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Abstract

MIGR@S-2 allows the production of microscopic group constants of the
ABN - type. The Xarlsruhe nuclear data file KEDAK is used as the nu-
clear data basis. All group constants necessary for diffusion~-, con-
gistent P1 -, and Sn—calculations, taking the anisotropy into account

up to P_. , can be calculated.

p)
A description of the code and the underlying theory is given. An in-
put and an output description, a sample problem and the program lists

are provided.

Zusammenfassung:

MIGR@S-2 erlaubt die Bereitstellung von mikroskopischen Gruppenkon-
stanten vom ABN-Typ. Als Datenbasis wird die Karlsruher Kerndatenbib-
liothek KEDAK benutzt. Es kOnnen alle Gruppenkonstanten berechnet

werden, die fiir Diffusions—, konsistente P.— und anisotrope Sn—Rech—

1
nungen bendtigt werden.

Der Code und die zugrundeliegende Theorie werden beschrieben.

Es werden ein BEingabe - und Ausgabebeschreibung, ein Rechenbeispiel und

die Programmlisten bereitgestellt.
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INTRODUCTION

The code MIGROS-2 has been established to produce microscopic group
constants for arbitrary isotopes. MIGROS-2 atlows the production of group
cross section sets of the ABN-type [ 1 7. The Karlsruhe nuclear data file
KEDAK [ 27 is used as the nuclear data basis. The code has been further
developed from the code MIGROS [ 3_7, which has been used so far for the
production of the Karlsruhe 26-group cross section sets. The microscopic
group constants, which are calculated by MIGROS-2, can be used for the
production of macroscopic group cross sections for diffusion, consistent
Pf-and for Sg calculations, taking the anisotropy into account up to P5.
They are :
- average group cross sections for infinite dilution (without resonance
self shielding) for all types of neutron reactions, from energy dependent

cross sections tabulated point by point;

- energy resonance self shielding factors and average group cross sections
for infinite dilution for capture, fission, elastic scattering and total
neutron reaction from resolved resonance parameters, from statistical
resonance parameters and from energy dependent cross sections, tabulated

point by point, in the resonance region;

- matrices of the elastic scattering up to the P_-approximation from angular

>

distributions;

- matrices of the zero'th moment of inelastic scattering from inelastic

exitation cross sections or by an evaporation model;
~ 1/v-average group values;
- fission spectra;

- cross sections for the thermal energy region (one energy group).

The code MIGROS-2 has a modular structure, which is very flexible in its
need of storage.

A standard input is provided internally for the production of a 26-group
cross section set with the same group structure as the ABN-set. The output
of the results is given in two forms; on paper and on an external unit.

The input of MIGROS-2 is very versatile. If the user does not use the standard



input, he has to prove whether or not the input is physically meaningful
and the methods in the used modules are adequate. In the following a

short description of the task of MIGROS-2 is given.

The calculation of average group cross sections from pointwise data on
KEDAK .,

Group averages for all types of cross sections that are available on
KEDAK are calculated. A trapezoidal rule for the integration is used.
As integration points the energy points on KEDAK are used. Besides the
average group cross—sections group values for the average cosine of the
elastic scattering, for the number of secondaries per fission, for a

and n are calculated.

The calculation of energy resonance self shielding factors and average
group cross sections from resolved resonance parameters and from

statistical parameters.

)

For capture, fission and elastic scattering flux weighted (w(E) N-E—T%TIE—
resonance self shielding factors and for elastic scattering and thet ©
total neutron reaction current weighted (w(E) ~ {E—T%S:E;}e) self shielding
factors dependent on temperature and on the background cross section %,

and the average group cross sections are calculated from resonance parameters.
In the resolved resonance region Breit-Wigner single level parameters and
Doppler-broadened line shape functions are used. Interference between
potential and resonance scattering and the overlapping of resonances is taken
into account exactly.

In the unresolved resonance region an analytical model, based on average
resonance parameters and xz—distributions for the parameters, is used.
Interference between potential and resonance scattering is partly taken

into account. Overlapping of resonances is considered approximately.

The calculation of energy resonance self shielding factors from pointwise
data,.

The same types of self shielding factors that are calculated from resonance
parameters can also be calculated from pointwise data by a tropezoidal rule.
They can only be calculated for the temperature for which the cross sections

are tabulated.,



The calculation of the zero'th and higher moments of the elastic scattering

transfer elements.

There exist two approaches. In the first one average transfer elements
from one group into another or into the same group are calculsted. The
average over the outscattering group may be weighted,

In the second approach, the outscattering group is subdivided into several
intervals. To describe the transfer from one group to another, for each
outscattering group the average values over the intervals are calculated.
In both cases an integration is done over the in-scattering groups.

Both approaches expect tabulated angular distributions. The angles must

be the same for all energies, at which the distributions are tabulated.
The two approaches use different interpolation and quadrature procedures.
In the first one the angular distributions are transformed from the -centre
of mass system to the laboratory system., The interpolations in the energy
and in the angle are done by polinomials of the order four. The integration
over the in-scattering group is performed as integration over the corres-
ponding angle interval in the laboratory system by a Simpson rule, the
integration over the outscattering group is performed by a trapezoidal rule.
In the second approach the interpolation for the angle in the centre of
mass system is done by a linear interpolation, the interpolation in energy
is performed logarithmic. The integration over the in-scattering groups is
transformed to an integration over the corresponding angle intervals in
the centre of mass system. Both integration, over the angle intervals and

over the outscattering groups is done by a Romberg procedure.

The calculation of the inelastic scattering matrix.

For the calculation of the inelastic scattering matrix in the range of
discrete levels excitation cross sections are used. The total inelastic
scattering cross section and the excitation cross sections are inter-—
polated linearly. All energy integrations are done by a trapezoidal rule.

At higher energies the WeiRkopf evaporation model is used.

The calculation of the fission spectra.

Fission spectra are calculated by a Watt-formula. The fragment kinetic

energy per nucleon and the Watt fragment nuclear "temperature" are used.



Thermal cross sections.

One thermal group with a Maxwellian spectrum is assumed.
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1. The organization of MIGR@S-2

1.1 The logical structure of MIGR@S-2

The code MIGR@S—2 has a modular structure. It consists of a control
module and of several computational modules. In the control module
all the input information, except the nuclear data, is checked, the
order of processing is fixed and the information for the single
computational modules is prepared. A computational module is defined
as a logically complete, executable computer procedure, consisting
of several subroutines and functions. In a computational module a
specific type of group constants is calculated. The necessary nuclear
data are read from the Karlsruhe nuclear data library, KEDAK /1/, in
the computational modules. Also in these the group constants are
output on paper and on an external storage unit. The available

computational modules are given in teble I.

The control is transferred from the control module to a compu-
tational module by & CALL-statement which calls the entry subroutine
of the module. It is not possible to transfer the control directly
from one module to another. A computational module can be called

by the control module seversl times.

All computational modules are written in FPRTRAN-IV. All arrays are
variably dimensioned, when they are influenced by input information.
The control module is written in FORTRAN-IV, except for the routine

DATAMAIN, which is written in ASSEMBLER.

Since the input of nuclear data and the output of the results is
performed in the computational modules, the only information that
must be transferred between the control module and the computational
modules is input informetion other than nuclear data and informetion
necessary for the control of the progrem. The transfer of data is
partly done by an unlabeled C@PMM@N-array. However, most of the data
transfer is accomplished by the parameter lists in the entry

subroutines of the computational modules.
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MIGROS-2 is organized in an overlay structure, given in table II.

1.2 The control module

The control module has three tasks:

- to read all input information exept the nuclear data,

- to provide a central data array and the unlabeled CPMM@PN-
array,

- to control the order of computation of the computational

modules.,

In the routines DATAMAIN und MAIN a central data array is provided,
whose length can be defined by the user in the IBM/OS control

language (see chapter 2).

In the subroutine INPUT, all input information exept the nuclear
data is read and checked. The central date array is prepared and

the computational modules are called.

The input information is stored and the working errays for the
computational modules are provided in the central data array. It
consists of two sections. One is permanent and the same for all
computational modules. The other section depends on the particular
module being considered and is allocated only when the control is
actually transferred to the module. All information of the central
data array is transferred by parameter lists in the entry sub-
routines of the computational modules. A description is given in
table III,

Also there is an unlabeled CPMM@N-array, described in table IV.



- 1.3 ~

1.3 The organization of the central data array XL

The ASSEMBLER-routine DATAMAIN provides a central array named XL
for the subroutine MAIN. The length of XL is defined by the user
in the PARM.G-parameter of the EXEC-card in the IBM/OS control
language. The subroutine MAIN calls the subroutine EING, which
first prints an input description of the MIGR@S-system. Then all
the input for the first material is read and that necessary for
the variable dimensioning of the input arrays in the XL-array-is
retained, e.g., the number of group boundaries, the number of
points of the weighting function, the number of computationsal
modules that shall be used etc. The input unit is "backspaced"

to the beginning and the subroutine INPUT is called. The starting
addresses of the input arrays in the XL-array are arguments of
INPUT. The index NFR indicates the beginning of the non-permanent
section of the XL-array and is also an argument of the subroutine
INPUT. All input arrays are filled with the information from the
input cards or the standard built-in data. The input is also
checked for consistency. Then the computational modules are called

in the order fixed by the input.

Before every call of a computational module the length of the non-
permanent section of the XL-array is checked to determine, if it
is long enough for the working arrays of the module. The length

of these working arrays are dependent on the input information and
in some cases, can finally be defined only in the computational
module itself. In this case an iterative procedure is used to
determine the proper length. As a first step, a minimum length of
the working array is assumed., If it turns out to be too small,
control is given back to the control module and the size of the
array is increased. When the required size of the working array

is so large that the XL-array is not long enough the computational

module in question is passed and a message to the user is given.

After all the required computational modules for one material have
been cslled, a RETURN-statement to the subroutine MAIN is given.
If there are more materials, & new arrangement of the XL-sarray

is made etc.
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1.4 Auxiliary subroutines

1.4.1 Reading program for the Karlsruhe nuclear data library KEDAK

For reading KEDAK, the subroutine NDF is necessary. A description is

given in /3/.

1.4.2 Weighting functions

In the case, that there are specified no weighting functions for the
group cross sections and matrices by input, the following two

functions are used:

FUNCTI@N PHI(E)
PHI = 1./E
RETURN

END

E is the energy in [ eV /.
This weighting function is used for all group constants except the

first and higher Legendre moments for elastic scattering.

FUNCTI@N PHI1 (L,E)
PHI1 = 1./E % % L
RETURN

END

E is the energy in [ eV

L=1+ 1, 1 = Legendre moment.

This weighting function is used for the first and higher Legendre

moments in the module 6 (not in module 9).



Table I

infinite dilution (without resonance
self shielding from point by point
data in the energy and average group

values H, N, &, V

number of described content names of the subroutines entry subroutine
the module in and functions
1 chapter 4 | energy resonance self shielding factors | DOPW, EXPPX, FGEM, NDF, PHI, FGEM
from resolved Breit-Wigner resonance PSIXI, STOSS, WIRQ, WIRQU
parameters
2 chapter 5 | energy resonance self shielding factors | DELTA, DMIT, D@PW, EPSI, FSTAT
from statistical Breit-Wigner EZZ, FSTAT, GAFM, GAMG,
parameters GAMN, NDF, PHASE, PHI, POL,
QUER, SIGC, SUCH, TAB
3 chapter 9 energy resonance self shielding factors D@PPW, FSTRUK, NDF, PHI FSTRUK
from neutron cross sections given point
by point in energy
L chapter 3 | average group cross sections, for D¢gPW, NDF, PHI, SUND SUND

- 6°1 -



number of described content names of the subroutines entry subroutine
the module in and functions
5 chapter 6 | zero'th moment of the inelastic scat- AKED, DNFAK, D@YUB, EXD, NDF SCAT
tering from discrete levels and from PHI, SCAT, TRA, XK@N
an evaporation model
6 chapter T zero'th and higher moments of the ADD, FLUMMI, GRUPIN, G, IN, FLUMMI
elastic scattering from angular F@RM, IPPLA, IPPLIN, LECAL,
distributions LEGANS, LEGINT, LEGIST,
LEGPPL, LPPKO, LK1, LOPK2)
LOPK3, MAKRG, MIXSGT, MUK@N,
NDF, PHI, PHIL, PRINT, PUNK,
PUSUM, SPRAL, SUM, TRAF@,
TRAPEZ
7 chapter 12| fission spectra DPPW, NDF, SPALT SPALT
8 chapter 11| 1/V-average group values D@¢PW, EDV, PHI EDV
9 chapter 8 | zero'th and higher moments of elastic AKPR, AMESH, ANINT, BCM, REMP

scattering for the "REMO"-correction

EGRENZ, FXINT, HIDR, ICS¢P,
INTEN, IS@FAL, IWIN, IWp
KEDDAT, LML, MASSIN, NDF,
N¢RM, PHI, PTL, REMJ, REMP
SEARCH, SINT, SM@RN,

SUCHM, WAHRS, WINK, ZWIN

_9'l -



number of described content nemes of the subroutines entry subroutine
the module in and functions
1o chapter 1o | group cross sections in the D@PW, NDF, THERM THERM
thermal group
control chapter 2 DATAMAIN, D@YPW, EING,
module FREEF@$, FSTAE, INPUT,

MAIN, NDF

- )L -



Table II  The overlay structure of MIGR@S-2

DATAMATN
MATN
1
FREEF( INPUT
PHI
EING e
DEPW
FSTAE
I I ! i T 1 T I T
FGEM  FSTAT FSTRUK SUND SCAT FLUMMI SPALT EDV REMp
WIRQ  QUER AKED SUM KEDDAT
STPSS  TAB XKGN IPPLA BCM
PSIXT  SIGC DEXD PUSUM ICS@P
EXPPX  PHASE DNFAK PTL
WIRQU EZZ DPUB ZWIN
DMIT TRA MASSIN
DELTA 1 | INTEN
| T T
gi§§ MIXSGT MUK TRAFY  MARK® LECAL GRUPTN gﬁ;gg
e ADD PRINT INFORM L@@KO LEGPYL IPPLIN Smancr
e, PUNK  L@@K1 LEGINT SPRAL o
ol LOPK2 LEGIST TRAPEZ i
i LOGK3 LEGANS PHTL plat
G ISPFAL
WAHRS
LMT
Vg
TWIN
SUCHM
AMESH
ANINT
WINK
HIDR
AKPR

EGRENZ

1
THERM

_Q'L -



Table III
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Structure of the central data array XL in the subroutine MAIN.

a) The permanent section

The symbols of the input description in chapter 2 are used.

length of type content of the see card n of]
the subarray subarray the input
description
NTYP Real 8 ITYP(I), I=1 NTYP 15
NMAT Real 8 NAME(I), I=1, NMAT 25
NMAT Real k4 TZ(I), I=1, NMAT 25
NE Real 4 ENG(I), I=1, NE 5
NFE Real k4 EF(I), I=1, NFE
NFE x (F(1,3), I=1, NFE),
NSPEC j Real 4 J=1, NSPEC 7
3 x NA Integer 4 (NR(I,J),I=1,3)J=1, NA 9
NT Real U TEMP(I), I=1, NT 1
MI+1 Real 4 S1G0(I),I=1, MI 13
NA Integer L NGRE(K), K=1, NCALL 9, 34, 33
NA x NE Integer U (NI (K,I),I=1, NGRE) 9, 5, 34, 33
K=1, NCALL
NA x NE Integer 4 (N2)K,I), I=1, NGRE 9, 5, 3k, 33
K=1, NCALL
NA x NE Integer k4 (NFG(K,I=1, NGRE) 9, 5, 34, 33
K=1, NCALL
NA x NE Integer 4 (NFI(X,I), I=1, NGRE 9, 5, 34, 33
K=1, NCALL
2 x NE Integer U this subarray is de- 5
fined, but information
is actually only stored
if module 9 is called




Table III, cont.

b) The non-permanent section
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Besides the permanent section & non-permenent section is defined,

when a computational module is actually called. This non~perma-—

nent part exists only during the execution of a computational

module. The non-permanent section starts with the index NFR, de-

fined in the subroutine MAIN. The names of the auxiliary arrays

are the same as used in the formal parameters of the entry sub-

routines of the computational modules. All other symbols are the

same as in the input description of chapter 2.

b1) Module 1

length of the type content of the subarray | see card n of

subarray the input
description

MI x 7 Real 4 SUM, auxiliary array 13

NE x 3 Real b sug, " "

max (3o00,r) Real 4 ER, " "

max (300,r) Integer L L, " "

max (300,r) Real 4 Gr, " "

max (300,r) Real 4 GAT, " "

max (300,r) Real 4 GAN, " "

max (3o00,r) Real 4 GAG, " "

mex (300,r) Real 4 GAF, " oo

5 x max (4oo,i)| Real 4 STE, " "

2]
]

question

|
1}

group cross section in one energy group.

number of resonances on the KEDAK-library for the isotope in

number of integration points for the integration of the effective
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b2) Module 2

length of the type content of the subarray see card n of the
subarray input description
3x5xM Real 4 SE auxiliary array 13
3x5xM Real &4 SM " " 13

5 x MI Real k4 XEUGZ " " 13

b3) Module 3

length of the type content of the subarray | see card n of the
subarray input description
NE x 4 Real L XINTE, auxiliary array 5

MI x NE x 5 Real 4 ZA, " " 13, 5

MI x NE x &4 Real 4 XN, " " 13, 5

MI x NE x 6 Real 4 SE, " " 13, 5

NE Real 4 XII, " " 5

MI x NE Real L ZB, " " 13, 5

NE Real k4 XI, " " 5

max (1500,1) Real L4 EMU, " " -

max (1500,1) Real k4 XMU, " " -

3 x max (1500,j)| Real k SN, " " -

3 x max (1500,j)| Real 4 EN, " " -

number of ﬁe-values

range in question.

maximum number of Gg=s O,=» Or O

on the KEDAK library for the isotope and energy

T

an isotope and energy range in question.

-values on the KEDAK library for




bl4) Module 4
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length of the type content of the subarray | see card n of the
subarray input description
NE Real 4 | SGC, sauxiliary array 5
NE Real 4 | DUE, " " 5
NE Real 4 | XINTE, " " 5
NE Real 4 | ZINT, " " 5
NE Real 4 | XNEN, " " 5
NE Real 4 | STREU, " " 5
max (1500,1i) Real 4 | SE, " " -
max (1500,1) Real 4 | FSE, " " -

i = number of ﬁe—values or v

library.

b5) Module 5

f~values for one isotope on the KEDAK

length of the type content of the subarray see card n of the
subarray input description
NE Real 8 WAHR, auxiliary array 5
NE Real 8 PRGB, " " 5
NE Real 8 VW, " " 5
NE Real 8 QUER, " " 5
NE + 1 Real 8 E, " " 5
max (7o0,i) Real 8 ET, " " -
max (25,J) Real 8 AR, " " ~
NE Real 4 suU, " " 5
NE Real k4 Qugr, " " 5
NE Integer U4 LBA, " " 5
NE Real 4 WEIN, " " 5
NE + 1 Real 4 AG, " " 5
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length of the type content of the subarray see card n of the
subarray input description
max (To00,1i) Real b4 SGIT, auxiliary array -
max (25,3) Integer 4| KMAX, " " -
max (l4oo,j,k) Real U4 sGgIp, " " -
max (4oo,i) Real L4 WERT, " " -

He
i}

.
]

b
|1}

library.

b6) Module 6

number of cin—values for one isotope on the KEDAK-library.
number of exitation levels for one isotope on the KEDAK-library.

number of exitation cross sections for one isotope on KEDAK-

length of the type content of the subarray see card n of the
subarray input description
max (1i,k4o00) Real 4 A, auxiliary array -
max (i,lboo) Real k4 B, " " -
max (i,4%00) Real k4 EA, " " -
max (i,400) Real 4 EB, " " -
max (i,loo) Real L4 E, " " -
max (Jj,1000) Real L4 EN, " " -
max (J,1000) Real 4 SGN, " " -
nmax (J,1000) Real k4 ECH, " " -
max (Jj,1000) Real &4 scg, " " -
max (j,1000) Real L4 v, " " -
max (j,1000) Real 4 W, " " -
max (j,1000) Real 4 F, " " -
k Real b4 AR, " " -
k Real 4 Fu, " " -
NE + 1 Real 4 ABN, " " 5
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length of the type content of the subarray | see card n of the
subarray input description
NE + 1 Integer 4| INT, auxiliary array 5
NE + 1 Real U4 GR, " " 5
NE + 1 Real L FEK¢E, " " 5
NE Real L R, " " 5
NE Real 4 RSP, " " 5
x i Real 4 sgNc, " " -
1xi Real 4 FEK@, " " -
6 x 1 x NE Real k4 ELSIG, " " 5
x NE Real k4 ELT@T, " " 5
max (m,3000) Real 4 ET, " " -
max (m,3000) Real k4 ST, " " -

i = 300 + maximum number of energy points for the reactor type SGNC

on the KEDAK-library for four neighbouring energy groups.

J = 1 + maximum number of energy points for the reaction types SGN

or MUEL or SGT on KEDAK in one energy group.
k = number of angle-mesh-points for the reaction type SGNC on KEDAK.

1 = maximum nuber of elements of the elastic scattering matrix for

one outscattering group.

m = maximum number of energy points for the reaction type SGT on

KEDAK in four neighbouring groups for a mixture of isotopes.

bT7) Module T

|length of the type content of the subarray see card n of the

subarray input description

NE Real 4 X, auxiliary array 5




b8) Module 8
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length of the type content of the subarray see card n of the
subarray input description
NE Real 4 | E, auxiliary array 5

NE Real 4 | v, " " 5

NE Real 4 | Y, " " 5

mex (NFE, 10 x NE)| Real 4 | ES, " " 5

mex (NFE, 10 x NE)| Real 4 | F, " " 5

b9) Module 9

length of the type content of the subarray | see card n of the
subarray input description
XL-array minus Real 4 | WPRK, auxiliary array -

the permanent

section

blo) Module 1o

This module uses only the permanent section of the XL-array.




Table IV Structure of the
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unlabled C@MMPN-array

length of the type content of the subarray see card n of the
subarray input description
1 Real 8 MAT 1
1 Integer ISTRUK 1
1 Integer ISPA 3
1 Integer unit number for print
output
1 Integer external storage number
for the output of the
results
2 Integer NR(2,J), NR(3,J) 9
J is the index of the
module actually called
1 Integer J, at the end of each 9

module J must be

enlarged by one
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2. Input and output of MIGR@S-2

2.1 Description of the input

In the following input description the expression "card" is used for
the information that is read by one READ-statement. The input is
unformatted. The following rules must be observed: The information
of one "card" may actually be punched on several cards. Column one
of the first physical card must not be blank, for the following
physical cards belonging to the same READ-statement it must be blank.
The information of two words must be separated by at least one blank.
Alphanumeric information may consist of eight symbols or less. It

is represented in the form 'TEXT bbbb'. The blanks and apostrophes
are obligatory. For alphanumeric informstion consisting of five or
less symbols the following representation is also allowed: oTEXTo.

In this case no blanks are necessary. They are only necessary, if

several words are linked: aTEXlo oTEX20 or linked oTEX1bTEX2bo.

2.1.1 Input_description

Card 1
MAT name of the material in the
KEDAK-nomenclature /1/
ISTRUK = 0: light or medium weight

material, no temperature
dependent resonance cross-

sections

L]
—
.

heavy isotopes, temperature
dependent resonance cross

sections
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Card 2
aBL@Ca 1  constant
Card 3
ISPA =o0: non-fissile isotope
=1: fissile isotope
Comment ; If card 2 and card 3 are not
defined, it is assumed that
the isotope is fissile, if the
last figure of the material
name is odd.,
Card &4
aBL@Co, 2 constant
Card 5
NE number of group boundaries
(ENG(I), I=1, NE) group boundaries in (eV)
ENG(I) < ENG(I + 1)
Comment : There is no limitation for the

number of groups.

If "card 4" and "card 5" are
not defined, as standard input
the group boundaries of the
26-group ABN-set /2/ are used.
0.215, o0.465, 1.0, 2.15, 4.65,
10.0, 21.5, 46.5, 100, 215, 465,

1000, 2.15.103, 4.65.103, 10",

2.15. 10", 4.65.10", 10°, 2.10°,
8.10%, 1.4.10°, 2.5.10°, h.0.10°,
6.5.10°, 107,

Only the group boundaries of the

non-thermal groups must be

specified.




Card 6

oBL@Co,

Card T

NSPEC
NFE
(EF(I), I = 1, NFE)

_203—

constant

number of weighting functions
number of energy points

energy points for the macros-
copic weighting functions in (eV)

ordered with increasing energy

((F(1,d), I =1, NFE), J = 1, NSPEC)

Comment :

Corresponding values of the

macroscopic weighting functions

The weighting functions need not
be normalized. The macroscopic
weighting function represents
the resonance free part of the
weighting, normally a collision
density I(E). ¢(E) is expected
(X = total cross section,

¢(E) = neutron flux density)

The weighting functions (F(1,J),
I = 2, NSPEC) are only used in
the module 6.

The number of weighting functions
should be the same as the number
of moments of the elastic
scattering matrix. If only one
weighting function is given,

it will be used for all moments

of the elastic scattering matrix.

The number of energy points is

arbitrary. The weighting function
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must cover the whole energy
range, in which weighted group

constants shall be calculated.

If card 6 and card 7 are not
provided, the following standard

is used:

F(I,1) is given by the FUNCTI@N PHI (E)
and (F(I,L), L=2, NLE + 1) by

FUNCTI@GN PHI1 (L,E) (NLE is defined

in card 23).

FUNCTI@N PHI(E)

PHI = 1./E

RETURN

END

FUNCTI@N PHI1 (L,E)
PHI1 = 1./E x x L)
RETURN

END

E: energy

See also card 27

Card 8
oBL@Ca 4 constant
Card 9
NA number of calls of any computa-

tional modules

((NR(I,J), I=1,3), J=1,NA)
NR(1,J) identification number

of the module to be
called (see table I.

in chapter 1)




Comment:

necessary:

Card 1o

aBL@Ca

NR(2,J) number of the first

energy group,

NR(3,J) number of the last energy
group, for which the
module NR(1,J) is called.

The numbers of the energy groups
are fixed by the chosen group
boundaries in card 4 and card 5.
the groups are numerated from 1
to NE-1, starting with the group
of the highest energy.

NR(2,J), NR(3,J) must be ordered
with increasing energy, e.g.
NR(2,J) > NR(3,J). The module
NR(1,J) is executed for all
groups from NR(2,J) to NR(3,J).

A module can be specified several
times. There is no limitation for
NA. In the case of scattering
metrices, NR(2,I) and NR(3,J)

are the outscattering groups.

The transfer elements for all
inscattering groups belonging

to an outscattering group are
calculated.

In the case when one of the modules 1 or 2 for the calculation of

selfshielding factors is called, the following two cards are

constant



Card 11

NT
(TEMP(I), I=1, NT)

Comment :
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number of temperatures

. O
temperatures in K

If card 10 and card 11 are not
specified, the following

standards are used:

3oo°K, 9oo°K, 2100°K for heavy
isotopes (ISTRUK = 1)

0K for light and medium weight
isotopes, (ISTRUK = o).

There is no limitations for the

number of temperstures.

For the case when one of the modules 1, 2 or 3 for the calculation

of self shielding factors is called, the following two cards are

necessary:

Card 12

aBL@Ca

Card 13

MI

(s1GO(I), I=1, MI)

Comment :

constant

number of background cross

sections 9,

background cross sections g,

in (barn)

If card 12 and card 13 are not
specified, the following

standards are used: MI = T,
3 3

o =0, 1o, 102, o7, 107, 10,
o5 6
10", 10~ barns

There is no limitation for the

number of oo—values.
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If module 4 or module 1o is called, the following two cards must be

specified:

Card 1k
aBL@Ca 7 constant

Card 15
NTYP number of cross section types
(ITYP(I), I=1, NTYP) names of the cross section types.
Comment ; The number of cross section types

is not limited. All cross sections
types available on the Karlsruhe
nuclear data file KEDAK /1/ can
be computed. For the names the
KEDAK-nomenclautre must be used.
If card 14 and card 15 are not
specified, the following standards

are used:
MUEL, NUE, SGA, SGF, SGIL, SGN, SG2N.

In the case that SGA and SGF are
computed, always SGC = SGA - SGF
is computed too. SGC can also be
specified as cross section type

in the input, although it is no

KEDAK-type.

If module 1 is called, the following four cards are necessary:

Card 16

oBL@Co 8 constent



Card 17

NRES

Comment

Card 18

oBLPCa

Card 19

ERR@R

Comment ;

- 2.8 -

number of resonances

For the calculation of the cross
sections at the energy E
contribution from NRES resonances
above E and NRES resonances below
E are teken into account. If

card 16 and 17 are not specified,

a standard, NRES = 1o, is used.

constant

allowed integration error

ERR@R corresponds to € in
chapter 4, formulas (k4.18),
4,19). If card 18 and card 19
is not specified, a standard,

ERRPR = 0.05, is used.

If the module 5 is called, the following two cards are necessary:

Card 20

oBL@Ca

Card 21

XNUE

Comment:

10

constant

parameter for the Weisskopf

evaporation model

XNUE corresponds to the para-
meter v in chapter 6. If card 20

and card 21 are not specified the

standard XNUE = o0.16 is used.
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If the module 6 is called, the following eight cards are necessary:

Card 22
oBL@Ca 11 constant
Card 23
ISEL parameter, which defines the
averaging procedure for the
transferelements. ISEL = 2:
The transferelements are the
group averaged transfer cross
sections normalized to the
group averaged total elastic
cross section.
ISEL = 1: The transferelements
are the group averaged, to the
total elastic cross sections
normalized elastic transfer
cross sections.
NLA lowest Legendre moment
NLE highest Legendre moment
Comment : NLA ist always set to zero by

the program.

NLE must be smaller or equal to
five, If NLE < 1, NLE is set to
one by the program.

If card 22 and card 23 are not
specified, the following

standards are used:

ISEL = 2 for ISTRWK = o
ISEL = 1 for ISTRUK =
NLA = o0

NLE =5
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Card 24
aBL@#Ca 12  constant
Card 25
NMAT number of materials in a
composition
(NAME(I), TZ(I), I=1, NMAT)
NAME : names of the materials
TZ: atomic densities x 10_2h
Comment : card 24 and card 25 are only

necessary if the fine structure
of the weighting function for
a defined composition is to be

taken into account (see chapter 7)

Card 26
aBL@Co. 13 constant
Card 27
MAZ(1) = 0: all Legendre moments are
weighted with the macroscopic
weighting function of the
zero'th moment (see weighting
function in card T, F(I,1)).
= 1: each Legendre moment is weighted
with it's own macroscopic
weighting function (see card T,
F(I,J)).
MAZ(2) = 0: all Legendre moments are

weighted with the microscopic
weighting function of the
zero'th moment ~ 1/Z(E), I(E)!



-2.11 -

macroscopic total neutron

cross section for a composition.

= 1: the microscopic weighting
function for the 1-UP Legendre

moment is ~ { 1/% }l+1

Comment : If card 26 and card 27 are not
specified, the following
standards are used:

MAZ(1) = o, MAZ(2) = o

Card 28
aBL@Ca 14  constant
Card 29
NS maximum number of groups in
one "macro" group.
NK number of basic energypoints
used in that energy range in
a group, for which scattering
into neighbouring groups is
possible.
NR Number of basic energy points
used in that energy range in
a group, for which no out-
scattering into neighbouring
groups is possible.
Comment : If card 28 and card 29 are

not specified, the following
standards are used:
NS = 4, NK = To, NR = 16
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If module 9 is called, the following five cards are necessary:

Card 3o

aBL@C 15

Card 31

ERR

NJM

NUJM

Comment :

Card 32

aBL@Co 16

Card 33

ISELR

1]
—
.

constant

allowed integration error.
2NJM + 1 is the number angles
for the integration.

2NUJM + 1 is the maximum
number of energy points for

the integration.

If card 30 and card 31 are not
specified, the following

standards are used:

ERR = 0,05
NIM = 6
NUJM= 1o

ERR, NJM, NUJM correspond to
€, NJM, NUJM in appendix IV

constant

The transferelements from
subintervals of the out-
scattering group into other
groups are interval averaged
transfer cross sections,
normalized to the interval

averaged total elastic cross

section.
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ISELR = 0: The transfer cross sections are
first normalized to the total
elastic cross sections. The
average of the outscattering

interval is performed afterwards.

NLRA lowest Legendre moment
NLRE highest Legendre moment
NCALL = 0: The way of subdiving the groups,

given by card 5, shall be the
same for all groups. It is
assumed, that the groups are
subdivided into 14 fine groups
and the fine groups are sub-
divided into five intervals.
The subdivision is always
performed equidistant in
lethargy. The result of this
procedure are To intervals

per group.

NCALL > o : If the intervals shall be
constructed in a different
way as for NCALL = o, NCALL
is the number of calls of
module 9. This number must
be the same as specified in

card 9.

If NCALL > o, the next card must be specified NCALL-times.

Card 34

NGRE number of subdividing procedures

in one call of module 9.
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(N1(1),N2(1),NFG(I),NFI(I),I=1,NGRE)

N1(I) number of the first energy
group subdivided by the I-th

procedure

N2(I) number of the last energy
group subdivided by the I-th

procedure

NFG(I) number of fine groups per

group in the I-th procedure

NFI(I) number of intervals per
fine group in the I-th

procedure.

Comment : If card 32 and card 33 are not
specified, the following

standards are used:

ISELR = 1 for ISTRUK = o
ISELR = o for ISTRUK =
NLRA =o0

NLRE = 5

NCALL = o

NFG = 14

NFI =5

In this case, card 34 must be
omitted. In the case that

card 32, card 33 and card 3k

are specified, ist must be
noted, that N1(I) > N2(I) and
N1(I) > N1(I+1), N2(I) > N2(I+1).

(See also comment to card 9).
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Card 35
oENDEo, 17 constant
Comment: This is the last card of the

input for one material. It

must not be omitted.

The cards 1 to 35 must be repeated for each material. The last card

of the input must be

oENDEa J 18  constant

2.1.2 Description_of the necessary external units_and memory capacity

MIGR@S-2 needs the following external units:

unit number

8 for the input with FREEF@.

1 Karlsruhe nuclear data library
KEDAK.

3 : unit for the unformatted output

of the results.

1o is only necessary in the module 6

as working unit.

The necessary memory capacity must be specified by the user by the
PARM.G-parameter in the EXEC-card of the IBM-job control language.
The length of the PARM.G-array depends on the input informastion.
The memory capacity, necessary for the single modules, is given

in the following:

(The symbols of the input description are used).

Control module

2 x NTYP + 3 x NMAT 4+ NFE x (NSPEC + 1) + N + MT + 1 + 3 x NE +
4 x NA x (1 + NE)
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words. In the case, that one of these values are not specified by
the input, the standard must be used: NTYP = 6, NFE = 1, NSPEC = 1,
NT = 3, MI = T, NMAT = 1,

The memory demand of that called computational module with the
largest memory demand must be added to the memory demand of the

control module.

Number of the Memory demand of the module

module
1 7xML + 3 xNE + 7 x max (300,
number of resonances on KEDAK)
+ 5 x max (4oo, maximum number of
energy points, necessary for the
integration over one energy group)-

words.

Comment: The number of integration
points can not be estimated at the
beginning of a calculation. If the
assumed LYoo words are not sufficient,
the dimension of the corresponding
array is enlarged sutomatically by
the control module, provided that
the PARM.G-array is large enough.
If the PARM.G-array is not large
enough, the module is passed. In
thise case it is recommended to
duplicate the number of words for
the integration array in the

PARM. G-array.

2 35 x MI - words

3 6 x NE + 16 x MI x NE + 2 x max
(1500, number of MUEL-values on
KEDAK in the wanted energy range)
+ 6 x max (1500, number of SGA-
values, number of SGN-values,
number of SGF-values in KEDAK

in the wanted energy range)-words.
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6 x NE + 2 x max (1500, number of
SGN-values, number of SGF-values on
KEDAK in the wanted energy range)-

words

12xNE + 3 x (NE + 1) + 3 x max
(Too, number of SGI-values on KEDAK
above the threshold for inelastic
scattering) + 3 x max (25, number of
inelastic exitation levels) + max
(25 x Yoo, number of inelastic
exitation levels times the number

of the energy points for the exitation
cross section belonging to the first
level) + max (hoo, number of SGI-
values above the threshold for

inelastic scattering)-words.

5 x max (Yoo, ISM) + 7 x max
(1000, ISD) + 4 x (NE + 1) + L

x NE + max (4oo x 21, ISM x IC@S)
+ max (Yoo x 2, ISM x NECU) + 6

x max (2, NECU) x NE + 2 x IC@S +

2 x max (4ooo, NTT)-words

ISM: 300 + maximum number of
energy points for the SGNC
on KEDAK within four

neighbouring energy groups.

ISD: ISM + maximum number of
SGN- or MUEL-values on
KEDAK within one energy

group.

ICAS: number of angle points for
the SGNC on KEDAK.



1o

- 2.18 -

NECU: maximum energy loss by elastic
scattering measured in energy
groups (= 2 for scattering

into the neighbouring group).

NTT: number of SGT-values for a
given composition in four

neighbouring energy groups.
NE-words
3 x NE + 2 x max (1o x NE, NFE)-words

39 + NM1 x IMAX + (3 + NUJM) + IC@S x
(2 + NIV) + NIV + IMAX + 2 x NJM +
3 x NDAT + NE + NFIN x IZV + BUF - words.

NM1: NLRE +1

NFIN: number of energy points in

one energy group

NDAT: maximum number of SGT- or
SGN-values on KEDAK in

one energy group.

NIV: number of energy points for
the SGNC on KEDAK

BUF': max (NDAT, 2 + IMAX x NFIN)
IZV: max (4, IMAX x NM1)
IMAX: maximum energy loss by

elastic scattering measured
in energy groups (identical
with NECU in module 6),

ICPS: identical to module 6
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The REGI@N-parameter on the JOB-card is given by the length of the

PARM.G-array in K-bytes + 17o K-bytes for the MIGR@S-programs and
the buffer.

2.2 Description of the output

2.2,1 Printed output

Each computational module has an output of the results on paper.

In table V an explanation of the symbols is given.

2.2.2 Unformatted output

Besides the printed output an unformatted output on unit 3 is

provided. The arrangement of this output is described in table VI.

2.2.3 Output of error messages

In table VII a list of error messages and warnings is given. In this

list only those messages are given which are not self explaining.



Table V

Module 1
Symbol content defined by required
formula KEDAK-types

SIGMA G average group cross section for infinite dilution, (4.6)

radiative capture
SIGMA N average group cross section for infinite dilutiom, (4.6)

elastic scattering
SIGMA F average group cross section for infinite dilution, (4.6)

fission
SIGMAN1 identical with SIGMA N -
SIGMAT1 SIGM G + SIGMA N + SIGMA F -
SIGMA o background cross section o (4.1) RES
FG radiative capture

flux weighted resonance

FN self shielding factors elastic scattering (L.1)
FF fission
N1 current weighted resonance} elastic scattering (4.3)
FT1 self shielding factors total

. . 0. - . . .
Temperatures are given in K, the group boundaries in eV, cross sections in barns.

- 03’8 —



Module 2

Symbol content defined by required
formula KEDAK-types

SIGMA G average group cross sections radiative capture (5.37) )

SIGMA N for infinite dilution elastic scattering (5.38)

SIGMA F fission (5.37)

SIGMANT1 identical with SIGMA N - ISgT1

SIGMAT1 SIGMA G + SIGMA N + SIGMA F - IsgT2

SIGMA o background cross section g, (5.1) [ ST

FG radiative capture STGF
flux weighted resonance

FN self shielding factors elastic scattering (5.1)

FF fission

N1 current weighted resonance } elastic scattering (5.8)

FT1 self shielding factors total J

. . © . . . .
Temperatures are given in K,group boundaries in eV, cross sections in barns
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Module 3

background cross section 9,

Symbol content defined by required
formula KEDAK-types

SIGMA A absorption
SIGMA C average group cross sections capture (9.10)
SIGMA N for infinite dilution, r elastic scattering
SIGMA F fission SGA
|SIGMA No1 Ge'ﬁe (9.11) SGN
SIGMA N1 identical to SIGMA No1 - SGF
SIGMA T1 SIGMA C + SIGMA N + SIGMA F - SGT
FA absorption MUEL
FC flux weighted resonance self capture (9.1)
FN shielding factors, elastic scattering
FF fission
FNo1 flux weighted resonance self

shielding factor for ce'ﬁe (9.3)
FN1 current weighted resonance self shielding factor for

0T, (9.8)
FT1 current weighted total resonance self shielding factor (9.5)
SIGO

Group boundaries are given in eV, cross sections in barns
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Module UL

Symbol content defined by required
formula KEDAK-types
-
SGN elastic scattering SGN
SGA absorption SGA
average group Cross (3.1)
SGF section for fission ) SGF
r
SGI inelastic scattering SGI
SGC capture = SGA - SGF SGA, SGF
SG2N J (n, 2n) reaction SG2N
MUEL average cosine of elastic scattering (3.2) SGN, MUEL
NUE average number of secondaries per fission (3.3) SGF, NUE
ALPHA average a-value (3.4) SGG, SGF
ETA average n-value (3.5) NUE ,SGG ,SGF|

If group averages of other types of cross sections available on KEDAK are calculated, averages in
the sense of formula (3.1) are calculated. The names are the same as the names of the underlying
KEDAK-types. Cross sections are given in barns.
If SGN for the material Hbbbbb@1 is calculated, also a type STR is calculated, which corresponds
to formula (3.6).
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Module 5

Symbol content defined by underlying
formula KEDAK-type
PRPBSGI inelastic scattering probabilities, in the discrete (6.6), (6.7) ||sGI, ISgT2
region
inelastic scattering probabilities, in the continuous (6.15) SGI,SGIZ,ISOT2
range
In the first column the numbers of the outscattering groups are printed.
The numbers above the values of PRPBSGI are the inscattering groups.
Module 6
Symbol content defined by underlying
formula KEDAK-type
S
SGNCO zero'th moment SGN,
SGNC1 15 moment SGNC,
SGNC2 2nd moment of elastic scattering matrix, MUEL,
SGNC3 3th moment [ normallzed.to the total elastic SGT
th cross section
SGNCL 4*" moment
SGNCS5 5*® moment

— f(a‘a —_



Module T

Symbol content defined by required
formula KEDAK-types

CHI fission spectrum (12.2),(12.1) CHICR

Module 8

Symbol content defined by required
formula KEDAK—-types

1/vV 1/v-group averages in [ sec/cm J (11.1) -

Module

Symbol content defined by required
formula KEDAK-types

SGT average total cross section (8.1) SGT

SGN average elastic scattering cross section (8.1) SGN

MUEL average cosine of elastic scattering (8.2) MUEL

FLUX average flux (weighting function) - -

SGNCn the n-th legendre moment for elastic scattering (8.3) SGN, SGNC

Cross sections are given in barns, the legendre moments are normalized to the total elastic
cross section. The interval averages within one group are arranged with increasing energy.
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Module 1o

In this module the group constants for the thermal group are calculated. The same types

as in module 4 are possible. The group constants are defined by the formulas (10.1) to
(10.5).

- 98'3 -
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Table VI  (The symbols of table V are used)
Module 1

1. record: o , 'MIGR-—--!

2. record: n , material name, temperature in ['OK,Y, number of the
energy group, lower group boundary in [ eV_/, upper
group boundary in [ eV _/

3. record: n , SIGMA G, SIGMA N, SIGMA F, SIGMA N1, SIGMAT1

4, record: n , SIGMA O, FG, FN, FF, FN1, FT1

. .

. for all SIGMA O-values

n is an Integer I x 4 and gives the number of 4~bytes words in the
record. The material names are 8-bytes alphanumerical words. All other
words are R x 4. The 8-bytes alphanumeric words are counted as two
words in n. These conventions are the same for all ohter modules.

n_mn

Exceptions are mentioned. in the label names must be

interpreted as blank.
Module 2

1. record: o , 'FSTAT---!

2., record: n , material name, temperature in ['OK_7, number of the
energy group, lower group boundary in [ eV /, upper
group boundary in [ eV_7/.

3. record: n , SIGMA G, SIGMA N, SIGMA F, SIGMAN', SIGMAT1

4, record: n , SIGMA O, FG, FN, FF, FN1, FT1

. for all SIGMA O-values
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'FSTRK—=~"

material name, number of the energy group, lower
group boundary in [ eV J, upper group boundary
in [ev ]

SIGMA A, SIGMA N, SIGMA NO1, SIGMA N1, SIGMA T1
for non heavy isotopes (ISTRUK = o)

SIGMA C, SIGMA N, SIGMA F, SIGMA NO1, SIGMA N1,
SIGMA T1

for heavy isotopes (ISTRUK = 1)

SIGO, FA, FN, FNO1, FN1, FT1

for non heavy isotopes (ISTRUK = o)

SIGO, FC, FN, FF, FNol, FN1, FT1

for heavy isotopes (ISTRUK = 1)

repeated for all SIGO-values

Module 3
1. record: o ,
2. record: n ,
3. record: n ,
n,
4, record: n ,
. n ,

Module 4
1, record: o ,
2. record: n ,
3. record: n,
4, record: n ,

The records 2 to

by the input.

'SGKE=——-"

highest energy group (lowest number), lowest
energy group

material name, name of reaction type (8-byte,
alphanumeric)

group constant of the type defined by the 3rd
word in the 3.rd record, for all energy groups,
specified by the 2nd record. The values are
ordered with increasing energy and decreasing

group numbers.

4 are repeated for all reaction types, specified




Module 5

1. record:
2. record:
30

1.
2.

3.

record:

Module 6

record:

record:

record:

record:
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o , 'SMT@T-—-!
n , material name, total number of outscattering groups
n , number of the outscattering group, elements of
the matrix PRPBSGI in the sense that the first
element describes scattering within the group,

then scattering into the neighbouring group etc.

repeated for all outscattering groups.

o , 'FLUM——-'

n , material name, number of outscattering groups,
number of Legendre moments.

n , number of the outscattering groups, group
averaged total elastic cross section, group

averaged cosine for elastic scattering.
repeated for all outscattering groups.

n , number of the Legendre moment, number of the
outscattering group, matrix elements SGNCi
(i = number of the moment) arranged in the
sense that the first word describes scattering
within the group, the next one scattering

into the neighbouring group etc.

repeated for all outscattering groups (for a
certain Legendre moment)

repeated for all Legendre moments.



Module T

1. record:

2. record:

3. record:

Module 8

1. record:

2. record:

Module 9

1. record:

2. record:

3. record:

. record:

o}

=

s

(¢]

n

n

]

s

9
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'SPALT---"

material name, energy of the fission inducing
neutron in [ eV 7, number of the lowest energy
group, number of the highest energy group.

CHI for all groups specified in the End record,

arranged with increasing energy.

'81/V—=—="
1/V-values for all energy groups defined by the
group boundaries in the input, arranged with

increasing energy and decreasing group numbers.

'REM¢--—— '

material name, total number of outscattering groups,
total number of Legendre moments.

number of the outscattering group, number of sub-
groups in the outscattering group, number of
intervals in one subgroup (the same for all sub-
groups in one outscattering group), SGT for all
intervals in one group (product of the number of
subgroups and the number of intervals in one sub-
group) arranged with increasing energy, SGN for
all intervals in one group, MUEL for all intervals

in one group, FLUX for all intervals in one group.

repeated for all outscattering groups.

n , number of the Legendre moment, number of the out-

scattering group, SGNCi (i = Legendre moment) for

all intervals in one group arranged in the sense




- 2.31 -

that first the elements describing scattering within
the group, then the elements describing scattering

into the neighbouring group etc. are stored.

repeated for all outscattering groups (for a fixed

Legendre moment )
repeated for all Legendre moments.

Module 10

1. record: o , 'THERM-—-'

2. record: n , material name, name of the reaction type, number
of the thermal group.
3. record: n , value of the group constant specified in the ond

record
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Table VITI Error messages and warnings

xxx WARNING 2.0k

Comment: To get a correct overlapping correction, [7/4 should
be much smaller than one. Normally it is assumed,
that /A< 0.5 is small enough. See chapter 5,
formula (5.24).

xxx WARNING 2.05

Comment: For the calculation of the current weighted resonance
self shielding factors an approximation is used,
which in some cases is not valid for small g -values.
In this cases, the self shielding factors are
not calculated and negative figures are printed.

See chapter 5, and Appendix III, formula (25).

xxx% WARNING 2.06

Comment: The reason for this warning might be the same as
in xxx WARNING 2.o4., If not, the formalisme for
approximating the overlapping correction is
insufficient.

The warning is given, when the denominator in
formula (5.14) becomes negative. If the resulting

sor 2 in (5.14) is small against the contribution

?
of all other resonance series, this warning may

be ignored.
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3. The calculation of average group cross sections from tabulated

neutron cross sections. Module k.

3.1 The average group cross sections are defined by

[ 8,08 bre) dE
k5 __(9)
X9
j b(e) JE
(q)

(3.1)

k = isotope
X = neutron reaction (n,x)
g = energy group

¢(E) is the neutron flux density. In the resonance region, normaly
a slowly varying collision density is used, so that formula (3.1)
defines the average group cross section for infinite dilution. The
average group cross sections for all types of neutron reactions are

calculated by formula (3.1), except:

- the average cosine of the elastic scattering

| k)6, e) dle) de
(3)

¢ —
/199 = (3.2)
T | fee) ¢e) dE
(9)
- the average number of secondaries per fission
] e “,(e) () dE
y = (3.3)

> [ (e pre)dE
(9)

f = fission



- the average oa-value

k
(QJ) 6, (£) O(E) dE
o(/ —_—

= - (3.4)
T Be) de)de
( f
9)
y = radiative capture
- the average n-value
\/l
M =— 9 (3.5)
3 1+ ol

For which type of neutron reaction an average cross—section shall be

calculated can be choosen by input. There must be information available
on KEDAK-library.

Besides that, the following group average

| B pe) ye
0 = () E (3.6)
F(E) d E

(9)

is calculated for hydrogen. This group average can be used for the

production of the elastic scattering matrix.
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3.2 The integration in the averages (3.1) to (3.4) are done by a
trapezoidal rule. As integration points the energy points at
which the nuclear data on the KEDAK-library are tabulated and
the group boundaries are used. The values of the cross sections
at the boundaries are calculated by linear interpolation or
extrapolation from the tables on KEDAK. The weighting function
is either interpolated linearly from tables or is given by a

function.

3.3 The following subroutines is necessary:

SUBROUTINE SUND (MM, ENG, NFE, REFE, EFE, ITYP, ITNAM, SGC, DUE,
XINTE, ZINT, XNEN, STREU, LDIM, LDIMP, SE, FSE)

The following parameters are defined by the control program :

MM ! Number of energy group boundaries,

ENG ' one-dimensional field containing the energy group

boundaries in [ ev.7.

NFE : number of points of the neutron flux density.
= 0, if the function PHI(E) is used .

REFE :one-dimensional field containing the energy points of the

neutron flux density in [ eV 7,
EFE .one-dimensional field containing the neutron flux density.
ITYP :number of cross section types.

ITNAM :one-dimensional field containing the names of these
reaction types for which the average group cross sections
shall be calculated .

LDIM :dimension of the following fields SE and FSE which is
max (1500, number of oe(E)—values on KEDAK, number of

of(E)—values on KEDAK in all regarded energy groups) .
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The following parameters are work fields used by the subroutine SUND

SGC, DUE, XINTE, ZINT, SNEN, STREU one-dimensional fields of the
length MM

SE, FSE one-dimensional fields of the
length LDIM .

The following parameter is calculated in the subroutine
LDIMP: o , if the length of the working fields dimensioned with

LDIM is sufficient.

n , number, by which LDIM should be increased.

.
+
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4. The calculation of average group cross sections for infinite
dilution and of energy resonance self shielding factors from

resolved resonance parameters. Module 1.

4.1 Flux-weighted energy resonance self shielding factors are
calculated for capture, fission and elastic scattering.

They are defined as

K
Kﬂ@(5@77:: kG&S(GQ;T) (4.1)
ij/? ( Eif—> > ﬂr)

k = isotope

x = neutron reaction (n,x)

g = energy group

T = temperature in °k

Oy = background cross section in barns
where

6, (T.€) F(E)

k
‘s (6 T)= 6,(7,6) + B, (4.2)
F(E)

6,(T,E) + 8,

is the microscopic effective cross section.
The weighting function F(E) is the collision density and is

assumed to have no resonance structure in the NR-approximation.
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The average is defined as

—\:Lf J
(ye)) SE 1)
AE

where AEg is the group width of group g .

The current-weighted resonance self shielding factors are calculated

for elastic scattering and for the total neutron reaction

k
(8, T)— 209 (65, T)
T k6 (6——>oo T)
1 'X,ﬁ o /

(4.3)

where

%MHFM)>

k 2
5 (6, T) = {8, (7E)+ 6. )

17X9 F(E)
{6, (1) + 6,7

is the current weighted microscopic effective cross section. For

infinite dilution

limy 65,5 (8:,7) = Livn "o (5, 7)< 2

60"‘>°O e X'9

and




k _
e oy (B U(ET) F(£) )

%9 (F(E))

Therefore the denominators of (4.1) and (4.3) may be replaced by (4.6).

(4.6)

Normally koxmg is independent of temperature, but in cases when only
L]

few resonances are within an energy group, and the group boundary

cuts the wings of an important resonance, kcxmg may be temperature
b4

dependent.

The averages of (4.3), (L4.4) and (4.6) are calculated by numerical
y*

integration. The microscopic cross sections cx(E are calculated

from resonance parameters by a Breit-Wigner single level formula.

R
5X(E,T)=2 6, (EE,.,T) (4.7)
=1

resonance

number of resonances taken into account

resonance energy

6, (EE,T)= 0, ‘1. (6x) (4.8a)

for capture and fission ,

% (the index for the isotope will be neglected)
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BL(EE, T)=06,+,8: { Ycos2d +) sin2d | (h.80)

and for elastic scattering

6. (E,E,T) = 5 E E,T)— Xb“ (EE,T) (4.8¢c)

x = capture, fission, where

=7,

_ L P L) IX(E) [E
Oo =) 8 0 '<Er) -
|—1/2
Ta(E) E
¢67 - 7r %‘ S .1o
oc é' ) [_I{E;) < E;,) (4.10)

_ 0 %P{“’“ (X ?)JZ
kHQ/X)ﬁQW 1+ %

(h.11)




(k.12)

Yk TE

A = el Doppler width

[’ = total width

eI+ _ . . .
g = 5753:77/ I = total spin, 1 = spin of the nucleus
R' R'
61 =5 " arctg X 1 for 1 = o,1
R' = effective radius of the nucleus
* = reduced neutron length

[T = neutron width

n
1 .. .

!x = fission or capture width
op = potential cross section

For T + 0, that means 0 - «yand

4

7T x% ()

ﬂ/(é—»oo/ X) =
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X (6o, x) = X ___ (4.15)

For resonances at negative resonance energies the formulas (4.9)

and (4.10) are modified to

Doy= 477/\20‘9' /Z(E;‘)né()fr) -Elﬂ/z (4.16)

-7
b= 4T/ g: —//%L'EZ 8 (s.17)

where AO =x (1 eV).

4.2 The method of integration for the averages in (L4.2), (4.k)
and (4.6).

The expressions (4.2), (4.4) and (4.6) are calculated by numerical
integration., A trapezoidal rule is used. To keep the number of
integration points as small as possible, which is necessary,
because the calculation of the function values is very time
consuming, the integration points are not taken equidistant. To

be sure that the resonances are not lost during the integration,




“)4.7—

the resonance energies are chosen as integration points. Let X,
be the integration points and Yi the corresponding function values.
Then the integration algorithm can be described in the following

way:

. O _ (+© o Oy _ _
First step: X = (x1, X5s ee xn) (Eg+1, Er,l (i=1, n-2), E )
o _ o o o
Y (Y1, Y2, ‘o Yn)
Eg+1 lower group limit

E upper group limit

g
Er i resonance energy of the i-th resonance in energy
s
group g.
0,,0
X +X
1 _ /40 172 o] oy _ 1 1 1
Second step: X = (x1,-——§—— » X5s eee xn) = (x1, Xos oee xn+1)
1 _ 1 1
Y' = (Y1, con Yn+1)
N RIS B PO 1 1
a =5 (X - X)) - (4 +Yp)
R S D 1 =1
b =5 (X, Xy, + Y,)
i I 1
Y, =3 (Y1 + Y3)
The condition
b-a (€ (4.18)
cL

vhere € is a given error limit, must be satisfied.

If condition (4.18) is not fulfilled, the second step is repeated
until condition (4.18) is fulfilled, let's say, after repeating
the second step (1-1) times.
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Bl
S O B W -1 -1,

x = <X% ’ s Xé > Xi+1—1) (x%, B Xi+1)
1_ .1 1
Y = (Y1, ces Yn+l)

Third step: a = % (Xé - Xé) . (Yé + Yé)
sl e
L _ 1
Y, (Y, + Y)

The condition

_kléigé_ <: € nust be satisfied , (4.19)

If the condition is fulfilled, the integral over the interval
17. .
[X]1', X3] 1s given as

=1
=2

1.1
Xé X%) © (Y7 4 YR)

and the algorithm is repeated in the interval [.Xﬁ, Xi+l} starting

with the integration points

° o (xt, ... %

o (o}
n+l) )

= (x1, Xys e Xn+l -

If condition (4.19) is not fulfilled, the integral in the interval
[X%, Xé ]is calculated as

= Xl Xl . (Y% + Yé)

1
2

and the algorithm is repeated in the interval [Xé, Xi+l] starting

with the integration points
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o _ _ 0 O o
X - (XJ-2, e s 0 Xi+l) - (X1, Xz’ 0 0 Xn+l—1)

The algorithm is repeated until the integration over the total energy

width is performed. The integral over the energy group is given by

the sum.
N+1

I= Z Ii’ where N is the number of repetitions of the algorithm.
i=1

4.3 For the calculation of energy resonance self shielding factors

and average group constants from resolved resonance parameters

the following subroutine are used:

FGEM (NS, SIGO, NE, ENG, NEF, ES, F, NT, TEMP, PR, NMR, NFST, SUM,
Suo, IRE, IREP, ER, L, GJ, GAT, GAN, GAG, GAF, ISTE, ISTEP, STE)

In this subroutine the input of the nuclear data from the Karlsruhe
nuclear data library KEDAK and the output of the f-factors and the
average cross sections is organized. Also the integration algorithm
is performed in this subroutine. The following parameters must be

defined:

NS ¢ number of oo—values.

SIGO(NS) : one-dimensional field containing the oo—values
[ barn 7,

NE : number of the group boundaries.

ENG(NE) : one-dimensional field containing the group
boundaries [ eV 7.

NEF : number of energy points of the weighting spectrum.
ES(NEF) : one-dimensional field containing the energy points:
of the weighting spectrum [/ eV_/.

F(NEF) : one—dimensional field containing the weighting.

function at the energy points of field ES.
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NT : number of temperatures,

TEMP( NT) : one-dimensional field containing the temperatures
L7,

PR : error limit e, as defined in (L.18).

NMR : R/2 as defined in (4.T),

IRE : length of working fields, should be longer than
the number of resonances for one isotope.

ISTE : length of a working field for integration, should

be longer than the number of integration points
necessary for the integration of effective group

cross sections within one group.

Working fields:

SUM(NS,T), SUO (NE,3), ER (IRE), GJ (IRE), GAT (IRE), GAN (IRE),
GAG (IRE), GAF (IRE), STE (5, ISTE).

The following parameters are calculated in the subroutine:

NFST : number of the first energy group, for which f-factors
can be calculated only from statistical resonance
parameters. This parameter is important only, if the
f-factors are calculated for an energy range,
covering both, the range of resolved and the range
of unresolved resonances.

IREP : 0, if the length of the working fields dimensioned
with IRE is sufficient.

: n number, by which IRE should be increased.

ISTEP : 0, if the length of the working field dimensioned

with ISTE is sufficient.

: n number, by which ISTE should be increased.

Information is also transferred by the unlabeled COMMON. It is

described in chapter 1.

A description of the output is given in chapter 1.
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WIRQ (INR, E, SF, SG, ST, IRE, ER, GJ, GAN, GAT, GAF, L, GAG, T, A, R,
RLA)

In this subroutine the contribution of one resonance to the energy
dependent cross section at a given energy is calculated by a Breit-
Wigner single level formula.

The following parameters must be defined:

INR : number of the resonance (all resonances of an

isotope are numbered with increasing resonance

energies).
B : energy, [ eV_].
ER(IRE) : one-dimensional field containing the resonance

energies for one isotope, [ eV_7,
IRE : must be greater Or equal to the number of
resonances for one isotope,
GJ(IRE) : one dimensional field containing the statistical
parameters gj for all resonances of one isotope.
GAN(IRE) : one dimensional field containing the neutron
half widths for all resonances of one isotope, [ eV_7/.
GAT(IRE) : one dimensional field containing the total half
widths for all resonances of one isotope, [ eV_7/
GAF(IRE) : one dimensional field containing the fission
widths for all resonances of one isotope, [ eV 7/,
L(IRE) : one dimensional field containing the neutron
angular momentum for all resonances of one
isotope.
GAG(IRE) : one dimensional field containing the capture
widths for all resonances of one isotope, [ eV_/,
T : temperature in °k.
: atomic weight.
R : radius of the nucleus, /EE?@Z
RLA : reduced neutron wave length,/vbarn /5?]
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The following parameters are calculated in the subroutine:

SF

SG

ST

¢ contribution to the fission cross section at the

energy E from the resonance with number INR, / barn 7,

: contribution to the capture cross sections at the

energy E from the resonance with number INR [/ barn 7/,

: contribution to the total resonance cross section

at the energy E from the resonance with number
INR, [ barn 7/,

WIRQU (NR1, E, SIFG, SIGG, SIGT, NR, IRE, ER, GJ, GAN, GAT, GAF, L,
GAG, T, A, R, RLA, NMIN)

In this subroutine the sum of the contribution to the cross section

at the energy E from all resonances, that are taken into account,

is performed.

The following parameters must be defined:

NR1

E
NR

IRE
ER(IRE)
GJ(IRE)
GAN(IRE)

GAT(IRE)

GAF(IRE)

the number of the resonance belonging to the first
resonance energy that is greater than the higher
energy limit of the actual energy group.

All resonances of an isotepe are numbered with
increasing resonance energies).

energy [ ev_].

maximun number of resonances for one isotope.

must be greater or equal to NR.

: one~dimensional field containing the resonance

3

..

energies for one isotope.

one-dimensional field containing the statistical
parameters gj for all resonance of one isotope.
one-dimensional field containing the neutron half
widths for all resonance of one isotope [ eV_/.
one-dimensional field containing the total half
widths for all resonances of one isotope. [ eV,
one-dimensional field containing the fission

half widths for all resonances of one isotope. [ eV_/.




- 413 -

L(IRE) : one-dimensional field containing the neutron angular
momentum for resonances of one isotope.
GAG(IRE) : one dimensionsl field containing the capture
widths for all resonances of one isotope. [ eV_/,
T ¢ temperature in k.
: atomic weight.
R : radius of the nucleus inZ}S§§EJ7
RLA : reduced neutron wave length,[ arn ./giz
NMIN : the number of resonances at higher and at lower

resonance energies than the energy E, that are
taken into account for the calculation of the

cross sections at the energy E.

The following parameters are calculated in the subroutine:

SIFG : fission cross section at the energy E, [/ barn_/,
SIGG : capture cross section at the energy E, /[ barn_/.
SIGT : total cross section at the energy E, /[ barn 7/

sToss (E1, E2, E3, F1, F2, F3, NFE, ES, F)

In this subroutine the macroscopic weighting function (collision
density) at the energies E1, E2, E3 is calculated either from an
energy point wise given weighting function by interpolation or

from s function PHI(E). As standard PHI(E) = 1/E is used.

The following parameters must be defined:

E1, E2, E3 : energies in [ ev7,

NFE : number of energy points of the weighting spectrum.
If NFE = o,1,the standard PHI(E) = 1/E is used.

ES(NFE) E one-dimensional field containing the energy
points of the weighting spectrum [ eV_/,

F(NFE) : one-dimensional field containing the weighting

spectrum.
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The following paramters are calculated in this subroutine:
F1, F2, F3 : weighting spectrum at the energies E1, E2, E3.
PSIXI (X, T, U, V) /1/, /2/.
In this subroutine the functions (L4.11) and (4.12) are calculated.
The following parameters must be defined:

: defined as (4.13)

T : is defined as {%{32, where 6 is given in (4.13),

The .following parameters are calculated in the subroutine:

U : defined by (h.11)
v : defined by (h4.12)
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5. The calculation of average group cross sections for infinite
dilution and of energy resonance self shielding factors from

statistical resonance parameters. Module 2.

5.1 The flux weighted resonance self shielding factors are calcu-
lated for capture, fission and elastic scattering. They are

defined as

k
kfx,g (6, T) = P Oxg (8, T) (5.1)
5)(/8 (B~ T)

k . . . .
Gx g = microscopic effective group cross section
9
k = jsotope
X = pneutron reaction (n,x)
g = energy group
. o
T = temperatur in K
g, = background cross section in barns.

The following approximation is used:

k
6, (6,00, T) 2 B0 (8,0n, T) (5.2)

with

6 . ,
6§2Vnax:== miaX (1o”, highest o value given by the
j (5.3)
input)
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The microscopic effective group cross section may be represented

by
C‘b 6/ T E: .
? J X,Q(SO/ / J)'AE/
6:( (6/0/7): (5.4)
9 2. b, AFE
Jo
¢j = is a slowly varying, resonance free flux density at
the energy Ej’ normally approximated by a collision
density
AEj = energy interval around Ej
o, g(Ej) = is the effective cross section in the energy interval
3

AEj around Ej for the temperature T and the background

cross section gy

The o g(Ej) are slowly varying with energy when calculated from
%

statistical resonance parameters. The group average of (5.4) is

therefore performed in the following approximate way

JZ qu‘ ' 8&9 (EJ)
7

I

(5.5)

B,q (6, T)

where for the Ej are choosen the upper and the lower group

boundary of group g, Eg and Eg+1, and (Eg + Eg+1)/2.
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oL g(Ej) is composed of the contributions of all resonance series s.
9

64 (Ej) :255)(/9(%) (5.6)

for capture and fission, and

569(5):2{5@ (E }:@:,3(5‘)‘5@3(%) + 0, (5.7)

9

®s_ (E.) is the total resonance cross section, (c = capture,

r,.g J
f = fission).

The current weighted resonance self shielding factors are calculated

for the total neutron reaction and for elastic scattering. They are

defined as:

6)(,9 (60'T) (5.8)

where

X K
45)(,9 (5/0—> S T)= 46X,3 (6/0/1410}(/ T) (5.9)

Oy max 15 8iven by (5.3).

The microscopic effective cross section for the neutron reaction (n,x)

in the energy group g may be written as



5 = JZ”% Beg (E)45 (
17%9 Z c. 5.10)
, 4¢J 45
J

19 is a slowly varying, resonance free current density, normaly

approximated by a collision density.
For (5.10) the same approximation for averaging as for (5.k4) is

used.

194 g(Ej) is composed of the contributions of the single resonance
3
series s.

466,3(E)=g{f@re(q)—j@%(@)~j6f13(5j)+5p} (5.11)

s
4615@(5): g ”5’79 —+ 673 (5.12)

The effective resonance cross section at the energy Ej and the

series s is calculated by a modified theoryx, first developed

by R. Froelich /1/, /2/.

6. | acEe) o (BB .
67_L> SD CosZch AW<©2_>

[ ([P OEE) D (B,)"
HHSe o tatcir®

-

_’..

(5.13)

for fission and capture

¥ see appendix I
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and

SHA/Sps S S \2
J;.J(w)_mw ¢

/] +<S5r> AR .
{8, D NZREGHAS
IRCOREL IS
7{77@} RN SR

(5.14)

S $
6%9(6):: G%qu

for the total resonance cross section.

s . .
r& width for the neutron reaction (n,x) and the resonance
series s

ﬁﬁ total width for the resonance series s.

U(/f,@)=oj J((Qi)):—/ﬁ d x (5.15)

: 0/7 (5.16)

A = 7 (5.17)
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k = Boltzmenn constant

E = energy
A = mass number

T = temperatur

=B _ R, -

61 e arctg X 1 for l = 0,1

R = effective radius of the nucleus
# = reduced neutron wave length

5 . .

D = average level distance for the resonance series s.

8

S S

(=] NI ) BT T (5.18)

where SFn(sr’n) is the distribution of the neutron width of the

resonance series s and SFf(sf’) is the distribution of the

f
fission width of the resonance series s.

<f¥j average cross section of the neutron reaction
7

(n,x) for the series s

<f%§ > average resonance cross section of the
r/

series s.

<6t>5 0, + 5P +S§<S5V> ) (5.19)

with

=3 {3~ MG+ L (8] 5120
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the average background cross section.

L, is the total cross section of the mixture.

t

P, eff —

5/3:<_5f_>_

o2
6:—2']&/3{*
o

=<6,) = {6

240%

ja(DdD

(5.21)

(5.22)

(5.23)

(5.24)

There must be noted that the expression (5.24) for the correction

is only correct for Doppler broadened resonances, so that
['/a << 1.

shape of the resonances.

The formallism cannot be used for the natural line

i

Q(D)Z%—}cos{ 4Tyz+ = Sim gg}@\fp{VD :)M)} (5.25)

with v =

10.

#-1
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To calculate the current weighted effective cross sections for the

resonance series s, a&n approximation of H. Huschke™ is used. That

means, that the current weighted effective cross section can be

calculated by the formulas (5.13) to (5.25), when <o,
s

. . s
by <0t>/2' This also means, that O, eff 18 replaced by { o,

> is replaced
s
Jeff < cr>}/2.
. i .
The average level distance D for the resonance series s at the

energy E is given by

= &< U E +EV? \ s
D= D-—{g’z’_—g——}} e)(//a{—\/é’j?Z(xEB~E)+ 673}2% (5.26)

O
oy

D average level distance of resonance series s for low
energies, E << EB.
EB binding energy of the last neutron in the compound nucleus
in MeV,
E energy in MeV.

®6) are normaly

The statistical mean values of s[;- (SB,
calculated by numerical integration. For the distribution of the
neutron half widths Fn(fh) and the fission half widths Ff(f})
x2-distribution are used.

_1/2

__ Y )/.F) , v [ |
R8s (Fm o l-Y o [l e

v degree of freedom

G here is the rtfunction

* see appendix II



- 5.9_

In the case, where

(6,)

D
" s
.4 57>, eff

'S\Eyv < O//

the following approximations are used:

T o¢s) 2 D <5w>[4~—3—5
et

e 008

56) £é3f3~ <SEYX>>COSZAL {j
/ ) SéZZef? 7

for x = capture, fission.

The °E , SE_ are defined as
T x

1z

(5.28)

<%§V> §E%] (5.29)

B epr

(56/y°> SE

{~113 56239#?

J53o)

(5.31)



n
width.

The sEx are calculated by numerical integration, with the

Xz-distributions defined in (5.21).

v_  degree of freedom of the x2—distribution for the neutron half

(5.32)

The average cross sections of the neutron reaction (n,x) for the

resonance series s are given by

z =2
<S ><>:‘§—//T '%2’8'

D

with

and

(5.33)

(5.34)

(5.35)
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The SSX are calculated by numerical integration with the x2—

distributions defined in (5.21)

The average neutron half widths are calculated from the reduced

average neutron half widths

= RE4+ (1+1) %
f:, - (:1 E RZ + X2 (5.36)

for 1 = o,1.

The average group cross sections for infinite dilution are calculated

in the following way:

R RPRC S

O, . — (5.37)
Xﬁa Zj 43,
J
e IH13(C8)-C6)-C6)) + 67
4 (5.38)

&9 Z gbd
d

for elastic scattering, where ¢j is the weighting function at

the group boundaries and in the middle of the group.
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5.2 The numerical procedure in calculating the statistical averages.

Statistical averages of the following type have to be calculated:

o0

Wﬂ=ﬁvauvdF

(5.39)

where £([") is a function, which depends on[', F([') is a probability

distribution. F([') is a xe—distribution of the degree of freedom v.

The procedure of integration is the following. The whole range of

integration is divided into n intervals so that

F?([ﬂ}cjfﬂ== 5;_ for all intervals i=1,n

QL_’

—

In the interval i the average f; is calculated

S
| rEyar M

=L — | R

F{M
j F(r)d I}
r

For xg—distributions for several degrees of freedom

T
A==

; L=1n

—

(5.40)

(5.41)

(5.42)
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are tabulated.
OO
FEJF'F(/“')CJ/F (5.143)
O

The integral (5.39) then is approximated by
n )41 "
P )] [ By dr=2 ) $Tx) e
=1 n 1=

This approximation reproduces | exactly

- h — ¢ —_—
F————Z—i; : ,)(f N _;—24 17

Using equation (5.41) one gets

=) j PR dr = fm:m/dw

In the same way the statistical averages of the type

oo

1 A G,/Z)F(C) /—;([;/ (5.45)

are approximated by
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with

. (5.47)

Jii/' 2,4
Yo = / XZ'J: ﬁ;

5.3 For the calculation of energy resonance self shielding factors
and average group constants from statistical resonance

parameters the following subroutines are used:
FSTAT (MI, SIGO, J, ENG, NFE, REFE, EFE, MT, TEMP, SE, SM, XEUGZ)

In this subroutine the average group cross sections and the energy
resonance self shielding factors are calculated from statistical
parameters residing on the KEDAK-file. After the subroutine QUER
has calculated the microscopic average cross sections and the
effective microscopic cross sections at three energy points E
numerical integration is performed and the average group cross
sections and the self shielding factors are printed on paper and

are stored on an external unit.

ML : pnumber of values of the background cross section Oy -

SIGO(MI) : one-dimensional field containing the background
cross sections /[ barns 7.

J : number of energy group limits,

ENG(J) : one-dimensional field containing the energy group

limits in [evV_7,
NFE : number of points of the collision density/
0 or 1, if the function PHI(E) = 1/E is used,
REFE(NFE) : one-dimensional field containing the energy points
of the collision density in [ eV 7/,
EFE(NFE) : one-dimensional field containing the flux density
for all energy points in REFE ,

MT : number of temperatures |
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TEMP ( MT ) : one-dimensional field containing the temperatures
in [ %k 7.

SE(3,5,MI) : three-dimensional field which is calculated in
the subroutine QUER .

SM(3,5,MI) : three-dimensional field which is calculated in

the subroutine QUER ,
XEUG(5 ,MI) : two~dimensional field containing the resonance
self shielding factors for all oo-values.

The first index indicates the reaction type

capture, flux-weighted
elastic scattering, flux-weighted

1:

2:

3: fission, flux-weighted

4: elastic scattering, current-weighted
5:

total, current-weighted

A description of the CPMMPN and of the output is given in chapters 1
and 2.

QUER (E, TT, N, SE, SM, XNYN, FXNY, DEL, RQU, CHI, DN, EBI, XA, XL,
GN, GG, NEY, EY, GFA, GI, IT, MI, SIGO)

In this subroutine the effective microscopic cross sections for the
resonance series s at the energy E as defined by equation (5.13)
and (5.14) are calculated. Also the effective microscopic cross
sections at the energy E including the contributions of all
resonance series s as defined by the equations (5.6), (5.11) and
(5.12) are calculated in this subroutine. The following parameters

must be defined:

E : energy in [ eV, at which the effective cross
section should be calculated .

TT : temperature in ['OK_J.

N : n—-th energy point within an energy group at which

the microscopic effective cross sections are
calculated for the evaluation of the effective

group cross sections.



XNYN(10)

FXNY(10)

DEL

RQU

CHI(25,4)

DN(10)

EBI

XL(10)

GN(10)

GaG(10)

NEY

EY(100)

GFA(10, 100)
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one-dimensional field containing the Vs the degree
of freedom of the xz-distributions for the neutron

width, for all resonance series s (s < 10).

