of flags distinguishing one
card from another. These flags also simplify the computer processing of
the stored data.

The symbolic cards are standard 80-column type cards. However, the
manner in which the information is distributed on the card wvaries according
to the particular peripheral equipment used. We shall therefore make a few
general comments regarding the distribution and the coding of the information
on the cards.

In the case where 960 positions (12 rows x 80 col.) are used for co-
ding of information, the layout might be as follows: 6 fields (each 11 columns
wide) separated by blank columns, used for the basic information (data fields),
and a service (flag) field in columns 73 to 80. This type of layout is used
in the UK recommended nuclear data library. If the input devices in the M-20
computer facility are used, it is more convenient to adopt a different scheme.
In this case the basic information is coded on the six upper rows, and the
service information is coded on the following rows.

These two types of layout are equivalent in the sense that the inform-
ation punched on the symbolic card, when printed out by the appropriate peri-
pheral device, is the same. In the first case it is the column field and in
the second case the row which is the basic information unit. Bach field (row)
contains a single machine word (one number). Alphabetic coding is not used
in the basic libraryl e The form in which numbers are presented depends on
their semantic content. All nuclear data are represented in floating point
binary-coded decimal notation.

In the second case it is possible to have a slightly different in-
formation distribution on the card. Since the number of significant digits
in the numerical data is usually small, the service information can also be
stored in parallel with the basic information, by using for instance the three
last decimal locations (third address) in each of the six rows containing the
basic information. This would allow one standard punched card to accommodate
two symbolic cards.

l/ It is assumed that, in parallel with the basic library containing the
numerical data, there will be a library of textual commentaries for each
file. The format for this has yet to be developed.
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For a given substance, the data defined by a specific NIN constitute
a closed information set in the sense that this information can henceforth
be used independently, without recourse to any other information sets which
contain analogous data for that same substance. Such a body of information,
consisting of a self—contained set of data, will be referred to below as a
"file", Bach file is assigned a specific library file number (LFN) which
is also entered in the first four places of the NIN.

Each file is divided into sections according to the number of re-
action-types associated with a material having a given NIN. Each section
contains cards with data on a particular type of reaction (RTN). In dif-
ferent files a given reaction type will in general correspond to a different
section. The correspondence between the section number and the RTN is
established in special "heading cards™ located in the zeroth section of
each file. Within each section the cards are numbered consecutively. The
numbering of sections within each file is autonomous.

The sequence of the neutron data sections depends primarily on the PCN
and, for identical PCN, on the GCN.

Examples of section numbering

Section

number RTN Data definition

00 - Heading information

01 01001 Total neutron interaction cross-.section

02 01002 Elastic scattering cross-section for neutrons

03 02002 Angular distribution of elastically-scattered neutrons

04 01003 Nonelastic interaction cross-section

05 01004 Inelastic scattering cross-section

06 01005 Inelastic scattering cross-section with excitation of
the first nuclear level

o7 02005 Angular distribution of inelastically-scattered neutrons
for excitation of first nuclear level

08 03005 Energy distribution of inelastically scattered neutrons

for excitation of first nuclear level

Both the content, and the location of the basic information on the cards
depends on the RTN (primarily on the GCN) and also on the FTN. This will be
considered in more detail below. The service information includes part of the
NIN (LFN), the number of the section, the serial number of the card in the
section and also the cyclic sum of the information punched in the first eight
rows of the card.

In view of the type of card punch and input equipment most widely used
at present in the USSR, we have adopted a system of coding by rowse.
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In the first six rows of the card we enter the basic information,
which is always recorded in floating-point binary coded decimal (including
integers). The order of presentation of the basic information on the punched
cards is described below (section III).

The seventh row carries a nine-digit integer, the last two places of
which are the number of the section in which data of the relevant type are
located E/; the four leading places are used to record the four leading NIN
digits (the library file number (LFN)) in the format considered above. The
fifth, sixth and seventh places are not used.

In the eighth row we punch the number of the card in the section in
floating point form. The numbering of the cards commences anew in each sec-—
tion from card number 1 (which always contains the title information for the
section).

The ninth row contains the cyclic sum of the numbers recorded in the
first eight rows. This information does not have to be punched for the pre-
sent format; it is only required in order to simplify the procedure for
finding incorrect cards. After the data have been inserted, the check sum
can be used to test that the information on each punched card has been read
correctly and to reveal any defective cards.

IIT. FORMATS OF NUCLEAR DATA IN THE LIBRARY

Since the character of the nuclear data is determined by the type of
reaction, the format of these data in the library depends on the RTN, and
primarily on the GCN. The formats will also naturally depend on the FIN.
Before specific formats for different GCNs are considered, a few general
comments are in order.

The energy range for a given RTN is divided as required into a number
of intervals. The following points, among others, must be taken into account:

l. In certain energy regions the values will be negligibly small or
zero (cross section below the threshold of a reaction, for example)

2. In some energy intervals the data are independent of energy or are
represented identically;

3. In some energy intervals the data have different representations
or different temperature dependences.

3/ The connection between the section number and the RTN is defined in
the first heading section of the file.
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The division of an energy region into intervals sometimes helps
to avoid duplication of results. The number of energy intervals should
be kept as small as possible. For different RTNs within a single NIN the
number of intervals may be different. For example, the total cross-sec-
tion and the cross-—section of a threshold process will have different
numnbers of intervals. Wherever possible it is desirable to have identical
energy intervals for a total cross-section and its associated partial cross-
sections. This makes it easier to locate gross errors by means of special
programmes.

Nuclear data are usually given at discrete energy points. If, how-
ever, the data are constant over a particular energy interval, they can be
represented by a single value for that interval as a whole. Such a treat-
ment is possible with the help of special formats included in the FTN classi-
fication,

Where data are quoted for discrete values of the variables on which
they depend, the choice of values for the independent variables must satisfy
certain conditions. More specifically, the values selected must be such that
the values of the function itself, for any intermediate values of the argu-
ments, can be obtained to a sufficient degree of accuracy by interpolating
between neighbouring points available in the file. In some cases it is better
to interpolate on a log scale (cross-sections, special quantities for neutrons).
The method of interpolation, and the order of the interpolation polynomial
for particular data sets to be entered in the library, are determined by eva-
luators who take into account the capabilities of the available processing
programmes; this additional information is then entered into the heading of
the PTN,

The interpolation law is represented in the library by a nine-digit
INT number:

- VR Y AR Y
INT = ‘1‘&‘.}"“".’ ‘;"&"J"

By means of the INT number it is possible to determine the method of
interpolation for a function of one, two and three variables.

The last three places, €!<; <}, determine the interpolation law for
the lowest-priority variable; the three places in the middle, €/ <,/ {, that
for the next in order; and the first three places 4,6y, that for the high-
est priority variable. The order of priority of the variables is determined
by the FPTN (see below).

In each set of three numbers, z,<, Z; , the digit 4, defines the method
of interpolation: 4, = 1 denotes linear interpolation, and the meaning of other
values of 4, has not yet been fixed. The next two digits define the scale on
which interpolation should be performed; 4, along the ordinate (scale of the
interpolated function), ¢, along the abscissa (scale of the argument).
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The scale is defined by the following table:

Value of Scale along
4 or 4_’ corresponding axis
1 Linear
2 Logarithmic
3 Radical
4 Cosine

When 13 0y then whatever the value of i,, the cross-section is taken to be
constant with a value of G' between E; and Ej,j. The first value E; must
be identical to Epe

The meaning of other values of 12 and i3 is as yet unfixed.

Examples: 1. PFunction of a single variable (E).
INT = ++ 09 122 000 000

denotes linear interpolation (i1=1) on a log-log scale
(is = iy = 2). The energy E is here the only and therefore
the highest-priority variable.

2. PFunction of two variables - a secondary-neutron spectrum as
a function of the incident neutron energy: f(E,,E).

INT = + 09 111 111 00O

denotes linear interpolation of f over each of the variables
on a linear scale.

3. Punction of three va.rla.bles - superposition of angular
distributions: ¢ {f/,) ZQ, (E) 4« (E,©) (the a(E) might for

example be energy—dependent sub-group weighting coefficients,
and f) sub-group angular distributions).

INT = ++ 09 112 112 114

means, in the case where the order of precedence of the variables
is a, B and & , that ax(E) must be interpolated linearly on
graphs of ay versus {,£ (¢,=I, € =1, ﬁ =2) and that fj must be
interpolated similarly for energy (11=1, 12=1, 13:2) and linear-
ly with respect to the cosine of the angle &({% =I, ¢ =I, <5 =4).

4. The cross-section depends on the sub-group number and the energy.

INT = 09 100 100 000

means that the sub-group weighting ap(E) and the sub-group cross—
sections Gp(E) are constant in the interval between Ej and Ej;)
and equal to ay(Ej) and 6p(E;).
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5« If the data are temperature dependent, the relevant temperature
value is given. If the dependence can be calculated analytical-
ly, the specification of a single temperature is enough. Other-
wise the results are given for several different temperatures
g0 that data for any desired temperature can be obtained by in-
terpolation. For example:

INT = ++ 09 113 000 000

denotes that interpolation must be performed linearly on a
graph of the cross-section versus T (€g =1, 4, =1, £, =3),

The RTN specification is such that it allows unambiguous identification
of the residual nucleus as well as the reaction products of any given nuclear
reaction. In particular, the rumber of secondary particles resulting from a
given reaction is uniquely determined. However, since some data, such as ex-
perimental data on angular and energy distributions, may not be known for each
secondary particle separately, but sometimes only for certain groups of par-
ticle products, the formats include a special number identifying the groups of
particles for which such data are specified.

The library formats allow information to be stored in separate sets,
each of which in turn can contain smaller sets. The distribution of the data
into the sets depends on the existence of common features: for instance they
may be data having the same RTN or FIN, data belonging to the same energy
range, temperature, and so on.

All the data sets are provided with special headings. Each heading
contains a description of the set and information about the number and possibly
the location of the directly dependent sub-sets. In this way, a general idea
of the content of a set can be gained from the heading alone without the need
to "unpack™ the whole set.

Each heading begins with a new card. The format for any GCN contains
the following headings:

~ Reaction-type heading

— Energy-range heading

- Temperature heading (for GCN = Ol, 04 and 05) or secondary-particle
groups (for GCN = 02 and 03)

~ Data form heading

The order of the remaining, internal headings is defined by the FTN.
Energy headings, neutron sub-groups, etc. fall into this category.

In what follows, we refer to a field or a row as a position. In the
description of specific formats the cards are numbered with Roman numerals and
the card positions containing basic information with Arabic numerals. Zeros
are punched in positions not occupied by information.
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I1T.1 File heading

The file heading occupies the zeroth section and establishes the
correspondence between the section number, the reaction type number and the
number of cards in the section. The heading format is as follows:

Type of card
I. 1. Nm

2. Total number of cards in file, including the heading cards

3« Number of cards in the zeroth section

4. Atomic number Z of the element (a zero is used for chemical com-
pounds and mixtures)

5. Atomic or molecular weight A

6. Number of different RTNs that exist for the given substance

IT. 1. Number of the section
2. Corresponding RTN
3. Number of cards in the section

If necessary, the information is continued in the following positions

of this and subsequent cards in the format of positions 1-3 of the type II
card.

III.2 Neutron cross—sections (GCN = 01)

In the library, the numerical values of the cross-sections are stored
together with the corresponding values of the variable on which they depend.
This variable may be the energy, the temperature, the sub-group number, etc.
Cross—section data are stored in an order determined by the natural sequence
of values of the variable; in the case of energy and temperature, this im-
plies a monotonically increasing order. The numbering of sub-groups is in
the order of increasing cross—section. 1In the formats adopted here, the
energy is given in MeV, the temperature in degrees K, and the cross-section
in barns.