: one-dimensional field containing the Ves the degree

-e

of freedom of the x2—distribution for the fission
width, for sall resonance series.

(kk/A) - 106, k = Boltzmann constant in ['eV/OK_7,
A = mess number.

R2 [ barn 7/, R = radius of the nucleus.

: 2-dimensional field, containing the X; as defined

in equation (5.42) for second degrees of freedom

for the xz—distribution (n=25,v=1,2, 3,4,

: one-dimensional field containing the average

level distance at low energies BEB for all
resonance series s (s < 10) [ meV 7,

binding energy of the last neutron in the compound
nucleus /[ eV/

Ag = Eex° [ eV barn /.

one—dimensional field containing the gquantum
numbers 1 for the angular momentum in all

resonance series.

: one-dimensional field containing the average

reduced neutron widths-ﬁo . 103 for all resonance
series;ﬁg in [ eV 1/2_7'
one-dimensional field containing the average

capture widths for all resonance series in / meV_/.

: number of energy points, for which the fission

widths are tabulated on the KEDAK-library ,
one-~dimensional field containing the energy
points, for which the fission widths are read
from the nuclear data library [ eV _/; maximum

number of points is 100.

: two dimensional field containing the average

fission widths at the energies EY for all
resonance series in [‘mev;a
first parameter for the serieg/

second parameter for the energy points,
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GI(10) : one-dimensional field containing the statistical
2J+1 .
parameter 2(21+1) for all resonance series.
IT : number of resonance series.
MI ¢ number of values of the background cross

section gy
SIGO(MI) : one—-dimensional field containing the values of

the background cross sections .,
The following parameters are calculated in the subroutine

SE(3,5,MI) ¢ three-dimensional field containing the micros-
copic effective cross section in /[ barn ./,
first index for energy ,

second index for the reaction type.

1: capture, see formula (5.6)
2: elastic scattering, see formula (5.7)
3: fission, see formula (5.6)
h: elastic scattering, see formula (5.11)

5: total, see formula (5.12)

third index for the background cross section Og-
SM(3,5,MI) : three-dimensional field containing the micros-

copic average cross sections in /[ barn 7,

first index for energy,

second index for the reaction type as for SE,

third index for the background cross section 9%,

(not significant, because the average cross

section does not depend on oo).

EzZZ (E, NS, EZG, EZC, EZF, DRSG, DRFS, CHI, XNYN, FXNYN, GN, RQU,
XL, XA, GG, NEY, EY, GF)

In this subroutine the statistical mean values, defined by equation
(5.32) and (5.34), are calculated.

The following parameters must be defined:



NS
CHI(25,L4)

XNYN( 10)

FXNYN( 10)

GN( 10)

RQU
XL{ 10)

GG(10)

EY(100)

GF(10, 100)
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: energy [ eV 7,

: number of the resonance series to be calculated.

: two-dimensional field containing the X; as
defined in equation (5.42) for several degrees
of freedom for the x2—distribution (n = 25,
v=1,2, 3,4,

: one-dimensional field containing the Vs the
degree of freedom of the x2-distribution for
the neutron half width, for all resonance
series s (s < 10),

: one—dimensional field containing the v_, the

s
degree of freedom of the x2—distributi§n for
the fission width, for all resonances.

: one-dimensional field containing the average
reduced neutron widths = ° 103 for all

- n
resonance series. Pg in [ VeV 7,

: R2 /[ barn 7, R = radius of the nucleus.

: one-dimensional field containing the quantum
numbers { for the angular momentum for all

resonance series.
Ai = E‘%2 [ eV barn_7/.

: one-dimensional field containing the average

capture widths for all resonance series [ meV /.

: one-dimensional field containing the energy points,

for which the fission widths are read from the
nuclear data library / eV _/; maximum number of
points is 100,

: two-dimensional field containing the average
fission widths at the energies EY for all
resonance series in / meV _7/
first index for the series,

second index for the energy points.

The following parameters are calculated in the subroutine:

EZG
EZC

: defined by equation (5.32), for capture.
: defined by equation (5.31).
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EZF : defined by equation (5.32), for fission.
DRSG : defined by equation (5.34), for capture.
DRFS : defined by equation (5.34), for fission.

TAB(XT, XK, LG, DSJ, XABCJ, DJK)

In this subroutine the J(B,8)-function and the derivatives %% and

%%'are calculated.

The following parameters must be defined:

XT 5 = %7, ["and A in [ev7, (5.17),

XK : k, where k is defined by B = ok

by (5.22).

1, if XABCJ is calculated

2, if DJK is calculated

o, 1f DSJ 1is calculated

negative, if XABCJ, DJK and DSJ are calculated

p)

‘10 7, B is defined

LG

The following parameters are calculated by the subroutine:

XABCJ : J(B,8)-function as defined by (5.15).

D8I , 3(B,0)

a8

DJK : aJai ) | with 8 = 251077

SUCH (E, NSU, EY)

This is an auxiliary subroutine
Besides the subroutines the following functions are necessary:

DMIT (E, NS, DN, EBI)
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In this function the average level distance at the energy E is

calculated by formula (5.26)

E : energy in [eV_]
NS : number of the resonance series ,
DN(10) : one-dimensional-field containing the °°D for all

resonance series s /[ meV_/,

EBI : binding energy EB of the last neutron in the
compound nucleus [ eV 7.

DMIT : §B_at the energy E for the resonance series NS
in [ mev 7.

GAMN (E, NS, GN, RQU, XL, XA)

In this function the average neutron width at the energy E is

calculated by the formula (5.36) ,

E : energy in [ eV 7,
NS : number of the resonance series.
GN(10) : one-dimensional field containing the reduced

average neutron half widths OFL for all
resonance series in [/ meV 7/,
RQU : R2 in / barn 7, R = radius of the nucleus
XL(10) : one-dimensional field containing the quantum
numbers for the angular momentum for all

resonance series,

XA : k2°E in /[ barn 7, % is the neutron wave length.
GAMN :f;, the average neutron half width at the energy E

for the resonance series NS / meV 7.

GAMG (E, NS, GG)

In this subroutine the average capture half width at the energy E

is provided.




NS
GG(10)

GAMG

)
.
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energy in [ eV7.
number of the resonance series,
one-dimensional field containing the average

capture half widths for all resonance series

in [/ mev7,

: average capture half widths at the energy E for

the resonance series NS in [ meV .

GAFM (E, NS, NEY, EY, GF)

In this subroutine the average fission half width at the energy E

is interpolated from the tabulated values,

NS
EY(100)

GF(1o, 100)

GAFM

POL (X, X1, FX1)

.o

energy [ eV,

number of the resonance series.

: one-dimensional field, containing the energies,

at which the average fission widths are
tabulated [ eV 7/,
one-dimensional field, containing the tabulated

average fission widths in /[ meV /.

: average fission width at the energy E for the

resonance series NS in /[ meV 7

Auxiliary function for a linear interpolation

xX1(2)

FX1(2)

POL

: argument, for which an arbitrary function should

be interpolated .
one-dimensional field, containing two arguments
of the function,
one~dimensional field, containing the values of

the function at the arguments X1.

: value of the function at X.
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EPSI (E, T, NS, DN, EBI, DEL)

In this function the overlapping correction e, defined by formula
(5.24) is calculated.

: energy in [ eV 7,
: temperature in ['OK“]
NS : number of resonance series,
DN( 10) : one-dimensional field containing the GEB for all

resonance series s [meV].

EBI : binding energy EB of the last neutron in the
compound nucleus [/ eV.7,
DEL : (hk/A)-1o6, k = Boltzmann constant in / eV/°k 7,

A = mass number

DELTA (E, T, NS, DEL)
In this function the Doppler width, formula (5.17), is calculated.

: energy in [ eV 7,
: temperature in /[ °K 7
NS : number of resonance series.
DEL : i{—k . 106; k = Boltzmann constant in [eV/OK],

A = mass number,

PHASE (E, NS, XA, RQU, XL)

In this function cos 261 is calculated, where 61 = R/x - arctg % ¢ 1,
R is the effective radius of the nucleus, * is the reduced neutron

wave length,

E : energy in [ eV /.

NS : number of resonance series,




XA :
XL(10)
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Ai = E'?rz [ eV-barn /.

: one-dimensional field containing the quantum

numbers 1 for the angular momentum in all

resonance series,

SIGC(E, NS, XA, GI, DN, EBI, GN, RQU, XL)

In this function the average capture cross section at the energy E

for a single resonance series is calculated

NS :

GI(1o)

DN( 10) :

EBI

GN(10)

RQU

XL(10)

energy in [ eV 7,
number of resonance series.

Ai = E~9c2 [ eV+barn 7/,

: one-dimensional field containing the statistical

arameter 2d*l
p 2(21+1)

one-dimensional field containing the average

for all resonance series,

level distance at low energies °Sp for all

resonance series in / meV _/.

: binding energy of the last neutron in the compound

nucleus in /[ eV 7/

: one-dimensional field containing the average

reduced neutron widthsfjo . 103 for all resonance

series,[7§ in [-eV1/2_].

: R2 in /[ barn 7, R = effective radius of the

nucleus.

: one-dimensional field containing the quantum

number 1 of the angular momentum for all resonance

series.
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6. The calculation of the matrices of the average zeroth moments

of inelastic scattering. Module 5.

6.1 Description of the inelastic scattering process

Capture of a neutron with incident energy E' by a nucleus of atomic
mass A leads to the formation of a compound nucleus A + 1 with
excitation energy AR = By + E' where Eq is the binding energy of
the neutron in the compound nucleus. The compound nucleus decays
then by emission of a neutron to an excited level of the residual

nucleus, and the transition to the ground state occurs by y-emission.

ground state A

ground state A+1

The excitation levels of the residual nucleus are either discrete
ones or are belonging to the so-called continuum. The levels in
the continuum cannot be resolved experimentally and concerning
their position one can make statements only from statistical
theory. In the discrete region the energies of the excitation

levels are well-known from experiment.

The general expression for the probability of inelastic scattering
out of any energy group g to any group h for an isotope k is given

by Yiftah, Okrent, Moldauer /3/ in the following form:



E, E,
f dE fcuz-"oi (E') @ (E') P (E—E)

kom = Eho\ Eg+1 .
i,g-h Eg

f\P(E')dE‘

E

(6.1)

g+

Here is E' the incident neutron energy and E the energy of the
scattered neutron. ¢(E') represents the energy dependent neutron
flux. P (E' + E) indicates the transition probability of the
inelastically scattered neutrons. For its determination one has
to distinguish between the range of resolved excitation levels
of the residual nucleus and the so-called continuum range in

which the levels of the residual nucleus are undistinguishable.

For given incident neutron energies E' in group g and outgoing
neutron energies E in group h inelastic scattering can occur
only to those excitation levels for which E = E' - Ej
where Ej is the energy of the jth level.

The transition probability therefore is a §-function which has
the value one, if the above condition is fulfilled and zero, if

not. Thus we have

k AR
0, (E)P(EE) = ¥ 0, (E') P (E'—E)
j=1
N E, .
=¥ 0, (E') 6 (E'-E-Ej) (6.2)
j=1

where N is the number of excitation levels of the isotope considered,
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Pj the probability of tpe transition to the jth level of the
residual nucleus and G?J the inelastic excitation cross section
of the jth level. With this special form of the transition -
probability the double integration in equation (6.1) can be
reduced to a single one over the energy group h to which the

scattering occurs.

k Ej
)1:de 0, (E+E;) @ (E +E))
(h)

oig-—h = (6.3)
f\P(E')dE'
(g)
With the transformation E + Ej + E' it follows:
Eh+Ej
Koo (g ) X (Eg,<E' < Ey)
Z dE Oi (E)‘P(E)X g+l = = =g
j
kom _ Eh¢1+Ej
i,g—.h- Eg
f«p(et)de-
Eg+1

By the distribution function ¥ it was taken into account that
the incident neutron energy E' should be contained in a

26-group g. On the other hand it must be of course

'
Bpyq * By S B S By o+ Ey

because of the integration over this range. The integration
therefore has to be extended only over the interval [‘Eu, Eo'7

with the following definition

(6.h)
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E

g+1l 'f Eh+1+ Ej <Eg*1

m
]

. En.+Ej.if Ey, +E;ZE

Eg. if Eh+Ej > Eg

0 .
Eh"'Ej ,if Eh"'Ej < Eg

Instead of the neutron flux the collision density F(E') =
Zt(E') ¢(E') was taken as weighting spectrum since outside the

resonance region I_(E') can be considered as constant and then

(
t
F(E') ~ ¢(E') (see also /5/). The formula (6.4) then becomes

the form:
Eh"’Ej

E.
v f aeKoTEn FlEN X (B, 2B E,)
k . ©0 ) Eh¢1+Ei

Oi geh =

:g"’
Eq (6.6)
fF(E')dE'
Eg.,

The matrix elements . goh are normalized in the computer program
9

SCAT (described under section 6.2.1) to the total inelastic

scattering cross section value over group g

/oi (E') F(E') dE'
i.e. (6.7)
k ~ S© (g)

.
"9 fF(E')dE'

(g)
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The total inelastic scattering cross sections and the inelastic
excitation cross sections are taken from the Karlsruhe Neutron
Nuclear Data File KEDAK /6/.

If the incident neutron energy is high enough, to excite energy
levels in the "continuum region'" of the residual nucleus A, the

level densities are calculated using the formula of Weisskopf.

Let U be the excitation energy of the nucleus of mass A and C
and v free parameters, then according to Weisskopf the level

density w(U) is

w(U) =Cexp(2VYvAU) (6.8)

The probability of inelastic scattering of a neutron from incident

energy BE' to final energy E is given by the statistical model as

P,(E'=E)=NE exp (-E/O(E")) (6.9)

where N is a normalization constant and © is the "nuclear tempera-

ture", which is related to the level density of the nucleus by

In w(U) (6.10)
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For our special formula (6.8) this results in

' E' in MeV

O(E)=|{— [M
(E VA [Mev] v in MeV ! (6.11)

The free parameter v is an input quantity for the program.
Szwarcbaum et al. /2/ recommend v = o.16 MeV_1 for all nuclei,
whereas in the YOM-cross-section-set /3/ v = 0.0961 MeV_1

had been used. The figure 1 shows the influence of the parameter v

on the spectrum of the inelastically scattered neutrons. As an
example the inelastic scattering of neutrons with an incident

energy E' = 8.5 MeV on U 238 was taken, using v = 0.16, v = 0.0961
and v = 0.06. Figure 2 shows the spectra for neutrons inelastically
scattered by U 238 using v = 0.16 and for E' = 10.5 MeV, E' = 8.5 MeV
and E' = 6.5 MeV. With (6.8) and (6.11) inserted into (6.1) the

cross section for inelastic scattering of a neutron on material

k from group g to group h is given by

Eh¢1

de' “0; (E') F(EIN @ (E" exp ('e(E'))( GE;E‘) )

k.o  _ (g)

oi,g-»h -
/F(E') dE!
(g)

de"‘oi (ENF (EN N © (E")%exp (- Ey X e 1)

8N/ eE)
(g)
fF(E')dE'

(6.12)
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In (6.12) the integration over the final energy group, which can

be done analytically, has already been carried out.

The integration over E' can be carried out numerically only. As

the original program was written for the IBM ToTh4 computer and

we had only a limited region of computer storage for the

inelastic scattering routine, the following approximation, the
same as in /2/ and /3/ was used. For the nuclear temperature

O(E') the value averaged by F(E') over the energy-group g is

taken. With this the integration over E' in (6.12) can be carried

out easily with the result

k . ©0

E E
Oig—h = “Oig N 93 exp (- 9:‘)(9:‘ 1)

the normalization constant N is obtained by the relation.

y ko = Ko™ |, that means

i,g—~h

(6.13)

(6.1h)
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so that finally the probability for inelastic scattering of a

neutron by material k from group g to group h is

k 4
k P - Pl,g-h
i,g-h - hing

(6.15)

h>g

Different from Szwarcbaum et al. /2/ and from the ABN-set /U4/ we

calculate the transition probabilities kPi g+h for all groups h,
;]

which can be reached from group g until down to thermal energies.

h+1/eg and

Eh/eg are very small compared to one (Og is around 0.5 MeV for

For groups of small energy however, the quantities E

U 238 and neutron incident energy E' = 8.5 MeV). When calculating
the expression (6.13) on the computer two almost equal quantities
have to be substracted, which results in numerical inaccuracies.

As a consequence i.e. the values of kP.

1,g7h
descending for h > 20 in the energy-structure of the 26-group-ABN-

were not monotonically

set /4/ and sometimes even became negative. As a direct double
precision calculation on the IBM 360/65 did not completely
eliminate the inaccuracies, we programmed a double precision

function, that calculates

o0 n ~
Y % = exp(x)-1 = F(x)

n=1 '
By use of this function and using the following abbreviations
- Eh - Eh‘1 _
*» = 78 ¥ne1 ¥ g AXy =Xy =Xy,
9 9

the expression, which has to be calculated to obtain KPi g+h
b
(6.13) is

6; exp (-x,,,) [—Axh-l?(-Axh)—xh., I':"(-Axh )-Axhﬁ(-Axh)] (6.16)
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With this numerical procedure values for kPi g+h are calculated,
9
that are monotonically descending for h > 2o.

For nearly all materials the last neutron incident energy, which can
be treated with the discrete level method, lies within a 26 group,
so that two different methods for calculation of the Pi,g+h have

to be used in the same group. The results for the lower and upper
part of the group are linked together as follows. Let AEZ be the
energy range of group g, where the discrete level method is used,
and AE; the energy range, where the statistical model is used.

Then for group g the transition probability for inelastic

scattering is calculated according to the formula

k 5(d+c) k 5d ke
Pi,g-.h - dg Pi,g——h * cg Pi.g——h (6.17)

k. d
In (6.17) a, Pi’g+h

neutrons, whose incident energies lie in the range of resolved

is the transition probability to group h of

excitation levels of the residual nucleus within group g, that

means k
dE')dE "0 (E'=E) F(E")
q AES (h)

/dE'kOi(E')F(E')
(g)
and correspondingly (6.18)

de’de ko, (E-E)F(EY

K c AES  (h)
c P, =
g i.g—h

fd E'koi(E')F(E')
(g)
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In the program kPg and kPC
>

gh i,e+h are both normalized in the
b}

following manner

hzg hzg 97N~ (6.19)

so that

f dE' Ko, (EVF(EY IdE'kOi(E')F(E')
AE$ AE g

c]g = , (:g =
de' ko, (E") F(EY de'koi(E')F(E')
(g) (g)

A special subroutine for the calculation of (n, 2n) transition
probabilities is being developped. So far the inelastic scattering

transition probabilities are used for (n, 2n) reactions too.

6.2 Description of the computer program

The computer program for the calculation of the inelastic scattering
matrices called SCAT is a subroutine of the managing program., It

consists of the following subprograms:
AKED, TRA, XXKON

Furthermore it uses the computer programs for retrieval of
KEDAK-data NDFOPN, NDFLOC, NDFNXT. The function of the above

computer-programs is outlined below.

(6.20)
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6.2.1 SCAT

SCAT (NX, EG, XNUE, NFE, EF, FI, NE 27, WAHR, PROB, VW, QUER, E,
NET, ET, NAE, AE, SU, QUOT, LBA, WEIN, AG, NETP, SGIT, NAEP, KMAX,
ISG, ISGP, SGIP, IWE, IWP, WERT).

The parameters which have to be defined before calling SCAT are:

NX : number of energy group boundaries

NE 27 : NX + 1

EG(NX) : energy group boundaries in eV

NFE : =oin the case the weighting spectrum is given by
a function

= constant equal to the number of points at which

the weighting spectrum is given in this case

EF(NFE) : energy points of the weighting spectrum

FI(NFE) : values of the weighting spectrum

NET : dimension corresponding to the number of points
of the inelastic scattering cross section on
KEDAK for energies up to E (NAB + 1)

NAE : dimension corresponding to the number of
inelastic excitation levels

ISG : dimension corresponding to the maximum of the
number of KEDAK energy points for the different
inelastic excitation levels

IWE : dimension corresponding to the number of KEDAK

energy points in the "discrete" region {up to

E (NAB + 1)

Only working fields are the following quantities:

NETP, NAEP, ISGP, IWP, SGIT (NET), LBA(NX), VW(NX), QUER(NX), PROB(NX),
AG(NX), E(NX) and a group of parameters delivered by the subroutine
AKED:

ET(NET), SGIP (NAE, ISG), JMAT, KMAX (NAE), AE (NAE), SU (NX), QUOT (NX),
WERT (IWE)
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Quantities calculated in SCAT are

WAHR(NX) = WEIN(NX) : normalized probabilities for inelastic scattering

out of an energy group g into a group h,

The functions of the program SCAT are:

Calculation of the scattering matrices and organisation of the output

for one material. This is done by the following successive steps:
1. Determination of the integration limits Eu’ Eo for a given j, g, h.

2. linear interpolation of ko?j(E') and F(E') at Eu’ E,

3. calculation of the integral over E Eo by trapezoidal rule

4. return to 1. and next j by keeping the g and h; summation over
all j excitation levels for a given g, h, and division by
F(E') dB' (calculated in AKED)
(g)

-]

g
5. return to 1. and next h by keeping g; calculation of I kcig»h

and normalization of the probabilities h=1

k 00

I,g—»h - g
k oo
Y 0.
l,g—bh

h

1

6. return to 1. and next g and so on until g becomes the energy
group, where the excitation levels are paftly resolved and
partly unresolved. Then instead of 6. the subroutine XKON
is called and 5., is calculated only for the part of group

g in which the excitation levels are resolved (see section

6.1.3).

The subroutine AKED is called in SCAT with the following argu-
ments AKED (E, ET, SGIP, JMAT, KMAX, LMAX, SU, QUOT, WERT, AE,
EMAX, EMIN, IA, NAB, NFE, EF, FI, NE, NX, NET, NETF, NETP, SGIT,
NAE, NAEF, NAEP, ISG, ISGF, ISGP, IWE, IWF, IWP),




Parameters which

NX

NE

E(NE)
NFE

EF(NFE)
FI(NFE)
NET

NAE

ISG

IWE

working fields

n
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have to be defined before calling AKED are:

. =0

number of boundaries of the energy groups not
necessarily including the thermal energy group
number of energy group boundaries including
the thermal energy group

NX + 1 in the case the energy groups defined
externally do not contain a thermal energy
group (0.001 eV - 0.025 eV); NX in the case

they do contain the thermal energy group
energy group boundaries

in the case the weighting spectrum is given by
a function

constant equal to the number of points at which
the weighting spectrum is given in this case
energy points of the weighting spectrum

values of the weighting spectrum

dimension corresponding to the number of points
of the inelastic scattering cross section on
KEDAK for energies up to E (NAB + 1)

dimension corresponding to the number of
inelastic excitation levels

dimension corresponding to the maximum of the
number of KEDAK ehergy points for the different
inelastic excitation levels

dimension corresponding to the number of KEDAK
energy points in the "discrete' region (up to

E (NAB + 1))

in AKED are the following:

SGIT (NET), FELD (6), KFEL (6), NFEL (6), NEFT, NETP, NAEF, NAEP,
ISGF, ISGP, IWP, IWF.

Parameters which are determined in AKED and are transferred to

SCAT are:



ET(NET)

SGIP(NAE,ISG)

JMAT

KMAX(NAE)

SU(NX)

QUOT(NX)

WERT(IWE)

AE(NAE)

EMAX
EMIN

ET(1)

IA

NAB

.
.

- 6,14 -

KEDAK energies

two dimensional field filled by the inelastic
excitation cross sections for a level NAE
number of inelastic excitation levels for the
material considered

number of energy points for the inelastic
excitation cross sections of the different
levels.

one dimensional field giving the integral of

the collision density [ F(E) dE about a

(e)
particular energy group g

one dimensional field giving the value of the
Ko, (E')F (E') dE"
(g9)

integral

Su

one dimensional field giving the value of the
weighting function at the KEDAK energies

one dimensional field indicating the energies
of the excitation levels

upper energy limit of the "discrete" region
last KEDAK energy at which koi is still equal
to zero

number of the energy group in which EMIN is
lying, i.e. lowest energy group out of which
inelastic scattering is possible

number of the energy group in which EMAX is
lying, i.e. where the excitation levels are

to be considered to be partly resolved and

partly unresolved.

AKED has the following functions:

1. reading of oi(E') and the corresponding energy values E!

reading of o?j(E') and the corresponding energy values E'

above the treshold of the (n, n') process
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2. linear interpolation of F(E') at the KEDAK energy points
3. linear interpolation of F(E') (by calling TRA) and oi(E‘)
at the energy boundaries of a given group structure
b. Integration of [ F(E') dE' and [ F(E') o (E') 4B
(g) (g)
by using the trapezoidal rule
5. calculation of [ F(E') o.(E') aB'/ [ F(E') dE'
(g) (&)
and return to 3, and next g until the last g is reached i.e. the
energy group NAB where the excitation levels are partly resolved
and partly unresolved. ’
6.2.3_TRA
This subroutine has the following arguments:

TRA (EFI, FIS, NFE, EF, FI). The parameters which have to be defined

before the subroutine call are:

NFE : =0 in the case the weighting spectrum is given by a

function
= constant equal to the number of points at which

the weighting spectrum is given in this case.

EF(NFE) : energy points of the weighting spectrum

FI(NFE) : values of the weighting spectrum

The two other parameters are determined in TRA.

EFI : energy at which the weighting function is cal-
culated

FIS value of the weighting function at EFI,

The weighting spectrum is either given by a function (NFE = o)

and is then available over CALL FUNCTION PHI(E) or is given

pointwvise.
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XKON (NZG, NUGR, DI, EMAX, W, A, NE, ENG, NF, E, F, XNUE, NX)
Arguments submitted by the calling program:

NZG : group number of that energy group, in which
inelastic scattering occurs partially on

unresolved excitation levels of the residual

nucleus

NUGR : number of energy group g, from which the
neutron starts before the process of inelastic
scattering.

DI : normalization factor, that corresponds to cz

in formula (6.19).
DI is different from o. only for NUGR = NZG.

EMAX : highest energy of incident neutron, for which
inelastic scattering occurs on resolved levels
of the residual nucleus.

A : mass number of the residual nucleus.

ENG(NE) : one dimensional array, which contains the
limits of the energy groups. (NE - 1) =
number energy groups.

NF : If NF is equal to 1, the weighting function for
the averaging of the nuclear temperature is
submitted by a function subprogram. Otherwise
NF means the number of energy points, E(NF),
at which the value of the weighting function,
F(NF), is submitted by input.

E(NF)} : energies and corresponding values of the weighting

: function, submitted by input. If NF is equal to 1,
E and F are not used by XKON.
NX : dimension of the vector field for the transition

probabilities for inelastic scattering.
quantities, calculated by XKON

W(NX) : double precision vector field, which by XKON is
filled with Pi, g+h (see formula (6.15)) for a
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group g corresponding to NUGR and all down-
scattering groups h with equal or lower

energy than g.

For

the numerical methods, using the function EXD(X) are applied as

described above. The function EXD(X) called in XKON performs a
® on

double precision calculation of S %T = exp(X) - 1. The function
n=1 "

DNFAK(N) called in EXD(X) supplies the double precision values

of NI

The program SCAT has an output on tape in the framework of the
MIGROS - output and an output on listing. The output on listing
has the following form:

1. line: SUBROUTINE SCAT

2. line:
2 Materialname Number of energy groups out of which inelastic

scattering occurs
3. and eventually further lines
The scattering probabilities P., g*h in the form:
g g + 1 g+ 2 g+ 3 ceen

Pi, g#+h Pi, g>h + 1 Pi, g+h + 2 Pi, g+h + 3
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7. Microscopic Multigroup Scattering Matrices for Elastic Neutron

Scattering in a P.~-Approximation, 1 < 5 *. Module 6.

1

7.1 Definition of the quantities calculated in this module

Given the KEDAK data

o(E) = microscopic cross section for elastic neutron

scattering at energy E (KEDAK type SGN),

w(E, ) = angular distribution in the c.m.-system for

elastic neutron scattering with
+A

anfj i, w(E R, = 4
~4

E = energy of the incoming neutron,
ﬁo = gcattering cosine in the c.m.-system,
(KEDAK type SGNC),
i(E) = mean scattering cosine for elastic neutron

scattering at energy E in the laboratory system

(KEDAK type MUEL),

o, (E) = total microscopic neutron reaction cross section

at energy E (KEDAK type SGT),

and given a prescription for the approximation of the weighting functions
Wl(E), 1=o0, 1, «., 5, this module calculates as final results three
sets of quantities: the elastic cross section in the g-th group

Eg~1

~ [ means with the group boundaries E, > E, > .. > B, -
g Eg

S =~jdEG(E)§a(E) ,IdE @k(E)) 9= 4,2,3,.,..,6

' (7.1)
g 3

* A detailed report (ref.1) of the code FLUMMI which is an extended

version of this MIGR@S 2 module will be published as a KFK-report

(in German). Further references will be found there.
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the normalized matrixelements for scattering from group h into group g

ln—>3 - =
A o LGP O AT (7.2)
Y h

C=O/Aio’13.!h§) g'h:A'Q‘l""IGI ﬂylh

and the mean scattering cosine in the g-th group

h
-3 = = 4,28, ....,6G
i L % ! ! (7.3)
hxg
In (7.2) the quantity wl(E+g) is defined as
w (E=q) = JJE' w{(E,E’)
{ (7.1)
9
where
w,(EE)
4 E pe
oLE'\JdHo QT‘/W( pH)Pe(MQ)
=S ! = - A 1 ot
W1(~,E > 4 B Eévt/d (7.5)
0 oltherwise

Here uo(E,E') is the scattering cosine for scattering from energy E

to energy E' in the laboratory system:
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N A+ [F A-A
p(EE) - A2 - 22

(7.6)

A = atomic weight of the scattering nucleus in neutrgn mass units,

. . A-1
Pl(uo) is the 1-th Legendre polynomial, o = (K:T)

Further w(E,uo) is the angular distribution for elastic neutron

scattering in the laboratory system, related to W(E,io) through

(B ) = W (E R, (po) LBt

ip ) (7.7)

where

i

Ao (1) (pd-4 +He1/p3:-4 +A )

A
A

and therefore

2
o (o) =_4_/;A,+fo'—4+Az)
B TR JEaam

For computation the righthand side of the defining equation (T7.L4),

which involves a double integration as it stands, can easily be

simplified.
In the case of isotropy in the c.m.-system we have
po(EEY)
2
o4 4 (}A°+V}A:'—A+AL)
aw7r | P
Vs -2+ A
¢ -4 ¥ 1
we(E,E) = 4 E'¢E (E

0 o“\erw(s([



hence
"/’\\O(EvEgui)
2
= (}"'u /'-I-A )
(Eﬂ = ALEE - .5
‘}/}A “A 4 AY ¢
po(E E
where
- 4 dENE e ena B E
N +1 ifESE B 3
RABE) < : £ (1.9)
Mo(EE) i Ey< B CR/a and Eg> E .
-4 t'{ E3= £

Here E is the lower limit of the considered energy region (In LECAL
B = ABN (IM + 1)), With (7.4) scattering to energies below B is

avoided, in particular: there is not scattering out of the lowest

group.

In the case of anisotropy in the c.m.-system we have

(7.10)
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7.2 Integration, energy- and cosine-mesh, interpolation, and weighting

The multigroup constants to be determined according to (7.1) and
(7.2) are integrals over weighting functions and cross sections
given at discrete energies with a varying density of these energy
points. In the energy integrals we have as weighting functions

the Legendre moments ¢,(E) of the angle- and energy-dependent

l(
flux density ¥(E,u), approximated by the product of a slowly
varying macro-spectrum and a possibly rapidly varying micro-
spectrum. In angular integrations the Legendre polynomials

Pl(u) appear as weighting functions.

The numerical technique applied for integration is a follows:

- integrals are approximated by finite sums;
angular integration is performed with Simpson's rule since

the cosine mesh caneasily be spaced uniformly;

- energy integration is performed with the trapezoidal rule
because of the varying density of the discrete cross section
energies and the need for a fine mesh in the outgroup

scattering region (defined below);

- the number of discrete points is chosen so that the program cal-
culates cases which can be treated analytically with a maximum
absolute error of h~1o_h in the normalized scattering matrix

elements.

Interpolation of the SGN, MUEL, and SGT is linear; energy and
angle interpolation of the SGNC is performed using polynomials

of degree four,

The angular integrals are those in equ. (7.8) and (7.10). Since
the Legendre polynomial Pl(uo) has 1 zeros in /[ -1, +1_/, the

integrals change sign , and there is partial cancellation.

The effect of cancellation increases with 1, but this can be over-

come by a cosine mesh with a number of meshpoints increasing with 1.
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For the computation of the integral‘ih (7T.10) - unisotropy in
the c.m.-system - the following table gives the number NST(L) of the

cosine meshpoints in /[ -1, +1 ] for the L-th moment:

L o 1 2 3 L 5

NST(L) 81 81 161 161 321 321

The integration according to (7.10) is performed by LEGANS. The
integral in (7.8) is analytically given and does not depend on

energy. The integrals

[D)
1 d g
2 — d .———.P\'
Blod =5 f Mo g Ptk (7.11)
4

with ﬁﬁ(”o) according to (7.7) need be calculated only once for all
groups in the region of isotropie scattering in the c.m.-system. So
we can afford to determine Bl(w) at NST(5) = 321 w-points in

[ -1, +1J. The integration is done analytically, using different
forms and approximations of the above integral for A = 1, 1 < A < 30,

A > 90, A = atomic weight of the scattering nucleus (see ref. 1).
The calculation of the wl(Eag) according to (7.8) is performed by
LEGIST, by interpolating in the table of the Bl(w) determined by

LEGINT.

The energy integral that requires the finest energy mesh is

[EEORACDEAT

h

(7.12)
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The wl(E+g) are of a form qualitatively shown in the following

figure for 1 = 5:

" w, (E-q)

N .

!
VAV VAR

grovp 3

The intervall [’Eg, Eg/a_] from which scattering to energies
E < Eg is possible is called outgroup scattering region; if

Eg/a < E the intervall [—Eg/a, Eg_1.], from which scattering

g-1’
occurs only to energies E > Eg, is called ingroup scattering
region.

In the outgroup scattering region, w,(E+>g) may change its sign

1
geveral times. To describe this behavior properly we need a
sufficiently fine energy mesh (independent of a). In the

ingroup scattering region there is only a weak dependence on
energy so that a coarse mesh will do.

Comparisons with analytical cases show that for 1n &1 Au

NK = number of discrete energies in the outgroup scattering
region, uniformly spaced in lethargy

= 705

NR = number of discrete energies in the ingroup scattering

region, uniformly spaced in lethargy

= 16

is an appropriate choice; other values can be specified by input.
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NR should be large enough to quarantee a sufficiently accurate
pointwise representation of the makro-weighting spectrum if there
are only a few discrete SGN-energies.

The whole group is an outgroup scattering region if Eg/a > Eg—1;
in this case NK discrete energies are assigned to the group.

These NK + NR discrete energies per group are called basic points;
they are determined in PUNK. Together with the discrete SGNC-energies
found on KEDAK they form the coarse mesh corresponding to which

the wl(E+-g) are calculated in LECAL.

In GRUPIN the coarse mesh and the discrete SGN-~energies are joined
by means of PUSUM to form the fine mesh. Linear interpolation of

the wl(E+g) and the o(E) to the discrete energy points of the fine
mesh yields a pointwise representation of the ol(E+g) = o(E)'Wl(E+g)
which contains on one hand the information available from KEDAK
(without smoothing by interpolation), and on the other hand the

oszillatory behavior of the o,(E+g) in the outgroup scattering

1
region.

The weighting function @l(E) is approximated by the product of a
macro- and a micro-spectrum. In the following table the twelve

possible forms of approximation of @l(E) are listed.

Macro-spectrum  Micro-spectrum MAZ(1) MAZ(2) NSPEC
1/E 1 o o o
1/E 1/z,(E) o o o

v 1+1
1/E 1/(Zt(E)) o 1 o
1/ 1 1 o o
1/}3l+1 1/2,0(]3) 1 o o
1+1 1+1
1/E 1/(Zt(E)) 1 1 o
FO(E) 1 o 0 1
FO(E) 1/Zt(E) » o o 1
FO(E) 1/(Zt(E)) o 1 1
Fl(E) 1 1 o 1+1
Fl(E) 1/Zt(E) 1 o 1+1
1+1
Fl(E) 1/(Zt(E)) 1 1 1+1
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MAZ(1), MAZ(2) and NSPEC are input parameters controlling the weighting
of the higher moments. The fine-structure mixture from which Zt is

determined, and macro-pointspectra are input quantities.

Now the integral (7.12) is determined in the following way:
Let E1 < E2 < ... < EIKK be the discrete energies of the fine mesh
in group h, where E1, EIKK are the lower and upper boundary of

group h. We put
fE) = & (E) w(E=g) m(E)
- m(E) denotes the macro-spectrum; then (7.12) reads

Jae gy geey
h

where g(E) denotes the micro-spectrum. After determination of m(Ei), i

1,2,...,IKK, by interpolation or with FUNCTI@N PHI or FUNCTI@N PHIL,

we have

THK-1 Ei-M
Jdeﬂﬁ)ﬂe): 2? JdE{@)yE)
h (=4 E.
e (7.13)
A = 43
) Tl
]
1+1
where f; = 0.5 (F(E;) + £(E,,.)) and A?E = J dE g(E). The A%E are
E

called weighted intervall lengths (see GRUPI&, SPRAL, TRAPEZ). If
fine-structure weighting is not taken into account, AfE reduces
to AE = E, ., - E; and (7.13) is the usual trapezoid sum. In the
J

case of fine-structure weighting !dE g(E) is evaluated with the

trapezoidal rule.
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7.3 The routines of this module: purpose and a description of the

argument lists and the commons

Subroutine ;

FLUMMI

SUM

IPPLA
PUSUM
MAKR@
MIXSGT, ADD

TRAFQ
INF@RM

PUNK

(NDF)
LPPKO
LOPK1
L@gK2
LPPK3
LECAL

LEGP@L
LEGINT

G(FUNCTI@N)
LEGIST

LEGANS

GRUPIN

Purpose :

main control program

summation

interpolation with polynomials of degree 4
joining of point sets

construction of a macro—group structure
calculation of the total macroscopic cross
section for fine-structure weighting
transformation of angular distributions
printing of additional information: groups,
macro-groups, distributions of SGNC and
SGN, group lethargy widths, group integrals
of the zeroth moment of the weighting
spectrum, number of discrete SGN- and SGT-
energies per macro—group, number of fine-
mesh energy points per macro-group
generation of a basic energy mesh

reading of KEDAK

reading of IS@PT1 (atomic weight) using NDF
reading of SGN, MUEL, SGT using NDF
reading of SGNC using NDF

reading of SGNC-energies using NDF

control of the calculation of the wl(E+g)
according to (7.8) and (7.10)

calculation of pointwise Legendre polynomials
calculation of Legendre integrale according
to (7.11)

(N, X, ¥) = (X - ¥)/(x - ¥)

calculation of partial Legendre coefficients
according to (T7.8)

calculation of partial Legendre coefficients
according to (7.10)

weighted energy integration according to (7.2)




IPPLIN
SPRAL

PHI(FUNCTI@N)
PHIL(FUNCTI®N)

MUK@N

PRINT

= T.11 -

linear interpolation

presentation of the moment-dependent total
weighting spectrum 88 described in chapter T.2
PHI(E) = 1/E

PHIL(L,E) = 1/EL

final determination of group constants
according to (7.1), (7.2), (7.3)

printing and reserving of final results

In the following a description of the argument lists and the commons

of the subroutines is given. Under the heading "Arguments" those

guantities are found which must be defined before computation will

start. Under the heading "Results" those quantities are listed

which are calculated by the routine. For a detailed description of

the routines themselves see ref. 1.

SUBR@UTINE FLUMMI (A, B, EA, EB, E, EN, SGN, EC@, SC@, V, W, F, AR,

FU, ABN, INT, GR, FEK@E, EG, R, RSP, ESP, SPEK,
SGNC, FEK$, ELSIG, ELT@T, ET, ST, MAT, DAT, NIA,
NLE, ISEL, NMAX, NX, NE2T, NSPEK, LSPEK, MAZ,
NTK, KT, NTTT, NTTP, IC#S, IC@SP, NECU, NECUP,
ISM, ISMP, IS¢, ISpP, ISC@, ISC@P, ISEC, ISECP,
KIM, NS, NK, NR)

2

COMMPN STPFF, ISTRUK, ISPA, NPUT, KPR, IM, IL, KL

Purpose:

- Construction of macro-groups by means of
MAKRQ ;

- calculation of unnormalized scattering
matrices for each macro-group by means of
LECAL and GRUPIN,

- calculation of normalized scattering matrices
etc. by means of MUK@N,

- printing and reserving of results with PRINT



Arguments:
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NX = number of energy group boundaries (input or
standard)

(EG(I), I=1, NX) = energy group boundaries
(increasing) (input or standard)

NE2T7 = NX + 1

Comment: the group boundaries will be modified

and rearranged in the following manner:

ABN(I) = EG(NX - I+1), I = 1,2,...,NX,

> 1075 ; NEGR = NE27, ABN(NEGR)=1o
if ABN(NX) { = 107> : NEGR = NX

< 107> : ERRER 6.8
NGR = NEGR-1

Now we have for further use in this module

NGR = number of energy groups

NEGR = number of group boundaries
(ABN(I),I=1,NEGR) = group boundaries (decreasing)
IL,IM

indices of the first and last energy
group for which scattering matrices

etc. shall be calculated (input)

NMAX = highest Legendre order which can be
treated (NMAX = 5 in this version)

NLA = first Legendre moment to be calculated
(input or standard, but finally NLA = o
always)

NLE = last Legendre moment to be calculated

(input or standard)

NSPEK = macro-weighting spectrum control
parameter (NSPEK = 1: spectrum from
FUNCTI@N PHIL; we have KSPE = KSPEK = o
in GRUPIN; NSPEK > 1: NSPEK = number of
discrete energies of the macro-weighting
spectrum; we have KSPE = 1 and
KSPEK = NSPEK in GRUPIN)

LSPEK = number of values of the macro-weighting

spectrum if NSPEK > 1, LSPEK = 1

othervise

3
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(ESP(I),I=1,NSPEK) = discrete energies of the
macro-weighting spectrum if NSPEC > 1,
no meaning otherwise (input)

(SPEK(I),I=1,LSPEK) = values of the macro-
weighting spectrum (the first NSPEK
values for the o. moment, the second
NSPEK values for the 1. moment etec.
if MAZ(1) = 1, the first NSPEK values
- there will be no more in this case -
for all moments if MAZ(1) = o) (input)

NTK = micro-weighting spectrum pointer

(NTK = 1: the fine-structure mixture
from which the micro-weighting
spectrum is to be calculated is

given in the arrays MAT and DAT;

NTK = o: no fine-structure weighting)

KT = number of different nuclei in the

fine-structure mixture (input)

(MAT(I),I=1,KT) = nuclei in KEDAK notation

in the fine-structure mixture (input)
(DAT(I),I=1,KT) = densities in particles per

cem times 10—2h of the nuclei in the

fine-structure mixture (input)

NTTT = estimated number of discrete energies

of the micro-spectrum

(MAZ(I),I=1,2) = control parameters concerning

the weighting of the higher moments
(input)

I5M = estimated number of energy meshpoints

of the coarse mesh per macro-group

ISD = estimated number of energy meshpoints

of the fine mesh per macro-group

ICPS = number of angular meshpoints of the
angular distributions (SGNC) on KEDAK
NECU = scattering width

ISC$ = Max (NECU-ISD, ISM-IC@S)



Auxiliary arrays:

Results:

ISEC
NS

NK

NR

ST@FF

N@UT

KPR

ISEL

KL
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Max (ISD, ISM:NECU)

maximum number of energy groups per
macro-group (input or standard)
number of basic points in the out-
group scattering region per group
(input or standard)

number of basic points in the ingroup
scattering region per group (input
or standard)

nucleus in KEDAK notation for which
scattering matrices etc. shall be
calculated

printed-output unit (usually N@UT=6)
unit on which the final results are
stored

pointer for additional output (input
or standard)

MIGR@S counting index

A(ISM), B(ISM), EA(ISM), EB(ISM), E(ISM),
EN(ISD), SGN(ISD), EC@(ISD), SC@(ISD),
v(Isp), w(Isp), F(ISD), AR(IC@S), FU(IC@S),
ABN(NE2T), INT(NE27), GR(NE2T7), FEK@E(NE2T),
R(NX), RSP(NX), SGNC(IC@S, ISM), FEK@(ISM,
NECU), ELSIG(6, NECU, NX), ELT@T(2, NX),
ET(NTTT), ST(NTTT)

NTTP

1C@sp

NECUP
ISMP
ISDP
Iscgp
ISECP
KIM

increment of NTTT if NTTT is found
to be for small during execution
increment of ICYS if ICHPS is found

to be too small during execution

analogous

= downward extension in groups of the

energy region to be calculated in

order to treat outscattering in

the low energy groups correctly



SUBRPUTINE SUM(M, A, S)

Purpose:

Arguments:

Results:

SUBR@UTINE IPPLA (M, A,

Purpose:

Arguments:

Auxiliary array:

Results:
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Summation of real numbers different in sign
and magnitude with minimization of rounding

errors

= number of summands

M
(A(1),I=1,M) = summands

M
s = ) A(I)
I=1

B, N, X, Y, T)

Continuous and diffentiable interpolation
with polynomials of degree four (for details

see ref. 1)

M = number of given points

(A(1),I=1,M) = given abszissae

(B(1),I=1,M) = given ordinates

N = number of the given new abszissae
(x(1),I=1,N) = given new abszissae

with X(1) = A(1), X(N) = A(M), X(I-1) < X(I),
I=2,N

T(M)

(Y(1),I1=1,N) = new ordinates corresponding

with the given new abszissae

SUBRPUTINE PUSUM (KA, A, KE, E, B)

Purpose:

Arguments:

Joining of point sets

KA = number of elements in the array A
(A(I),I=1,KA) = first point set (increasing)
KE = number of elements in the array E

(E(I),I=1,KE) = second point set (increasing)
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Auxiliary array: B(KE)

Results: KE = number of different points in A and E
(E(I),I=1,KE) = different points in A and

the given E (increasing)

SUBRGUTINE MAKR@ (ALFA, IS¢, IL, IM, NGR, ABN, ISD, ISM, ISDP, NS,
NK, NECU, NUEB, V, W, LST, INTT, INT, NEGR, ISEL)

COMM@N ST@FF, ISTRUK, ISPA, N@UT

Purpose: A macro-group is defined as an energy region
consisting of one group or several groups
adjoining in pairs. MAKR@ subdivides the
given energy region (ABN(IM +1), ABN(IL))
into macro-groups meeting the following
conditions:

each macro—-group contains

a) as many groups as possible

b) NS groups at most

c) ISD - ISM SGN-meshpoints at most

d) either groups with only isotropic out-
scattering in the c.m.-system or groups
with only anisotropic outscattering in
the ¢c.m.-systen

Arguments: ALFA=((A—1)/(A+1))2 where A is the atomic

weight of the scattering nucleus in neutron

mass units

IL, IM = indices of the first and last group
for which scattering matrices shall
be calculated

IS¢ = index of the first group with only
isotropic outscattering in the

c.m.~system

NUEB = scattering width

NS = maximum number of groups per macro-
group

NK = number of basic points in the out-

group scattering region per group
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NGR
NEGR

number of energy groups

number of energy group boundaries

(ABN(I),I=1,NEGR) = energy group boundaries

NECU = maximum scattering width
ISM = maximum number of basic points plus
discrete SGNC-energies per macro-
group
ISD = ISM plus maximum number of discrete
SGN-energies per macro-group
STPFF = nucleus in KEDAK notation for which
scattering matrices ete. shall be
calculated
N@UT = printed-output unit
ISEL = pointer for additional output
Auxilary arrays: v(1sp), W(ISD), LST(2, NGR)
Results: INTT = number of macro—group boundaries

(INT(1),I=1,INTT) = macro-group boundaries
given by group indices
ISDP = increment of ISD if ISD is found
to be too small during execution
comment: the determined macro-groups are
as follows:
1. macro-group: / ABN(INT(2)+1), ABN(IN(1)) 7
I-th macro~group: [/ ABN(INT(I+1)+1), ABN(INT(I)+1 J
I =2,3,000.,INTT-1

SUBRAUTINE MIXSGT (KT, MAT, DAT, NTT, NTP, NT, ET, ST, EA, EE)

COMMPN STPFF, ISTRUK, ISPA, N@UT

Purpose: Calculation of the total macroscopic cross

section of a given mixture according to

KT
Z},(E) = ES d, - G}lI(E)
T4 ol

where d; = density in nuclei per cem times 1o

of the I-th nucleus in the mixture and o, 1 =
b

total microscopic cross section of the I-th
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nucleus in the mixture; KT see below. E stands
for the joint set of discrete energies for
which for at least one nucleus in the mixture

a o, is found on KEDAK.

Arguments: KT = number of different nuclei in the
mixture

(MAT(I),I=1,KT)

(DAT(I),I=1,KT)

nucleil in the mixture

densities (DAT(I) = dI)

EA, EE = lower and upper boundary of the

energy intervall in which I
shall be calculated

t

NTT = estimated number of discrete energies

of the mixture in the intervall

[ EA, EE 7.
N@UT = printed-output unit
Results: NT = number of discrete energies of the

mixture in the intervall /[ FA, EE 7/
(ET(1),I=1,NT) = discrete energies in [ EA, EE 7
(s7(1),I=1,NT) = total macroscopic cross

sections of the mixture corresponding

to the ET(I)
NTP = increment of NTT if NTTT is found to

be too small during execution

SUBR@UTINE ADD (K, NTT, NTP, NT, ET, ST, NU, D, E, S, EV, SV, EV,
SW, EA, EE)

Purpose: Determination of P (F|aT, ST) from

K ,NU+1
P (Fl&T, ST) (definition of P_ _(F|ET, ST)
K,NU

see below)

1,7

Arguments: K = index of the nucleus which shall be
added to the hitherto calculated

mixture of the first K-1 nuclei
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EA, EA, NTT see MIXSGT

NT number of the hitherto determined

)

discrete energies of the mixture

number of ET(J) in PK’NU (E/ET, ST)

(ET(I),I=1,NT) = hitherto determined discrete
energies

(sT(1),I=1,NT) = hitherto determined total

it

ecross sections
NU = index of the highest energy up to
which the K-th nucleus has been

taken into account

D = density of the K-th nucleus

E, EV = energy points of the polynomial to
be added

S, SV = microscopic total cross sections at
E and EV

EW = ET(NU) before the last modification

SW = ST(NU) before the last modification

Results: NT = number of discrete energies of the

mixture up to E
(ET(I),I=1,NT)
(sT(1),I=1,NT)

sections up to E

discrete energiesup to E

total macroscopic cross

NU = index of the highest energy up to
which the K-th nucleus has been
taken into account

NTP see MIXSGT

Definition of P(E]ET, ST) and P
Be

I’J(E[ET, ST):

P(E|ET,ST) = P(EJET(1), ET(2),...,ET(NT); ST(1), ST(2),...,ST(NT))

o if E < ET(1) or E > ET(NT)

= ST(J) if E = ET(J)

ST(J) - 8T(J-1)
ST(J-1) + ZR(T) = ET(7=1)

if ET(J-1) < E < ET(J)

(E-ET(J-1))
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provided ET(1) < ET(2) < ... < ET(NT).

Be now
I-1
PI,J(E]ET,ST) = Z PK’NT (E)ET,ST)
K=1 K
+ P(E)ETI(1), ETI(2), ver s ETI(J);
sT (1), ST,(2), ... STI(J))

where the ETI(K) are the discrete oy

and the STI(K) are the corresponding macroscopic cross sections.

-energies of the I-th nucleus

SUBR@UTINE TRAF$ (IC, NE, ISM, S, XM, AL, A)

Purpose: Transformation of angular distributions for
elastic neutron scattering from the c.m.—
system into the laboratory system according
to equ. (7.7)

Arguments: IC = number of uniformly spaced cosine
meshpoints of the angular distributions
in the c.m.-system

NE = number of angular distributions
undergoing transformation
ISM = maximum number of angular distributions

((s(1,7),I=1,1C),J=1,NE) = angular distributions
in the c.m.-system

(A(1),I=1,IC) = uniformly spaced cosine mesh-
points of the angular distributions

in the c.m.-system with A(1) = -1,

A(IC) =1
AL = ALFA (see MAKR®)
Results: (A(I),I=1,IC) = cosine meshpoints in the

laboratory system
((s(1,J),I=1,1C),J=1,NE) = angular distributions

in the laboratory system
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SUBRGUTINE INF@PRM (ALFA, NEGR, ABN, R, RSP, IL, IM, INTT, INT, NST,
NSTIS, IR, ISTT, K, NTK, NTT, N@UT)

Purpose: Printing of additional information if ISEL < o
Arguments: ALFA, NEGR, ABN, IL, IM, INTT, INT, N@UT see
MAKR®

(R(I),I=1,NEGR-1) = group lethargy widths
(RSP(1),I=1,NEGR-1) = group integrals over the
total weighting spectrum of zeroth
order
(NST(I),I=1,6), NSTIS see LECAL
IR = macro-group index
ISTT = number of energy meshpoints in the
fine-mesh in the IR-th macro-group
K = number of discrete SGN-energies in
the IR-th macro-group.
NTK = pointer for micro-weighting
NTT = number of discrete energies of the
micro-weighting spectrum in the

IR-th macro-group if NTK # o

SUBRGUTINE PUNK (NGR, NEGR, ABN, NA, NE, NEN, ALFA, NK, NR, ISM,
ISMP, ISN, E)

Purpose: Generation of a basic energy mesh uniformly

spaced in lethargy

Arguments: NGR = number of energy groups
NEGR number of energy group boundaries

(ABN(I),I=1,NEGR) = group boundaries

NA, NE = first and last group in the considered
macro-group

NEN = number of angular distributions in
the considered macro—group

A -1
A+ 1

2
ALFA = ( ) , A = atomic weight of the

scattering nucleus in neutron mass

units



Results:

- T.22 -

NK = number of basic points in outgroup
scattering region

NR = maximum number of basic points in
ingroup scattering region

ISM = maximum number of basic points plus
discrete SGNC-energies per macro-

group

ISN = calculated number of basic points
in the macro-group defined through
NA, NE

(E(I),I=1,ISN) = calculated basic points in
this macro-group

ISMP = increment of ISM if ISM is too

small

SUBR@AUTINE L@PKO (XMAT, MASSE, C@M, =)

CoMMPN ST@PFF, ISTRUK, ISPA, N@UT

Purpose:

Arguments:

Results:

Remark:

Reading the atomic weight from KEDAK and
relating it to the neutron mass as mass unit,
calculation of the mass number and of the
mean scattering cosine in the laboratory
system for isotropic scattering in the

c.m.-system

STPFF = nucleus in KEDAX notation
XMAT = atomic weight of the nucleus in
STPFF in neutron mass units
MASSE = mass number
-
M = oamT

LPPKO calls the Entry NDFL@C of the KEDAK

routine NDF
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SUBRGUTINE L@@PK1 (ISD, K, E, SGN, Ef, EE, NT)

CPMMPN ST@FF, ISTRUK, ISPA, N@UT

Purpose: Reading of SGN, MUEL and SGT from KEDAK
Arguments: STPFF = nucleus in KEDAK notation for which
data shall be read from KEDAK
ISD = maximum number of data which may
be read with a single call
E@, EE = lower and upper boundary of the
energy region for which data shall
be read
NT = data-type pointer (NT = 1: SGN are
read; NT = 2: MUEL are read; NT = 3:
SGT are read)
N@UT = printed-output unit
Results: K = number of data (SGN, MUEL or SGT)

in [ Ep, EE /.

(B(1I),I=1,K) = discrete energies at which data

a given

(sGN(I),I=1,K) = data read from KEDAK (SGN,

MUEL or SGT)

Remarks: The conditions E(1) = Ef and E(X) = EE are met

by linear interpolation or constant extra-
polation. LPPK1 calls the Entries NDFL@C
and NDFNXT of the KEDAK routine NDF.

SUBRJUTINE L@@K2 (NEN, EA, IC@S, IC@SP, ISM, AR, SGNC)

COMMPN STPFF, ISTRUK, ISPA, N@UT

Purpose: Reading of SGNC from KEDAK

Arguments: STPFF
NEN

nucleus in KEDAK notation
number of discrete energies at

which SGNC are given



Results:

Remarks:
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(EA(I),I=1,NEN) = discrete energies for which
SGNC shall be read (they have been
read before with L@@K3)

ICAS = maximum number of SGNC cosine meshpoints
ISM = maximum number of discrete SGNC-energies
NAUT = printed-output unit

ICASP = 1 if ICPS is too small

0 othervise

(AR(I),I=1,IC@#S) = SGNC cosine meshpoints from
KEDAK

((sgnc(1,J),I=1,1C@S),J=1,NEN) = SGNC from KEDAK

corresponding to the cosine mesh AR

and the energy mesh EA

The cosine mesh must be the same for all
energies.,

LPPK2 calls the Entries NDFL@C and NDFNXT
of the KEDAK routine NDF,

SUBR@UTINE L@gK3 (NE, EA, IS@, NGR, ABN, ISM, ISMP, LST, NEGR, ISEL)

CAMMPN ST@FF, ISTRUK, ISPA, NPUT

Purpose:

Arguments:

Results:

Reading from KEDAK the entire SGNC-energy-

mesh for one nucleus

STPFF, ISM, NPUT see L@P@K2
NGR, NEGR, ABN see MAKR@

ISEL = pointer for additional output

ISMP = estimated increment of ISM if there
are more than ISM angular distributions
on KEDAK for the considered nucleus

NE = number of angular distributions on

KEDAK for the nucleus in question
(EA(I),I=1,NE) = SGNC-energy mesh on KEDAK for
the considered nucleus
(LsT(1),I=1,NGR) where LST(I) = number of
energies EA(N) with ABN(I+1)
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< EA(N) < ABN(I)
ISP see MAKRQ

Remark: LPPK3 calls the Entry NDFLPC of the KEDAK

routine NDF

SUBR@UTINE LECAL (MASSE, XMAT, ALFA, IS@T, LEG, NLE, NANF, NEND,
NUEB, IL, IM, NEGR, ABN, IC@#S, AR, ISN, E, SGNC,
NST, NSTIS, ISM, ISD, NECU, ITA, NF, GR, FEK@E,
FU, EW, A, H, V, W, F, FEK@)

Purpose: Control of the calculation of the w.(E-+g)

1
according to equations (7.8) and (T.10)

Arguments: MASSE = atomic mass number of the scattering
nucleus
XMAT = atomic weight of the scattering nucleus
in neutron mass units
ALFA = ((0AT-1)/(0AT+1))?
ISPT = anisotropy pointer

(ISPT=1: the considered macro-group

is within the energy region of anisotropic
scattering in the c.m.-system, IS@T = o
otherwise)

(LEG(I),I=1,6) = sequence of calculated moments

NLE = upper Legendre index (input)

NANF, MEND = indices of the first and the last
group in the macro-group for which
scattering matrices etc. shall be
calculated

NUEB = scattering width

IL, IM = indices of the first and the last
group for which scattering matrices
etc. shall be calculated

NEGR = number of energy group boundaries

(ABN(I),I=1,NEGR) = energy group boundaries
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ICPS = number of cosine meshpoints of the
SGNC on KEDAK

(AR(I),I=1,IC@#S) = cosine meshpoints of the
SGNC on KEDAK

ISM = number of basic points plus discrete
SGNC-energies in the macro-group
to be calculated

(B(1),I=1,ISN) = basic points plus discrete
SGNC-energies in the macro-group
to be calculated (coarse mesh)

((saNc(1,J),I=1,ICc@S),J=1,ISN) = angular
distributions in the laboratory
system

(NST(I),I=1,6) = moment—dependent number of
uniformly spaced cosine meshpoints
for uo-integration when IS@T = 1

NSTIS

moment-independent number of uniformly
spaced cosine meshpoints for Mo”
integration when IS¢T = o

IsM maximum number of basic points and

/]

discrete SGNC-energies per macro-group

ISD ISM plus maximum number of discrete

]

SGN-energies per macro-group
NECU
ITA

meximum scattering width

pointer for the calculstion of

Legendre integrals by mesans of

LEGINT

(ITA = o: Legendre integrals are calculated,
ITA

been calculated)

1: Legendre integrals have already

NF

unit on which the wl(E+g) are stored

temporarily

Auxiliary arrays: GR(NEGR), FEK@E(NEGR), FU(IC@#S), EW(ISM), A(ISD),
H(ISD), V(ISD), W(ISD), F(ISD), FEK@(ISM, NECU)

Results: wl(E+g) on unit NF



SUBRJUTINE LEGP@L (NST,

CPMMPN /INTEG/ X, F, D

Purpose:

Arguments:

Results:
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A, N, NSTIS)

Calculation of pointwise Legendre polynomials

NST = number of uniformly spaced cosine
meshpoints
N = order up to which Legendre polynomials

shall be calculated
NSTIS

number of uniformly spaced cosine
meshpoints if IS@PT = o (here:

maximum length of A)

(A(I),I=1,NST) = uniformly spaced cosine
meshpoints

(X(1),I=1,NST) = uniformly spaced cosine
meshpoints

(F(L,I),I=1,NST),L=1,N+1) = Legendre polynomials

pointwise
F(L,I) = PL—1(A(I))
D = spacing of the A(I):

D = A(I) - A(I-1), I = 2, NST

SUBR@UTINE LEGINT (N, NAK, XMAT, ITA)

CPMMPN /INTEG/ H, GRAL, D

Purpose:

Arguments:

Calculation of Legendre integrals

W 2
8= & [an LR
h ° °
2A Y n M
! h=0,4,...,8

=
n

upper Legendre index (is ignored;
the Bn(w) are always determined
for n=o0, 1, 2, 3, 4, 5

NAK
XMAT

number of cosine meshpoints

atomic weight in neutron mass units
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Results: (H(1),I=1,NAK) = uniformly spaced cosine mesh-
points, H(1) = -1, H(NAK) = 1
D = gpacing of the H(I)

(GRAL(L,I),L=1,6),I=1,NAK) where GRAL(L,I)
= 2'BL_1(H(I))
ITA = pointer (ITA = 1 after calculation)

Remarks: For A =1, 1 <A < 30, A > 30 the above
integral is treated numerically in different

ways. For details see ref. 1.

FUNCTI@N G(N, X, Y)

¢ -y

X-X

G(N, X, ¥) =

is determined according to

N N N N
-y =Ty ( ) 2y o4 ( ) PARC IR ) Y
X -y 1 2 N-1

where

SUBRGUTINE LEGIST (L, NST, IA, IB, NEGR, GR, E)

CgMMPN /INTEG/ X, GRAL, D

Purpose: Calculation of partial Legendre coefficients
when scattering is isotropic in the c.m,=-
system according to equ. (7.8)-multiplication
with 27 is pefformed in LECAL:

GR(1)

E(T) = 2 | dyu, 4R
(I) b M, ™ PL-4 (}40)

GR(T+4)
using the previously in LEGINT determined

integrals
X(1)

— O{NQ
GRAL(L,T) = 2 J dp, If:“ Prg (1)

-4



Arguments:

Results:

L
NST
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Legendre degree plus 1
number of uniformly spaced cosine mesh-

points

(x(1),I=1,NST) = cosine mesh from LEGINT

D

spacing of the X(I)

((GRAL(L,I),L=1,6),I=1,NST) see above

NEGR
IA, IB

length of array E
boundary indices within which the

E(I) shall be determined

(GR(I),I=IA,IB) = cosine integration

boundaries

(E(I),I=IA,IB-1) = partial Legendre

coefficients (see above)

E(NEGR) = total Legendre coefficient

IB-1
= ) E(I)
I=TA

SUBR@UTINE LEGANS (L, NST, F, IA, IB, NEGR, GR, E, PgLY, A)

CoMMPN /INTEG/ X, PPL, D

Purpose:

Arguments:

Calculation of partial Legendre coefficients

when scattering is anisotropic in the c.m.-

system according to equ. (7.10)-multiplication

with 27 is performed in LECAL:

GR(T)

E(I) = J OLMo W(E,}A°> PL.A(V’o)

GR(I44)

L, NST, D, NEGR, IA, IB, GR see LEGIST
(x(1),I=1,NST)
(F(1),I=1,NST)

cosine mesh from LEGPPL

pointwise angular distri-

bution corresponding with the X(I)

((ppr(L,I),L=1,6),I=1,NST) = Legendre polyno-

mials pointwise from LEGPPL corres-

ponding with the X(I)



Auxiliary arreys:

Results:

SUBRGUTINE GRUPIN (MASSE, XMAT, ALFA, C@¢M, IS@T, PM, LEG, NLE, NANF,
NEND, NUEB, IL, IM, NGR, NEGR, ABN, ISN, EH, K, H,

Purpose:

Arguments:

- T.30 -

PPLY(NST), A(NST)

(BE(I),I=IA,IB-1) = partial Legendre coefficients

(s. above)
E(NEGR)

total Legendre coefficient

IB-1
E(I)
I=IA

F, M, G, EN, NTT, ET, ST, MAZ, KSPE, KSPEK, ESP,
SPEK, NSPEK, LSPEK, ISM, ISD, NECU, ISC@, ISEC,
NF, E, EW, GR, WA, U, V, W, ISTT, RSP, ELSIG)

Weighted energy integration according to (7.2)

MASSE, XMAT, ALFA, IS@T, LEG, NLE, NANF, NEND,
NUEB, IL, IM, NEGR, ABN, ISN, ISM, ISD, NECU,
NF see LECAL

CoM = mean scattering cosine when scattering
is isotropic in the c.m.-system
= 2/(3+XMAT)
PM = fraction of MUEL in the corrected
first moment
NGR = number of energy groups

(EH(I),I=1,ISN) = basic points plus discrete
SGNC-energies in the macro-group to
be calculated

K ‘= number of SGN

(H(1),I=1,K)

(F(1),I=1,K) = SGN corresponding with the H(I)

M = number of MUEL

(¢(1),I=1,M) = discrete MUEL-energies

(EN(I),I=1,M) = MUEL corresponding with the G(I)

NTT = micro-weighting spectrum control para-

discrete SGN-energies

meter (NTT = 1: no micro-weighting;
NTT > 1: micro-weighting with
NTT = number of energy points of the

micro-weighting spectrum)




Auxiliary arrays:

Results:
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(ET(1),8T(I),I=1,NTT) = micro-weighting
spectrum if NTT > 1
(MAZ(I),I=1,2) = control parameters for the
weighting of higher moments (input)
KSPE = pointer for macro-weighting
(KSPE = o: weighting with
FUNCTI@N PHI if MAZ(1) = o, with
FUNCTI@UN PHI and'FUNCTI¢N PHIL
if MAZ(1) = 1;
KSPE = 1: weighting with point-
spectrum in ESP and SPEK according
to MAZ(1)

KSPEK = number of discrete energies of the
macro-weighting spectrum if
KSPE = 1, = o otherwise

NSPEK = Max (1, KSPEK)

LSPEK = number of values of the macro-

welghting spectrum if KSPE = 1
= 1 otherwise

(ESP(I),I=1,KSPEK) = macro-spectrum discrete
energies if KSPE = 1; no meaning
otherwise

(SPEK(I),I=1,LSPEK) = macro-spectrum values

if XKSPE = 1; no meaning otherwise

ISC@ = dimension of WA (see below and
FLUMMI)
ISEC = dimension of U (see below and

FLUMMI )

E(ISD), EW(ISM), GR(NEGR), WA(IScg@), U(ISEC),
v(IsD), W(ISD)

ISTT = number of energy meshpoints in the
fine-mesh consisting of the basic
points (from PUNK), the discrete
SGNC-energies, the discrete SGN-

and MUEL-energies
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(RSP(1),I=1,NGR) = energy group integrals of
the zeroth order weighting spectrum
(ELSIG6(L,I,NN),NN=IL,IM),I=1,NUEB),L=1,NLE+1)

where with II = NN + I-1
ELSIG(L,I,NN) = ogﬁ?II

jds ¢(E) w,_, (E>1I) @M(E)

\de @bA(E)

SUBR@UTINE IPPLIN (M, A, B, N, X, Y, HR)

Purpose: Linear interpolation

Arguments: M = number of given points
(A(1),B(I),I=1,M) = given points
N = number of given new abszissae
(xX(1),I=1,N) = given new abszissae

where X(1) = A(1), X(N) = A(M)

Auxiliary array: HR(M)

Results: (Y(1),I=1,N) = new ordinates corresponding

with the X(I)

SUBRPUTINE TRAPEZ (M, E, F, G, W, H, L)

Purpose: Trapezoidal integration according to
1 M
W= (F(I)+F(I-1))+E(I-1) if L =o0
2
I=2
1 M
W= ) (F(1)-G(I)+F(I-1)G(I-1))-E(I-1)
I=2 . _
if L =1

(see chapter 7.2)
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Arguments: M = number of meshpoints
(E(I),I=1,M~1) = weighted intervall lengths
(F(1),I=1,M) = function to be integrated
(G(1),I=1,M) = weighting function
L = pointer for weighting (L = o: constant
weighting function; L =1: weighting

function not constant in G)
Auxiliary array: H(M)

Results: W(see above)

FUNCTI@N PHI(E) = 1/E
FUNCTI@N PHIL(L,E) = 1/EL

SUBRPUTINE MUK@GN (ELSIG, ELT@T, NLE, NECU, NUEB, IL, IM, NGR)

Purpose: Determination of GNN, S§N+II and iNN
from ogN»iI according to (7.1), (7.2) and
(7.3):
NN NN-+II
o = SN R
II>NN
S§N+II = ogN*II/cNN , L =0,1,...,NE,
-NN NN-+IT
noo= 5,
TI>NN
Arguments: NLE = Legendre degree up to which scattering
matrices are calculated
NUEB = scattering width
IL, IM = first and last calculated energy group

(((BLSIG(L,I,NN),NN=IL,IM),I=1,NUEB),L=1,NLE+1)
where (see GRUPIN)
ELSIG(L,I,NN) = ongNN+I_1

NGR number of energy groups (for dimensioning)

NECU

maximum scattering width (for

dimensioning)
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Results: (((ELSIG(L,I,NN),NN=IL,IM),I=1,NUEB),L=1,NLE+1)
where
ELSIG(L,I,NN) = sgﬁ?NN+I'1
((ELT@T(I,NN),NN=IL,IM),I=1,2) where

NN
o

NN
fi

(see above)

ELT@T(1,NN)
(see above)

ELT@T(2,NN)

Remark: Comparisons with cases which can be treated
analytically (see ref. 1: FLUMMI tests) show
that the matrixelements SigTNN+I_1 are calcu-
lated here with a maximum absolute error

AS % h-1o_h

5

Thus quantities smaller than 1o ° in absolut

value are ignored and set equal to zero.

SUBRGUTINE PRINT (ELSIG, ELT@T, NLA, NLE, NECU, NUEB, ISEL, NGR, KSPEK,
MAZ, NTK, KIM)

C/MMPN ST@FF, ISTRUK, ISPA, N@PUT, KPR, NEND, NANF

Purpose: Printing and reserving of final results
Arguments: ELSIG, ELT@T see MUK@N results

NLE, NECU, NUEB, NGR see MUK@N

NLA = first Legendre moment to be calculated

(NLA = o always)

NANF, NEND = indices of the first and last
group for which scattering matrices
have been calculated

STPFF = nucleus for which scattering matrices
have been calculated

MAZ, NTK, KIM see FLUMMI

KSPEK corresponds to KSPE in GRUPIN

ISEL = pointer for additional output

NGUT

KPR

printed—-output unit
unit on which all MIGR@S-results are

stored
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8. Calculation of the fine interval elastic scattering transfer matrices

up to P. approximation and other quantities required for the

5
REMO-correction. Module 9.

8.1 Basic formulae and notations

a) The fine interval system
The I-th group of the basic broad group system is divided into
NFG(I) fine-groups, equidistant in lethargy. Any of these fine
groups is divided into NFI(I) fine intervals, equidistant in

lethargy. The fine interval width is denoted by AE,

b) The fine-interval averaged cross~sections are defined by:

de &) F(E)

(B) =45 (8.1)
j dEF(E)
AE

The REMO correction procedure requires the total 0y and the
elagstic scattering cross-sections O and the averaged cosine

which is defined by

[de pete) &, (£) F (E)

A,y =2E (8.2)
(He de O (E) F(E)

AE

c) The elastic scattering transfer probability matrices are defined

by

| de 6,7 (54 FCE)

{ PE=h)y=2E (8.3)
2 f.o/E b (E) T (E->h) F(E)
h AE
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where

Ey,

WL(E—%)—-— (jj) : ; : o/E’/(/UC)?‘Z(z‘) (8.4)

max (ocE/ EM)

where Pl(t) are the Legendre polynomials.
A is the mass of the scatterer, and
2
A-1
O(/_—.. (
A+

The scattering angle in the center—of-mass system

— 1 (A+7)Z.(7_E) /

ZA E

and that in the labor system,

(rOMJ: the angular distribution of the elastic scattering in the

center of mass system. It should be normaslized i.e.
+1

[ dpe ) =1
-1
(349%;)5 1, for isotropic case)

It is practical to transform the integral (8.4) into

L (eh)= 4 [ dpe plpe) B (Hpe), )




- 8.3 -

where

_ocllou VLA A
Hr C)_O'gw (14 °)<A+4)Z it 7~(7"/U°)(AiA4)_z

(8.6)

Let the energy E fall into the group g. The neutron transfer may occur
into the groups g, g+l, ... g+k, where Ek >a E > Ek+l' As there is an
unambigous relation between the scattering angle Mg and energy loss,

a division of the angle interval - 1 < M, < 1 corresponds to the

acceptor groups, i.e.
- 1= Myt 1 S My eee < My < 1

Thus the neutrons scattered with angle 1

iv

u > u, remain in the
group g, and those with the angle “j zu > M3y will fall imto the
group g+j.

According to our experience, the calculation and the physical

interpretation are the simplest when the integration is performed

over the center-of-mass scattering angle.

8.2 Method of calculation

According to the formulae (8.1), (8.2), (8.3) and (8.5) the main task

is to perform numerical integrations.

For (8.1) and (8.2) a simple trapezoidal rule is used with the mesh
points given by the nuclear dats file KEDAK. At the end of the

integration interval the cross-sections are interpolated.

For the integral (8.3) and (8.5) the Romberg integration method
(see app.III) is used. The alternating sign of the Legendre poly-
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. a9 . 1"
nomial Pl and the "1ll-behaviour"' of theck(/Q) at some energy values

require special consideration which are described in app. IV.

Before the integral (8.3) is performed, the fine interval AE is to

be divided into subintervals with the following mesh-points:

i All energy points for which elastic scattering cross-section are

given in the nuclear data file should be a mesh point.

ii If an energy value Ek/a falls into the fine interval, this also
should be a mesh point. The Romberg integration procedure is

performed for each subinterval.

8.3 The removal of the inconsistency between the average cosine
calculated from the angular distribution and the average cosine
available on KEDAK.

There are two types of the above inconsistency:

a) The angular distribution of the scattered neutrons for the energy

range in question are not given, but the retrieved average cosine

u
re
is assumed i.e. the following center of mass angular distribution

& is different from 2/3A. In this case a linear anisotropy

is used

() =1+ (=5} =25 4 -
XA /7 + /Lénﬂf 52 ; 3 c (8.7)
SAZ

b) The nuclear data file gives center of mass angular distributions
for the energy range in question, but the calculated average
cosine differs from the retrieved one. This difference can be
attributed to the uncertainties in the evaluated angular
distribution as well as to the uncertainties in their interpolation.
Consequently there exist only ad hoc methods for the removal of

this inconsistency. We have applied the following simple treatment.
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Let the Legendre expansion of the scattering probability in the

labor system be.

o 4/ ¢

Zé= by (8:8)

=) 5 by Rl b
[=0

“ang is the labor average cosine calculated from the given

mass angular distribution. The above scattering probability is

corrected with the retrieved average cosine i.e.