The energy and temperature values are chosen in such a way that the
cross-sections can be obtained by interpolation. This interpolation is often
done on a logarithmic scale, in which case it is necessary that the cross-—
section be non-zero at all points, including the end points of the interval.

The PTN classification scheme also enables the cross-~section to be
given directly for the whole energy interval provided it is constant over that
interval.

It is desirable for the total cross-section and its component partial
cross~sections to be given at the same energy points. This can facilitate
the process of checking the cross-section data for gross errors by means of
special programmes.
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I1IT.2.1 TN classification for GCN = Ol

The first FTN digit defines the manner in which the cross-section data

are given according to the following table:

ny Cross-section presentation

1 At discrete points as a function of E and T in sub~-group form

2 At discrete points as a function of E with parametric representation
of the temperature dependence of the sub-group parameters

3 Parametrically by means of resonance equations for resolved resonances

4 Parametrically by means of statistical information for unresolved re-
sonances

5 Temperature and energy dependences of the cross-sections for some

(usually all) reactions in the section for the total cross-section

Subsequent nj values (6-9) are reserved for new data presentation

forms, if and when they are formulated.

The meaning of the low-priority FTN digits (n2 and n3) generally de-

pends on the ny value. For n) = 1 they have the following meaning:

np - indicates the number of variables or parameters on which the
cross=sections may depend

ny - indicates the internal order of priority of these parameters.

In the case of two parameters (energy E and the sub-group number i),

the meaning of the low-priority FTN digits is defined in the following table:

npnsy High-priority Low-priority
variable variable

0l - -

11 E -

12 i -

2l E i

22 i E
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The npng = 0l case means assigning a cross-section value to the whole
energy interval at once.

For n; = 2 the card format and the classification of no, and n3 have
yet to be fixed.

For n; = 3 the second PTN digit (n2) determines the type of the re-
sonance equation. In accordance with RPL [7] we take:

il
-

ns for the Breit-Wigner equation

no = 2 for equations based on the reduced R matrix (Reich-Moore
equation)

n, = 3 for the R-matrix Brissenden-Durston equation

it

np, = 4 for the S-matrix Adler-Adler equation;

ny equal to zero means that the resonance parameters are not cited in the
section for the given PCN and that they must be taken from the section for
the total cross-section (PCN = 001). With ny = 0 and np = 0, the resonance
parameters are not given for the relevant value of temperature; they must
be taken from the section corresponding to the first temperature value.

In the section for the total cross-section, the values ny = 0 and
ny = O for the lowest of the cited temperature, are inadmissible., The re-
maining values, ny = l, 24 «es 9, denote the number of the approximation to
the general equation which is recommended for use in calculations on the given
parameters, ny = 1 always means that the parameters are intended for use
with the general equation. When np =1, ny = 2 denotes that the approximation
included in the URAN Programme [8] is recommended. The meaning of other values
of n3 has not yet been assigned.

For ny = 4 the meaning of np and n3 is the same as for ny = 3. The data
forms for n; = 5 and above are recommended for recording the energy variation
of the cross-sectious in the resonance regions The number of points here is
very large and the cross-sections may vary very strongly with temperature.
Therefore, the amount of inf'ormation on the detailed energy and temperature
dependences of the cross-sections in this region usually determines the over-~
all volumz of the information in the file.

For FINs with nj = 1 and above the energy values for which the cross-—
sections are given are duplicated where necessary ftor the cross-—sections of
all the reactions and for all the temperztures. Moreover, when there is a
large number of energy points, the data on the cross-sectiions for the variouz
temperatures are very widely separated.

Tne cross—sections for different reactions are even more widely se-
parated., All this involves large amounts of extira machine time for the re-
avranging of information reguirsd to interpolate the cross-sections with

=]
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respect to temperature and to calculate average group values for ratios of
the type<$<y€}> (which are used to express the group constants in the re-
sonance region). The amount of machine time is particularly great on com-
puters which have a small central memory and which cannot process magnetic
tape information while carrying out calculations.

The use of FINs with n] = 5 and above enables us to include in the
section for the total cross-section information about the energy and tem-
perature behaviour of all the cross-sections, information already put in
a predetermined order suitable for calculating the group constants. The
volume of stored numerical information is then cut almost in half, since
the energy values are not duplicated for each cross-section and each tem-
perature. To a large extent, this compensates for the disadvantage which
arises with these representations in the output of information on the de-
tailed variation of a particular reaction at a fixed value of temperature.

For ny = 5, ny>> 0 derotes the maximum number of sub-groups used to
describe the structure of the cross-sections in the given energy range.
In the unresolved resonance region, where the details of cross-section
variation are unknown, FIN with np>1 will almost always be used. Data
formats with ny> 1 can also be used in the resolved resonance region if it
is not necessary to describe the variation in detail. n3>'0 denotes the
nunber of temperatures for which the cross-sections are given. ny = 9 means
that data are given for more than eight temperature values. ny = 0 with
n, ¢ 0 means that, for this temperature value, information about the energy
and temperature variations of the cross-sections is riot given in compact form
but can be taken from the section relating to the first temperature value
quoted. np = O means that the energy and temperature dependence is not given
in compact form for a given FTN but can be taken from the section for the to-
tal cross—section. Values of ny = 0, and ny = O for the lowest temperature
value, are not permissible in this seclion.

It should be noted that since FINs with nj = 5 and above enable us to
describe the temperature dependence of the cross-sections (as can be done
where resonance parameters are used) there is no point in giving the temperature
dependence in the form of energy variations at different temperatures, although
this is allowed by the format.

111.2.2 Card format for GCN = Ol when the cross-sections are given at dis-
crete values of E and T (n] = 1)

I, 1. RTN
2. Number of energy intervals ( E) for this RTN
3. Q, reaction energy (MeV)
4.)
5«) Reserved for supplementary information belonging to this RTN
6.)
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IIT.

1.
2
3.

5)
6.)
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EH’ lower limit of AE

Eg, upper limit of AE

Number of cards for presenting cross-sections in this AE, in-
cluding the present card

Number of temperature values considered in thisAE. The lowest
temperature, if the temperature dependence of the cross-section
is defined by the RTN. Zero, if there is no temperature depend-
ence.

INT number determining temperature interpolation law. In the
absence of any temperature dependence, use INT = 09 100 000 00O0.
Conventional indicator a. /a/ = 1 means that the temperature
dependence of the cross~sections is determined by the data pre-
sentation forms. a< 0 means that the given energy range con-
tains such wide resonances that, in the compilation of the group
constants, the detailed variation of the cross-sections is best
described by dividing the standard group into several narrower

groups.

Temperature T, at which cross-section is given

FPTN number for cross-sections at this temperature

Number of cards for representing cross-sections at this tem-
perature, including this card

Reserved for additional information at this T

The format of subsequent cards depends on the FTN.

Case_(1) Cross-section in the given AE is not energy dependent (one

1.
24
3.

sub=-group )

PN = 101
Cross~section value
Number of cards for this RTN (=1)

Qggg_ﬂg) Cross-section is energy dependent (one sub-group)

1.
2.
3a
4e

S5e
6.

PTN = 111

Number of energy values

Number of cards for this PTN

INT number determining the law for energy interpolation of the
cross~-section

E1

G(El)

If necessary, the information is continued on following cards in the
format of positions 5 and 6 of card IV.
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gggp_(i) Sub-group representation of the cross—section structure
for the whole AE

1. PN = 112

2e Number of sub-groups
Je a)
4 . 61
5 . as
6. 6,

If necessary the information is continued on subsequent cards in the
format of positions 3 and 4 of card IV.

Case_(4) Cross-section is energy dependent
Sub-group representation of the cross-section structure
for fixed E

1. FTN = 121
2e Number of E values

3e Number of cards used in the representation of the cross-sections
by this FTN (including this card)

4 Number of sub—groups (if it does not depend on E) or zero

Se INT number determining the energy interpolation law for aj and 6'-1

6. Number determining which quantity must be averaged

If direct averaging of aj and &; is possible for certain intervals AE
or AU falling within the interval [Ey, Ep], we enter in this position
either the maximum energy-loss interval for which such averaging still
permits the sub~-group characteristics to be determined with sufficient
accuracy (it is assumed that this interval must be less than 2) or the
maximum energy interval taken with a minus sign (minus indicating that
the interval is given in the ensrgy scale);

If there is a 2 in this position, the transmission functions must be
averaged:

Te () = -AiE_S &—Q(E)-t . %(E) dE (if 6 is the total cros;—section)
ak

cross section)

Tl(t)zA%S &L(E) &-Q(E)-t‘ {(E),-D,E (if 6 = 6 is a type R reaction
sE

(f(E) is the spectrum with respect to which averaging is performed).
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The sub-group parameters for the interval E are then determined
from the condition for approximation of T{(t) and Tg(t) as the sum
of the minimum number of exponentials providing the requisite
accuracy:

e
Y

T (t) =~ > ace

K=

Tl(t) = :E: CL;&& e_ﬁt

[ £ ]

P
1

If there is a 3 in this position, the recommended method of obtaining
the sub-group characteristics for the intervals is to calculate the
cross—-section moments (S'H 6’?) s where R = e,C,fy.eRyax and subsequent-
ly to determine the subgroup parameters by solving the following system
of algebraic equations:

<6: 6.7 > = i 2y O2x 6:""
£=¢-c$1¢,--.,klﬂ“4\'a
n&ﬁun,(ﬁ)él1¢4.nith/7U

-

where anin(P) and Npmax(P) are chosen from the following table:

Sub- Reaction
group Elaste.Scatt.] Radiative Capt. Other Reactions
number

2 -2 0 -2 0 -1 0

3 -3 C -3 I =2 0

4 -4 I -3 2 -3 0

The number of sub-groups p is chosen to ensure some given accuracy
€(n) in the calculation of the moments < gz6; *™#™+7*> and

<6;6-;ﬂe/mu *‘t)

Positive integers greater than 3 are reserved for other possible me-
thods of calculating the sub-group characteristics for the intervals.

1. E
2. Number of sub-groups
3- al
4. (7]

If necessary, the information is continued on the subsequent positions
of this and the following card in the format of positions 3 and 4 of
card V.
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Generally speaking, this format makes it possible to give different

numbers of sub-groups for different values of E., In practice, how-

ever, the number of sub-groups for all E within a given AE will usu~
ally be the same.

Case_(5) Cross-section is energy dependent. Sub-group parameters are

2.
Je
4.

6.

V. 1.
2.
3.
4.
Se
6.

energy dependent

PIN = 122}/

Number of sub-groups

Number of cards for this FTN

Reserve

INT number determining the energy interpolation rule
Conventional number determining the method of obtaining the in-
terval (group) sub-group parameters (see pos. 6, card IV for
FIN = 121)

Sub-group number (i)
Number of energy values
Reserve

E;

ajl

6i1

If necessary the information is continued on subsequent cards in the
format of positions 4-6 of card V.

The format of cards for FINs with nj = 2 has not yet been determined.

111,243 Format of cards for representing data on resolved resonance para-

meters *)

(a) General information
I. 1. FTN
2e Reserve
3. Number of cards for this PTN
4~6. Reserve
IT, 1. Eoly energy of the first resonance, eV
2e Eo,last' energy of the last resonance, eV
3. Number of isotopes
4~6. Reserve

3/

For the information of evaluators: the processing of data presented in

RTN = 121 usually involves less machine time than data with RTN = 122.