Wy (p)=Ws () + 3 et — g ) B (1) 880)

and the correction to a transfer matrix element is

My
/ ﬁZ(E—»A)zg /@e{%nj)fo//» Pl B (u)  s.9)
/MhM

where mh}”h+9 is the angle interval in the labor atory system belonging

to the scattering from E into the group H.

8.4 Strategy of the extrapolation

It is often the case that for & cross—section or angular distribution
the energy interval given in the KEDAK file does not cover the

energy range of the group system. In this case an extrapolation is
necessary. As the difference between the last energy point and

the end of the group energy range is generally not too large,

additional energy point coinciding with the end of the group
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is taken, with the cross-section value ( or angular distribution )

equal with the next one. (i.e. the extrapolation is horizontal)

8.5 The description of the program REMO and of the related subroutines

The subroutine REMO is called by the statement

CALL REMO (NG, ENG, NSP, F, E, ERR, NLA, NLE, NGRE, NFG, NFI, NJM, NUJM,
ISEL, IWORK, WORK, L)

NG The number of energy boundaries

ENG(I),I=1, NG The energygroup boundaries /eV/

NSP The number of’energy points for the neutron spectrum
F(I),I=1, NSP The neutron spectrum

E(I),I=1, NSP Energy points for the neutron spectrum

ERR The error limit for the Romberg integration

NLA, NLE The first and the last moment to be calculated

NGRE The number of groups to be calculated

NFG(I),I=1, NGRE The number of finegroups
NFI(I),I=1, NGRE The number of fine-intervals per fine-group.
NJIM The maximum number of mesh points for angle
integration is 2xxNJM+l
NUJM The maximum number of mesh points for energy
integration is 2xxNUJM+1
ISEL = 1:the formula (8.3) will be computed
o:the formuls to be obtained from (8.3),when
GS(E) = 1,will be computed.
IWORK(I),WORK(I),I=1,I, Work-field
L The length of the work~field.

In the subroutine system related to REMO the dynamical programming
method is used, i.e. any dimensioned variable, the dimension of
which depends on the task option is dimensioned with varieble length.
All of such variables are placed in the work field (WORK and IWORK)
respectively) to be passed by the main control program. This field

is generally transfered from one subroutine to the other and it
contains a great deal of information to be passed. The first 3k words

of WORK contain mainly the control information. (see Table VIII)
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The function of the main subroutine REMO is the following:

To settle the control information contained in the Table VIII, and to
determine the length of WORK.

To call the subroutine KEDLEC ( see below ) in order to retrieve the
angular distributions in the energy region to be calculated.

REMO calls the subroutine

REMP (ENG, NFG, NFI, F, E, WORK, IWORK, Is) %

IS is the lowest energy group for which angular distributions are

given,

The function of REMP: to organize the calculation by group.
It calls the following sybroutines: KEDDAT, SINT, ISOFAL, ZWIN, NORM

The subroutine underlying the retrieval of KEDAK data has four entries.

a) KEDDAT (NAMIZ, NAMTYP, NW, NWl, FNW, NDAT, FA, FF, EP, EM, x, %, X)

NAMIZ /8-bytes/ name of the material

NAMTYP /8-bytes/ data type name

NW if there is a further name the sequential number of
the required namecombination, otherwise without
meaning .

NW1l if there is a further name then the number of
retrieved name combination, otherwise without
meaning .,

FNW if there is a further name then its value, otherwise
without meaning,

NDAT the number of retrieved data pairs.

FA(I),I=L,NDAT argument values.

FF(I),I=1,NDAT function values.

EP.EM upper and lower energy boundary [eV/, for which the

cross—-section values are to be retrieved.

If the material and the type are not found then follow RETURN1 and
RETURN2 respectively.

+ . .
If the parameters of the subroutines are not described by the same

symbols as in the program lists, symbols described before or in the

input description are used.
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b) DATNUM (NAMIZ, NAMTYP, NDAT, NW, EP, EM, x, x, )

This entry is used when only NDAT is to be determined

c) KEDLEC (NAMIZ, NAMTYP, NW1, EA, IAE, EPW, EMW, FA, FF, FAW, FFW, EP,

EM, %, %, %)

This entry is used to retrieve angular distributions in the energy
interval /EPW, EMW//eV/

In this case EP, EM are not energy but cosine of the scattering
angle,

EA(I),I=1,NWl the number of energy points,

IEA(I),I=1,NW1l the number of angle points per angular distribution,

FAW(I),I=1,NW1xNDAT +the angle points of angular distributions.
FFW(I),I=1,NW1xNDAT the angular distributions ( in one field,

one by one )

d) NIVNUM (NAMIZ, NAMTYP, NWl, EPW, EMW, EFR, %, %, %)

EFR is the energy for the first angular distribution. This entry
is used for the determination of NWl1l, and EFR.

SUBROUTINE SINT (ENG(I), NFG(I), NFI(I), F, E, WORK, N, M)

SINT calculates the group averaged total and elastic scattering cross
sections and average cosine in the group I.

M = IWORK( T) "

For N = IWORK(5) SINT calculates <o, >

For N = -IWORK(5) SINT calculsates <os> and <us>

Called by REMP,

SUBROUTINE NORM (J2, J1, SGNC, WORK)

NORM normalizes the angular distribution from the J2-th up to the
J1-th one.
Called by REMP,

SUBROUTINE ISOFAL (ENG(I), NFG(I), NFI(I), F, E, WORK)

ISOFAL divides the group I into fine intervals and organises the
calculation of elastic transfer probabilities for the group I.
Called by REMP,
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SUBROUTINE WAHRS (EP, EM, IMAX, WORK(N), ENG(I), NMl, NUJM, F, E, TE,
WORK, PER)

N = IWORK (22)

NM1 = NLE+1

EP, EM are the higher and the lower boundary of the energy interval
to be calculated [eV/

WAHRS divides the intervalEEP,EMqurther according to the principles
given in 8.2,

Called by ISOFAL

SUBROUTINE LMI (EP, EM, Ei, E2, SG1, SG2, AMUl, AMU2, IMAX1, ENG(I),
TE, NM1, NUJ, NUJM, F, E, WORK, PER (IMAX+2), IMAX,PL)

SGl, S8G2, AMUl, AMU2, El, E2 elastic scattering cross sections,
retrieved average cosine and the related energy points [feV/

IMAX1 The maximum group change by a scattering in the interval[EP, ENﬂ
Called by WAHRS,

FUNCTION ANINT (BU, BL, K, SG, XL, AZ, ICOS, WORK, T, NJM)

ANINT calculates the integral (8.5) and the correspondence of nota-

tions is the following

K =n

BU = Wy

BL = g

AL > ug } ICOS number of mesh points
56+ f(u,)

Az = (ﬁ;et - %K)

Called by NORM, LMI,

SUBROUTINE AMESH(BU, BL, Z, L2, NX, K)

AMESH prepares the division of angle interval[BU, BL]according to the

roots of Legendre polynomial of order K,( see appendix IV)

7 L2,...2 NX~1  The roots of the K-th Legendre polynomials in the
interval BU, BL

Called by ANINT.
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SUBROUTINE HIDR (BU, BL, K, A, x)

In the case of pydrogen the integral (8.5 ) can analytically be calculated.
This is done by HIDR.
A = result of the calculation

Called by ANINT.

FUNCTION WINK (XL, SG, KJ, ICOS, AZ, XA)

WINK determines 5“(u)os by means of linear interpolation from the
point-wise angular distribution /XA -+ u/
Called by ANINT.

FUNCTION FXINT (EP, EM, SGN, ES, F, E, NSP, NDAT)
EP

FXINT calculates the integral f dE o(F) F(E) by means of trapezoidal
rule. EM

SGN(T) cross—section

ES(I) energy mesh-points [eV/

Called by SINT.

FUNCTION BCM (EI, EO, WORK)

BCM gives the cosine of scattering angle in the center of mass system,
EI the energy of neutrons before scattering.
EO the energy of neutron after scattering.

Called by LMI.

FUNCTION ICSOP (E, ENG)

ICSOP gives the group number for energy E,
Called by REMO, LMI, FXINT, MASSIN,

FUNCTION (ANG, XA, A, XM)

ANG gives the cosine of scattering angle in labor system.
XA cosine of scattering angle in center of mass system,
A  atomic mass.

XM= (A+1)°/24 .

Called by ANINT.
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FUNCTION PTL (N, X)

PTL gives the value PN(X)
Called by ANINT,

SUBROUTINE ZWIN (K, EP, EM, ES, J2, Jl1)

ES(I),I=l,k  energy mesh-points in[eV].

ZWIN gives the values J2, Jl. These have the meaning: ES(J2),..
ES(JLl) cover the energy interval EP, EM,

Called by REMP, LMI, FXINT, WAHRS,

SUBROUTINE MASSIN (WORK, ENG)

MASSIN calculates the mass dependent quantities and places them in the
corresponding words of WORK /see Table 1./
Called by REMO.

SUBROUTINE INTEN (E, SG, SGNC, EA, ICOS)

INTEN interpolates the angular distribution in energy,
E is the energy for which the angular distribution is to be interpolated.

Called by LMI.

SUBROUTINE SMORN (PI, N, M1, IMAX, WORK)

SMORN normelizes the calculated elastic transfer matrixes in order
to get the transfer probabilities (8.3.)

PI(NM1, IMAX) the elastic transfer matrix.

Called by ISOFAL .

SUBROUTINE SEARCH (NFG, NFI, WORK, IWORK, I)

SEARCH organizes the output of <o >, <os>, <us> for the group .
Called by REMO.

SUBROUTINE SUCHM (NFG, NFI, IWORK, WORK, MOM, I, ENG)

SUCHM organizes the output of <o (E.»h)> for the group I.
i
Called by REMO
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FUNCTION IWO (N, IWORK)

IWO gives the value IWORK(N),

SUBROUTINE IWIN (L, N, IWORK)

IWIN performs the statement IWORK(L) = N,
In the future program is intended to generalize to the inelastic case.
The subroutines INRE, IMPE, EGRENZ serve for this purpose. For elastic

scattering calculation these have no any influence.

SUBROUTINE AKOR (BU, BL, L, A)

It calculates the integral in ( 8.9 ) for average cosine correction.
BU and BL are the c. of mass scattering angles corresponding to
uy and My respectively. L is the order of the moment, A is the mass
of the scatterer.

Called by LMI.



Table VIII

Control information in the
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array WPRK

Word Content Comment
1 Adress of EA/1/ Energy mesh points for angular distribution
2 Adress of XL/1/ Angle mesh points
3 Adress of SGNC/1/  Angular distributions
L I The number of just calculated group
5 Adress of SGN/1/ Elastic scattering or total cross-section
6 Adress of AMU/1/ Retrieved average cosine
7 Adress of ES/1/ Energy mesh points for cross—sections
8 ISEL
9 Adress of SG/1/ Work-field
10 Adress of TE/1/ Work-field
11 Adress of PER/1/ Work-field
12 Adress of SP/1/ Field for the storage of results
13 Adress of BUF/1/ Buffer-field for output
1h NG
15 NSP
16 NLA
17 NLE
18 IMAX Maximum group change+1
19 NIM
20 NUJM
21 ICcos Number of angle mesh points /now it is 21/
22 Address of the first free word of SP
23 KJ Control number of the anisotropy
2k NJ 2xxNJ+1 number of mesh points to be
required for angular integration
25 NDAT Number of cross section points
26 NIV Number of energy points for angular
distribution
27 ERR Error for integration procedure
28 A

29

((A+1)/(A=1))
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Word Content Comment
2

30 (A+1)%/2A
A+1.2

31 log (A1)

32 Q = -o.1

33 Address of T/1/ 8-bytes work-field

3k Adrress of PL/1/ 8-bytes work-field
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9. The calculation of average group cross sectionsfor infinite dilution
and of energy resonance self shielding factors from energy point

wise data in the resonance region., Module 3.

9.1 The flux weighted energy resonance self shielding factors are

calculated for capture, fission, elastic scattering

e B (B)
X 62) —_ X9 o
f 9 ( ) k@xﬂ (6‘0__) oo)

(9.1)

k = isotope
p'e = neutron reaction (n,x)
(n,e)= elastic scattering, (n,f)=fission,
(n,c)= total absorption - fission.
= energy group

o = back ground cross section in barns.

N
5, () F(E) \

/( .
(000 +Ee 52

F(E)
kﬁt(fi) + 60

is the microscopic effective cross section.
F(E) collision density

ot(E) is the microscopic total cross section.

Besides that, & flux weighted self shielding factor of the following

type is calculated:

X

(yery =1 | yeejae

AE
Al
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(9.3)

with

< ‘6. (£). () F(E) >

b, k- k5{ (E) +60
5@. et (B,)= (9.4)

6 + 0, /

ﬁe(E) = average cosine for elastic scattering

The current weighted resonance self shielding factors are calculated

for elastic scattering and for the total neutron cross section.

k K
4ff.a(50)— 15’:,9, (Bo) | (9.5)
16t,g (o)

k

?5 -k~é g
4fel‘3 (50) 4{ 6/1 }9 (6 )

— .
4{ o ;/kue}? (&,— =)

(9.6)
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<5f<e ).FE) \
K
fﬁt (6,) = %6*(E)+6 / (9.7)
E F(E)
< 6<E)+6 >
[ ace) “Tie) FE)\
\ { *E)H%}Z / . (9.8)

K noo , K .
5)(3:&::0 6;(‘9 o —_6'@9004 x,ﬁ

or

key o= By (e) Fee))
X _
¥ < P(E)>

for capture, fission, elastic scattering and the total neutron

(9.10)

reaction, and



{?gﬁ@}w__ <%&$)ﬁL(E»F<5Q

J

(9.11)

{F(E))

F(E) is a slowly varying weighting-function, normaly a collision

dens

ity.

9.2 The microscopic cross sections are taken from energy point wise

data on the KEDAK-library. The integrations are done by a

trapezoidal rule. As integration points the energy points of

the KEDAK-tables for Gt(E) and the group boundaries are used.

In the averages (9.8) and (9.11) the energy points of the
tables for ce(E) and ﬁe(E) are used. If they are tabulated at

different energies, they are linearly interpolated.

The weighting function is either interpolated from tables or

calculated by a function,

9.3 The calculations are performed in the subroutine

FSTRUK (MI, SIGO, NE, ENG, NFE, REFE, EFE, XINTE, ZA, XN, SE, XII,
7B, XI, MDIM, MDIMP, EMU, XMU, NER, NERP, SN, EN)

The following parameters must be defined:

MI
SIGO

NE
ENG

NFE
REFE

..

number of oo—values.

one-dimensional field containing the oo—values
[ barn 7.

number of group boundaries.

one-dimensional field containing the group
boundaries [ eV _/.

number of energy points of the weighting spectrum.

: one-dimensional field containing the energy points

of the weighting spectrum / eV /.
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EFE : one-dimensional field containing the weighting
function at the energy points of field REFE.

MDIM : length of working fields, should be larger
than the number of ﬁe—values on KEDAK within
one energy group.

NER ¢ length of working fields, should be larger than
the maximum number of values for Ogs Og» Op OB

f
KEDAK within one energy group.

Working fields:

XINTE (NE,4), ZA (MI, NE, 5), XN (NI, NE, 4), SE (MI, NE, 6), XII (NE),
ZB (MI, NE), XI (NE), EMU (MDIM), XMU (MDIM), SN (NER, 3), EN (NER, 3),

The following parameters are calculated in the subroutine:

MDIMP : o, if MDIM is large enough .
n, number, by which MDIM should be increased.
NERP : o, if NER is large enough .

n, number, by which NER should be increased.
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The calculation of group constants in the thermal group,Module 1o,

There is assumed, that the thermal energy range is covered by one
energy group. For the cross sections except the elastic scattering
cross section a 1/v-law, and for the weighting function a Maxwell
- distribution is assumed. So the thermal group cross sections are

defined as

k — Vi  k _
G'xlt}\ = 2 - Gx (0,0&.0\3 eV) ( 10.1.)
= isotope
X = neutron reaction (n,x) except (n,n) process
th = thermal

The thermal group cross sections are calculated by formula (lo.1.) for
all types x of neutron reactions. Furthermore the following group con-—
stants are calculated :

~ the average elastic scattering cross section

e

1
ka,th = 65, (00253 e V) ( 10.2.)

-~ the average cosine of the elastic scattering

k™~ k
Metn = My (0,053 V) ( 10.3.)

- the average number of secondary neutrons per fission

“Yen = “V(0,0853eV) (10.k.)

- the average o - value

»
Gy th

( 10.5.)
k@{»,th

kT, L
oL ¢n =

radiative capture

<
i

fission

H
i
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— the average n - value

— ke
ke Yen
Menw =—— ( 10.6.)
K
A+ ol ¢
lo.2. The following subroutine is necessary

THERM (NE, NTY, TYP)

The following parameters are defined by the control program.

NE : number of energy group limits,
NTY : number of cross section types.

TYP (NTY) : one-dimensional field containing the cross section types.
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11. The calculation of the average 1/v values.

Module8 .

11.1 The average 1/v values are defined as

| ?/;;—'F(E) JE

G;Z) __ (9 ( 11.1)
vy | Flede
(9)

11.2 The numerical integration is performed by the following formuls:

17}
;{ fii: ) EE(+4 _—fi"
)
=1

(11.2)

i
(j[) — C. [ =1 VEE? VE%+4
7 {F +F€+4}'3 E,'MME:'}

!
1
!

i : index for the integration points

E; : energy in [ e/

F. weighting function

n : number of integration pgints in group g.
c : constant = 7,229286 .10~/

If the weighting function is given pointwise, as integration points
the energy points of the weighting function are used. Therefore the

user must take care of the number of energy points.
If the weighting function is given in an analytic form, ten integration

points per groups, equidistant in energy, are used.

In the thermal group the 1/v value at 0,0253 is taken.

11.3 The following subroutine is used:

EDV (MM,A, NEF, XS, G, E, V, Y, NES, ES, F)
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The following parameters must be defined:

MM : number of group boundaries

A(MM) : group boundaries in [eW/.

NEF : number of energy points of the weighting function.
XS(NEF): energy points of the weighting function in [ eV /
G(NEF) : weighting function at the energy points XS (NEF)

NES : max ( 1o x number of groups boundaries, number of energy

points of the weighting function )

E(Mma), v( MM ), ¥Y( MM ), ES( NES ), F( NES )

one-dimensional working fields.
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12. The calculation of the fission spectrum. Module 7.

12,1 TFor the calculation of fission spectra the Watt formula is used.

/X(E}:- @(P{—:F}'@YV’{ 5} SIMA{—.—IZ:\/—I‘;E;} (12.1)

energy in MeV,
fragment kinetic energy per nucleon in MeV,

Watt fragment nuclear "temperature" in MeV.

The fission spectrum in energy group g is defined as

Y. — | v de (12.2)
J (9)
Eg upper group limit in MeV,
Eg+1 lower group limit in MeV,

Using formula (12.1) one gets

: _V/’,,F\/_:{&P<— ?{-4) &P( X?)"— ‘p)(/o ygw)
exp (- ﬁﬂ )} {efr{(x u)- erf (ng) (12.3)
+erf<%w/— et (3) ]

ng\/;ﬁlz?“/_f? J Xgm:\/%—?—l/’i?
=={/;Ei7:+\/? %M"\/TM* Tl
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12.2 The following subroutine is necessary:
SUBROUTINE SPALT (NE, ENG, X)
The following parameters are defined by the control program,

NE number of energy group limits,

ENG(NE) one-dimensional field containing the energy group limits

in[g V].

The following parameter is defined by the subroutine SPALT ,

X(NE) one-dimensional field containing the fission spectrum,
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Appendix I

A modified version of the formalism of Froelich /1/, /2/, for the calcu-
lation of energy resonance self shielding factors in the range of "sta-

tistical resonances"

To take into account overlapping of resonances of the same series, Froelich

makes the following assumption /2/, (formula 2.41a):

:?5fﬁeff .+— Oc ;f/ >> ;{’T’ oc ##/ (1)

b

This condition is not fulfilled in the case of strong overlapping, if the
resonances are higher than the background cross section So

a weaker condition will be used, namely

56}29107” +<g6c> 4» oc ’7"(7[/ >>
fr=i=r/

Expression 2.40 in /2/ can be modified to

p.eff’ Therefore

om}f’ <5 > } (2)

S S
e ox"#%/

s Sy Sp S ) .6 oc
e~ [6’)'@70,04— 6, +,6,,8 ] l:/] wg{);‘f ¢;/+ 65 Lf/]

T Toc

(3)

Using condition (2), expanding the second term of the denominator of (3)

and neglecting quadratic terms in

}"oc,’r" <5> , one gets
¥

in this appendix the same symbols as in /2/ are used.

*
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the following expression:

JEXO 1 5 6' iJ
! X i i 6> %4« oX <
'r'éloc 6, +Yoc 2 55 s
" §;§:i Jﬁj// } 60c nF.dH/}

-) L {ﬁgj

o

¥
+f&k}2

;) = Opepr +(6.)

The first and the third term of (U4) are the same as in expression (2.42)

in /2/, when o is replaced by <o, >.

p.eff t

To calculate the overlapping effect, the assumption is made:

s S
<0t> >> rOoc . rw (5)

This condition corresponds to the condition (2.50) and (2.51) in /2/.

With this condition, for the third term of (4) one gets the identically same
result as for the second term of (2.42) in /2/.

SBox 2160 | ¥ A ~°D 6 (0e) L& (6)
Yy {:5%}2 {g_@_ +5k}/}2 A\/ZW <5t>2

4 ~0C
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From condition (5), the following approximation for the denominator of the

second term of (4) can be deduced:

{gm) yﬂ B OC}Z {(5) °6 T} (1)

TOC

Then for the second term of (4) one gets

Now the first and the second term of (4) can be combined to

< > j 7“60)( STL}/ (9)
{4+<6}t> E oc i%;c +2y

and for this, one gets in the same manner as for the first term of (2,L42)

in /4/ the following expression.

{7 L (o) } % 7 (58,°%0) o

Doy 2dy

where now "B is given by

sﬂ___igﬁ (11)

oc
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So for the effective microscopic cross section one gets the modified

result

. <5> Dos2d, AP 6"
5 (E):sﬁ,eﬁy ( 12)
" i 7 /[ <56c> (Sﬂf@) +55'<56c>2 e
R AV { 6,)

W@c} D) _DEBICED.

for capture and fission, and

1466 °T T8 DB
) (6w 5_5 AT {6;}2

S
a9

{E}: ( 13 )

F'«ejcf/l E} <55C>1 FD(SIQS@} sD. <$6’ )Q,
RGN AW<6>1

for the total resonance cross section.

A1l symbols have the same meaning as in /2/, formula (2.68), except

S
5/3= <6,f> instead of 67"‘9FF
*8, 0,
(3 c
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Appendix II

An approximate calculation of current weighted resonance self shielding factors

from statistical resonance parameters.
1. Introduction

For the calculation of resonance self shielding factors from statistical
resonance parameters a formalism /3/, first developed by R. Froelich in
his paper on Doppler theory /2/, was used in the first version of MIGROS,
which did not allow the calculation of current weighted self shielding
factors. An approximation is proposed, which allows to use the modified
formalism for flux weighted self shielding factors of Froelich, given in

Appendix I, also for current weighted self shielding factors.

The flux weighted f-factor for the neutrons reaction (n,x) in the energy

group g for a resonance isotope may be written as

The AEj are energy intervals in the group g, ¢j is a weighting function,

constant over AEj'

Ox (E) 1

6, (E o
Oy (E)= ! )/]+5 (2)

'3

51L(E)+5o

is the effective cross section in the energy interval AE around E for

the neutron reaction (n,x) for the resonance isotope.

ERCICRE. U(g)on:
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E; (E)Inicroscopic cross section of the resonance isotope for the

neutron reaction (n,x
6&(57 microscoplic total cross section of the resonance isotope.

650 total back ground cress section per resonance atom.
o0
T = E)>
B2 (e)— { By
'
is the average cross section in AE around E. The relation

O,o (E)= Lim By, 5 (E) ()

X,g 6%7%129
means that for infinite dilution of the resonance isotope the effec-
tive cross section is the same as the average cross section. The
interval AE is assumed to be so large that many resonances are in it.
There is no problem in calculating the average cross section
from statistical resonance parametersl 2|, l3|,l hl. However, it is
not so easy to calculate the effective cross section becsuse of the
overlapping of the resonances. The effective cross section

is composed of the contributions of the single resonances sgeries s

S
5)(% (E} ::} 5)(3 <E) for capture and fission
{ S [} (
5)
s - .
5}/9 (E) :g 6;:,? (f:/ + 5P for the total cross section

2

(E)is the total resonance cross section of series s

/? (o

= compound, not capture)

°B, (E)

*0,(E) +52::/6C (E) +65 + 0, ©

4 )
6,(8)+ ) BE) + B+ 6, |

S'#g

555(,(3 (E) =
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S
fz;(EZ) is the resonance part of the total cross section of series s.

65 potential cross section

P

R. Froelich showed that under the assumption that

[*6.(e) = (BLcer)y |
S5 7 K 1 (1)
b+ 6, +°6,(e)+.26_(€)

5%s

at the resonances of series s, the effective cross section of

series s can be approximated by

°6, (E) >
°6_(£) t);s COE)) +6, + 6,

B, (E)=

19
1
5(56(5)+g {*6.(€)) +6V7>+ 60>

This approximation is correct up to quadratic terms of expres-

sion (7).
Introducing
s y
Bpetr = 6, + 67) +§ <SOZ(E)> (9)
S/FS

one gets

< By E)

s S EE Y
Og(El= OulE) + "Gt / ' (10)

(R

566(5) '1“5613/9#/
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or in a slightly different form

By (E) >
s Y *6.(E) + 65, 0ff
= Vpesr” 1_< K. ()
*6.(E) + 6 epr

This microscopic cross section of the series s is composed of
the contributions of all resonances r of this series in the
interval AE (if AE contains enough resonances, contributions

from outside may be neglected).

v r

"By (E)
< SQY(E}—PZSSY(E eF{‘ "

C

7 }/ 5(: (E)
[ \36“(5)+H§:6g’(5) ﬁéﬁple/}ﬂ /

Replacing the sum of all resonances by the statistical average
times the average number of resonances in the interval AE, the modified
formalism of Froelich, given in appendix I, approximates expression (11)

by

{ 6. 1 (8%) DB <‘6Z>
[ s 6; D cos C{ V_ﬁ éy
5:(3(E)= b LD ces2dy, it < > (13)

. Peff 2
&Y TI08O)  Sp-Chey”
7{7 @] T T abrdG)
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for x = fission, capture

1, S8 TIB8) DB
s <6t> SD AW<6;>1
6;,3 (E)= 5,9FFJ
7{ <56>} r.J /559+ SD-(*0cp”
&) D Al (6 )*

W

&

for the total resonance cross section.

r; width for the neutron reaction (n,X)
[T total width
U(/g, Q) J-function |5]
[
O= —
' yaY

Doppler width |5|

A
(§L scattering phase shift
g O¢)
6,0c
fy total resonance cross section in the peak of the

resonance

>4

average level distance

) = || (5.7) ERLE(R)IT o7
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ﬁ;<[74) distribution of neutron width

F% ({%) distribution of fission width
_ D1
f=2 Jepf- L {0 w)dp

()(D)  aistribution for level distance.

s qu 2 ‘Sfj ?
RS s

_gjz.:kz.g .Efi;.(:os ZCJl

o
ko)
I

5D

S &y
<6f> — 5]”#‘31"7p * <Sc>
a- neutron wave length
E} statistical parameter

The second term in the numerator and the third term in the denominator
in (13), (14) are correction terms for overlapping of the resonances.

They vanish for separated resonances.

The approximation of R. Froelich for the expression (12) is only

valid, if the condition

Bper +CEY + 67 (E) )| VB - (B >l (15)
Tt

ig fulfilled in the range of the resonance r.
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2. The extension of the formalism of Froelich to current weighted

resonance self shielding factors.

The current weighted total f-factor may be written as

) b8y, (5)2E

04(E)

2
5,, (61 { @(E): 6, |

[ B,()+6,}"

1

is the effective current weighted cross section in the energy

interval AE around E for the total neutron reaction of the

resonance isotope.

The effective total cross section may be composed of several

resonance series s

75% (E)=;455c,9 (E)+ 0, (18)
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width

°6. (] \
{6, (E)+ L °0.(5)+ 6, + B, 1/

g
3 y \
[6.(6)+) “6.(E)+6,+ 6,17/

Sks

The numerator of (19) can also be written as

"6.(E)

DICAGEEACG RS
{5@*;/; 5(E)>+5+6S {Hﬁ +6,+°6,(8)+) (b )}

S4S

Neglecting quadratic terms of

IRACRGIGN

5'%s
in the second bracket, using condition (7) and expression (9),

one gets

/ S5°(E) \ 7. °6.(E) 'S;S {SBC(E)"<SI5C(E)>}
\ {uE) Bt/ 6.5 )+ epp } 2

Because the resonances, which belong to different series, are not

correlated, the second term may be written as

S CEE) > 2, LB E- (B
[6(6) +°6,00 17/ \ {°6(E)+°8 PQF;}B
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The second term is identically zero.

The same can be done for the denominator of (19), so that one gets

"B.(E)
{S5C(E} + 5573,21"%"}2

[ 1 >
\ {ELE) +Bperr]”

(20)

4€E13 <E£}:::

To calculate the current weighted effective cross section (20),
one can use the formalism of Froelich described in chapter I, if

the following condition is fulfilled:

BL(E)-(O(E)) \ < §<S/5€(E)> + 6.+ 6, (21)

The numerator of (20) may be written as

/ b.(E) >
MIBLE) (o)) +[ B +{EE)]L

Using condition (21) and neglecting quadratic terms in

6,08 - (BL(E) ) |

one gets

1 | *6..(E) \
2%, (6.6 ] \BLE1+0S 5,00 ~CBLEN)] ]
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For the denominator of (20), one gets

1 1 |
Z '{S@,BFF+<55C (E)>§ SG;(E) +05 {SbjPleFF - <S56<E) >}

Therefore, under condition (21) the current weighted effective
cross section can be approximated by a flux weighted effective

cross section of the form (11)

*6,.(E)
s P S5C(E) +35%e
0. () =Fer 55’?; f

S Spe¥
Ei:(EJ + T%QFT

(22a)

and

S X

SPI‘?FF — o5 {5673,9,%“ — <IS©2(E)) g (22b)

Now the formalism of Froelich can be used yielding the result

3 S/ X
(14), where €%ne%f is replaced by 6%%8{% .
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3. Limits of the approximation

The 1limits of this approximation are given by condition (21)
s
and the modified condition (15), when 6P/3Ff is replaced by

55* .
Tﬁeﬁ? . Condition (15) then takes the form

55/73’9# + <55O(E)> +560r(5) >> 255;/(5)__ <55C> (23)

Z v

Equation (23) is certainly fulfilled for separated resonances,

as long as

Bt > CELIES) "

Equation (24) can also be written as

s

* (25)
B > O |

This condition is necessary, because (22&) is not defined for
. St . . .
negative 6i?ﬁ¥¥ . For strong overlapping, condition (23) is

more sensible than condition (15).

In the energy range of "statistical resonances" condition (21)
cannot be proved. To get some information on the influence of
condition (21) on the approximation (22), some calculations in
the region of resolved resonance parameters can be done. The
flux weighted and the current weighted effective cross sections

(10) and (20) may be calculated for a certain energy interval
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exactly. In the resolved resonance region it is not necessary to
distinguish the single resonance series., Then one gets for the

total resonance cross section in the energy group g

< 0. (g) >
6.(E) + B,
6019 < 50%) - ( ) pieff (26a)

1
6 () + 6};,#

5. (g) >
2
Deq (0, )= {6°<E) i 6P'Q’UF} (26b)
:g 7
2
[ 6.E)+ 6 pep )

b

Pieff = €§P + 6X9 (26¢)

5;":7070 = 0‘5'{ 6p,e7f,f' - <6C (E)>} (264)

B 5;;{%_57): 051 6,-( OVP+<60(E)>)§ (26e)

The averages { > are performed over the energy group g.

For the corresponding resonance self shielding factors one gets

boo (6F) + 6B
50* — '20 ° lid (27a)
ty (& Oy + 05
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and

g (1) =2 O (Bl £ O

5;; + 573

(27Dp)

neglecting the macroscopic weighting.

In fig. 1 and fig. 2 the relative errors of the approximated
effective resonance cross section and the approximated total
resonance self shielding factor for U 235 in the energy range
from 50 eV to 100 eV for several temperatures are plotted.

As can be seen from these figures, the errors of the total
resonance self shielding factors are smaller than those of

the effective resonance cross sections because of the contri-
bution of the potential cross section. The lowest Eij—value,

for which the approximation can be used is given by condition
(24). The average resonance cross section for this example is
(6i(5&>= 49,9 barns; the potential cross section isé%==10,3
barns. So the lowest possible background cross section is

= 39,6 barns. This restriction of the approximation to €B-values
greater than 50 barns is unimportant, because the Eso—values

that correspond to the concentration of U 235 in reactors are

in the range of several hundred barns. From fig. 1 one can see
that for 6;fvalues greater than 500 barns the approximation is
better than 1 % for all three temperatures. Since with in-
creasing energy the resonances become smaller and the overlapping
becomes more important, one can expect, that in the range of the
unresolved resonances, condition (21) is fulfilled better than in
the resolved resonance region. Therefore the errors of the approxi-
mation should be smaller than in fig. 1.

In fig. 3 and fig. 4 the same results for U 238 in the energy
range form 2 keV to 3,3, keV are plotted. In contrast to U 235
the errors of the approximation for the effective resonance

cross section (fig. 3) of U 238 are much larger, because of the
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higher resonances. On the other hand, the effective rescnance

cross section U 238 is smaller than the potential cross section,

so that the errors in the total resonance self shielding factors
are much smaller. In fig. 4 one can see that the errors are smaller
than 2 - 3 % in the whole range of ES . The average resonance

cross section for this example is <'6E(57):5,9 barns, the potential
cross section is 6%,= 10,7 barns, so that condition (24) can be

fulfilled for all C%—values.
Conclusions

From calculations in the resolved resonance region one can draw
the conclusion that the proposed approximation for the current
weighted total resonance self shielding factors yields results
with relative errors of a few percent. This is sufficient for

reactor calculations.
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Appendix IITI  Method of integration /Romberg procedure/

The Romberg method which has been used for numerical integration
is briefly the following.

Let us have a function f (x) and the integral

b
I= | dxfix) (1)

is to be calculated,
First an equidistant mesh with 2241 mesh points / including the
end points of the interval I 2,b |/ are taken and the sum

I,=105 [fl)+f(b)] +h22m76 (xk”)} ax, (2)
=1

is calculated, where

bea n )
AXM:“?* ;X =a+ kX, [ k=7 -2 L7 )
Evidently , M+j// |
- nt
Io,m+4 = 05 Iy, + A X, i Z 7C (X/( ) (3)
b=1,3, -

where

\ 1 3 »
/ A;1+4 = J5 A X14 ) /kk — d + k 41,X14+4 (zkﬁvf:i.{ ]

The second summation is taken over the new mesh points of the
higher order mesh.
Let us take the expression
e
I _ 2 'I(/y]——-”’l/l _Im-4, h—"1 (L)
mn = 2?2471 -

It is easy to prove that the deviation of Ty, from I ig of the

order (AXn)m i.e. Inn is the best approximation for the given n.

The Imn form a triangular matrix.
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I

[e]e]

I01 I11

Ton-1 Tin=1000** Tnoin-1

I I seees L I
on 1n n-1n nn

The programming of the method is quite straightforward. A row
of the above matpix is always to be stored and by means of the formu-
la (3), (4) the next row can be determined. The process is finished

if the quantity

Iy)lm - Im~4"n-4

I

nmn

{ &

where € 1s the required accuracy.
The following should be noted.

1. Only one € /ERR/ is given. This used for the energy integration.

For the angular integration &/10 is prescribed.

2. Some of the higher moments are very small as far as heavier elements
are concerned. In order to avoid a "bad" convergence, the energy
integration process for the moment in question is finished when

T |<1071°
nn

3. In order to avoid a vaste of computing time the integration will
be finished if n reaches s maximal value / for energy integration
NUJM, for angle integration NJM /. Reaching these values in the course
integration an error message will be generated and the calculation
is continued. From the error message the user can decide whether the

results are acceptable.
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Appendix IV The subintervals in the angular integration

The integrand of (8.5) is a product of two functions. In order
to save computing time the actual behaciour of these functions.

in the integration interval [ui, ui+1] should be taken into account.

a) The polynomiala(t(u)) has n zeros.E.g. let us assume that

two zeros are in the interval Iui, u and

i+1I
then the integration interval is divided into

i1 "
three subinterval: [ui, u'] s [p‘,u ] s EJ > ui+11,

/%’ /ﬁ‘ However sometimes it occurs that the intervals
1 "

%= | (uy, u ) or (u sM;4q) are too small. This

/U; Wi can give rise to difficulties in the Romberg

integration method. Therefore the width of
the extreme intervals are investigated and if one of them is less than
"
a given limit ( now this limit is [u —u'|/10 ) then it will be joined

with the next one.

b) The function y(u ) has often shown a "nasty" character. This "nasty"
character can already be detected at the normalization of angular dis-
tribution: N passes beyond NJM. If in a energy group a '"nasty"
charakter is detegted then the integration interval is divided into
subintervals defined by the angle point of the angular distribution

given in the nuclear data file.






Appendix V. Sample problem

1. Job-Control Cards

JO8 ORIGIN FROM LOCAL DEVICE=RD2 yU2Ce

J/ZINRGLITMI J0B (LC1749101yPOMIB) yKRIEG,CLASS=A,TIME=13 yREGTION=344K
// EXEC PGM=MIGROS2,PARM=LT0w

//STEPLIB DD DSN=LOADNUSYS,VOL=SER=NUSICE,UNIT=3339,DISP=35HR
//7FTCBFLUGL DD UNIT=SYSOA,SPACE=(TRK, 1)

//FTU6FGGL DD SYSCUT=A,

// DCB=(RECFM=FBA,LRECL=133,BLKSIZE=931),5PACE=(TRK,25)
//FTOULF3GL DD UNIT=2314,VOL=SER=HUSY S5 3DSN=KNDF,DISP=SHR
//FTU3FCOL1 DD UNIT=SYSDA,SPACE={TRK,20)

//7ETIGFIG1 DD UNIT=SYSDASPACTE=(TRK s 2¢4)

//ETGS5FGOL DD %

/7

2. Input

OO O 3 00 FE N RO R SRR S Y B e 3R OR RO

AU 2352 1

ABLOCa 4

7 11818 2 14 14 4 14 14 5 53 7251 825 1 1u 26 26
BENDE 2 17

A0 162 O
aBLOCa 4
5 34 4 633 61212 933 912 12
aENDED 17
dENDEa 18

On the following pages the output of the results is given. Besides the
output of the results for every MIGROS-2-job, a German input—-description
with an input sample and the print out of the actual input is provided.

It has been omitted here.



STAND DER KERNDATENRIBLINTHEK VOM

PROGRAMM KENNZIFFER 1

PROGRAMM

SIGMA O

Ue v

0. 10000000E
0.16600000¢E
0.10000000E
0. 10000000E
0. 10000000E
0. 10000000E

v

04
05
06
o7

SIGMA 9

0.0

0., 1J000000E
0. 100G000GE
Qe LOGJUI0UE
0. 10000000E
0.10000000€
0., L0000000E

02
03
24
05
06
07

SIGMA O

0.0

0. LUOUUI00E
0. 10000000E
0. 10000000E
0, 10000000E
0. 10000000E
0. 10000000F

MATERIAL
U 235

SIGMA G
Fe23¢L 4425F

FG

Te4195332 0
ve 43846950
0.71442896F
0.93719780E
0,99270153¢E
0099930418E
(e99991238E

MATERTAL
U 235

STIGMA G
Vel2994293¢

FG

0.51503837¢
0.58327061E
Te 18867932E
0.95903468E
04995433758
0699956995
0.99995285E

MATERIAL
U 235

SIGMA G
02294724 5E

FG

0.60038620E
0.66217357E
0+ 839486T2E
0.S7122353E
0.99685490E
0.99969882E
GaG99G56769E

158571

TEMPERATUR GRUPPE
300109 18
SIGMA N
02 0.12802895E G2
FN
T{ 0e494163764E 00
fw we 24 T83T56E O
00 U.96913391E G0
00 0.99258685E 00
G0  0.99910563E 8¢
00 0.99990535E 00
00 0.99999189E ¢&
TEMPERATUR GRUPPE
910, 00 18
SIGMA N
w2  ~el2827TBTNE 02
EN
00  W.95064503F GO
00 G.95673221FE 0OC
30 0e97656202E 00
G0 U.9951C0I8E €O
0 0.99943763E 00
L Ue999938BTIE QU
00  J.99999326E 00
TEMPERATUR GRUPPE
2160.00 18
SIGMA N
02 0e.12792241E {2
FN
00 0,95793915E (0
30 D 96402717E OC
00  U0.98195404E 06
U0  U.99655139E G
00 $.99961168E 090
Q0  $.99995881F QU
09 (+S$9999511E Oh

GRENZE
Jea4650E 02

SIGMA F
0.28783478E

FF

0.43603367E
o 50455952E
Ue72282106E
0.93785942E
0e99279%928E
0699939227E
0.99992269¢

GRENZE
G.4650E 02

SIGMA F
$e28795914E

FF

Je52545T762E
0.59176672€
0.78884345E
0e95769149E
0.99527752E
00 99959248E
0499993795E

GRENZE
J.4650E 02

SIGMA F
0.28690109E

FF

0.60191C47TE
8.66151232F
(e83347678E
0.96887636E
0.99658G518E
0.99969935E
6 99995691E

N

Ue 1GGUE U3

SIGMAN1
62 0.12802895E
FN1
00 0.92344695E
00 0,92906642F
30 0.$5165300E
00 0.98616427E
09 0499824953E
00 0.96981219E
30 0.99998176E
N
8.1000E 03
SIGMANL
02 0.1280457T0E
FN1
80 0.,92998606E
00 0.93649042E
QD 0960 75338E
U 0.99061841F
U0 0e55889314E
¢ 0.99988109¢E
00 0.99998796E
N
Je LGLOE ©3

02

il
Bl
o0
e
50
Gy
G0

SIGMANIL
0e12792241E

FN1

0093366927E
Ue94240G1T1E
Ue96827495E
(.99331534E
(e99923521¢%
0.55991757E
0e99999112E

02

00
a9
Gy
0a
O
00
o

32

20
00
Gu
¥4
a4}
GO
oG

g2

00
06
0o
U
Ut
0
o

SICMAT]
J+64590790F

FT1

0.36386023¢E
Ue41785538E
0.62696862E
0.90250689E
0.98BC8B6TOE
0.9SB76S16E
0.95987227¢

SIGMAT1
D.64590775E

FT1

Je41661143E
0,48082E7GE
0. T0187891E
0693352538k
$o53223168E
0699922240F
0.95991435E

SIGMAT]
Ue 64425550E

FT1

0s47556300F
0.54420239E
075921273E
0.95158843E
0e99457383F
Ce 55944 T64E
1e9G994034C

ZUR BERECHNUNG VOM RESONANZSELBSTABSCHIRMFAKTOREN VON AUFGELOESTEN RESONANZPARAMETERN

02

00
00
00
o
oo
00
bl

92

BV
GO
00
D)
ow
00

02

(834}
G
00
4] {;
o

36



PROGRAMM KENNZIFFER 2
PROGRAMM ZUR BERECHNUNG VOMN RESONANZSEL 8STABSCHIRMFAKTOREN VON STATISTISCHEN RESONANZPARAMETERN

SIGMA O

0.0

0, 1000C000E
0.10000000E
0. 10000000E
0.10000000E
0. 10000000E
0, 1000G000E

SIGMA O

0.0
0,10000000E

0. 10000000E

0. 10000000E
0. 1000000C0¢E
0. 10000000E
0. 10000000E

SIGMA O

0.0

0., 100Q00000E
0. 10000000E
0. 10000000E
0. 10000000E
0, 100000COE
0.10000000E

02
03
04
05
06
a7

02
03
04
05

o7

MATERTIAL TEMPERATUR GRUPPE GRENZEN
U 235 300,00 14 UL1000E 04 0.2150F
SIGMA G SIGMA N SIGMA F
$e33934994E U1 0.12306777E 92 0.74021378E (1
FG FN FF
C.T7354968E 00 (€.98292530E 00 0D,77513117€ 00
0s84917933E DC U.98786384FE 00 (.85143816FE (U
0.95035458E 00 0.99311745E 00 0. %48991C6E U0
0.99418187E 00 0.99908733E 00 0.99393761E Q0
0099942076E 30  0.99990880E 00 3.99939656E J0
0699994653E 00 0.99999177E 00 0.99994475E Q0
0. 100CCO00E 01 e LOUGUODOE 81 9. 100CCJ0CE C1
MATERIAL TEMPERATUR GRUPPE GRENZEN
U 235 900.C0 14 0.1000€ U4 (.2150E
SIGMA G SIGMA N SIGMA F
0e33934994E 01 U.12306777E 02 0.74C21378E 01
FG FN FF
0080794090E 00 0098593742E 00 0.80581999E 00
0.87867934E U0 0.99032903E 03 0D.87774932E U
0o9676B624E 00 0.99529058E 00 0,96637660E 00
0099666643E DU 009994 7429E 00 (.99652636E w0
0199966973E 00 {$.,99994755E 00 0999656025 90
0.99996924FE 00 0099999493E 00 0.99996859E 30
0o LUCVCOOJE U1 0, 10000G00E 41 U 1OCOOUGULE 41
MATERIAL TEMPERATUR GRUPPE GRENZEN
U 235 2100.Cy 14 G.1000E €4 G.2153E
SIGMA 6 SIGMA N SIGMA F
06 33934994E Ul D.123U6TTTE J2 LeT4U21378E il
FG FN FF
0e83612275E JU %e98812699E U0 (.8328LG133F (u
00896821265 U0 U.99UB2ULITE €O (.85438U51% U0
0.97812480E 00 Ve99687904E CO Qe97724724E i
Ge9FTBOT26E O (e99965549E Q0 $.9STT147GF wd
0e99978393E J0 (.99996555E 00 0.939977404E 00
0059937985E O 0e99999696E DU 0.99997896E LU
0o 10UUUOO0E 01 Q. 100UDGUIE 01 D 1LUNU00UE 01

04

SIGMAN1

Ge12306777E 02

FN1

00 96743643E
0e9765365TE
80G9301809E
0.39815631E
0.99981672E
0.99998331¢E
0+ 100GO00GE

Lé

SIGMAN1

v

00
GG
30
00
gl

0e123C6777E 02

FNL

0.96952617E
0,97942162E
0.99207813E
0.99893630E
0.95989378E
$e9G998987E
O 1GCODNUOE

34

SIGMANL

FN1

0e97210991E
Ue58215550E
0e96318576E
De9993( 209E
0099993122E
Je59999368E
0e 10GOCODLE

TCel2306777E G2

o0

[$18]
(1]
00
193¢

o1

SIGMATL

Ue23102356E 02

FT1

00 74214095E
U.83018833E
0e96027339E
0.938331576E
0096934429¢
0096993GT4E
Ve 1LLLOGOAE

SIGMAT]

00
8141
00
40
6o
00

01

0623102356E 02

FT1

Ve 7525466 7E
0.84590864F
0696425621F
0.99615276¢€
0099962395E
0e95996555¢E
0. 1CUG0O0NDE

SIGMATL

FT1

0. T6919627E
0e86282295E
0.97125792E
0e997460DT2E
0.99975389€
0299997759€
Qe 1CGCHGENE

a1
[s 13}

00

0o
06
80
01

Le23102356E (2

23
09
[s18}

93
Ul

€A



PROGRAMM KENNZIFFER 4
PROGRAMM ZUR BERECHNUNG

U 235 MUEL GRUPPE
0.27999950€E-22

U 235 Nu: GRUPPE
0.24301538E 01

U 235 SGA GRUPPE
0.10692280F 02

U 235 SGF GRUPPE
D.75102386E {1

U 235 SGC GRUPPE
0,31820412E Q1

U 235 S6I GRUPPE
0.0

U 235 SGN GRUPPE
0.12046540E 22

U 235 SG2N GRUPPE
0.0

PROGRAMM KENNZIFFER 5
PROGRAMM ZUR BERECHNUNG

PRCBSGI

2 u 235 3

VON GRUPPENWIRKUNGSQUERSCHNITTEN BEI

14 BIS 14

14

14

14

14

14

14

BIS

BIS

BIS

BIS

BIS

BIS

BIS

14

14

14

14

14

14

14

INELASTISCHER STREUMATRIZEN

5 6
5 0e279D £ 0,524D 3
16 17
0.132D-06 0,281D0-07
4 5
4 Qe552D-01 (382D 99
15 15
De133D-0U5 (,.288D-u6
26
Ue785D-13
3 &
3 06175D-02 0.453D-01
14 15

0.213D-04 0,4620-05

26

Ue101D-11 £.274D-12

7
Velb6TD Qv
18
Co608D-28
b
V399D Ul
17
Le615D-37

5
Lel32D Ou
16
CelOCD-I5

8
$e2230=01
1s
0.132D-08
7
Uell3D OC
18
Cel33D-27
é
Le361D i
17

Ue214D~C6

9
{e562D-52
29
Ce281D-0U9
8
Ce366D-01
19
0.289D-38
7
Uo248D X
18
Do464D-07

10
Ge12TD-02
21
Ue6:38D-10
9
Jo1110-C1
20
De6150-:9
8
CelTED Ly
19

0.1010-C7

UNENDLICHER VERDUSNNUNG

11
Le276D-U3
22
{el32D-12
1¢
0, 271D0-02
21
ve 133D-59

9
ve 357041
20
J0215D-CE

12
(166133024

23
Je2810-11

Le286D-14

1C
7e8910=1.2

21
Ce464D—39

13
e, 131D-G4
24
3.608D-12
12
0e1310-03
23
De6150-11

11
:e2023D=1:2

22
161010129

14
0,281D-65

12
De452D-03

23
Ne2150-116

15
0o 6080-06
26
Ce3590-13
14
0.6120-G5
25
0.2890~12

13
G.987D-04%

24
Go%464C~11

A



PROGRAMM KENNZIFFER 7

PROGRAMM ZUR BERECHNUNG DES SPALTSPEKTRUMS

U 235 EINFALLSENERGIEZ = 0.0
CHI ©

0.107G3186E~U9 $.3231817T0E-49

0.31199102E-06 (.$8313831E-06

0e97276270E-03 o3U0689863E-32

0626991755E €0 (.18339217E O

PROGRAMM KENNZIFFER 8
PROGRAMM ZUR BERECHNUNG DES 1/V-

GRUPPE 1/7v
1 $e25519209E~(9
2 0632105696E-09
3 0.40761239E-C9
4 0653069216E-09
5 Ge 70539552E-09
6 Ue96682840E-09
7 0.13673027E-08
8 0.,19336588E-C8
9 0o27883824E~(8

10 Ue409534455~08
11 0o 60131669E~C8
12 0.38176435E~08
13 0e12950633E-¢7
14 Ce19015328E-47
15 0.27883853E-L7
16 0640953452E~C7
17 Be60131697E-47
i8 088176307507
19 0el12950636E-06
290 Ue19015351E~-06
21 0.27883834E-06
22 Ue40953523E-06
23 0.601317145-06
24 0o38176398E-C6
25 0o12950613E~-L5
26 G.4U279137E-C5

VON GRUPPE 25 BIS

30999624835-U9
0e31392656E-05
Je93898997E-32
Ue38322520E-01

Ue31642213E-uU8
0e98584596E-05
9.238811265=01
0615635300E-01

GRUPPENMITTELWERTES

1

Ue98985815E-u8 ©Do31139621E-07 Ge99362353E-07
Ge31055373E-U4 UeSGL620TEE~C4 (03193686 CE-G3
Lo6102807T4E-0U1 5014057308 00 4.20230573E 00

PRCGRAMM KENNZIFFER 10
PROGRAMFM ZUK BERECHNUNG CER THERMISCHEN CUERSCENITTE

u 235 MUEL 26
0.28400000E-02

U 235 NUE 26
0.24299594E 01

U 235 SGA 26
0.60553198E 03

U 235 SGF 2¢é
0.51578394E 03

U 235 SGC 2€
0.85748047E 02

U 235 SGI 2€
0.0

U 235 SGN 2¢€

0.16599591€ 02

U 235 SG2N 2¢é
0.0

S A



PROGRAMM KENNZIFFER 3

PROGRAMM ZUR BERECHNUNG VON

*¥EWARNING 3.

5

-
s

IN THE ENERGY GROUP

4 THE SELFSHIELDING FACTORS ARE SET TO 1,

FOUND ON KEDAK FOR THIS GROUP ALL ARE ZEROD

RESONAMZSEL BSTABSCHIRMFAKTOREN VON PUNKTWEISE GEGEBENEN WIRKUNGSQUERSCHNITTEN

BECAUSE THE CROSS SECTIONS

0 16 GRUPPE = 4 GRUPPENGRENZEN 0. 140GC0C0E 7  0025030US0E Q7
SIGMA A SIGMA N SIGMA N1 SIGMA N1 SIGMA T1
0.0 Ve17582741E 01 Co19G87684E G (e 19UBT684E GO 0e175827C3E 01
SIG0 FA FN FNO1 FN1 FT1

C.0 0. 10G0000CE 01 0.8105C962E 00 0.95290893E 00 069199947T1E CC 0.59960687E 09
0.10000000E 02 U0 10090006E 01 0.97468221E 0O 0.98883152F C¢ Ce.97875798E U 02550771158 GG
0. 10000000E 03 Q. 10000000 21 $299691004E 00 02998644365 DG 0e99722087E (O £.99385238E 0OC
0. 10000000E 04 0.1C000000E C1 0.99968928E CO 0.999864TUE LU ©.999T1133E DU G+ G99369T74E 0N
0.1000C000E 05 T, 10000000E 21 D6 99997497E D0 £e99999422E {£C 0.99997669E CC £99994141E G0
0. 10000C00E 06 G 100500000 01 0e10000029E 01 0.10000010E C1 Ce10000048E 01 0.10000028E 01
0. 10000060CE 07 Go 1C000000E 01 D, 1009CO00E 01 Co 138020008 Q21 Uo100UCOGUE 01 Go10-000000E 91

PROGRAMM KENNZIFFER 6
PROGRAMM ZUR BERECHNUNG SLASTISCHER STREUMATRIZEN

*%xEWARNING NDFe 2 ¢ THE FURTHER NAME
INCLUDED IN THE KEDAK LIBRARY FOR O

J.15830016E 08 IS GREATER THAN THE GREATEST FURTHER NAME

16 SGNC

*x&WARNING NDFo. 2 : THE FURTHER NAME
INCLUDED IN THE KEDAK LIBRARY FOR O

0015830016E ¢8 IS GREATER THAN THE GREATEST FURTHER NAME

16 SGNC

*&XMESSAGE 601 3 WARNING NDFe. 2 MAY BE IGNORED

PROGRAMM KENNZIFFER 6
PROGRAMM ZUR BERECHNUNG ELASTISCHER STREUMATRIZEN

Je15830016E U8 IS GREATER THAN THE GREATEST FURTFER NAME
SGNC

#xxWARNING NDF.
INCLUDED IN THE

2 : THE FURTHER NAMEZ

KEDAK LIBRARY FOR 3 16

*%xXWARNING NDF.
INCLUDED IN THE

2 : THZ FURTHER NAME
KEDAK LIBRARY FOR O

QJe15830016E ©8 IS GREATER THAN THE GREATEST FURTHER NAME

16 SGNC

*%kMESSAGE 6.1 = WARNING NDF. 2 MAY 3E IGNORED

9 A



SGNCO

3. GRUPPE
0.8837¢
D.11629

SGNC1

3.GRUPPE
0029687
~0.02758

SGNC2

3. GRUPPE
D.19188
000078

SGNC3

3 GRUPPE
0.085G7
-J.00520

SGNC4

3eGRUPPE
0.01674
-G.0u050

SGNC5

3.GRUPPE
-0.00131
0.00036

ELASTISCHE STREUMATRIX

ELASTISCHE STREUMATRIX

ELASTISCHE STREUMATRIX

ELASTISCHE STREUMATRIX

ELASTISCHE STREUMATRIX

ELASTISCHE STREUMATRIX

O« ORDNUNG FUER O

l. ORDNUNG FUER O

2+ ORDNUNG FUER O

3. ORDNUNG FUER O

4o ORDNUNG FUER O

5. ORDNUNG FUER O

16

16

16

16

16

16

LA



ERLAZUTERUNG

L-TE ORDNUNG,s G-TE GRUPPE, I-TE ZEILE: MATRIXELEMENT L-TER CRONUNG
FUER STREZUUNG AUS DER G-TEN GRUPPE IN DIE (G+I-1)-TE GRUPPE, BEZIOGEN
AUF DEN TOTALEN ELASTISCHEN QUERSCHNITT (TOTALES D.MOMENT) DER

G-TEN GRUPPE

MAKROWICHTUNSG

ALLE MOMENTE WIE DAS $o MOMENT MIT
F{U,E) (STANDARD F(O,E) = 1/E)

MIKROWICHTUNG (FEINSTRUKTUR)

ALLE MCMENTE MIT FS{0,E) =1
(KEINE FEINSTRUKTURWICHTUNG)

TOTALE ELASTISCHE STREUQUERSCHNITTE SGN UND STREUKQSINUS MUEL FUER O 16

3. GRUPPE
2oU4UE GU
2. 693E-01

ERLAEUTERUNG
G-TE GRUPPE, 1. ZEILE: TOTALER ELASTISCHER QUERSCHNITT DER G-TEN

GRUPPE
G-TE GRUPPE,s 2, ZEILE: MITTLERER STREUKCSINUS DER G-TEN GRUPPE

PROGRAMM KENNZIFFER 6
PROGRAMM ZUR BERECHENUNG ELASTISCHEZR STRTUMATRIZEN

**%*WARNING NOF. 2 = THE FURTHER NAME Ne15820016E 08 IS GREATER THAN THE GREATEST FURTHER NAME
INCLUDED IN THE KEDAK LIBRARY FOR N 16 SGNC

*%#XWARNING NDFo 2 : THE FURTHER NAME 0e15830016E C8 IS GREATER THAN THE GREATEST FURTHER ANAME
INCLUDED IN THE KEDAK LIBRARY FOR O 16 SGNC

*x¥MESSAGE 6.1 : WARNING NDF. 2 MAY 3E IGNORED

8 A



SGNCO

12.GRUPPE
0.84206
0415793

SGNC1

12, GRUPPE
0.09014
-0.04811

SGNC2

12, GRUPPE
000343
-0.00263

SGNC3

12.GRUPPE
0.00004
-0.000C4

SGNC4

12.GRUPPE
0.0
0.0

SGNC5

12.GRUPPE
=3,00205
B BUGTHS5

ELASTISCHE STREUMATRIX ©. ORDNUNG FUER 0O 16

ELASTISCHE STREUMATRIX 1. ORDNUNG FUER O 16

ELASTISCHE STREUMATRIX 2. ORDNUNG FUER 0O 16

ELASTISCHE STREUMATRIX 3, ORDNUNG FUER 0O 16

ELASTISCHE STREUMATRIX 4, ORDNUNG FUER 0O 16

ELASTISCHE STREUMATRIX 5. ORONUNG FUER O 16

6 A



ERLAEUTERUNG -

L-TE ORDNUNG, G-TE GRUPPE, I-TE ZEILE: MATRIXELEMENT L-TER ORDNUNG
FUER STREUUNG AUS DER G-TEN GRUPPE IN DIE {(G+I-1)-TE GRUPPE, BEZCGEN
AUF DEN TOTALEN ELASTISCHEN QUERSCHNITT (TOTALES 0.MOMENT) DER

G-TEN GRUPPE

MAKROWICHTUNSG

ALLE MOMENTE WIE DAS (. MOMENT MIT
F{U,E) {STANDARD F(Q.E} = 1/E)

MIKROWICHTUNG (FEINSTRUKTUR}

ALLE MOMENTE MIT FS(2,E}) =1
(KEINE FEINSTRUKTURWICHTUNG)

TOTALE ELASTISCHE STREUQUERSCHNITTE SGN UND STREUKDSINUS MUEL FUER O 16

12, GRUPPE
3 TOOE €O
46 203E~C2

ERLAEUTERUNG

G-TE GRUPPEy 1o ZEILE: TOTALER ELASTISCHER QUERSCHNITT DER G-TEN
GRUPPE

G-TE GRUPPE, 2. ZEILE: MITTLERER STREUKOSINUS DER G-TEN GRUPPE



PROGRAMM KENNZIFFER 9
PROGRAMM ZUR BERECHNUNG DER ELASTISCHEN STREUMATRIZEN FUER DIL REMCG-KORREKTUR

GROUP= 3 NUMBER OF FINE INTERVALS= Tir MATERIAL O 16
THE VALUES GOF SGT

1.0834E G0 1.0891E U2 1.U969E OCG 1.1005E 00 1.1038E 00 1.1085E &0
1.1121E 00 1.1146E DO 1.1178% 02 1,1215% 90 1¢126TF OC 1.1301E 3
11327E 00 1.1357E 00 1.1393EF C 1.1433E 00 1.1482E 43 1.1511F 40
1.1525E 00 1.1542E 00 1.1563F ) 1.,1588E 00 1.1616E 00 1.165U% 3
1e1694E 00 1.1731E 00 1.1772E U2 1.2092E 00 1.2685E 00 1.3403E 30
1.4290E 00 1.5346E 00 1.6382F 0 1.7394E €O 1.3771E 00 2.0262E 30
2.1946E 00 263595E JU 2.5063F 00 2.6978E 0C 2.5278E GO 3.1471E 38
3.1418E OC 3.1065E 00 3.0622E 00 3.0119E 00 3..0118E 00 3.4818F 0
303928E D0 3.1109E OU 2.9510F v 2.9672E GO 2.G898E 20 3.0181E .
3.0377E 00 3.0173E 00 2.987CE 20 2.9635E 00 2.9431E 00 3.0595% OC
3.8915E 00 4.1CSBE 09 2.9267F 99 2.6033E I0 2.445E 00 23473 39
2.2758E 00 2.2157% 00 2.1568F 20 2.3823E CC

THE VALUES OF SGN
1.0834F 00 1.0891FE 00 1.0969% 03 1.1005E €0 1.1038E 90 1.1085E ¢O
1.1121E 00 1.1146F 00 1.1178% J0 1.1215E 00 1.126GE 00 1,1301E 00
1,1327E U0 1e1357E G0 1.1393FE U3 1.1433E ©C 1.1482E 00 1.1511F &8
1.1525F 00 1.1542E GO 1.1563F GO 1.1588E 30 1.1616E 90 1.16507 3G
101694E 00 1.1731E 00 Lel772E G0 1.2092E UU  1.2685F 09 1.34C3¢ GO
1.4290E 00 1o5346% GU 1,6382E5 20 1.7394E 00 1.E€7TLE 00 2.0262F 0D
2,1946E 00 2.35955 00 2.5063E 00 2.6978E 00 2.9278E GO 3.1471E 00
3,1418E 00 3.1065E LU 3.0622F 90 3.9119% 0 3,Gl18E 30 3.4818F (O
3.3928E 00 3.1109EF 00 2.9510E U0 2.9672E 00 2.S$898E 99 3.0181E 00
3.0376E 00 3.0164F 00 2,9849E 00 2.9604E CO 2.9440FE 0¢ 3.0550F 00
3.8860F OO 4.1035E GO 2.9195% €0 2.5948E 00 2.4295E 00 2.3328E OO
2,2582E 00 2,1959E 00 2.1177€ 00 2.0112E 00

THE VALUES OF MUEL
2,5996E-01 2,5154E-01 2.4003E-01 2.3346E-01 2,3822E-01 2.4620E-01
205308E-01 205826E-01 266471E-01 2.7243E-01 2.8137E-vl 2.8979E-01
2.9598E-01 3.0298E-Ul 3,1088E-Ul 3.0748E-01 2.9918E-01 2.9230E-01
2.8744E-01 208129E-01 2.7386E-01 2.6516E=01 2,5989E~01 25777E-01
2,5274E-01 2.2265E-01 1,7932E-91 1.5853E~C1 1.7249E-U1 1.8829E-U1
2,0561E-01 2.2360E=01 263239E-D1 2.3523E-01 2.3359E~01 2.37985-01
202508E~01 2.08S2E-01 1.9457E-)1 1.7820E-01 1,6148E-0G1 1.57315-¢1
1.6324E-01 1.7065E-01 1.8022E-J1 1.9149E-U1 2,5469E-01 2.2036E-01
2,3761E~01 2,62S1E-01 2.8662E-01 2.9853E-01 3.1322E-01 3.3129%-01
3.,460GE-C1 305220E-01 3,5739E-01 3.6U20E-31 3,617$E-01 3.5162E-01
3,0388E-01 2.6894E=01 2.5509E-J1 3.3442E-01 3.7454E-01 3.6963:-01
3.6842E-01 3. T46SE-C1  3,9465E-D1 4.2416E-Q1

THE VALUES OF FLUX ‘
169998E-01 1.9999E-01 1,9998E-01 1.9998E-01 1.S999E-Cl 1.9997E-01
1.9997E~01 1eS9STE=01 1.9997E-91 169997E-31 1.5998E-01 1.99985-01
1e9999E-01 1.9998E-C1 1.9998E-01 1.9998E-01 1.S998E-01 1,9998%-01
1e99S8E-01 1oS9SEE-a1 1,9999E-01 1.9999E-01 1.5998E-01 1.9999E-01
1.99985-31 169999S-Cl 1,99995-01 1.99985-51 1.9998E-C1 1.99995-01
1s9999E-01 1,5S$8E-01 1.9998E-0L 1.9998E-01 1.9998E-01 1.9998E-C1
1.99S8E-01 1.99$8E-J1 1,9998E-J1 1.9998E-01 1.9998Z-01 1.9998%-ul
1.9998E-01 1099S8E-C1 1.999BE=01 1.9998E-C1 1.,9999E-01 1.9998%-01
1.9999E-01 1.$9S9E-01l 169997E-01 1.9997E-G1 1.9997E-01 1.9997E-31
1.999T7E-01 1.99995-01 1.99995-C1 1.99995-C1l 1.99995-01 1.99$9E-01
1.9999E-01 1.S999E-01 1.9999E-01 1.9999E-01 1,9999E-G1 1.9999E-G1
169999E-31 1.9959E=31 1.9999E-31 1.9995E-31

iL A



ELASTIC SCATTERING MATRIX SGNCS
FROM GROUP 3 TO GROUP 3
20822TE~02 T+8761E-02 1,2239E-01
362734E-01 3.,7757E-91 4.2379E-D1
50.6899E-01 5.9703E-01 6.2213E-01
6.8074E-01 6,9571E-G1 T7.1089E-U1
TeT919E-01 7T.7882E-01 7.7721E-01
802497E-01 8,5349E-01 8.,8278E-01
9.7833E-01 9.9636E-01 1.,0000E 00
1.0000E 00 1.0000E OC 1.UCG00E €O
1.0C00E 00 1.0G00E 00 1.0000F 00
1.,0000E 00 1.0000E 00 1.0000F 00
1,0000€ 00 1.,0000E 00 1.0C000F OU
1,0000E 00 1.000CE 00 1.00900E 00
FROM GROUP 3 TO GROUP 4
9e7177E~01 9,2124E-01 8.T7T761E-C1
60T266E-01 602243E-01 5.7621F-01
4e3101E~-01 4.0297E-01 3.7787t-01
3.1926E~01 3.0429E-01 2.8911E-01
202081E-01 2.2118E-01 2.,2279E~-01
1.7503E-01 104651E-01 1.,1722E-Q1
2:1672E-02 3.63S8E-03 0,0
0.0 0.0 0.0
0.0 0.0 0.0
0,0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
ELASTIC SCATTERING MATRIX SGNC1
FROM GROUP 3 TO GROUP 3
20 TT34E-02 T.5561E-02 1l.1431E-01
20.7504E~01 30,1030E-01 3.4129E-01
403019E-01 4.4603E-01 4.5948E-01
4%04530E~01 4.3874E-01 4.31296-91
309628E~01 3.6824E-01 3,3286E-71
3.4885E=-01 3,4520E-Ul 3.3349E-01
204648E-01 2.1389F-01 1.9446E-01
1665418-01 1.7411E-01 1.8281F-01
204255E-01 2.6603E-01 2.8650E~J1
304599E~01 3.5241E-01 3.5740E-01
3.0990E-01 2,6655E~-01 2.5582E-01
3,6843E-01 3.T472E-01 3,9501E-01
FROM GROUP 3 7O GROUP 4
203338E-01 1.7569E-01 1.2704E-01
=200506E~02 —-4.8652E~02 ~7.,2483E-02
—103295E~01 -1.4172E-01 -1.4866E-01
=1o6013E-01 -1.6034E-01 ~1.59655-01
=104352E-01 -1.4886E-01 -1.5519E-01
~164343E-01 -1,2335E~01 -1,0140E-01
=200987E~02 -3,60CTE-03 0,0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.0 GoU 0.0
0.0 0.0 0.0

FOR O 16

1.6345E-01
4+ 65T1E-D1
603841E-01
Te2614E~01
T.8439E-01
9.,0954E-01
1, G008E €0
1.0000E GO
1.03090E GO
1.GO00CE CO
1.0000E 20
1. 000GE GO

803655E~01
5.3425E-01
36 6155E-01
20 7386E-31
2.1591E-C1
9o 0457E-D2
0.0
0.0
Ue0
0.0
Do
0.0

FOR O 16

1.4845E-01
3.6826E-91
406035E~01
402293E-01
3.1342E-01
3.1575E~01
1, 7864E-01
1,9164E-01
3,U19GE-91
3.6040E~01
303799E-01
4.2433E-01

80 6316E~02
=30 2315E-02
-1.5337E~01
-1.5806E-01
~1.5658E-01
~8,0464E-02

0.0

0.0

0.0

GoU

Qo0

0.0

GROUP= 3

201659E-01
50372€E-01
665196E-C1
7.4286E-C1
7. 5834E-C1
9.3579€-01
1, 00300E 00
1.0000F 00
1.00D0E GO
1. U00JE GO
1.,0000€ 00

To8341E-01
409628E-01
3.4804E-01
265714E~01
2,0166E-01
604213E-C2

0.0

GROUP= 3

1.9148E-C1
3.9177E-01
40 5594E~-01
401456F-01
362575E-01
205T724E~U1
1., 6288E-01
20,0459E~01
301725E-01
3.6180E-01
3. T44TE-01

4o 8585E-02
-1.,0870E-01
-1.5682E-91
-1.5469E~-01
~1.53176-01
~5. 8TT6E~0U2

040

2.0

G0

0e0

G.O

207287E-01
503808E~-01
66 6610E~-01
Te6173E~01
8.1127E~01
9.5933E~-01
1.00C0E OO
1.0000E 00
1.CGO0UCE €0
1,0000E 090
1.0000E GO

7.2713E-G1
4061592E-C1
3,3390E-01
203827E-C1
1.8873E-01
4. 0672E-02
Ge0
Dol
Q.0
0.0
2.0

203499E-01
40 1230E-01
405095E-01
4,0657E-01
3.3829C-01
20.7649E-01
1, 5741E-01
202056E-01
303260E-01
3.5350E-01
3.6958E-01

1.2328E-32
-1.2212€-Q1
-1.59G3E-C1
~1s49C6E-C1
~1.4929E~-01
-3.8308E-02

000

g.g

D0

0.0

(L]

el



ELASTIC SCATTERING MATRIX

FROM GROUP 3 TO GROUP
266T66E-02 6,9427E-02
1.8788E-01 2,0168E-D1
203134E-01 203489E-01
1.7245E-01 1.5412E-01
6o T289E-02 4.7667E-02
1.1489E~01 1.2767E-01
1.8748E-01 2.0201£-01
208650E-01 3,3315E-91
2068B46E-01 2.8442E-01
1,4501E-01 1,7260E-01
204956E-01 1.9408E-91
le4l77E-01 1.3337E-01
FROM GROUP 3 70 GROUP
3.0559E~02 -2,2521E-(2
=1s1154E-01 ~1.0771E-01
=563117E~02 -3,9740E-02
208189E-03 1.0335E-02
402971E-02 35.1106E-02
901914E-02 Bo4465E-02
1e96€3E-02 3,5235E-03
0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0.0
ELASTIC SCATTERING MATRIX

FROM GROUP 3 TO GROUP
205362E-02 6.,0881E-02
9,3285E-02 8,82%5E-02
609835E~02 7To1111E-32
362903E-02 2.,4729E-02
362926E~03 101762E-02
1.0672E-01 1.1678E-01
1,1345E~01 9.5190E-02
702562E=02 6.8435E~02
661722E-02 606513E-02
801630E-02 9,7462E-22
1.6070E-01 1.2653E-01
8e1361E-02 7.8374E-02

FROM GROUP 3 TO GROUP

=201149E-02 -5,8151E-02
=60 TT736E=02 -5,4067E-L2
T7.6880E-03 1.5C46E-02
3.5209E-02 3.5753E-02
1.9983E-02 1.,6188E-02
=368428E-02 -4,1735E-02
~1e7787E-02 ~3,41C0E-03
0.0 0.2
0.0 0.0
0.0 0.0
0.0 Ce 0
0.0 0.0

3
96 9230E-02
20 l1U76E-01
2,3776E-01
1.,3577E-01
2.6716E-02
1.3727E-01
200390E-01
209590E-01
2, 8420E~01
201578E-01
1.4298BE-01
1.2280E-01

4
—662757E-32

-1.0039E-01
=2.6679E-32
1.7854E-02
6.0393E-02
T.4059E-02
0.0
0.0
0.0
0.0
0.0
D0

Te9167E-02
802518E-02
Te3614E-Q2
1.7893E-02
205130E-32
1.2388E-01
8. 7900E~D2
600340E-D2
Te2391E-02
1.2062E-V1
9.5032E-G2
Te 5339E-32

4
=7 7923E-02
-369597E-02
200595E-32
364958E~02
1.0802E-02
—442329€E=-02
CeD
0.0
B 0
Qe
0.0
Ve v

SGNC2 FOR O 16

1.2126E-01
20178SE-01
202621E-01
1.17625-01
203535E8~02
1.4783E-D1
2.0228€~01
2.4299E-C1
2059025-01
202436E-01
1.3944E-C1
1.1221E-01

=9,2215E-02
-9.0533E~-02
~1.8461E-02
20.5172E-02
T.0159E-02
60268TE-D2
G.‘O
G.Q
0.0
OOG
GCD
Je0

SGNC3 FOR 0 16
3

8.6817E-02
Te7178E-02
665249€-02
1.2341E-02
403321E-02
1.,2897g~-0C1
8,4U20E-02
561719E-02
T+9836E-02
1. 4744E=01
8.9697E-02
T7.2302E-02

~805943E-02
—205588E~-02
25728E-02
3.288GE-02
60 B8687E-04
-4,0933E-02
[

Dot}

Feil

(K]

0eU

Jed

GROUP= 3

1.4720E~01
202328E-01
2.3853E-(1
1.2012E-01
5.2308E-02
1. 6092E-01
20.0096E-01
203671E-01
20 278SE-C1
20319GE-D1
1.4051E-01

~1.0496E-01
—=7.8945E-02
=16 16D4E-02
301843E-C2
To 5630E-02
40 ET9TE~Q2
Do
Jo 0
060
0.0
0o0

GROUP= 3

90 3899E-02
T23001E-02
503199E~02
8o0041E-03
665863E-G2
1.30647E-01
80,0139E-92
502188E~-02
864337E-02
1.6920E~-01
8¢ 6919E~-02

=8.5758E-02
=1.2753E-02
3.0158E-02
2.9583E-02
=1e3722E~02
-3.5941E-02
Ced
OOG
Vel
O";

0.0

1. 7011E-21
262758E-01
1.9G59E-01
8,3564E-C2
8e3559E-02
1.7487E-01
203267E-01
2+5272E-01
1084928-01
204786E-01
1.4157E-21

-1.1080E-01
~506286E~02
—-404953E-C3
30 7576E-02
8o T197E~-02
3.3856E-02

90 59CSE-02
T.Q453E-02
40 2406E~-D2
4,7971E-03
8,7285E-02
1.2671E~C1
To6330E~-02
506995802
862654E-02
1.6948E=-C1
804150E=-02

~72.9057E-02
-165550E-03
303334E-¢2
205159E=02
—20 TO10E-02
~-27825E~02
20

D0

$e0

UeC

DeC

€L A



ELASTIC SCATTERING MATRIX SGNC4

FROM GROUP 3 TO GROUP
2¢357TE=02 5.0616E-022
1. 7509E-02 5.8715E-(3

—4oT69QE~U3 1.2649E-03
1.6559E-02 1.9294E-02
263B06E-02 2.7629E-C2
1.3148E~02 204266E-G3

=20583GE-02 -1,6UGLE~02
3e9115E-03 1.6794E-U2
260062E-02 3,2832E-02
1.4322E-02 2.,2889%-{32
602156E=02 4,4344E-02
1.8061E=-2 1.7856E~{2
FRCM GRCUP 3 7O GROUP
~1e9280E-02 —4,7367E-(32
—860334E-03 6,4495E-{3
301071E-02 2.7838E-02
265447E-03 ~ 3,7595E-03
=265856E-02 =2,9678E-(2
~1.0080E-03 6.81lCCE-(3
1:5480E-02 3,2629Z-03
0.0 0.0

000 0.3

0.0 Qe

0.0 Dol

0.0 DeD

ELASTIC SCATTERING MATRIX

FROM GRQUP 3 TO GROUP
201479E~02 3.9439E-02

-2641T1E-02 -3,0887E-y2

=969262E-03 —-2.5902E-03
1.8640E~02 1,8620E-02
=1.5461E-03 —9,7245E-03
=26 1620E-02 —-1,8142E-02
~1e9BO5E~04 —9,19695~33
=30,0953E~03 5,7997E~04
1o 7890E-03 2,1276E-03
=~602858E~03 -2.,1162E-03
1,0472E~02 4¢8066E~03

—562295E-03 —-2,74885-(3

FROM GRCUP 3 TO GROUP

=1e7354E~02 —-3,6147E-32
205361E-02 3,1952E-32
1.0282E-02 2.8147E-23

—168446E-02 ~1,8391E~-02
1.8404E=-03 B8,3427E-03
1.8461E-02 1,3109E-y2

-1.2887E-02 -3,0857E-03
0.0 Q.0
Q.0 0.0
0.0 060
Qo0 G2
0.0 GoU

3
506672E-02
-209387E~33
8.5238E-03
201858E-02
3.1281E-1)2
-869155E-33
=1e5306E—1U2
6.4191E-03
30 7516E-02
36789542
20 TTI3E-02
1.8101E-D2
4
=5.4472E~)2
1.8038E~02
203144E-02
~9.89TCE-U3
=3.2368E-J2
1.3802E-32
Dot
0.0
Je0
0.0
Je U
oD

3e4446E-02
—362541E-02
3+8581E=-03
1.6962E-02
-1e9U33E=C2
-1 3216E~-D2
-1.1478E-02
1,1216E-03
1.8221£-23
461595E-33
—-509652E~U4
5667525~34
4
-361979E~32
363451E=-)2
-3¢ TT35E=-a3
-1.6694E-32
1e5514E-C2
50 8558E-13
00
:\356
JeU
Qe 0
De 3
(}QO

FOR 0 16

501047E-02
=8.2105E-33
1.0U897E-32
2e3B59E-Q2
3.0953E~52
=1.9021&-02
-1.7784E-032
=9,U435E-03
209630E-02
5633045~C2
2:4347E-02
1o 8348E-G2

~4o 94 T5E~-0i2
20 6119E-92
1.8920E-02
=10 547QE~32
-2.9979E~32
1.957GE=-32
Je0

0.0

Ve

Uel

Qe

Del

SGNC5 FOR O 16
3

1.9551E-02
~3.L0U25E~02
93175E=~03
1. 3829E-02
=2.59GUE-22
=Te 2960UE~(3
=1e0673E~02
9.4173E-04
50, 2818E-34
902182€E-33
—2.1279E~-23
3.8876E-03

=10 783SE-32

30795E-42
=-9,2399E-03
-1,3522E-92

201221E-02
-2 3507TE-G3

el

Lol

el

0.0

Je D

[ePse

GROUP= 3

402891E-02
=1.C831E-U2
1. 20740E-42
204942E-12
206293E~402
-2.6037E-02
-2,C165E-02
—5¢3530E-03
262722E-C2
b0 6T725E-12
202187E-02

-3, 9058E~02
3.0737z-02
lo4174E-02

-2eT127E-2

-261376E-02
262244552
Jotd
06l
e
0.0
FEOG

GROUP= 3

305546E-0L3
=20 4597E~-Q2
1.3829E-02
3. 4TT2E~U3
~26 T145E~C2
—-2s3016E-CG3
-9 8508E-U3
lo1144E-03
=1,1974E-C3
1.3064E-02
=3.2757E-03

-205927E-93

205232E=-02
-1e3T713E~2
—9.1282E~03

20 3019E-02
=96 7582E-(3
Qe

’:.3

Dol

'-:“.t

Jed

3,0842E-02
—807210E-03
le40€ECE~D2
2048L2E-uU2
2.Q37TE-D2
-2¢8643E-02
-1.,1739E~22
To4612E-03
1.8113E-0Q2
6.6888E-02
2.0034E-02

—2+4184E=G2
302227E-02
Bo £146E-G3

—=2e3557E~42

-1.1483E-02
2.0893E-%:2
Dol
0.0
Vo)

D60
Vel

—-1.2091E-G2
-1ls 7517E-G2
1.7008E-02
46 2549E-U3
—2¢5613E-02
1.9929E-G4
—-7010G3E-u3
1.4553E-03
-309112E-33
1.2546E-02
~4e4197E-U3

1034205-22
1.8011E-52
-1.,6852E-02
—-368677E~L3
202071E-92
=1.3798E-y2
Qo0

CoC

Qe

i ol2

Lol

b A



PROGRAMM KENNZIFFER 9
PROGRAMM ZUR BERECHNUNG DER ELASTISCHEN STREUMATRIZEN FUER DIE REMO-FJRREKTUR

GROUP= 12 NUMBER OF FINE INTERVALS= 79 MATERIAL O 16
THE VALUES OFfF SGT

3. T0C0E 00 3.7000E OC 3.7000E 00 3.7000FE 00 3.7000E 00 3.7000E ¢
3.TC00E G0 3.7044F 00 3.TCUCE 90 30 TISCE 00 3, 70UTE 99 3, THOGE wo
3. 700CE QU 3.7000FE OC 3.T000E 30 3.TH0GE 00 3.7000E 00 3.7G8CE 00
3. TOGUE GO0 3.7000E 9¢ 3.7TI0V0DE OO 3.79C0E 08 3. TOUO0E 0o 3.T443E 4O
307000E 00 3.7000E 00U 3,70D0FE U8 3.,7J0CE 00 3. 70UCE U0 3. TOCGTE GO
3. TO0CE 00 3.TO00E 00 3.700CE D0 3.7000FE 00 3.7000FE 00 3.70UCE O
3. 7000E 00 3.7COCE 00 3.7CQ0E OC 3.7000E €U 3.,7000F 04 3.TO0UCE OC
3,7000E 00 3,7C00E (0 3.T7T000E 80 3.7000E 00 3.,7000E 00 3,7000E G0
3.70CGOE 00 3.7GO0E 80 3.7000FE GO 3.7000E 90 3. TO0CE U0 3.TOOCE 909
3.7000E 00 3,7COCE 00 3.7000F U0 3. TOOUE 00 3. 7000E 00 3. 70COE G0
3, 7000E 00 3.7000E 00 3.7U00E U0 3.7000F <G 3.70GLOE LU  3.TCLOE (G
3.70G0E 00 3.,700CE 00 3.7000E 00 3. 7903E 62

THE VALUES OF SGN
3.7000E 00 3.70U0E 00 3.7000FE G0 3.700SE 00 3.TOUUE 00 3.TULCE 9¢
3.7000E 00 3.7C00E 00 3.7C00E S0 3.7000E Q0 3, 7000% 80 3.700UE 00
3, 7000E 00 3,7000E 00 3.7000FE U0 3.7V00E 00 3,70CGUE ¢U 3.70CGOE G0
3,70C0E 00 3,7C0CF 00 3.7030E 00 3. 7900FE 00 3.7000F 00 3.7000E 00
3. TO000E 00 3.7000E G0 3.7000F 00 3.7000E 00 3.7000E 00 3.7000E 00
367000E 00 367C0UE U0 3,70U0E U0 3.7000E 06 3,7000FE 30 3e7TCUCE QO
3.7000E 00 307CGO0F JU 3.7U0UE 00 3.TU0UE GG 3. T00UE 00  3.TO0UUE 0C
3. TCOQE 00 3.7000F GU 3.700OE 00 3, TOUOE €8 3. TUOUE OC 3.TOGGE U
3, TOO00E QU 3.7C00E U0 3.70UUE Q0 3.7000F 00 3. TUU0E U0 3.70GGE 29
3.7000F 00 3.,70C0E GO 3.7000E 00 3.7000E GO 3.TOUOE QU 3.7T0U0E <O
3.7000E 00 3.7G00E 00 3,7000FE U3 3.7000E €0 3.700UF 00 3.70G00E O
3, 7000E 00 3.7CCIE 00 3.7000FE 00 3.7000E 10

THE VALUES OF MUEL
4o1TO00E=02 4.1700E-U2 4017T00E-U2 4.1TCOE-U2 401TUOF~-L2 4.17UGE~-Q2
4017T00E-02 401700E-02 4o1700E-02 4¢1700E-02 4.1700E-0U2 4.1700E-y2
4o1T700E-02 4o1T0UE-02 40.1TIVE-J2 4.17T00E-02 4.1T00E-02 4.1TCLUE-D2
401TO0E=02 4o1TC0E-U2 4o1T700E-02 4.1700E-02 41700E-02 4,1T700E-02
401T00E~02 4o1TOUOE~02 4el1TUVE=12 4o1TUCE=0U2 4.1TU0E-U2 4.1TGOE-U2
4o1T00E~02 4o1700E-02 4.1TO00E-02 4.170GE-D2 4.17C0E~D2 401700E~-u2
401700E-02 4,1700E-02 4.1700E=02 4o170JE~32 4o1TO0UE~U2 4.1TOUE~-G2
40lTO0E-02 4o1700E~02 4.1TO0E~02 4417CUE-02 4.1TOCE-U2 4.17C0E-02
401TUOE~02 401700E=02 4.170CE-02 4.1700E-02 401700F~C2 4,1T0CE-02
4o LTO0E=02 4o1700E~{2 4.1700E-02 4o1TOUE-02 4,17TME-02 4.170CGE-02
401700E=02 4,17T0UE-02 4,17005-02 4.17T00E=22 4.1700E~02 4.17GLE-U2
401700E=02 4o1700E-02 4.170U0E-0G2 4.1TOCGE-(2

THE VALUES OF FLUX
1,9989E-01 109989E-01 1,9990E-01 1.,9990E-01 1,999CE-01 1.9996E-01
1.9995E-01 169996E~C1 1.9997E-{1 1.9997E-01 1.9990E-C1 1.9989E-01
1.9990E=U1 1.9990E-U1l 1,9990E-C1l 1099903E-0G1 1.S$99CE-U1l 1.$S9CE-C1
109990E-01 1.9990E-01 1.9989E~Ul 1.9989E-01 1,999CGE~il 1.999:E-01
1.9990E-01 1.99892-01 1e9990E-01 1.9990E-21 1.9989E-01 1.999CE-D1
1.9990E-01 1.9990E~U1l 1.9990E-01 1.9990E-01 1.999CE-01 1.S5G8E-01
1,9997E=01 1.9997E=Ul 1e9997F-01 1.,9997E-01 1.9990E-431 1.999CE-1
19990E-01 1.9990E-01 1.999CE~u1l 1.9990E-01 1.999UE~01 1o 99SCE-O1
1,9990E~01 1.9990F-01 1.9990FE-: 1o 999CE-31 1.999CGE-01 1.999CE-i1
1069999E-01 1.9990E-G1l 1e9990E~J1 1.9990E8-91 1.9990E-01 1.9950£-01
1.9990E-01 1.9990E-01 1¢999CE-J1 1.999CE-01 1.999CE-01 1.999CE-01
16999GE~01 1.999CE~01 1.9990GE-J1 1.999UE-31

St A



ELASTIC SCATTERING MATRIX

FROM GROUP
204398E-02
3.0734E-01
5.7245E~01
802085E-01
1,0000E 00
1.00600E 00
1.000GE 09
1.0000F GO
1.,0000E 00
1,0000E GO
1.0000E 00
1.0000E 00

FROM GRCUP
9. 756CE-01
609266E-01
402T755E-01
1,7915E-01
0.0
0.0
0.0
0.0
0.0
0.0
0.0
V.0

ELASTIC SCATTERING MATRIX

FROM GRCUP
203694E-02
20216GE-01
206923E~01
1.8481E~01
401700E-02
401700E-02
401700E-D2
40 1T00E-02
401700E-02
401T700GE-02
4o1700E-02
401700E~02
FROM GRCUP
1.8007E-02
=1,7990E-01
~262753E-01
-1.4311E-01

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

12 TO GROUP
7.2843E=32
3,52T4E-61
6e14$8E=01
8060 TOE~C1
1.90CCE 30
1.9000E 00
1.2000E 00
1.0000E 20
1.0000E G0
1.00005 0%
1.0000E 00
1.06G0GE 00

12 TO GROUP
9. 2716E~G1
6.4T26E-01
3,8502E-01
1.393CE-01
OOD
0.0
God
0.0
)

TCeT
0.0
O.U

12 TO GROUP
66 T944E-02
203946E-01
246387E-01
1.59C7E-21
4017CCE-02
40 174GUE=-G2
44 170CE-02
401700E=-02
401790E-02
4o 17GOE-G2
40 17T00E-02
4o1TO0E-C2

12 TO GROUP

SGNCC FOR 0O 16

12
1.2977E-01
3, 9763E-01
6.5705E-01
9.0012E~01
1.9000E 3D
1.000CE 00
1.U000E U9
1.U0Q0E 20
1.0000E 00
1.0090E 00
1,0000E 00
1.0C00E OO

13
80 7923E-01
6e0237E-01
3¢4295E~01
9.9878E=02
0.0
0.0
000
0.0
Je 0
Vel
0.0
0.0

SGNC1

12
1.0756E-01
205323E-21
205492E-01
1,3019E~-01
4+ 1TOOE-D2
40 1700E-J2
4o1TOCE~02
401700E-02
4o 1TOCE-D2
4o1T00E=D2
401700E-02

13

1.6817E-01
404205E-01
6.9868E-01
9.3912&~-01
1. 8000E 00
1,0000E GO
1. L000E 00
1.0000E €O
1.u00CE 20
1.9902E OC
1.G000E 00
1.9C8C0E 3¢

803183E~01
5657955-01
3.0132E-G1
600885E=-02
D.O
Qo0
060
O.o
0.6
De0
0oV
Q.O

FOR O 16

1.4264E-01
206301E-01
204246E~01
9, 8251€-02
4o1700E-D2
4o170CE=-D2
40 17QCE-02
4,1T0CE-02
40 1TOGE=H2
40 1TOVE-Q2
401700E-02
46 1T0GE-D2

=206244E~02 -665862E-32 —-1.,0094E-01
=1e9776E-01 ~2.1153E-01
=26 2217E-01 —2.1322E-41
=1e1737E-01 -8.8494E-02

0.0
0.0
0D
[ IRY
0.0
0.0
Ooid

~
Col

-2.2131E-51
—2.{DT6E-O1
-5065515-32

CHOOHOC

GROUP= 12

2.1506E~01
40860GE~GL
Te3984E-01
96 7769E-G1
1.00I0E 90
1.0000E GO
1. 9008€ 30
1.CO00E 3O
1.CU00E 49
1., 0908E 00
1.0000E 00

Te8494E-(1
50 1400E-01
206Q016E-01
2602314E-52
D00
GeD
OOG
0.0
Qe
TVeU
“3.0

GROUP= 12

1.7328E-01
206889E-01
202657E~-C1
603310E-(2
40 1TD0E-02
40 LTROE-G2
40 170CE-02
4. 1T7T00E-C2
40 1TCQE=D2
46 17T0GE=-D2
4o1TOUE-G2

-1.3158E~D1
—262719E-01
-1.8487E-01
—-2.161CE-02

OeD

T2

Ue0

el

Do

Gel

Fe P
Ve

266145€-31
5e2946E=-31
7. 8057E-41
9.9987E-01
1.0000E OC
1.000CE 00
1. G00CE 00
1. 00C4E 3¢
1.00CTE GO
1.00CCE 24
1.0C30E GO

T3855E-C1
4e TO54E-01
201943E-Q1
1.3161E-04
0.0
Q.0
Ce 0
De0
Dol
7.0
060

1.9957E-¢1
2. T093E-01
2.0733E-C1
41831E-02
40 17CUE=-02
4e1TCOE~02
44 1700E=-02
44170CE-02
4.1 TCOE-92
4o 1700E-02
4o1700E-02

=1.5787E~-41
—202923E-01
-1.6563E~C1
-1.3129E-04

Oy

0.0

0.0

Tel

JeU

G.e

Uel

9t A



ELASTIC SCATTERING MATRIX FOR O 16
FROM GROUP 12 TQ GROUP 12
202331E-02 5.8828FE-02 B.4085E-32 9.9409E-02
9e8319E-02 B.624TE-32 T.0222E-32 5.1329E-02
=162205E-32 ~302376E-02 —5,U4TTE-U2 —6.561T7E~H2
“Bo4T46E-02 ~Te9666E-02 ~647575E-032 =4, TT48E-12
Te9485E~04 To9485E-04 To9485E-0U4% T.9485E-04
To9485E-04 T7.9485E~0U4 To9485E-34 7T.9485E-04
Te9485E-04 T70.9485E~T4 T09485E—04 T.9485E-G4
Te9485E-04 7T.94855-04 1,9485E~04 T.9485E-04
Te9485E~04 T.9485E-U4 To9485E-04 7To.9485E-04
7.9485E-04 7.9485E-04 7T.9485E-04 7.9485E-04
T94B5E~04 To9485E-04 7T.9485E-14 7To.9485E-94
Te9485E-04 7T.9485E-04 7T.9485E~34 T.9485E-04
FROM GROUP 12 TO GROUP 13
=261560E-(02 =5,8058E~02 ~803314E-02 -9, B639E-02
=9, 7548E-02 —8,54T7TE-02 —=6,9452E-32 —-5.0558E-02
162976E-02 3.3146E-02 5,1247E-U2 6.,6388E-02
Bo5516E=-02 B8.0437E-02 6¢8345E~32 4.,8518E-02
0.0 Te 0 Q.0 [CP ]
0.0 0.0 0.0 060
0.0 0.0 0.0 0.0
0.0 CeD 0.0 0.0
0.0 Qe O Vo0 Vo0
0.0 Dol 0.0 (s}
0.0 0.0 0.0 0.0
ELASTIC SCATTERINC MATRIX SGNC3 FOR O 16
FROM GROUP 12 70 GROUP 12
200397E-02 4.6736E-02 5.5371E-12 5.,1107E-Q2
=903706E~05 -1,9804E-02 ~3,7097TE~02 ~5.0493E~02
=569495E~02 =5,1713E~J2 -3.9386F-02 -2.3605E-02
2.8073E-02 3,9599E5~02 4,3910E~32 3,7935E-02
0.0 G. 0 0.0 IS+
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 Q.0 Ue O D0
0.0 0.0 Vel 0.0
0.0 0.0 0.0 0.0
0.0 0.0 U0 0.0
0.0 0.0 0,0 0.0
FROM GRQUP 12 TO GROUP 13
=2o0398E-02 —4+673TE~U2 =-5.5373E~02 -5,1108E-02
9e2736E~05 1.9803€E-02 3,7096E-02 5.U492E-02
509493E-02 5.,1711E-02 3.9385E-02 2.3604E-02
=208074E-02 -3.9601E-02 -4¢3912E-02 -3,7937E-02
0.0 0.0 0.0 [LPRY)
0.0 0.0 0.0 0.0
0.0 Go D Go0 0e0
0.0 0.0 Vo0 Ce0
0.0 0.0 0.0 0.0
0.0 0.0 Je CeD
0.0 Go0 0.0 Go0
0.0 Ue D} GeO Del

GROUP= 12

1.3608E-U1
3.3616E-02
—=T7e692TE-(2
—~1e54815-02
T+3485E-04
T.5485E-C4
7. 5485E-C4
TeS5485E-(4
70 9485E~C4
TeG485E~04
70 3485E-34

-1,U531E-C1
—2.5845E-02
7. 7698E-02
2.0251E-02
Vel
0.0
0.0
D.0
0.0
Uot
Uo U

GROUP= 12

3. 8133E~02
~5.,8985E-02
~508383E~03

1.8332E-C2

Q60

0.0

0.0

0.0

0.0

0.0

0.0

=3.8134E-Q2
508983E-02
5.837CE-03
-1.8333E-02
0o
0.0
$e0
OCG
0.0
{;'.01
0.0

&

1.0531F-¢1
9.11C3E=-03
-8e3573E-(2
6062185~04
T+ 9485FE—-04
7+ 9485E-04
70 5485E-04
T<S9485E-24
Te 9485E-04
7094 85E-04
79485E-04

-1.0454E-01
-803398E-03
8.4343E-02
1.3066E~-04
UG
Ged
Ge0
0.0
0.0
Cot
0'0

20U051E-02
-602022E-02

1.2104E-C2

1.2961E-04

G.O

0.0

0.0

0.0

0.0

000

0.0

~2.0052E-02

662020E-02
-1.2105E-02
-1.2972E-04

J.0

O'O

Lol

000

D0

Gel

OQO

LA



FOR O 16

1.3437E-02
~30113BE-02

3.8871E-D2
~2.625%E-02
—26 553 71E-037
~25071E-07
-2 58 T71E~D7
-2 5GTLE-CT
=20 5071E-D7
=20 5071E=37
-2.50715-47

-2 5071E-07
—1.U438E-02

301137E-02
-3, 8872E-02

206259E-02

Dol

Qe0

Je 0

O-C’

Nedd

Vel

0o

Cel
FOR O 16
—1.4239E-02

1., 7222€=-62
-80 5982503

1,4978E~02

Jo &

";‘.Q

0.@

OlC

0.0

Ue O

Do

Dol

1. 4239E~02
~107222E-C2

805979E-03

GROuP= 12

—Ge220SE-U3
-1le 7T19E-02

3.5321E5-402
—~1.5987&E-02
-2 5071247
=20 5071E-07
—2e50T7T1E~CT
—25071E-07
-2 5071E-07
—2e5UT1E-QT
=26 50T1E~5T

902206E~03

1le7719E-02
=36 5321502

1.5987E-02

(PR ]

3.0

{300

OQC

Col

D0

CeD

GROUP= 12

-266GT6E-G2
2 T149E-02
—260172E-G2
1.3366E-02
Qe

De0

‘Do()

ﬂ.a

0.0

Qe

Ce0

266976E-02
-20 7149E-02
2.0172E-G2

—2.6488E-432
=1e9804E~733

2054 84E-02
~1.2872E=04
-2050715-457
=25071E-07
~2e59T1E-UT
=250 71E-CT
-265071E-07
=250 71E~-07
-2 5071507

20 6488E~02
1.980G25-03
—2.5485E-02
1.284T7E—~u4%
2.0

0.0

(3¢

l:.O

K:;OD

Ve

Qo0

~300232E-02
3.087TE-C2
-2 6006E-U2
1.26G93E~04
Q0

0.0

0ol

D60

Go0

[y

C’QO

300232802
~3.987T7E~32
20 80C6E-02

16 3722E-022 =10 65T4E-93 —1e4G78E=32 —1e3366E-12 —~1.2692E~-U4

ELASTIC SCATTERING MATRIX SGNC4
FROM GROUP 12 7O GRQUP 12

1.8015E-02 3.3259E~u2 267181lE-02
—368141E-02 ~4¢26S1E-02 —4.00235E-32

1.3692E-02 2,6975E-$2 3.5856E-32

1,0813E-02 —-5,8810E-03 ~2,0256E-02
=250 71E-07 =25GT1E-QT7 —2,5871E~-L7
=265071E=07 —2.5071LE-CT —2.50718-37
=250 T1E=DT =25Q71E-C7 ~265371E-J7
~2e50T1E-0T7 —2.5V715~07 ~2.50G71E~D7
=2e5071E-037 —=2¢5071E-37 -2.5071E-07
=250 71E-U7 =2o5CT1E=J7 =2,5371E-47
=2e50T1E-Q7 —2.5971E-07 =250 71E-97
—=205071E-07 -2.5071E-07 -2,5071E-27
FROM GRGOUP 12 TO GROUP 13
—1,8015E=02 -3.3250E-02 -2,7182E~J2

30.8141E-02 4.26S1E~02 4+UuU35E-D22
=1636928~02 =2.69755-02 —3,58565-1)2
=1.0813E-02 5.8808E-03 2.0256E-02

0.0 0.0 0.0

0.0 Ul DD

0.0 0.0 0o 0

0.0 Cold Do

0.0 8.0 0.0

0.0 0.0 Ded
ELASTIC SCATTERING MATRIX SGNC5
FROM GRQOUP 12 TO GROUP 12

15329602 2.0021E-U2 4.4840E—03
—-204354E-02 —-1,19G8E~G2 3,1234E-D3

2eTTO69E-02 18614E~-D2 5.4863E-93
=263915E=02 =1,3722E-02 16574E-03

0.0 Cel D60

0.0 Je0 Q.0

0.0 Ge U e 0

0.0 Q.0 00

0.0 0.0 0.0

0.0 0.0 Qa0

0.0 0.0 Ce

G.0 Do [V
FROM GRQOUP 12 TO GROUP 13
=165329E~02 —-2.0021E-02 -4.4840E-03

204354E-02 1.1568E-02 -3,1235E-23
=26 TTO69E~U2 —1.8614E~C2 —-5.4864E-U3

263915E-902

0.0 Ce? V.0

0.0 0.0 0.0

0.0 De Je O

0.0 Del Y]

0.0 Co Je U

Q.U De i 069

0.0 0.0 0.0

00 Coid Je

Ced
Va0
De
0e0
Lol
Vel
Cel
JeJ

Q‘G
0.0
0e8
D.0
92
Ted

N
4 end

Uo0
Toli
f\:'g
D0
Te)
:’-\"U
el
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*DATAMAINT

STELLT FUER EINE FORTRAN-SUBROUTINE

PMAIN® SPEICHERFELDER,

*DEREN LAENGEN IM EXEC-PARM-FELD ANGEGEBFN SIND,BEREIT UND GIBT SIE

*#ALS ARGUMENTE AN °*MAIN®

NACH FOLGENDEM SCHEMA WEITER.

* // EXEC FHG,PARM.G=(X;Y},REGION.G=RK X,Y SIND 2 FELDLAENGEN

*AUSFUEHRUNG VON
*DER TASK~REGICON.

"DATAMAIN?

LIEFERT ANFANGSADRESSEN DER ZWEI FELDER IN

* N > 0 GIBT ANZAHL DER FELDER AN (NORMALFALL)}

*#DURCH

¢ SUBROUTINE MAIN(NyX9sJXsYoJY) *KOENNEN DIE 2 FELDER IN*MAIN?SO-

*WOHL ALS FESTKOMMA-ALS AUCH ALS GLEITKOMMA-FELDER BENUTZT WERDEN.

*YNTER X(1)=JX{1l} BZW. Y{1)=JY{1) KOENNEN DIE LAFNGEN XX,YY IN

*ABGEHCLT WERDEN,

TMATN?

IST FEHLERFALL .HINWEIS AUF FEHLERART UNTER JX{(1)-JX(35).

ANFANG VON *DATAMAIN®

SPRUNG UM KONSTANTEN

PROG.NAME

RETTEN DER REGISTER 14,15,0-12
LADE BASIS-RFG.10

SYSTEM SA-~ADR.

NACH PROG.SA

PROG.SA—ADRESSE

NACH SYSTEM-SA
/4/=ADR.DES PARM=-FELDS
/3 /=PARM—-FELD-LAENGE
/2/7=INKREMENT=1
/4/=/4/+1
/3/=COMPARAND=ENDADR.DES PARM-FELDES
/5/=1=PARAMETERZAEHLER=0
/1/=ANFANG DES NEUEN PARAMETERS-1
Jal=/4/+L s IF{/4/=/3/7)1%+1,%+1 ,LO0PEND
VERGLEICH AUF KCMMA

/T7/=ANZAHL DER
EBCDIC-ZEICHEN

~1 OHNE ,

/7/=T%16+/7/=PACK-LAENGEN
PACK-MODIFIKATION
IF(/7/)PARMLOOP,PACK,PACK
/X/=UNSIGNIERTF DEZIMALLAENGE
IX/=¢/X/
DEZIMAL-BINAER-WANDLUNG

LNG{I)=/6/=BINAERLAENGE

KVTD2901 P
GOTO PARMLOOP
/6/=/5/ AND GO TO CVBLOOP

LOESCHEN DES

* N=0
*MAXIMALLAENGE DES PARM-FELDES IST 40 EBCOIC-ZEICHEN.
CATAMAIN START O

EXTRN MAIN

BC 15,12(0,15)

hiet C*DATAMAIN®

STM  14,12,12(13)

BALR 10,0

USING #*,10

ST 13, AREA+4

LA 45 AREA

ST 4,8(0,13)
BEGINN L 45,0(0, 1)

LH 3,0{044)

LH 2,=X'0001"

AR b4e2

AR 354

LH 5,=X?0C00"
PARMLOOP LR 1,4
CHARLOOP BXH 4,2, 00PEND

CLI O0f(4),X%6B?

BNE CHARLOOP
Cv8LOOP LR Ts4

SR Ts1

LPR 7,7

SH Ty=X*0C02°*

BL NOPARM

LH £,=X'0005°

SR 6,7

BL ERREXIT

AH T,=X*CCT70°

STC T4PACK+1

BL PARMLOOP
PACK PACK X,1(8,1)

NI X+TX¢FE?

CVYB 645X

LTR 6,6

BNH NOPARM

ST 6,LNG(5)

AH 5,=X10004*

SR 492

BXH 4,2,GTMN

B PARMLOOP
LOOPEND LR 695

B cysLOOP
GTMN MVI  AREAS, X'0Q¢

MVC AREAS+1{83),AREAS

SH

e=X10004"°

ARFAS-FELDES
LETZTFR PARAMETER

10
20
30
40
50
60
70
80
90

100

110

120

130

140

150

160

170

180

190

200

210

220

230

240

250

260

270

280

290

300

310

320

330

340

350

360

370

380

390

400

410

420

430

440

450

460

470

480

490

500

510

520

530
540

550

560

570

580

590

EPLOOP

EPILCG

RUFIBCOM

RUFMATIN

RETURNOS
sTop

GTMNCOND
NOPARM

ERREXIT
ERREX

CONDEXIT

MAINAD
MSG1
MSG2
MSG3

X

N

AREA
LNG
AREAS

IC
STC
LA

GETMAIN LC,LA=LNG,A=AREAS+4

LTR
BNE
IC
STC
AH
LR
LR
AR
SH
BL
SH
L
ST
SH
ST
L
ST
B
SRA
ST
LA
ST

cc
pc
DC
DC
DS
BsS
cs
cs
CS
END

69=X180"
6, LNG(5)
13, AREA

FUFR
GETMAIN
ZUORDNUNG DER
FELDER IN SPO

6415 IF(/15/)GTMNCOND 5 *+2,GTMNCOND
GTMNCOND /15/=0 ODER 4, COND—CODE NACH GETMAIN
6,=X100"

63 LNG{(5)

5¢=X70004"*

845 /8/=K=1

695 /6/=J=1

5+5 /5/=1=1+1

6,=X10004" J=J-1

EPILOG IF(JIEPILOGs ¥+ 1 *+1
5:=X'0004" I-1

T+ AREAS+4(6) /T1/=/AREAS{J+1)/

T+ AREAS+4(5) AREAS{I)=AREAS(J+1)
5:=X'0004" I=I-1

T+ AREAS+4(5) AREAS(IJ=AREAS(J+1})=AREAS(I+1)
9,LNG{6]} /3/=ING(J}

9,0(7) 177//=/9/+/1. WORT DES FELNDES/=FELDLAENGE
EPLOCP

8:2(0) N=K=/8/%4%*x~1

8,N

ByN

8y AREAS

13, ARFA+4 /13/=PRQG. SA-ADR
15,=V{JTBCOM#) AUFRUF IBCOM

14,64(15) (OPEN)

13, AREA /13/=PR0OG. SA-ADR

1, AREAS /1/=ARG.LIST-ADR

15, MAINAD AUFRUF

14515 MAIN

0,4

13, AREA+S

15,=V{IBCOM#)

14,52(15)

X*C540404040FC0000°

6y MSG3

ERREX

6,M56G2

ERREX

69MSG1

6, AREASH+4

65 AREAS+8

CONDEXIT

8,=X"0CCO?

EPILOG

A{MAIN}

C* FELDLAENGE HAT MEHR ALS 6 ZIFFERN. ¢
C' EXEC-PARM~FEHLEFR,ZoBNICHT>". !
C* TASK-REGION IST ZU KLEIN. v
1D

1F

18F

20F

41F
CATAMAIN

61e
620
630
640
650
66C
£TO
68C
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
aeoﬁ
890~
900
910
920
a3p
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1980
1090
1100
1110
1120
1130
1140
1150
1160
1170



COOOO

SUBROUT INE FSPIE

FSPIE IS A SPECIAL ERROR~-DETECTING SUBRCUTINE ,WHICkK IN CASE
OF AN ABNORMAL END DETERMINS THE PSW AND PRINTS THIS PSH +
A TRACE-BACK + THE REGISTER CONTENTS + THE SYSTEM COMPLETION
CODE..

FOR

FSPIE IS INSTALATICON DEPENDENT ITS CGODE IS NOT

DISTRIBUTED HERE

19

18

RETURN
END

PROGRAMM ZUR STEUERUNG DES MIGRCS-SYSTEMS

SUBROUTINE MAIN (NsXLyNXL}

REAL*8 MATL,N1,N2

DIMENSION XL {1),NXL(1)

COMMON MAT1 ,K({2) yNOUT,LIZ

DATA N1/°BLGC */,N2/°ENDE */,SGC/*SGC */
NINP=5

NOUT=6

KDE=1

LIZ=3

NF=8

IF{N.NE.O) GO TO 18

WRITE (NOUT,19) (XL(I}sI=1:9)
FORMAT({1H ,944)

SToP

CALL FSPIE

TADR=NXL(1}/4

CALL EING{NOUT)

CALL FREEFO (NINP¢NF,NOUTsXL XL sXL}
CALL NDFOPN (KDEsNXLsNUDAT 01}

WRITE (NOUT,1) NUDAT

FCRMAT (1H1/° STAND DER KERNDATENBIBL IOTHEK VOM®,110}
121=0

READ (NF)

READ (NF} MAT1,MAT2

1ZI=171+2

IF(MAT1 oEQeN1.AND.MAT2.LT.2}) GO TQO 2
IF(MAT1.EQ.NL1.AND.MAT2.EQ.2) GO TO 3
NE=26

G0 TO 4

READ (NF) NE

READ (NF} MAT1,MATZ

121=171+2

IF{MAT1 .EQ.N1. AND.MAT2.EQ.3} GO TO 5
NFE=1

L SPEC=1

G0 10 6

READ (NF) LSPEC,NFE

READ (NF) MAT1,MAT2

121=121+2
IF(MATL1.EQ.N1.AND.MAT2.NEs2} GO TC 7
READ (NF) NA

10
20
30
40
50
60
70
80

310
320
330
340
350
360
370
380
390
400
410
420
430

7
8

2

10

11

12

13

14
24

26
15

22

23
25
17

READ (NF) MATL,MAT2
1Z2I1=12I+2

GG TO 9

WRITE (NOUT,8}

FORMAT(1HO/® *%*ERROR 0. 1 : THE INPUT CF THE MODULE NUMBERS WAS N

10T FOUND®}

STCe

IF(MATL.EQ.N1.AND-MAT2.,EQ.5) GG TO 10
NT=3

G0 7o 11

READ (NF} NT

READ (NF)} MAT1,MAT2

I121I=121+2

IF(MAT1 .EQeN1.,AND.MAT2,EQ.6) GO TO 12
MI=7

GO TJ 13

READ (NF) MI

READ (NF)} MATL,MAT2

1Z1=121+2

IF(MAT1.EQ.N1 .AND.MAT2.EQ.7) GO TO 14
NTYP=T7

GG TO 15

READ (NF) NTYP, {XL{I),XL{I+200),I=1,NTYP)
READ (NF)} MAT1,MAT2

I1Z2I1=121+2

DO 26 I=1,NTYP

IF(XL(I).EQ.SGC) NTYP=NTYP+1
CCNTINUE
IF(MAT1.EQ.N1.AND.MAT2.LTo12) GO TC 22
IF(MAT1 .EQ.N1.AND.MAT2.GT.12}) GO TO 23
IF{MAT1.EQ.N2) GC TO 23

READ (NF} NMAT

I71=171+1

G0 TO0 25

READ (NF}

READ(NF) MAT1,MAT2

17I=171+2

GC TJ 15

NMAT=1

DO 17 I=1,1ZI

BACKSPACE NF

NM  =NTYP*2+1

NZ=NM+NMAT*2

NENG=NZ+NMAT

NSPEC=NENG+NE
NARB=NSPEC+NFE*(LSPEC+1)
NTEMP=NARB+NA*3

NSI=NTEMP+NT

NG=NSI+MI+1

NA1=NG+NA

NA2=NN1 +NA*=NE

NFG=NN2+NA*NE

NFI=NFG+NA%NE

NGG=NF I +NA*NE

NII=NGG+NE

NER=NII+NE

440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
&80
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
S10
S20
930
940
350
960
s70
980
990

IA



I=NFR/2%2
IF{I.EQ.NFR} NFR=NFR+1
IF(NFR.,LT.IADR} GO TO 20
WRITE (NOUT ,21)
21 FORMAT(1HO/®* **xERROR 0. 2 : THE PARM.G = FIELD 1S ALREADY TOG SHO
1RT FOR THE CONTROL MODULE®)
sTCcP
20 NX=NE+1
CALL INPUT (XL(L1) XL{NM),XL(NZ),
1 XLONENG) s XLANSPEC) s XL {NARB) sXL INTEMP) o XL (NSI},
IXLUNG Jg XLINNL) 9 XL{NN2} s XLINFG) s XL(NFI}s XL INGG) s XL(NII)},
3NMAT s MI yNEs LSPECH+1 sNFEsNAgNT sNTYPyNFRyXL s NFyNXy TACR)
I21=0
READ (NF} MAT1
IF{MATL.NE.N2) GO TO 16
I=0
WRITE (LIZ) I,N2
RETURN
END
EINGABEBESCHREIBUNG FUER DAS PRCGRAMMSYSTEM MIGROS
SUBROUT INE EING(NCUT)
WRITE (NOUT,1}

1 FORMAT{1H1/®* EINGABEBESCHREIBUNG FUER DAS PROGRAMMSYSTEM MIGROS®//
10 Fhkddkrkdokdkk kg hkrphhrhhkckF gk sdk kR e FFpRkrirk /1777
2* EINLEITUNG® 7/
3° DAS PROGRAMMSYSTEM MIGROS ERLAUET DIE BERECHNUNG VON MIKROS-¢ /
4? KOPISCHEN GRUPPENKONSTANTEN VON KERNDATEN. ALS KERNDATEN-' /
5% BIBLIOTHEK WIRD KEDAK BENQETIGT. DAS PRCGRAMMSYSTEM ENTHAELT®: /
6 FOLGENDE PROGRAMME :° 7/
7°® KENNZIFFER ARBEITSPROGRAMM® 17
g 1 i PROGRAMM ZUR BERECHNUNG VON RESONANZSELBSTAB-® /
9t SCHIRMFAKTOREN VON AUFGELCESTEN RESONANZPARAME-® [/
Al TERN (12400}° /
B* 2 PROGRAMM ZUR BERECHNUNG VCN RESONANZSELBSTAB- ° /
ce SCHIRMFAKTOREN VON STATISTISCHEN RESONANZ-® /
D* PARAMETERN (017&7)° /
E? 3 PROGRAMM ZUR BERECHNUNG VCAN RESONANZSELESTAB-® /
F? SCHIRMFAKTOREN VON PUNKTWEISE GEGEBENEN WIRKUNGS-®/
G* QUERSCHNITTEN (01700)°)

WRITE (NOUT,14)
14 FORMAT(
1 4 PROGRAMM ZUR BERECHNUNG VCMN GRUPPENWIRKUNGSQUER-® /
2° SCHNITTEN BEI UNENDLICHER VERDUENNUNG {01797}° /
30 5 PROGRAMM ZUR BERECHNUNG INELASTISCHER STREU-® /
& MATRIZEN (26640)° /
5¢ 6 PROGRAMM ZUR BERECHENUNG ELASTISCHER STREUMATRIZEN®/
67 (238711 ° /
7 7 PROGRAMM ZUR BERECHNUNG DES SPALTSPEKTRUMS® /
8* (01780)° /
9° 8 PROGRAMM ZUR BERECHNUNG DES 1/Vv- GRUPPENMITTEL-®* /

1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180

10
20
30
40
50
60
70

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320

At WERTES (10242)°¢ /
B? 9 PROGRAMM ZUR BERECHNUNG CER ELASTISCHEN STREU-! /
ce MATRIZEN FUER DIE REMG— KORREKTUR? /
D* 10 PROGRAMM ZUR BERECHNUNG DER THERMI SCHEN® /
E? QUERSCHNITTE (01722)¢ //
F* DIE NACHFOLGENDE EINGABE IST JEWEILS FUER_EIN MATERIAL Zu® /
G® ERSTELLEN. SOLLEN GRUPPENKONSTANTEN FUER MEHRERE MATERIALIEN®' /
H* IN EINEM LAUF BERECHNET WERDEN, SO IST CIESE EINGABE® /

G'

ENTSPRECHEND OFT ZU WIEDERHOLEN®)

WRITE {(NOUT,30}
30 FORMAT(1H ,
1*DIE EINGABE IST DEN FREEFO — KONVENT IONEN ENTSPRECHEND?® /

2* FORMATFREI ZU ERSTELLEN®)
WRITE (NOUT,13)
13 FORMAT(1H1/1HO/1HO/

2" l. KARTE® /
3 MAT MATERTALNAME IN KEDAK = NCMENKLATUR?® /
4 ISTRUK 02 DAS MATERIAL WIRD ALS STRLKTURMATERIAL BEHANDELT?®/
5 12 DAS MATERIAL WIRD ALS SCHWERES ISOTOP BEHANDELT®//

6" FALLS DIE INFORMATION DARUEBER,

CB ES SICH UM EIN NICHT SPALT-*¢/

7' EARES ODER UM EIN SPALTBARES MATERIAL HANDELT NICHT DEM® /
8' LETZTEN ZEICHEN DES MATERIALNAMENS ENTNCMMEN WERDEN SOLL® /
¢® — WOBEI EINE GERADE ZIFFER ALS LETZTES ZEICHEN EIN NICHT® /
A® SPALTBARES MATERIAL UND EINE UNGERALE ZIFFER ALS LETZTES® /

B* ZEICHEN EIN SPALTBARES MATERIAL BEZEICHMNET — FOLGEN DIE BEIDEN®/

C® NAECHSTEN KARTEN :°t/}
WRITE (NOUT,2)

2 FORMAT(® 2. KARTE?®/
1 aBLOCa 1 KONSTANTE® /
2® 3, KARTE® /
4t ISPA 0: DAS MATERIAL IST NICHT SPALTBAR® /
5° 1: DAS MATERIAL IST SPALTBAR® 124
6% FALLS DIE ENERGIEGRUPPENGRENZEN NICHT DIE OES 26~-GRUPPEN? /
7' ABN-SATZES SEIN SOLLEN, FOLGEN DIE BEIDEN NAECHSTEN KARTEN :° //
8" 4, KARTE? /
Se 38L0OCa 2 KONSTANTE® /
A® 35, KARTE® /
B* NE ANZAHL DER ENERGIEGRUPPENGRENZEN® /
ce (ENG(I),I=1,NE} ENERGIEGRUPPENGRENZEN IN EV IN AUFSTEIGEN-°/
D* DER REIHENFCLGE GEGRONET® /
E® DAS PROGRAMMSYSTEM MIGROS KANN EINE BELIEBIGE ANZAHL VON '/
Fe ENERGIEGRUPPEN BEHANDELN®/}
WRITE (NOUT,3)
3 FGRMAT(
1® FALLS EIN PUNKTHWEISE VORGEGEBENES STOSSDICHTESPEKTRUM VERWEN-® /
2°' DET WERDEN SOLL, FOLGEN DIE BEIDEN NAECHSTEN KARTEN :z* //
3' &, KARTE? /
&t aBLOC2 3 KONSTANTE® /
5! 7. KARTE® /
6t NSPEC ANZAHL CER SPEKTREN® /
& NFE ANZAHL DER SPEKTRUMSSTUETZPUNKTE®/
T (EF(I) sI=1NFE}) s ((F(I,J),I=1,NFE)},J=1,NSPEC)® /
8" EF : ENERGIESTUETZPUNKTE DER STOSSDICHTESPEKTREN IN EV? /
g F ¢ ZUGEHOERIGE WERTE DER STOSSCICHTESPEKTREN?® /
AT IST DIE ZAHL DER EINGELESENEN SPEKTREN GROESSER 1, SO° /
B* WERDEN DIE SPEKTREN 2y 3y oo NUR IM ARBEITSPROGRAMM NR. /

330
340
350
360
370
380
390
400
410
420
430
440
450

470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880

€ IA



o INTERPRETIERT UND BEDEUTEN DORT DIE MAKRCSKOPISCHE WICH=®  /
D TUNGSFUNKTION FUER DAS l.; 2e30++MCMENT CER ELASTISCHEN® /7
£ STREUMATRIX. ES IST DARAUF ZU ACHTEN, DASS DIE ZAHL DER® 7
Fe SPEKTREN MIT DER .ZAHL DER ZU BERECHNENDEN MOMENTE UEBEREIN-'/
G* STIMMT. WIRD NUR EIN SPEKTRUM ANGEGEEEN, SO WIRD DIESES® 7/
He FUER ALLE MOMENTE DER ELASTISCHEN STREUMATRIX VERWENDET.®)
WRITE (NOUT,31)
31 FORMAT(
1 DIE ANZAHL DER STUETZPUNKTE IST BELIEBIG, ES IST JEDOCH Zu® /
2°  BEACHTEN, DASS DIE SPEKTREN DEN GESAPTEN BETRACHTETEN® /
30 ENERGIEBEREICH UEBERSTREICHEN SOLLTEN. WENN DIE KARTEN &'/
4% UND 7 NICHT ANGEGEBEN WERDENs; BERECHNET MIGROS DIE SPEK-°  /
5¢  TRUMSWERTE F(I,1) MITTELS DER FUNKTICN PHI(E) UND DIE® /
61 SPEKTRUMSWERTE (F(I,L)}sL=2,NLE+1) MITTELS DER FUNKTION® /
7°  PHIL(L,E). NLE SIEHE KARTE 23. STANDARDFUNKTIONEN SIND :°/)
WRITE(NOUT,43)
43 FORMAT(1HL/1HO/1HO/
E'  FUNCTION PHI(E) FUNCTION PHIL(L,E)® 7
F'  PHI=1./E PHIL=1./E*$L* /
1*  RETURN RETURN® /
2t END . END® /
3%  VERGL. AUCH DIE KARTE 27 : MAZ(1)°/)
WRITE(NOUT, 4)
4 FCRMAT(
1* 8. KARTE! /
2*  @BLOCA 4  KONSTANTE® /
3* G, KARTE® /
49  NA  ANZAHL DER ANZULAUFENDEN ARBEITSPROGRAMME® /
51 (INRUIJ)s1=143),J=1,NA}® /
67 HIERBEI BEDEUTET:' /
70 NR(1,J) KENNZIFFER DER ARBEITSPROGRAMME® /
8e NR{2,J) NUMMER DER ENERGIEGRUPPE, AB DER DAS® /
gr PROGRAMM NR(1sJ) RECHNEN SOLL® /
At NR(3,J) NUMMER DER ENERGIEGRUPPE, BIS ZU DER® /
B* EINSCHLIESSLICH DAS FRCGRAMM NR(1,J)° /
co RECHNEN SOLL. DIESE GRLPPENNUMMERN WERDEN®  /
D* IM ENERGETISCH AUFSTEIGENDEN SINNE ANGEGEBEN.®/
E* NR(2;J)«GE.NR(3;J) DIE NUMERIERUNG DER® /
Fe ENERGIEGRUPPEN ERFOLGT MIT FALLENDER ENERGIE,*/
[ DoH. DIE ENERGIEGRUPPE, DIE ZU DEN HOECHSTEN® /
He ENERGIEGRENZEN IN @BLOC @ 2 GEHOERT,® /
1 ERHAELT DIE NUMMER 1./}
WRITE (NOUT,15)
15 FORMAT{
1" KOMMENTAR :° /
2% EIN ARBEITSPROGRAMM KANN MEHRFACH AUFGERUFEN WERDEN. DIES IST' 7/
3¢ NOTWENDIG, FALLS MEHRERE NICHT ZUSAMMENHAENGENDE BEREICHE VON® /
4' ENERGIEGRUPPEN VORGEGEBEN SIND. FUER JECEN ZUSAMMENHAENGENDEN® /
St BEREICH VON ENERGIEGRUPPEN HAT EIN AUFRUF EINES ARBEITSPRO-®  /
6! GRAMMS ZU ERFOLGEN.® /
7* NR(2;J); NR(3,J) BEDEUTEN DIE NUMMERN DER ALSSTREUGRUPPEN IM* /
8" FALLE VON STRAUMATRIZEN. GERECHNET WERDEN ALLE EINSTREUGRUPPEN®)
WRITE(NOUT, 5)
5 FCRMAT(
1* WENN DIE PROGRAMME ZUR BERECHNUNG VCN SELESTABSCHIRMFAKTOREN® /

2'

AUS RESONANZ~ BZW STATISTISCHEN DATEN ANGELAUFEN WERDEN £/

890

S00

910

520

930

940

S50

960

S70

980

990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440

2'
3'
4.!
5'
6'
'(l
Bl
gl
Al
Bl
Cl
D!

(PROGRAMMKENNZIFFER 1 UND 2} UND IM?® /
FALLE EINES SCHWEREN ISOTOPS (ISTRUK=1) NICHT MIT DEN 3 STAN-° /
DARDTEMPERATUREN 300, 900 UND 2100 GRAD KELVIN UND IM FALLE?® /

EINES STRUKTURMATERIALS (ISTRUK=0} NICHT MIT DER STANDARDTEM~' /

PERATUR O GRAD KELVIN GERECHNET WERCEN SOLL, FOLGEN DIE BEIDEN®/
KARTEN 3¢ //
10. KARTE® /
aBLOCa 5 KONSTANTE® /

11. KARTE? /
NT ANZAHL CER TEMPERATUREN?® /
(TEMP{I},I=1,NT} TEMPERATUREN IN GRAD KELVIN® /

DIE ANZAHL DER TEMPERATUREN IST BELIEBIG®)

WRITE (NOUT;6)
6 FCRMAT{1HO,
WENN EINES DER PROGRAMME ZUR BERECHNUNG VON SELBSTABSCHIRMFAK-®/

1'
2
2'
3'
4t
SI
IX)

TOREN ANGELAUFEN WIRD (PROGRAMMKENNZIFFER 1 UND 2 UND 3)°
UNG NICHT MIT DEN 7 STANDARD®
VERDUENNUNGSGRADEN DES ABN-SATZES ALSC C,
10%*4, 10%%5, 10%%6 GERECHNET WERDEN SOLL,
12. KARTE?®
?BLOCA 6

10y 10%%2, 10%%3,°

KONSTANTE®/)

WRITE (NOUT,T)
7 FORMAT{1H1/1HO/1HO/

7'
8'
9'
Al
ll
Zl
2'
3'
L.‘I
5'
6'
7'
8'
g'
Al
B'

KARTE?®

MI ANZAHL CER VERDUEANUNGS GRADE®
(SIGO(I)sI=1,MI} VERDUENNUNGSGRADE?®

DIE ANZAHL DER VERDUENNUNGSGRADE IST BELIEBIG®

WENN DAS PROGRAMM ZUR BERECHNUNG VON GRUPPENWIRKUNGSQUER-?
SCHNITTEN BEI UNENDLICHER VERDUENNUNG ANGELAUFEN WIRD®
{(PROGRAMMKENNZIFFER 4 UND 10} UND®

NICHT DIE 7 STANDARDTYPEN MUELsNUE;SGAsSGFs SGI;SGN UND SG2NT'/
BERUECKSICHTIGT WERDEN SOLLEN, FCOLGEN DIE NAECHSTEN BEIDEN®

13,

KARTEN z2° /

KARTE?®
aBLOCa 7
K ARTE?®
NTYP ANZAHL OER WIRKUNGSQUERSCHNITTSTYPEN®
CITYP(I),I=1,NTYP} WIRKUNGSQUERSCHNITTSTYPEN®

OIE ANZAHL CER QUERSCHNITTSTYPEN IST BELIEBIG®/}

14.
KONSTANTE®
15,

WRITE (NOUT,20)
20 FCRMAT(

1'
2'
3'
4,'
SI
6'
6.
7I
8!
9'

ES KOENNEN FUER BELIEBIGE WIRKUNGSQUERSCHNITTE®
GRUPP ENMITTELWERTE BERECHNET WERDEMN, SOFERN DIESE AUF KEDAK®
VORHANDEN SIND. DIES SIND ZUR ZE1T: SGA, SGALP, SGF, SGGs SGIs°®
SGNy SGP, SGTs SGTR, SGXy SG2N. FERNER WERDEN GEEIGNET *
DEFINIERTE GRUPPENMITTELWERTE DER GROESSEN ALPHA, ETA; MUEL,®
NUE BERECHNET:SOWIE DER WIRKUNGSQUERSCHNITT SGC = SGA - SGF®
(DEFINITION DER OBEN GENANNTEN GROESSEN SIEHE®

KEDAK-NOTIZ NR. 17y INR-NOTIZ NR. 279/71.) FALLS DIE QUER-"
SCHNI TTSTYPEN SGA UND SGF BERECHNET WERCEN, WIRD AUTOMATISCH®
AUCH DER TYP SGC = SGA - SGF BERECHNET®/)

KOMMENTAR:

WRITE{NOUT, 8)
8 FORMAT{(

ll
2'
2.

HWENN DAS PROGRAMM ZUR BERECHMUNG DER SELBSTABSCHIRMFAKTOREN®
AUS RESONANZDATEN ANGELAUFEN WIRD (PRCGRAMMKENNZIFFER 1) UND °
DIE ANZAHL DER PRO ENERGIESTUETZSTELLE MITZUNEHMENDEN RESONAN-?

~

RN AN NN N S NN

/
/
/

FOLGEN DIE KARTEN:®//

/

RN RN N NN

/
/
/

1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1520
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730§
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960
1970
1580
1990
2000



3 ZEN NICHT 10 BEIDSEITS DER STUETZSTELLE SEIN SOLL, FOLGEN DIE®' /
4 BEIDEN NAECHSTEN KARTEN =7 /7
6' 16, KARTE® /
7 3BLOCa 8 KONSTANTE?® /
8' 17. KARTE® /
EA NRES ANZAHL DER RESONANZEN® 1/
A®' WENN DAS PROGRAMM ZUR BERECHNUNG VON SELBSTABSCHIRMFAKTOREN® /
B® AUS RESONANZDATEN ANGELAUFEN WIRD (PRCGRAMMKENNZIFFER 1} ¢ /
C® UND DER ZULAESSIGE INTEGRATIONSFEHLER NICKHT 0,05 SEIN SOLL,® /
D' FOLGEN DIE BEIDEN KARTEN z° 1/
D' 18. KARTE?® /
E® JBLOCA 9 KONSTANTE?® /
F*' 19. KARTE® 7/
G* ERROR ZULAESSIGER INTEGRATIONSFEHLER®/)
WRITE (NOUT,9)

9 FORMAT(
1? WENN DAS PROGRAMM ZUR BERECHNUNG INELASTISCHER STREUMATRIZEN®' /
2" ANGELAUFEN WIRD (PROGRAMMKENNZIFFER 5} UND DER PARAMETER XNUE® /
3" FUER DAS WEISSKOPF®°®SCHE VERDAMPFUNGSMODELL NICHT Q.16 SEIN ° /
4% SOLL (KERNTEMPERATUR THETA(E)}=SQRT(E/ (XNUE*A))}, WOBEI A DAS * /
5t ATOMGEWICHT IST UND E IN MEV ANGENOMMEN WIRD), FULGEN DIE® /
€' BEIDEN NAECHSTEN KARTEN :°/1H1/1HO/1HC/
7° 20. KARTE® /
g aB8LOCa 10 KONSTANTE® /
9* 21. KARTE® /
AT XNUE PARAMETER FUER DAS WEISSKCPF'®°®SCHE® /
g VERDAMPFUNGSMODELL® /7
C®* WENN DAS PROGRAMM ZUR BERECHNUNG DER ELASTISCHEN STREUMATRIZEN®/
D® ANGELAUFEN WIRD (PROGRAMMKENNZIFFER 6) UND NICHT MIT DER® /
E® FOLGENDEN STANDARDEINGABE GERECHNET WERCEN SOLL:® /
F®* ISEL = 2 WENN ISTRUK=0? /
G® ISEL =1 WENN ISTRUK=1°® /
H?* NLA = OQ° /
I' NLE = 5° /
J' WERDEN DIE FOLGENDEN KARTEN BENCETICGT :°7/)
WRITE (NOUT,10)

10 FCRMAT{
1* 22, KARTE® /
2° aBLOC3 11 KONSTANTE?® /
3® 23. KARTE® /
4 ISEL? /
s¢ JISEL] =2: FUER LEICHTE UND MITTELSCHWERE ELEMENTE® /
5° (TOT. ELAST. STREUQUERSCHNITT UNGEAENDERT}?/
e =1: FUER SCHWERE ELEMENTE® /
6" {TOT. ELAST. STREUQUERSCHNITT = 1 GESETZIT® /
T ISEL)O: ZUSAETZLICHER PAPIERAUSDRUCK VON ZWISCHEN-?/
5° INFORMATICNEN® /
67 NLA UNTERER LEGENDRE INDEX® /
7° NLA GEHT UEBER IN O {(WEGEN NORMIERUNG)® /
g NLE OBERER LEGENDRE INDEX (MAXIMAL 53° /
er NLE GEHT UEBER IN MAX(L,NLE) (WEGEN MUEL—~ANPASSUNG]}®//
9t WENN DAS PROGRAMM ZUR BERECHNUNG DER ELASTISCHEN STREUMATRIZEN®/

Al
BI
Cl

ANGELAUFEN WIRD {PROGRAMMKENNZIFFER 6) UND EINE FEINSTRUKTUR-® /
WICHTUNG BERUECKSICHTIGT WERDEN SOLL, FCLGEN DIE KARTEN :° 174
24. KARTE?')

WRITE (NOUT,32)

2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2180
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560

32 FORMAT{

D* aBLoCa 12° /
E' 25. KARTE?® /
F? NMAT ANZAHL DER MATERIALIEN IN DER® /
G?* MISCHUNG® /
H* {NAME(T3,TZ(1),I=1,NMAT} NAME : MATERIALNAME® /
It TZ : TEILCRENDICHTE * 1.E-24° //
1* WENN DAS PROGRAMM ZUR BERECHNUNG DER ELASTISCHEN STREUMATRIZEN®/
2 ANGELAUFEN WIRD (PROGRAMMKENNZIFFER 6) UND NICHT ALLE MOMENTE® /
3* MIT DEM SPEKTRUM DES 0. MOMENTES GEWICHTET WERDEN SOLLEN,?® /
4 FOLGEN DIE KARTEN =° 7/
5t 26. KARTE /
& asL0Cz 13° /
7' 27. KARTE?®)

WRITE (NOUT, 33}

33 FORMAT(

g’ MAZ(L) O : ALLE MOMENTE WERDEN MIT DEM MAKROSPEKTRUM® /
2t DES 0. MOMENTES GEWICHTET® /
&0 1 : JEDES MOMENT HAT EIN EIGENES MAKROSPEKTRUM?® /
3° MAZ{2) O = ALLE MOMENTE WERDEN MIT DEM MIKROSPEKTRUM?® /
4 DES 0. MOMENTES GEWICHTET® 4
&° 1 : JEDES MOMENT HAT EIN EIGENES MIKROSPEKTRUM?® /
5 STANDARD : 1/SGT**{L+1l) 5 L=0jge0eoNLE®/)

WRITE (NOUT ,41)
41 FCRMAT(1H1/1HO/1HO/

1°
20
3t
4t
g
&
rdl
&
g
Al
B
ce
De
Ev
EFe
G*
He
I

WENN DAS PROGRAMM ZUR BERECHNUNG DER ELASTISCHEN STREUMATRIZEN®/
ANGELAUFEN WIRD (PROGRAMMKENNZIFFER 6) UNC DIE MAXIMALE ANZAHL'®/
VON GRUPPEN IN EINER MAKRO — GRUPPE NICKT 4 , DIE ANZAHL DER®' /
GRUNDSTUETZPUNKTE IN DEM ENERGIEBEREICH EINER GRUPPE, AUS DEM® /
IN NACHBARGRUPPEN STREUUNG MOEGLICH ISTyNICHT GLEICH 70 ISTS® /
UND DIE ANZAHL CER GRUNDSTUETZPUNKTE IN DEM ENERGIEBEREICH®
EINER GRUPPE, AUS DEM KEINE STREUUNG IN NACHBARGRUPPEN?®
MOEGL ICH ISTy NICHT GLEICH 16 IST, FOLGEN DIE KARTEN :=°¢
28. KARTE®
3BLOCa 14
KARTE?®
NS MAXIMALE ANZAHL VON GRUPPEN IN EINER MAKRQO — GRUPPE"®
NK ANZAHL DER GRUNDSTUETZPUNKTE IN OEM ENERGIEBEREICH®
EINER GRUPPE, AUS DEM IN NACHBARGRUPPEN STREUUNG®
MOEGLICH IST®
NR ANZAHL DER GRUNDSTUETZPUNKTE IN DEM ENERGIEBEREICH®
EINER GRUPPE, AUS DEM KEINE STREUUNG IN NACHBARGRUP-*
PEN MOEGLICH ISTe/)

~

NN NNNNASNNSNSNSN

KONSTANTE?®
29.

WRITE (NOUT;42)
42 FCRMAT(

1|
2'
3
40
5!
6'
7'
Sl

ae

<
gl
AI

WENN DAS PROGRAMM ZUR BERECHNUNG DER REMO-DATEN ANGELAUFEN®
WIRD (PROGRAMMKENNZIFFER 9) UND DER ZULAESSIGE INTEGRATIONS-?
FEHLER NICHT 0,05, NJM NICHT GLEICH 6 SEIN SOLL, WOBEIL®
2*%%¥NJM+l DIE ANZAHL DER WINKELSTUETZPUNKTE FUER DIE WINKEL-®
INTEGRATION IST, UND NUJM NICHT GLEICH 10 SEIN SOLL, WOBEI®
2%*NUJM+1 DIE MAXIMAL ZULAESSIGE ANZAHL VCN ENERGIESTUET ZPUNK-?
TEN FUER DIE ENERGIEINTEGRATIGON IST, FCLGEN DIE BEIDEN®
KARTEN z3°
30. KARTE?®
3BLOC? 15
31. KARTE!

~
NNNNNNSNSNSNNNN

KONSTANTE®

2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
25900
2910
2920
2$30
2940
2$50
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120



B* ERR ZULAESSIGER INTEGRATIONSFEHLER®
ce NJM WOBEI 2*¥*NJM+1 DIE ANZAHL DER WINKELSTUETZPUNKTE®
D FUER DIE WINKELINTEGRATICN IST*
E? NUJM  WOBEI 2%*%*NUJM+1 DIE MAXIMAL ZULAESSIGE ANZAHL VON®

Fr ENERGIESTUETZPUNKTEN FUER DIE ENERGIEINTEGRATION IST*®

G}
WRITE (NOUT ,11)
11 FORMATI(
1°* WENN DAS PROGRAMM ZUR BERECHNUNG DER REMO-DATEN ANGELAUFEN®
2°' WIRD (PROGRAMMKENNZIFFER 9) UND NICHT MIT DER FOLGENDEN®
3* STANDARDEINGABE GERECHNET WERDEN SOLL :°®
4% ISELR = 1 WENN ISTRUK=0°®
4+ ISELR = 0 HWENN ISTRUK=1 ¢
4® NLRA=0O UNTERER LEGENDRE INDEX®
5* NLRE=5 OBERER LEGENDRE INDEX®
6° NCALL=0 ALLE ENERGIEGRUPPEN WERDEN IN ALLEN ANLAEUFEN DES®
T PROGRAMMS IN 14 UNTERGRUPPEN ZU JE 5 ENERGIESTUETZ~*
8° PUNKTEN UNTERTEILT!
9t NFG=14 ANZAHL DER UNTERGRUPPEN PRO ENERGIEGRUPPE®
A® NFI=S5 ANZAHL DER FEININTERVALLE PRO UNTERGRUPPE?
B® WERDEN DIE FOLGENDEN KARTEN BENQOETIGT =°
1* 32. KARTE®
2° JIBLOCa 16
WRITE {NOUT,12)
12 FORMAT(1H1/1HO/1HO/
3¢ 33, KARTE®
& ISELR=1 FUER LEICHTE UND MITTELSCHWERE ELEMENTE®
& ISELR=0 FUER SCHWERE ELEMENTE®
4 NLRA UNTERER LEGENDRE INDEX®
5° NLRE OBERER LEGENDRE INDEX®
6 NCALL 0: ALLE ENERGIEGRUPPEN WERDEN IN ALLEN ANLAEUFEN®
T DES PROGRAMMS IN 14 UNTERGRUPPEN ZU JE 5 ENER-®
g* GIESTUETZPUNKTEN UNTERTEILT®
9t >0z
gt DER AUFRUFE DES ARBEITSPRCGRAMMS 9 IN KARTE 9°¢
g UEBER EINSTIMMEN) *
A® WENN NCALL.GT.O0 5 FOLGT NCALL-MAL DIE KARTE :°
B* 34, KARTE®
ce NGRE ANZAHL DER BEREICHE VON ENERGIEGRUPPEN, DIE °®
ce JEWEILS AUF GLEICHE WEISE ZU UNTERTEILEN SIND®
D* (NL(T},
E® N2{1},
WRITE (NOUT,16]}
16 FORMAT(
Fe NFG{I)s ANZAHL DER UNTERGRUPPEN PRC ENERGIEGRUPPE?
G* NFI(I),I=1,NGRE} ANZAHL DER ENERGIESTUETZPUNKTE PRO®
H? UNTERGRUPPE?®
I* DIE LETZTE KARTE LAUTET =°*
1®* 35. KARTE®
2° JENDEd 17 KONSTANTE?®
3® DIE KARTEN 1 BIS 35 SIND FUER JEDES ZU BEHANDELNDE MATERIAL®
4% ZU WIEDERHOLEN. DIE LETZTE EINGABEKARTE DES JOBS LAUTET :¢
5 QRENDER 18%///7}
WRITE (NOUT,211}
21 FORMAT{
1* DAS PROGRAMMSYSTEM MIGROS BENOETIGT DD-KARTEN FUER?®

KONSTANTE® /)

NUMMER DER LETZTEN ZU UNTERTEILENDEN GRUPPE')}

ANZAHL DER PROGRAMMAUFRUFE (MUSS MIT DER ZAHL °

NUMMER DER ERSTEN ZU UNTERTEILENDEN ENERGIEGRUPPE®

/
/
/
/
/

~
MNNANSNNSNANSNNSNNSNNSNNSN

/
/
/
/
/
/
/
/
/
/
//
7/
/
/
/
/
/

1/
144

7/
1/

3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660
3670
3680

2
30
40
5t
61
T
8t
G
Al
B
ce
D
1
1
1
21

FOLGENDE EXTERNE SPEICHER! 17
8 EINHEIT, AUF OIE FREEFO DIE ENTSCHLUESSELTE EINGABE® /

SCHREIBT?® /
1 EINHEIT, AUF DER DIE KERNDATENBIBLICTHEK STEHT® /
3 EINHEIT, AUF DIE ALLE ARBEITSPRCGRAMME IHRE INTERNE® /

AUSGABE SCHREIBEN?® /
10 ZWISCHENEINHEIT, DIE NUR VOM PRCGRAMM MIT ODER KENNZIFFER 6%/

BENCETIGT WIRD® 174/
AUF DER EXEC - KARTE IST DIE ANGABE DES PARM.G - PARAMETERS® /
ERFORDERLICH. DIE LAENGE DES BENOETIGTEN PARM.G - FELDES IST® /
VON DER EINGABE UND DEN GEWUENSCHTEN ARBEITSPROGRAMMEN®
ABHAENGIG®
IM FOLGENDEN WERDEN DIE SYMBOLE DER EINCABEBESCHREIBUNG®
VERWENDET * /
DIE STEUERPHASE BENOETIGT® /
2XNTYP+3%NMATHNFE*{NSPEC+1) +NT+MI+ 143 #NE+4*NA* { L+NE]} WORTE®/)

WNNNNN

WRITE(NOUT,22)
22 FORMAT{ 1H1/1HO/1HC/

2% WOBEI FUER DEN FALL, DASS EINE DIESER GROESSEN NICHT IN DER® /
L' EINGABE GESETLZT IST, DIE WERTE DER STANDARDEINGABE BENUTZT® /
2" WERDEN, ALSO: NTYP=T7 , NFE=1 , NSPEC=1 , NT=3 , MI=7 , NMAT=1%//
3% HIERZU IST DER PLATZBEDARF DES ANGELAUFENEN ARBEITSPROGRAMMS® [/
4* MIT DEM GROESSTEN PLATZBEDARF ZU ADDIEREN? 1/
5° PLATZBEDARF DER EINZELNEN ARBEITSPROGRAMME® 1/
6° KENNZIFFER PLATZBEDARF?® //
7 1 THMI+IENE+T*MAX(300,ANZAHL DER RESONANZENERGIEN® /
g* AUF KEDAK)+5%MAX {400, MAXIMALE ANZAHL DER ENERGIE-* /
ge STUETZPUNKTE, DIE FUER DIE INTEGRATICN UEBER EINE* [/
g ENERGIEGRUPPE BENOETIGT WIRD) WORTE®}
WRITE (NOUT,24)
24 FLRMATY(
et KOMMENTAR:® /77
1° DIE ANZAHL DER STUETZSTELLEN FUER DIE INTEGRATION® /
2° KANN VOM BENUTZER NICHT IM VORAUS BESTIMMT WERDEN.® /
3 FALLS DIE VORGEGEBENEN 400 SFEICHERWORTE NICHT?® /
&° AUSREICHEN, WIRD DIE DIMENSICN DES SPEICHERPLATZES® /
St ERHOEHT, FALLS ES DAS PARM.G-FELD ERLAUBT. WENN DAS®/
e PARM.G-FELD NICHT AUSREICHEND GROSS IST, WIRD DAS® /
Bt ARBEITSPROGRAMM UEBERSPRUNGEN. EMPFOHLEN WIRD IN® /
A DIESEM FALLE EINE VERDOPPELUMNG DES FUER DIE® /
Al INT EGRAT ION VORGESEHENEN FELLCES IM PARM.G-FELD® 4
AT 2 35%*MI WORTE® 174
8 3 6MNE+LO6*MI*NE+2*MAX(150C,ANZAHL DER MUEL-WERTE AUF® /
ce KEDAK IM GEWUENSCHTEN ENERGIEBEREICH}+6%*MAX(1500,° /
D* ANZAHL DER SGA—-WERTEjs; AMNZAHL DER SGN-WERTE,® /
B? ANZAHL DER SGF-WERTE AUF KEDAK IM GEWUENSCHTEN® /
E? ENERGIEBEREICH) WQORTE® 1/
Fr 4 6FNE+2¥*MAX (1500 ,ANZAHL DER SGN-WERTE s ANZAHL DER® /
G SGF-WERTE AUF KEDAK IM GEWUENSCHTEN ENERGIEBEREICH) '/
H? WORTE*®/)
WRITE (NOUT,.23)
23 FORMAT(

1* 5 12*%NE+3% (NE+1) +3*MAX{ TOO0,ANZAHL DER SGI-WERTE AUF® /
2! KEDAK OBERHALB DER SCHWELLE FUER INELASTISCHE® /
3¢ STREUUNG )+3%MAX (25 ;ANZAHL CER INELASTISCHEN ANRE-®* /
& GUNGSNIVEAUS } +MAX{ 25%400, ANZAHL DER INELASTISCHEN®! /

3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240

9 IA



5 ANREGUNGSNIVEAUS*ANZAHL DER ENERGIESTUETZPUNKTE DES®/ 4250
6° ANREGUNGSQUERSCHNITTES ZUM 1. NIVEAU)+MAX(400,° / 4260
7° ANZAHL DER SGI-WERTE AUF KEDAK UBERHALB DER® / 4270
gr SCHWELLE FUER INELASTISCHE STREUUNG) WORTE® /7 4280
ge 6 SEMAX{ 400, ISM)+7*MAX (10005 ISC) +4*(NE+L) +4*NE+* / 4290
A MAX{400%21, ISM*ICOS ) +MAX(400%2,1 SMXNECU) +6%¥MAX(2," / 4300
Be NECUJI*NE+2*ICOS+2*MAX (4000,NTT} WORTE® / 4310
ce DABEI BEDEUTET =z / 4320
Dt ISM 300+MAXIMAL ZAHL VON ENERGIESTUETZSTELLEN DER*® / 4330
= SGNC AUF KEDAK IN VIER BENACHBARTEN ENERGIE-® / 4340
G? ISD ISM+MAXIMALZAHL VON ENERGIESTUETZSTELLEN DER® / 4350
He SGN ODER MUEL AUF KEDAK PRO ENERGIEGRUPPE® / 4360
Fe GRUPPEN? / 4370
Ie ICOS ANZAHL DER WINKELSTUETZSTELLEN DER SGNC AUF? / 4380
NA KEDAK ) 4390
WRITE (NOUT,25]) 4400
25 FORMAT{1H1/1HO/1HO/ 4410
1e NECU MAXIMALE STREUBREITE IN ENERGIEGRUPPEN (=2¢ / 4420
2° FUER EINFACHE UEBERSTREUUNG)® // 4430
1 NTT ANZAHL DER SGT - STUETZPUNKTE FUER CIE GEGEBE~?'/ 4440
2° NE MISCHUNG IN 4 BENACHBARTEN ENERGIEGRUPPEN® / 4450
3 7 NE WORTE® // 4460
&* 8 3HNE+2¥M AX{ 1 0*NE,NFE} RORTE? /1 4470
5¢ 9 39HNML*IMAX*(3+NUJMI+ICOS* (24NIV I+NIV+IMAX® / 4480
6° +2*¥NJM& 3XNDATHNE+NFIN®I Zv+BUF?® / 4490
7° DABEI BEDEUTET:® / 4500
g® NML=NLRE+l"* / 4510
EA NFIN MAXIMALE ANZAHL DER FEININTERVALLE PROF / 4520
Al ENERGIEGRUPPE®) 4530
WRITE (NOUT,28) 4540
28 FORMAT{ 4550
1 IZV = MAX(4,IMAX*NML)"® / 4560
Be NDAT MAXIMAL MOEGLICHE ANZAHt VON ENERGIESTUETZI-®* / 4570
ce PUNKTEN FUER TOTALE CDER ELASTISCHE QUER-"' / 4580
D° SCHNITTE IN EINER ENERGIEGRUPPE® / 4590
E® NIV ANZAHL DER ENERGIESTUETZSTELLEN DER SGNC AUF*® / 4600
Fe KEDAK® ) / 4610
G* ICOS ANZAHL DER WINKELSTUETZSTELLEN DER SGNC AUF® / 4620
H* KEDAK® / 4630
I IMAX MAXIMALE STREUBREITE IN ENERGIEGRUPPEN (=2° / 4640
I FUER EINFACHE UEBERSTREUUNG) ®} 4650
WRITE(NOUT:29) 4660
29 FORMAT({ 4670
5° BUF = MAX{NDAT,2+IMAX*NFIN)}® // 4680
Je 10 ES IST KEIN SPEICHERPLATZ ERFORDERLICH® /17 4690
K® DIE ANGABE DER REGION AUF DER JOB — KARTE SETZT SICH °* / 4700
L* ZUSAMMEN AUS DEM PARM.G — FELD UMGERECHAET IN K — BYTES® / 4110
M? + 170K - BYTES FUER DAS MIGROS — PROGRAMM UND DIE PUFFER® /777 4720
1°* EINGABEBEISPIEL® // 4730
2% //INRO1TMI JOB (0017,101,P6M1B)sKRIEG,CLASS=A,TIME=10," / 4740
3°® // REGION=340K® / 4150
4% J/ EXEC PGM=MIGROS2 ;PARM=170000° / 4760
4* //STEPLIB DD DSN=LOAD.NUSYS,UNIT=323C,VOL=SER=NUSICE,;DISP=SHR*/ 4770
5% [/FTO8F001 DD UNIT=SYSDA,SPACE=(TRK;10}°* / 4180
St* //FTO6F001 DD SYSDUT=A,DCB=(RECFM=FBA,LRECL=133,BLKSIZE=931),* / 4790
5% // SPACE={TRK;80,RLSE}"* / 4800

OO0

[aXaXg!