*) This format was partly changed, see p. 61-63 (note by editor)
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Information on the isotope

1.
2.
3.
4.

5.

1.
2e
3e
4.

5e
6e

Atomic weight of first isotope

Its fractional concentration in natural isotopic mixture

Number of cards for this isotope (including this card)

ta, radius of neutron channel (in Fermis) (with minus sign if
the energy dependence of the radius or its dependence on £ and
J is given)

+I, parity and spin of the target nucleus. For computers which
do not distinguish between +0 and -0, negative parity is noted
by punching not only the sign of the number, but also its indi-
cator.

Number of resonances of the isotope for which parameters are
given

Number of reactions for which parameters are given

PCN of elastic scattering reaction = 002

PCN of total radiative capture reaction =-102

PCN of fission reaction (if it occurs) = 019. If there is no
fission, then zero is used

PCN of the fourth reaction (if there is one), otherwise zero
PCN of fifth reaction (if there is one), otherwise zero

If necessary, information continues on subsequent cards in the format

of

1.

positions 5 and 6 of card IV.

Indicator for presence of non-resonance scattering cross-section,
nrr:

nrr 0 if there is no such contribution

nrr = 1 if it is given as a series of energy points

2 if it has to be calculated from equations on the basis
of the mean resonance parameters

nrr > 2 if it has to be calculated on some other basis

nrr

Indicator for the method of calculating penetrabilities and shift
factors for the neutron channel, khupn:

khupn = O if these factors are calculated by the usual method

khupn = 1 if they are given at fixed energies

khupn =2 if they have to be calculated from certain specific
equations

i}

Indicator for the presence of a non-resonance radiative capture
cross—section (analogous to the corresponding indicator for
scattering), nrz.
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4. Indicator for the method of calculating penetrabilities and
shift factors for radiative capture, khupz:

khupz = O, if these quantities are independent of energy (as
they usually are)

khupz = =1, if they are given at fixed energies independent of ¢

khupz = +1, if they are given at fixed energies for different

values of £
khupz & 2, if they have to be calculated from equations

De Indicator for the presence of a non-resonance fission cross—
section (analogous to the corresponding indicator for scattering),
nrd.

6. Indicator for the method of calculating penetrabilities and shift

factors for fission (analogous to the corresponding indicator
for capture), khupd. If, in addition to elastic scattering,
capture and figsion, other reactions are involved, information
on any non-resonance contributions arnd on the method of calcu-
lating penetrabilities and shift factors is recorded on subse-
quent cards in the format of positior 3—4 of card V.

Presentation of neutron channel radii
(if a< 0, see card III, position 4)

1. The number of values of £ for which ay 7 are given

2. The number of energy values for which the radii are given
(= 1 if the apy are independent of E)

3. The number of cards with information about the radii (including
this card)

4 The INT number defining the energy interpolation law for a7

5-6. Reserve

1. First value of £

2. The number of values of J for which a,j are given for a given d
3. The number of cards with information for this value of £

4. The first (smallest) J value for the given £

5e The second value of J for the given £

6. The third value of J for the given t

If the number of J values for a given £ is greater than 3, the inform-
ation is continued on subsequent cards in the format of positions 4-6
of card VII.

1. E, the energy (= Eg if the radii are given for one energy )

2. aEJ(E) for the given ) and the first value of J

3. aZJ(E) for the given £and the second value of J etc. (this is con-
tinued on subsequent cards if the number of J values is greater
than 5)

Type VIII cards are repeated for all values of E. Type VII and VIII
cards are repeated for all values of £ .
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(d) *) Presentation of non-resonance cross-sections (if at least 1 of the
indicators nrr, nrv, nrd etc. (see positions 1, 3 and 5 of card V)
is non-zero. The format is determined for indicator values equal to

Xe

(e)

XI.

XIT.

1 and 2)

1. PCN for the first reaction for which the non-resonance cross-—
section is given

2e The number of energy points

3. The number of cards with data on this non-resonance cross-section
(including this card)

4. The INT number defining the energy interpolation law for &

5-6. Reserve

1. FTN in which the non-resonance cross-section is given. PN

values of 101,111,112,121,122,411 and 412 are permissible

The content of the remaining positions of card X and of subsequent
cards with data on the non-resonance cross-—section is determined by

the format of the corresponding FTN (see III.2.2 and III.2.4). Type

IX and X cards are repeated for each reaction for which a non-resonance
cross-section is given.

Representation of penetrabilities and shift factors
(If the penetrabilities and shift factors are represented in the form
of tables at fixed energies for at least one reaction)

1.
2.

3.
4.
5-6.
1.
2.

3.

4-5.

XI1I. 1.

2.
3.
4.
5e
6.

PCN

The number of £ for which penetrability energy dependences, etc.
are given

Number of cards with data on penetrabilities and shift factors
for the reaction of interest

INT defining the type of interpolation over energy used for pe-
netrabilities and shift factors

Reserve

4

Number of energy points for given £(=£1)

Number of cards with data on penetrabilities and shift factors
for given £

Reserve

By
Ptl(El)
s (B;)
Ep
Ptl(Ez)
S¢y (Bp)

*)

See also p. 67 (note by editor)
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The information is continued on subsequent cards in the format of
card XIII. Type XIII and XIV cards are repeated for all necessary
values of £.*)

Penetrabilities for other reactions not characterized by the orbital
momentum of the escaping particle

XIv, 1. PCN of reaction
2e Number of energy points
3 Number of cards with data on penetrabilities and shift factors
for this reaction
4. Indicator showing that data are independent of £ (=-1)
5-6. Reserve

Xv. 1. El

2.  PRr(Ey)
3. Sg(Ey)
4. Es

5e PR(E>)
6. Sr(Es)

Information is continued on subsequent cards in the format of card XV.
Cards of type XII-XIII or XIV-XV are repeated for all reactions for
which energy dependences of the penetrability and shift factors are
given. Penetrabilities for reactions characterized by the orbital mo-
mentum of the escaping particle are given in the format of cards XII-
XIII, where L' is punched instead of £ .

(£) Resonance parameters proper

XVI. 1. E,y resonance energy, eV

2. +J, parity and spin of the compound state. For computers which
do not distinguish between +0 and -0, both the sign and the indi-
cator of the number must be punched.

3. + @y lowest orbital angular momentum of neutrons which can form
the above state. Printed with minus sign if the state can also
be formed by neutrons with a higher orbital momentum. For com-
puters which do not distinguish between +0 and -0, a minus sign
must be accompanied by the indicator.

4. Mrn1(1EL) ), neutron width, eV

5. Ppys Tadiation widthd/, ev

6. [ppy fission widthd/, ev

A/ If the penetrability for any reaction is energy dependent, the width is
specified for the energy 'E.'.

*)  should probably read "Type XII and XIII cards"” (note by editor)
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If < 0 the next card takes the following form:

XVIii. 1.

2
3.
4e
Se
6.

iez, next angular momentum of neutrons which can form the
given state (with minus sign ~ and for computers which do not
distinguish between +0 and -0, the indicator - if the £ value
is not the maximum possible)

Prngz(FErF), the corresponding neutron width

183 (if,£2< 0)s Otherwise zeroes are printed in positions 3-6

Mrn 3 (1Ep1)
Z# 5/ (if 2;(0). Otherwise zeroes are printed in positions 5-6

rndg(1Ep!

If there are reactions other than (n,n), (n,y) and (n,f), we have:

XVIII. 1.
2.
3e
4.
5.
6o

PCN for the first of these reactions
el (1Ep1), the corresponding width for E = {Ep!
£'y the orbital momentum of the escaping particle
PCN for the second of these reactions
T po(IEn!), the corresponding width for E = [IEpl
£', the orbital momentum of the escaping particle

If necessary, the information is continued on subsequent cards in the
form of card XVIII. Type XVI-XVIII cards are repeated for each re-
sonance in ascending order of E.. Cards of typesIII-XVIII are re-
peated for each isotope.

III.2.4 Card format for data on statistical parameters of unresolved re-

sonances (GCN = 01, n3 = 4) *)

(a) General information
I, 1. PN
2. Reserve
3e Number of cards for this FTN
4-6. Reserve
II. 1. Number of isotopes
2 Numerical indicator, khr, defining the nature of the variation
of the mean resonance parameters:
khr = 1, if these parameters are constant in the interval
khr = 2, if they vary from one point to another
3. The number of energy points or sub-intervals (if khr = 2) or zero
(if khr = 1)
4 INT number defining the type of energy interpolation for B,T” and v
5-6. Reserve

2/ The format does not allow the input of more than 4 £values.
*#) See also p. 67 (note by editor)
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Information on the isotope

1.
24
3.
4.

5e

6.
1-
2o
3.
4.
5.
6.
If

1.

2

3.

4.

Atomic weight of the first isotope

Its fractional concentration in a natural isotopic mixture
Number of cards with data on this isotope

Neutron channel radius in Fermis (punched with minus sign if
its energy dependence and/or dependence on £ and J is given)
+I, the parity and spin of the target rucleus. For computers
which do not distinguish between +0 and -0, the minus sign
must be supplemented by the indicator.

Reserve

Number of reactions for which parameters are given
PCN of elastic scattering reaction = 002

PCN of total radiative capture reaction = 102

PCN of fission reaction = 019 (if it occurs) or O
PCN of fourth reaction (if it exists) or O

PCN of fifth reaction (if it exists) or O

necessary the information is continued on subsequent type IV cards.

Indicator for presence of a non-resonance scattering cross-
section, nrr

nrr = 0, if there is no such contribution
nrr = 1, if it is specified for discrete energies
nrr > 1, if it has to be calculated from some particular equation

Indicator for the method of calculating penetrabilities and shift
factors for the neutron channel, khupn

khupn £0, if these penetrabilities are calculated by the usual
method
khupn = 1, if they are specified for discrete energies
khupn > 1, if they have to be calculatecd from some particular
equation

Indicators for the presence of a non-resonance radiative capture
cross-section, nrz (analogous to the corresponding indicator for
scattering)

Indicator for the method of calculating the penetrabilities and
shift factors for radiative capture, khupz

khupz = 0, if these quantities are not energy dependent (which
is usually the case)
khupz = 1, if they are given at discrete energies

khupz > 1, if they have to be calculated from some particular
equation

Indicator for the presence of a non-resonance fission cross-section
(analogous to the corresponding indicator for scattering), npd
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Indicator for the method of calculating the penetrabilities
and shift factors for fission (analogous to the corresponding
indicator for capture), khupd. If, in addition to elastic
scattering, capture and fission, there are other reactions, all
relevant information on the presence of a non-resonance con-
tribution and the method of calculating penetrabilities and
shift factors is recorded on subsequent cards in the format of
positions 3-4 of card V.

Representation of the neutron channel radii
(If a< 0, see card III, position 4)

vI. 1.
2.

3.

4.
5-6.

VII. 1.
2.
3.
4.
5e
6.

The number of values of £ for which a, ; are given

The number of energy values for which a,y are given (= 1 if

the a,; are independent of E)

The number of cards with information about the radii (including
the present card)

INT number defining the energy interpolation law for the apy

Reserve

The first (smallest) value of £

The number of J values for which a,y are given for the given £
The number of cards with information on the given £

The first (smallest) value of J for the given £

The second value of J for the given £

The third value of J for the given £

If the number of J values for the given £ is greater than 3, the in-
formation about the remaining J values is continued on the subsequent
card or cards.