&* //FTO1F001 DO UNIT=2314,VOL=SER=NUSYSC;CSN=KNDF sDISP=SHR"
7 //FTO3F001 DD UNIT=3330,VOL=SER=SCRCIC,LCISP={NEW;KEEP},°*

8° // SPACE=(TRK;y20,RLSE)sDSN=GROUP.CONSTANT.OLTPUT,"
7% // DCB=(RECFM=VS,LRECL=32768, BLKSIZE=800)"
¢* //FT1OF001 DD UNIT=SYSDA,;SPACE=(TRK,1CC}*)

WRITE (NOUT,26}

26 FCRMAT(

9111

1* //FTO5F00C1 DD *°
F* auU 2353 1°
G* aBLOCa 4°
1* 7 1 18 18
3¢ QENDEa 17°
2 a0 163 0O°
é* @BLOC2 4°

21414 41414 553 7251 8251

7* 5 344 633 61212 933 9 12 12°
E' FENDEa '17°
%' PENDEa 18¢

5¢ ENDE DER EINGABEBESCHREIBUNG®

68 kdckddokikk Rk ok ok wkkk ko dokkk kxR /1 H] )
RETURN
ENC

ROUTINE FOR PRODUCING AN UNFORMATTED INPLY-FILE

SUBROUT INE FREEFO (INP,NFI,NFO,LF,F ¢ NF)

DIMENSION LF{1),F(1)sNF(1),02(2)

REAL*8 NS,NVB8/5HNLFIN/,VC

LCGICAL#*1 JF(81},JX(2)

INTEGER*2 NFE(80),LV(18)sJY(4)sLL;JKFEySTERN/2H%X /
EQUIVALENCE (JZ(1)sJF(1)3JY(1)sN8),(LLyJX(1)}}

NNNSN

10 26 26°

NMNNNNANNSNNN

17/
/7

DATA LV(L}/1H /5LV(2)/1HO/ 2LV(3)/1HL/ 3L V(4)/1H2/,LV{5)/1H3/,
WLV(6)/1H4A/ s LVLTY S 1IHS/ §LV(B) /1HE6/ s LV(S)/1HT/ s LV{10)/1H8/ 5
2LVI11}/1HI/ s LV(12)/1H+/ 4 LV(L13)/1H+/5LV(14 )/ 1H=/ 3 LV(15)/1H./
3LV(16) /IHE/5LV(1T) /1HD/ 4LV (18} /1H®/ s LE/4HHEXA/ LFU/4HFORM/

49 LSPE/4HSPEC/ s LNO/4HNORM/

Iy=80
GOTO 9111

ENTRY FREE72 (INPyNFI,NFO,LF,F,NF}
1y=72

v=1.
Mv=1
LPP=0
NF(1)=0

4810
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4520
4930
4940
4950
4360
4970
4980
4590
5000
5010

10
20
30
40 =
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300



OO0

33

200

201

202
203

6667
6

s X2 X3!

6668

500
501
502

12
144

14
111
145

13

L Su=0

L 5=0

LP=0

N§=0

LO=0

N=0

LL=LV(1) /256
KSPNO=0
KQUT=0

IF(NF(1).EQ.LE} GOTO 2
IFINF{1).EQ.LFO) GOTO 2

GCTO 201

KOuT=1

GCT0 12

JZ(1)=NF{1)

JI(2)=NF{2)

IF{N8.EQ.NV8} GOTC 200

READ ( INP,1,END=200,ERR=3) (NFE(I1),I=1,80)
FORMAT{80AL)

G0 T0 4

IF(NFI)203, 203,202

ENDFILE NFI

REWIND NFI

RETURN

WRITE (NFO,5}

FORMAT(1H0/48H ERROR-CONDITION IN DATA TRANSFER OR INPUT-ERRGR)
sTopP

IF (IY.EQ.80) GOTO 6667
JKFE=NFE(T3)

NFE(T73)=STERN

WRITE (NFD,6) (NFE(I},I=1,80)
FORMAT(1X,80A1)

IF (IY.EQ.B80) GOTO 6668
NFE(73)=JKFE

IF(NF{1).EQ.LNO} GOTO 500
IF{NF(1).EQ.LSPE} GOTO 501
GOTO 502

K SPNO=0

G070 11

KSPNO=1

G070 11

IFINFE{1)}.EQ.LV(1)) GOTO 10
IFIN)1L,11,12
IFINFI}13,13,144
IF(KSPNQO}145,145,14

WRITE (NFI) Ny (NF(I},I=1,N)
IF(KOUTI11,11,2

WRITE (NFI) (NF(I}sI=1,N}
GOTO 111

NS=NS+1

310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860

OO0 [eNaXel

oo

OO0

15

11

10
16

57
20

21
30
31

32
40

47

LF(NS)=N
NI1=NS+1
N2=NS+N
N=0

DO 15 1I=N1,N2
N=N+1
LF(I)=NF{N)
NS=N2

GOTO 111
N=0

J=0

GO T0 16
J=1

J=J+l

DO 23 K=1,18
IFINFE(J}.EQ.LVIK]}) GO TO 21
CONTINUE

GC TO 3

IF(K-1}30,30,22
IF{LS)31,31,32
IF{J-1IY}16,+33,33

IF(LPP)}40;40,41
N=N+1

NF (N} =L SU*MV
LSU=0

L$=0

L0=0

Mv=1

V=1.

GOT0 31

M=LP-LS
IF{L5-9142,43,43
LSU=LSUR
IF{M) 44 45,46
IF(78+M)3,3,45
IF(75-M13,:3,45
N=N+1

ve=vV
FIN)=DFLOAT (LSU) *VC*10 ,%%*M
LP=0

LPP=D

GO T3 47

870
880
890
S00
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420



22
50

52
511
883

51

[aNaXe}

23
60
61
63
62
64

65

(g e Nyl

24
70
71

73
12

T4

884

[ NaXe]

25
80
81

IF{K-11)50, 50,23
LS=LS+1
LSU=10%LSU+K=2
IF(LS-9)511+52,511
L SUR=LSU
IF(LPP)51,51,883
LC=-1

J=J+1
IF(J-1Y)884,884,32
IF{J~1Y¥)16,32,32

IF{K~14)60, 60,24
IF(LO)61,61,+3

LO=1

IF{K-14)62,63,63

V==1,.

MV==-1

IF{J-1Y)64,3,3

J=J+1

DG 65 K=2,11
IFINFE{J}.EQ.LVIK]) GO TO 50
CONTINUE
IFINFE(J).EQ.LV(15]} GO TO 70
GG TO 3

IF(K-15)70s 70,25
IF(LP)T7L,71,3

LP=LS

LPP=1

IF(J-1IY)72,73,73
IF(LS)3:3,41

J=J+1

DO 74 K=2,11
IFINFE(J).EQ.LVI{K]}]} GO TQ 50
CONTINUE

IF(NFE{J).EQ.LVI1)) GO TO 73
IF(NFE{JILEQ.LV(16)) GO TO 81
LC=0

LA=0

Lvl=l

LP1=0

IF(J-1Y)882:882,3

IF{K-16)80,80,26
IF(LPP)3,3,81
LA=0

LC=1

Lvi=l

LP1=0

1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760

“1770

1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1520
1930
1940
1950
1960
1570
1580

OO

82

882

84
83
86
85
87

89
88

S0

26
300
301

117
116

100
110

102
120
121
101

106

107

112

433

434

IF(J-1Y)82,:3,3

J=J+1

IF(NFE{J).EQ.LV{(1l])) GO TO 83
IF(NFE(J).EQ.LV(12)} GO TO 83
IF(NFE{JY.EQ.LV(13)}) GO TO 83
IF(NFE{JI.EQeLV{14})) GO TO 84
I1F{(LC)97,3, 85

LVl=—1

IF(J~1Y)}86,3,3

J=J+1

DC 87 X=2,11
IF(NFE(J).EQ.LV(K)) GO TO 88
CONTINUE

IF{NFE(J}.EQ.LV(1}) GO TO 89
G0 TO0 3

IF{LA)I3,3,90

LA=1

LP1=10*LP1l+K~-2
IF(J-1Y)86,90,90
LP=LP+LPI*L V]

G0 TO 41

IF{K-17)300,300,301

M=5

K7=17

GO 10 117

M=4

K7=18

LC=0

LA=0

DO 100 L=1,4

JY({LI=LVAL)

J=Jd+1
IF(J-1Y)101,102,102

IF(NFE{J).EQ.LV{KT7)) GOTO 120

LC=0

GCT0 121

Jd=J-1
IF(LC)33,3,112

IF(NFE(J).EQ.LVIKT7)) GO TO 106

GC TO 107
IF(LC)I105,3,102

LA=LA+1

LC=1

LL=NFE(J)

JF{LA)=JX(1)
IF(LA-M)}110,112,112

N=N+1

NF (N}=JZ(1)
IF(K-171433:433,434
=N+1

NF (N}=JZ(2)

LC=-1
IF(NFE(J+1).EQ.LV(KT}) GOTO 110

1590
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260 «
2270
2280 %
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540



OO

GOTO 116

105 IF(NFE{J+1).EQ.LV(1}) GOTO 16
GO TO 3
END

PRCGRAMM ZUM LESEN UND PRUEFEN DER EINGABE FUER DAS MIGROS—-SYSTEM

SUBROUT INE INPUT (ITYP,NAME,TZ; ENGyEFsNRy TEMPsSIGC,NRE;NN1,NN2,
1NFGyNFI yNG s NI yNMAT,MI yNE;NSPEC; NFE;NASNT s NTYP;NFRyXL s NFy NX; TAOR)
REAL*8 MAT1, MAT,ITYPyN2,NAME ;SGC, SCA,SGF
DIMENSION ENG{NE) ;EF{NFE,NSPEC) s NAME(NMAT }, TZ(NMAT) s MAZ(2]),
1 NR{3,NA) s TEMPINT) 4SIGO(MI}sITYPINTYP},
1INZ(5)s IPM{2)}; NRE(NA);NNL{NA;NEJsNNZ{NASNE};NFGINA;NE)} s NFI(NA,SNE)

29 XL{1) s NGUNE) s NI (NE)

COMMON MAT, ISTRUK ; ISPA;NOUT s L1IZ s NANF;NEND 5KL

EQUIVALENCE (MAT.IPMI1))

DATA INZ/®0%3%2°%,°4%,%6%,°8% /3N2/"ENDE °/

1sN3/° 9/ 3SGC/°SGC
CALL FSPIE
MDIM=1500
NER=1500
LDIMN=1500
IRE=300
I15TE=400
IWE=400
15G=400
NET=700
NAE=25
NTT=4000
NMAX=5
1C0s=21
1SM=400
IsD = 1000
NECU = 2
1SCO=ISM*ICGS
ISEC=ISM*NECU
I REMG=0
READ (NF} MAT,ISTRUK
READ (NF) MAT1,MAT2
IF{MAT2-1}1,2,3
2 READ (NF) ISPA
READ (NF) MAT1,MAT2
G0 TO 4
3 p0 5 I=1,5
IF{IPM(2}.EQ.INZ(I)} GO TO 6
5 CONTINUE
ISPA=1
GC TO 4
ISPA=0
IF{MAT2-2)1,7,8
READ (NF) NE,{ENG(I),I=1,NE)
READ (NF)} MAT1,MAT2

~ o

®/sSGAZ "SGA

°/ 1 SGF/* SGF

v/

2550
2560
2570
2580

10

20

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470

[}

10

12 FORMAT(1HO/® #%*ERROR 0. 3 : THE ENERGY GROUP BOUNDARIES®/(8E1l6.8}
1)

13

8

15

1%
16

18
19
21
17
20

22 READ (NF) NAy(NR{LsI} ,NR(2,1)JsNR(2;1),I=13NA)

54

DC 9 I=2,NE
IF(ENG(I).LT.ENG(I~1}} GO TO 10
CONT INUE

GL TO 14

WRITE (NOUT,12) {ENG(I),I=1,NE)

WRITE (NOUT,13)

FORMAT{® ARE NOT GIVEN IN AN INCREASING ORDER?)

sT0P

NE=26
ENG{1)=0.,215
ENG{2)=0.465
ENG{(3)=1.

DO 15 K=1,5

DC 15 J=1,3
MO=3%(K=1}+J
ENG{MO+3)=ENG{ MO} #10.
ENG{19}=0,2E6
ENG(20)=0,4E6
ENG{21}=0.8E6
ENG{22)=1.4E6
ENG{23)=2.5E6
ENG(24)=4.0E6
ENG(25)=6.5E6
ENG{26)}=1,0E7
IF(MAT2-3)1,16,-17

READ (NF) LSP,NFE,((EF(I,J)sI=1,NFE)},J=1,NSFEC)

READ (NF) MATL,MAT2

DO 13 I=2,NFE
IF(EF{I 1) LE.EF(I-1,1}} GO TO 19
CCNTINUE

GO 10 20

WRITE (NOUT,21)

FORMAT{1HO/® ***¥ERROR 0. 4 : THE ENERGY PCINTS OF THE MACROSCOPIC
IWEIGHTING FUNCTION ARE NOT GIVEN IN AN INCREASING ORDER®)

sTap

NFE=1

LSP=0
IF{MAT2-4)1,22,23

00 11 I=1,NA

IF(NR(23I).GENR{3;1}AND.NR{25 I} LEL{NE=1}}
IFINR(LsI)+EQ.10, ANDoNR{3,1}.LE.NE} GO TC 11

WRITE (NOUT 54} NR{1,I}

FORMAT(1HO/® **%ERROR 0., 5 = THE CHOICE CF ENERGY GROUP BOUNDARIES

1 FOR PROGRAM®, 16,° IS NOT VALID'}

11

112

sTgP

CONTINUE

IF(NFE.EQel) GO TO 114

MIN=1

MAX=NE-1

DO 112 I=1,NA
IF(NR(2,1).GT.MIN) MIN=NR(2,I)
IF(NR{3,1).LT.MAX) MAX=NR(3,I)
CCNTINUE

480
490
500
510
520
530
540
550
560
570
580
590
600
810
620
630
640
650
660
670
680
£90
700
710
720
730
740
750
760

780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
$50
960
870
980
990
1000
1010
1020
1030

Ol TA



AN=ENG{NE-MIN)
END=ENG{NE~MAX+1)

IF(EF{1s1}«GE.AN) GO TO 113
IF(EF(NFE;1).GT.END) GO TO 114

113 WRITE (NOUT,115)
115 FORMAT(1HO/® ***ERROR 0. 6

STCP
114 DG 116 I=1,NA

IF(NR{1,13EQe3.AND.IPM{2).EQ.N3)

GO TO 116
117 WRITE (NOUT,118) MAT
118 FORMAT(1HO/*® #***WARNING O.

1* CAN ONLY BE CALCULATED FROM RESCNANCE DATA®/®

2WAS MODIFIED APPROPRIATE®}
NR(lsI}=1
116 CONTINUE
READ (NF) MAT1,MAT2
GO TO 24
23 WRITE (NOUT,25}
25 FORMAT(1HO/® **%ERROR 0. 7

STOP
24 I1F(MAT2-5)1+26+27

26 READ (NF) MT,{TEMP(I},I=1,MT)

READ (NF) MAT1,MAT2
DO 28 I=1,NA

IF(NR{1,1).EQe1.0RNR{1;I}.EQ.2) GO TG 25

28 CONTINUE
WRITE (NOUT.30)

30 FORMAT(1HO/® ***WARNING 0. 2
11S NOT NECESSARY AND IS IGNORED®)

GC 10 29
27 DO 31 I=1,NA

IF(NR{1,1}.EQe1+0R.NR{1sI).EQ.2) GO TL 32

31 CONTINUE
NT=0
GO TO 29

32 IF(ISTRUK.EQ.0) GO TO 34
NT=3
TEMP(1)=300.
TEMP(2}=900.
TEMP(3)=2100.
GC TO 29

3« NT=1
TEMP({1)=0.

29 IF(MAT2-6)1,33,35

33 READ (NF) MI,(SIGO(I),I=1,MI)

READ (NF) MAT1,MAT2
DO 36 I=1,NA

TFINR{1,y I} eEQeloORNR{11I)EQe2.0R.NR{1,;T).EQ.3} GO TO 37

36 CONTINUE
WRITE (NOUT38)

38 FCRMAT(1HO/' ***WARNING O. 3
1ROSS SECTIONS IS NOT NECESSARY AND IS IGNCRED®}

GG TO 37

THE MACRCSCCPIC WEIGHTING FUNCTION DO
1ES NOT INCLUDE ALL ENERGY GROUPS DESIRED®)

THE SELFSHIELDING FACTORS FOR ®,A6,

THE MODULE NUMBER

THE IDENTIFICATION NUMBERS OF MODULES
1 70 BE CALLED CAN NOT BE FOUND®)}

THE DECLARATION OF THE TEMPERATURE

THE DECLARATION OF THE BACKGROUND C

1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590

35

39

40

149
150
152
153

154

156

155

157

151

44
46

43

47

48

45
49

DO 39 I=14NA

IF(NR(1,1).EQ.1.0R.NR{1,I).EQ.2.0R.NR{151).EQ.3) GO TGO 40

CONTINUE

MI=0

GG TO 37

MI=7

SI1GO(1)=0.

DO 41 I=1,6
SIGO{I+1)=10.%*]
IF(MAT2~T7)1+%2+43

READ (NF) NTYP,(ITYP(I),I=1,NTYP}

READ (NFIMAT1,MAT2
DO 145 I=14NTYP
IF(ITYP{I)EQ.SGC)
CCNTINUE

GO0 TO 151

DC 152 J=14NTYP
IF(ITYP{J). EQ. SGA)
CCNTINUE
ITYP(1)=SGA

DO 154 J=1,NTYP
IF(ITYP{J). EQe.SGF)
CONTINUE
IF(ITYP(I).EQ.SGA)
ITYP(I)=SGF

GO TO 151
NTYP=NTYP+1
ITYP(NTYP)=SGF

GC TD 151
IF(ITYP(I).EQ.SGA)
NTYP=NTYP-1

DG 157 J=I,NTYP
ITYP(JI=ITYP(J+]1)
DO 44 I=1,NA

GO TO 150

GO TO 153

GO TO 155

GO TO 156

GO TO 151

IFINR(1,I}.EQ.4} GO TO 45

CONTINUE
WRITE (NOUT ,46)

FORMAT(IHO/®* **%xWARNING 0. 4 :

GC T 45
DO 47 I=1,NA

IF(NR{1,I).EQe4.0R.NR(151).EQ.10}

CONTINUE

NTYP=0

GC TO 45

NTYP=7

CALL DOPW (8HMUEL
CALL DOPW (BHNUE
CALL DOPW (8HSGA
CALL DOPW (BHSGF
CALL DOPW (BHSGI
CALL DOPW (8HSGN
CALL DOPW (8HSG2N
IF(MAT2-8)1,49,50
READ (NF) NRES
READ (NF) MAT1,MAT2

s ITYP(1))
2ITYP(2))
2 ITYP(3))
2 ITYP(4))
2 I1TYP{5})
1 ITYP(6})
s ITYP(T))

THE DECLARATION OF THE CROSS SECTIO
IN TYPES IS NOT NECESSARY AND IS IGNORED®)

1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880

18902

1900
1910
1320
1930
1940
1950
1960
1870
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150



DO 51 I=1,NA
IFINR{1yI).EQ.1} GO TO 52
51 CCNTINUE
WRITE (NOUT,53)
53 FORMAT{1HO/®¢ ***WARNING O.

GC TO 52
50 NRES=10
52 IF{MAT2-S}1,56,57
56 READ (NF) ERROR
READ (NF} MATLI,MAT2
DC 58 I=1,NA
IFINR(L,I}.EQ.1} GO TO 59
58 CONTINUE
WRITE (NOUT,60)

60 FORMAT(1HO/® ***WARNING 0. &
1GRATION ERROR IS NOT NECESSARY AND IS IGNCRED®)

GC TO 59
57 ERROR=0.05
59 IF(MAT2-10)1,63,64
63 READ (NF) XNUE
R EAD (NF) MAT1,MATZ2
DO 65 I=1¢NA
IF(NR(1,I}.EQ.5) GO TO 66
65 CONTINUE
WRITE (NOUT,867}
67 FORMAT(1HO/® ***WARNING 0.

2}
GO TO %56

64 XNUE=0.16

66 DO 77 I=1,;NA
IF(NR{lsI ) .EQ.6) GO TO 78

77 CONTINUE
1P=0
GO TD 79

78 1P=1
LSPEC=NFE*LSP

79 IF(MAT2-1111,8C,81

80 IF{IP.EQ.Ll} GO TO 82
WRITE (NOUT,83)

83 FORMAT(1HO/® **%*WARNING O,

1SARY'")

82 READ (NF) ISEL,NLANLE
READ (NF) MAT1,MAT2
NLA=)

IF(NLE.LT.1) NLE=1
IF(NLE.GT.5) NLE=5
G0 TO 84

81 NLA=OQ
NLE=5
IF(ISTRUK.EQ.0) ISEL=2
IF(ISTRUK.EQ.1} ISEL=1

84 IF(IP.EQ.D) GO TC 141

IF(NFEoGT o0 sAND.EF{151}.EQ.0) EF({lsl)=l.E-3

141 IF(MAT2-12)1,133,134

THE DECLARATION OF THE NUMBER OF RE
1SONANCES IS NOT NECESSARY AND IS

THE DECLARATICON OF THE ALLOWED INTE

THE DECLARATION OF THE PARAMETER FO
1R THE WEISSKOPF EVAPORATION MODEL IS NOT NECESSARY AND IS IGNORED®

THE INPUT FOR MODULE 6 IS NOT NECES

2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
267G
2680
2690
2700
2710

133

135

134
136
137

139

142

143

140

138
145

147

146

148
68
59
70
71
74

73

72

7%
76

104

IF(IP.EQ.1) GO TC 135
WRITE (NOUT,83)

READ (NF) NMAT,(NAME(I},TZ(I),I=1,NMAT)}
READ (NF} MAT1,MAT2

NTK=1

GC TO 136

NTK=0

IF{MAT2-13)1,137, 140
IF(IP.EQ.1) GO TO 139
WRITE(NOUT, 83}

READ {(NF)} MAZ(1) ,MAZ{2)}
READ (NF} MAT1,MAT2
IF(MAZ{(1}.EQ.0) GO TO 138
IF{LSP.EQ.O0) GO TQ 138
IF(LSP-(NLE+1))142,138,138
LP=NLE+1

WRITE (NOUT,143} LP

FORMAT(1HO/® *%%ERROR 0. 8 = THE NUMBER GF WEIGHTING FUNCTIGONS IS
*LESS THAN THE NUMBER OF LEGENDRE MOMENTS.°/I5;° NUMBER OF WEIGHTIN
2G FUNCTIONS ARE NEEDED®)

STGP

MAZ{1)=0

MAaZ(2)=0
IF(MAT2-14)1,145,146
IF(IP LEQel) GO TO 147
WRITE(NOUT,83)

READ{ NF}NSy NKyNRR
READ{NFIMAT1,MAT2

GG TI 148

NS=4

NK=70

NRR=16

DO 68 I=1:;NA
IF(NR(1,1).EQ.%9) GO TO 69
CONTINUE

I1P=0

GO TO 70

IP=1 :
IF{MAT2-15)1:T1,72
IF(IP.EQ.1) GC TC 73
WRITE (NOUT,74)

FCRMAT(1HO/® ***WARNING 0. 9 : THE INPUT FOR MOOULE 9 IS NOT NECES
1SARY' }

READ (NF) ERRyNJIM,NUJIM
READ (NF} MATL1,MAT2

GO TO 75

IF(IP.EQ.D) GO TO 75
ERR=0,05

NJIM=6

NUJM=10

IF (MAT2-156)1,765103
IF(IP.EQ.1) GO TC 104
WRITE (NOUT,74)

READ (NF) ISELRsNLRAsNLREs;NCALL
IF(NCALL.NE.O)} GC TO 158
READINF IMAT1,MAT2

2720
2730
2740
2750
2760
2170
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2$30
2940
2550
2960
2870
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
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3110
3120
3130
3140
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3160
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3200
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3220
3230
3240
3250
3260
3270

2l IA



GO TO 105 3280 CALL FGEM(MIsSIGO,NE, ENGyNFEyEF{1,1),EF(15,2),NT, TEMP,ERROR;NRES 3840

158 1S=0 3290 INGRy XLINFR) s XL (NFR+7%MI) s IREyIREP ;XL INFR+7TXMI+3%NE) s XLINFR+T*MI+ 3850
DO 109 I=1,NA 3300 23%NE+TRE) s XLINFR+TH*MI+3*NE+IRE*2) s XLINFR+T*MI+3=NE+3%IRE) 5 3860
IF(NR(1,1).EQ.S) 1IS=1IS5+1 3310 BXLINFR+T*MI+3%NE+4*IRE} s XL INFR+7*MI+3*NE+5*IRE), 3870

109 CONTINUE 3320 4XL (NFR+THXMI+3%NE+E6*IRE) 3 ISTEy ISTEP s XL{NFR+T*MI+ 3%xNE+T*IRE)} ) 3880
IF{IS.EQ.NCALL} GO TJ 110 3330 IF(IREP.GT.0.0R.ISTEP.GTL0) GO TO 12¢ 3890
WRITE (NOUT,111) IS,NCALL 3340 IF(NGR.EQ.D) GO TO 101 3900

111 FORMAT(1HO/® ***ERROR 0. 9 : MODULE 9 IS CALLED ",I3,°® TIMESs IN T 3350 NANF=NE=-NGR 3910
1HE INPUT BLOC 16 NCALL IS SET T0%,13) 3360 KL=KL~1 3920
STGP 3370 GO 7O 91 3930

110 DO 106 TI=1,NCALL 3380 101 IF(KL.LE.NA} GO TO 100 3940
READ (NF)INGREs (NNI{I,J)sNN2{IyJ)sNFG(IsJ)sNFI(15J)sJ=1sNGRE) 3390 GG TO 102 3950
NRE{I }=NGRE 3400 91 IF(NFR+35*%MI.GT.IADR) GO TO 121 3360
DO 106 J=1, NGRE 3410 CALL FSTAT(MI;SIGOJNE,ENGyNFESEF(1s1)sEF(1ls 2)yNT, TEMP, XL (NFR) 3570
IF(NN1{(I,J).GE.NN2(I,J)) GO TO 106 3420 IXLANFR+15%MI} o XL{NFR+30%MI}) 3980
WRITE (NOUT,107) 1 3430 NGR=0 3990

107 FORMAT(1HO/® **%ERROR 0.10 : IN BLOC 16 THE INPUT OF THE ENERGY GR 3440 IF{KL.LE.NA)} GO 7O 100 4000
10UPS IS NOT VALID FOR THE ",1I3,%. PROGRAM CALL'") 3450 GG 10O 102 4010
STOP 3460 125 MDIM=MDIM+MDIMP 4020

106 CONTINUE 3470 NER=NER+NERP 4030
READ{NF IMAT1,MAT2 3480 92 ISIG=0 %040
G0 TO 108 3490 IF(SIGO(MI) .GEs1.E6}) GO TO 144 4050

103 NLRA=0 3500 IS16=1 4060
NLRE=5S 3510 MI=MI+1 4070
ISELR=1 3520 SIGO(MI)=1.E6 4080
NCALL=0 3530 144 IF(NFR+6*NE+16*MI*NE+2*¥MDIM+6*NER.GT.IADR} GO TO 121 4090

105 NFG{ 1l,1l)=14 3540 CALL FSTRUK(MI ySIGOsNE;ENGsNFE,EF(151)sEF(1,2})s XLINFR)sXL{NFR+4*NE 4100
NFI(1,1)=5 3550 1) s XLINFRE4*XNE+S*MISNE } s XL AINFR+4*NE+G*MI¥NE) s XLINFR+4¥NE+L1S5®MIXNE), 41105
NRE(1)=1 3560 2XL(NFR+S*¥NE+15*%MI*NE), 4120

108 IF(MATL.EQ.N2) GO TO 88 3570 3XL (NFR+5%NE+16%MI*NE) sMDIM, MDIMP , XL (NFR+6*NE+16*M[*NE}, 4130w

1 WRITE (NOUT,89) 3580 4XL(NFR+E6*NE+16*M T *NE+MDIM) s NERy NERP s XL {NFR+ £¥NE+16%MI*NE+2*MDIM) , 4140

89 FORMAT{1HO/® ***ERROR 0O.11 = THE INPUT IS NCT ORDERED IN INCREASIN 3590 S5XLINFR+6*NE+16*MI *NE+2%¥MDIM+3*NER) ) 4150
16 ARGUMENTS®} 3600 IF{ISIG.EQ.1) MI=MI-1 4160
STOP 3610 IF{MDIMP.GT 0o OR. NERP.GT.0} GO TO 125 4170

88 NGR=0 3620 IF(KL.LE.NA} GO TO 100 4180
KL=1 3630 GC TO 102 4190

100 NANF=NR{2,KL} 3640 124 LDIM=LDIM+LDIMP 4200
NEND=NR {3 ,KL} 3650 93 IF(NFR+6XNE+2*.DIM.GT.IADR) GO TO 121 4210
IF(NR{1,KL}.EQ.1) GO TO 90 3660 CALL SUND (NEyENGsNFEsEF{L; 1)sEF(152)sNTYP, ITYP,XLINFR], 4220
IF(NR{1,KL}.EQ.2) GO TO 91 3670 1XL (NFR+NE) o XLINFR#2%NE} 5 XL {NFR+3*NE]} o XL INFR+4#NE) s XL (NFR#5%NE}, 4230
IF(NR{1,KL}-EQ.3) GO TO 92 3680 2LDIMy LDIMP, XL (NFR+6*NE} s XL{ NFR+6XNE+LLI M)} 4240
IFINR{1,KL}oEQe4) GO TO 93 3690 IF(LDIMP.GT.0) GC TO 124 4250
IF(NR(1,KL}.EQ.5) GO TGO 94 3700 IF(KL.LEWLNA) GO TO 100 4260
IFINR{1,KL}+EQ.6) GO TO 95 3710 GC TO 102 4270
IF{NR(1,KL}.EQ.7} GO TO 96 3720 127 NET=NET+NETP 4280
IF{NR{1,KL).EQ.8) GO TQ 97 3730 NAE=NAE+NAEP 4290
IF(NR({1,KL}.EQ.9) GO TO 119 3740 I1SG=ISG+ISGP 4300
IF(NR{1,KL).EQ.10) GO TO 120 3750 IWE=IWE+I WP 4310
WRITE (NOUT,S8) NR{1,KL} 3760 94 L=NFR¥+8*NE+2*NX+2*NET +2*NAE 4320

98 FORMAT(1HO/® *%*ERROR 0,12 : THE DESIRED MODULE®,16,° IS NOT CONTA 3770 IF(L+4XNEENXANET+NAE* (ISG+1)+IWE.GT-IADR) GO TO 121 4330
1INED IN MIGR(OS®) 3780 CALL SCAT(NE,ENG, XNUESNFE,EF(131),EF(1,2)sNXyXLINFR} 4340
sTop 3790 IXL(NFR#2XNE) s XLINFR+4*NE} s XL{NFR+6*NE )y XL {NFR+8%NE) s NET, 4350

126 IRE=IRE+IREP 3800 2XL(NFR+8HNE+2*%NX} sNAE s XL (NFR+8¥NE+2ENX+2%XNET) o XL (L) s XL{L+NE} 5 4360
ISTE=ISTE+ISTEP 3810 BXL(L+2%NE) g XL{L+3*NE) o XL (L +4*NE) sNETP ; XL{L+4*NE+NX) ; NAEP » 4370

90 NGR=0 3820 LXLILEGENE+NXENET) 3 ISG,ISGP s XL{L+4*NE+NXENETENAE ) , IWE s IWP 4380

IFINFR+7*MI+3*NE+7*IRE+5*ISTE.GT, IADR}) GC TO 121 3830 SXL{L+4%XNE+NX+NET+NAE+NAE*ISG)) 4390



123

95

96

ST

119

IFINETP oGT o 0«0RNAEP. GTo 0. OR e ISGP oGT2Ca R IWP.GT.0) GO TO 127
IF(KL.LE.NA} GO TO 100

GO 7O 102

NECU=NECU+NECUP

I SM=I SM+ISMP

I1SD=1SD+ISDP

ICOS=ICOS+ICase

I1SCO=MAXO{I SM*ICOS,I1SCO+ISCOP)

ISCO=MAXO{ISCO,NECU*ISD]}

ISEC=MAXO{ISM*NECU,ISEC+ISECP])

ISEC=MAXO{ISEC,150)

NTT=NTT+NTTP

NANF=NANF—-KIM

L=NFR+5%*ISM

M=L+7*1SD

N=M+2*1C0S

NN=N+4%NX

MM=NN+2%*NE

IF{MM+ISCO+ISEC+6*NECU*NE+2*NE+2*NTT.GT.I1ADR) GO TQ 121
CALL FLUMMI (XL (NFR}pXLINFR+ISM) s XLINFR#2*ISM) s XL {NFR+3%ISM ),
1XL (NFR+4XISM) s XLENFR+5*ISM) o XL{L+ISD) s XL(L+2¥*ISD)
2XLIL+3%ISD) 5 XL (L +4*ISD) o XL (L 45*ISD) o XLAL#6%1SD) s XL(L+T*ISD} »
BXL{M+ICOS) s XL{ME2FICOS) s XLIN+NX} s XL {IN+2%NX) s XLIN+3%NX }; ENGy
4XLIN+4%NX]) o XLONN#NE) o EF(151),EF(L,2) s XL{NN+2%NE),
S5XL(MM+ISCO) s XL (MM+ISCO+ISEC}, XL (MM+ISCO+ISEC+E*NECU*NE),
6 XLIMM+I SCO+ISEC+H6XNECURNE+2%®NE) 5
BXL(MM+ISCO+ISEC+6ENECUENE+2*NE+NTT) ,NAME,TZ,
6NLAsNLEsISEL sNMAX ;NEy NX ; NFEs LSPECsMAZ s NTKsNMAT; NTT,NT TP,
6 ICOS,ICOSPsNECU,NECUP yISM,ISMP,ISD,
71SDP,1SCO,ISCOP; ISEC,; ISECPsKIM; NSsNK;y NRR)
IFI{NECUPeGTc0eORsISMP4GTo00R.ISDPeGTe0+CRs ISCOPGTo0.0R
1ICOSP.GT 40 0RISECPeGTo0.0RNTTP.GT.0} GC TO 123
IF(KL.LE.NA} GO TC L0O

GO TO 102

IF(NFR+NE.GT,IADR} GO TO 121

CALL SPALT (NEsENG,XL{NFR}}

IF{KL.LE.NA)} GO TO 100

GO T3 102

NES=MAXO{10*NE,NFE)}

IF{NFR#3*NE+2¥NES.GT. IADR} GO TO 121

CALL EOV (NEJENGyNFE,EF({1y1),EF(1,2) 5 XLUINFR) » XL INFR+NE} 5 XL {NFR#+2%

INE) sNES s XLINFR+3%NE) y XLINFR+3XNE+NES ) }
IF(KL.LE.NA} GO TO 100

GO TO 102

IREMO=IREMO+1

IF(NCALL.EQ.0) IREMO=1
L=NANF=NEND+1

M=NRE(IREMO)

NN=NEND

IF(NCALL.EQ.0) NN1{1l,1)=NANF
TFINCALL.EQ.0) NN2{1,1}=NEND
00 128 N=1,M

129 NG{NN})=NFG{IREMO,N}

NI{NN}=NFI(IREMO,N)
NN=NN+1
IF{NN LENEND+NNL {IREMO,N)-NN2(TREMO,N)+1} GG TO 129

4400
4410
4420
4430
4440
4450
4460
4470
4480
4490
4500
4510
4520
4530
4540
4550
4560
4570
4580
4590
4600
4610
4620
4630
4640
4650
4660
4670
4680
4690
4700
4710
4720
4730
4740
4750
4760
4770
4780
4790
4800
4810
4820
4830
4840
4850
4860
4870
4880
4890
4900
4910
4920
4930
4940
4950

Ao

128 CCNTINUE
IFINN-1.EQ.NEND+L) GO 70 130
WRITE(NQOUT,131}
131 FORMAT(1HO/® ***ERROR 0.13 : FOR MODULE 9 TEE INPUT BLOCS 4 AND 16
1 DO NOT CORRESPONC®)
KL=KL+1
GO TO 132
130 CALL REMO(NEJENGyNFE,EF(1,2)+EF(151};ERRyNLRAJNLREyL sNGyNIsNIM,y
INUJM, ISELRy XL{NFR), XL{NFR) ;I ADR—-NFR+1}
132 IF(KL.LELNA} GO TO 100
GC TO 102
120 CALL THERM (NEsNTYP,ITYP}
IF(KL.LE.NA) GO TO 100
GO TD 102
121 WRITE (NOUT,122) NR(1l,KL)
122 FORMAT{1HO/®* ***¥ERROR 0.14 3 THE PARM.G PARAMETER IN THE EXEC CARD
1 IS NOT GREAT ENOUGH TO START MODULE® ,I3)
KL=KL+1
IF(KL.LE.NA)} GO TO 100
102 RETURN
END

SUBROUTINEN ZUM LESEN DER KERNDATENBIBL IOTHEK
SUBROUTINEN NDFOPN , LDFOPN ZUM ERCEFFNEN DER KERNDATENBIBL IOTHEK

SLBROUTINE NOF

DIMENSION IDAT(2),IAD{1003),ISATZ(880),DATL(60),1(4},IR(3),1IW(3]),
INNAM(4) ; INAM(20) s KDAT 1(60) s MNAM( 200, NUNA(2) ¢ TWNA( 880} s XNAM( 20)
2XJDAT(880), JDAT(880) s NN(4)} s IBEST(2) ;DAT2{60),2(60),XWNA(B8O])

EQUIVALENCE (I(1}oIR(L})oC0Z(1)oKDATLEL1) ) s (IWNACL) sXWNA{L)]}S
1UJDAT(1),XJDAT(L))

DATA I/ °KEDA®,*BIBLY, "IOTH®,* t/yNSZ/1C0/:NOUTP/E/

ENTRY NOFOPN (LBN,IDAT,IFD,ISPR}
JJ=1

ICAT(1)=1(4)

IDAT(2)=1{4%)

GCTO 50

ENTRY LOFOPN (LBN,IFD,*)
JJ=2
50 NSZ=8380
DEFINE FILE 1 (1200,880,U,K8)
MNAM{1) =0
NUNA(1)=0
18=1
READ (LBN'IS) (ISATZ(II),I1I=1,NSZ}
IS=1S+1
DO 1 J=1,.3
IF(ISATZ(J)-1(J)) 24152
2 WRITE (NOUTP,4)

49690
4970
4980
4990
5000
5010
5020
5030
5040
5050
5060
5070
5080
5090
5100
5110
5120
5130
5140
5150
5160

10

20

30

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300

il IA



OO0

I

FORMAT {1HO/* ***ERROR NDF. 1 = THE DD-CARD FOR UNIT 1 DOES NOT CHA

1RACTERIZE A VALID KEDAK LIBRARY?®)

10

11
326

14

i5
16

12

17

i3
318

403

sTop

CONTINUE
IFD=1SATZ(4)
TAD(1)}=ISATZ(5)
IAD(2)=ISATZ(8)
IAD(3)=1ISATZ{11}
K=4
IR(1)=ISATZ(6)
IR{(2)=ISATZ(9)
IR(3)=1SATZ(12)
IW(1)=ISATZ(T)
IW(2)=ISATZ(10)
IW(3)=ISATZ (13}
DO 3 J=1,3
N=IR(J)
IWd=Tw(J)
IF(IS-N-1)546,5
READ {LBN*N) (ISATZ{II},II=1,NSZ)
IS=N+1
IF(J-3110,11,11
L=3

GC TO 326

L=4
IMP=TAD{J)%L+IKJ-1
IF(IMP=NSZ) 13514515
N=1

GO TO 16

N=2

DO 12 L=IWJ,NSZ
TAD(K)=ISATZ(L}
K=K+

GO TO (3,17)N

I MP=I MP~NSZ
IWJ=1

READ (LBN®IS) (ISATZ(II},II=1sNSZ)
I18=IS+1

GO TO 8

D0318 L=IWJ,IMP
IAD(K)=ISATZIL)
K=K+1

CONTINUE

RETURN

SUBROUT INEN NDFLOC , LDFLOC , IDFLOC

ENTRY NDFLOC (KONTRyNNAM,;DAT1,1D,KC)
IF(NSZ.NE.880) GC TO 1004

1D=0

KC=0

DG 403 LS=1,2

IF (DATL(LS).NE.MNAM(LS)]) GO TG 104
CONTINUE

MGL=2

310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
870
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860

104
107

51

19

20

213
18

127

128
129
21

427

23

2000

26
22

131

6070 107

MGL=1

J=NNAM(1) %2

DO 51 N=1,J
Z(N)=DATL(N)

L=1

LS=1

00 18 N=1,J
IF{N-4)19,218,20
I1F(N-3)20,218,218
MNAM(L) =KDAT1 (N}
L=L+1

GOTO 18
IBEST(LS)=KDATL{N)
LS=LS+1

CCNTINUE

KK=1

6070427

ENTRY LDFLOC (KONTRyNNAM,INAM,DAT2)
IF(NSZ.NE.880) GC TQ 1004

DO 127 LS=1,2

IF (INAM{LS)}.NE.MNAM(LS}) GO TO 128
CCNTINUE

MGL=2

GGTO 129

MGL=1

J=NNAM (1) *2

DC 21 N=1,J

MNAMINI=INAM(N)

KK=2

K=4

I WJ=0

DO 22 LS=1,3,2

IWJ=IWJ+1

N=JAD(IwWJ)*3

DO 23 M=1,N

IF (MNAM(LS).NE.IAD(K)) GO TO 23

IF (MNAM{LS+1}.EQ.IAD(K+Ll}} GO TO 26

K=K+3
WRITE (NOUTP,2000) (MNAM(M),M=1,4)

FORMAT(1HO/® ***WARNING NDF. 1 : THE DATA FCGR ©¢,2A431X32A%4,° ARE N
10T INCLUDED IN THE?®/® CONVERSIONTABLE OF THE KEDAK LIBRARY?}

MNAM(1) =1

KGONTR=0
1F{J4J-1198,98,95
NUINA(IWJ)I=I AD{K+2)
K=N+4

GO TO (227,228),M6L

ENTRY TDFLOC (KONTR;NNAM,INAM,DATZ2)
IF(NSZ.NE.B880) GO TO 1004

KK=3

IF(INAM{1)-NUNA(1))130,131,1320
MGL=2

GCTO 132

870
880
890
300
910
920
930
$40
95¢
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
11405
1150,
1160V
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420



130
132
52
53

27
227

28

29

228

30
31
33
35

32

34

38

37

39

40

41

42

43
36

46
47
80

MGL=1

NUNA{L)=INAM(1)
NUNA( 2) =INAM{2)
IF{NNAM{1)-2}27527,52
J=NNAM(1}

DG 53 LS=3,J
MNAM(2%LS=1}=INAM(LS]

GO TO (227,228} MGL
N=TAD(3)*4
IWJ=(TAD(1}+IAD(2)})}%3+4

DO 28 LS=1sNy4
IF(NUNA(1)~-TAD(IWJ)}}28y 29,28
TWl=IWj+4

KONTR=0

G0 TO 24

NT=TAD(IWJ+1}

JR=IAD{IWS+2}

JE=IAD{IWJ+3)

KR=JR

KH=JW

1vY=0

IF{IS-KR=-1)30,31,30

READ {(ULBN°KR) (ISATZ{II},II=1,NSZ}
IS=KR+1

DG 32 LS=14NT
IF(NUNA(2)—ISATZ{KW)}33,34,33
KW=KW+7

IF(KW-NSZ}32,32,35

READ (LBN®IS) {(ISATZ(ILI},II=1,NSZ)
1S=1S+1

Kw=KW-~NSZ

CONTINUE

KONTR=0

GO 10 24

KW=KH +1

DO 36 LS=1,6
IF{KW=-NSZ)37,37,38

READ (LBN®IS) (ISATZ(I1},II=1,NSZ)
1§=1s+1

KW=1

GO TO (39,40:40541,42+43),LS
NWN=I SATZ{KW)

GOTO 36

NNAM{LS)=ISATZ{KHW]

GOTO 36

NRP=ISATZ (KW}

G0 To 36

IDR=ISATZ(KW}

GQ0 TO 36

IOW=ISATZ(KHW)}

Ku=KW+1

IF(KK=1)46,46,47

NNAM{4)=0

DO 80 LS=1:4

NN{LS)=NNAM(LS?
IF(NWN}384,384,49

1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1520
1830
1940
1850
1560
1970
1980

49

44
45
61

62

56

59
859
57

55
60

64

5&
58
70

73
68

2002

NNK=NWP

NWR=IDR

NWW=1DW

IF{IS-NWR—1)}44 445,44
READ (LBN'NWR) {(IWNA(II},IT=1,NSZ)
NWR=NWR+1

GO T0 62

DO 61 LS=1,NSZ
TWNA(LS)=TSATZ(LS)
NWR=NWR+1

DG 68 N=1,NNK

NKC=N

NW=NWW

K P=5

JD=3

DO 54 LS=1,NuWN
IF(IWNA(NWW)-MNAM(KP) }58,55,56
KONTR=0

Ivy=1
IF{KK=2157,59,859
INAM(KP J=IWNA{NWW)
GCTO 60
INAM{JD}=IWNA{(NUW}

GG TO 60
DATL{KP+2)=XHNA(NWW)
GOTO 60

KONTR=1

KP=KP+2

JD=4D+1

Nuk=NWW+1
IF(NWW-NSZ) 549 54,64
READ (LBN'NWR} (IWNA{II)},II=1,NSZ}
NWR=NWR+1

NWW=1

CCNTINUE

GO T3 74

NWAH=NW+NWN+3

I F{NWW~NSZ2)68,68,70
READ (LBN'NWR} (IWNA(II},II=1,NSZ)
NWR=NWR+1

NiW=NWH-NSZ

CONT INUE

KONTR=0

IF(KK «EQe3) GO TO 580

WRITE (NOUTP,2002) MNAM(5), (MNAM(II}, 1I=1,4%)
FORMAT{1HO/® ***WARNING NDF. 2 : THE FURTFER NAME °;E16.8;° IS GRE

1ATER THAN THE GREATEST FURTHER NAME

2ARY FOR®;1X42A4,1X,2A4%)
GO T3 98

*/® INCLUDED IN THE KEDAK LIBR

580 WRITE (NOUTP,581) MNAM(5); (INAM(II),I1=152}
FORMAT{1HO/® **+WARNING NDF. 2 : THE FURTHER NAME®",E16.8:" IS GREA
1TER THAN THE GREATEST FURTHER NAME®'/*® INCLUDED IN THE KEDAK LIBRAR

581

1004
1005

2Y FOR®,21I10})
GO TQ 98
WRITE (NOUTP,1005)

FCRMAT(1HO/® ***ERROR NDF. 2 : AT FIRST THE --0PN - ROUTINE MUST B

1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260 5
2270 _
2280 &
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540



T4

78
76
81

82
15

48
384
383

385
386

84
85
83

388
86

87

88
89

91

92
93

94

S0
1003
24
97

Sé

1E CALLED")

STOoP

NHP=IWNA{NWW)

DO 75 LS=1,2
NhRH=NWW+1
IF(NWW=NSZ}T76,76,78
READ (LBN*NWR) (IWNA(II),II=1,NSZ)
NWR=NWR+1

NWW=1

GO TO {B1,821},4LS
IDR=I WNA(NWX)

GOTO 75

I0W=I WNA{NWW]
CONTINUE

NEW=NHWW+1

IF(NWN)} 384,384,383
IF{IS-IDR-1)83,385,83
IF{NWR=-IDR-1)83,84,83
DO 386 L=1,NSZ
JDAT(L)=ISATZ(L)
IDR=IDR+1

GO TD 388

DO 85 L=1,NSZ
JDAT(L)}=IRNA(L)
ICR=IDR+1

GO0 TO 388

READ {LBN®*IDR) (JDAT(II},II=1,NSZ}
IDR=IDR+1

NPA=1
JD=NNAM{2}+NNAM(3)
IF{KK-2)87,88,88
LS=NNAM{1)*2+1

G0 70 89

Ls=1

DO 90 L=1,40

GO TO (91592,92),KK
DATL(LS )=XJDAT{IDHK)
DATL(LS+1})=0,

LS=LS+2

6C 1D 93
DAT2(LS}=XJDAT(IDW)}
LS=LS+1

ICW=IDW+1

IF{IDW=NSZ} 90,90,%94
READ(LBNT*IDR) (JDAT(II),II=1,NSZ)
IDR=IDR#1

IDW=1

CONTINUE
IF(IVY}1003,1003,58
KONTR=1

GC TO 98

WRITE(NOUTP ,97)NUNA(1) ;NUNA(2)

FORMAT{1HO/® ***WARNING NDF. 3 : THE DATA FGR?, 216,°

1DED IN THE KEDAK LIBRARY?}
IF(JJ-1)98,; 98,56
RETURN 1

ARE NOT INCLU

2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2170
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2540
2950
2960
2570
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100

[sXeNeXe

93

101

103
389

387
102
391
30%

105

401

124
126

106
327
125
339
108

111

110
112

RETURN

SUBROUTINEN NDFNXT, LDFNXT , IDFNXT

ENTRY NDFNXT (KONTR;NNAM;DAT1,I0:KC)
ID=0

KC=0

LL=1

GO TO 101

ENTRY LDFNXT(KONTRyNNAM, INAM,DAT2)
Li=2
GCTO 101

ENTRY IDFNXT(KONTR,NNAM;INAM;DAT2)
LL=3

NPA=NPA+1

Ivy=9

IF{(NPA-NWP) 102,102,103
KONTR=0

IF (NWN)387,387,389
NKO=NKO+1

IF(NKO-NNK)} 391,391,387
RETURN

KCNTR=1

DO 304 LS=1,3
NNAMILS)I=NN(LS)
IF(LL=-21105,124,1006
NNAM(4) =0
KDATL(1)=MNAM(1}
KDAT1(2)=MNAM{ 2)
KDATL(3)=IBEST({1)
KDAT1(4)=IBEST(2)
KCATL(5}=MNAM(3])
KDATL{6)=MNAM(4%)

DO 401 II=1,6
DATI(ILI)=2(II}

GQ TO 125

DG 126 LS=1.4
INAM{LS}=MNAM(LS)

GO T3 125

DC 327 LS=1,2
INAM(LS)I=NUNA(LS)
IF(NWN} 86,8645 350
IF(KONTR}108,108,86
KP=NWN+3

Ivy=l

L=5

D0 109 LS=1,4KP
IF(NWW-NSZ} 110,110,111
READ (LBN®NWR) (IWNA(II),II=1,NSZ}
N®R=NWR+1

NWh=1
IF(LS-NWN)112,112,113
IF(LL-2)114,5115,116

3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380 <
3390 ~
34003
3410
3420
3430
3440
3450
3460
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3660



114

115

116
113
119
118

117
109

L=L+2

KDATL(L }=IWNA(NWW]
KOAT1(L#+1)}=0
DATL(L)=Z(L)
DATL(L+1}=Z(L+1}
GO 1O 109
INAMILI=TWNA(NNWW)
L=L+2

GO 70 109

L=15+2

INAMIL) =IWNA(NWHW]
L=LS—NHWN

GO TO (119,118,117),L
NHP=I WNA(NHWHW)
GATO 109

IDR=I WNA(NWK]
GOTO 109

I0W=I WNA{NWHW}
NuWW=NWW+1

GC TO 388

END

FUNCT ION PHI(E]}
PHI=1,./E
RETURN

END

SUBROUTINE DOPW(IsJ}
REAL*8 I.J

J=1

RETURN

END

SUBROUTINE FGEMINS;SIGOsNEsENGyNEF;ESsFoNTsTEMP 3 PRy NMRy NFST 5 SUM,

1SUO, IRE yIRE Py ERsLyGJ s GAT 9 GANsGAG, GAF,

REAL*8 MATN,FEST, IFEST,NN,MM,II1

ISTE,ISTEP,STE)

DIMENSION ENG{NE},ES{NEF);F{NEF),TEMP{(NT) sSIGO(NS), IFEST (20},

LFEST(20),

2 NN{4) s I ZAHL(4) ¢ SUMO{3 ), SUM(NS 7 },STE(S5, ISTE)sSUO(NE, 3},
3ER{IRE) sL{IRE};GJ (IRE}; GAT (IRE} ; GAN( IRE )5 GAG(IRE} ;GAF (IRE}
CCMMON MATNISTRUK,ISPASNOUTP,LZWFs IR(2),KL

EQUIVALENCE (FEST(1),IFEST(1)})
WRITE (NOUTP,9000)

9000 FORMAT(1HO/1HO/' PROGRAMM KENNZIFFER

1°)

3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
37190
3800
3810
3820
3830
3840
3850
3860
3870

10
20
30
40

10
20
30
40
50

10
20
30
40
50
60
70
80
90
100
110

—WRITE_(NOUTP,9001)

9001 FORMAT(' PROGRAMM ZUR BERECHNUNG VON RESONANZSELBSTABSCHIRMFAKTORE
1IN VON AUFGELOESTEN RESONANZPARAMETERN®/)

411

12

110

115

112

200

113

CALL FSPIE

CALL DOPW (BHBEST sNN(1)}
CALL DOPW (SHISOTL $NN(2} )}
CALL DOPW (8HISOTZ2 sNN(3})
CALL DOPW (8HRES sNN(4})
CALL DOPW (S8HMIGR s MM)
IREP=0

IREF=0

ISTEP=0

ISTEF=0

CALL EXPPX(X3XsXsX)

NEFE=NEF

IF(NEF.NE.1) GCTQ 411

NEFE=0

PI=3,14159

NE1=NE-1

NMIN=NMR

TZAHL(113=3

IFEST(1)=MATN

IFEST(2)=NN(1)
IFEST(3}=NN(2}

CALL NDFLOCU{IDD,IZAHL,FEST,IDAT,ICOD)
IF(IDD}1105111,110

A=FEST(4)

IFEST (3 )=NN(3}

CALL NDFLOC(IDD,IZAHL,FEST,IDAT,ICOD}
IF(IDDY115,111,115
RLA=FEST {4}

R=FEST(5]}

S IGP=4, ¥PI%R**2
IFEST(31=NN(%)

NR=1

CALL NDFLOC(IDD,yIZAHL,FEST,IDAT,ICOD}
IF(IDDI112,111,112
ER{NR}=FEST (4)

L{NR}) =IFEST (5}

GJ (NR}=FEST(T)
GAT(NR)=FEST (8]
GAN{NR}=FEST(9)
GAGINR)Y=FEST{1O0}+FESTI{12)+FEST( 13}
GAF(NRY=FEST(11}

NR=NR +1

IF(NR.LE.IRE} GO TO 200
NR=1

IREF=IREF+1

CALL NDFNXT(IDD,IZAHL,FEST,ICAT,1C0A0}
IF(IDD)112,113,112

NR=NR-1

IF{IREF.EQ.Q) GO TO 5

IREP= (IREF-1}1*IRE+NR+1
RETURN

DO 63 IE=1,NEL

IF(ENG{ IE+L )-ER{NR} )63, 63,64

120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390 3

410 &
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670



63

64
65

66

510
502
503

505

36

37

16
17

201
15
18

202

250

19
22

33

833

CONTINUE

NLAST=NE1

GOTO 66

NLAST=IE-1

IF(NLAST)65565,66

NFST=1

GCT0 3

NFST =NLAST+1
NANF=NE-IR(1}
IF(NANF-NLAST)510:510,3
NEND=NE-IR(2]}
IFINEND-NLAST)503,503 ;505
NLAST=NEND

NFST=0

DO 60 IT=1,NT

T=TEMP{ITI}

NR1=1

DO 10 IE=NANFsNLAST

DC 36 IS0=1:3

SUMOLISO)=.0

DO 37 ISO=1sNS

DO 37 Jl=1,7

SUM(IS0,J1)=.0

SUME=.0

K=1

STE(1,K}=ENG(IE)

D0 15 INR=NR1,AR
IF(ENG{IE}=ER{INR})16,15,15
IF{ENG{ IE+1)-ER(INR}}18,18,17
K=K+1
IF{KoLE. ISTE}
K=1
ISTEF=ISTEF+1
STE(1,K)=ER{INR}
CONTINUE
K=K+1
IF(KoLELISTE}
K=1
ISTEF=ISTEF+1
STE{1 ,K)=ENG(IE+1)

KMAX=K

IF{ISTEF.EQ.0)} GO TO 250

ISTEP=(ISTEF=1)*ISTE+K+50

RETURN

NR1=INR

DO 19 K=1,KMAX

CALL WIRQU(NRL,STE{1;K}sSTE(25K)sSTE(35K)STE(S5:KIsNRyIRE;ERGJs
1GAN; GAT 3GAF 3L 9GAGs Ty ARy RLAs NMIN)
STE(4sK)=STE(5,K}=STE{3,K}=STE(2,K)

KMX=KMAX+1
KMXI=KMAX=-1
IF(KMX1133,34,33
IF(KMX.LE.ISTE)
I1STEP=50

RETURN

DO 20 K=1,KMX1

GO T0 201

GO 7O 202

GO TQO 833

680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
8390
300
910
20
930
940
S50
960
S70
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230

K1=KMX~K
DG 20 J1=1,5

20 STE(JL,K1+1)=STE(Jl,K1)}
KMAX=KMAX+1

35 STE(1,2)=(STE(1,3)+STE(1,1))/2.

CALL WIRQUI{NRL3STE{152)3STE(292)sSTE(35;2),STE(552)}sNRyIRESER G

1GAN,
1GATyGAFsLs GAG, Ty A;RyRLA;NMIN)
STE(432)=STE(5,2)=STE(3,2}-STE(2,2)
DST=STE(1,2)-STE( 1,1}
CALL STOSS{STE(L,1)4STE(152},STE(1,3),F1sF25F3;NEF;ES,F}
DO 21 J1=2,4
FLCL=(3 +*STE(J1, L)*¥F1+STE(J1s3)*F3)*DST*,25
FLC2=(STE(J1,1)*F1+STE(J1,2)}%F2)*DST*.5
IF(FLC1)45, 21,45
45 AFL=ABS{(FLCL1-FLC2)/FLCl)
IF{AFL=-PR 121,21,22
21 CONTINUE
DO 24 J1=1,3
24 SUMO(JL)I=(STE(J1+1,1)*F1¢STE(JL+1,2)#F2)*DST*,5+5UMO(J1)
SUME=SUME+({F1+F2}*DST*.5
DO 25 ISO=1,NS
SIGL=STE(5:1)+SIGO(ISO)
SI1G2=STE(5,2)+SIGO(IST)
SIG3=SIGLl*SIG1
S$1G4=51G2*S 162
SUM(IS0,5)=(F1/SIG3+F2/5SIG4) *DST*,5+SUM(1S50,5)
SUM(ISO,1)={F1/SIGl+F2/SIG2}*DST*,5+SUM{ISO,1)
DC 325 J1=6.7
325 SUM{IS0,J1)=(STE(J1-2,1}%F1/SIG3+STE(J1-2,2}*F2/51IG4)*DST*.5
1+SUM(ISC,J1)
DO 25 J1=2,4

25 SUM(ISO,J1)=(STE{JL1,1)*F1/SIGL+STE(J1,2)*F2/SIG2)*DST*5+SUM(ISOsJ

11}
DO 27 J1=2,4
FLCL=(STE(J1,1)*F143.%STE(J1,3)*F3)*DST*,25
FLC2=(STE{J1,2)}*F2+STE(JL,3}%xF3)*DST*.5
IF(FLCL1)46,27,46

46 AFL=ABS{{FLCl-FLC2)/FLC1]}
IF{AFL=PR 127,27, 28

27 CCNTINUE
D0 29 J1=1,3

29 SUMO(JL)=(STE(JL+1,2})%F2+STE(J1+]1,3)%F3)#DST*.5¢+SUMO(JL)
SUME=SUME+ (F2+F3) *DST*,.5
DO 30 ISO=1,4NS
SIGI=STE(5,2)}+SIGO(ISQ)
SIG2=STE(553)4+SIGO(ISO}
SIG3=SIG1%*SIG1
SI1G4=SIG2*S1G2
SUM{ IS0 45)=SUM(ISC,5)+(F2/SIG3+F3/SI1G4)*DST*.5
SUM{ISO,1)=SUM(ISC,1)+(F2/SIGLl+F3/S1G2)%,5%DST
D0 330 J1=6,7

330 SUM(ISOJ1)=SUM{ISO;J1)+(STE(J1-2,2)*F2/SIG2+STE(J1-2,3)*F3/
1SIG4)}#DST*,5
DO 30 J1=2,4

1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510 <
1520
15303
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780

30 SUM({ISO,J1)=SUM(ISO,JLI+(STE{J1,2)*F2/SIGI+STE(J1,3)*F3/S1G2)*DST* 1790



1.5
DO 31 K=3,KMAX
00 31 Ji=1,5
31 STE{J1,K=-2)=STE{J1,K}
KMAX=KMAX-2
GCTD 22
28 DO 32 J1=1,5
32 STE(J1,1)=STE(J1,2}
GCTO 35
34 IF(IT.EQeleAND.IE cEQe NANF)
GG TO 934
935 INDEX=0
WRITE (LZWF) INDEXsMM
934 INDEX=56
WRITE{L ZWF) INDEX, MATN
0C 38 IS0=1,3
38 SUMO(ISO)=SUMO(ISC)/SUME
INCEX=5
SGTL=SUMC(1 )+SUMCO (2} +SUMO(3)
WRITE(LZWF) INDEX, SUMO{2) s SUMO(3) s SUMC (1) ,SUMO(3) 5SGTL
INDEX=6
WRITE (NOUTP,957})

GC TO 935

sTEMP(IT) ,IESENGIIE) sENG(IE+L)

957 FORMAT{1HO,18X,8HMATERIAL3X s LOHTEMPERATUR, 2Xy 6HGRUPPE,7Xs THGRENZE

IN)
Iv=NE-1IE
WRITE(NOUTP 958) MATN s TEMPUIT) IV, ENG(IE), ENGUIE+])
658 FORMATI{1IH 518XsA5,F14.246X31251X52E12.4/1X)
WRITE(NOUTP,950})

950 FCORMAT{1HO,21X,THSIGMA G9sSX,7THSIGMA N;9X,7THSIGMA Fy9X, THSIGMANL,

19X, THSIGMAT1)
WRITE {NOUTP,951) SUMG{2),SUMO(3),SUMO(1),SUMO(3},56T1
$51 FORMAT(1IH ,15Xs5E16.8)
WRITE(NOUTP,952)
952 FORMAT{1HO,6XsTHSIGMA 0 511X 3 2HFGy 14X 2HFN, 14X, 2HFF; 14X, 3HFNL,
113X, 3HFT1/1X}
DO 39 1IS0=1;NS
DO 40 J1=2,4
IF(SUMO(JL-111420,421,420
421 SUMIISO,J1l)=1.
GOTO 40
420 SUM{IS0sJ1)=SUM(ISO,J1}/{SUM{ISO,1)*SUMO(JI1-1))
40 CONTINUE
SUM(ISO,6)=SUM{TIS0,6)}/(SUM(IS0,5)*SUMC(2))
SUM(ISO,7)=SUM(ISQO,7)/{SUM{ISO,5)*(SUMO(1}+SUMO(2)+SUMI(3)))
WRITE (NOUTP,953)SIGO(IS0O),SUM{ISO3) sSUMITISC,4) ,SUM{IS0,2)
1,SUM(ISCs6),SUMIISO,7)
39 WRITE(LZWF) INDEX,SIGO{ISO)sSUM{ISC,3),SUk{ISCy4),SUM(ISG,2)
1,SUM{IS0s6),SUM{ISO,7)
$53 FORMAT{6E16.8)
10 CONTINUE
60 CCNTINUE
3 CONTINUE
111 KL=KL+1
RETURN
END

1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1500
13810
1820
1930
1940
1850
1960
1970
1980
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2000
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2020
2030
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2050
2060
2070
2080
2090
2100
2110
2120
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2140
2150
2160
2170
2180
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2200
2210
2220
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3

SLBROUTINE WIRQ (INRsEsSF3SG,STsIRE,
1 ERyGJsGAN+sGAT 3GAF 3L sGAGs T2 Ay RsRLA)
REAL*8 MAT

DIMENSION ER(IRE) sGI{IRE) GAN(IRE) ;GAT(IRE} sGAF(IRE) sL{IRE),GAG(IR
1£}

COMMON MAT,ISTRUKISPA,NGUTP

PI=3,14159

XK0=8.6165E-5

ERI=ER{INR)

IF(ERI}20,20,21

ERI=1.

GOTO 21

ELA=RLA/SQRT (ERI)}
SOC=4o*¥PIXELA**2%GJ(INRI*GAN{INR)I/GAT(INR}
XLEX=FLCAT (L {INR)}-0.5
SCC=SOC*(E/ERI}**XLEX
X=2o*{E~ER{ INR} ) /GAT({INR)

IT=T

IF(IT)445,4

PSI=l o/ {la+X*X)

CHI=X*PSI

GOTO 6

DELTA=SQRT (4« *XKO*T*ERI/ A}
TETA={DELTA/GAT(INR} ] #%2

CALL PSIXI(X,TETA,PSI,CHI}
IF(L{INR}-1)151,2

$G=.0

SF=.0

S$T=.0

GOTO 3

SG=SOC*GAG(INR}*PSI/GAT { INR)}
SF=SOC*GAF{ INR }*PSI/GAT{INR)
ELA=RLA/SQRT(E]}
DELTAL=2.*(R/ELA-ATAN(R*FLOAT(L (INR) J/ELA})
ST=S0C*(PSI*COS(DELTAL}+CHI*SIN(DELTAL})
SIGP=4, ¥PT*R*%2

IF(ST+SIGP)10,10,3
WRITE(NOUTP ;900 ER(INR},E;STHSIGP

S0C FORMAT(1HO, 7TTH***WARNING 1.01 : THE CCNTRIBUTION OF THE RESONANCE

1WITH THE RESONANCE ENERGY,E1l3.653H EV/1IH ,18X,13HAT THE ENERGY;El4
2.6213H IS NEGATIVEs,E14.6522H BARNS; AND ITS ABSOLUT/1H ;18X,46HVAL
3UE LARGER THAN THE POTENTIAL CRCSS SECTIOMN;EL4.0;TH BARNS.)

RETURN

END

SUBROUT INE WIRQU(NRLs EsSIFGy; SIGG,SIGT:NRyIRE,
1 ER 3 GJy GANy GAT; GAF s L sGAG,
1TsAsR sRLA,NMIN)

REAL*8 MAT

DIMENSION ER(IRE) GJ{IRE)yGAN(IRE},GAT( IRE) ,GAF{IRE)},L(IRE},GAG({IR
1E)

CCMMON MAT, ISTRUK;ISPA,NOUTP

10
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)

[§ el

7
10

11
900

12

13

P1=3.14159

SIGP=4, *PT*R&%2
NR2=NR1+1

D0 1 I=1,NR1
NR3=NR2~I

IF{E~ER (NR3))1,2,2
CONTINUE

SIFG=0.