VIII. 1.
2.

E; (equals By if a,; are independent of E)

a[J(El) for the given £ and the first value of J, etc. (with
continuation on subsequent cards if the number of J values is
greater than 5)

Type VIII cards are repeated for all values of E. Type VII cards are
repeated for all £ values up to £ = 1".

Representation of non-resonance cross-sections
(If the data on card V, positions 1, 3 and 5, and on similar cards show that
there is such a contribution for at least one reaction)

Ix. 1.

2.
3.

4.

5—6.

PCN of the first reaction for which the non-resonance variation
of the cross-sections is given

The number of energy points

The number of cards with data about this non-resonance cross-
section

INT number defining the energy interpolation law for the cross-
section

Reserve



Xe 1.
2.

]

6(Ey), etc.

Where necessary the information is continued on subsequent cards in
the format of positions 1 and 2 of card X.

Cards IX and X are repeated for all reactions whose non~resonance
cross-sections are given.

Presentation of penetrabilities and shift factors
{If the data on card V, positions 2, 4 and 6 and on similar cards show that
these are to be specified for at least one reacticn)

XI. 1.

XII. 1.

4-6.

XIII. 1.

2.
3.
4.
5.

6.

PCN of the first reaction for which penetrabilities and shift
factors are given

The number of angular nmomenta for which they are given

The number of cards with data on penetrabilities and shift
factors for this reaction

INT number defining the energy interpolation for P} and S

L
Reserve

£

The number of energy points for £=£,

The number of cards with data on Ppj and Sp;
Reserve

B

Pll (El )

Sy (Ey)

Ea

Pg1(Ep)

Sg1(BE,) etc. with continuation on subsequent cards in the format
of card XIII

Cards XII and XIII are repeated for all values of £. Cards XI-XIII
are repeated for all reactions for which penetrabilities and/or shift
factors are given.

Presentation of average resonance parameters

XIV. 1.
2.

3
4=6.

The first energy value, BE=Ey

The number of energy levels considered which differ in spin and/
or parity of the compound nucleus

The number of cards for this value of energy

Reserve
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Information for a particular level system

XV 1. +J, the spin and parity of the compound nucleus (starting from
the smallest value of J). For computers which do not distinguish
between +0 and -0 the minus sign must be supplemented by the in-
dicator of the number
2. N, the number of possible . values for the given J, /7 and E
3. The number of cards for the given set of J, 7 and E
Vi Lpiny the smallest value of £ for the given J , 7 and E
Se Lmaxy the greatest value of £ for the given J , Mand E
6e Dysy the average distance between the levels in this system
XVI. 1. Average radiation width, rz’J’qr

2. Number of degrees of freedom for this, Y§’J’7(

(V= O means that the width is not subject to fluctuations)
3a Average fission width, ?,J,’H’
4o Average number of degrees of freedom for thi§J \?'J’yr
Se Average reduced neutron width for £ =fpin, InJsnin
6. Number of degrees of freedom for this, Vp g 4
If lmax + £.ins the data on l;;:JJ,efOI'L> £,in and the corresponding
degrees of freedom are punched on subsequent cards in the format of
positions 5 and 6 of card X.

Data for reactions other than elastic scattering, radiative capture and
fission (if these appear in the list on card IV and similar cards)

XVIii. 1. The number of reactions not already considered which would be
possible for the given J,fand E
2-6. Reserve

XVIITI. 1. PCN for the first reaction

2 The number of possible £'-values for this reaction (= -1, if the
reaction is hot characterized by the angular momentum of the
secondary particles; = O if the reaction is impossible for the
given values of J, ™ and E)

3. The number of cards with information on this reaction

be The first value of £’ If the reaction being considered is in-
elastic scattering with excitation of a definite level in the
target nucleus, then £' can be given with a minus sign. This
means that the neutron width of the output channel must be cal-
culated from the equation

Y

Tont’ = €, ¢ ([,'/j-/’,y P (E~Ex),

, O, if neither j; or jp satisfy inequality (4);
£ ¢ (L¢) =1, if either j] or jp satisfies inequality (A);
7 2, if both jj and jo satisfy inequality (4)
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W Pl S ), < el

where

,
4 - 4 7
,_/z,,;-J"/f'-'«,

I' is zthe spin of the excited level of the target nucleus (see po-
sition 6); rgf} is the reduced neutron width for the given level

system (its value is given on a punched card of type X);
Pysis the penetrability of the output channel;
Ey is the level erergy (see position 5)

5 The average reduced width for the giwven reaction and the given
value of L' when £'20, or Ey, the energy of the level excited
in inelastic scattering if £'€0

6. The number of degrees of freedom for this reaction for the given
value of £'> 0, or #1, the spin and parity of the excited level
in the target nucleus (if 2'€ 0 ). In the last case, with com-
puters which do not distinguish between +0 and -0, the minus sign
must be supplemented by the indicator of the number.

If the number of L' values is greater than 1, the information for the
other values is punched on subsequent cards in the format of positions
(-6 of card XII. Cards XVIII and subsequent cards are repeated for
each reaction.

Cards XV and subsequent cards are repeated for each level system.
Cards XIV and subsequent cards are repeated for each energy point
(sub-interval) for which average resonance parameters are given.

Cards III and subsequent cards are repeated for each isotope.

IIT.2.5 Card format for representing data on the temperature and energy de-

(a)

pendences of crogs—sections of a number of reactions in the section
for the total cross-section

General information for the case np $0, n3#% 0

1., PN

2e The number of sub-groups if this is the same for all energies
(= np)

3. The number of cards for the given RTN

4e The INT number defining the temperature interpolation law for the
cross-sections and sub-group weightings. The interpolation law
for all cross-sections must be identical for all the reactions.
This law is defined by the three highest-priority digits of INT.
The energy interpolation law for the sub—group weightings is de-
fined by the three middle digits of the INT number. The inter-
polation over temperature of the cross-sections and sub-group
weightings must follow the same law, which is given by the last
three digits of INT.
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(b)

IIT.

2e
3-
4.
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The number of temperatures if the temperature dependence of the
cross-sections is described (n3>'1) or unity

An indicator which defines the recommended algorithm for cal-
culating the average group cross-sectiorie in terms of the sub-
group parameters (see RTN = 121, card IV, position 6)

The number of reactions (including the total cross-section) for
which cross-sections are given together with the total cross-
section. A minus sign is added if the elastic scattering cross-
section can be derived as the difference between the total cross-
section and the sum of the cross-sections of all the other re-
actions

PCN of the total cross-section (= 001)

PCN of the first reaction whose cross-section is given

PCN of the second reaction (or O if this does not exist) etc.,
with continuation where necessary onto subsequent cards in the
format of positions 3~6 of card IT

Presentation of temperature values (if n3>-1)

1.
2e

Ty
T, etc., with continuation on subsequent cards if the number of
temperatures is greater than 6

Data on cross-sections

The format depends on the RTN and the number of reactions.

Case 1.  One sub-group, one temperature (ng=ny=1)

FIN = 511, two reactions FIN = 511, number of reactions

AU A N

greater than 2

EI' Iv 1 E,.
G; (&) 2 64(&y)
S5,/(&). 3 ?/(5/).
4 (&)
2. 22
6z (&,). 5 6,3(&) or reserve
6,4(&). 6 654(&y) or reserve

and so on for all values of energy.
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Case 2 Several sub-groups, one temperature (np>1, ny = 1)

Example for FTN = 521 {3 reactions) Example for FTN = 531 (2 reactions)

1 B v 1l Ey

2 Number of sub-groups for the 2 Number of sub-groups
given energy 3 @, (&)

3 a, (&) 4 5'.{;(51)'

4 6';0/( &). 5 635 ( &).

5 a5 6 Q. (&)

6 6G:z(8).

1 a, (£). vl 58

2 6,46 2 6,5 &)

3 6. ’:{,}( &). 3 a; (&).

4 GEN(E). 4 6E)

5] Reserve 5 S (&)

6 | Reserve 6 Reserve

and so on for all values of energy.

Case 3 One sub-group, several temperatures (n2 =1, ny> 1)

Example for PTN = 513 (3 reactions) Example for FTN = 514 (2 reactions)

1 £E,. 1 &,

2 S (&p7)). 2 67 (4,7).
3 6 (6 7). 3 6 (& 7).
4 & (6 7). 4 6 (£, 75)
5 G (En 7). 5 & (En7z)
6 Sr1(&, 7). 6 63/(4,7%)
1 6-2/(69/3)' 1 5;/(5;’ 7})
2 G2a(&p 7). 2 B3/(E,73).
3 6p2(pn ) 3 63,(&nT7).
4 G22(énT). 4

5 Reserve 5 } Reserve
6} Reserve 6

and so on for all values of energy.
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Case 4 Several sub-groups, several temperatures (n2>'1, nj>1)

Example for FTN = 523 (2 reactions) Example for FPTN = 532 (3 reactions)

v 1 B w1l B
2 Number of sub-groups = 2 2  Number of sub-groups = 3
3 d:({;. 7). 3 a, (6n7)
4 a,(&72) 4 a, (& 7).
5 @& 7). 5 6% (&,7)
6 SMENT). 6 6.7 & 7,
6-'(4/ 6..(’/
v 1 f(f;a 7-;) v 1 2// é;n 7;)
2 S (5, 7). 2 G20 (4,7).
3 Ca(&,70) 3 8R0(E,, 7).
4 S2,7(&, 7). 4 S (&, 7).
5 625706, %) 5 @, (&,7%)
6 d.‘. ("L;t 7;) 6 Q.a (‘5 ’ 5).
VI 1 a, (&, 7). Vi 1 6?:}/(#}, %)
2 a, (5,7). 2 6314 (£, Z).
3 GG, 7). 3 S (G0 7).
4 €595, 7). 4 6‘2/4 (&, 7).
5 GV (4,7). 5 O2LY(&,, 7).
6 G'z;z} (é}, 7;) 6 6'7-& (E/o 74:)
vir 1 57:/':}( £,7) VII 1 2, (&,7%)
'
2 G2, (&,75). 2 as; (&,7%)
3 3 6L Y(E, 7)-
4 4 O; (“y( Eo 7)
R ve g, N2
5| T 5 GxfU(E, 7).
6 6 /Y&, %),
VIIT 1 67:.‘:/(6,7/).
2 &, 7).
3
4
Reserve
5
6

and so on for all values of energy. The superscript in brackets de-
notes the sub-group number.
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(d) FIN withn) = 5and ng = O or n3 = O
Only one card is required:
1. FIN

2. Reserve
3. Number of cards for this FTN (= 1)

4.
5e Reserve
6.

This card refers for its information to the szction dealing with the

total cross-section (if ny = 0 and no # 0) or to the section referring
to the first temperature (if ns = O)

111.3. Angular distributicns of secondary particles (GCN = 02)

The angular distritution of secondary particles f(8) is a normalized
scattering probability distribution,

JSE(6,¥)ay
() =
7Y LG8, ) a®

which can be given for a whole energy interval as well as at individual
energy points. The following normalization condition is assumed:

e 4
S A8 sndas <1 .

Provision is made for the specification of angular distributions at discrete
points as a function of u, where u= cos 9, @ being the scattering angle
(the « representation). The second possible representation is parametrical
in the form of wycoefficients of the f(®) expansion in Legendre polynomials,
Py (cos @) (the w representation):

£(8) :‘t'[i*é:‘ wef’c(wso)]-

The wu values are given in increasing magnitude from -1 to +l. The
scattering angle 8 can be either in the centre—of-mass system, or in the labo-
ratory system; indication as to which of the two coordinate systems is used
for a particular data set is given as .dditional information in the PTN
heading in the form of a numerical indicator, co, which is 1 if the data are
in the CM system, and 2 if the data are in the laboratory system.
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The system used depends on the type of reaction. In the case of
elastic scattering and inelastic scattering with excitation of individual
nuclear levels, where a simple relationship exists between the energies of
the primary and secondary particles, it is probably sensible to choose the
CM system. For other inelastic processes data are usually given in the la-
boratory system. In this connection, the following point must be kept in
mind. Where a simple analytical expression relating the angular and energy
dependences in these two systems of coordinates exists, it is not particular-
ly important which of the two systems is used for data storage. If, however,
no such analytical expression exists, the choice of the coordinate system
cannot be arbitrary. The decisive factors are then the availability of data
in either of the two systems, the users' requirements and the computer pro-
cessing capabilities.

In the case of a u representation of the data, the choice of E and u
values must be such that the probability for any energy and scattering angle
can be obtained with sufficient accuracy by interpolation between values
stored in the library. In the case of an & representation, the necessary
accuracy is guaranteed by specifying a sufficiently large number (n) of ex-—
pansion coefficients.

Even though an angular distribution is given as a normalized pro-
bability function, it is generally impossible to say, in cases where the
actual angular distribution in the g representation is roughly approximated,
say, by linear intervals, that the resulting representation will be normalized.
It may therefore be necessary in some cases to carry out additional normali-
zation of the angular distributions obtained from the data files.

The formats provide for storage of a total angular distribution f(&)
in the form of a linear combination of a number of partial distribution

functions f;(@), each of which has a given weight a; such that

{®)=2" a, §.(9.
i=q

Individual f;(€) could describe, for example, the angular distributions of

the products of some nuclear process which proceeds along different paths and
can therefore be described by means of different mechanisms. The present fa-
cility also makes it possible to use a sub-group representation to describe

the resonance structure of angular distributions. In this case the aj are sub-
group weighting factors and f;(8) characterizes the angular distribution of a
particular neutron sub-group.

The current formats require that all related partial distribution
functions fi(e) be given in the same representation (either in the u or w form)
and in the same coordinate system. However, the FTN structure is such that
this restrictive condition can be relaxed if necessary.
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In all cases, the total energy range covered by the angular distri-
butions must coincide with that covered by the corresponding integral cross-
sections. If, for instance, an elastic scattering cross-section is specified
in the energy range 0.001 eV to 14 MeV, then in a point-by-point energy re-
presentation, the first angular distribution must be for 0.001 eV and the
last for 14 MeV; in the case of a range representation, the lower energy
boundary of the first range must be 0.001 eV and the upper boundary of the
last range must be 14 MeV. This rule can also help to show up gross errors
in the stored data.

III.3.1 FTN classification for GCN = 02 *)

The manner of presenting angular distribution data is specified by
the high-priority FTN digit according to the following table:

ny Type of angular distribution representation
1 At discrete points as a function of u (¢u:representation)
2 Parametrically in the form of coefficients for a series

expansion in Legendre polynomials (W reprzsentation)

Subsequent n; values (3-9) are reserved for any new data representation
forms that may be formulated.

The low-priority FTIN digits have the following meaning when nj = 1 and
n, = 2:
1 .

ro, - specifies the number of variables or parameters on which the
angular distributions can depend

ny - specifies the internal order of priority of these parameters
For two variables (energy E and the probability of the angular

distribution or the sub-group weighting coefficient ai), the meaning of the
low priority FTN digits is defined by the following table:

npny High priority . Low priority
variable variable

0l - -

02 - -

11 E -

12 ai -

*) See also p. 67 (note by editor)
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IIT.3.2 Card format for GCN = 02 *)

—

I.

II.

III.

1.
2e
3.
4-6.

1.
2
3.
4

5—6 L]

1.
2.

3.
4.

5
6.

RTN

Number of energy intervals AE for this RTN
A, atomic weight

Reserve

Ey

Ep

Number of cards for this AE, including the present card
Number of groups of secondary particles for which angular
distributions are specified in this AE

Reserve

Indicator identifying the secondary-particle group

‘Number of PINs assigned to angular distributions for this group

of particles
Number of cards to represent the angular distributions in this
group, including this card

Reserved for additional information on this group of secondary
particles

The format of subsequent cards depends on the FTN.

case_(1)

Iv.

1.
2e

Cage_(2)

Iv.

1.
2.
3
4.

5.
6.

Isotropic angular distribution inAE

In this case card IV specifies only the Form Type Number (FTN =
101 for the mrepresentation, FIN = 201 for the w representation)
and the indicator identifying the coordinate system.

FTN = 101 IV. 1. FTN = 201

Coordinate system indicator, co 2 Coordinate system in-
dicator, co

Angular distribution for the whole AR

FIN = 102 v. 1. FIN = 202

Coordinate system indicator, co 2e Coordinate system in-
Number of g values dicator, co

INT number determining the e Number of w values
method of interpolating f(m) 4. o

with respect tom Se wo

4 6. (A)3
£(¢4)

*) See also p. 67 (note by editor)



Cage_(3)
v. 1.

2.
3e

Ve 1.
24
3.
d.

6.

2e

4.

Case_(3)
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Angular distributions at fixed E values

FN = 111 Iv.
Number of E values
Number of cards for this
PTI

Cocrdinate system in-
dicator, co

INT number determining
the method of interpo-
lating over E andm
Number of values of m,
if it is the same for
the whole AE, or zero

B Ve
Number of K values

!
fv‘i ) etc.

1.
2.
3
4.

5.

1.
24
3
4s

FTN = 211

Number of B values

Number of cards for this FTN
Coordinate system indicator,
co

INT number determining the
method of interpolating Wy
over E

Number of wvalues ofew, if

it is the same for the whole
AE, or zero

E
Number of w values

w1
w2 etc,

Superposition of angular distributions for the whole AE

PIN = 112 1v.
Number of a values

Number of cards for this

PTN

Coordinate system indica-

tor, co

INT number determining the
method of interpolating

f(@u) with respect to M
Reserve

a Ve
Number of[Lvalues

t}}ﬂ) etc.

1.
2.
3.
A

5-6.,

PTN = 212

Number of a values

Number of cards for this PIN
Coordinate system indicator,
co

Reserve

a
Number ofw values
Wy,

w2 etce.

Superposition of angular distributions for fixed E values é/‘

PTN = 121 Iv.
Number of E values

Number of cards for this

PN

Coordinate system indica-
tor, co

1.
2.
3.
4.

FN = 221

Number of E values

Number of cards for this FTN
Coordinate system indicator,
co

6

—/ For the information of evaluators: it is preferable, for reasons of con-
venience, to process information by the use of FIN = 121 or 221, rather
than PTN = 122 or 222,
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5.

4-5.
6.

1.
2.

3
4.

Case_(68)

l.

3.

4.

1.
2.
3.

.4=5.

6.
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INT number determining
methods of interpolating
a(E) with respect to E,
f(E,tQ with respect to E

and f(E,s) with respect tom
Number of values of m, if

it is the same for the whole
OB, or zero

B V.
Number of a values

Number of cards for this E
Reserve

Number of gvalues, if it is

the same for all a values,

or zero

a VI.
Number of s values for
this a

i}}ﬁ) etce

1.
2e

3.
4.

INT number determining
methods of interpolating
a(E) with respect to E and
ui(E) with respect to E
Number of values ofw, if

it is the same for the whole
AE, or zero

E

Number of a values

Number of cards for this E
Reserve

Number of w values, if it

is the same for all a values
or zero

3

a
Number of «w values for this
a

“

w2 etc.

Angular distributions with given a at different E values

PIN = 122 v,
Number of a values

Number of cards for

this PTN

Coordinate system indica-
tor, co

INT number determining

the methods of interpolating
a(E) with respect to E,
f(E,u) with respect to E and
f(E,s) with respect tom
Number of values of E, if it
is the same for all values of
a, or zero

a Ve
Number of E values

Number of cards for this a
Reserve

Number of m values, if it

is the same for all E, or

zero

1.
2
3.
4

5.

1.
2e
3.
4-5.
6o

PN = 222

Number of a values

Number of cards for this FTN
Coordinate system indicator,
co

INT number determining the
methods of interpolating
a(E) with respect to E and
wy(E) with respect to E
Number of values of E, if

it is the same for all a
values, or zero

a
Number of E values

Number of cards for this a
Reserve

Number of w values if it is
the same for all E, or zero
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vI. 1. E 1. E
2e Number of u values 24 Number of w values
3. 3. (A’l
4 :}pq) etc. 4 W, etcs

In all the above FTNs, to illustrate the formats of the positions con-
taining angular distribution data, we have given the minimum amount of
information, i.e. one pair of [4, f(fO] and one value of w . It is
assumed that, whereever necessary, this information will be continued
on subsequent positions of the same card or on subsequent cards in the
above formats.

IIT.4 Energy distributions of secondary particles (GCN = 03)

In the majority of cases, either the energy and angular distributions
of the secondary particles emitted in a nuclear reaction are connected by a
unique relationship in which the secondary-particle energy for a given angle
of emission is rigorously fixed or has a definite probability of taking cer-
tain values (elastic scattering, inelastic scattering with excitation of a
defined level in the target nucleus), or there is no such correlation and
the secondary neutron spectra may be ftaken to be independent of the angle of
emission. GCN = 03 is reserved for these two types of energy distribution.
If the secondary-particle spectra vary in a complex way with the angle of
emission (inelastic scattering of thermal neutrons),.the energy and angular
distributions must be given in the file sections corresponding to GCN = 04.

The existing format presupposes that information on the secondary par-
ticle spectra ¢ (Ey, B) (Eg is the initial energy and E is the final energy)
is given by specifying one of the following laws and defining the parameters

involved in it.

Law 1. The emission of particles with known discrete energies (for
example, the spectrum of delayed fission neutrons):

A »
. /
. - . . =7
PlEs, _F) _”Z;,/o“ f’/é E,,,} ; %/ /2 7
with values given for /7, and En y 2=12,00., 7 .

Law 2, Decrease in the energy of scattering by one of the fixed
magnitudes Eg,(n = 1,2..0, N):

W o
PE,E) =3 p b L (E-(E-Cur)); Z, Pret.

with values given for Py K, and Eyp .
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This law can be used, for example, to give the spectrum for inelastic
scattering in a group of N levels. The coefficients K, make it possible to
allow for the average energy loss per recoil of the product nucleus. For
isotropic scattering with excitation of the level E,

<

7

(L)% ri L

where M is the ratio of the mass of the nucleus to the neutron mass. For
anisotropic inelastic scattering the algorithm for calculating K and Eq is
more complicated. The inelastic scattering spectrum for excitation of a
definite level is defined more completely by Law 10.

Law 3. Continuous normalized fission-neutron spectrum independent
of the initial energy (Watt equation):

2.0 e“"/“’f
VEa%

/

FE,,£ ) = Y73

with values given for a and b.

Law 4. Fission neutron spectrum allowing for the energy dependence
of the neutrons causing fission and of the properties of the fissioning
nucleus, as in UKNDL:

Y[y E) =t ;f; ezf/-_r{) ,L//—aaj./’f? f/j -1F€.7>/~f/éy)
where g:a,f//W)

4 <(Brnyp + G 20) 7 (Gop # 0y * Fritor)>

7 =c ./fo.-gf)///»/--é}j;

Here, a, b and c are constants, ¥V is the average number of neutrons emitted
per fission, Ef is the threshold for the reaction (nyn'f), 6n,f, 6n,n'f and
6y,onf are the cross-sections of the (n,f), (nyn'f) and (n,2nf) reactions.