SIGG=.0

SIGT=SIGP

T A=NR3-NMIN
IF(IA)3,3,4

Ia=1

IE=NR3+NMIN
IF({IE-NR)5; 6,6
IE=NR

DO 7 INR=IA,IE
CALL WIRQ{INR,E; SF,SGsST,IRE,

1 ER3GJy GAN;GAT GAFs Ly GAGs Ty Ay RyRLA)

SIFG=SIFG+SF

SIGG=SIGG+SG

SIGT=SIGT+ST

CONTINUE

IF(SIGTII0,10,11
WRITE{(NOUTP;900) SIGTE
CONTINUE

FORMAT{1HO, *#*x*WARNING 1,02 =

1°3E14.6,° BARNS, AT THE ENERGY®/19X;El4.8,°

2CTION HAS BEEN SET EQUAL TO 1.
SING=SIGT-SIGG~SIFG
IF(SING-1.0)12,13,13
SING=1.0
SIGT=SING+SIGG+SIFG
RETURN
END

THE TCTAL CROSS SECTION IS NEGATIVE,

BARN?® )

EVe

SUBROUTINE STOSS(EL,E2,E3,F1yF2,F3;NFE ,ES:F)

DIMENSION F(NFE ) ,ES(NFE }
NEFE=NFE
IF(NFE-.EQ.1}) NEFE=0
IFINEFE}L1,2,51
FL=PHI(EL)}
F2=PHI(E2)
F3=PHI(E3)

GQaT0 3

E=El

IND=1

DO % I=1,NEFE
IF(E~-ES(I)})}555+4
CCNTINUE

I=NEFE

FR=F({I)=(ES(I)-E)X{F{I)-F{I-1))}/(ES({I)~ES(I-1)]

THE TOTAL CROSS SE

80

90
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250
260
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300
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330
340
350
360
370
380
390
400
410
420

OO0 O

GOTO{657238) 9 IND
F1=FF
IND=2
E=E2
GOTO ¢S
F2=FF
IND=3
E=E3
GOTO0 ¢
F3=FF
RETURN
ENC

SUBROUTINE PSIXI{XyTsUsV)

GENAU EINMAL IST IN EINEM PRCGRAMM,

VOR DIESEM AUFRUF DAS STATEMENT
CALL EXPPX({XyX3sX4X)
W SETZEN

DIMENSION D({8),C(8)

XX=X*X

BB=1.+XX

U=HORP/BB

V=X*U

DO 1 N=1,8

AA=4.%xT*C(N)

CC=2 . *HORP*D(N)
ALPHA=1 . ~XX+AA
DIV=1./(ALPHAXALPHA+4 . *XX}
U=sL+CCx (B8B+AA)*DIY
V=V+CCxX*(BB~AA)*DIV
IF{(T.LE.B)GOTO 2

RT=SQRT (T}

ETA=PI/ (H¥RT}
EXPO={XX=1e) /{4 *T)+ETA
IF{EXPN.GT.25.0G0T0 2
XI=X/(2.*T)

ZETA=X*ETA

ACCS=COS(XI)

B SIN=SIN{XI}
CCOS=EXP(~ETA}-COS(ZETA)
DSIN=SIN{ZETA)
BOT=1./(CCOS*CCOS+DSIN*DSIN)
REAL=BOT*{ACOS*CCOS~-BSIN*DSIN}
AMAG=BOT*{BSIN*#CCOS+ACOS*DSIN)
EXIT=RTPI*EXP(—-EXPQ)/RT
U=U+E XTI T*REAL

V=Y=-EXIT*AMAG

2 RETURN

DAS PSIXI AUFRUFT,
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ENTRY EXPPX 400 I151G=1 400

PI=3.,141593 410 260 CALL DOPW (S8HFSTAT s MM} 410
RTPI=SQRT(PI) 420 CALL DOPW (8HBEST sNN{1}) 420
H=0.7 430 CALL DOPW (BHISOTL +NN(2} 1} 430
HORP=H/RTPI 440 CALL DOPW (8HISOT2 sNN(3)}) 440
B=H*H/(4.*PI*PI) 450 CALL DOPW (8HST sNN{4) )} 450
DO 3 N=1,8 460 CALL DOPW (BHSTGF $NN(5)) 460
ENN=N*N 470 I1=0 470
C {INJ=ENN*H=*H 480 WRITE (LIZJI MM 480
3 D(N)=EXP(~CIN}} 490 NGR=J-N ANF 490
RETURN 500 NEN=J+1~NEND 500
END 510 IX(1)=MAT 510
IX{2)=NN(1} 520
IX{3)=NN{2} 530
NAME(1)=3 540
CALL NDFLOC (KONTRyNAMEsXsNUDAT,IS) 550
SUBROUTINE FSTAT (MI;SIGOsJyENG,NFE;REFE, EFE, MTs TEMP,SE,SM, 10 IF(KONTR)}S51,51,62 560
1XEUGZ) 20 51 WRITE(NOUTP,153) KCNTR 570
REAL*¥8 XsIXsMAT,NM 30 153 FORMAT({ 1HO, 3Xs THKONTR =I3) 580
1, MM 40 GC TO 1000 590
DIMENSION ENG{J)}, EFE(NFE),REFE{NFE},; TEMP(¥T),SIGO(MI} ;NADATI(2), 50 62 DEL=344.4839/X{4) 600
2EY(100) sNN(5) s NAME(4) sX{100) s IX(100),CHI(25+4);GF (10,1001}, 60 SPIN=DABS(X{6}} 610
3 GN{10}s XL{10) sON(1C)sGI{10} o XNYN{10),FXNYN(LO) 6G(10}; T0 IX(3) =NN{3]} 620
4SE(3,5MI )y SM(3,5:MI ) E{(3) s XEUGZ{5,MI } s XSUGL(5},SU(5} 80 CALL NDFLOC(KONTR,NAME;XyNUDAT, IS} 630
5;EF(3) 90 IF(KONTR}51,51,63 640
COMMON MAT, ISTRUK,;ISPA;NOUTP,LIZs;NANF sNENCyKL 100 63 XA=X{4)*X(4) 650
EQUIVALENCE (X(1},IX(1)) 110 RQU=X{5}*X(5} 660
DATA CHI/B8.383E~475.8607E~3,1.565668E-2,3.122396E~25;5.182214E~2, 120 EBI=X(6) 670 5
XTo796678E-24041110434,0.14875186490.19382632,0,246201450.3066044% 130 IX{3}=NN(4} 680 ,
X0+37595912;0.4554144870.5464511,0,6509702650.7714919,0.9114051, 140 IT=1 690 ™
X1e075423,51,270355941.506524451.8006327,2.1822€634,52.7109872, 150 CALL NDFLOC{KONTRyNAMEyXsNUDAT,IS) 700
X3.579864855.9721596,2.0273E-2,6.195225E-250.10544155,0.15091425, 160 IF(KONTR}51,51,28 710
X0.19854950.2485715,0,301227,0.3568C87550.41567075,0.47820725, 170 28 GG(ITI=X{(6)*1.E3 . 720
X0654492550,61641525;0.693415,0.77684375,0.867878,C0.968046, 180 XLUIT)=1IX(4) 730
X1.07938675;1.2047147,1.3480617,1.515508251.71686451.9695355, 190 IF(XL{ITI-5.E~5.LE.1-} GO TG 3000 740
X20309333,2.83258294.218875755.9001333E~25C.1333242,001949714%6, 200 WRITE (NOUTP,3001) 750
X0625164550,3074142:0.36262126750.4181491 ;0.474607250.53251576, 210 3001 FCRMAT(LHQ, ***%*ERROR 2,01 : A CALCULATICN OF RESONANCE SELFSHIELDI 760
X0:5965109;0,6516287650,7165988,0.78452293,0,86824213;0.940710669 220 ING FACTORS FOR L.GT.l (L=ANGULAR MOMENTUM) IS NOT POSSIBLE®} 770
X1.0257787,1.118885,1.2221354,1.3385186,1.4725188,1.5312598, 230 GO TO 1009 780
X10827145292,084443272,488796453,4976545;0.1017€025,0.196785, 240 3000 DN(IT}=X(7}*1,E3 790
X0026520225,0.32682625,003842565,0.4396792550.49512475,0.545537, 250 GN{ITI=X(8)*]1.E3 800
X0,6059465,0.655715,0,717307,0,77698,0.8393047550.90493675, 260 GI(IT )1={2.*X{(S)+1.)/(4.%SPIN+2.) 810
X0.97467075,1.04948651.,1306795,1.2199627,1.31578551.4337535, 270 FXNYN(IT)=IX{10]} 820
X1 o56757951.7310672,1.9429085,2.2809085,3.085838/ 280 XNYN{ITI=IX({11]) 830
WRITE (NOUTP,3000} 290 CALL NDFNXT {KONTR,NAME;XsNUDAT, IS) 840
9000 FORMAT{(1HO/1HO/® PROGRAMM KENNZIFFER 2°} 300 IF(KONTR}65,65:65 850
WRITE (NOUTP,9001) 310 65 IT=1T+1 860
9001 FORMAT{* PROGRAMM ZUR BERECHNUNG VON RESCMANZSELBSTABSCHIRMFAKTORE 320 G0 10 28 870
IN VON STATISTISCHEN RESONANZPARAMETERN'/) 330 65 IF(ISPA) 1000,201,404 880
NEFE=NFE 340 404 NAME(1}=3 890
IFINFE.EQ.1) NEFE=0 350 I X{1}=MAT 300
I1SIG=0 360 IX(2)=NN(1} 9lo
IF{SIGO(MI).GE.1.E6) GO TO 260 370 I X(3)=NN(5) 920
MI=MI+l 380 Iv=1 930
SIGO{MI)=1.E6 390 KI=1 940

CALL NOFLOC (KONTR sNAME; XyNUDAT,IS) 950




53 IF(KONTR)}51,51,74
T4 IF{X(4)LTLENGINGR#+1}) GO TO 75
WRITE (NOUTP 39002 ) ENG{NGR) s ENG{NGR+1)
9002 FORMAT(LHO,37H***ERROR 2,02 = THE ENERGY GRCUP FROMyEl6.8,6H EV TO
1,E16.8522H EV IS NOT POSSIBLE IN/19X,&7HTHIS MODULE,BECAUSE NO STaA
2TISTICAL INFORMATION IS AVAILABLE IN THIS/1SX2L1HENERGYRANGE ON KE
3DAK.}
NGR=NGR+1
IF(NGR~NEN)74,1000,1000
75 IFIX({4).LE.ENGINGR)} GO TO 76
EY{IY)=ENG{NGR}
GF(KIoIYI=X(8)*1.E3
EY(IY+1l)=X(%)
GF{KI IY+1)=X(8)*1.E3
78 KI=KI+1
IF(KI.GT.IT) GO TO 92
CALL NDFENXT (KONTR,NAME; X;NUDAT; IS)
GC TO 93
92 Ki=1
1¥=IY+1
NEY=IY-1
79 CALL NDFNXT (KONTR,NAME,; X NUDAT, IS}
IF(KONTR}201,201,91
76 EY(IYI=X(4)
GF{KI IY)=X({8)}*1.E3
GO 7O 78
91 EY{IYI=X{4)
GF(KI IY)}=X(8B)*1.E3
KI=KI+1
IFIKI.GT.IT) GO TO 92
GO0 70 79
201 DO 7 1I=1,4MT
TT=TEMP(I}
IF{TT.EQ.0) GO TO 700
K=NGR-1
N=1
IF{K+1-NEN}4,1000,1000
4 K=K+l
E{N)=ENG(K)
16 CALL QUER{E(N),TT,N,SE sSM 2 ANYNS FANYNSDEL,RQUCHI 5
1DNsEBI o XAgXLyGNy GGyNEYy EYy GF 9GI o IT s MI»SIGQ)
21 GO TO (23524,25) 4N
23 IF(K+1-NENJ646,7
6 IF(EY(NEY).LT.ENG(K+1}) GO TQO 7
N=2
E(N)={ENG(K)+ENG(K#+1) I *0.5
GO TO 16
24 N=3
GO TO 4
25 LIJ=5
128 IF(NEFE}300,301,300
301 DO 1 IST=1,3
1 EF(IST)=PHI(E(IST}])
G8 T0 27
300 L=2
DO 5 IST=1,3

960

970

s80

990
1C00
1010
1020
1C30
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280

1290

1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510

DC 12 KK=L,NEFE

IF(REFE(KK)~E(IST))12+38,213

12 CONTINUE
KK=NEFE

213 EF(IST)=EFE(KK~1)+{EFE(KKI—EFE{KK-1)} /{ REFE{KK)~REFE(KK-1) }*{E(IST

1}-REFE(KK-1)}
GO T3 26
38 EF(IST)=EFE(KK}
26 L=KK
5 CONTINUE

27 H=(E{3)—-E(2))1%*3,3333336~-1

DO 29 KI=1,MI
DQ 29 IS=1,L14

IF(SE(]l IS KI)aNEe—99999 e ANDSE(25ISsK1) eNE=99999. s AND.SE(3,5IS

1K1} NE.=99999,.}

GO TO 2000

XEUGZIIS,KI}==99999,

GC TO 29

2000 XEUGZ(ISoKIJ=H*{SE(1,ISsKII*EF(L1)44o¥SE(2,]1 S, KII*EF(2}+SE(3,1S,KI}

1*EF(3))
29 CONTINUE
DC 30 IS=1,L1J

IF(SM{LsIS711oNE.=999990 ANDoSMI(251S91) eNEo—99999 o ANDSM{3:ISs1 1}

1.NEe—=99999.) GO
SL(IS})=-99999.
GO TOo 2002

T0 2001

2001 SU(IS)I=H*{SM(1l,ISs1)*EF(1)+4.*SM(2, IS, 1}*EF(2)+SM{3,IS,1)*%EF(3})}

2002 IF(SE(1,ISsMI)eNEo—99999.c ANDoSE(25 IS sMI)oNEe=99999..AND.SE(3:1IS,

1MI)oNE.=-99959.]
XSUG1 (1 S5)=-99999
GO TO 30

2004 XSUGL(IS)=H*{SE(1,IS,MII*EF{ L)+4,.*SE(2) ISoMII*EF{2}4+SE(3,IS,MI}I*EF

1(3))
30 CONTINUE

GO TO 2004

XNE=H*(EF (1 )4 . *EF(2)+EF(3))

D0 32 KI=1,MI
DC 32 IS=1,L1J

IF(XEUGZ{IS ¢KI} e NEe—999990 « AND:XSUGL (IS ) s NEo=99995,)

XEUGZ ( IS,KI }==99999.

GC TO 32

2003 XEUGZ(IS;KII=XEUGZ{IS,KI}/XSUGL1(IS}

32 CONTINUE
DO 31 IS=1,LIJ

IF(SU(IS).EQ.—99999.) GO TO 31
SULIS)=SULISI/XNE

31 CONTINUE
KI=K~-1
I1S=J-KI

WRITE (NOUTP;130} MAT s TTHIS,ENG(KI) sENG(K)

130 FORMAT(1HO; 16X s8HMATERIAL2X,10HTEMPERATUR, 2X ;6HGRUPPE, 8X, THGRENZE

IN/IH 517XsA5:4XsFB8.25,5X51352E12.4)

IN=6

WRITE (LIZ)INsMAT sTTsKIsENG(KI) s ENG (K}
132 WRITE(NOUTP,37)(SU(IS},IS=1,11J)}
37 FORMAT{1HO0,20X;7HSIGMA G:9X; 7HSIGMA Ny9Xy; 7THSIGMA F,;9X,THSIGMANL,

19X, THSIGMAT1/1H
IN=LIJ

114X35E16.8}

GO TO 2003

1520
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1790
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138

36
139
40

70

700
701

7
1600

41
40

WRITE(LIZ)IIN, (SULIS),IS=1,L1J)

WRITE (NOUTP,138) )

FORMAT(1HO,5Xs THSIGMA 0311Xs2HFG 514X s2HFN ;14X 32HFF314Xs3HFNL 413X,
13HFT1/1X)

DO 139 KK=1,MI
WRITE (NOUTP ,36)SIGOiKK), (XEUGZ{IS,KK) ;1S=1511J)

FORMAT(1X;E15.8,5E16.8)

IN=LTJ+1
WRITE(LIZ) IN,SIGO (KK) s {XEUGZ(IS ;KK IS=15L1J)

DO 70 KK=1,MI

DO 70 IN=1,LIJ

SE(L,INsKK) =SE (3, INyKK)

SM(1, IN,KK) =SM{3 5 INsKK)

E(1)=E(3)

60 TO 23

WRITE {NDUTP,701)

FORMAT (1HO, 93H#*%ERROR 2,03 : A CALCULATICN OF RESONANCE SELF SHIE
1LDING FACTORS AT ZERO TEMPERATURE (DEGREE/L7Xs39HKELVIN) IS NOT PO
2SSIBLE IN THIS MODULE,)

CONTINUE

IF(ISIG.EQ.1)

BACKSPACE LIZ

READ(LIZ) I,NN(1)

IF(I.EQ.0.ANDNN {1}, EQqMM)

KL=KL+1

RETURN

END

MI =MI-1

BACKSPACE LIZ

SUBROUTINE QUER (E,TT ,N,SEsSMsXNYNs FXNY s DELRQU,CHI, ONy EBIs XAy
1XLyGNyGGyNEY,EYsGFAsGI IT,MI ,SIGO)

REAL%*8 MAT )
DIMENSION SIGO{MI) sA(5),B{5),ACI(10),
1PH{10}, AC{LO), GFF{25) s TERM{5),CHI{25;4) s XNYN{10} ,FXNY(10),GNN(25}
2SE(395,MI) s SM{395,M1) +DN{1O} yXL{10},GN{10},GG(10J,EY{100]},
3GFA(10,100),61(10]}

CCMMON MAT; ISTRUK;ISPA;NOUTP LI Z NANFoNENL,; KL

€=0.5

TEST=0.1

DO 25 K=l,MI

SE(N; 1,K)=0.

SE(Ng2,K}=12.5663T1%RQU

IF(ISPA «EQ.l) GO TO 41
SE(N,B'K)=1¢
GO TO 40

SE(N13’K)=O-
SE(N,@,K)=SE(N,2,K)
SE{Ny; 5sK)=SE(Ns2;K]}
SMIN;1;K)}=0.
SM{Ny 25K} =SE{(N,2,K}
SM{Ny3,K)=0,
SM(N;49sK)=SE(Ns2,K)
SM{Ny 5 KI=SE{Ns2 5K}

2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
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20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240

922

923

22

26

42

23

27

ST=0.

DO 1 I=1,1IT
AC{I)=SIGC{E;I+XA,GIsDN:EBIsGNsRQUsXL)
PH{I)=PHASE{E,IsXAsRQUy XL}
ACI{I)=AC(I}*PH({I}

ST=ST+ACI(I)

ST=ST+SIGO{ KI+SE{Ns2,K)

DO 2 I=1,1T

ISE=0

IJ=1

KJd=3

CALL EZZ(EyIyEZG,EZCyEZF,DRSGsDRFS,
1GGsNEY, EY,GFA)

D=DMIT(E,I,DN,EBI}
DL=DELTA{E, TT, I,DEL)

A{1)=AC(I}*DRSG
G=GAMN{EsTyGNsRQUy XL s XA)+GAMGIE , I ;GG I +GAFN(E, I, NEY,EY,GFA)
IF(G/DL-C)22422,922

TETA=G/0OL

WRITE{NOUTP ,923) TETA, I, TT,E

FORMAT (1HD 3 31 H**%WARNING 2.01 ¢ GAMMA/DELTA =4E14.65,11H FOR SERIES
19I3,19H AT THE TEMPERATURE yE14.6/19Xy 31 HDEGREE KELVIN,AND AT THE E
2NERGYsEL4.694H EV,)
XY=D*ACI{I)*EPSI(E,TT I ;DN+EBI,DEL)/ (2.506628%0DL*%ST*%*2}

SPI=ST
IF({ST-ACI(I}).GT.0)
DO 26 L=1J,5
SE(NyLyK}==99999,
SM{Ny;LsK}=—99999,
WRITE (NOUTP,42)SIGO(K),I
FORMAT {1HO ; 28 H¥**WARNING 2.02 :
1IATIVE IN THE SERIESs;I4)

G0 TO 25

A(3)=0,

B{3}=0.
AA=0,398942*%ACI{I)*D*EZC/(DL*SP1)
IF(AA-TEST) 353,4
BT=(1.-AA}*D*ACI(I}/SPI]
B{1})=(1.,—AA*EZG/EZC)*D*A(L}/SPI
IF(ISPA 159546

A(3)=AC(I)*DRFS
B{3)=(1.—AA*EZF/EZC)*D*A(3)/SPI
Al2)=ACT(I}-A(3)-A(1)
B{2)=BT~B({1)=-B(3)
QF=1.+ACI{I}/{SPI+ACI(I))
BT=QF*BT
B{1)=QF*B(1)
B(2)=QF*B(2)
B(3)=QF*B(3)
IF(ISE.EQ.0)
Al4)=A(2)
A(5)=ACI(I)
B(4)=8(2)
B(3)=8T
XNEN=1s/(1.=-BT/D+XY*ACI{I))
IF(XNEN.GT.0) GO TO 202

CHIXNYNs FXNY;GNoRQUs XLy XA,

GO TO 23

FOR SIGO =,E12.5,33H SPEFF* IS NEG

GN 10 27
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203

202

10
11

12

200

201

WRITE (NOUTP,203)

FORMAT(IHD s 52H***WARNING 2.03 : INACCURATE CVERLAPPING CORRECTION.

1}

CCNTINUE

DO 57 L=I1J,KJ
TERM{L)=(ST—=ACI{I))*=XNEN*(B{L)/D-XY*A{L))
SE(NsLsK)=SE(N,L,KI+TERM(L)
SMINsL K)=SM{NsL,K}+ALL)
CONTINUE

G0 TO 20

GO=GAMN{E, I,GN,RQU, XL , XA)
CI=SPI*GO*1 5707963/ ( ACI(1)*D}
IF(ISPA 18:8,9

GF=0.

NF=1

NN=25

GFF(1})=0.

NU=XNYN{T}

DC 10 M=1,NN
GNN{M)I=GO=CHI (M, NU}
GAX=GAMGI(E, I,GG)

BT=0.

B(1)=0.

B(2)=0.

LG=1

DO 12 M=1,NN

GAX=GNN{M)

DO 12 NI=1l,NF

GFX=GFF (NI}
GTX=GAX+GNX+GF X
XK=1,442695%AL0G{ 1. ES*CI*GTX/GNX)
XT=GTX/DL

CALL TAB {XT3XKyLGsDSJyXABCJs0JK])
B(3)1=B(3)+GFX*XABCJ
B(1)=B(1l)+XABCJ
BT=BT+GTX*XABCJ

AZ=NN

BZ=NF

FK=AZ*BZ
B{1l}=B(1)*GAX/{PH(I)*FK)}
B(3)=B{3) /{PH{I}*FK}
BT=BT/FK

GC TO 5

NU=XNYN(I)
A{3)=AC(I}*DRFS

NN=25

NF=25

DC 200 M=1,NN
GNN(M}=GO*CHI (M;NU)
GF=GAFM{E; IsNEY, EY,GFA)
NU=FXNY(I)

DO 201 M=1.NF
GFF{MI=GF*CHI(M, NV}

GC TO0 11

IF(ISE.EQ.1) GO TO 21
ISE=1
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FT=ST
ST=8ST#0.5
IJ=¢4

KJ=5

GG T3 22
ST=FT
CONTINUE
CONTINUE
RETURN
END

SUBROUT INE EZZ (EsNS,EZGyEZC,EZF,CRSGyDRFS, CHI s XNYNsFXNYNyGN,
IRQUy XLy XA3GGyNEY s EY,GF)

REAL*8 MAT

DIMENSION CHI(25354)sXNYN(LOJs FXNYN{20}sGN{LO)sXL{10};GG(10])
1, EY(100),GF(10,100)X(2),Y(2)

COMMON MAT, ISTRUK,ISPA,NOUTP
GNN=GAMN{E ;NS sGNy RQUs XL 3 XA}

GNF=GAFM(Ey NS;NEY,EYy GF)

GNG=GAMG(E,NS,GG)

NY=XNYN (NS}

NFY=FXNYN(NS)

DO 1 I=1,2

X{I)=.0

Y{I}=.0

IF{ISPA 169695

NN=25

NF=25

XFN=625.

DO 2 I=1,4NN

00 2 J=1sNF.

X1={ {GNN*CHI{IsNY})*%2)/{GNN*CHI(IsNY }+GNG+GNF*CHI(J,NFY}}
Y1=GNN*=CHI{ IsNY)/ (GNN*CHI (I NY)+GNG+GNF*CHI (J,NFY))
X{1)=X{1}+X1

Y(1)=Y{1)+Y1l

X{2)=X(2}+X1*GNF#CHI( JsNFY)
Y{2}=Y(2)+Y1*GNF*CHI( JyNFY)
EZG=X{1}/{Y{1)*GNN)

EZC=1.+2./XNYN(NS)

EZF=X{2)/(Y (2} %GNN)

DRSG=Y{1)*GNG/{GNN&XFN)

DRFS=Y {2}/ ( GNN%:XFN)

GO 10 10

NN=25

XEN=25,

DO 3 I=14NN

X1=( [GNN*CHI(I,NY ) )*%2)/(GNN*CHI( I,NY }+GNG)
Y1=GNN*CHI(IsNY)/(GNN*CHI(IsNY)+GNG)
X(1)=X{1})+X1

Y(1)=Y(1)+Y1

EZG=X{1)/(Y(1)*GNN)

EZC=1.+2./XNYN{NS)
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EZF=.0
DRSG=Y{1}*GNG/ (GNN*XFN)
DRFS=.0
10 CONTINUE
RETURN
END

FUNCTION DOMIT(E,NS,DN,EBI}

DIMENSION DN(10}

DMIT=DN{NS)*{{EBI+E)/ EBI}**2*EXP(—~SQRT(8S.72E~6)* (SQRT(EBI+E)~
1SQRT{EBI}) ]}

RETURN

END

FUNCTION DELTA(E,T,NS,DEL)
DELTA=SQRT{DEL*T*E}

RETURN

END

FUNCTION EPSI{E;T,NS;DN,EBI,DEL}

DIMENSION EP{21} ,EPP{21),X1(2),FX1(2) ,DN{10)

DATA EP/Oo3lo3le592052e533073653%03503709100314035200330,3540.
X5009 605 9706 380099063100, /9EPP/2.5066515724151.3705,1.0661,
X06823006291500484550,375850023261,0.1000250.0357750,012276,
X0,0036477,80523E~412.88L7E~431.2683E-%35.979E~513.694E~5,2.5643E-5;
X1 .8679E-5,8.,733E~&/

X=DMIT(E;NSsDN,EBI)/DELTA(Es TsNS,DEL)

DO 1 1=2,21

IF(X-EP (I))}4s4,51

1 CONTINUE

4 DO 5 K=1,2
I1=I+K-2
XL{KI=EP {I1)

5 FXLIK)=EPP(I1l)

EPSI=POL{Xy X1,FX1}/X

RETURN

END

FUNCTION GAMN{E,NSsGNsRQUy XL 3XA)
DIMENSION GN{10),XL(10)

420
430
440
450
460
470

10
20
30
40
50
60

10
20

40

10
20
30
40
50

70

80

90
100
110
120
130
140
150
160
170
180

10
20

-

14

GAMN=GN (NS} =SQRT { E)*( E*RQU+{ L.~ XL{NS} )*XA)/ (E*RQU+XA}
RETURN
END

FUNCTION GAMG(E,;NS:GG)
DIMENSION GG(10}
GAMG=GG (NS}

RETURN

END

FUNCTION GAFM{E; NSyNEY,EY,GF])
REAL#*8 MAT

DIMENSICON EY(100),GF{10,100)¢X1(2),FX1{2)
CCMMON MAT,ISTRUK,ISPA
IFLISPA 125243

CALL SUCH (E,NSU,NEY, EY}

DO 1 J=1,2

NSUl=NSU+J

X1{J}=EY(NSUL)

FX1{J }=GF{NS,NSU1)
GAFM=POL{E, X1, FX1)

GO T0 &

GAFM=0,

RETURN

END

FUNCTION POL{XsX1,FX1)

DIMENSION X1{2),FX1(2)

IF(XL{2)-X1(1})1,2,1

POL=F X1(1)

GO 7O 3

POL=FXLIL)+ (FXL(2}=-FX1{1))*(X=X1{1))/(X1{2)-X1(1)}}
RETURN

END

SUBROUTINE SUCH (EsNSU,NEY,EY)
DIMENSION EY(100)

DG 14 K=2,NEY
IF(EY(KI-E)14,13,13

CONT INUE
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13 NSU=K-2

RETURN
END

FUNCTION SIGC(EyNSsXA,GI,DN,EBI,GN,RQU, XL)

DIMENSION GI(10),ON{10)sGN{10},XL(10)
SIGC=19,73921*XA*GI{NS) *GAMN(E; NSyGN yRQUs XL ; XA) / ( EXDMIT(E,NS DN,
LEBI)}

RETURN

ENEC

FUNCTION PHASE(E,;NSsXA,RQUsXL)}
DIMENSION XL {10}

B=SQRT {RQU*E/X A}
PHASE=COS{2.*{B-XL{NS)*ATAN(B}]}
RETURN

END

SUBROUTINE TAB{XTsXKsLG:DSJsXABCJsDJIK)

DIMENSION XXK{20],XXT {33),XJ(660)

DIMENSION TO1(20) ,T02{20),T03(20},704(20),705(20},T06(20),T07(20}),
1708(20)sT09(20),T10(203,T11(20),T12(2C),T13(20},T14{20),TL5(20),
27160200 sTL7(203,T18(200,T719(20),T20420),T21(20),722(20},T723(20},
2T24(20),T725(20),726(20) ,727(20) ,T28120) ;T729(20),T30(20),T31(20),
4T732(20) ,T33(20}

EQUIVALENCE (XXK{L}sRDIp{XXT{1},T)o(XJI(1DsU)>
1 {AsCsY)s{(BsDsY1sVO0)}2{T25Y5; Py EAXGXKO55 XXXK) o
2(T43Y6, XKD6 3 J) 9 {DKsRI} 9 (XK1 ,SJO)y (XK2,SJ1)s {DKA;RL,V1),(DKBsR2,V2}
3¢ (DKC3sR3,¥3),{SVyN)s (ABLsTDs M)y (AB2;AXG) (SY1,XXXT5S1),
4{XKO29XJA2952} s (SXMyXKO33XJA3,S3), (XKCa s XJBL) s (RIK,XJB2)

S{R2Ky XJB3} s (R3Ks XJC1) s {BETA,XJC3} s(KySGySJI3 )2 {¥2,ZZKsXJ1 ), (Y3,
WG (XJ35Y4 ), (SY; 1) (XJC25,SI2)5,( XJAL, SJ4)

EQUIVALENCE (XJ{13,TO01(1))},(XJ(21),T02(1)}}, (XJ(41},TO3(1)},
LIXJUO6L)sTO4L{L) I {XJ(8L),TOS5( 1)) s (XJLLCL)sTOE(L) ) 5 (XJUL21),TOT(L) )
20XJ(141),TOB(L))» (XJCL61),TOG(L) ), (XJ(LEBL),T10(1} )}, (XJ(201},T11CL}
3o (XJU221), TI2{1 1D (XJ(241) 5 TI3 01} ) 2 (XJ(2£E1),T14(1) ) (XJ(28L),T15¢(
4131 (XJ(30L),T16( 1)) (XJ(321),TAT(LI}(XJ(341),TI8(1) ), (XJI(3€L1),T1
59(1)) s {X3({381),T20(1} ), (XI(401),T21(1)},(XJ(421},T22(1)),
6(XJ(441),T23(1)), (XJ(461):T2401))s(XJ(4EL)5T25(1) )5 (XJ(501),T26(1}
Ty {XJ{521) s T2T{L1}) s (XJ(542),T28(1}) s {XJ(561),T29{1}),(XJ(581),T730(
8113, (XJ(601),T31C(1)) 5 (XJ0621),T32(1)){XJ(641),T33(1L})

DATA XXK/ 5429 5669 603 6043 608y 702y Teby 8035 Be4y 8485 9,25
X 946510.051064910e8511:2511e6512.0351244512.8/

DATA XXT/0.0170602500035060450605304065000750.08,0.09,0.10,0.11,
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X0e1290.135061430615;06165001750.18706192002050026300325;0.38;0.4%,
X005050056506629006830.7430.80:0.8550.92,0.98/

DATA T01/348.32705329.062035309.34660,2€9.C880,268.2430,246.8240,
X224.91800,202.69300,180.40300,158.387005137.04200,116.78800,

X 98,01930, 81.05280, 66.09140, 53.20820,; 42+35590,; 33.39130,
X 26.,11050, 20.23100/

DATA T02/205.00005194.1000,183,5000,173,0C00,162.50005152,9000;
X141,20000,130.200005,119,10000,107.80000, $6.43000, 85.17000,
X 74.17000, 63,64000, 53,78000, 44.78000y 36.74000; 29,75000,
X 23, 80000, 18.850C0/

DATA T03/154,40005145.3000,136.,9000,128,5C005121.20005113.7000,
X1C6.30000, 98.80000,; 91.28000, 83.67000; 75.99000, 68.28000,
X 60.61000, 53.09000, 45.83000, 38.98000y 32.65000, 26.95000,
X 21,95000, 17.65000/

DATA T04/129.5430,120.87805113.10005105.99605 99.3851s 93,1159,
X 87.07990, 81.16910, 75.31440, 69.46550; €3.59470s 57.69990,
X 51.804305 45.958005 40234605 34.72510y 29.527605 24.73430,
X 20.41850, 16.62540/

DATA T05/115.3000,10€.6000; 99,0000, 92.2100; 86.0500; 80.3700,
X 75.03000; 69.93000,; 64.97000, 60.10000, 55.26000; 50.43000,
X 45.60000, 40.81000, 36.08000, 31.470C0s 27.06000, 22.93000,
X 15.14000, 15.75000/

DATA T06/106.4000, 97.5700, 89,9000, 83,1800, 77.2000; 71.8000,
X 66.84000, 62,19000, 57.76000, 53.47000, 49.27000s; 45.13000,
X 41,00000, 36.,91000, 32.86000, 28.89000, 25.06000, 21.43000,
X 18.05000, 14.98000/

DATA TO7/100.5080y 91.4730, 83,6906 76,9337 71.0030, 65.7266,
X 60095750y 56057200, 52.467305 48.56010, 44.78500, 41.09360,
X 37.45480y 33.85470, 30.29690, 26.80240, 23.40750, 20.15950,
X 17.11060, 14.31030/

DATA T08/ 96.4200y 87.1900y 79,2700, 72,4300, 66.4300; 61.2400,
X 56.58000s; 52.350C05 48.450005 44.790005; 41.30000s; 37.93000;
X 34.64000, 31.40000, 28.21000, 25.07C00, 22.02000, 19.08000,

X 1€.29000, 13.72000/

DATA T0S9/ 93.4500, 84.0900s 76,0200, 69.0800; 63.0800; 57,8400,
X 53.,22000; 49.07000; 45.30000, 41.82000, 38.53000,; 35.39000,
X 32.36000, 29.39000, 26.48000, 23.62000, 20.83000, 18.14000,
X 15.58000, 13.13000/

DATA TL0O/ 91.3415, 81,7729y T73.5745,; €605357; 60,4667, 55.1985,
X 50.581505; 46.485305 42.79780s 39.424105 36.28530,5 33.31770,
X 30.47200, 27.71280, 25.01900, 22.38310y; 19.81150y 17.32270,

X 14,94500, 12.71180/

DATA T1l1l/ 89.7100, 80,0100, 71.6%00, £4.5600, 58,4200, 53,1100
X 48.%48000y, 44.40000, 40.76000, 37.47000, 34.43000, 31.59000,
X 28.89000, 26.30000, 23.,78000, 21.,320C0; 18.92000, 16.60000,

X 14,38000, 12,28000/

DATA T12/ BB.4600,; 78.6400; T70.2200s; £2.9500,; 56,7800, 51.4200,
X 46.77000, 42.70000, 39.,09000, 35,84000, 32.88000, 30.14000,

X 27.55000, 25.09000s 22.70000, 20.39000, 18.14000; 15.97000,
X 13,88000, 11.90000/

DATA T13/ B7.4785s T7.5623% ©9.0480, 61.739%9,; 55.4611, 50.0523,
X 45.37000, 41.28650, 37.68900, 34.47960, 31.57410, 28.,90220,
X 26.40610y, 24.,04060, 21.77230, 19.58010y 17.45450, 15.39730,

X 13.42070y 11.54430/

DATA Tl4/ 86,7000, 76,7000, 68,1000, £0.72005; 54,3800, 48.9200,
X 44.21000, 40.11000, 36.51000, 33.32000, 30.46000y 27.84000,
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X 25.41000y 23.13000, 18.86C000s 16.840005 14.89000,
X 13,01000, 11.22000/

DATA T15/ 86.0600, 75.9500s 67.3300; 59.8%00, 53,4900, 47.9800,
X 43.23000, 35.11000, 35.,51000, 32.34000, 29.49000,; 26.,92000,
X 24.55000, 22,33000, 20.24000, 18.230C0, 16.25000; 14.43000,
X 12.64000, 10.93000/ ’

DATA T16/ B5.5500, 75.4200s 66.6%00, 59,1900y 52.74005 47,1900,
X 42,41000, 38.26000y, 34.66000, 31.48000, 26.66000, 26,12000,
X 23,790090, 21.643000, 19.60000, 17.66000; 15.800005; 14.01000y
X 12.29000, 10.660C0/

DATA T17/ 85,1184y 74.9383; 66.16365 58.6102y 52,1123, 46.5214
X 41,70360s 37.53840y 33.917605 30.74480; 27.93540, 25.41610,
X 23.12450, 21.00880, 19.02780, 17.15060, 15.35620, 13.63380,
X 11.,98190, 10.40740/

DATA T18/ B4.7600, 74.5400, 65.7200s 58.1200s 51.5800; 45,9500,
X 41.10000, 36.91000, 33.28000, 30.10000, 27.30000, 24.80000,
X 22,53000, 20.,45000; 18.52000, 16.69000; 14.95000, 13,29000,
X 11.70000, 10.18000/

DATA T19/ 84.4600; 74,2000, 65.3400; 57.7C00,; 51,1200, 45.4600,
X 40.58000, 36.37000, 32,72000, 29.530005; 26.73000, 24.25000,
X 22,00000, 19.96000, 18.06000, 16.28000s 14.59000, 12.97000,

X 11,43000; S.963C0/

DATA T20/ 84,2023, 73.9074,; 65.0142; 57.3417; 50,7292, 45.0336,
X 40,12650, 35.891805 32.22580, 29.03470s 26.23560s 23.75540,
X 21.53060, 19.50740; 17.64160y 15.89810, 14.25100, 12.68360;,
X 11.18790s 9.76410/

DATA T21/ 83.2433, 72.8209, 63,7912, 55.,97665 49.2205; 43.3851,
X 38434820y 34.00070, 30.24480s 26.99280y 24.16570y 21.69310,

X 19.51260; 17.56960;, 15.81730, 14.21660, 12.73650, 11.35310,
X 10.05070, 8.82059/

DATA T22/ 82.7808; 72.2943s 63.1948s 55.,30485 48,4693 42,5527,
X 37.43530, 33.01150; 29.18750, 25.879205 23.011505 20.51690,
X 1833520, 16.41300, 14.70340, 13.16620, 11.76730, 10.,48140,

X 9.286625 8.169%0/

DATA T23/ B2.5236, 72.,00125; ¢€¢2.86175 54.528l; 48.0456, 42.079%,
X 36,91100y 32.43670; 28.56450; 25.21300; 22.30950, 19.78900,

X 17,59340, 15.67080, 13.97510, 12.466405 11.11010, 9.87782;s

X B.74691s T7.70062/

DATA T24/ 82.3662; T1.8216, 62.65743 54.6965, 47.7842, 41.7860,
X 36,58420; 32.07560, 28.16950, 24.78600, 21.854105 19.31000,

X 17.09880, 15.16850; 13.474705; 11.97790; 10.64300, 9.44274%

X 8.35127, 7.35063/

DATA T25/ 82.2628y 71,7037y 62.5233s 54,5442y 47.6121; 41.5923,
X 36.36750, 31.83500; 27.90470y 2449750, 21.54360, 18.98080,

X 16.754205; 14.8143C0, 13.11730, 11.62440, 10.30150, 9.11911,

X 8,05277y 7.08266/

DATA T26/ 82.15l4y 71.6222y 62.4304y 54.4388; 47.4928, 41.4579;
X 36.,21670s 31.66690; 27.71890; 24.29400; 21.32300s 18,74490,

X 16.505305 14.55600, 12.85400, 11.36100; 10.04360, 8.87225,

X 7.82223, 6.87307/

DATA T27/ 82.13995 T1l.556344 62.36365 5443625, 47,4068, 41,3608,

20.96000,

X 36.10770, 31.54510; 27.58380; 24.14540,; 21.16120, 18.57060,
X 16,32020; 14.36230y, 12.654805 11.16000, G.84471s 8.67993,
X 1.64071, 6.70620/

DATA T28/ 82.1016, 71.5197; 62.3133s 54,3063, 47.3427y 41.28E5,
X 36,02630: 31.45410, 27.48250, 24.03370, 21.03300, 18.43850,
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X 16017910, 14,21370, 12.50080s 11.00330, 852743,

X  7.49539, 6.5712%/

DATA T29/ 82.0723y T1l.4863y 62,2758y 54,2631y 47.2937s 41,2331,
X 35.96400,; 31.38430s 27.40480; 23.947705 20.94470, 18.33610,
X 16.06920s 14.09740, 12.37950y 10.879C05; 9.5£356, 8.40460,

X 737737y 6.46077/

DATA T30/ 82.0454s T1.45602y 62,2481y 54,2253y 47.2554, 41.1898,
X 35,91530, 31.32960; 27.34380y 23.83010, 20.87040y 18.25520,

X 15.98200, 14.00470s 12.28240Cs 10.77890s 9.46232, B8.30433,
X 7.28033, 6.363%20/

DATA T31/ 82,0311y 71.4394s 62.2224y 54.20245 47022495 41,1553,
X 35.87640, 31.28600, 27.29510, 23.82€¢00, 20,81080, 18.19010,
X 15.91170, 13.92970y 12.20340, 10.69720, 9.37921; 8.22151,

X T.19965,; 6.292853/

DATA T32/ 82.0164y Tl.4226, 62,2032 54.1806; 47.2002; 41.1274%9
X 35.84490, 31.25060, 27.25560; 23.78210, 20.76240, 18.13710,
X 15.85430, 13.86820y 12.13850s; 10.629€0; $.31019, 8.15236,
X 7.13192, 6,22775/

DATA T33/ 82.0042s 71.4088y 62.1875; 54,1628, 47.1800s 41,1045,
X 35.81900y 31.22160, 27.22310, 23.74590, 20.72250s 18.09340,

9.683843,

X 15.80680; 13,81720, 12.08440, 10.57320, 9.25227, 8.09408,
X  T.07449, 6,1725¢/
N=20

M=33

DG 1 I=1:N
IF{XK-XXK{I))2:351
CONTINUE
IF(1-2}9,33,23
IF(I-N#1)33,33,9
XXXK= XK

GO TO 12

IF(I-2)9, 5,24

IF{I-N+1132,32,9
A=ABS (XK-XXK({I})
B=XK-XXK{I-1}
IF(B-A}4:4,5
XXXK=XXK (I-1)
I=1-1

GC TO 12
XXXK=XXK{I}
IF(XT=XXT{M~1))4995499,9
D0 6 J=1,M
IF(XT=-XXT(J)])T7,8,56
CONTINUE
IF{J-2)9,186,28
IF(J-M+1118,18,9
XXXT=XT

GC TN 13
IF(J~2)9,511,29
IF(J-M+1)17,17,9
C=ABS (XT-XXT(J})}
D=XT=XXT(J-1)
IF{D-C}10,10,11
XXXT=XXT(J-1)
J=J4-1

GC T3 13

1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
16390
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
18l0
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1540

8¢ IA



11
13

157
159

70

71

222

221
800

19
1119

XXXT=XXT(J}

K=(J=1} *N+I

XJB2=xJ (K}

X JA2=XJ (K~1]

XJC2=XJ(K+1)}

K=X-N

XJB1=XJ (K}

XJALl=XJI{K-1}

XJCLl=XJ(Ksl)

K=K+2%N

XJ83=XJ (K}

XJA3=XJ(K-1])

XJC3=XJ (K+1)

DK=XXXK=XXK {(I-1}

ABL=XXT (J+1)—=XXXT

AB2=XXXT=-XXT{J=~1)

AB1=ABL/AB2

IF{LG-2}157,80C,157

IF{XK~XXXK11594156,70

XK1=0 XXXK=XK} 70K

XK2={ XK=XXK (I=1}} /DK

XJ1=XKL*X JA1+XK2%XJBL

XJ 2= XK1¥XJA 2+ XK2*XJB2
XJ3=XKL*XJA3+XK2*XJB3

GO TO 71

XK1={XXK{I+1}=-XK}/DK

XK2={ XK=XXXK} /0K

XJ1=XK1*XJB 1+XK2%XJC1

XJ2=XK1*XJ B2+XK2*XJC2
XJ3=XK1*XJB3+XK2*XJC3

DSJ={AB1+1. )/ (ABL*{XT=XXT{J=1) I/ (XJI3=-XI2I+{ XT=-XXT(I+ 1))/ (XJI1-XJ2}}
IF(LG)222,111,222

XABCJ=XJ2+{ XT-XXXT)*D SJ

IF(LG1800,800,221

IF{LG-~1)111,111,800

XKI=XT-XXT (J-1)

XK2=XT=XXT {J+1}

XJ1=AB1/(AB1l+1l.}

DKA=XJL* (XK 1/ (XJA3-XJA2)+XK2/{XJAL-XJA2})
DKB=XJ1¥{ XK1/{XJB3-XJB2}+XK2/{XJB1l-XJB2))
DKC=XJL*{XKL1/{XJC3-XJC2)+XK2/{XJC1-XJC2}])
XK1=XT=XXXT

XJ1=XJA 2+ XK1 /0KA

XJ2=XJB2+XK1/DK8B

XJ3=XJC 2+ XK1/DKC

DJIK={ 0 5F{XI3=XILI+{ XK—XXXK )} /DK *¥{XJ3-2.*XJ2+XJ1} ) /DK
GG T 111

AXG=XT*XT

IF(LGI19,1119,19

IF(XT-6.)1119,222G,2229

TD=1./AXG

EAXG=EXP (0.25%AXG)
XA=XT*0.886226%*%{1.—ERF {0.5%XT))*EAXC
XM=1e253314%XT#(1 ~ERF{7.071067TE—-1%XT ]} *EAXG*EAXG
XK04=SQRT (XA}

WG=SQRT ({{1le+2.*TD)*XA-1.)/{ 8. *XAXTD*TD)}

1350
1960
1970
1880
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500

4449

50
SS5

25

900

1000

BETA=2, #*XK ¥1.E~5

Y=XA/BETA

IF(LG)9555955,50

IF(LG-11995, 700,995

SV=2.%TD

T2=1./5V

T4=T2%T2

SXA=(=T4-T2)*XA+T4

SXM= ( (=24 }#T4-T2)1*XM+2,%T4

DK=SV*XA

SG={045%TD*DK*( SXA+24 *XA+SVESXA)= ((1.+SV)#XA=1. ) (DK+TD*TD*SXA) )/
1 (SVXDK*DK*TD)

XKG1= SXA*0. 5/XK04

X KC2= (XA*SXM=SXA%£XM) 7 (XA%*XA)

XK03= ( SXAXWG—X A% SG*0 o 5/HG)/ (WGHHG)
R1=(~17.)%XKO1=16.*XK02+ XK03
R2=5.3333333% (8. *XKOL+11.#XK02-XK03)

R3=5, 3333333%( (~5.1%XKO1-8 .. % XK0O2+XK03)
XKC5=XM/XA

XKO6=XA/WG

R 1K=32.-17. #XK04=16. * XKO5+ XKO6
R2K=5,3333333%(~18,+8 . *XK04+11. *XK05= XK0€)
R3K=5.3333333% (12.-5. *XK04—8 . ¥XKO5+XKCé )
SY=SXA/BETA

IF(Y-0.31900,25,25

SV=1./( 1a4Y)

XJO=SQRT (5V)

Yi=l./Y

XJ1=(1.~XJO)*Y1

XJ2=10. 5-XJ11%Y1

XJ3=(0.375-XJ21*Y1

XJa=(0.3125-XJ3) *Y1

SJC=SY*XJO* SV (=0.5)

SYL=SY#Y1

SJ1=(=-5J0) ¥Y1-XJ1*SY1
SJ2=(~SJ1)*Y1-XJ2*SY1
§J3=(~SJ21¥Y1-XJ3#SY1

SJ4=(=SJ3) *¥1-XJ4*SY1

GO TO 1000

XJ5= OO C10.1444644%Y~001494459) ¥Y+40.1545810)%Y-0,1611302) %Y
140.1681880)%Y-0. 1761970} *Y+0. 1854705) #Y=0.1563806 ) *Y+0,2094726 ) *Y
2-0.2255359) #Y+0,2460937
XJ4=0,2734375- Y% XJ5

XJ3=0,3125-Y%XJ4

XJ2=0.375-Y*XJ3

XJ1=0.5- Y£XJ2

XJ0=1.-Y#xXJ1
SIS=LLOCLCLIL.444664%Y~1.3450131 )+Y+1.235648)%Y=1.1282614)%Y
1+1.009128) *Y-0.830965) *Y+0.741862) %Y~ 0.5851418) ¥Y+0, 4189452 ) %Y~
20.2255859) % SY

SJ4== ( SYXXIS5+Y*SJ5)

SJ3==(SY*XJ4+Y*S J4)

SJ2=-{ SY*XJ3+Y%5J3)

SJl=—(SY%XJ24Y*SJ2)

SJ0==(SY#XJL+Y*SJ1)

DSJ={-3.1415526) /{BETA®AXG *XT)*(XKC1*XJC+R1*(-XJ1+2.%XJ2) +XKO4

2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
27130
2740
2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
23900
2910
2920
2930
2%0
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060

62 IA



49
60
700

6669

55

66
77
88

89
44
1111
220

2229

34
111

1#SJO+RLIK*F (= SYL+2.%SI2I4R2F({ =3 )%k X244 ¥XJ3J+R2K* {{=3,)*SJ2+4 . *
2SJ3IERIH{ (=54 ) #XJI346 s *¥XJ4 ) +R KX ( (=5, ) *5J346.,%5J4))
IF(LG)60,s111,49

IF(LG-17111,111,60

IF{XT-6,)700,220,220

ZZK=XM/ XA

S1=1.-XK04

5224 -2, ¥XK04~2.%7ZK
$3=1.%0,08333333%( XA/ HG— 5% XKO04~8.*2ZZK)

RI=1.+Y

VG0=1. /SQRT (RI}

Y2=Y*Y

Y3=Y2*Y

Y 4=Y2%Y2

IF{Y-062)55 ;66,66

Vi={-Y#8. ) *¥Y /{16 *¥RIJ+(Y4—8,¥Y3 ) ¥ (Y4—=8,*¥Y2)/{4096F{({Y+2)*Y+1,)
1%*Y2)

GO 10 77

Vi={8 e~ {(-Y+4,. ) *¥Y4+8, ) *V0)} /Y2

IF(Y-2.188799,99

SV=RI*RI

Y5=2.4Y

Y6=Y5*Y5%Y5

V2=Y/(2.%Y53%RI )-Y3%Y2/( 128. *YEX SV}

P={3.%Y+16, )*Y+16.
V3=3.kY2/{RI%P }=3 . *Y4%Y4 /(16 ¥SVYEP*P%P)

GO TO 44

V2={=8e=%o ¥ Y+ { [Y+8, ) ¥Y+8.)%VO0}*4,/Y3

V3={{ (=60 )%Y~32, ) *Y=32, +{{(Y+18,)*Y+48, )*¥Y+32,.)%V0}*12./Y4
XABCJI=(VO-S1%VI+S52%V2+S3*Y3)*1.5707963/BETA
IF{LG)220,111,1111

IF{LG-27111,220,111

DJK==0,6931 5% XABCJ-1. 088B797*Y/SXA*(XKL4*SJO +RIK*(=SJ1#2.,%5J2)
1+R2KF (=3, %S Y244 %XSI3)+R AKX (= 5% SJ3+6.%SJ41})

GO0 70 111

BETA=2, #*XK*1.,E-5

XABCI=1.5T707963/(BETAXSQRT (1l.+1./BETA-€./AXG))
IF(LGI1119,111,:34

IF{(LG-13111,111,1119

RETURN

END

SUBROUTINE FSTRUK(MI,;SIGO, NE,ENGsNFESREFE,EFE,XINTE,ZAs XNsSESXII
1 IBy XIy MDIMyMDIMP yEMU o XMU 3 NERy NERP S Ny EN)

REAL*8 MAT,NTYP, FESToNFEST NN

DIMENSION ENG{NE) yREFE(NFE)}, EFE(NFE},SICGO{MI},SNINER
1},FEST(10), ISTM(3)
2y NFEST(L0) s NADAT(2)yNSATZ(4)sE(3 )y FLUSS(2),ST(2}sNTYP(6),
3XINTE(NEs4) sZA{MIsNE5) o XN(MI yNE 34} ,SE(MI yNE,6) s XII{NE),
4 EMU(MDIM) s XMU(MDIM]) ZB{MIsNE)} s XI(NE)

COMMON MAT,ISTRUK;ISPAsNOUTP;JA,NANFs NEND,KL

EQUIVALENCE (FEST(1),NFEST({1))

+3)EN(NER 3

3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170
3180
3190
3200
3210
3220
3230
3240
3250
3260
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3460
3470

10
20
30
40
50
60
70
80
90
100

9000

9001

300

85
87

1001

1C05
1004
1002
1006
1C03

1007
1008

MDIMF=0

MCIMP=0

NERF=0

NERP=0

NEFE=NFE

IFINFE.EQ.1) NEFE=O

CALL DOPW (8HSTRK »NN)

CALL DOPW (8HSGA s NTYP(1}}
CALL DOPW ( 8HSGN sNTYP{2))
CALL OOPW (BHSGF s NTYP(3))
CALL DOPW (BHSGT 1NTYPL4])
CALL DOPW (8HBEST +NTYP(5})
CALL DOPW (8HMUEL sNTYP(6))

HWRITE (NOQUTP,9000]}
FCRMAT(1HO/1HO/® PROGRAMM KENNZIFFER
WRITE (NOUTP,9001)
FORMAT (* PROGRAMM ZUR BERECHNUNG VON RESONANZSELBSTABSCHIRMFAKTORE
1IN VON PUNKTWEISE GEGEBENEN WIRKUNGSQUERSCHNITTEN®/)
IY=NE-NANF
NEN=NE+1-~-NEND
NSATZ{1)=3

NFEST (1}=MAT
NFEST(2)=NTYP(5}
JI=NEN-1

DO 3 LI=IY,JI
DO 3 LA=L,MI
ZB{LA,LI)=0.

DO 300 N=1,5
ZALLALLTI,N) =0,
DO 3 N=1,4
XN{LA,LI N} =0,
IFLISTRUK.EQ<0 -ANDeNoEQ. 3)
CONTINUE
NFEST(3)=NTYP{6)
CALL NDFLOC (NSUCHL1,NSATZ,FEST,;NUDAT;NC)
IF(NSUCH11}85,85,1001

WRITE(NOUTP,8T}{NFEST(K} K=1,3)

FCRMAT{1HO/® ***ERROR 3. 1 : THE DATA FOR °,3A6,° COULD NOT BE FOU
IND IN THE KEDAK LIBRARY'")

GG T 100

EMU{1)=FEST (%]

XMU(L )=FEST(5)

M=2

IF(EMU{1)-ENG(IY)}1002,1002,1004

WRITE (NOUTP,11) ENG(IY},{NFEST(K),;K=1,3},EMU(L]

IY=IY+1

IF(IY-JI)1005,1005,1000

CALL NDFNXT (NSUCH1,NSATZ, FEST,NUDAT;NC)
IF{NSUCH1}1010,1010,1006
IF(FEST(4)—-ENG(IY)}1003,1003,1007

EMU(L)=FEST (4}

XMU({1)=FEST(5)

GG TO 1002

IF(FEST(4)~ENG(NEN}}1008,1014,1014

EMU{M)=FEST (4)

XMU(M) =FEST (5)

3¢}

XN{LA,LIsNI=1,

110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660

o€ TA



2000

1014

1010

1011
1012

M=M+l

IF{M~-MDIM)1002,1002,2000

M=1

MDIMF=MDIMF+1

G0 70 1002

EMU(M)=FEST {4}

XMU{M )=FEST(5)

GG TO 1009

M=M-1

DO 1011 LI=IY,NEN
IF(EMU{MI-ENG(LI})1013,1012,1011
CONTINUE

NEN=L 1

LI=NE-NEN+1

IF(NEN=-1.LT.J1}. WRITE (NOUTP,1015}) LI

670
680
690
700
710
720
730
740
750
760
770
780
790
800
810

1015 FCORMAT(1HO/® #*%xWARNING 3. 1 : IT IS ONLY POSSIBLE TO CALCULATE UN 820
1TIL GROUP *® 4I4,° BECAUSE KEDAK DOES NCT CCNTAIN FURTHER MUEL VALUE 830
25°) 840
JI=NEN-1 850
GO T3 1009 860
1013 NEN=LI-1 870
LI=NE=NEN+1 880
WRITE (NOUTP,1015) LI 890
JI=NEN-1 S00
1009 MM=M S10
IF(MDIMF.EQ.O) GC TQO 2001 920
MDIMP=(MDIMF=1)}*MCIM+M+1 S30
RETURN 940
2001 DO 2222 1=1,:4 950
IF{I.EQ.3.AND.ISTRUK.EQ.O0} GO TO 2222 960
IF(IY-J131400,400, 1000 S70
400 L=1Y s80
LY=2 S90
NFEST{3)=NTYP({ 1) 1000
CALL NDFLOC(NSUCH14NSATZ,FEST,NUDAT,NC) 1010
IF{NSUCH1)85,85,86 1020
86 E(1)=FEST(4%) 1030
SIG1=FEST (5} 1040
IF{I-3)121,121,120 1050
121 EN{l,I)=FEST(4) 1060
SN(1,I}=FEST(5) 107¢C
I1sT=1 1080
IF{I.NE.2) GO TO 120 1090
DO 3012 KK=2,HM 1100
IF(EMU(KK}-E(1}13012,3013,3014 1110
3012 CONTINUE 1120
G0 TO 3007 1130
3013 XMUL=XMU(KK) 1140
60 7O 120 1150
3014 XMUL=XMU(KK=1)+(XMU{KK}=XMU{KK-1}}*{E{L}-EMU{KK-1))/{EMU(KK ]}~ 1160
1EMU{KK=13}} 1170
120 Ix=1 1180
66 IF(E(1)-ENG(L})8,29,10 1190
10 WRITE(NOUTP,11) ENGIL) s {NFESTIK)}sK=1,3),E(1) 1200

11

FORMAT {1HO/*® ***WARNING 3. 2 = THE LOWER ENERGY GROUP BOUNDARY *, 1210

1E16.8,°EV IS NOT IN THE AVAILABLE ENERGY RANGE IN KEDAK FOR

"33A5/ 1220

2' THE LOWER ENERGY GROUP BOUNDARY HAS BEEN MGDYFIED TD

3%)
IY=IY+1
GO TO 201

8 CALL NDFNXT (NSUCH1sNSATZ,FESTsNUDAT4NC)

IF(NSUCH1112,12,13

12 WRITE(NOUTP 314 INFEST(1) 4NFEST(2) ;NTYP(I),E(L)

14 FORMAT(LHO/® **%WARNING 3. 3 : THE DESIRED DATA FOR

1LY AVAILABLE IN KEDAK UNTIL ®,E16.8,°EV®)

JI=L
IF(NERF.EQ.J) GO TO 34
NERP={NERF-1)}*NER+IST+1
RETURN
13 IF(FEST{4)-ENG(L))18,19,15
19 IJd=1
GC T2 20
18 1J=2
20 E(1l)}=FEST(4)
SIGL=FEST{5)
IF(1-3)123,123,122
123 EN{1,1)=FEST(4)
SN(1sI)=FEST(5}
I1sT=1
IF{I.NE.2) GO TO 122
DG 3000 KK=2,MM
IF(EMUCKK)=E(1))3000,3001,3002
3000 CONTINUE
3007 WRITE (NOUTP33003) NTYP(I},NTYP(I)

3C03 FORMAT(1HO/® ***xWARNING 3. 4 : THE TYPE

L. Y- 9]

CAN NOT B8E CALCULAT

1ED®/* BECAUSE THE ENERGY POINTS FOR MUEL ARE ALL LESS THAN THE FIR

2ST ENERGY POINT QOF *,A6)
GO 70 2

3001 XMUI=XMU(KK])
GO T3 122

3002 XMUL=XMU{KK=1}+(XMU(KK)=XMU{KK-1))}*(E(L1)=EMU{KK-1)}/{EMU(KK)~

1EMU(KK=11})
122 IX=1
GC TO (29581514
15 E(2)=FEST(4)
SIG2=FEST(5}

SIGL=SIGl+{SIG2~SIGLY*{ENGI{LI-E(L))/(E(2}-E(L1))

E(1}=ENGIL)
IF(I-3)125,125,124
125 EN{1,1)=E(1)
SN(L, I}=S1IG1
EN(2,1)=E(2)
SN{2, I}=SIG2
18T=2
IF(I.NE.2}) GO TO 124
IK=2
IF(KKeGTe2} IK=KK-1
DO 3004 KK=IK,MM
IF(EMU(KK)-E{11})3004,3005,3006
3004 CONTINUE
GO TJ 3007
3005 XMUL=XMU{KK)

"33A5,7 ARE ON

";E16.8,°EV 1230

1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
1640
1650
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780

LE TA



GC TO 3008
3006 XMUL=XMU{KK-1}+{XMU(KK}=XMU(KK-1))}*(E(1)~EMU{KK=1))/ (EMU{KK]=
1 EMU{KK-11}]}
3008 IF(KK.GT.2} IK=KK-l
DO 3009 KK=IK,MM
IF(EMUIKKI-E(2)13C09,3010,3011
3009 CONTINUE
GC T2 3007
3C10 XMU2=XMU(KK]}
GO TO 124
3011 XMU2=XMU(KK=1) +{XMU{KK}~XMU{KK—-1)}*{E(2}=EMU(KK=1)})/ (EMU{KK}=
1EMU(KK~1)}}
124 IX=2
29 IF(NEFE)210,101,210
101 FLUSS(1)=PHI{E(L1))}
GC TO (9416),1IX
210 DO 102 LR=2,NEFE
IF(REFE(LR]}-E(L1}) 102,103,104
102 CONTINUE
104 FLUSS(1)=EFE{LR-1}(EFE(LRI-EFE{LR-1)}}/(REFE(LR}-REFE(LR=1}I*{E(L])
1-REFE(LR-11})
GO TO (9516) 51X
103 FLUSS(1)I=EFE(LR}
GG TO {9,16),1IX
9 CALL NDFNXT (NSUCH14NSATZ,FESTsNUDAT,;NC}
IF(NSUCHL)12,12,22
22 E(2)=FEST{4}
SIGR=FEST(5)
IF(E(2)-ENG{NEN})3015,3015,16
3015 IF(I.NE.2} GO TO 16
I K=KK-1 :
DG 3016 KK=IK.M
IF(EMU(KK)}-E(21}3016,3017,3018
3Cl6 CONTINUE
GO TO 3007
3017 XMUZ=XMU(KK]}
GO TO 16
3018 XMU2=XMU{KK=1)+(XMU{KK)I=XMUIKK-1)}*{E(2)}-EMUIKK~1}}/(EMU(KK]}-
1E MU(KK=-1)1}
16 IF(E(2)}~ENG(L+1))26526,25
25 E{3)=E(2)
SIG3=516G2
IX=—1
SIG2=SIGL+{ SIG3—-SIGLI*(ENGIL+1}—-E(1))/(E(3)-E{(1)}
E{2)=ENG(L+1)
IF{1-3)127,127,23
127 IST=IST+1
ISTM(IN=IST
IF(IST.LE.NER} GO TO 2002
I1s7=1
NERF=NERF+1
2002 EN{IST,I1=E(2)
SN{IST, I}=51G2
IF(I.NE.2} GO TO 23
IK=KK-1
DO 3020 KK=IK,;MM

1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1850
1500
1910
1920
1930
1940
1950
1960
1870
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2230
2300
2310
2320
2330
2340

IF(EMU(KK)=-E(2))3020, 3021, 3022
3C20 CCONTINUE

GO TO 3007
3021 XMU2=XMU(KK}

GO TJ 23

3022 XMUZ2=XMUIKK=1)#{XMU(KK}-XMU(KK=-1)})*{E(2)—EMU(KK=-13}/ (EMU(KK)-

LEMU(KK=1})
GO TO 23
26 IX=0
128 1F{1I~-3)126,126,23
126 IST=IST+l
ISTM(I}=1IST
IF{IST.LE.NER} GO TQ 2003
IsT=1
NERF=NERF+1
2003 EN(IST,I)=E(2)
SN(IST,I}=S1IG2
IF(I.NE.2} GO T0O 23
IK=KK-1
DO 3024 KK=IKj,MM
IF{EMU(KK}-E{2) ) 3024, 3025,3026
3024 CONTINUE
GC TO 3007
3025 XMU2=XMUIKK}
GC TO 23

3026 XMU2=XMU(KK-1)+{XMU(KK)I-XMU{KK=~1}}*(E(2)=EMUIKK-1}]}/ {EMU(KK]}~-

1EMU(KK~-1)])
23 TF(NEFE)27,28,527
28 FLUSS{2}=PHI(E(2))

GG TQ 30
27 DO 31 LR=LY,NEFE

IF(REFE(LR)-E(2}}31,32,33
31 CONTINUE

LR=NEFE

33 FLUSS{2)=EFE(LR-1})+(EFE(LRI-EFE(LR-1))/{REFE(LR}~REFE(LR=1} I*{E(2)

1-REFE(LR-1}1}
GC TI 36
32 FLUSS(2)=EFE(LR]}
36 LY=LR
30 IF(1-4)49,601,49
€01 KK=3
LRJ=2
IF{ISTRUK.EQ.1} LRJ=3
DO 60 JAN=1,LRJ
IST=ISTM{JAN)
M=1
50 DO 51 JJ=2, IST
IF(EN(JJ,JANI-E(MI}IEL1 452,53
51 CONTINUE :
JJ=I8T
53 STIM)=SN{IJ-1s JAND+(SNIJJs JANI-SNUJI=1,JAN) B/ LEN(JII s JAND—
LIEN(JJ=1, AN} I*{E(M)~-ENTJI=1,JAN] )}
GC T3 5%
52 STIM)Y=SN(JJ,JAN)
5¢ 1F(M-1)57,57,58
57 M=2
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60 T3 S50
58 EV=0.5%(E(2}-E{(1))
IF(KKeGTe2} IK=KK~1L
DO 4000 KK=IK,;MM
IF(EMU(KK}-E(1)}4000,40015,4002
4000 CONTINUE
GO TO 3007
4001 XMUL=XMU(KK}
GO TO 4003
4002 XMUL=XMU(KK=1)+ (XMU(KK)-XMU{KK=1}J*=(E(L}=EMU(KK~1)}/(EMU(KK]}=-
1LEMU{KK=1})
4003 IF(KK<GT.2) IK=KK-1
DO 4004 KK=IKsMM
IF{EMU(KKI-E(2))4004,4005,4006
4004 CONTINUE
GC TO 3007
4005 XMU2=XMU(KK])
GO0 TO 4007
4006 XMU2=XMU{KK=1}+{XMU(KK)=XMU{KK=1)}*{E(2)—EMU(KK~1)}/ (EMU(KK }=—
LEMU(KK=-1))
4007 DO 60 LI=1,PI
VA=FLUSS{1)/(SIG1 +5IGO{(LI))
VB=FLUSS(2)/(SIG2 +SIGO(LI})
IF(JAN.NE.2) GO TO 3028
ZEILIsL }=ZB(LIsL JHEVE(ST{1)*XMUL *VA+ST{2)*XMUZ2*VB)
3028 ZA(LI LoJANI=ZA(LI L, JANI+EVH(ST (1)*VA+ST (2)*VD)
3029 XN(LI,LsJANDI=XN{LIsL,JANI+EV*{VA+VB)
IF{JAN.NE.2) GO TC 60
VA=FLUSS(1) /{SIG1+SIGO(LI)}**2
VB=FLUSS (2} 7{SIG2+SIGO(LI)}*x*2
ZA(LI 3L 94 ) =ZAMLI g L4 ) #EVE(ST (L) =XMULI*VA+ST(2)*XMU2*%VB)
3031 AN(LIsL o4)=XN{LI,Ls4)+EV*{VA+VB)
ZA(LI oL s5)=ZA(LI,L,5)+EV*(SIGI*VA+SIG2*VYB)
60 CONTINUE
ST(1)=ST(2]
49 E(1)=E(2)

$161=5IG2
FLUSS (1L )=FLUSS (2]}
IF(I.EQ.2) XMUl=XMU2

IF(E(2)-ENG(L+1}1)9,34,3%

34 IF(I-3)69,69:62

62 JFAK=0
DO 4 LA=1,LRJ

& XINTE(L LA} =ZA{MI L, LA} /XN{MI,L,LA)}
XINTE(L 34)=ZA(MI;L;5)/XN(MIsLs4])
XI(L)=ZB(MIsL)/XN{MI,L,2)
XIIEL )=ZA{MIsL 94} /XN{MI L, 4)
DO 63 LI=1,MI
DO 363 LA=1,LRJ
IF(XINTE(L,LA) cEQ.O.OR.XN{LIsLsLA).EQ.O)}
IF{ISTRUKsEQoeloANDo.LA.EQel) GO TCQ 5301
SE{LISLsLAY=ZA(LI JLoLAY/{XN(LI sL ,LAY*XINTE(L,LA}}
GO TO 363

5301 SE(LTsLsLA)=(ZA({LI Ly LAY/XN{LI LsLA)=ZA(LI;Ls3)/XNILIsLy3))/(

IX INTE(L,LA)=XINTE(L,3)]}
GC TO 363

GC TO 366
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366 SE{LIs;LsLA)=1.
JFAK=1
363 CONTINUE
IF(XI{L}«NE.O}
SE(LIsLs4)=1,
JFAK=1
GO0 TO 900
367 SE(LIsL9s4)=ZBILI L)/ (XN(LI,L42)%XI(L)}])
SC0 IF(XII{(L)eNEsO}) GO TQ 467
SE(LIsLs5)=1,
JFAK=1
GG T 901
467 SE(LIoL5)=ZA(LI L,4) /(XN{LTLy4)*XII(L)}
S0l IF(XINTE(Ly4).EQ.0} GO TO 368
SE{LIsLs6)=ZALLI Lo5)/{XN{LI L, 4)%XINTE(L 4]}
GO TO 63
368 SE(LIsL,8)=1,
JFAK=1
63 CONTINUE
IF(JFAK cEQ.0}
LZ=NE-L
WRITE (NOUTP,5300) LZ
5300 FORMAT(1HO/® ***WARNING 3. 5 =
1SHIELDING FACTORS ARE SET 70 1,
2D ON KEDAK FOR THIS GROUP ALL ARE ZERC?)
69 L=L+1
IF{L-J1}64,64,2
64 IF(IX)16659,9
166 IF(E(3)~ENG(L+1))67,67,68
68 E{2)=ENG{L+1)}
SIG2=SIGL+(SIG3-SIGLI*{E(2)-E(L}I/(E(3)~-E(1)}
G0 TO 128
67 E(2)=E(3)
SIG2=SI1G3
GO TO 26
201 L=L+1
IF(L-JI166,66,2
2 IF(NERF.EQ.0} GO TO 2222
NERP={NERF—~1)%MNER+IST+1
RETURN

GO TO 3587

GO TO 69

IN THE ENERGY GROUP ®,14,°

2222 CONTINUE

N=0
WRITE (JA) NyNN
DO 70 LI=IY,JI
IN=5
WRITE(JA) IN;MAT
LZ=NE-LI
WRITE(NOUTP ,35) MAT sLZJENG(LI);ENGILI#1)
35 FORMAT{1HO,A5,9H GRUPPE =13;3X,15HGRUPPENCRENZEN 2E16.8)
IF(ISTRUK-EQ.1) GO T8 5201
WRITE (NOUTP,;52001)
5200 FCRMAT(1HO,22X,7THSIGMA Ay11X,THSIGMA N;10X; SHSIGMA NO1,9X,
18HSIGMA N1, 10X,8HSIGMA T1/}
GC T2 5203
5201 WRITE (NOUTP,5202}
5202 FCRMAT{1HO;22X,*SIGMA C®;11X, *SIGMA N®y 11X, *SIGMA F® 10X,

s LISENG(LID)s ENGI(LI+1)

THE SELF

BECAUSE THE CROSS SECTIONS?/° FOUN
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1°SIGMA NOL®,9X,°SIGMA N1°,10X,*SIGMA T1%/)
XINTE(LI ¢1) =XINTE(LI 1) —=XINTE(LI,;3)
5203 IN=LRJ+3
WRITEC(JA) INS (XINTE(LI LA} LA=19LRIJS XI(LI}s XI(LI},XINTE(LLI 4]}
WRITE(NOUTP #3T) IXINTE(LI LA} sLA=1 sLRIJ o XI(LI) XI{LI}yXINTE(LLs4)
37 FCRMAT(16X,6E18.81}
IF(ISTRUK.EQ.1) GO TO 5204
WRITE (NQUTP,39}
39 FCRMAT{1HOs5Xs4HSIGO 15X 2HFA516X2HFNy 16X 4HFNOL 314X, 3HFNL s 15X,
13HFT1/)
GO TO 5206
5204 WRITE (NOUTP,5205}
5205 FORMAT(1HO, 5X94HSIGO; 15X, 2HFC 16X 2 2HFNy 16Xy 2HFF 5 14X 4HFNOL 5 14X,
13HFN1s15Xs3HFT1/)
5206 IN=LRJ+4
D0 70 I=1,MI
WRITE(JA} IN,SIGOU(I) (SE(TI LI sLA)LA=L, LRIV {SE(I,LIsLAYLA=4,6)

70 WRITEINOUTP,38) SIGO{I}s(SE(IsLIoLA)LA=1,LRIJ,(SE(I LI LAY LA=4;6

1)
38 FORMAT(E16.8,6E18.8)
1000 CONTINUE
71l KL=KL+1
RETURN
100 sToP
END

SUBROUTINE SUND (MMyENGy;NFE,REFE; EFE, ITYP,ITNAMsSGC,0UE, XINTE,
1ZINT, XNEN, STREU,LDIM,LDIMP,SE,FSE]

INTEGER*2 IHC(2}, IMP{2)

REAL*8 MAT, ITNAM,FEST sNFEST s NN, MMM

DIMENSION ENG{MM) ,REFE{NFE)EFE(NFE); ITNAM{ITYP) , SGC{MM) ;E(3],
LFLUSS(2) s DUEIMM) s XINTE(MM) o ZINT (MM}, XNEN(¥M ), STREUIMM) ;NADAT(2),
2NSATZ(4&)FEST(10) yNFEST(10) ¢NN{11) ,SE(LDINM} ;FSE(LDIM) sSFN{2])
COMMON MAT; ISTRUK, ISPA; NOUTP, JAy NANFy NEND oKL

EQUIVALENCE (FESTH{1)  NFEST{1)3},(IHC{1},skM}

DATA IMP/®Py®; U *°/

WRITE (NOUTP,9000)

9000 FORMAT(1HO/1HO/® PROGRAMM KENNZIFFER 4°)
WRITE (NOUTP,9001)
9001 FORMAT({®* PROGRAMM ZUR BERECHNUNG VON GRUPFENW IRKUNGSQUERSCHNITTEN

18ET UNENDLICHER VERDUENNUNG®/)

CALL FSPIE
LDIF=0

LD IMP=0
NEFE=NFE
IFINFE.EQ.1]}
NGR=MM~NANF
NEN=MM&1=-NEND
CALL DOPW (BHBEST

NEFE=0

$NFEST(2]))

CALL DOPW (8HSGA sNN(L})
CALL DOPW ( 8HSGF sNN(2) ]
CALL DOPW (8HSEN sNN(3))
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CALL DOPW (BHMUEL sNN{4))
CALL DOPW (8HNUE sNN(5))
CALL DOPW (8HSGC sNNU6) )
CALL DOPW (BHSTR s NN{T )}
CALL DOPW (8HH Q1 sNN(8))
CALL DOPW (8HALPHA +NN(S}}
CALL DOPW (8HETA sNN{LO}}
CALL DOPHW (8HSGG fNN(11})
CALL DOPW (8HSGKE s MMM}
INR=0
Li=0
HM=MAT
IF(IHC(1).EQ.IMP{1})) GO TO 802
IF(IHC{L).NE.IMP(2})] GO TO 822
802 LAR=1

DO 803 JJ=1,1ITYP
IF(ITNAMICJ}.EQ.NN{L)}
IF(ITNAMOJJ ) oNEoNN{(2}}
805 LL=LL+1
IF(LL-2}803,801,803
803 CONTINUE
IF(LL-2}807,801,807
807 WRITE (NOUTP,808) MAT
808 FCRMAT(1HG/® **%:WARNING 4. 1 * THE GRCUP CRGSS SECTION SGC CAN NOT
1 BE CALCULATED FOR ",A5/° BECAUSE THE REACTION TYPES SGF AND SGA A
2RE NOT SPECIFIED IN THE INPUT?®)
GC T0 801
822 LAR=Q
DC 821 JJ=1, ITYP
IF(ITNAM{JJ)oEQ. NN(L})
821 CONTINUE
GC TO 807
801 NFEST({1)=MAT
I GRUP=NEN~-1
DO 870 JJ=NGR,;IGRUP
870 SGC{JJ)=0.
JJJ=1
DO 3 JJ=1,ITYP
KGRU=0
NSATZ{1}=3
KSIK=0
TF(ITNAM(JJI) oNE-NN{9] «ORLITNAM(JJ I NE.NN(10)]
IF(LAR.EQ.O) GO TO 875
KSIK=1
NFEST(3)=NN(1Ll)
GO TO 2003
875 WRITE {(NOUTP,876}MAT; ITNAM(JJ]}
876 FORMAT{LHO/® ***WARNING 4. 2 : THE GRCUP CROSS SECTION FOR °®,2A8,
1* CAN NOT BE CALCULATED®/® BECAUSE THE VALUES OF SGF ARE ZLERQ®)
GC Ta 3
874 KSIK=2
NFEST (3 )=NN (2}
GG TO 2003
879 KSIK=3
GO T3 2002
871 IF(ITNAM{JJ).EQ.NN(%))

GO TU 805
GO TO 803

GO TG 801

GO 7O 871

GO TC 2001
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2001

2002
2004

2005

2070

2006

2009
2C08
2013
2010
2011

2012
2014

2090

2223
2015
2003

2691

71
970

IF{ITNAM{JJ).EQ.NN(5)) GO TC 2002

GO 70 2003
NFEST(3)=NN(3}
GO TO 2004
NFEST (3 )=NN(2)

CALL NDFLOC (NSUCH1 sNSATZ,FESTsNUDAT,NC)

IFINSUCH1)2005,2005,2006
SE(1)=ENG (NGR)

FSE(1}=0.

SE{2Z)=ENG(NEN)

FSE(2)=0.

M=2

WRITE(NQUTP 2070} FEST(3), ITNAM(JJ)
FORMAT(1KO/® ***WARNING 4. 3 = TYPE °3A6,°
1PE IS USED TO CALCULATE THE GROUP CROSS SECTICN

GO TO 2003

SE(1)=FEST(4)

FSE(1 )=FEST (5)
IF(SE(1}-ENG{NGR)}}2008,2008,2009

WRITE {NOUTPy11)} ENGINGR}s {NFEST(KJ},K=1533,SE(1]

M=2

CALL NDFNXT (NSUCH1;NSATZ,FESTsNUDAT:NC)

IFI{NSUCHL1)2223,2223,2010

IF{FEST(4)—-ENGINGR))2011,2011,2012

SE(1)=FEST(4]}
FSE(1)=FEST{5)
GO TO 2013

IF(FEST{4)-ENGINEN 1})2014,2015,2015

SE(M)=FEST( 4)
FSE(M)=FEST (5}

M=M+1
IF(M-LDIM)2013,2013, 2090
M=1

LDIF=LDIF+1

GG TO 2013

M=M=1

GO TO 2003

SE{(M)=FEST({4)
FSE(MI=FEST(5)

LY=2

IF(LDIF.EQ.0) GO TO 2091
LDIMP=({LOIF-1}*LDIM+M+1
RETURN ‘
MMMM=M

L=NGR

M=L

DO 4 LI=L,IGRUP
ZINTILI)=O.

DUE(LI}=0.