Values are given for a, b, ¢ and Ef. This law can be used only if
the file contains the cross-sections for the reactions (n,f), (n,n'f) and
(ny2nf) and v .
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Law 5. ¢ (EO,E) is an arbitrary function of E which does not depend
on Eps

P8, E) = prE).
Values are given for the pairs of numbers 7’ £ ,/0‘-/ (<=9, Z, 2 ) e, 4—),
t'5<
o “plEdE =1

Law 6. So(EO,E) is an arbitrary function of E/ VEg. This law is not
recommended for use.

Law_7. (P(EO’E) is an arbitrary function of the ratio x = E/Eq:

Plec/e) = plz) .

Values are given for the pairs of numbers { Lo, P } (¢=0,1,.., /c)

As a rule, 0<$x £ 1. This condition, however, is not a necessary one.

Law 8. ¢@(EyE) is an arbitrary function of the initial and final
energies:

f/é_‘,‘f.j :/O/EO)E/’.
Values are given for the numbers [ o é‘/-} /0"'/\/?
(€ =I,2p000s /‘7, / =0 I...., K )

‘/ /0/[ [/a/t = for any Eg.

Law 9. Truncated evaporation spectrum:

jiﬁ*' e‘t;/rﬂ:o) B ££ 2L, -
P(E, E) = {4 Vet 5) ’ °
0 , £< 8 or £ >4 -ey
where
-/f-éY/?/foj
N lEou, a))e — 1+ 5] € ”E")J Y

#) fThis formula is incorrect. For the correct normalization factor see p. 71
(Editor's note)
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Values are given for B and u (in MeV) and for the pairs of numbers (EOI, Ti}
(l = ]. 2’o.o, M)

Law 10.*) The secondary particle spectrum depends on the angle of
emission 8 and is defined uniquely by the initial energy, the angle of
emission and the kinematics of the reaction:

V4
Pl E) =2 Lo L (E-Cnitl,0,2) ),

where Z is the set of reaction parameters which define the neutron energy.

For inelastic scattering with excitation of a particular level, this
set contains the ratio of the nuclear mass to the neutron mass M and the
excitation energy E,:

é;'zéro)&, ) r”//_/'/r_/f})IJ-az//‘&fﬁ/// /‘/»_717

{/‘/f_//"-

where /42 = (46 is the cosine of the scattering angle in the laboratory
system of coordinates.

The number N = 2, if %Ez < £ <L g,

7~
then  p, = FA) s F i),

where 4, and /IEL are the roots of the equation which relates the cosine Me
of the scattering angle in the centre of mass system to the cosine M of
the scattering angle in the laboratory system of coordinates.

£ 7/k;4§/ is the angular distribution in the centre of mass
system:

£ )i -4

If //Z, >/La¢, the plus sign is taken for &] and the minus sign for Eoe
When £, >-’—‘L &,y the connection between . and M is single valued, so that

N=1, Pl = l P, = 0 and £ takes only positive value. For elastic scattering
EX=O.

Law 11. Maxwellian spectrum:
. _‘7-‘:;'
Y5, E) =[,€/5?"‘7’7'y/¢7€ e

Values are given for the pairs of numbers {Eoi' Ti} (i = 1,2y0000ey M)

*) For changes and additions to law no. 10 see p. 63-64.
(Note by editor)
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Law 12. Spectra of neutrons emitted in the reactions (n,2n) and
(n,3n) in accordance witn the sequential evaporation model.

(a) In the region btelow the threshold of the (n,3n) reaction
Spectrum of primary neutrons from the reaction (n,2n):

e YT Ey
-2 £ 7 (o -8 T E
//5,/[.//1 -ﬂ7——))e Ve

AR

Spectrum of secondary neutrons from the reaction (n,2n)

oy £ -8, ~E)T0E) )Ty (B~ F -8,
2,24 (o f)-C' / dE, E4-€ €

or approximately:

a - £2 /-:c"ir
/ TE~8)  reg
Gyan (B, 5) = G -6 e T rESTET

The normalizing constants C» and Cé are calculated by numerical integration.

() In the region above the threshold of the (n,3n) reaction

Spectrum of primarv neutrons from the (n,2n) reaction

! - £,

¢ qu,'/:/ = /7 () Fa by £ &4 S 0By
%%(EC'EJ):\ '/7’/5“ < £ £Eq 8,28,

‘ Lcl‘z‘" [.L‘/Od{[).}e > O-é-/‘ © F A
where & & -8,-4,

Lo
o J fﬂ.z i /f.z)c{t:},
3 (EI) = ‘/‘70.5/ /ﬂ‘z" r{
2 43.,,/5-1/ ‘2

see above for the equation for ¥ &y ‘an is calculated from
bove for the equation for %%, (&) ), and C1p lculated f
the normalization condition

&4,

-~ ¢ o, -
. (6 )25, =7 ,
Spectrum of secondary neutrons from the (n,2n) reaction

r £ -8,

Con e de b

ESUE) -6 )T (FaE8y)
e

£ -8,
Cop &y - 2l )]J &E, £,

05545éa'£;'81, s

.
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or approximately,

, - é:f. '&"b’,
L E e TE R :
¢ Coy &y v€ N A A N R sg\<€-§;

%:z"‘ = / / - f-t ) /_.5,7
Car by L7 g, (6)] € TR VEFTE, o

A
o
A
™
Oy
U
&

<o -‘,
where
bbb b S gt
£o-8 -8 - £, 7y
/:’}:;/ lERE 1L+ =2 =) e
Bl = ¢

& -E£y
‘ _ &y -8By - &, - Lo E,-5,
S e gte, 7 (1# Se322 ) o HES

Cpp and Ch, are determined from the normalization condition

£o -8,

J/

o

"5,5,, () ey -1

Spectrum of primary neutrons from the (n,3n) reaction

SR
%34«:5‘;;“';-5 NGCY,

see above for the equation for P,(Ey). C is determined from the nor-
3V 13
malization condition:

bo -8 -8

Spectrum of secondary neutrons from the (n,3n) reaction

) &8 Gl G Rl 5 -8 )
Goan = Cag f.z'%(fa)o/dff ty-€ ¢

(3

2

where 023 is determined from the normalization condition

£o-8-%2
S A (Bt o

/]

Spectrum of tertiary neutrons from the (n,3n)ﬁreaction

L), ) G as e -

£ -8 - £y -8 B -1, ; - e g
4§ A it 4 ‘._£VZY?g}—é%Ab,£J¢~4/€ 5751512 2
<

~y,

%
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or approximately

where 033 and 033 are determined from the normalization condition

Lo 58,

S B ()l =L
o

Calculation of the spectra from these equations requires that the parameters
B; and B, (the neutron binding energies in the target nucleus and in the
product nucleus from the (n,2n) reaction) and the energy dependences of the
temperature, Ty(E), To(E) and TB(E)’ be given. If an estimate shows that
T1(E) = To(E) = T3(E) = T(E), then only T(E) is given. The decision whether
or not to use the approximate equations depends on whether the appropriate
processing programmes are available.

Law 13t See p. 65 (Note by editor)

As in the case of angular distributions, the formats for the secondary
particle energy distributions require the final distributions to be given as
a superpositicn of a certain number of laws with their individual probabili-
ties. Bach law corresponds to one of the possible mechanisms for the nuclear
reaction.

This possibility can in principle also be interpreted as a sub-group
representation of the secondary~particle energy distribution. The probabili-
ties of the different laws are then equivalent to the sub-group weights and
the laws themselves characterize the energy distributions for the correspond-
ing neutron sub-groups. The choice between one interpretation and the other
is governed by whether or not the file contains the sub-group representation
of the total cross—section and the cross-section of the corresponding re-
action for the given energy range and whether or riot the sub-group weights
given in the section for the total cross-—section zre equal to the probabili-
ties of the laws.

II1T.4.1 PTN classification for GCN = 03

The manner in which the data on secondary-particle energy distributions
are stored is determined by the high-priority FTN digit, according to the
following table:

ny Method of energy—distribution presentation

1 In the form of laws, when the initial energy is not given
explicitly

2 In the form of laws, when the initial energy is given ex-

plicitly
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Subsequent values of ny (3-9) are reserved for any other presentation
forms that may be used.

The two low-priority FIN digits have the following meaning:

npny = 01-49 are reserved for specifying the distribution by means
of a single law and indicate the number of the corresponding
law
nony 2 50 are reserved for specifying the distribution in the form
of a superposition of laws in the following cases:
nyny = 50: E, is not given explicitly
npny = 51: all laws for a given E,
npny = 523 all E, for a given law
IIT.4.2 _ Card format for GCN = 03 )
I. 1. RTN
2e The number of AE for this RTN
3-6. Reserve
II. 1. Ey
2. Eg
3. The number of cards for this AE, including this card
4. The number of secondary-particle groups for which energy
distributions are given in this AE
5-6. Reserve
IIT. 1, Indicator identifying a given secondary-particle group
2. Number of FTNs assigned to the energy distributions for this
group of particles
3. Number of cards used to represent the energy distribution of
this group, including this card
4-6. Reserve
The format of the following cards depends on the FIN.
1. Law 1
Iv. 1. FIN = 101
2e N, number of discrete energies with which particles are emitted
3. Eqy
4. p(Bgp)
5« Egp
6.  p(Eg2)

with continuation on subsequent cards if N > 2.



2.

3.

4.

Ve
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1. FIN = 102
24 N, the number of {Ed, K} pairs

3. Reserve
Ao Edl

50 Kl

6. p(Edl)

with continuation on subsequent cards if N>1.

Laws and
1. PN = 103 iv. 1. FIN = 104
2e A 2e a
3. B 3. b
4-6. Reserve 4. c
5. Ep
6. Reserve

Laws 5, 6 and 7

1. FTN = 105 (or 106, or 107)

2e Number of points in the spectrum

3e Reserve

4 INT number, defining the interpolation law for p(x) with
respect to x

Se X1

6. P(xl)

with continuation on subsequent cards
Law 8

1. FTN = 208

2e Number of E, values

3. Number of cards for this FIN

4 INT number defining the interpolation law for p(Eo, E) with
respect to Ej and B

5-6. Reserve

1, Bl

2 Number of E values for this Ej
3. B

4. p(EO].’ El)

Se

E
6. p%Eol’ E2)
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6. Law 9
IV. 1- F‘ITN=2O9
2. Number of E, values

3. Number of cards for this FTN
4da INT number defining the interpolation law for T with respect

to Eo
5e B
6. u
Ve 1. Eol

2. T(E,1 )y etce

Te Law 10

Iv. 1. FIN = 110
2-6. Reserve

8. Law 11

IV. 1. FIN = 211
2. Number of Ej values. Zero 1s punched if the temperature of the
Maxwellian spectrum is equal to the temperature of the medium
3. Number of cards for this FIN
4. INT number defining the interpolation law for T with respect
to Eo
5-6. Reserve

2. T(Ey1)s etce

9. Law 12

Iv. 1. N = 212

24 ITEM number, showing for which temperatures the energy dependences
are given
ITEM = 111, Ty(E) = To(E) = TB(E) = T(E); T(E) is given
ITEM = 123, T,(E), Tp(E) and Ty(E) are given
ITEM = 122, T;(E) and T,(E) are given; T3(E) = Tp(E)
ITEM = 121, T,(E) and Tp(E) are given; T3(E) = T1(E)
ITEM = 113, T;(E) and TB(E) are given; T2(E) = T, (E)

Z/ If the (n,3n) reaction is not possible, the lowest—priority digit of
the ITEM number is also unimportant and can be taken equal to zero.
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3. Number of cards for this FIN
4. INT number, defining the interpolation law for T, T, and Ty
with respect to E

5- Bl
6. By, (if the (n,3n) reaction is possible), or zero
V. 1. The number of Eo for the first of the given temperatures
2. Reserve
3. Eol

40 Tl(Eol), etc.

The data for the energy dependences of the remaining temperatures
are given in a similar way.

10. Linear combination of laws *)

Iv. 1. FIN (= 150, 252) **)
2 Number of different laws in the combination
3. Number of cards for this FPTN
4-6. Reserve

Ve 1. PTN of the first law
2. Corresponding probability
3. PTN of the second law
4. Corresponding probability

and so on for all the laws in the combination.

Subsequent cards contain information on the laws in the combination,
with the format for each law the same as that already described.

IIT1.5 Energy-angular distributions of thermal neutrons (GCN = 04)

The data on energy-angular distributions for thermal-neutron scattering
characterize the interaction of neutrons with atomic nuclei in the energy
region where the relative motion of the neutron and nucleus as well as atomic
interactions (e.g. chemical bond effects etc.) have 1o be taken into account.
Such information may be presented in different ways. At present, the formats
provide for the representation of thermal-neutron energy-angular distributions
in the form of a matrix of twice differential cross-sections and in the form
of a scattering law.

In the first case, a matrix of numerical values 1is. given for the
function (an-E,S), representing the probability of neutrons with initial
energy E, being scattered through an angle @ and having a final energy E.
The discrete values of the variables (E,, E, @) on which the probability
function for thermal-neutron scattering depends are chosen so that any re-
quired values of the function can be obtained quite accurately by interpo-
lating between values contained in the matrix.

*) See also p. 66
*#*) mistake. Should read FTN(=150,250) according to the footnote on p. 66
(Notes by editor)
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When the energy-angular distribution of thermal neutrons is defined
by a scattering law, the matrix of S(«,B) values is given for discrete values
of the variables.

ol

N

[E, +E - 2 (E.E)2 cos 67 /AT

and

p= (E-E)/kT.

Here E, is the initial neutron energy, E the final energy, © the scattering
angle in the laboratory system, kT the temperature in energy units and A'
the nucleus-neutron mass ratio (this definition may be extended to the case
of molecules). Thus, the parameters « and B are related to the momentum
and energy transfer resulting from the collision. The choice of values for
the variables « and f must ensure that it is possible to obtain any S(«,B8)
value to a sufficient degree of accuracy by means of interpolation.

The expression for the cross-section of a process in which a neutron

with initial energy Ej scatters through an angle 8 in the laboratory coordi-
nate system and has a final energy E, is

(o )f
& (E,>E,6)dEqcos 6 = ﬁ \/—EE exp (- Fé,) S(al,/;)d,Edws 6.

[

Here, 55 is the cross-section for a bound atom:

A+ %
§¢ = G}r (7;_)’

and Gfr is the cross~section for a free atom.

For a monoatomic gas in which chemical binding effects are not im-—
portant, the scattering function S(«,B) is defined by the expression

S(°< )-'—’ —-—L—‘ exp| 2 2 -
PI7 gma SXPL-(rept) /94].
The gas-model approximation is often used for defining the function S(«,B) in
cases where no other information on the thermal-neutron scattering law is

available.

When S(x,B) has a & -function singularity at § = O, it may be repre-
sented as follows:

S(ap)= S (py + € 3 (p)-
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In this case the place of S(a,B) in the library is occupied by S*(o,B),
and the value of A is specified on the PTN heading cards as additional
information. The following data are also entered:

6

fr

& = Ebo/kT

- the cross-section for a free atom (if it is constant);

a quantity corresponding to the lower limit of validity
of the static elastic-scattering model

En - the upper boundary of the range for which Gfr is a
constant: above this value the energy dependence of
6fr must be taken into account (one can take it to be
equal, for example, to the elastic scattering cross-
section (RTN = 01002) which is available in the library,
neglecting the contribution of inelastic scattering be-

cause it is so small);

At - the effective atom (molecule) - neutron mass ratio; for
molecules this value is to some extent arbitrary and is
usually chosen from an analysis of experimental results.

ITT.5.1 PTN classification for GCN = 04

The method of specifying data on energy-angular distributions of ther-
mal neutrons is given by zhe high-priority FTN digit in accordance with the
following table:

ny Method of representing energy-angular distributions
1 In the form of the scattering probability matrix
2 In the form of the S{x,8) scattering function matrix

The two low-priority FTN digits specify the serial number of the
format for a given ny value.

IIT.5.2 Card format for GCN = 04

I. 1. RTN
2e The number of temperature considered
3. Reserve

4 INT number defining the law for interpolating (E,,E,8,T) or
S(ay8,T) with respect to temperature T



IT.

l.
2e
3.
46,
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The temperature to which the data correspond

The number
The number
Reserve

of FTNs at this temperature
of cards for this temperature, including this card

The format of the following cards depends on the FTN.

4-6.

1.
2e
3-
L

1.
2e
3.
4.

FTN = 100

PN = 100
The number
The number
INT number
respect to
Reserve

E

(o]
The number
The number
Reserve
E
The number
e
6(0)
FTN = 200
PN = 200

The number
The number
A

Gfr

€

En

Al

Reserve
INT number
respect to
Reserve

g

The number
]
S(xq) etc.

of E, values

of cards for this FIN

determining the laws for interpolating o(Fg,E,8) with
Eyy E and 8

of  E values at this E,
of cards for this Ej

of @ values at this B

of B values
of cards for this FTN

defining the laws for interpolating S(«,B) with
B and «

of « values at this B
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IIT1.6. Special quantities for neutrons,¥V ,am, etc. (GCN = 05)

The following quantities belong in this category:

n, the number of secondary neutrons per collision (elastic and inelastic),
h:=(5§-+€;\ + 2:61~ +3 63, + QG} +"',) /’Gft

T, the number of secondary neutrons per inelastic collision event,
N= (5 +26y +36;, + V6% +... )/0%.

a, capture to fission cross-section ratio,

L= Sy /0%

¥, the average number of secondary rieutrons per fission

The need to define similar quantities for other data may arise in the
future.

The first three values are derived and can therefore be calculated
from the appropriate equations; their specification in the library is not
necessary in this case. On the other hand, ¥ is mesasured directly by ex-
periment and must be specified for all fissile nuclei.

The methods of representing special neutron quantities are similar
to those used to represent cross-sections. Therefore, all specifications
given in the description of the formats for GCN = 01 are applicable. It
must be remembered, thouth, that ¥ values may be defined at points which do
not coincide with points specified for other cross-sections, in particular 5}.
Therefore, it is essential that the extreme energy points (the smallest and
the largest) at which ¥ and 6} are given should coincide. We can then find
by interpolation the values of ¥V and 6¢ necessary for calculating the’FG}
values.

III.6.1 The FTN classification for GCN = 05

The FTN classification for special neutron values is similar to the
corresponding classification for neutron cross-sections (GCN = 01)

III.6.2 Card format for GCN = 05

The card format for representing special neutron quantities is identical
to the format for neutron cross-section representation (GCN = Ol), except that
nothing is punched in position 3 of card I for GCN = 05.
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75-4678

Translated from Russian

CHANGES IN AND ADDITIONS TO THE FORMAT OF
THE SOKRATOR EVALUATED NUCLEAR
DATA LIBRARY

M. ¥, Nikolaev

1. CHANGES IN THE FORMAT FOR THE PRESENTATION OF DATA ON RESOLVED
RESONANCE PARAMETERS
In the published format of the SOKRATOR library it was proposed that
resonance parameters be given separately for each isotope in a natural
mixture of isotopes. This kind of data presentation is inconvenient
when one is using the data to obtainm multigroup constants since one has
to arrange the resonances of different isotopes in the order in which
the latter are encountered in a natural mixture. It has been decided
that, in order to avoid this procedure, the format for the presentation
of data on resolved resonance parameters (see Ref, [1], sub-section III, 2, 3) **)

shall be changed as follows:

(a) General information

Type Position Quantity

I, 1. FIN
2. Reserve
3. Mumber of cards for a given FTN

4-6. Reserve

II. 1. Ebl - energy of the first resonance (eV)
2, Eonjy“- energy of the last resonance (eV)
3. Mumber of isoiopes
4. -rum - total number of level systems with different

spin and parity summed over all isotopes
Se Total mumber of resonances given for all the isotopes

6. Reserve

:/ The second subscript is a Russian "[{", standing for "posledni" = last.
##) vRef, [1]" = pages 1~60 of the present document
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(b) Information about isotope

I1T, 1. Atomic weight of the nth isotope (on 120 scale)
2. Its fractional concentration
3. Mumber of cards with general information on the

isotope; i.e. rumber of cards of types III-XV

4. +a - radius of the neutron channel (Fermi);
the mimus sign denotes that the radius is
dependent on energy or on £ and j; in this
case, the value of the radius is given for
E = 0, for the n*? value of ¢ and for the value

of j corresponding to the given value of £ ,

Se +I ~ parity and spin of the target nucleus;
for computers which do not distinguish between
+0 and -0, the negative parity for I=0 is
duplicated by punching the number sign.

6. Number of resonances given for a given isotope

Cards of types IV-XV keep their format. Cards of types III-XV
are repeated for each isotope. Then follow cards with

information on level systems, each having the following format:

XVI, 1. m - rumber of the level system (1 < mu < rum)
2. A - atomic number of the isotope
3. tﬁl - lowest orbital angular momentum of the

neutrons which can form the state indicated.

A mimus sign is used if the state can also be
formed by neutrons having a higher angular
momentum, For computers which do not distinguish
between +0 and -0, forl1 = O the minus sign is

duplicated by punching the number sign,

4e +j = parity and spin of the compound micleus.
For computers which do not distinguish between
+0 and -0, for j = O the mimus sign is duplicated
by punching the number sign.
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56, Reserve,

Cards of type XVI are repeated for all level systems. Then follow
cards on which the resonance parameters proper are given — in order
of rising resonance energy regardless of tne number of the level

system to which a given resonance relates,

XVII, 1. Er -~ resonance energy
2. rmu -~ number of the level system
3. Mumber of cards for a given resonance
4 Prne(IErl) - neutron width (eV) for £=4 1(nu)
5. rrY - radiation width (eV)
6. o — fission width (ev)

Cards of type XVIII (giving T; for orbital momenta £ >',‘1(nuﬂ
when ll(nu) < 0) ard type XIX (giving the widths of reactions
other than scattering, capture and fission - if such reactions
ocecur) agree in format with the corresponding cards described
in Ref. [1] (cards XVII and XVIII).