XNEN{LI }=0.
IF(KSIK.NE.3) GO TO 971
NFEST{(3)=NN(5)

GO0 TO 970

IF{KSIK.EQ.0} NFEST(3)=ITNAM{JJ]}

CALL NDFLOC (NSUCH1,NSATZ,FEST,NUDAT,;NC)

IF(NSUCHL)S53546

IS SET TO ZERO.
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5 WRITE(NOUTP,7} (NFEST(K),K=1,3)

7 FORMAT(1HO/® **%:WARNING 4. 4 : DATA FCR °,3A5,° COULD NOT BE FOUND
1 IN THE KEDAK LIBRARY?')

GC TO 300

6 E{1)=FEST(4)

SIGI=FEST(5)
IF(ITNAM(JJ) <cEQ.NN(4) sOR.ITNAM(JJUI.EQ.NN{E}) GO TO 2023
GO TO 65

2023 DO 2016 KK=2,MMMM
I K=KK
IF(SE(KKI}-E(1))2016,2017,2018

2016 CCNTINUE

2022 WRITE (NOUTP,2016) ITNAM(JJ)

2019 FORMAT{1HO/® ***4ARNING 4. 5 : TYPE ®,A6,° CAN NOT BE CALCULATED B
1ECAUSE THE ENERGY SCALE OF®/?® THIS TYPE BEGINS AT A HIGHER ENERGY
2THAN THE HIGHEST ENERGY GROUP BOUNDARY®)

GC 7O 3
2017 SFN(Ll)I=FSE{KK}
GG TO 66

2018 SFN{1)=FSE(KK—-1)+(FSE(KK}=~FSE{KK=1} }*{E(LI-SE(KK-1}}/(SE(KK }-SE(
1KK=11))}

66 IF(E(LI-ENG(L})B,9,10

10 WRITE (NOQUTP,11) ENG(L) s {NFEST{K} K=1,3),E(L1]}

11 FCORMAT(LHO/® ***WARNING 4. 6 : THE LOWER ENERGY GROUP BOUNDARY ¢,
1E16.8,"EV IS NOT IN THE AVAILABLE ENERGY RANGE IN KEDAK FOR *{4X,
23A5,° THE LOWER ENERGY GROUP BOUNDARY HAS BEEN MODYFIED TO *,E16.8
3,%EV'])

IF{E(1}-ENG(L+1)1)6,200,200
8 CALL NDFNXT (NSUCH1sNSATZ; FESTsNUDAToNC)
IF(NSUCHL}12,12,13

12 WRITE(NOUTP,14)INFEST{1),NFEST(2),ITNAM(JJ},E(L)

14 FORMAT(LHO/® #=*xxWARNING 4. 7 3 THE DESIRED DATA FOR °®;3A5,° ARE ON
1LY AVAILABLE IN KEDAK UNTIL °3E1l6.8,°EV°)

IZLM==1
GC TO 50
13 1Z2LM=1
IF(FEST(4)-ENG(L)}18,19,15
19 14=1
GC TO 20
18 IJd=2

20 E(1)=FEST(4)
SIGL=FEST(5)
IFUITNAM(JJ ) EQoNN(4) cOR. ITNAM({JJ).EQ.NN(E}) GO TO 2024
GO TO (9,8},1J
2024 IF(KKeGTo2) KK=KK-1
DO 2059 IK=KKj;MMMM
IF(SE(IK}-E(1})12059,2020,2021
2059 CONTINUE
GG TO 2022
2020 SFN(LI=FSE(IK)
GO TO (9:8),1J
2021 SFN(L)=FSE(IK=1)}+(FSE(IK)-FSE{IK=1))*(E(1)}-SE(IK-1})/(SE(IK}-SE(
1IK=1)1)
GC TO (9+8),14
15 E(2)=FEST(4})
SIG2=FEST{(5)})
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SI61=SIGL+{ SIG2- SIGLI*(ENG(LI-E(1}} /(E(2)~E(1}}
E(1)=ENG(L)
TFCITNAM(JJ) o EQo NN(4] oORITNAM(JJIEQNNS))
60 TO 16
2037 IF{IK.GT.2) IK=IK~-1
KK=IK
DO 2038 IK=KKsMMMN
IF{SE(IK)-E(1))2038,2039,2040
2038 CONTINUE
GC TO 2022
2039 SFN(1)=FSE( IK)
GO TO 2041
2040 SFN{1)=FSE{IK=1)+(FSE(IKI-FSE(IK~1))*(E(1)-SE(IK-1)}/(SE(IK}-SE(
1IK-11})
2041 IF(IK.GT.2) IK=IK-1
KK=IK
DO 2042 IK=KK,MMMM
IF(SE(IKI-E(2)12042,2043,2044
2042 CONTINUE
IF(SE(HMHMR)—ENG (L14)) 2022 ,2043, 2944
2043 SFN{2)=FSE( 1K)
60 TO 16
2044 SFN(2)=FSE(IK=1)+(FSE(IK)=FSE(IK~1))*(E(2}-SE{IK~1})}/(SECLIK}-SE(
1IK-111
GC TO 16
9 CALL NDFNXT(NSUCHL,NSATZsFESTsNUDAT,NC)
TIF(NSUCHL)12,12,22
22 E(2)=FEST(4)
S 162=FEST(5)
IF(EL2)-ENG(NEN))2071,2071,16
2071 IZLK=1
ITF(ITNAM{JJ ) oEQeNN(4) cOR. ITNAM{JJI.EQ.NNLE))
G0 TO 16
2033 IF(IK.GT.2)
KK=IK
DO 2034 IK=KK;MMMM
IF(SE(IK)-E(2))20343;2035,2036
2034 CONTINUE
60 TO 2022
2035 SFN(2)=FSE(IK)
60 TD 16
2036 SFN(2)=FSE{IK=1)+(FSE{IK}I-FSE(IK-1)}*(E{2)-SE(IK-1}}/(SE{IKI-SE(
1IK~1)}
16 IF(E(2)-ENG(L+1)126526,25
25 E(3)=E(2)
S163=5162
Ix=-1
$162=SIGL+(SIG3-SIGL) *(ENG(L+11-E(L})/{E(3}-E(1))
E(2)=ENGIL+1)

GO TO 2037

GO TO 2C33

IK=IK-1

IFCITNAMIJJI)EQoNN{4) cOR.ITNAM(JJ)LEQ.NNIS)) GO TO 2029
GO TO 23

2029 IF(IKoGT.2) IK=IK-1
KK=IK

DO 2030 IK=KK,MMMM
IF(SE(IK]I-E(2))2030,2031,2032
2030 CONTINUE
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GO TO 2022
2031 SFN(2)}=FSE(IK)
GG T3 23
2032 SFN(2)=FSE( IK-1}+(FSE(IK)-FSE(IK-1)}*(E(2)-SE{IK~1))/{SE(IK)~SE(
11K-1})
GC TO 23
26 IX=0
23 TF(ITNAM{JJ)EQ.NN(4))
IF(ITNAM{JJ}NE.NN(5))
72 IFL=1
GO TQ 573
972 ZINT{LI=ZINT(L)#0.5%(SIGI*SFN{1)*FLUSS({1)+SIG2*XSFN(2)*FLUSS(2}}*
L(E(2}~-E(1})
XNEN{LY =XNEN(L }4+0.5%{ SFN(1)*FLUSS{1)+SFAN(2}*FLUSS (2} }*{E(2)-E(1))
1J=0
GC TO 46
70 IJ=1
IFL=2
573 IF (NEFE}27.28,27
28 FLUSS(1)=PHI(E(1}}
FLUSS(2I=PHI(E(2))
GO TO (972, 30),IFL
27 J=1
GO T3 35
34 J=2
LY=LR
35 DO 31 LR=LY,NEFE
IF{REFE(LR}-E(J}))31:32,33
31 CONTINUE

GO TC 72
GO 70 70

33 FLUSS(JI=EFE(LR-LI4(EFE(LRI-EFE(LR~1})/(REFE(LR}-REFE(LR=1)I*(E(J)

1-REFE(LR~1})
GO TD (34,36)yJ
32 FLUSS{J)I=EFE(LR)
GO TQ (34,36),5J
36 LY=LR
GO TO (972,30),1IFL
30 ZINT(LI=ZINT(L)+0.5%( SIGL*FLUSS (1}+SIG2*FLUSS (2} I*(E(2)-E(1))
IF(MAT <NELNN{8)) GO TO 120
IF(ITNAM{JJI «.NE.NKR(3)) GO TC 120
121 EN=ALOG(E(2}/E(1l})
SF1=SIG1*FLUSS(1}
SF2=SIG2*%FLUSS(2])
DUE(LI=DUE(L)+SFL*EN+SF2-SF1-(SF2-SF1}/(E(2)-E( 1) )*E{ L}*EN
120 XNEN(LI=XNEN(L)+0.5%{ FLUSS(1)+FLUSS(2))*{E(2}-E(1})
46 IF{E(2)-ENG(L+1)147,50,50
50 TF{ITNAM{JJ)EQaNN{5) cOR ITNAM(JJ).EQ.NN{(S} )
GO 70 500
503 IF{XNEN{L).NE.O)
M=M+1
KGRU=1
GO TD 122
500 XINTE(L¥=ZINT(L)/XNEN(L)
IF (MAT +NE.NN(8}) GO TO 122
IF(ITNAM(JJ) . NE<NN(3)) GO TC 122
STREU(L }=DUE(L }/XNEN(L)
122 L=i+1

G0 TO 503

GO TO 500

2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
2780 &
2790 |,
2800 &
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060



452

51
53
108

107

2025

2026
2027

2028

47

52

502

501
56

54

873
877
878
880
881

IF(IZLM}I300,300,452 3070
EC1I=E( 2} 3080
S161=SI62 3090
SFN{1}=SFN(2} 3100
IE(L-IGRUP 151,51, 52 3110
IF(IX1}53,9,9 3120
IF(E(3)-ENG(L+1))1075107,108 3130
E(2)=ENG(L+1) 3140
SIG2=$ SIG3-SIGL) *(E(21-E(L)I/LE(3)=E(1)) 150
60 TO { 1F(ITNAM (J3) . Q. M (&) . OR. ITVAM(FY) . B9 MV(S 60‘029“53160
E(2)=E1%§t 3176
SIG2=SIG3 [_» x> 3180
IF(ITNAM{JJ} -EQ.NN(4) cOR.ITNAM{JJ).EQ.NN(E}) GO TO 2025 3190
s{o TO 26 S veon 3200
1FUK.CT.2) lk=lk-A gy o 3210
DO 2026 IK=KK,MMME kle=tk 3220
IF(SE(IKI-E(3)12026,2027,2028 3230
CONTINUE 3240
1F(SB(MAHR) ~ ENG(L+A4)} 2922, 292,208 3250
SFN(2)=FSE( IK} 3260
G0 TO 26 3270
SFN{2}=FSE{IK~13+ (FSE{IK}~FSE(IK~1)}*(E(3}~SE(IK-1}}/(SE{IKI-SE( 3280
1IK=-13} 3290
GO TO 26 3300
E{13=E(2} 3310
SI61=SIG2 3320
SFN{11=SFN(2} 3330
60 TO 9 3340
NNK=NEN-1 3350
IF(KGRU.EQ. 0} 60 TO 501 3360
WRITE(NOUTP, 5021 MAT, ITNAM{JJ ) 3370
FORMAT(/® **+WARNING %. 8 : THE GROUP CROSS SECTION FORY,2A9;° CAN 3380°
INOT BE CALCULATED IN ALL ENERGY GROUPS REQUIRED®/® BECAUSE THE FIS 3390
2SION CROSS SECTIONS ON KEDAK ARE EQUAL TG ZERO®} 3400
IF{MM=M.LT.MM-NNN)} GO TO 3 3410
1F(JJJ=1)54+56,5% 3420
N=0 3430
WRITE (JAD NoMMM x| 204§ 1‘<FCH<.6T.2) = lke—a 3440
e s
N=2 ’z)o 20ue ik, HihR

‘ji?E”A 1N+ Mo NNN IF(SEUK) - g(.m 1066,2943 zs«sgzgg
N=NEN—-M 2046 COMTIRUG 3490

697102922

IF(KSIK.EQ.3) GO TO 881 el 3500
IF(KSIK.EQ.2) GO TO 877 29 STNR)=FSECIK) 3510
IF(KSIK.EQ.0}) GO TO 872 6o79 a3 3520
DO 873 J=M, IGRUP 2048 SFL(R)= FSE(1k~)+ (FSE(1k)=3530
sgaeuu;:xlmsu) 1FSE(Ik-4)) ¥ (EC)~- Se(lk-}l])/3540
GO TO 874 7 Z 3550
DO 878 J=M, IGRUP 2(s€lix) -s&(1k-4)) 3560
STREU(JI=STREU(J]} /XINTE(J} 6OTo 23 3570
IF(ITNAM{JJ).EQ.NN(1O)) 60 TO 87% 3580
DO 880 J=M, IGRUP 3590
XINTE (J)=STREU(J)D 3600
GO TO 872 3610

DO 882 J=M,IGRUP 3620

882
872

910

909

810
813

812
814

818

816

300
600
57

200

100
63

XINTE{J)=XINTE{J]} /{1 +STREU(J})
WRITE(JA)J, MAT s ITNAM(JJ)
WRITE{JAINS; (XINTE(J)} s J=Ms IGRUP)
IST=MM~-M

NI=MM=NNN

WRITE (NOUTP 910} MAT s ITNAM(JJ) sISTHNI
FORMAT (1HO, 2A7,9H GRUPPEI3¢4H BISI3)

WRITEINOUTP,909) (XINTE(J}sJ=M; IGRUP)
FORMAT(1H ,7E16.8/{1X,7E16.8}])
IF(ITNAMIJJIIEQ.NN{L}) GO TO 810
IF(ITNAM{JJ) .EQeNN{2}}) GO TG 812

GO TO 816

DO 813 J=M,IGRUP

SGC({JI=SGC{ JI+XINTE(J)
IF{INR.EQ.1) GO TO 818

INR=1

GO TO 3

DO 814 J=M; IGRUP
SGC{JI=SGC(I)=-XINTE(J)
IF(INR.EQ.1} GG TO 818

INR=1

GC TO 3

J=2

WRITE(JA}JS o MysNNN

J=4

WRITE(JA) I, MAT sNN{6)
WRITE(JAIN, (SGCLJ }9J=M; IGRUP)
WRITE (NOUTP 910} MAT sNNI6J,ISToNI
WRITE(NOUTP ;909) ( SGC{ J} s =M, IGRUP)
GO 10O 3

IF(MAT +NE.NN{8)}) GO TQ 3
IF(ITNAM{JJ).NE.NN(3)) 60O TO 3
=2

WRITE(JA}J» MoNNN

J=4

WRITE(JA} I, MAT sNN(T)
WRITE(JAIN, (STREU(J), J=MsIGRUP)
WRITE (NOUTP,910) MAT,NN(T7}, IST,NI
WRITE(NOUTP ,909) ( STREU{J) s J=M,IGRUP}"
GC TO 3

IF(L-IGRUP) 600,600,552

DG 57 K=L,IGRUP

XINTE (K} =D,

GO T3 52

XINTE{L)=0.

L=L+1

IF(L-IGRUP} 66, 66552

CCNTINUE

KL=KL+1

RETURN

END

3630
3640
3650
3660
3670
3680
3690
3700
3710
3720
3730
3740
3750
3760
3770
3780
3790
3800
3810
3820
3830
3840
3850
3860
3870
3880
3890
3900
3910
3920
3930
3940
3950
3960
3970
3980
3990
4000
4010
4020
4030
4040
4050
4060
4070
4080
4090
4100
4110
4120
4130

1€ 1A



C

9000
9001
9002 FORMAT{1HO/®

(2K g Xy}

CALCULATION OF THE INELASTIC SCATTERING PROBABILITIES

SUBROUTINE SCATI(NX,;EG, XNUEs NFE; EF s FIsNE2TsWAHR, PROB, VW, QUER,
1E sNETETsNAEJAE, SUsQUOT s LBASHEIN,AGy NET P SGIT sNAEP; KMAX, ISGy ISGP,
2SGIP, INEs IWP,WERT)

REAL*8 NAM,ISOT,NAM&,EQ,EUsDIFF,ET,AE,ENINy EMAXy EsSUMyQUERy WAHR 5
1PROByWAI;VH ,UWA, EHs AB

DIFENSION AEINAE) sKMAX(NAE)}, ET(NET}sSCIP(NAE; ISG)sWERT(IWE) »
LEGINX )} EF(NFE) sFI{INFE )y NN( 4] ySUINX) s QUOT{NX) y WAHR (NX} yPROB(NX),
2LBAINX) sVW{NX) s QUER{NX ), E(NE27) ;HEIN(NX ), AGINE27} ,SGIT(NET) »
31S0T(2)

CCOMMON NAM, ISTRUK;ISPASNA,LIZ JNANF;NEND ,KL

DATA ISOT/®BEST ®,°ISOT1%/

WRITE (NA #9C00)

FORMAT(1HO/1HO/® PROGRAMM KENNZIFFER 5°%)

WRITE (NA #9001}

FORMAT( * PROGRAMM ZUR BERECHNUNG INELASTISCHER STREUMATRIZEN®/)

WRITE(NA,9002)

PROBSGI® /1X)

CALL FSPIE

NN{1}=3

AE(1)=NAM

AE(2) =IS0T(1)
AE(3)=IS0T(2)}

CALL NDFLOC (I,NNsAE;K,K}
IF{I.EQ.0) GO TO 1001
A=AE( 4)

NE=NX
IF(EG{1)=-1.E-3)305,301,307

305 WRITE (NA;304)

304 FORMAT (°® ***%ERROR 5.01 ¢ THE LCWER BCUNDARY OF THE LOWEST ENERGY
1GROUP HAS TO BE LARGER OR EQUAL TO l.E-3 RHICH IS THE LOWEST
2ENERGY ON KEDAK FOR ALL DATA TYPES. THIS IS NOT FULFILLED.®}

G0 TO 999
307 NE=NE27
E(1}=0.
E{1)=1.E-3
AG{l)=1l.E-3
DO 302 I=2,NE27
E{I}=0.
AG{I}=EG{I-1}
302 E(I)=EG(I-1)
GO 7O 303

301 DO 300 I=1,NE

E{I}=0,

AG(I}=EG(I)

E(I)=EG(I}

CONTINUE

DETERMINATICN OF THE EFFECT IVE INITIAL ENERGY GROUP OUT OF WHICH

INELASTIC SCATTERING OCCURS AND GF THE LAST GROUP UP TO WHICH

THE TRANSITION PROBABILITIES ARE REQUIRED

NE1=NE-1

DO 37 IM=1,NEl

37 QUOT(IM)=0.0

IANF=NE-NANF
IE=NE-NEND

300

303

10
20
30
40
50
60
70
80
S0
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560

KI=2
CALL AKED(E. ET,SGIPy JMAT y KMAX s LMAX,SU; QUOT s WERT AEs EMAX s EMIN,
1TAsNAByNFEsEFs FI yNEsNXsNET NETF,NETP s SGIT sNAE,NAEFsNAEP; ISG s ISGF,
21SGP s IWE IWF, IWP)
IF{NETF eGTo0o0Re ISGFeGT 0 OR JNAEF cCT oo CRINF.GTL0)
IF(IA.GE.IANF) GOTO 205
NEA=TANF
GOTO 206
205 NEA=IA
IF(IA.LE.IE)
WRITE(NA,179)
179 FORMAT (' ***%ERROR 5.04 : WITH INCIDENT NEUTRON ENERGIES OUT OF
1THE ENRGY GROUPS REQUESTED IN THE INPUT INELASTIC SCATTERING
2CANNOT QCCUR,SINCE THE FIRST ENERGY AT WHICH INELASTIC SCATTERING
3CROSS SECTIONS ARE STORED ON KEDAK IS HIGHER THAN THE UPPER
4ENERGY LIMIT OF THE HIGHEST ENERGY GROUP (LCOWEST GROUP NUMBER
SACCORDING TO THE ABN~SETI®)
GO TO 999
KD=IE-NEA+1
WRITE(NA,172) KIyNAM,KD
FORMAT(1HOy 3Xy I1,3XsA5,3%X,12)
MZ=0

RETURN

GOT0 206

206

172

CALL DOUB ({ 8HSMTOT s NAM4)
26 WRITE(LIZ) MZ,NAM4
IF(ET(L).LT.E(IA+1)) GOTO 39
204 KLC=KD-1
39 KZ=KI+1

WRITE (LIZ) KZ,NAM,KD
LCCP OVER ALL COUTSCATTERING GROUPS TO BE CONSIDERED
DO 1 1I=NEA,IE
NEI=NE-1
IF(E(I+1).LE.ET(1)]}
10 GES=0.
IF(I-NAB}83,85,1002
85 EH=EMAX
GO0 TO 89
83 EH=E(I+1l)
89 NEIl=NE-1
LCOP OVER ALL INSCATTERING GROUPS
D0 2 K=1,I
SUM=DBLE(0.0)
LCOP OVER ALL INELASTIC EXCITATION LEVELS OF THE MATERIAL CONSIDER
DO 3 J=1,JMAT
IF{(J.NE.1)
7 KMIN=0
GO TO 8
6 KMIN=KMAX(1)—-KMAX (J}
DETERMINATION OF THE LIMITS EU,EQ FCR INTEGRATION OVER THE
OUTSCATTERING GROUP
8 IFHE(K)+AE(J)).LTE(I)}
17 IF((E(KI+AE(J})oGELEH])
57 EU=E(K)+AE(J)
GO TO 44
9 IF{{E(K+1I+AE(JI)}AT.E(I}]}
58 EU=E(I)
44 TFU(E(K+1}+AE(J) )} «GE.EH)}

GOTO 1

GOTO 6

GOTC ¢
GOTO 88

GOTC 3

GOTC €1

570
580
590
600
610
620
&30
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
S00
910
920
$30
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120

g€ IA



59
61

62

65

66

164

72
76

70
75

T4
67

80
78
81

82

79

EQ0=E(K+1}+AE(J}
GO TO 62
EQ=EH

DETERMINATION OF SIGMA AND THE WEIGHTING FUNCTION AT EU,EO

KJ=KMAX (J}

1AB=0

LAF=0

IFi=1AF+1

IB=IAB+1

D0 & IG=l,KJ

KM=KMIN+IG

IF(ET(KM) .GE.EU} GOTO 66
IAB=IG

1AF=16

IF(ET (KM#1) .LT.EO} GOTO 4
IF(ET(KM+1) .GE.EQ)} GOTo 67

IF(IG.NE.1) G070 72
SGP1=SGIP{J,1}

CALL TRA(EU,FI1sNFESEFsFI}
IaF=1

IF(ET(KM}.LT.EQ) GOTO 4
SEP2=SGIP(J,1}

CALL TRA{EQ,FI2,NFEsEF,FI)
GO TO 80

IF(IAB.NE.O} GGT0 70
IF(ET(KM) «GE-ED} GOTO 75
IAF=16

GO T0 &

IF(ET(KM} oL T.EO} GOTO 74
IFl=IAF+1

KMF=KMIN+IF1

KMAF=KMIN+IAF

SGP2=SGIP{J s IAF}+{SGIP(Js IFLI-SGIP(JsIAF) )*{EO~ET(KMAF)} ) /(ET(KMF}-
1LET(KMAF}}

CALL TRA(EQO,FI2,NFE,EF,FL)
GO TQ 80

IAF=1IG

I1B=TAB+1

KFB=KMIN+IB

KMAB=KMIN+IAB

SGPL=SGIP{J;IAB)+(SGIP(J, IB)~SGIP(J,IAB))*{ EU~ET(KMAB) )/ (ET(KMB)~E
1TE{KMABY})

CALL TRACEU,FI1sNFE,EFsFI)
GO TO &
CONTINUE

CALCULATION OF THE INTEGRAL BETWEEN EU AND EOC BY TRAPEZOIDAL RULE

IF{IAB.EQ.0) G070 79
KF¥B=KMIN+IB
IF(ET(KMB).NE.EU} GOTO 82
I81=18

LIE=IAF

GO TO 77

IB1=1AB

LIE=IAF

G0 170 77

IBl=1

1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630

1640 .

1650
1660
1670
1680

185
77
182

183
184
64

é3
48

49
47

46

43

181

60

88
51

42
52

1€02
115
110
131
133

134
111

IF(IFl. EQ.IAF) GOTO 185
LIE=IF1

KMB1=KMIN

GOTO 182

LIE=IAF

KMB1=KMIN+IB1
KMAF=KMIN+I AF

00 60 L=IBL,LIE
IF{IAB.NE.O} GOTO 183
IF(IF1.EQ.IAF) GOTO 183
KML=KMIN+L-1

GOTO 184

KML=KMIN+L
IF(IBL.LT.LIE} GOTD 63
F1=SGPL*FI1

F2=SGP2*F12

DIFF=EQO-EU

GO TO 45

IF(L.NE.IBL) GOTO 49
F1=SGPL*FI1
DIFF=ET(KMB1l+1}-EU

GG TO 43

IF(L.NE.LIE} GOTO 46
Fl=F2

DIFF=EQ-ET{KMAF)
F2=SGP2*FI2

GO TO 45

F1l=F2
DIFF=ET(KML+1)-ET(KML]}
IF{IAB.EQ.O) GOTO 181

F2=SGIP(JsL+1)*HERT{KML+1]
GOTO 45
F2=SGIP(JsL)*WERT (KML+1)

SUM=SUM+DIFF*{DBLE(F1)}+DBLE(F2})/2.

CONTINUE

SUMMATION L0OOP FOR INTEGRAL CLOSED

CONTINUE

LCOP OVER EXCITAICON LEVELS J CLOSED

IF(SU(I}.EQ.0.0) GOTO 42
QUER(K)=SUM/OBLE(SU(I}}

GO TO 52

QUER(K)=DBLE(0.0]}
GES=GES+SNGL{QUER (K} )
CONTINUE

LCOP OVER ALL INSCATTERING GROUPS K CLOSEL

IF(I-NABI11L,115,131

IF(EMAX <EQ.ET{LMAX]} ]} GOTQ 111
IF{EMAX +EQ.E(NAB+1}} GOTC 111
IF{EMAX LTE(NAB+1)]

DI=0,

GO TJ3 134

DI=1.0-GES/QUOT{NAB}
IF(DI.LE.0.0) GOTO 111

CALCULATION OF THE SCATTERING PROBABILITIES IN THE CONTINUUM RANGE
CALL XKON{NAB,I,DI, EMAX s PROB s Ay NEs AGyNFEs EFy FIs XNUE;NX)

QuO=0,

1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960 &
1970 w
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240



o00

135
139

141

27
142

143
144

130
53
56

55

i7n
170
145
162
161

163
137

136

126

167

168
169

148

KE=0
DC 55 LK=1,1
LB=T+1-LK

IF(I-NAB)130,139,135
WAHR(LK]}=PRCB{LK]}

GO TO 56

IF(EMAX «EQ.ET(LMAX}) GOTO 130
IF{EMAX +EQ.E(NAB+1)) GOTC 130
IF(EMAX <LT.E(NAB+1}} GCTO 141
KE=1

IF(DI.LE.0.0) GOTO 130

IF{QUOT (NABJ oNE.D 0]} GOTC 143

WAHR(LK}=DBLE(0.0}

GO TO 144

WAHR (LK}=QUER({LK }/DBL E{QUOT (NABJ)
WAT=WAHR(LKJ}+PROB {LK}
WAHR(LKI=HWAI

GG TO 56

IF(GES.EQ.0.0) GOTO 54
WAHR (LK}=QUER(LK}/DBLE{(GES)
GO TO 56

WAHR{LK}=DBLE(0Q.0)
QUC=QUO+SNGL (WAHR (LK)} }
VRI{LBI=WAHR{LK}

CONTINUE

NZ=1

DG 170 Kv=1l,1

WAHR ( KVI=VH(KV)

AB=DBLE{0.0)
IF(WAHR (KV]} .LE.AB} GOTO 170
NZ=KV

CONTINUE

IF(KE.NE.1) GOTO0 136

CONCERNS ONLY THE SCATTERING PROBABILITIES IN THE DISCRETE REGION

DC 137 KO=1,1
IF{QUO.NE-0.0}
UWA=DBLE( 0.0}
GQOTO 163
UWA=HAHR (KO ) /DBLE(QUO}
WAHR{KO)=UWA

CONTINUE

GOTO 161

ORGANIZATION OF THE OUTPUT ON LISTING
SCATTERING PROBABILITIES PER LINE STARTING WITH THE OUTSCATTERING
GROUP OF LOWEST ENERGY{LARGEST GRCOUP NUKBER ACCORDING TO ABN-SET)

DO 126 LN=1,NZ
LBA(LN])=NET#LN-1
CONTINUE

KI=NZ/11

KII=KI*11l
IF{NZ.NE.KII} GOTO 168
KI1=KI

GOTO 169

KIL=KI+1

DO 146 LI=1,KI1l
IF(LI.NE.1) GOTO 147
LIM=1

IN THE FORM OF MAXIMUM 11

2250
2260
2270
2280
2290
2300
2310
2320
2330
2340
2350
2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
2470
2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750
2760
2770
27180
2790
2800

[aNaNal

GL 7O 149

147 LIM=(LI-1)*11+1

149 IF{KIl.LE.1l)

IF(LI.EQ.KI1) GCTO 150

GOTO 150

154 LIl=LI*11

150
151

125

152
124

153

129
146

500

995

1001

GC TO 151

LI1=NZ .
IF(LIM.GT.LIL) GOTO 146
WRITE(NA,125) (LBA{LM) ,LM=LIM,LIL)
FORMAT{ 10X, 11{3X,I3,5X)}

IF(LTI.NE.1} GOTC 153

NEI-QUTSCATTER ING GROUP ACCORDING TQ THE CGUNTING IN THE ABN-SET
I.E. LOWEST GROUP NUMBER CORRESPONDS TO HIGHEST ENERGY BOUNDARIES
WAHR-PROBABILITY FOR INELASTIC SCATTERING OUT OF GROUP I INTO K

WRITE(NA;124) NEIs{WAHR(LM),LM=1,L1I1}
FORMAT ({3X,I255X;11({E10.3,1X1}}

GO TO 146
WRITE(NA;129} ({WAHR(LM)} L M=LIM,LI1}
FORMAT(10X;11(ELQ.3,1X})

CONTINUE

NZ1=NZ+1

DO 500 K=1,:NZ

WEIN(K)=WAHR(K)

WRITE(LIZ) NZ1SNEIo{WEIN(K),K=1,NZ}
CONT INUE

CONTINUE

KL=KL+1

RETURN

s1cp

END

SUBROUT INE AKED (E, ETySGIPyJMAT , KMAX,LMAX, SU, QUOT s HERT; AE,
LEMAX, EMINsIAsNAB NFES EF yFI yNEgNX s NET o NETFSNETP; SGIT s NAEs NAEF,
2ZNAEP, ISGy ISGFy ISGP, IWE, IWF, IWP)

REAL*8 NAM» FELD,KFEL s NAM2 s NAM3,ET, AE, EMAXy Eo EMIN

DIMENSION FELD(6),KFEL{6)sNFEL(&)sSUINX) sQUOTINX) E{NE) 5
LAE(NAE} s KMAX{NAE) s NERT(IWE}s ET(NET) s SGIP(NAEsISG) ,SGIT(NET)
2EFINFE) sFI(NFE)

COMMON NAM; ISTRUKoISPA;NA,LIZ

EQUIVALENCE (FELD(1) ,KFEL(L)})

CALL FSPIE

NETF=0

NAEF=0

IWF=0

I SGF=0

NETP=0

NAEP=0

IWP=0

ISGP=0

KEN=NFE

IF(NFE.EQ.1) KEN=0

CALL DOUB (8HBEST »NAM2)
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OO OO0

10

11

36

300

12

301

21

302

20

CALL DOUB(8HSGI s NAM3)

READING OF ENERGIES,SIGMA TOT,LEVEL EXCITATION SIGMA FROM KEDAK
KFEL{1)=NAM

KFEL {2} =NAM2

KFEL( 3} =NAM3

INELASTIC SCATTERING CROSS SECTIONS WITH ENERGY SCALE FROM KNDF
ABOVE THRESHOLD FCR INELASTIC SCATTERING EMIN

NFEL(1)=3

CALL NDFLOC (N,NFEL,FELD,NDAT,NCO)
L=0

IF(FELD(5).NE-0.0} GOTO 36

L=1

SGIT(1)=FELDI(5)
ET(1)=FELD(4}
CALL NDFNXT(NsNFEL;FELD,NDAT,NCO]}

IF{N.EQ.1] GGTC 11
GQOT0 1000

L=L+]

IF{L.LE.NET) GO TO 300
L=1

NETF=NETF+1

ET(L)=FELD(4)

SGIT{(L}I=FELD(5)

IF(FELD(4).GE.E(NE}} GOT0 12

CALL NOFNXT (NsNFEL,FELDsNDAT,NCO)

IF(N.EQ.L) GOTO 36

LMA=L

IF{NETF-.EQ.0) GO TO 301

NETP=(NETF-1}%NET+L+]

RETURN

EMIN =ET(1}

READING OF INELASTIC EXCITATION CROSS SECTICNS AND DETERMINATION
OF THE NUMBER OF EXCITATION LEVELS JMAT AND THE MAXIMUM ENERGY
EMAX; UP TO WHICH LEVEL EXCITAICN CRCSS SECTIONS ARE AVAILABLE ON

KEDAK { CORRESPONDS BOUNDARY BETWEEN CONTINUUM AND DISCRETE REGION)

A KEDAK CONVENTION IS PRESUPPOSED HERE: THE TOTAL INELASTIC
SCATTER ING CROSS SECTION AND THE INELASTIC EXCITAION CROSS
SECTIONS FOR THE DIFFERENT LEVELS HAVE TO BE STORED AT THE SAME
ENERGY POINTS WHERE OATA FOR THE EXCITATICN FUNCTIONS ARE GIVEN
STARTING AT THE HIGHEST ENERGY BELOW THE LEVEL ENERGY OF THE
EXCITATION LEVEL CCONCERNED

NFEL{1)}=4
FELD{4}=0.0

CALL DOUB (8HSGIZ
KFEL (3)=NAM3

CALL NDFLOC (N,NFEL,FELDs;NDAT,NCO)
AE{L)=FELD(4%}

sNAM3 )

J=0

CALL NDFLOC (NJNFEL,FELDsNDAT,NCO)
J=Jel

IF{J.LE.NAE} GO TO 302

J=1

NAEF=NAEF+1
AE(J)=FELDI{4)
K=0

IF(FELD{5).LT.ET{1})) GOTO 121

220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
£90
700
710
720
730

770

[zEgXsNg!

120

303
121

304

22

312

311

180

211

208
209

84
210

1EXCITATION CROSS SECTIONS OF LEVEL J IS LARGER THAN
2FIRST (LOWEST)} LEVEL.THIS IS AN ERROR ON KEDAK AND HAS TO BE

1RANGE IN WHICH INELASTIC SCATTERING
2ENERGY LIMIT OF THE DISCRETE REGICN)} OR EMIN ( - LAST KEDAK-ENERGY
3AT WHICH THE TOTAL INELASTIC SCATTERING CROSS SECTION IS STILL
4EQUAL TO ZERO) IS NOT CONTAINED IN ANY CGF THE ENERGY GROUPS OF
STHE GIVEN GROUP STRUC TURE.
6 ENERGY GROUPS DOES NOT COVER THE WHOLE ENERGY RANGE.®)

IF(FELDIS).LTLAE(J)) GOTO 121
K=K+1

IF(KoeLE-ISG} GO TO 303

K=1

ISGF=1SGF+1

SGIP{JyKI=FELD(6)

CALL NDFNXT(NgNFEL,FELD,NDATs;NCO}
IF{N.EQ.1} GGTO 20
IF{ISGF.EQ.0) GO TO 304
ISGP={ISGF-1}*ISG+K+1

RETURN
IF(JNE.L) GOTO 22
EMAX =ET(K]}

KMAX{J)} = CONSTANT WHICH HAS TO BE ADDED T0 EMIN {AND ALL HIGHER
ENERGIES)} TO OBTAIN THE FIRST ENERGY {(AND HIGHER ENERGIES RESP.)
AT WHICH CROSS SECTION VALUES FOR THE LEVEL J ARE AVAILABLE ON

K EDAK

KMAX(J)} =K

IF(FELD{4) «NE.AE(J})} GO TO 21

IF{NAEF.EQ.0) GO TO 305
NAEP={ NAEF-1)*NAE+J+1
RETURN

JMAT=J

DO 311 J=1,JMAT
IF{KMAX (1) « GE.KMAX(J} )
WRITE(NA,312} J

FORMAT (°® #%**ERROR 5,02 :

GOTO 311

THE NUMBER COF ENERGIES STORED FOR THE
THAT FOR THE

3CORRECTED, J = 1,12}

GOT0 1000

CCNTINUE

NEL=NE-1

FORMAT (°* #**ERROR 5,03 : ONE OF THE BOUNCARIES OF THE ENERGY

IS POSSIBLE EMAX {~ UPPER
THAT MEANS THE GIVEN STRUCTURE OF

DETERMINATION OF THE ENERGY GROUP [A, IN WHICH EMIN IS LYINGy
OF THE ENERGY GROUP NAB, IN WHICH EMAX IS LYING.

DO 84 L=1sNEl

IF(EMIN «GEE{L).AND.EMIN oLT.E{L+1}) GOTO 208
IF(EMIN «GE.E(L+1})} GOTO 84

IF(EMIN «GE.E{L)} GOTO 211

IF{L.NE.1) GOTO 209

WRITE(NA,180)

GOTO 1000

IA=L

IF(EMAX «GT.E{L).AND.EMAX +LE.E(L+1)}) GOTO 210
IF(EMAX «GT.E(L+1}} GOTO 84

WRITE{NA,180)

GOTO 1000

CONTINUE

NAB=L

AND
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306
i5

1116

16

32

156

18

39

0

108
109

112
116

IF(ET{LMA) LT E(NAB+1}} GOTO 315

DO 313 L=1,LMA

IF(ET{L}.GE-.E(NAB+1}] GOTO 314

CONTINUE

LMAX - (NUMBER OF KEDAK ENERGIES + 1) BETWEEN EMIN AND THE UPPER
ENERGY LIMIT E{(NAB+1) OF GROUP NAB

LMAX=L
GOTO 316

5 LMAX=LMA
INTERPOLATION OF THE WEIGHTING FUNCTICN AT THE KECAK ENERGY POINTS

KENL=KEN-1

IF{LMAX.LE.IWE) GO TO 306
IWP=LMAX-IWE+1

IWF=1

RETURN

IF(KEN.EQ.0) GOTO 156

DO 32 LF=1,LMAX

WERT {LF }=0.

DO 16 IF=1,KEN1
IF(ETILF).LT.EF(IF}} GOTO 16

IF(ETILF).GE.EF(IF+1)) GOTO 1116
38 WERT{LFI=FI(IF+(ET{LFI-EF(IF))*(FIC(IF+1}=-FICIF})/(EF(IF+1l)—-EF(IF}

1)
GC TO 32

IF(ET(LF).NE.EF{KEN)) GOTO 16

WERT{LF)I=FI(KEN)
GOTO 32
CONTINUE
CONTINUE

G0 TO 39

D018 KF=1,LMAX
EK=ET(KF}
WERT{KF )=PHI{EK)
CONTINUE

INTERPOLATION OF SIGMA TOTAL AND THE REIGHTING FUNCTION AT THE

ENERGY GROUP BOUNDARIES

DO 50 II=IA,NAB

NELI=NE-1

CRITICAL CASES
IF{E(IA+1).GT.ET(1)) GOTO 7
IF{II.EQ.IA} GOTG 50
IA1=1IA+1

IF(II-1A1) 90,108,90
IF(II-TA} 90,108,990
IF(E{ITI).GE.ET(L}) GOTO 112
LA=L

SG1=0.

EA=E(II)

CALL TRA(EA,FHI1,NFE,EF,FI)}
GO 7O 91

IF(E(II)L.EQ.ET(1))} GOTO 116
GO TO 1000

LA=1

SG1=SGIT(1)

FHII=WERT{1)

EA=E{(II)

1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
145C
1460
1470
1480
1490
1500
1510
152¢C
1530
1540
1550
1560
1576
1580
1590
1600
1610
1620
1630
164G
1650
1660
1670
168¢
1690
1700
1710
1720
1730
1740
1750
1760
177¢
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890

90
91

101
118
117

102

122
123

124
126

107
127

40

100

103

104

G0 T2 31

LA=0

SU{II}=0.

SUMM=0,

LMX1=LMAX~1

DO 40 LL=1,LMX1
IF{LA.NE.D) GOTO 102

DIFI=ET{LA)-EA

IF(E(TITI}LLTLET{LL)) GOTO 40

IF(E(II}.GE.ET(LL+1)) GOTO 40

LA=LL
SGL=SGIT(LL)+(SGIT(LL+L}-SGITILL}}*(E(II}-ET(LLII/{ET(LL4+1)-ET(LL)
1)

EA=E(IT)

CALL TRA(EA,FHI1,NFEsEF,FI)

IF(E(IT+1).GTL.ET{LL}} GOTO 122

GC TO 40

THE END GROUP IS THE CASE IN QUESTIGN

IF(IT.NE.NAB) GOTO 107

NE1=NE-1

IF{NAB .NEJNE1)} G070 107

IF(E(NAB+L) L TLET(LMAX}} GOTO 107

EE=ET(LMAX)

LE=LMAX

$G2=SGIT{LMAX)

FHI2=WERT(LMAX)

GG TO 100

IF(E(II#1).GT.ET{LL+1}) GO TC 40

LE=LL+1
SG2=SGIT(LL)+(SGIT(LL+L)}-SGITULI)I=(E(II+LI-ET(LL) I/ (ET(LL+LI=-ET(L
n

EE=E(II+1)

CALL TRA(EE,FHI2yNFEsEF,FI)

GO TO 100

CONTINUE

GC TO 41

CALCULATION OF THE INTEGRAL OVER THE WEIGHTING FUNCTION AND THE
INTEGRAL OVER SIGMA TOTAL*WEIGHTING FUNCTION BY TRAPEZOIDAL RULE
LEI=LE~1

DC 30 IL=LA,LEl

IF(LA.NE.LE1} GOTO 104

IF(E(II}-GELET(1)]) GOTO 103

FUL=SGIT(LAY*WERT(LA}

FU2=5G2*FHI 2

DIF1=ET(LA}-EA

DIFF=EE-ET(LA)
SUP=DIF1*{WERT(LA)}+FHIL1)/2 . +DIFF*(FHI2+WERT{LA)) /2.
GCTO 28

FULI=SG1*FHI1

FU2=5G2*FHI2

DIFF=EE-EA

SUP=DIFF*(FHI2+FHI1}/2.

GO TO 28

IF(IL.NE.LA) GOTO 19

IF(E(II}eGELET(1))} GOTO 34

FUI=SGITILA}*WERT(LA)
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34

19
27

26

35
28

30
41
29

31
50

1000

o0

401

202

DIFF=ET (LA+1)-ET(LA)
SUP=DIF1*(WERT(LA)4FHIL )/ 2. +DIFF*{WERT(LA+1)+WERTI(LA}}/ 2.
GOTO 35

FUl=SGL*FHI1

DIFF=ET({LA+1}-EA

SUP=DIFF*{WERT(LA#1)+FHI1}/2.

GG TO 35
IF(IL.NE.LEL)
FUl=FU2
DIFF=EE-ET(LEL)}
SUP=D IFF*{FHI2+WERT(LEL)} /2,
FU2=SG2*FHI2

GO TO 28

FUl=FfU2

DIFF=ET{IL+1)-ET(IL}
SUP=DIFF*(WERT(IL+1)+WERT(IL)}/2,
FU2=SGIT{IL+L)*WERT{IL+1)

SUMM= SUMM+DIFF*{(FUL+FU2) /2.
SUCII}=SULII}+SUP

CONTINUE

IF(SUITI).EQ.Q.} GOTO 31
QUOT{IT)=SUMM/SU(TII}

GO TO S50

QUOT{II=0.

CONTINUE

RETURN

sTop

END

GOTQ 26

SUBROUT INE XKON{NZGy;NUGR;DI, EMAX s W9 Ay NEs ENGyNF gE5 F 3y XNUE 3 NX)
XKON CALCULATES TRANSITION PROBABILITIES FOR INELASTIC SCATTERING
IN THE °*CONTINUUM REGION'.
REAL*8 ELDsEUDSEXEMsEINSsSULsSU2:EMDs WD EXEL s EXDy
1 NAM, EMAX si,; SH
DIMENSION W(NX), ENG{NE},; FINF),E(NF)
COMMON NAM, ISTRUK ;ISPAsNA,LIZ
XNUE IS THE ADJUSTABLE PARAMETER FOR THE CALCULATION OF THE
NUCLEAR TEMPERATURE AND IS AN INPUT QUANTITY.
CALL FSPIE
XN=XNUE*A
KE=0
KEN=NF
IF{NF.EQ.1)
IF{DI}2+251
DI>0. MEANS:IN ENERGY GROUP NUGR BOTH RESCLVED AND UNRESOLVED
LEVELS HAVE TO BE CONSIDERED.EMAX{MM) IS THE HIGHEST ENERGY,
FOR WHICH THE W ARE CALCULATED FROM RESCLVED ENERGY LEVELS.
D=DI
EANF=SNGL{ EMAX}
EEND=ENG{NUGR+1)}
INDIRECT ASSUMPTICN FOR DEFINITIGON CF EENLC :
HIGHEST ENERGY OF THE GROUP STRUCTURE IS LESS OR EQUAL THAN

KEN=0
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20
30
40
50
60
70
80
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100
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140
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180
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200
210
220
230

OO

5
500
197

198
195

194

200

191
192

166
190

189

201

186
251

250

THE UPPER ENERGY LIMIT ON KEDAK
GOTO3
D=1,
EANF=ENG(NUGR}
GC TO 202
IF{KEN)4s4:5
FCLLOWING IS THE CALCULATION OF THE AVERAGED NUCLEAR TEMPERATURE.
FOR KEN>O{STATEMENT NUMBER 5} THE AVERAGEL NUCLEAR TEMPERATURE
IS CALCULATED USING AN ENERGY POINTWISE FLUX,SUBMITTED BY INPUT,
DO 198 M=1,KEN
IF{E (M)-EANF)198,500,197
MANF=M
GG TO 195
MANF=M
GG TO 194
CONTINUE
FANF=F{MANF)
GO TO 200
FANF=F{MANF=1}+{ ( FIMANF}-F(MANF—-1})*{ EANF—E (MANF-1)) )} /{E(MANF)-
1E{MANF-1))
MAN=MANF-1
DO 196 M=MAN ,KEN
IF(E (M)-EEND} 196,191,192
MEND=M
GC TO 190
MEND=M
GO TO 189
CONTINUE
FEND=F{MEND }
GO TO 201
FEND=F{MEND-1}+ (F(MEND)~F(MEND—1})*{EEND-E (MEND-L)}/{E(MEND}~-
1E{(MEND-1)}
JA=MANF
J E=MEND-2
IF{JE.LT.JA) GO TQ 250
SO=SQRT{E{MANF} /XN}*F (MANF}
SINT=(SQRT{ EANF/XN)*F ANF+50) 72 *{ E{ MANF }~EANF )+ {SQRT (E(MEND=1) /XN}
1%F (MEND-1)}+SQRT{ EEND/XN}*FENDJ}/ 2. *{EEND—-E(MEND~1} )
XINT=(FANF+F(MANF} /2. *{E(MANF)~EANF}+( F(XEND=-1)+FEND}/2.*
1 {EEND-E(MENDO-1}}
DO 186 J=JA,JE
DELT=E(J+1)-E(J}
§1=S0
SC=SQRT(E(J+1) /XN { J+1)
SINT=SINT+(S1+S0}/2.*%DELT
XINT=XINT+(F{J)+F(J#1))/2.*DELT
THE =SINT/XINT*0.001
THE2=THE**2
GC TO 6
THE =SQRT((EEND+EANF)/ (2 .%XN})*0,001
GO TO 251
IF KEN=O(STATEMENT NUMBER4),THE AVERAGE NLCLEAR TEMPERATURE
IS WEIGHTED BY A FLUX,WHICH IS CALCULATED FRCM A FUNCTION PHI(EJ}.
DE=EEND-EANF
DED=DE/14%.
EQ=EANF+DED
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OO0

99

600

601

602

15

16

X1=PHI{ EANF)

XO0=PHI{EOQ)}
S1=SQRT(EANF/XN}*X1
SO=SQRT(EOQ/XN)*X0
SINT={S1+450)/2.*DED
XINT={X1+X0) /2.*DED

DC 99 KF=1,13

EC=EQ+DED

X1=X0

§$1=§0

XO0=PHI(EQ)
SO=SQRT{EO/XN) *X0
SINT=SINT+{S1+S0)/2.*DED
XINT=XINT+{ X1+X0) /2. *DED
THE =SINT/XINT*0.001
THE2=THE**2

FOLLOWING IS THE CALCULATION OF THE INELASTIC SCATTERING
TRANSITION PROBABILITIES.
Sk=0.
EU=ENG{1)/THE*0.000001
NU=NUGR~-1

D0 7 K=1,NU

EL=EU

EU=ENG{K+1) /THE*0,000001
EM=EU-EL

ELD=DBLE(EL)
EUD=D0BLE(EU)
ERD=0BLE{EM)
EINS=DBLE(1.0)
IF(EM=-0.01)600,600,601

IF (E(H}/THETA-E(H®1)/THETA} LESS OR EQUAL 0,01 {STATEMENT
NUMBER 600),EXD IS USED TO CALCULATE THE TRANSITICON PROBABILITIES,
OTHERWISE{(STATEMENT NUMBER 601) THE DOUBLE PRECISION EXPONENTIAL

FUNCTION IS SUFFICIENT.
HWO=-ELD*EXD(~EMDI}-EMD*EXD(-EMD)-EXD (~-EMDI~-EMD
EXEL=DEXP{-ELD}
WD=EXEL#*UWD

G0 TO 602
EXEM=DEXP{-EMD)
SUL=EINS+ELD
SU2=EINS+EUD
SU2=SU2*EXEM
Wl=SUl-Su2
EXEL=DEXP{—ELD}
WD=EXEL *WD
W{K)=WD*DBLE(THE2}
IF{H(K) oL Te 0.0} KE=K
CONTINUE

IF(KE.GT.0) GOTO15
GO TO 16

DO 9 NG=1,KE
H{NG}=0.0

EL=EU
EU=EEND/THE*0,000001
EM=EU~EL
ELC=DBLE(EL)
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990
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EUD=DBLE(EU)
E¥D=0DBLE(EM)
EINS=DBLE(1.0}
EXEM=DEXP{-EMD)
EXEL=DEXP(-ELD)
SUI=EINS+ELD
SU2=EINS+EUD

SU2=E XEM*SU2
WL=SU1-Su2
WO=EXEL*WD

W{NUGR }=WD*DBLE({ THE2)
DO 501 K=1,NUGR
SW=SH+H(K)

DO 8 K=1,NUGR
WIK}=W{K)}/SW*DBLE(D)
RETURN

END

DCUBLE PRECISION FUNCTION EXD(X}
EXD CALCULATES THE SERIES EXP{X)}~1.
REAL*8 X;XN,DNFAK XNl

N=1

XA=X*%N/DNF AK (N}

IF(DABS{XN) .LE.1.D-50) GO TO 2
N=N+1

GC T2 1

IF(N.EQ.1} GO TO 4

N1=N-1

EXD =XN

DC 3 K=1,N1
XN1=XN*DFLOAT({N-K+1) /X

EXD = EXD +XN1

XN=XN1

GC T2 5

EXD=XN

RETURN

END

DOUBLE PRECISICON FUNCTION DNFAK (NN}
DONFAK CALCULATES N¥(N=1)*(N-2)*ceccoooe®*{N-{N=1))} FOR THE
SERIES CEVELOPED IN EXD.

REAL*8 N

N=DFLOAT{NN)

DNFAK=N

IF(NeLE.{1.00+1.0-5))RETURN
N=N-1.D0

DNFAK=DNFAK*N

GC T2 1

END
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SUBROUTINE DOUB(IK,K)
REAL#*8 IK,K

K=1K

RETURN

END

SUBROUTINE TRA(EFI;FIS,NF,EF,FI)
DIMENSION EF(NF),FI(NF)
KEN=NF
IFINF.EQ.1}
KUA=0
IF(KEN.NE.O)} GO TO 2

1 FIS=PHI(EFI)
GO TC 3

2 DO 105 KI=1,KEN
IF(EF{KI}-GE.EFI} GO TO 114

113 KUA=KI
GO TO 105

114 KAB=KUA+1
GO TO 106

105 CONTINUE

106 FIS=FI(KUA}+(FI(KAB)-FI(KUA)I*(EFI-EF(KUA}) /(EF({KAB)I-EF{KUA))

3 RETURN

END

KEN=0

SUBROUTINE FLUMMI(A,BsEA,EB;E,ENySGN,ECO+SCOsVsHsF AR, FUSABNINT,

1 GRy FEKDOE s FGsRyRSP4ESP , SPEKySGNC ,FEKO,ELSIGy
2 ELTOT,ETySToMAT,DAT s NLAJNLE ; ISEL o NMAX 4 NX ,NE27
3 NSPEKsLSPEKsMAZ s NTK KTy NTTTNTTP,ICOS,ICOSP,
4% NECU,NECUP,ISM,ISMP,ISD,ISDOP,ISCO,ISCOP,ISEC,
5 ISECP KIMsNSyNK,NR)

c

C

C o dokdkdedeokaokadok dededeod seok oo oo e et sk o ste oo s e skt ok el ek e et et ke sk ok Aok el ek ok
C
c FLUMMI
C
C sk deokokodododokodo do gl ookt sk seofe sl sk o et koo e sl ook o sl ook et e ook e ek de e ok
C
c
CH¥¥*x%ELASTISCHE STREUMATRIX BIS ZUR 5. ORDNUNGH ks dei e de ko dookakokeo e
C
c
REAL*8 STOFF,MAT
DIMENSION A{ISM),B{ISM},EACISM),EB{ISM),E(ISM],
1 EN(ISD)sSGN(ISD),ECOLISD),SCOLTISDY,V(ISD),W(ISD),F(ISD},
2 AR{ICOS)sFU{ICOS),
3 ABN(NE27), INT(NE27) ,GRINE27) ,FEKOE(NE27},
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50
60
70

90
100
110
120
130
140
150
160
170
180

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230

EGINX}sR{NX),RSPINX]),
ESPINSPEK) ,SPEK(LSPEK),
NST{6),LEG(6),MAZ(2]),
SGNC(ICOS,ISM),FEKO(ISM,NFCU},ELSIG{6,NECUsNX] 5
ELTOT(2,NX),
MAT{KT}; DAT(KT),
ETINTTT), STINTTT)
COMMON STOFF, ISTRUK, ISPA,NOUT KPR, IM,IL KL

>0 w=~oump

(@]

CATA NST/81,81,161,161,221,321/

NST(L )= ANZAHL DER AEQUIDISTANTEN STREUKOSINUSSTUETZPUNKTE DER
SGNC IM L-SYSTEM FUER DAS {(L-1}-TE MOIMENT

CATA LEG/2+143+425,:6/

LEG = REIHENFOLGE BEI DER MOMENTENBERECHNUNG

[N el

(nNal

WRITE (NOUT ,9000)
9000 FORMAT({1HC/1HO/® PROGRAMM KENNZIFFER 6°)}
WRITE (NOUT ,9001)
9001 FORMAT(® PROGRAMM ZUR RERECHNUNG ELASTISCHER STREUMATRIZEN®/)

CALL FSPIE
o
Ck#&kkkSETZEN INTERNER KONSTANTEN sk sk skodeokok sk de s s e e ok s e e sk e e e e ek e ok e o dede s de ek
c ISM = ANZAHL DER ENERGIESTUETZPUNKTE PRO MAKROGRUPPE IM GROBNETZ
C 1sD = MAXIMALE ANZAHL DER ENERGIESTUETZPUNKTE PRO MAKROGRUPPE
ol IM FEINNETZ
C NK = ANZAHL VON GRUNDPUNKTEN IM UEBERSTREUBEREICH
C NR = MAXIMALZAHL VON GRUNDPUNKTEN IM NICHT-UEBERSTREUBEREICH
C NS = MAXIMALE FEINGRUPPENZAHL PRO GROBGRUPPE
EM =1
c FM = ANTEIL VON MUEL BEI DER KORREKTUR DES 1. MOMENTES
c NECU = MAXIMALF STREUBREITE
o} NMAX = MAXIMALER LEGENDRFE-APPROXIMATICNSGRAD
[ NOUT = UNIT-NUMMER DER AUSGABE~DATEI
o4 ICOS = ANZAHL DFR AFQUIDISTANTEN STREUKOSINUSSTUETZPUNKTE DER VON
C KNDF GELESENFEN DIFFERENTIELLEN STREUQUERSCHNITTE (SGNC)
NF = 10
c NF = SPEICHEREINHFIT FUER ENERGIEDIFF., LEGENDRE-KOEFF.
C
CHaxxek INITIALISIERUNG INTERNER GRODESSE Nk dokokacai ok ke dededok ook de sk ke sk ko
KIM = 0
NEN = 0
ITA =0
1S0=1
NSYS =1

NSTIS = NST(6)
NUEB = NECU

CD = 2,/(1C0S-1)
NECUP=0

ISCP=0

ISMP=0

ICOSP=n
ISCOP=0
ISECP=0

NTTP=0

KSPE=1

240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510 &
520 ~
530V
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790



CH¥t# L ESEN DES ATOMGEW I CHTE Sakskabskaieaiook skaakseat seakeok ok sk ook e ok o ool ook ekt e ek e ook

C

CALL LOOKO(XMAT,MASSE,COM,£1001)
ALFA = ((XMAT—1.)/(XMAT+1,))*%2

CHEkxxUMSORTIEREN DER GRUPP ENGRENZ EN skskeskon sskop sh s ook s e e ook ok ook o koo ek

305
302
301
350

304

303
C

KSPEK=NSPEK

IF(NSPEK.GT.1) GO TO 305

KSPE=C

KSPEK=0

DO 302 I=1,NX

II=NX-1+1

ABN(I)=EG(II)

IF{ABN{NX)-1.E-3)301,303,304

WRITE(NOUT, 350}

FORMAT{//® *%**ERROR 6.8 : THE SMALLEST GROUP BOUNDARY MUST BE GREA

1TER THAN OR EQUAL TO 1.E-31}

GO TC 8000

NEGR=NE27

ABN{NEGR)=AMAX1(1.E-3, ALFA®*ABN(NX))
GO TO 4

NEGR=NX

CHexkxBESTIMMUNG DER GRUPPENL ETHAR G TE Nesksdokatrote s ok ook s skok oo ook oo e e ek ek o

4

5
C

NGR = NEGR-1

QA = ABN(1)/ABN{2)

DO 5 I = 1,NGR

RSP{1I} = 0.
R{I})=ALOG(ABN(I)/ABN(I+1))

C#%%%xk| ESEN DER SGNC-ENERGIEN UND BESTIMMUNG DER STREUBREITE*¥ ¥k ki)

10
11

IF{MASSE.EQ.1)} GOTO 6
CALL LOOK3(NEN,;EBs ISOyNGR, ABN; ISMs ISMP ,GR,NEGR ,ISEL}
IF(ISMP.GT.0} RETURN

ES = EB(1)

GOT0 7

ALFA = l.E-4

ES = ABNI(1)

NUE=2

DO 11 I=1,NGR

DO 9 II=I,NEGR
IF{ABN{II}.LT.ABN(I)}*ALFA} GO YO 10
CONTINUE

IT=NEGR
NUE=MAXO(NUE,II-1])

CONT INUE

IF{NUE.LE.NUEB) GOTO 8
NECUP=NUE-NUESB

RETURN

NUEB = NUE
ISCOP=NUEB*ISD~ISCO
IF(ISCOP.LT.0) ISCOP=0
IF(ISCOP.GT.0) RETURN
ISECP=ISD-ISEC
IF(ISECP.LT.0) ISECP=0
IF{ISECP.GT.0)} RETURN

800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330
1340
1350

CH**xx%BESTIMMUNG DER MAKROGRUPPENE INTE I L UNG* sk s sk ek s dok e ekt
12 KIM = MINO(NGR-IM,NUEB-1)
IM = IM+KIM
CALL MAKRO(ALFA,ISC,ILs IMyNGR,ABN,ISD,ISM,ISDPNSyNKyNECU;NUEB,V
1 WeELTOT, INTT, INT,NEGR,ISEL] )

IF(ISCP.GT.0) RETURN
C
13 NEK = NEN
IF{NEN.EQ.O) GOTO 16
IF(EB(NEN)}.GE-ABN(TIL]}) GOTO 16
WRITE(NOUT,913) STOFF, EB(NEN)
STOP
16 CCONTINUE
C
Cc

Ctkxkx M A KR OGRUPPENRETCHNURN G ®faxdgokkgxgidskrikskfiisirik

C
IR = 1
20 NANF = INT{IR}+1
IF(IR.EQ.1]} NANF = NANF-1
NEND = INT{IR+1)
NEN = NEK
IS0T = 1

C¥%%¥% BESTIMMUNG DES EINSTREUINTERVALLE SHksssdshakdo sk ook koo dook koo ek

EANF = ABN(NEND+1}

22 EENC=ABN(NANF)
TF(MASSE.GT.1) GOTO 28
NEN = 1
EA(1) = ABNCIL)

28 IF{MASSE.EQ.1)} GOTO 62
DO 60 NE = 1,NEN

60 EA{(NE) = EB(NE)
62 CONTINUE
o
CakakkMAKROSKOPISCHER TOTALER QUERSCHNITTY FUER FEINSTRUKTURWICHTUNG**¥¥x%
NTT=1
IF(NTK.EQa1) CALL MIXSGT{(KT,MAT,DAT,NTTT,NTTP,NTT,ET,ST»EANF,EEND)
IF(NTTP.GT.C} RETURN
c

Cx%xk*%EINORDNEN DES AUSSTREUINTERVALLES UND LESEN DER SGNC¥kkakkkkddkikkik

IF(EA(1) .GE.EEND]} GOTO 88
DO 64 NE = 1,NEN
NI = NE
IF(EA(NE)}.GE.EANF) GOTO 66

64 CCNTINUE

66 DO 68 NE = 1,NEN
NO = NEN-NE+1
IF(EA(NO}.LELEEND) 6OTO 790

68 CCNTINUE

70 IF(NI<EQ.1) GOTO 78
NO=MINO (NO+2,NEN)
NI=MAXO(NI-2,1)

NEN = NO-NI+1
DO 74 NE = NI,NO

1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
1490
1500
1510
1520
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630 &
1640 =
1650 &
1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1840
1850
1860
1870
1880
1890
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1910



T4

76

Cxxx¥xxKOSINUS UND ENERGIEN BEI TSOTROPIE IM CM—SYSTE Masksaakdkdokgdkhikidonk
Ip = 1,1C0S

c
78
84
86
o
88
90

C

CHExexTRANSFORMATTION DER  §GN Gk seoieatc sk seateaie s o ok s sk e desie e e oo et de oo e e ook ok ok

100
C

CH*xkxkENERGIEINTERPOLATION DER SGNC 3ok ko deste e o e ok de e e oot s sk e o e e ok ke e
CALL PUNK(NGRyNEGR; ABN,NANF s NENDyNEN, ALFA; NK,NRs ISM, ISMP,ISNSE)

104

106

108

110

111

A(NE) = EA(NE)

DO 76 NE = 1,NEN
EA(NE) = A(NE+NI-1)
CALL LOOK2{(NENs;EA;ICOS,ICOSP,AR,ISM,SGNC}

IF(ICOSP.GT.01)
G070 100

RETURN

NEN=MINO {NO+2,NEN}
CALL LOOK2({NEN,EA,ICOS,ICOSPsAR,ISM,SGNC)

IF{ICOSP.GT.0)
IF{ES.LE.EANF)

RETURN
GO TO 100

DO 84 NE = 1,NEN

NA = NEN-NE+1
NU = NEN-NE+2
EA(NU} = EA(NA)
00 84

ip = 1,1IC0S

SGNC(IPyNU) = SGNC(IP,NA)

EA(1) = EANF
NEN = NEN+1
DO 86

1P = 1,1C0S

SGNC(IPs1) = 0.7957747E-01

GOTO 100

DO 90

AR{IP}) = (IP-1})*DD-1.

NEN = 0

CALL PUNK{NGRyNEGR, ABN;NANFsNEND;NENsALFAsNKsNR;ISM;ISMP,ISNSE)

IF(ISMP.GT.0)
ISO0T = 0
GOTO 115

IF{NSYS.EQ.1}

IF(ISMP.GT.0)

RETURN

CALL TRAFO(ICOS,NENyISMySGNC,XMAT,ALFA,AR)

RETURN

CALL PUSUM{NEN,EA,ISN,E,V]

NU=0
NO=0

IF(E(NU+1}GE-.EANF)

NU=NU+1
GO TO 104

IF(E(ISN~NO}.LE.

NO=NO+1
GO TO 106

ISK=ISN-NU-ND
DO 111

G0 70 106

EEND) GO TO 108

P = 1,1C0S

00 110 NE = 1,NEN

B(NE)} = SGNC{IP,

NE}

CALL TPOLA(NEN,EA,B;ISN,E;A-F)

DO 111 NE=1,ISK
NO=NE+NU
TF(E(NO).LE.ES])

A{INO)I=A(1)

SGNC{IPyNE)=A(NO)}

1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2C70
2080
2090
2100
2110
2120
2130
2140
2150
2160
2170
2180
2190
2200
2210
2220
2230
2240
2250
2260
2270
2280
2290
2300
2310
2320
233¢
2340
2350
2360
2370
2380
2390
2400
2410
242¢
2430
2440
2450
2460
2470

c

Cx*xxx¥ENERGIEDIFFERENTIELLE LEGENDRE-KOEFFIZIENTEN sdcdkadodsedopdkaadeiekdordd
115 CALL LECAL {MASSE,XMAT,ALFA,ISOT,LEG,NLE sNANF NENDNUEB,IL,IM,
NEGRy ABNy ICOSs ARy ISN,E; SGNCyNST,NSTIS,ISM,1SD,NECU,

C

Cxxxx| ESEN DER SGN UND MUEL soxsksisraarsk sk ook de ok ok ook ok o e oot e sk s ok

c

C*xxxMULTIGRUPPEN—ENERGTIEINTEGRAT I ON#skiedesedestesesto e oo ook e e ek ok ko ke R Rk ek ok
122 CALL GRUPIN (MASSE,XMAT,ALFA;COMsISOT,PMsLEGsNLE,NANF;NENDNUEB,

ILy IMyNGRyNEGR yABN yISN,E s K9EN;SGNsMyECO,SCOsNTTLET,

STsMAZ s KSPEsKSPEKsESP s SPEKsNSPEKsLSPEK,ISM, ISD,

NECU, ISCO,ISECsNFF3A;GR s SGNC,FEKDs Vs WsISTT RSP,

C

Chxdxx AUSCABE VON INFORMATT ONENsk sk ook ok deok ok s o e de s ook sk oot o s e e e sk sk ook o aeaeoe e e e
0} CALL INFORM{ALFA;NFGRyABNsRyRSP,IL,IM, INTT,INT,
NSToNSTIS,IR,ISTTKyNTKsNTT,NOUT}

C

C**xkMULT I GRUPPENKON ST AN T EN sk seotesesieseaie s oot oo ek ook ook oo o oot s s ok o ok ook ook

C

CH*xk%x AUSDRUCKEN DER ERGEBN I SS Bk dososos s kX i ol ek ok e ko ok ok

c
C

DO 113 NE=1

s ISK

113 E(NE}=E(NE+NU)

ISN = ISK

1
2

CALL LOOK1(
IF(ISOT.EQ.
CALL LOOK1(

IF(M.LT.ISD)

ISCP=100
RETURN
116 IF(ESL.LTL.EA
0o 112 J =
IF(ECD(J Y.L
112 CONTINUE
120 IF(IABSUISE
00 118 J =
118 SGN(J) = 1,

N

IF(ISEL.LT.
1

IF{IR+1.GF.
IR = IR+1
GOTC 20

290 CALL MUKON(

IM = IM-KIM

300 CALL PRINT(ELSIG,ELTOTsNLAsNLESNECU;NUEBISEL sNGRyKSPE;MAZ 3NTK

1
GO TO 8000

1001 WRITE (NOUT
8000 KL = KL+l
RETURN

909 FORMAT(1HO)
913 FCRMAT{//®
1% CALCULATE

ITAsNF,GR,FEKOEFU,ASECO,SCO5V,;WsF ,FEKO)

ISDsKsFNy SGNyEANF,EEND, Q)
0) GOTO 120

ISDsMs ECO, SCOsEANF,EEND, 1}
GO TO 116

NF)} GO 7D 120
1. M
T.ES) SL0(J) = COM
L}.GT.1}) GO TO 122
1. K

ELSIG)

INTT) GOTO 290

ELSIGyELTOT,NLEsNECUsNUEB,ILsIM,NGR)

KIM)

#1002} STOFF

*¥%¥ERROR 6.1 : FOR

2480
2490
2500
2510
2520
2530
2540
2550
2560
2570
2580
2590
2600
2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740
2750 &
2760 ~
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010

"3A8," SCATTERING MATRICES CANNOT B 3020

D*/16X*FOR ENERGIFS ABOVE',1PF10.3,' EV FOR LACK OF SGN 3030



2C ON KEDAK®) 3040 12 S = SNGL{SN+SP) 480

1002 FORMAT(//°® *%kERROR 6.7 : FOR *,A8,°' SCATTERING MATRICES CANNOT B 3050 RETURN 490
1E CALCULATED FOR®/16Xy 'LACK OF ISOT1 (ATOMIC WEIGHT) ON KEDAK®) 3060 13 § = A(1) 500
END 3070 IF({M.EQ.2) S = S+A(2) 510
RETURN 520
END 530
SUBROUTINE SUM(MgsA,S} 10
C 20

CHakk R SUMMAT T 0Nkt sk st de e s ook o s sk sl sie o e e e st ke e o e sle o o st o e e e e s s e i sk e s e 30 SUBROUTINE IPOLA(MsAsBsNgXsY,T) 10
C 40 C 20
REAL*8 SP,SN 50 C#*%x4%STETIG DIFFB. INTERPOLATION DURCH POLYNOME 4. GRADESHkkiicisokgkdss 30
DIMENSION A(M) 60 C 40
C 70 DIMENSTON  A(M),B{M) s T{M) ¢ X{N)s Y(N) 50
IF(M.LEL2) GOTC 13 80 C 60
CH%%kAkSORT T ER EN kst st s sk o sk e e s sk oo e e e e e e e s o sk s e e o ok s e e s o st e s e o ek sl o e 90 Coedkoksk T ANG ENT BN ook ook s e s s i seate e s et s ke s o i o e e ke e ok st e s e s s s e ke s e s o s e e o s sl sl sk oo e e 70
N=1 100 T(1)=(B{(2)-B(1}))/(A(2)~A(1)}) 80
IA = 2 110 TIM)I={B{MI=B(M~1)})/{A{M)~A(M-1}) 90
KK = 0 120 MN = M-1 100
1 K=0 130 CO 2 J = 24MN 110
DO 2 I = IAsMy2 140 T(J) = 0. 120
IF(A{I-1).LE.A(I)) GOTO 2 150 IFUIB{J+1} aCTaB(J)})AND(B(J) oGToB(J-1)1)) 130
B = A{I}- 160 1ITGY) = (BI+1)-B8UJ-111/7CA0J+1)~-ALJ-1)) 140
ACI) = A(I-1)} 170 IF((B(JI+1) ol TeB(J)IAND(B(J)LToB{J=1)}) 150
A{I-1) = B 180 1IT(I) = (B(J+1)-BLI-11)/(A(I+1)-A(J~-1)) 160
K =1 190 2 CONTINUE 170

2 CONTINUE 200 o 180 §

N = =N 210 Cokdkok INTERPOL AT TON# sskotooke s desestoohe o e et dof oo ok ok e oot sk ok ook ok ok ook okok ook k. 190 =

IA = IA-N 220 Y(1} = B(1) 200 <
IF{KsEQol) GOTO 1 230 Y(IN) = B(M) 210
IF{KK.EQol) GOTO 3 240 NM = N-1 220
KK = 1 250 Jd =1 230
GaT0 1 260 DG 26 I = 2,NM 240
c . 270 18 IF(X(I)-A(J)) 20422524 250
C Ak S UMM I E R E N st sk sk deolesk ook s s s el skl sk e ol skeodeok desk e ok sk sokokosiofok ke ook ook ks 280 20 S = X{(I}-UM 260
3 SP = 0. 290 Y(I) = ({(A4%S+A3)%S+A2)*S+A1)%S+VM 270
SN = 0. 300 GOTO 26 280
IF(A{1).GE.O.)} GOTC 8 310 22 Y(1) = B(J) 290
IF{A(M).LE.O.} GOTD 10 320 GOTO 26 300
DO 4 I = 2,M 330 24 J = J+1 310
IF((A(I-1)cLEeOc)eAND.(A{I)eGE.Col) GOTO 5 340 U = 0.5%(A(J)-A{U~1}) 320
4 CONTINUE 350 V = 0.5*%(B{(J)-8B(J-1})) 330
5 1A =1 360 TP = 0.5%(T(J)+T({J=-1}) 340
I8 = I-1 370 TM = 0.5%(T(J)-T(J-1)) 350
B0 6 1 = 1A,M 380 Al = 0.5%(3*V/U-TP} 360
6 SP = SP+0BLE(A(I})) 390 A2 = —=0.5%TM/U 370
D07 I = 1,18 400 A3 = 0,5%(TP=V/U)/(U*U) 380
7 SN = SN+DBLE(A{IB+1-1)) 410 A4 = 0.5%TM/ (U*U*U) 390
GOTO0 12 i 420 UM = 0.5%(A(J-1)+A(J)) 400
8 D09 I = 1,M N 430 VM = 0.5%{B(J~1)+B(J)) 410
9 SP = SP+DBLE(A{I)) 440 GOTO 18 420
GOTO 12 450 26 CCNTINUE 430
10 DO 11 I = 14M 460 RETURN 440

11 SN = SN+OBLE(A(M+1-1)}) 470 ENC 450



c

CH¥xxkkSTUETZPUNKTMENGEN VERETNT GEN kskokatoskok sk sk sk ik ok oot e e ok ok ot ook e e e oo oo

C
C

C

Cxxxx*BESTIMMUNG EINER DEN SGN—STELLEN UND DER GRUPPENSTUETZPUNKTZAHL AN
CH*%x%xkGEPASSTEN MAKROGRUPPEN EINTE TL UN Gk kwkakh s sk s ek s b ol deok ok

C

10

12
14

16
18

1

SUBROUTINE PUSUM(KA,A,KE,E,B}

DIMENSION A({KA),E(KE)},B{(KE)

DO 2 K = 1sKE

8{K) = E(K)}

A o=t G
[}

1
1
1
IF{KoGT KA}
IF{I.GT.KE)

IF(ALK)-B(I})

EQJ) = A(K)
d = S+l
K = K+l
G070 3 :
E(J) = A(K)
= J+l

I+1

K+1

-0
HHeG=#

(=]

w

} = B(I}
J+1

1+1

GOTO 3
IF(I.GT.KE)
DO 12 K=I,KE
E(J)=B(K)
J=J+1

GO 7O 18

DO 16 I=KyKA
EWJI=A(1)
J=Jd+1

KE=J-1
RETURN

o o MO R o

END

SUBROUTINE MAKRO{ALFA, ISOsIL,IM;NGR,ABN,ISD, ISM,TSDPsNSoNKyNECU,

G0 TO 10
GOTO 14
43546

GO 70 18

NUEB,VsWsLSTsINTT,INT,NEGR,ISEL)

10
20
30
40
s5C
60
70
8C

100
110
120
130
140
15¢
160
17C
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400

10
20
30
4C
50
60

CH#x%xxANZAHL DER SGN IN DER N-TEN GRUPPE ks sokakskondkok ko koo deddokoke otk dekk

C
10
11
12
13
c
c
C
14
C

CHkkMAKROGRUPPENE INTE T L UN Gkt sesk ek sk e e o ok g e ook

A

REAL*8 STOFF

DIMENSTION ABN(NEGR) s INT{NEGR};LSTINGR} ,V{ISD} ;W{ISD}

COMMON STOFF, ISTRUK, ISPA,NCOUT

DO 10 N = IL,IM

LSTIN) = C

EA = ABN(IM+1)

EE = ABN(IL)

CALL LOOKI(ISDsKsVsWsEASEE,Q)
CO 12 N = IL,IM

A = ABN{N+1l)

B = ABN(N}

D0 12 MM = 1,K

E = V(K-MM+1}
IF(ALT.EcAND.ELLE.B)
CONTINUE
IF(K.LT.ISD)
EA = VIK)}
G070 11
IF(ISEL.LT.0}
Iscp =0

NTO = 0

BO 14 N = ILsIM
NTO = NTO+LST(N)
IF({ISEL.LT.0)
LSS = LST{(N)
SGN=-STELLEN IN DER N=~TEN GRUPPE

NK +5

GRUNDPUNKTE PRO GRUPPE

(ISM-NS* (NK+5) ) /NS
SGNC-ENERGIESTUETZSTELLEN PRO GRUPPE
ISDP = MAXO(ISDP,LSG+L SM+LSS-ISD)
IF(ISEL.LTLO0) WRITE(NOUT,103} NTO
IF(ISDP.GT.0) RETURN

LST(N} = LST(N}+1

GOTO 13

WRITE(NOUT, 100}

WRITE(NOUT,102) Ny LST(N}

LSG

LSM

IT = ISO

ID = ISD-ISM
INT(1} = IL-1

IR = 2

IT = INT(IR-1}+1
IS =0

00 4 I = II,1IM
IS = IS+LST(I)

TF{{ISGE-ID}oORe(1+I-I1.GTaNS}) GOTO 5
IF(I.NE.IT) GOTO 4
IF(I1eEQeIMcDRoIEQLTI)
IT=20

GOTO 5

CONTINUE

INT(IR) = IM

INT(1) = IL

INTT = IR

IE = IR-1

G0TO 7

GOTO 4

PP

%k
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80
90

100
110
120
130
140
150
160
170

180

190

200

210

220

230

240

250

260
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280
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300
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320
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340 H

350 &

360

370

380

390

400
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5 INT(IR} = MAXO(II,I-1) 630 8 CALL ADD(KsNTT NTPsNT,ET,ST,NUsDsEsSsEV;SV,FWsSHLEALEE) 310

IR = IR+l 640 IF(NTP.GT.O! RETURN 320

GO0TO 3 650 IF{ELLT.EE) GOTO 6 330

c 660 10 CONTINUE 340

Cx*#¥k%kSCHREIBEN DER MAKROGRUPPENE INTETLUNGH# ¥k ky ik ktpsibkrd sy 670 RETURN 350

7 IF(ISEL.GT.0) RETURN 680 C 360

WRITE(NOUT,94} 690 12 WRITE{NOUT,20) MAT{K) 370

008 I = 1,I1E 700 STOP 380

IP = INT(I}+1 710 14 WRITE(NOUT,22) MAT{K)},EA 390

IF{I.EQ.1) IP = IP-1 720 sToe 400

8 WRITE(NOUT,96) I,IP, INT{I+1} 730 C 410

c 740 20 FORMAT(//?" #**ERROR 6.5 : FOR ",A8,° IN THE FINE~-STRUCTURE MIXTUR 420

RETURN 750 1E NO SGT®/16X,; "ARE ON KECAK®} 430

C 760 22 FORMAT(//*® *%%ERROR 6.6 ¢ FOR *,AB,' IN THE FINE-STRUCTURE MIXTUR 440

94 FORMAT(///11X,*M A KR O G R UPPEN'/ 77¢C 1E N0 SGT®/16X, *ARE ON KEDAK FOR ENERGIES BELOW?,1PE10.3,° EV®) 450

96 FORMAT(1HO,2XsI2,°. MAKROGRUPPE?®,5X5I3,'s BIS *,I3,°. FEINGRUPPE'} 780 c 460

100 FORMAT(//14X,*VERTEILUNG DER SGN®//} 790 END 470
102 FORMAT(1X,I3;%., FEINGRUPPE®,12X,14,° SGN®} 800
103 FORMAT(1HO:6X, * INSGESAMT*512X,14,° SGN°®} 810
c 820
END 830

SUBROUTINE ADD(KyNTTyNTP yNT4ET,ST,NUsDEsSsEV,SV,ERsSH,EA, EE) 10

20

DIMENSION ETANTT),STINTT) 30

C 40

SUBROUTINE MIXSGT{KT MAT;DAT NTT NTP,NT,ET,ST;EALEE) 10 CxxxERSTES MATERTALF R stk oo oot stk ol dokof St el kool oo e e e o ok 50

c 20 IF{K.GT.1) GOTO 10 60

Cxkk*x*TOTALER QUERSCHNITT EINER MISCHUNGH #dkakdateok ko sode sk okl otk deop ko 30 IF{NU.GT.O) GOT0 6 70

c 40 IF{E.GT.EA) GOTO 2 80

REAL*¥B MAT(KT);A{5),STOFF 50 ET(1) = E 90

DIMENSION DAT(KTI) ETINTTIoSTI(NTTI,NW(4) ,NAD(2} 60 ST(1) = S%D 100

COMMON STOFFy ISTRUK, ISPA,NOUT 7¢C GOTO 4 110

CATA NW(1),A(2),A(3) /3,BEST ®,°SGT *°/ 80 2 T = (S-SVI/(E-EV) 120

C 90 ET(1) = EA 130

DO 10 K = 1,KT 100 STE1) = D*{S+T*(EA-E}) 140

D = DAT(K} 110 4 NU =1 150

A(1) = MAT(K} 120 NT =1 160

NU = 0 130 IF(ELLT.EE} RETURN 170

CALL NDFLOC(KP;NWy;A;NAD,KC} 140 ET(2) = EE 180

IF(KP.NE.1) GOTOo 12 150 ST(2} = D*(S+T*(EE-E)) 190

E = A(4) 160 NU = 2 200

S = A{S5) 170 NT = 2 210

IF{E-EA} bs4sla 180 RETURN 220

4 CALL ADD(KyNTToNTPyNTyETsSToNUsDsEsSsEVsSYsEW,SHIEALEED 196 6 NU = NU+1 230

IFINTP.GT.0} RETURN 200 NT = NT+1 240

6 EV = E 210 IF(NTLGTNTT} GOTO 22 250

sy = 5§ 220 IF(E.LE.EE]} GOTO 8 260

CALL NDFNXT{KPyNW;AsNAD,KC) 230 ETINU) = EE 270

IF{KP.EQ.1} GOTO 7 240 STINU) = ST{(NU-1) 280

E = EE 250 RETURN 290

S = SV 260 8 ET{(NU) = E 300

GOT0 8 270 STINU) = S*D 310

7 E = A(4) 280 RETURN 320

S = A(5) 290 c 330

IF(E-EA) 63448 300 CakxdsWETITERE MATERT AL T EN okt dopaokofdok ok o s etk sk ook ok ek k% 340

0S5 IA



10 IF(NU.GT.O) GOTO 12 350
EW = ET(1) 360

Sk = ST(1) 370
IF{E.GT.EA) GOTO 12 380
ST{1) = ST{1)+D*S 390

EV = E 400

SV =8 410

NU =1 420
RETURN 430

12 7T = {(S-SVI/(E~EV)} 440
NP = NU+1 450

D0 14 I = NPyNT 460
IF(ET(I}.GT.E} GOTO 16 470

Z = SV+T*(ET{I)-EV) . 480

EW = ET(I) 490

SKW = ST(I) 500

14 ST{I} = ST({I)+D*Z 510
RETURN 520

16 IF(E.EQ.ET(I-1)) G010 20 530

Z = SH+(STI(II-SHI/(ET{I)-EWI*{E~EW] 540
IF(NT#1,EQ.NTT) GOTO 22 550

DO 18 J = IsNT 560

JJd = NT+I-J 570
ET{JJ+1} = ETLJI) 580

18 ST{JJ+1)} = STLJ4J)} 590
NT = NT+1 600

ET(I) = 610

ST(I) = Z+D*S 620

NU = 1 630

EY = € 640

SV = 5§ 650
RETURN 660

20 NU = I-1 670
EV = E 680

SV =§ 690
RETURN 700

C 710
22 NTP = 1000 720
RETURN 730

END : 740
SUBROUTINE TRAFO(IC,NE,ISM»SsXMsALsA) 10

C 20
CxkkxxTRANSFORMATION DER SGNC INS L—SYSTEMIFdkdkdcdksidptopkidmadordkiix 30
C 40
DIMENSION A{IC)oS{IC,ISM} 50

[ 60
XMM = XM-1 70

XMP = XM+l 80

QM = XM¥XM 90

D02 I = 1.1IC 100

V = SQRT(0.5*(1.+AL+{1.—-AL}*A(T)})]) 110

} = 0.5 (XMPxV-=XMM/V}
SQRT{A(I)*A(I)+QM~1.)
(A(I)+B)%(A(I)+B)/(XM*B)
0 2 N = 1,NE

2 SUIsN) = S(I4N)=*F

(

1

A
B
£
D

RETURN
END

SUBROUTINE INFORM{ALFA;NEGR ¢ABNsRyRSP,IL yIMsINTTSINT,NST,NSTIS,
1 TRy ISTT, K, NTK4NTT,NOUT)

CxAkxx INFORMAT T ON BNk sk sk deok s ek e e e sk sk sk e sk de sk o ook ko skok ook sk ks ke ko sk ko

DIMENSION ABN{NEGR)}s;R{NEGR),;RSP{NEGR);INT{NEGR)} sNST(6]) NA(6),
1 NB{6)

IF{IR.GT.1) GOTC 6
WRITE(NOUT,919}
WRITE(NOUT,935)
3 C05 I =1,6
NA(I) = I-1
5 NB(I} = NSTIS
WRITE(NOUT,936)

ALFA

(NALI)sI = 106)9(NB(I)sI = 146},
1 (NST(I},I = 1,6])
6 TF(IR+1.LTLINTT) GOTO 7
WRITE(NOUT,932)
DO 4 I = IL,IM
4 WRITE(NOUT,933)
WRITE(NOUT,934}
T I1 = INT(IR+1)+1
I2 = INTU{IR)+1
IF(IR.EQ.1) 12 = 12-1
WRITE(NOUT,909)
EFIN = AMAX1(ALFA®ABN{I1),ABN{IM+1)}
WRITE(NOUT,920) IR; IR, ABN(I1),ABN(I2)
WRITE(NOUT,921) IR, EFINs ABN(I2)

T,ABN{I)sABN{T+1),R(I},RSP(I]}

WRITE(NOUT,922) IR, ISTT
WRITE(NOUT,925) K
IF(NTK.EQ.1} WRITE(NOUT,126) NTT
RETURN
909 FORMAT(1HO)
919 FORMAT(LHO//24X,*I N FOR MA TI ONEN®//)
920 FORMAT(1HO,12,%., AUSSTREUINTERVALL = *,12,%s MAKROGRUPPE?, 5X,E1l0.