Cards of type XVII and, if necessary, types XVIII and XIX are

given for each resonance,

2. CHANGES IN AND ADDITIONS TO THE FORMATS FOR PRESENTING DATA ON THE
ENERGY DEPENDENCES OF SECONDARY PARTICLES

(a) Law No. 10

Y(EE.)=% R, SLE-E(E.,6, )], (1)

is determined in such a way that, with its help, one can describe
the energy distributions of secondary particles (other than
micleons) and also of neutrons released as a result of the
break-up of an unbound multinucleon particle formed as a result
of a reaction (for example, as a result of direct reactions of the
type T + n—+ bineutron + p - 2n + p; D+ n ™ unbound deuteron

+n = n+p+n), For this purpose, besides the reaction
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energy Q (for endothermal reactions Q < 0) and the mass Mo of'
the target nucleus, one must add to the vector @ of the reaction
parameters the mass M of the secondary particle and the mass

of the particle of interest resulting from its break-—up:

m ‘E M, In this case

1
£(Ea,9,0, M, M, Mgy /7, mye) =

_F me. _m -1—,——.L,.,.”’"”’
‘Ea —-’-[‘I‘\‘(‘/ "% ”z,_m,nl}/g,(go J (mIF S im,

o= (2 r1ig Mo + Ma) (Tl A%+ pto 1Y) @M*ﬁmo)ﬂ
- (o + My)E. (9% ME & Mo P7) (2)
_ K (7 + Me)? Mme + Mom®
B = 2 Mm,t 7 MuE + Mm,T

Here mo is the mass of the incident particle and m is the mass

of the particle resulting from the reaction, where

L[y AT My bt - ERT ]

£K‘
S = Cos 8;
e M roME + Mmi .{/ (/7704/"/:)2/7707 ‘_g_,,
S ettt M6+ Hem® 7 Mp® o MTY fo

Xx =1-£ (/ (mayzqifam‘)Jp £o )’ v
- "/7704' Hd < 0 .

L
y-;— 1+ i mf s rmyd) Eo

With regard to the number of terms in the sum (1) and the use of
the minus sign in the formula for R,y See Ref. [1]. At
energies up to 15 MeV, the relativistic effects neglected in
expressions (2) make a contribution which does not exceed 1%

and as a rule is much lower,

The format of the card for FIN = 110 with data for the 10th law

is as followss:

Iv, 1, FTN = 110
2. m
3-6. Reserve

M and Q are given in other parts of the file; m 1s uniquely
determined by the type of reaction, If m is not specified, it

is tacitly assumed that m = m .
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Law No, 13 is introduced - it describes the angular and energy
distributions of secondary neutrons formed through the break-up

of a nmucleus (phase space model):

S (Eo,6,Q,E) Lo, QVE [Eman (£0,0.0) ~E 7079 ;'

(below, M is the mass of the target nucleus in neutron mass units).,

C(£0,@)= z .
2 €/ 3in 848/ N e e dE

In a three-particle case, e.g. the reaction D(n,2n)H, for

E, < -QM/(M-1),

L(&)- 2(ms0)¥ )
E' = it-pm)s Falt-p) e K (- pim®)]

for B > -/ (M-1),

Z{Hfi)‘ _
&'cifa*fa + 5] 7

C(Eo)=

Q= mi(e et )

- L M My .
Hm = (M")JE. Mel Mo )

Emax (60, 8,0)~E, [/~ 2ot (1= 22 - pfy- et L]

Q is the reaction energy in MeV (negative for endothermal reactions);
B is the cosine of the angle of scattering in the centre-—of-inertia
system. The angular distribution of the reaction products must be
assumed to be isotropic in the centre-of-inertia system. The
dependence of Ema.x on the cosine of the scattering angle in the

laboratory system of co-ordinates, o = Cos 8, has the form

F § / ¥ 4
Emax(€+8 Q) = 2L *%Lgf//)a; £2 ?
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where the minus sign is used in front of By, only when Eo<i —QM/(M + 1)
and takes into account the presence of two groups of neutrons

having a forward angular distribution.

(c) In the format description [l]f/, the formats of the cards are
determined using a linear combination of laws only for the case
where the linear combination coefficients are constant within
the energy interval (FTN = 150, 250f/) Below are determined the
formats enabling one to describe the energy dependence of the

linear combination coefficients (FTN = 151, 251),
IV, 1. PN

2. Number of energies at which the linear combination-
coefficients are specified, The first energy
must coincide with the lowest and the last with
the highest energy in the range AE for which data

are presented.

3. Number of cards with information for this FTN
4. Mumber of laws used
Se INT determining the law for energy interpolation

of the linear combination coefficients (for
probability conservation, it is recommended
that INT = 111000000 be used in the interpolation

process).,
6. Reserve
'R 1. El
2. al(E)
3 a2(E) etc, until the probabilities of all the

laws at the first energy have been given
Cards of type V are repeated for each energy.

On subsequent cards, information is given about the corresponding laws.
Each law can be represented by means of only one FTN, which also

determines the format. If among these FINs, there is even one in

:/ In Ref. [l] it is stated that format No, 10 is intended for FIN = 150 and
252, This is a mistake; it is intended for FTN= 150 and 250,
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which the deperdence on the initial energy is stated explicitly
(PIN = 208, 209, 212), then the FIN of the linear combination
should be made equal to 251, Otherwise the FTN of the linear

combination is 151.

3. NEW WAYS OF PRESENTING DATA ON ANGULAR DISTRIBUTIONG

In the earlier format [1], it was intended that the FTN = 121, 221;
122, 222 by means of which angular distributions can be specified in the
form of a superposition of partial angular distributions with definite
weights should also be used for specifying the sub-group structure of

angular distributions.

However, this greatly complicates the treatment of data on angular
distributions: in order to decide on the meaning of coefficients a, one
must compare them with the sub-group fractions specified in the zone for the
corresponding partial (or total) cross-section. To avoid this difficulty
in specifying the sub-group structure of angular distributions, one
introduces FIN = 321, 4213 322, 422, the format of which agrees with the
format of FIN = 121, 221; 122, 222 respectively. For FTNs where
n, = 3 or 4, the coefficients a have the meaning of sub-group fractions

and must agree exactly with the sub-group fractions of the cross~sections.

4, ALLOWANCE FOR THE STRUCTURE OF CROSS-SECTIONS IN THE REGION OF PARTIALLY
RESOLVED RESONANCES
When cross-sections are specified by means of resolved resonance
parameters, there are greater possibilities of taking into account the
contribution of unresolved levels, In the description of the format [1],
this contrihution was taken into account only as a non-resonance
contributicn, it being possible to specify the value of the contribution
of unresolved levels with the help of mean resonance parameters (see
Ps 28 - "Specifying non-resonance cross—sections by representing cross-—
section data with the help of resolved resonance parameters"; a card of
type X is the heading card of the FTN with the help of which the non—
resonance cross—section is specified), If this PIN = 411 or 412, one
punches O in position 2 of this card (see p. 30; card type 1)
if the contribution of the unresolved levels can be taken into account as
a non-resonance contribution or 1 if the resonance structure of the

unresclved levels has to be taken into account,
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To allow for the fact that some levels of one or another system
of resonances are resolved and taken into account in the resolved
resonance parameters, after a card of type XIV (see p. 33)

a card of type XIV-A with the following format must be introduced:

XIV-A, 1. Ratio of the reduced neutron width
corresponding to the resolution threshold
to the mean reduced width of the nth level
systemy, or O if the levels of the given

system are completely unresolved.

Similar information for the remaining level systems is punched in the
following positions of this card. If necessary, the information is

carried over to the next card of the same format.

The introduction of a card of type XIV-A by using a FIN with
n, = 4 to specify the "non-resonance" contribution in the region of

resolved resonances is essentiezl,

5, LIMITATIONS ON THE POSSIBILITIES OF THE LIBRARY FORMAT DEFINED IN REF. [1]

(a) In a complete data file, each cross—section must be specified within
the entire range of energies covered by the file. This also
applies to threshold reactions: below the threshold, the equality
of the threshold to zero must be stated explicitly with the
help of PTN = 101,

(b) In the zones for the different reaction cross-sections, the
boundaries of energy regions which differ in their type of
representation must correspond exactly to the boundaries of
the corresponding regions in the zone for the total cross-section,
except where the low-energy boundary of the region coincides with

the reaction threshold.

Thus, the boundaries of the energy region in the zone for the
total cross—section correspond to a change in the type of

representation of the cross-section, at least for one reaction,

(c) 1In each energy interval, the total cross-section and the cross—~section
for partial reactions should be specified with equivalent types of

representation:

- A representation by means of resonance parameters must

describe the cross~sections for all reactions (some o1

them can be specified only in the form of a non-resonance
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contribution in the format envisaged for specifying
such a contribution by describing cross—sections by

means of resonance parameters);

- A point-by-point representation can only be general for
specifying cross—-sections of all types., The energies
at which the values of the partial cross—sections are
specified can be chosen only from the set of energy

values at which the total cross—section is specified;

- The sub-group representation can only be general for
reactions of all types (non-resonance cross—sections are
specified by means of equal values of sub-group cross—

sections).

The laws of cross—section interpolation by energy can, generally
speaking, be different for different cross-sections, It is
recommerded, however, that one use a linear-linear or a linear-
logarithmic interpolation guaranteeing that the sum of the

partial cross—sections will remain equal to the total cross-—section.,

Wnen one uses FTNs which enable one to describe the energy
dependences of the cross—sections for all reactions in the zone for
the total cross—-section, an external temperature cycle is not
permitted; +the temperature dependence of the cross—sections must
be specified as envisaged by the format of the corresponding FTN,
When the energy dependence of cross—sections is specified by

means of resonance parameters, the data are presented for only

one temperature - 0°K,

An external temperature cycle is retained for specifying cross—
sections in FTN = 111, 112, 121, 122,

There is no provision for specifying the temperature dependence of

energy and angular distributicns.

Angular distributions cannot be specified by means of resonance
parameters, Even if cross—sections are specified by means of
resonance parameters which also define the amngular distributions,

the latter must nevertheless be specified in explicit form.

There is no provision for taking into account the resonance
structure of the parameters of energy distributions (temperature in

laws Nos 9, 11 and 12; transition probabilities in law No, 8) by
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means of a sub-group representation.

The influence of resonance self-shielding on the shape of the
angular distributions in the region of unresolved resonances
can be taken into account only by describing the sub-group
structure of the cross—sections for reactions characterized by

different secondary-neutron energy distributions,

The cross-—sections may be specified by means of no more than
three types of representation, If several types of
representation are used, the FINs must follow one another in

order of seniority.

The most senior ones are representations using resonance
parameters (FTIN = nyy N,y 14 beginning with n; = 3 (region of

resolved resonances) orn, =4 (region of unresolved resonances)).

1
The next in seniority are point—by-point representations

(nl =5 n,=lorn =1, n +n, < 3).

The least senior are sub—group representations

(n=1, n + n,> 3ormn =5 n> 1).

When cross-sections and energy and angular distributions are
specified, the FIN heading card must indicate the maximum

number of parameters (sub-group fractions; values of p orw).

In particular, when cross—sections are specified by means of
FTN = 121, on the FTN heading card (card of type IV) the
maximum rumber of sub-groups must be indicated in position 4
(in the format described in Ref. [l] there is provision for
punching zero if the number of sub-groups changes from energy

to energy).

When angular distributions are specified by means of FIN = 111 or
211; 121 or 221; 321 or 421, on the FTN heading card (card of type IV)
the maximum rmumber of values of the cosine of the scattering angle
or the maximum number of Legendre polynomial expansion terms must
be indicated in position &. When using FTN = 122 or 222, 322 or
422, such information must be presented in position 6 of the card

of type V following the FTN heading card.
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6. ERROR IN THE DESCRIPTION OF LAW No., 9

Ref, [1] contains an error in the description of law No, 9 concerning
the energy distribution of secondary neutrons. The normalization

factor for this law is

. - Eb _Eo-u
N(Eo,u,8)=T EMl0+ 7)€ V2 10 Gpzthy o™ FET ]
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