14,% EV'y® - ',E10.4,° EV?)

921 FORMAT(1HO,I12,%. EINSTREUINTERVALL®,23X,E1Q0.4,° EVEi,* -
1* EV?®)

922 FORMAT(1HO,?®ZAHL DER ENERGIESTUETZIPUNKTE IM
LALL' 518X 14)

925 FORMAT(1HO,'ZAHL DER GELESENEN SGN IM AUSSTREUINTERVALL?®,28X,I4)

932 FORMAT(////16Xs*F E I NGR UPPENETINTETILUNG"///)

"9E1Qe4>

"912,%. AUSSTREUINTERV
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933
934

935
936

126

c

FORMAT{1Xs13;' .GRUPPE® 31X, 1PE10.3,° EV
193E9.251Xs"RSP = ", 1PE11.4)
FORMAT(////18X5;'DU = LETHARGIEDIFFERENZ®//13X, "RSP = GRUPPENINTEGR
1AL UEBERS SPEKTRUM?®}

FORMAT{1HO,"ALFA = ',F8.5)

FORMAT (1HO, *WINKELSTUETZSTELLEN®//12Xs "MOMENT® 35X,6(3X,13)/12X,°1IS
10TROPIE® 33X, 6{3X,13}/12X, *ANISOTROPIE*,1X,6(3X,13})

FORMAT(1HO, *ZAHL DER SGT FUER FEINSTRUKTURWICHTUNG IM AUSSTREUINTE
IRVALL®»11X,15)

END

—-131PEIN.3,® EV',1X,°0DU =

SUBROUTINE PUNK{NGRy;NEGRyABNyNAsNE,NEN;ALFAsNKyNR, ISM, ISMP,ISN,E)

Cx*%%%xGRUNDPUNKTE INTERVALLWEISE LOGARITHMISCH AEQUIDISTANT ®&dokddkkakikkk

c

11

REAL*8 DyED,EX,EP
DIMENSION ABN{NEGRI,E(ISM}

ISMP = MAXO{Ojy; (NE-NA+L}*{NK+NR)+NEN-ISM)
IF{ISMP.GT 0]} RETURN

EX = DBLE{1l./{NK-11})}

E{1) = ABN(NE+l}

J =2

DO 10 NN = NA,NFE

N = NA+NE-NN

ED = DBLE(E(J-1}])

AB ABN(N)

A = AMINL1(AB,ABN{(N+1}/ALFA)
0 = CBLE(A/ABNIN+1))

D = D**xEX

EP = ED*D

E{J) = SNGL(EP)
IF{E(J}.GTL.A) GOTO 8
ED = EP

J = J+l

GO0TO0 6

E{J-1) = A

IF(A.GE.AB} GOTO 10

ED = DBLE((AB/A¥((1l./NR}}
IF{ED.GELD} D = ED

ED = DBLE(A)

EP = ED*D

E(JY = SNGL(EP)
IF(E(J) . GT.AB])
ED = EP

J = J+l

GOTO0 11

E(J-1) = AB
CONT INUE

ISN = J=-1
RETURN

END

GOTO 9
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C

SUBRQUTINE LOOKO(XMATsMASSE,COM,%*)

Chdxk¥| ESEN DES ATOMGEWICHTS sokskskaksciodsksksdokok ke ook sk sk ok e dese eog ko ook et e el

C

C

REAL*8 STOFF,F(6),ST

INTEGER*%2 U/*H ¢/,V

DIMENSION NWORT{4);NADAT(2)
COMMON STOFF, ISTRUK, ISPA,NOUT
EQUIVALENCE(ST,V)

CATA F(2),F(3) /°BEST ¢,°'ISOT1*/

NWORT(1) = 3

F{1} = STOFF

CALL NDFLOC(KPyNWORT, FsNADAT,KC)
IF(KP.NE.1}) 60 TO 1
F(4) = F(4)/1.0C8665
XMAT = F(4)

COM = 2/7(3%F(4))
MASSE = XMAT
IF(XMAT-MASSE.GT.0.5}
RETURN

MASSE = MASSE+l

ST=STOFF
IF(ULNE.V)
XMAT=1.
MASSE=1
CCM=0.6666667
RETURN

END

RETURN 1

SUBROUTINE LOOKI{ISDyKyEsSGN,EQ,EE,NT)

CHxxxXx ESEN DER SGN UND MUEL VON KEDAK sk kol skl dokokdk godok dok ok kodok

C

REAL*8 STOFFsA(5),8(2)

DIMENSION E(ISD},SGN{(ISD)},NWORT(4),NADAT(2}
COMMON STOFF, ISTRUK, ISPA,NOUT
FG{XAsXBy XCy YAy YC) = YA+{YC-YA)/(XC—XA)*({XB-XA)
CATA A{2),B /'BEST ', ?'SGN *,*MUEL */

A(3) = B(NT+1)

NWORT (1} = 3

A(1} = STOFF

CALL NOFLOC(KPyNWORT,A;NADAT,KC)

IF(KP.NEo.1) STOP
K =1
E(1) = A(4)
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C

10
11

12

14

16

40

42

SGN{L1l) = A{5)

IF(E(1)-ED) 59443
WRITE{(NOUT,40) STOFF,EQ05A(3)
sSTOP

K = K+1

CALL NDFNXT{KP,NWORT;A,sNADAT,KC)
IF{KP.NE.1} GOTO 14

IF{K.GT.1) GOTO 11

IF{A{4)-ED) 829,10

E(1) = A(4)
SEN{1) = A(5)
GOTO 5

E(1) = A(4)
SGN{l} = A(5)
G070 4

K =2

E{K}) = A(4)
IF{K.EQ.ISD)
SGN{K} = A(S5)
IF(E(K}-EE) 49164512

Y = FG(E(K-11,EE;E(K)y SGN{K-1)4sSGN{K}}

E(K) = EE

SGN(K) = Y

GOTO 16

E{K) = EE

SGN{K) = SGN(K-1)

WRITE(NOUT 42} A{3),STOFF,E(K~1)5A(3),E(K-1)
IF(E(1l}.EQ.ED} RETURN

Y = FG(E(1},E0,E(2),SGN(1),SGN(2)}

E{1) = EC

SGN{1} = Y

RETURN

RETURN

FORMAT(//% *%%ERROR 6.2 : FOR ',A8,¢ SCATTERING MATRICES CANNOT B
1E CALCULATED®/16X¢FOR ENERGIES BELOW®,1PF1l0.3,° EV FOR LACK OF ¢4
2A85" ON KEDAK®)

FORMAT(//°® ***WARNING 6.1 ¢ THE *,A8,' FOR *,A8,* AT ENERGIES AB
10VE®*,1PE10,3,' EVI/18X, 9ARE SET EQUAL TO THE °,A8,°' AT®*,E10.3,° E
FAAYIA

END

SUBROUTINE LOOK2{NEN,EA,IC0OS,ICOSP;AR,ISM,SGNC)

CH#kx% ESEN DER SGNC VOM KERNDATENBAND kst s stk skt de ook e ok o ook ook ok

C

REAL*8 STOFF,F(6)

DIMENSION EA{ISM),NWORT(4)},NADAT(2),SGNC{ICOS,ISM},AR{ICOS])
COMMON STOFF, ISTRUK, ISPA,NOUT

CATA F(2).F(3} /°BEST ', °SGNC '/

1CosP = 0O
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10

44

NWORT(1) = 4

F(1) = STQFF

O 4 NE = 1,NEN

F{4) = EA(NE)

CALL NDFLOC(KPsNWORTs»FsMNADAT,KC)
IF(KP.NE.1) sTopP

P =1

AR(IP} = F(5}
SGNC{IP,NE) =
IP = IpP+1
CALL NDFNXT{(KP,NWORT,Fs;NADAT,KC)
IF(KP.EQ.1) GOTO 3
IF(IP-1-1COS) 8y4510

CONTINUE
RETURN
WRITE(NOUT; 44)
STCP
ICOsP =
RETURN

F(e)

STOFFsICOS:EA(NE}

IP-1-1C0S

FORMAT(//" *%*%ERROR 6.3 : FOR ',A8,' THE SGNC COSINE MESH HAS LES
1S9/16Xs " THAN *413,® MESHPOINTS AT',;1PE1Q0.3,° EV'}

END

SUBROUTINE LOOK3(NEsEA; TSOsNGRyABN,ISM,ISMP,LST,NEGR,ISEL)

CHxxxxLESEN DER SGNC-ENERGIEN VOM KERNDATENBAND k% kickaoksokseodk ks diokkkdshs

c

REAL*8 STOFF,F(é)

DIMENSTON EA(ISM),ABN(NEGR)sLST(NEGR) sNWORT(4) sNADAT(2}
COMMON STOFF, ISTRUK, ISPA,NOUT

CATA F{2),F(3) /'BEST ®,°¢SGNC */

NWORT (1) = 4
F(1) = STOFF
F(4) = 0.

NE =1

CALL NDFLOC(KP;NWORT,F,NADAT,KC)
IF{KP.EQ.1}) GO TO 5

CALL NDFLOC{KPyNWORTsFsNADAT,;KC}
IF(KP.EQ.1) GO TO 5
IF(NE-1)13,13,6

EA(NE)=F(4)

F(4) = F(4)+F(4)%(1.E-C6])

NE = NE+1
IF(NE.LE. ISM)
ISMP=50

RETURN
WRITE(NQUT,62)
IF(EA(1).GE.ABN(1})

GOTO 4

GO TO 12
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Cx¥kxxANZAHL DER SGNC IN DER N—TEN GRUPPEHkskacskak ook dokdededkako oo ook deodeedeske ek

NE=NE~1
NTC = 0
DO 10 N = 1,NGR
LST(N}) = 0
D0 8 M = 1,NE
IF((ABN{N#+1)LELEA{M) )} AND . (EA(M).LTLABN{N)}} LSTIN) = LST(N)+1
8 CONTINUE
10 NTO = NTOHLST{N)
IF(ISEL.GT.0} GO TO 11
WRITE(NOUT,S2}
DO 7 N=1,NGR
7 WRITE(NOUT,54) N,LST(N}
WRITE{NOUT, 56} NTO
C
Cxxxikk ANISOTROPIE-SCHWEL L Bk ook s s skt sk e oo e e sk e 30k 3 sk ofe e ook ke skl Sk sfesfol e sk e
11 DO 14 N = 1,NGR
NN = NGR-N+1
IF(LST(NN) .NE.O} GOTO 16
14 CONTINUE
16 ISO = NN+1
RETURN
c
12 IF{ISEL.GT.0} GO TO 15
WRITE (NOUT,52)
WRITE(NOUT,58})
15 EA{1) = ABN{(1l)
1s0=1
RETURN
C
13 WRITE{NOUT,60} STOFF
sTCP
C
52 FORMAT{1HO//14X,'VERTEILUNG DFER SGNC'//)
54 FORMAT{1Xs13,°. FEINGRUPPE';12Xs14,% SGNC?)
56 FORMAT (1HO,6X, ' INSGESAMT*,12X,14,® SGNC?)
58 FORMAT(5X, "ENERGIEBEREICH LIEGT IM BEREICH ISOTROPER STREUUNG')
60 FORMAT(//' *%%ERROR 644 : FOR ',A8,*¢' SCATTERING MATRICES CANNOT B
1E CALCULATED®/16X*FOR LACK OF SGNC ON KEDAK?®)
62 FORMAT(//* *%¥MESSAGE 6,1 : WARNING NDF. 2 MAY BE IGNORED?)
C
END
SUBROUTINE LECAL(MASSE,XMAT,ALFA,ISOT,LEG,NLE ;NANF ,NEND,NUEB,IL,
1 IM;NEGRyABNy ICOS, ARy TSN,E s SGNCyNST,NSTIS, ISM,1ISD,
2 NECUs ITAsNF,GRyFEKOEyFUsEWsAsH,yV, W, F,FEKD)
C

C¥*x¥x%BERECHNUNG DER ENFRGIEDIFFERENTIELLEN LEGENDRE-KOEFFIZTENTEN® ak%kkkk

C

DIMENSION NST(6).LEG{6},AR(ICOS),FU(ICOS) ,ABNINEGR) ,GR{NEGR},
1 FEKOE(NEGR) y A{ISD) ¢H(ISD) ,EC(ISM) sEW(ISM) ,V(ISD) +W{ISD),
2 F{ISD}y SGNCLICOS,ISM),FEKO(ISM,NFCU?D
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530
540
550
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C

Cxxxx*ENERGIEDIFF. LEGENDRE-KOEFF.

C

C

3

EP = 0.8
XP = XMAT+1
XM = XMAT-1

IF(MASSE.EQ.1) XM = 0.
NM = NUEB-1

TA = NANF
IC = MINO(NEGRyNEND+NUEB)
I8 = IC~-1

IF(ITA.FEQ.0.AND.ISOT.FQ.0)
1CALL LEGINT(NLE,NSTIS, XMAT,ITA)
REWIND MF

{L—1)-TER ORDNUNG stk deok e otk tek
N =20

L =1

GOTO 2

N=N+1
L=LEC(N)}
IF(ISOT.EQ.O)
NSB = NSTIS
NSA = NST(L)
CALL LEGPOL{NSA,H,NLE)}

GOTO 3

£O 28 J = 1,ISN

CH¥xx*xGRENZEN FUER WINKEL INTEGRAT ION#kokscdokd ook ke ok ook gk de ok e ek ek ke

C

GRM = 0.
EL = AMAX1{(ABN{IM+1),ALFA*E(J))
DO 8 I = IA,IC
IF(ELLLT.ABN(T))
GR(I) = -1.

GOTO 8
IF(E(JY.GT.ABNIT))
GR(I) = 1.

GOTO 8

G = SQRT(ABN(I)/E(J))

GRII} = 0o5%(XP*G-XM/G)

GRA = ABS(GR(I}}
IF({GRALTe1le) e ANDe{GRM4LTLGRA))
CCONT INUE
IF(ISOT.EQ.O)

GOTO 6

GOTO 7

GRM = GRA

GOTO 11

Cx#%x%*MOMENTE BE] ANISOTROPIE IM SP-SYSTEMkskskok bk sk okaokokkoksoon dokok gk dedodeddede

C

NSB = NST(L)
GOTO S

IF({GRM.LT.EP)
IF(NSA.EQ.NSB)
NSA = NSB

CALL LEGPOL(NSAyH,NLE)

DO 10 IP = 1,IC0S

FUCIP) = SGNCLTP,J)

CALL IPOLA(ICOSsARyFUINSA,HsA,F)

CALL LEGANS(LsNSA;AyIA,IB,NEGR,GR,FEKOE;V,HW)
NSB = NSTIS

€0TQ 12

CxEXEXAMOMENTE BEI ISOTROPIE IM SP=SYSTEM®s#oksksokdohddodoh d ke s ko sk kot skt ek sk ok
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11 CALL LEGIST(LsNSTIS,IA,IBsNEGR,GR,FEKOE]
c
CH¥xtFVORBEREITUNG ZUM ABSPETCHERN sk sobdeok ook stk st st oo e skl ook oot ot spobe oo b ot

12 1T =1

B0 22 I = IA,1I8B
TF{ABNI{I+1).6T.E(J}) GOTO 22
FEKO(JsIT) = 6.2831E85«FEKOE(T)
IT = I1+1

IF(I1.GE.NUEB)
22 CCNTINUE

DO 26 I = II,NM
26 FEKO(J,I) = 0O,
27 FEKO(J,NUEB} = 6.283185%FEKOE(NEGR)

GOTO 27

c
28 CONTINUE
C
CxAXxxENORMIERUNG FUER ZWISCHENPUNK TE skakdeaidk ik skl d ke s de e ok s vkl desie e o sk sk sk e
IFIN.GT.0) GOTO 30
DO 29 J = 1,ISN
29 EW(J) = FEKO{J,NUEB)
6070 1
30 DO 31 J = 1,ISN
00 31 I = 1,NUEB
31 FEKO(J,I}) = FEKO(J,I)/EW{J)
C
Cx#xx%*SPEICHERN DER ENERGIEDIFF. LEGENDRE-KOEFF. (L-1J~TER ORONUNG***k¥¥kk
D0 32 I = 1,NUEB
32 HRITE(NF) (FEKO(JsT)sJd = 1,ISN}
TFINLTNLE+L) GOTO 1
C
REWIND NF
c
RETURN
END
SUBROUTINE LEGPOL(NST,AyN,NSTIS]}
c

Cx*x#%%BERECHNUNG VON LEGENDRE—POL YNOMEN®#% koksk sk dokkedesese okkok kg dedode ok koo dek o o
C

REAL*8 X(221),F(6,321),D

DIMENSION A{(NSTISY

CCMMON /INTEG/ XoF,D

NSM = NST-1
NA = -100000
ND = 320/NSM*625
DO 6 I = 1.NST
X{T}) = OFLOAT(NA)}*1.D-0C5
A(I) = SNGLIX(I)]}
6 NA = NA+ND
D = ND¥*1.E-CS5
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IF(NsGT.0} GOTO 2
001 I = 1,NST
1 F(1,1) = 1.
RETURN
C R
2 TF(N.GT.1) GOTO 4
DO 3 I = 1,NST
F(1,1) = 1.
3 F(2,1I) = X(I)
RETURN
c
4 NM = N-1
00 5 I = 1,NST
F{1,1} = 1.
F(2,1I) = X(I)
DO 5 J = 1sNM
5 F(J42: 1) = ((2%J¢1)¥X(I1)*F(J+1s TI-J%F(J, 1)) /(J¢1)
C
RETURN
END
SUBROUTINE LEGINT{NsNAK,XMAT, ITA)
C

CH*x%x*¥BERECHNUNG VON LEGENDRE—-INTEGRAL EN#kwk sk ddd deak ks dook ek oo ook e ok ok ok
c

REAL*8 H(321),GRAL{65321)9F(6)3AsBsCoDsDEsGsPFO,F1,F2,F3,F4,F5,
1 X, Y
COMMCN /INTEG/ HsGRAL,D
C
ITA =1
NST = 321
C
NA = -100000
D0 1 K = 1,NST
H(K) = DFLOAT(NA}*1.D-05
1 NA = NA+625
0 = 0.00625
c

IF{XMATGT 1.5} GOTO 4
Ckaaesk W ASS ERS TOF Fateskate sk ol s e e sk ook e o ko e e e el b o e e R ook ok s e ook S ok Aok ok ok o e o

00 2 K = 1,160
00 2 L = 1+6
2 GRALIL,:;K) = C.
b 3 K = 161,321
A = H{K)*H(K)
B = A®*H(K)
GRAL{1,K} = 2%A
GRAL(2:K) = 4%B/3
GRAL(3,K) = 0¢5%A%(3%a~-2)
GRAL(4,K) = 2%B*{A-1)
GRAL(5:K) = A¥{35%(A-1)*(A-2,/7)-1)/12
GRAL(6+K) = 4.5%B%x(A-1)%(A-5./9)
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3 CCNTINUE
GOTO 12
C
Chxkt kN TCHT—WASSERST O F F [ ssioiesh e deok st ook 3 e ok o 3¢ e sfeoe s e 9ok sk seoke dfe de e s e s e e s e o e oo e ke e i
4 A = DBLE(XMAT)
B0 5 L = 1,6
5 GRAL(L,1) = O
IF(XMAT.GT«30,.) GOTO 8
C = 0.5%DSQRT{{A+1)*x(A~1})
F{1) = C
DO &6 L = 245
6 F{L) = F{L-1)*C
P = A-1./A
Y = DSQRT{({A-1)/(A+1l})
[
DO 7 K = 2,NST
X = (H{(K}+DSQRT{{H(K)+1)*( H(K}-1)+A%XA)) /(2%C)
DE = X-Y
FO = 0.5%G{(2,%X;Y)
F1 = F{1)*(G{3,XsY)/3-1)
F2 = F{2)*(0.25%G{4sXsY)=G( 2+ X5 Y)+DLOG(X/Y)/DE)
F3 = FIU3)¥(0e2%6(55XsY)=G(33Xy,¥}+3-1,/(X*Y})
Fa = FU4}E(GL6s XYV /6=Glbs XY )+2%G{2,X5Y)—4*DLOGIX/Y)/DE
1 +0e5/(X%Y )1 %G(2510/Xy1e/Y)])
F5 = F(S51*(G(TsXeY)/T-G(S5, XYV +10*G(3,X,Y} /3-10+5./(X*Y)
1 =G(391le/X91la/Y)/(3%X%Y]))
GRAL{1:K) = P*FO*DE
GRAL(2,K)} = P*F1%DE
GRAL{(3,K) = P%0Q.5%(3*F2-FO)}*DE
GRAL{4sK) = P*0,5%(5%F3-3%F1)%DE
GRAL(5,K) = P%x0,125%(35%F4~30%F2+43%FQ)*DF
GRAL{6¢K) = P¥0.125%{63%xF5-70%F3+15%F1) *DE
7 CONTINUE
GOTO 11
C
8 B = 1./({A*A)
C = B*B
DO 10 K = 2,NST
X = H{K)
Y = -1
DO 9 L = 1,e6
9 FUL) = 01255 (S5%GIL+49XsY) /(L#4)—6%G(L+2+XsY) /(L+2}+G(L XY} /L) *C
1 +0.5% {3%GIL+2, X, Y)/{L+2)-G{L, X, Y) /L}%B
2 +2%G{L+Ly X, V) /(AX(L+1)I4G(LoX,Y) /L
DE = X-Y
GRAL(1,K) = F(1)*DE
GRAL({2,K) = F(2)*DE
GRAL(3,K) = 0,5%(3*%F(3)-F{1))*DE
GRAL{45K) = 045%(5%F(4)}-3%F{2))*DE
GRAL{5,K) = 0.125%{35%F{5)-30%F(3)+3%xF(1}1%DE
GRAL(65K) = 0.125%(63%F(6)=TO®F(4)+15*F(2))*DE
10 CCNTINUE
[o
11 GRAL{(1,NST) = 2.
GRAL(2yNST) = 4/(3*A)
GRAL(4,NST) = 0.
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C

Cxk%xx%xREDUKTION VON NST AUF NAK kiR sk ook dok ok ok skl deo dokdeooior koot ok
12 NP =

o000

¢ G =

CRAL{64NST) = 0.

N+1

13 IF(NAK.EQ.NST) RETURN
K1 = (NST-1)/(NAK-1}
KK = K1+1
CO 15 K = 2,NAK
H{K) = H{KK)

DO 14 L = 1.NP

14 GRAL{L,K) = GRAL{L,KK}
15 KK =

KK+K1
D = 2./(NAK-1)
RETURN

END

FUNCTION G{NsX,Y)
BERECHNUNG VON (X**N-Y*%N) /(X=Y} DURCH ENTWICKLUNG NACH POTENZEN
VON D = X-Y

REAL*B
D = X-Y
GOTO(1,2,35475964758:,9,10),N

16=1,

RETURN

G = D+2%Y

RETURN

3 G = DED+3¥YRD+3%YRY
RETURN

4 G = DEDHEDH4LXYEDRDHOXYXRYEDH4XRYRYRY
RETURN

5 G = DEk4+5EYEDRDFD+LORYRYRDEDH ] OKY£YEYRD+5 %Y %k4

RETURN

G = DRES+6XxYRDFX4+)15FYRYEDEDRD+20%YXYHRYRDEDE LS XY HX4LED+HXY*%S

RETURN

T 6 = DHRRO+THRYFDXRG42 1 RYRYXRDH*4+35%YRYRY XD XD *D+3 5 %Y x%4%D %D

1 +21%Ye%x5%D+ TRY¥k*6
RETURN

8 6 = DEFTHBRYHFDNKG+2BEYHRYEDHH5456KYRYRY R0 £%44 TO¥Y £ %4 XD*D*D
1 +56HYEKSHDED+2BE YLD+ BEYR%T
RETURN

G G = CHFBHOEDFETHY+ 6% DHEAEKY Y+ B4ADRKSEYRY#£Y+ 126 %D F ¥4 %Y ¥4

1 +126%DEDHDEYH%S +84XDEDHYRRE+BHHDI YRR T+ QR V%%
RETURN
D9+ 1 0% DH* BHY +45HDRRTHY Y41 20 KDEXOHYHY K Y+ 2] Q% D* K5 KY *%4
1 +25 2K DEF4EYER 5421 ORDRDRDHYHRE+] 20 XD HDRY KT +454DHY £ %6841 0¥ Y*¥%9
RETURN
END

GeXsYsD
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C

SUBROUTINE LEGIST(L,NST,IA,IB,NEGR;GR,E)

CH**¥*BERECHNUNG VON PARTIELLEN LEGENDRE-KOEFFIZIENTEN BEI ISOTROPIE IM
CRXEEASP=SY S TE Mk ko sdskskdodedok ook sfesdedeofok e sl ks et s oo etk sk ook o ok ko etk ok

C

C

REAL*8 X{321),GRAL(6,321)4D4A,8B
DIMENSION GR{NEGR),E{NEGR}
COMMGON /INTEG/ XsGRAL,D

DO 7 1I=1A,.18

GG = 1.

GU = -1.

IKO = NST

IKU = 1

IF(GR{I+1).CE.1,) GOTO 5
IF{GR(I}LE.-10]) GOTO 5
IF(GR({I)+GEel,) GOTO 2

GO0 = GR{I}

XIKO = 1.+0.5%(NST-1)%(G0+1.)
IKO = XIKO

IF(FLOAT{IKOD) L TLXIKO) IKO = IKD+1
IF(GR{I+1).LEa-14} GOTO 3

GU = GR{I+1)

XIKU = 1.+0.5%(NST-1)*(GU+1.}

IKU = XIKU

IF{FLOAT({IKU) L T.XIKU) IKU = IKU+1
A = GRAL(L,IKO}
IF{GO.LTX{IKG}}
8 = GRAL{L,IKU}
IF(GULTX{IKU}) B = B+(GU-X{IKU))/D*(GRAL(L,IKU}~GRAL(L,IKU-1})
E{I) = (A-B)*0,73957747E-01

GOT0 7

E{I} = 0.

CONT INUE

E{NEGR } = GRAL(L,NST)*0.7957747E-01

A = A+(GO-X{IKO}}/D*{GRAL(LsIKO)-GRAL(L,IKO~1})

RETURN

END

SUBROUTINE LEGANS(LoNST,F,TA,IB,NEGRsGR,F;POLY A}

Cxxkx#*BERECHNUNG VON PARTIELLEN LEGENDRE-KOEFFIZIENTEN BEI ANISQTROPIE
CHxkdkxIM SP=SYSTEMk sk sdeiedesdeskdede doskokesk okt ek do sk e dede sesesdok ok ek ok deokoek ke de o

C

C

REAL*8 X{(321),POL(6,321),0,B
DIMENSION F(NST),GRINEGR),E(NEGR) sPOLYINST) yA(NST)
COMMON / INTEG/ X,POL,D

C**%x%%BESTIMMUNG DER ZU INTEGRIERENDEN FUNKTION koo fokkkddk ok

DO 2 J = 1,4NST
B = DBLE(F{J})
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C

POLY(J) = B*POL{L,J)

Cak¥%x%2SUYCHEN DER GRENZINDICES MIT KORREKTURINTERVALLEN¥#dkdokssdkyolorkdkkkk

c

€S = 0
I=1A-1
I = 1I+1

TF{(GRIT+1)eGEala)eOR{GR{IJeLEL~1c))
IF(GR{IDelLTeleld GOTO 4

IT=1

GOTO 18

GG = GR(T)

GU=AMAX1(~1.,GR(I+1)}

XIKO = 1.+0.5%(NST-1)*(1.+G0}-0.001

G0T0O 18

NO = XIKO
XIKU = 1.+0.5%{NST-1)*{(1.+GU}+0.001
NU = XIKU

IF(FLOAT(NO} .LT.XIKD) NO = NO+#1
NUO = NO-NU

IF(INUQ/2%2) «NELNUDD NO = N)-1
DU = GU-X(NU}

DO = GO~X{NQO)
IF(ABS{DU).LT.1.E-20) DU 0

IF{ABS(DO) 2L T.1.E~20) D0 = 0

CH*%k xS IMPSON-INTEGRATION FUER UEBERSTREUUNG UND TOTALES MOMENTHkddkdokdkk

5

12

15

c

NO1l = NO-2

NO2 = NO-1

NU1l = NU+2

NU2 = Nu+l

IF(NOL.GELNUL) GOTG 7

E(T) = (POLY(NU}+POLY(NO}}*D/2,
IF{NC2.LT.NU2} GOTO 19

D0 6 J = NU2,ND2

E(I) = E(I)+D*POLY(J)}
GOTO 19

00 12 J = NU2,NO2,2
JJd = (J-NU2+2)/2

A(JJ) = POLYWJ?

CALL SUM(JJsA,SA)

DO 15 J = NU1,NCL,2
JJ = (J=-NUl+2)/2

AtJJ) = POLYW)

CALL SUM(JJ,A,SO)

SE = POLY{(NO}+POLY (NU)
EL{I) = (4%SA+2%S0+SEV*D/3

CHrkk R ANDKORREKTUR DES SIMPSON=INTEGRAL S#ssrsiidsordedoh i Kot ook ok e dedodokde ook

18
19

IF(I.EQ.NEGR} GOTO 20
TU = (POLY(NUZ)-POLYI{NU)}/D

TG = (POLY{(NO)}-POLY(NO211/D

E(I) = (POLY{NDO)}+0.5%D0*T0)*N0O~(POLY{NU)+0,5%DU*TU)*DU+E(T)
GOTO 19

E(I) = 0.

ES = ES+E(I)

IF(I.LT.1B) GOTO 3
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C#***INTEGRATIONSBEREICH FUER DAS TOTALE MOMENT skacdkskaesat ook ok dokaoxdorsiesn sk
NU =1
NO = NST
I=NEGR
GOTO 5
c
CHkkAXG, G-STREUUNG ks sabeokeade skl de sk e oo s ok koo s sk o et s o ok oo sk ook e el
20 E{IT) = E(NEGR)-ES

RETURN
C
END
SUBROUTINE GRUP IN{MASSE,XMAT,ALFAsCOM,ISOTyPM,LEGsNLEsNANF»NEND,
1 NUEBy ILy IMsNGR;NEGRsABNsISN,EH; KsHoF My G EN,
2 NTToET,STyMAZ yKSPEyKSPEK,ESPySPEKyNSPEKyLSPEK,
3 ISMyISDyNECUyISCOs ISECyNFsE9yEWsGRy WA U VoW, ISTT,
4 RSP,ELSIG)
c

CHxx**GEWICHTETE MULTIGRUPPEN~ENERGIEINTEGRATION %% ok Jedeskake e ook ek e oo ok ok
C

DIMENSION LEG(6),ABNINEGR)RSP{NEGR)ESPINSPEK) ySPEK(LSPEK},
1 EH(ISM),EW( ISM)},H{ISD),FLISD) »G(ISD) ,EN{ISD} ,V(ISD),
2 W{ISD),E(ISD),WA(TISCO}ULISEC) ,ETINTT) s STINTT) sGR{NGR)
3 MAZ{(2)}sELSIG({6sNECUSNGR)

C
NP = NLE+1
XP = XMAT+l
XM = XMAT-1
IF(MASSE.EQ.1) XM = 0O,
NM = NUEB-1

C

Cxxk%x3VEREINIGUNG DER ENERGIESTUETZPUNKTMENGEN sk oo bk e kok ke faek ok
DO 2 J = 1,ISN
2 EWJ) = EH(J)
ISTT = ISN
CALL PUSUMIK,H, ISTT,E,V}
C
Caxk¥x INTERPOLATION DER TOTALEN ELASTISCHEN QUERSCHNT TTE*xdak sk kkkdksddkk
CALL IPOLIN(KyHsFsISTToEsW, U}
c
Cx*xxxkINTERPOLATION DER MITTLEREN STREUKOSINUS %k sk dededead ok Fok kkaktedkkok
IF{ISOT.EQ.O) GOTO 4
CALL IPOLIN{MyGosEN,ISTT,EsV,U)
GOTO 8
4 DO 6 J = 1.,ISTT
6 VIJ) = COM

8 D0 66 N = 1,NP
L = LEGI(N)
L1SOT = L*ISOT )
C##xxx| ESEN UND INTERPOLATION DER NORMIERTEN ENERGIEDIFF., LEGENDRE-KOEFF
00 11 T = 1,NUEB

690
700
710
720
730
740
750
760
770
780
79¢C

10

20

3¢

40

50

60

70

80

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400

9

10
11
C

CHxkx¥MUEL-ANGEPASSTE ENERGIFDIFF,

12

14

16

18

20

22

24
26
28

30

JT = (I-1)*ISTT
READ(NF) {EW(J}sd = 1,ISN)

IF(ISOT.EQeDANDLT.EQ.NUEB) GOTG 9

CALL IPOLIN{ISNsEH,EW, ISTT,E,WA(1+JI},U)

GCTO 11

XY = EW{ISN)

po 10 J = 1,1ISTT
WA(J+JT) = XY
CONTINUE

DO 44 J = 1,ISTY
XY = 0.

JP = JHNMXISTT
IF(LISOT.EQ.2)

DO 12 NN = NANF,NEND

TFC(ABN{NN+1 ) LE-E(J) )2 AND(E(J)<LE.ABNINN)})

CONT INUE
NN NEND

EL = AMAXL(ABN(IM+1),ALFA*E(J))
2 1 = 1,NUEB

J+(I-1)%ISTT
MINO(IM,NN+I-1)

P = 0.
IF(ISOT.EQ.0)
6U = -1.
IF(EL.GE.ABNINI+1))  GOTO 16
GU = SQRT(ABN(NI+1)/E(J))

6U = 0.5%(XP*GU-XM/GU)

60 = 1.

IF(1.EQ.1)  GOTO 18

LI = MINO{IM#+1,NN+I=~1)

60 = -1.

IF(EL.GE.ABN(LI})  GOTO 18
GO = SQRT(ABNI(LI)}/E(J))

GO = C.5%{XP*GO-XM/GO)
IF(GU.LT.GO)  GOTO 20

P = 0.

GOTO 36
IF(G0=-GU.LT.2.)
P = 0.
IF(L.EQ.2)
6OTO 36

02 = GO%*GC
U2 = GU*GU
03 = 02*%60
U3 = y2%GU ,
GOTO(24,264528,30,32,34),L

P = 0.75%(02-U2)

GOTO 36

P = 0.5%(03-U3)

6eTO 36

P = 0.1875%(02%(3%02-2)-U2%(3%y2-2))
GOTO 36

P = 0.75%(03%(02-1)-U3*(U2-11)

6OTO 36

o
(]
oW un

GOTO 36

GOTO 22

P = 1.

W hon

LEGENDRE—KOEFF.

VIJ) = PME(VIJI-wA(JP))

e e e sk ek et Sk ek ook e ke

GOTO 14
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32 P = 0.03125*%(02*%{{02-1)*(35%02-10}~1)-U2*{ (U2-1) *{35%U2-10)-1)}
GOTO 36

34 P = 0.1875%(03%{02~1)*%(9*%02-5)-U3*{U2-1)*(9%y2-5)}

36 CONTINUE
IF(EL.LT,ABNINI+1).AND.T.LT.NUEB]}
WAGJI) = WA(JP)=XY

GOTO 40

IF{I.EQ.NUEB) GOTO 42
IA = I+1
00 38 II = IA,NUEB

38 WA(JH{II-1)%ISTT)} = 0,

WALJIT) = (WAGITI+P2VIJ) }xu(J)
GOTO 44

40 XY = XY+WA(JI)

42 WALJI) = (WACJITI4PHVIJ))*W(J)

44 CONTINUE
c
CHxxxx AUSSORTIEREN ZUR GEWICHTETEN INTEGRATION ¥k i ik dodof ok otk desk
DO 64 NR = 1,NUEB
NI = (NR-1I*ISTYT
JA =1
D0 58 NT = NANF,NEND
NN = NANF+NEND-NT
C NN-TE GRUPPE = AUSSTREUGRUPPE
c {NN+NR-1)}-TE GRUPPE = EINSTREUGRUPPE
AM = ABN{NN)
D0 46 J = JA,ISTT
IF(E(J).GT.AM} GOTO 48
JI = J-JA+1
EN(JI) = E{J)
46 FJI) = WAWINI)
J = ISTT+1
48 IKK = J-JA
JA = J-1
IF(NN+NR-1.GT.IM} GOTO 58
IF{IKK.GEL3) GOTO 52
VAL = 0.
GOTO 56
52 EN(IKK) = AM
T = (FUIKK=2}-F(IKK-1) ) /{EN{IKK-2)-EN{IKK-1))
FOIKK) = FOIKK=-11+T*{(AM-EN(IKK-1))
C
Chk¥kkkx AUSWAHL DES BENOETIGTEN TEILSPEKTRUMS UND INTERPOLATIQON®dkskdkkicdsdky
CALL SPRAL(KSPE,KSPEK MAZ,ESPySPEKsNTTET,STyL ,TKKsEN,G,NSPEK,

1 LSPEK)
C
CEx%x%x%%¥FRZEUGUNG DER NORMIERUNGSINTEGRAL E ko s dese sk Jedfe ek e ofe deode ke stesde e e sdeskofedk e e deoke
IF(NR+GT.1) GOTO 54
CALL TRAPEZ(IKKJEN,yGsFysGR{NN),U,0)
IF{L.EQ.1) RSP(NN) = GR{NN)
C

Cr¥xikkSPEKTRUMSGEW ICHTETE ENERGIEINTEGRATION e soedkskokeode deojesieade ok e e oo e sdeskofoke ok e
54 CALL TRAPEZ(IKK,EN,F,G,VAL,U,1)
VAL = VAL/GR{NN)
56 ELSIG(L,NR,NN} = VAL
58 CONTINUE
64 CCNTINUE
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66 CCNTINUE

RETURN
END

SUBROUTINE TPOL IN(M;sA,ByNy Xy YsHR)

C
CHkkak L INEARE INTERPOLAT TON stk sk s etk e e ook ke ok s ok o sk o ek e e o oo o
C

DIMENSTION A(M)}B(M)yXIN)}sY{N)},HR{M)

C
NV = N-1
c
CHxxx*KOEFFIZIENTEN HR stk ok skt ekl sk ek ok sk skoleok o desie ok e ok stk ke sk
MM = M~]
DO 6 I = 1l,MM
6 HR(T)} = (B(I+1)-B(I})}/{A(I+1)-A(I))
c
Chkdiek INTERPOL AT T ON 3k 2 seadesie sieosfe s e e deie vl 2o o e e e e s sk dhoole o e e o ddesie o s e e e s o e seole e s ool o e ek ke s ole e
Y(1) = B(1)
Y(N) = B(M)
I =1
DO 14 J = 24NM
8 IF(A(TI+1)-X{J})) F,10,11
9 1 = I+1
GOTO 8
10 Y{J) = B(I+1)
GOTC 14
11 Y{J) = BUI)+HR{II*(X{J)=-A(I))
14 CONTINUF
C
RETURN
ENC
SUBROUTINF SPRAL{KSyNSyMZ EsSyNTTFT,STosLeIKKsEN,GoNPyNL}
c

C##xx#BEREITSTELLUNG DES WICHTUNGSSPEKTRUMS skt ok etk ok ootk ok
c

DIMENSTON E(NP),SINL)yENCIKK)sGUIKK) ,ET(NTT) ,STINTT) ,MZ(2}
C

FO(AByXsY) = (1/X+1/Y)*x{(B-A)

F1{AyBsXyY) = (1/(XkX)+1/7(Y%Y)})*(B-A)

F2(AsByXoY) = (1/(XEXEX)+1/(YRY*XY))*(B-A)

F3(A,RBeXyY) = (1/X¥%4+1/Y%%4)}*(B-A)

F4(AyByXaY) = (1/X¥XS5+1/Y%(%5)%{B~A)

FS{AsBeXeY) = (1/X¥%6+1/Y¥¥6)*(B-A)
C

IF(KS.NE.CQ) GO TO 2
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kX% XSPEKTRUM AUS DER FUNKTION PHI(E) BZwW.

40

PHIL (L 4B} soksesosoksdoksokokakiekokskk

IF{LeGTo14ANDMZ{1).EQ.1)
DC 41 T = 1,IKK

GOTO 42

41 G(I) = PHI(EN{(I))

GOTO 7
42 DO 43 1 = 1,IKK
43 G(I) = PHIL(L,EN(I))
G070 7
c
CH¥F*xxSPEKTRUM AUS PUNKTWEISER EINGAB Esdssokososoksskook sk ok ok e koo doskde ek ok
2 NN = 2
00 6 I = 1,IKK
DO 3 N = NN,NS
M =N

5

6
c

IF(MZ(1).NE.O) M = M+(L-1)*NS

IF(E(N}-EN(T))} 39495

CONTINUE

G(I) = S(M)

NN = N

G070 6

G{I} = SIM=1)+4(S{MI-SIM-1)}/CEINI-E{(N-1) )} *{ENCI)-E(N-1})
IF{N.GT.2) NN = N-1

CONTINUE

Cxt%xkUNGCEWICHTETE INTERVALLBRET TEN® & dkafedeskskopot skt sdrofe ook ek e ok et dede e e e ke el

7

8

o

IF(NTT.6T.1}
IK = IKK-1

b0 8 I =1,1K
EN(I) = EN(I+1)-EN(CI)
RETURN

GOTO 8

CxkxxFE INSTRUKTURGEWICHTETE INTERVALLBRE I TE Nk sk st ook ot e

9

10

11
12
14
16

17

N=1

STE = -1

IF(EN{IKK}LEL.ET{2)) STE = ST(2)
IF(EN(L) e GE.ETINTT-1)) STE = STINTT-1)

STA = STE

IF(STE.LT.0) GOTO 10
N=20

M =20

NN = 1

IK = IKK-1

DO 38 I = 1,1IK
IF(N.EQ.O) GOTO 17

DO 11 N = NN4GNTT

IF(ET(N)-EN(I))  11,11,12

CONT INUE

N = NTT

DO 14 M = N,NTT

IF(ET(M)I-EN(I+1))  14,16,16

CONT INUE

M= NTT

STA = STAN)+(EN(T)=ET(N) }x(ST(N-1)=ST(N)}/(ETIN-1)-ET{(N})

STE = ST(MI+(EN(I+1)=ET{M) ) *(ST(M-1}-ST(M)) /(ET(M-1)}-ET(M}}
IF(MZ{2).EQ.0} GOTO 18
GOTO {18,21524527530,33),L
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Ch¥kxx*x 0, MCMENT
18 IF({MsGTeN) GOT0 19
W = FO(EN(I),EN{I+1),5TA,STE)
GOTO 36
19 W = FO(EN(T)oET{N}sSTA,ST(N)I+FO(ET{M~1)sEN(I+1)3STE,ST(M-11))
IF(N.EQeM~1} GOTO 36
MM = M-2
DO 20 J = N¢MM
20 W = WHFO(ET(JI)yET({J+L),ST(JI+1),ST(J))
GOTO 36
C¥%xk*kx 1, MOMENT
21 IF(M.GT.N) GOTO 22
W = FLIEN(I)},EN(I+1),STA,STE)
GCTO 36
22 W = FL{EN(I)oETIN)sSTAsSTIN))4FI(ETIM-1},EN(I+1),STE,ST(M-1))
IF{N.EQ.M-1) GOTO 36
MM = M=2
DO 23 J = NyMM
23 W = WeFLLET(JI) s ETLI#1)ST{J+1),STLI))
GOTO 36
CHkxx%x 2, MCMENT
24 IF(M.GTLN) GOTO 25
W = F2{EN(I),EN{T+1)},STA,STF}
GOTO 36
25 W = F2UEN{I) ET(N),STALSTIN)}+F2(ET(M-1) sEN(I+1)STE,ST(M-1))
IF(N.EQ.M-1) GOTD 36
MM = M=2
D0 26 J = N,MM
26 W = W+F2(ET(J)ET(J+1)ySTLI+1),ST(J)}
GCTO 36
C¥%kxx 3, MOMENT
27 IF{M.GT.N) GOTO 28
W = F3(EN(I),EN(I+1),STA,STE)
GOTO 36
28 W = F3(EN(I}oETIN) STAS;STINII+F3(ET(M-1)EN(I+1) ,STE,ST(M=-11})
IF{N.EQ.M-1}) GOTO 36
MM = M=2
DO 29 J = Ny,MM
29 W = WH+F3(ET(J)oET(I+1),ST(J+1},5T(J))
GOTO 36
Ch*kkkk &o MOMENT
30 IF(M.GT.N) GOTO 31
W = F4(EN(TI);EN(I+1),STA,STE)
GOTO 36
31 W = F4(EN(I)sET(N)ySTA,STIN}I+F4{ETI{M=1)EN{I+1) ,STEHST{(M=1))
IF(N.FQ.M-1) GOTO 36
MM = M=2
B0 32 J = N,MM
32 W = WeF4(ET(IY o ET(J+1)yST(I+1),ST(I))
GOTO 36
Ck%xkx® 5, MOMENT
33 IF(M.GT.N) GOTO 34
W = FS5(EN{I),EN(TI+1),STA,STE)
GOTO 36
34 W = FS{EN{(I)sFT(N)ySTAsSTIN)II4FS5(ET(M~1)EN(I+1),STE,ST(M-1}})
IF{N.EQeM-1) GOTC 36
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MM = M-2

DO 35 J = N,MM
35 W = W+FS({ET(J},ET(I+1),ST(JI+1),S5T(J))
36 EN(]) = O.5%W

38 NN = M-1
C
RETURN
END

SUBRQUTINE TRAPEZ(MsE,FsGyWeH,L)

C
Cxxt%+ INTEGRATION NACH DER TRAPEZREGEL sokssioskaosh ks ok etk g dokae de ook s gk
c

DIMENSION E(M)},FI{M),G(M)},H(M)
C
c L =0 : GEWICHTSFUNKTION KONSTANT = 1
[ L =1 : GEWICHTSFUNKTION NICHT KONSTANT
C
IF(L.FQ.O) GOTO 8
DO 2 J = 2:M
2 HUJ-1) = (F{JI=11%G(J-1)+F(J)%G{JI})*E(JI-1)
GO0TO 12
8 DO 10 J = 24M
10 H{J=1) = (FII+F(J-1})*E(J-1)
12 MM = M-1
CALL SUM(MM,H,W}
W = 0.5%NW
C
RETURN
END

FUNCTION PHIL(L,E)
PHIL=1./E¥*L
RETURN

END

SUBROUTINE MUKON(ELSIG,ELTOT4NLE,NECU,NUEB,IL,IM,NGR)

c
CixexMULT I GRUPPENKON STANT EN kst skateskofestestoade s seate s ot dsfolatsdofolofolobataol ookl dooololokok
c
DIMENSION ELSTIG(6sNECU,NGR),ELTOT(2,NGR}
C

NP = NLE+l
Ch#ak%T OTALER STREUQUERSSCHN I T Tasksksraskokaokoksksk o sk deok ok de ook koo o sk o e e e e
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DO 14 NN = IL,IM
STO = 0.
DO 12 NS = 1,NUEB

NT = NS+NN-1
STO = STO+ELSIG(1,NS,NN)

IFINT.EQ.IM) GOTO 14
12 CCNTINUFE
14 ELTOT(1,AN)} = STO

C
C*kEENORMIERUNG AUF DEN TOTALEN STREUQUERSCHNT T Tk kkaestkdcdokkkdardkkkkk s
22 DO 26 L = 1,NP
DO 26 NN=IL,IM
DO 24 T = 1,NUEB
NT=T+NN-1
ELSIG(L, I,NN) = ELSIG(L,I,NN)/ELTOT{1,NN)
IFINT.EQ.IM) GO TO 26
24 CONTINUE
26 CONTINUE
o
Cxaxx*¥MITTLERER STREUKOS 1 NU Sk doksiesieoteskokak deofede ek ok dee ok e oot ek ook el o

15 PO 20 NN = IL,IM
STO = 0.
DO 18 NS = 1,NUEB

~ NT = NS+NN-1
STO = STO4ELSIG(2,NS,NN}
TFINT.EQ.IM]  GOTO 20
18 CONTINUE
20 ELTOT(2,NN) = STO

C
Cx#xkx ABSCHNEIDEN (NULLSETZEN) VON GROESSEN KLEINER 1.FE—6 ¥kkkkdkkkddkkk
DD 40 L = 1,NP
DO 40 NN=TL,IM
DO 28 I = 1,NUEB
NT=14NN-1 :
ELSIG(Ly T4,NN) = AINT(ELSIG{(LsI,NN}*1.E+5)*1,E-5
IFINT.EQ.IM}) GO TO 40
38 CONTINUE
40 CCONT INUF
C
RETURN
END
SUBROUTINE PRINT(ELSIG,ELTOT NLASNLEsNECU,NUEB ;ISEL yNGRyKSPEK,
1 MAZ ¢yNTK oK IM)
C

Cak¥k%xSUBROUTINE ZUM AUSDRUCKEN DER STREUMATRIX,DER STREUKOSINUSMATRIX**
C

REAL*8 STOFF,MMM

DIMENSION ELSTG(64NECU4NGR) ,ELTOT{2,NGR) sMAZ(2}

COMMGON STOFF,ISTRUKs ISPASNOUT KPRy NEND s NANF

NP = NLE+1
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C

CHxxsx AUSDRUCKEN DER STREUMA TR IZ EN sksksiesieakookok skokode s ook oot e s ook st e e ok s s e e e

C

C##++x%x INFORMATIONEN UEBER DIE WICHTUNG®#k#&aksskdkihsoh ikt

C

DO 3 L = 1.NP

LM = L-1

WRITE{NOUT,21) LM,LM,STOFF
IF{TABS({ISEL).EQ.1) WRITE{NOUT,28}
I1 = NANF

12=11+MINQ(5,NEND-11)

WRITE(NDUT,24) (I,1 = 11,12)

D0 2 T = 1,NUEB

I3=MINO(I2,NEND4KIM-T1+1)
IF(I3.LT.I1) GO 7O 2
WRITE(NOUT,22) (ELSIG(L,IsNN
CONTINUE
WRITE{NOUT,20)
IF{I12.GE.NEND)
I1 = [2+]1

GOTO 1
CCNTINVE
WRITE(NOUT,52)

)eNN=T1,13)

GOTO 3

Fkk
WRITE(NOUT, 30)
IF(KSPEK.GT+0.AND.MAZ{ 1)} .EQ.OIWRITE{NOUT,32)
IF{KSPEK+GT+0s ANDeMAZ{1).EQ.1)WRITEINDUT;34)
IF{KSPEK<EQe0 . AND.MAZ{1}).EQ.0)WRITE(NOUT,36)
IF(KSPEK.EQeO«AND.MAZ(1).EQ.1IWRITE(NOUT,38)
WRITE(NOUT,40}
IF(NTK.EQa1 ANDJMAZ(2) LEQ.OIWRITE(NOUT,42}
IF(NTKeEQe 1o ANDJMAZ(2)EQe 1) WRITE(NOUT»44)
IF(NTKL,EQ.D) WRITE(NOUT,46)

NLE

NLE

NLE

C##x4% AUSDRUCKEN DER TOTALEN QUERSCHNITTE UND STREUKOSINUSH kit

10

11
C

WRITE(NOUT,27) STOFF
IF{IABS(ISEL).EQ.1)

Il = NANF
I2=11+MINO(5,NEND-I1}
WRITE(NDUT24) (I,1 =
CO 10 1 = 1,2
WRITE(NOUT,25)
WRITE(NOUT,20)
IF{12.GE.NEND)
I1 = J2+1

GOTO 9
WRITE(NOUT,54)

WRITE(NOUT,28)

11,12}
(ELTOT({IsNN)}sNN = 11,12)

GOTO 11

Cx%kxxRESERVIEREN DER RESUL TATE% sk kst doskea s e ook sfe e sl o ok ek e o sl oo e e s e e e ek e

CALL DOPW(8HFLUM
I=0

WRITE (KPR)
I1=NANF
12=NEND

I=4
L=NLE-NLA+1
NN=12-T1+1
WRITE (KPR}I,STOFF,NN,L

sMMM )

Iy MMM
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I=3

DO 31 NN=11,12

WRITE (KPR) I,NNySLTOT(1,NN},ELTOT{2,NN)}
31 CONTINUE

B2 33 b =

Lk=L-1

B0 33 NN=1I1,1I2

LL=MINO (NUEB, I24+KIM-NN+1}

I=LL+2

WRITE (KPR)
33 CONTINUE

1,NP

TeLM NNy (ELSIG{L,K,NN },K=1,LL}

RETURN

20 FORMAT(1HO)

21 FORMAT(1HO//29X,*SGNC',I1,8X, *ELASTISCHE STREUMATRIX
1UNG FUER ',A8//)

22 FORMAT(23X,6F12.5)

24 FORMAT(23X,6(2X,13,'.GRUPPE"®}}

25 FORMAT(23X,1P6E12.3)

28 FORMAT(56X,*FUER SGN(E) = 1°%/)

t,11,°

« ORDN

27 FORMAT(1HO//31X,*TOTALE ELASTISCHE STREUQUERSCHNITTE SGN UND STREU

1KOSTNUS MUEL FUER ,A8//)
30 FORMAT(////742X:s'M A K RO WICHTUNG "/}
32 FORMAT (42X, 'ALLE MOMENTE WIE DAS O. MOMENT MIT DEMY/

1 42X, *EINGELESENEN PUNKTSPEKTRUM F{0,E} )
34 FORMAT (42X 'CAS L-TF MOMENT MIT DEM (L+1)-TEN EINGE-'/
1 42Xy *LESENEN PUNKTSPEKTRUM F{LsE)y L = Oplseecs® 12}
36 FORMAT (42X, *ALLE MOMENTE WIE DAS 0. MOMENT MIT®/
1 42X *F(O,E) (STANDARD F{04E) = 1/E}*)
38 FORMAT(42Xs*'CAS L-TF MOMENT MIT F(LsE)y L = Oslsees®pl2/
1 42Xy *(STANDARD F(L,E) = 1/E**(L+1))}")

40 FORMAT(///742%+'M I K R O W I CHTUNG G (FEINSTRUKTUR} /)

42 FORMAT (42X, *ALLE MOMENTE WIE DAS Q.

MOMENT MIT FS(0,E)=1/SGT(E}*/

1 42X, *SGT(E)=TOTALER QUERSCHNITT DER EINGELESENEN MISCHUNG®}

44 FORMAT(42X,*0AS L-TE MOMENT MIT FS(Ls,E)y L = Oslreer®yI12/
42Xy " {STANDARD FS(L,E}=(1/SGTLE))¥*(L+1)} )/

1
2 42X, *SGT(E)=TOTALER QUERSCHNITT DER EINGELESENEN MISCHUNG®)

46 FORMAT (42X, PALLE MOMENTE MIT FS(O,E) = 17/
1 42Xy " {KEINE FEINSTRUKTURWICHTUNG) *)
52 FORMAT(//29X,*ERLAEUTERUNG®/29X,°L~TE ORDNUNG, G~TE GRUPPE,

I-TE Z

54 FCRMAT(//29X, ' ERLAEUTERUNG® /29X, *G—TE GRUPPE, 1.

1EILE: MATRIXELEMENT L-TER ORDNUNG®/29X,*FUER STREUUNG AUS DER G-~TE
2N GRUPPE IN DIE (G+I-1)-TE GRUPPE, BEZOGEN®/29X,*'AUF DEN TOTALEN E
3LASTISCHEN QUERSCHNITT (TOTALES O.MOMENT) DER®/29X,?G~TEN GRUPPE')
ZEI'LE: TOTALER EL
1ASTISCHER QUERSCHNITT DER G-TEN'® /29X, *GRUPPE */29X, *G-TE GRUPPE; 2.
2 ZETLE: MITTLERER STREUKOSINUS DER G-TEN GRUPPE®)

END
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9000

9001

9

10

SUBROUTINE SPALTINE,ENG, X}

BERECHNUNE DES SPALTSPEKTRUMS

REAL*8 MATsFEST(10)},NFEST{10)},MMM

REAL*¥8 E4BeCsToEFyEWIEGYEGLXG9XGLl1YG2YGLlsX62+Y625,X612,YG12
DIMENSION ENG(NE),NADAT(2),NSATZ(4),X(NE)

COMMON MAT,ISTRUK, ISPASNOUTP,JA NANF,NEND,KL
EQUIVALENCE(FEST(1),NFEST(1)]}

WRITE (NOUTP,9000C)

FORMAT{1HO/1HO/' PROGRAMM KENNZIFFER 7%}

WRITE (NOUTP,9001}

FORMAT (' PROGRAMM ZUR BFRECHNUNG DES SPALTSPEKTRUMS!/)

N=1

I=0

L=NE-NANF
IGRUP=NE-NEND

CALL DOPW (BHBEST
CALL DOPW (8HCHICR
CALL DOPW (8HSPALT
NSATZ(1}=3
NFEST(1)=MAT

CALL NDFLOC (NSUCHsNSATZ,FESTsNUDAT¢NC)
IF{NSUCH) 6456, 7

WRITE (NOUTP,8) FEST{1)

sNFEST(2))
+NFEST(3))
s MMM}

FORMAT{' FUFR DAS MATERIAL®,A9,' GIBT ES KEIN SPALTSPEKTRUM®)

GO TO 5

E=FEST(4)

B=FEST(6)

C=FEST(T7}

T=1./8

EF= C/{4.%B*B)
EW=DSQRT(EF/T)

B0 9 K=L, IGRUP
EG=DSQRT{ENG(K)/T)
EG1=0SQRT{ENG(K+1}/T)
XG=EG1-EW

XG1=EG-EW

YG=FGl+EW

YGI=EG+EW

XG2=XG*XG

YG2=YG*YG

XC12=XG1*XG1
YG12=YG1*YG1
X{K1=0,2820947917738/FW*{DEXP{-XG12)-DEXP(-XG2)-DEXP(-YG12)
1+DEXP{-YG2))~0.5*(DERF(XG1 )~-DERF{XG}+DERF(YGL)-DERF(YG))
CCNTINUE

IF(N.EQ.2) GO TO 10

N=2

1J=0

WRITE (JA) TJ,MMM

1J=6

K=NE-L

J=NE-IGRUP

WRITE (JA) TJsMAT,E,K,J
NNN=TGRUP+1-L

WRITE(JA) NNN, {X(TJ},IJ=L,IGRUP)
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WRITE (NOUTP,12) MAT,E,K,J
12 FORMAT(1HC,A9y* EINFALLSENERGIE =7,E16.8,"
1,12)
WRITE(NOUTP,14) 1
14 FORMAT{(' CHI ',I1}
I=1+1
WRITE (NOUTP,13) (X(IJ),IJ=L,IGRUP)
13 FORMAT(1H ,7E16.8/{(1X,7E16.8))
CALL NDFNXT{NSUCH,NSATZ,FESTysNUDAT,4NC)}
IF(NSUCH} 5,5,7
5 KL=KL+41
RETURN
END

BESTIMMUNG DER 1/V-WERTE IM KFK-SATZ

SUBROUTINE EDV (MMyANEFsXSsGsE oV YNES,ES,F)

REAL*B MAT,KZF

VON GRUPPE? ,13,°

DIMENSION A{MM)}4XS{NEF}sG(NEF),E(MM) ; V(MM) ;Y (MM)

1,ESINES),F(NES?

COMMON MAT, ISTRUK, ISPA;NOUTP 4 JA,NANF s NEND s KL

WRITE (NOUTP,9000C})

9000 FORMAT(1HO/1HO/* PROGRAMM KENNZIFFER 8°)

WRITE {NOUTP,9001)

CO0 5 I=1,NFEF
ES({I)=XS(1)

5 F{I}=CG(1}
C=7.22929F-7
NF=NEF
IF(NEF<EQel} NF=0
CALL DOPW (8HS1/V
DO 914 I=1,MM
L=MM+1-1

914 E(L)=A(I)}
18=0
J=MM
IFINF)25+3+25

3 ES(1)=E(J}
M=1
L=MM-1
D0 14 I=1.L
K=MM-1I
ER1=E(K])
ER2=E(K+1)

00 12 K=1,9
M=M+1
AK=K
AK=AK*0,1
12 ES{M)=ER2+AK*(ER1-ER2)
IF(I-L)16,14,16
16 M=M+]
14 ES{M)=ER1

+KZE)

BIS®

9001 FORMAT{®' PROGRAMM ZUR BERFCHNUNG DES 1/V— GRUPPENMITTELWERTES®/)

570
580
590
600
610
620
630
640
650
660
670
680
690

10
20
30
40
50
60
70
80
90

100
110 §
120
130 @
140
150

160

170

180

190

200

210

220

230

240

250

260

270

280

290

300

310

320

330

340

350

360

370

380



13
25

10
11
101
100
22

30

40

77
70
80

68

71

550

600

500

DC 13 I=1,M
F(I)=PHI(ES(I)})

I1S=15+1
IF{E{J)-ES(1S)}10,22,25
IF(IS-1711,11,30

NFEHL=1

WRITE (NOUTP,100) NFEHL
FORMAT {1HO, 6HFEHLERT3)

G0 TO 999

Y{(J)=F(IS)

GO TO 40
XM={F(IS)=F(IS—-1))/{ESTIS)=-ES(IS-1))
Y{J)=xXM*(E{J)-ES{IS-1)I+F({IS—-1)
I1S=15-1

KS=MM-1

D0 1 I=1,KS

J=MM-1

KZ=0

1J1=1S
IF(E(J)I-ES(IS))68,71,70
KZ=KZ+1

1S=1S+1

G0 TO 77
XM={F({IS)=F(IS-1))/{ES{IS)-ES{IS~1))
Y{J)=XME{E(J)}-ES(IS-1)}+F(IS-1)
LAR=0

GO TQ 550

Y{JY¥=F(1IS)

LAR=1

SUMZ=0.

SUMN=0,
S1=Y(J+1)/SQRT(E(J+1}))
S2=F{IJ1+1)/SQRTI(ES(TIJ1+1}}
$Z1=5S1+S2
§22=E{J+1)-ES(IJ1+1}
SZ=S71%S712

SUMZ=SUMZ+SZ
SNI=F(IJ1+1)+Y(J+1)
SN=SN1*S22

SUMN=SUMN+SN
IF{KZ-2)501,500,600
KZ=1J1+KZ=-2

1Ji=1J1+1

DO 2 N=1J1,K2
S1=F(N}/SQRT(ES(N})
S2=F{N+1)/SQRT(ES(N+1})
SZ1=51+S2
SZ2=ES(NJ)-ES(N+1)
S2=S71%S22

SUMZ=SUMZ+5Z
SN1=F(N}+F{N+1}
SN=SN1*SZ2

SUMN=SUMN+SN
S1=F(IS=1)}/SQRT(ES(IS-1})
S2=Y(J}/SQRTIE(J} )
SZ1=S1+52

390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
81¢
820
830
840
850
860
870
88¢C
89¢
900
910
920
930
940

501

300
916

502

999

9000

9001

SZ2=ES(IS-1)-E(J)

SZ=S71%S72

SUMZ=SUMZ+SZ

SNI=Y(J)+F{I5-1)

SN=SN1xSZ2

SUMN=SUMN+SN

IF(LAR)1,55,1

1S=15-1

V{J)=CxSUMZ/SUMN
V{MM)=0,88€2269%C/SQRT(0.0253)
WRITE (NOUTP,300) (I,V{(I),I=1,MM)
FORMAT(1HO, 6HGRUPPE, 7TXs3H1/V/(15,E£17.81)
L=0

WRITE (JAJL,KZE

D8 502 I=1,MM

KP=MM—-T1+1

Y{I)=V(KP)

WRITE {JA) MM, (Y(I),T=1,MM)}
KL=KL+1

RETURN

STOP

END

SUBROUTINE REMO(NGyABN;NSPsFyEsERRsNLASNLE yNGRE sNFGyNFI s NIMoNUJIM,
1ISEL, INORK,WORK,L)

DIMENSION IWCORK(1),WORK{1)},KDAT(2)
REAL*8 FNEV(3)

REAL%8 NHID

REAL*8 MATN

REAL*8 REM

DIMENSION ABN(1),F(1),E(1},NFG(1),NFI{1)
COMMON MATN, IQQ(2) yNOUTLIs M1l M2,KLL
EQUIVALENCE(NT7,N8)

FQUIVALENCE(N3,N4)

CATA NHID/*H H1'/

OATA FNEV/®SGNC * ,°SGT ",'SGN ¢/

CATA REM/*REMO '/

KLL=KLL+1

WRITE (NOUT ,90C0)

FORMAT(1HO/1HO/®' PROGRAMM KENNZIFFER 9°%)
WRITE (NOUT ,9001)

FORMAT (* PROGRAMM ZUR BERECHNUNG DER ELASTISCHEN STREUMATRIZEN FUE

1R DIE REMO-KORREKTUR® /)
IWORK (24)=0

IWCRK(33)=35

MC=TWORK (33)+2+2%NJM
MM=MO+NG+1
IF(MM=—{MM/2)%2,FQ,D)MM=MM+]
IWORK (34)}=MM

IWORK(8)=TSEL

IWORK (14)=NG

TWORK(15)=NSP

950

960

970

980

990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160

10
20
30 i
40 &
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290



30

IWORK(16)=NLA
IWORK (17)=NLE

INORK(19)=NJM+1

IWORK (20 }=NUJM

WORK (27)=ERR

WORK(32)=-0.1

DO 30 I=1,NG

11=NG-T1+1

WORK (MO+T1-1)=ABN(I)

WORK {MO+NG}=0.

CALL MASSIN(WORK,WORK(MO))
IMAX=TWORK (18)
NO=TWORK (34) + (NLE+1)*IMAX*2
IWORK (1)=NO
IF(MATN.EQ.NHIDIGOTO 3

CALL NIVNUM(MATN, FNEV(1) sNTV;WORK(MO+M2-1} ,WORK(MO+M1} ,FNw,
1£3,63,63)

NIV=NTV+2

60TO 4

NIV=0

1C0S=0

N2=NO

N3=NO

N4=NO

1S=M2-1

INORK(261=NIV

N1=NO+NTV

TWORK(2)=N1

IF(NIV.EQ.0)G60TD 5

NW=1

CALL CATNUM(MATN, FNEV(1)ICOS,NWs1.0s=1.05E3,63,E3)
LM=N1+T1COS

IF(LM.GT.LIGOTO 20
TF(FNW.GE.WORK (MO+M2-1))60TO 3
IS=1CSOP { FNW , WORK (M0))

IF (FNW.EQ.WORK (MO +1S=1)11S=1S~1
N2=N1+1ICOS

N3=N2+ICOS*NIV

L1=N34+NIV

L2=L1+1COS

LM=L2+ICOS%NIV
IF(M1.LT.IS)IS=M1
IF(LM.GT,.L)GOTO 20

CALL KEDLEC(MATN,FNEV(1),NIV,WORK(NO) s IWORK(N3) ,WORK{MO+M2-1),
1WORK (MO+1S ),

1WORK (N1}, WORK(L1),WORK{L2)sWORK(N2),140,-1.0563,83,£3)
INORK (26 )=N1V

CONT INUE

TWORK(21)=1C0S

IWORK (3)=N2

IWORK(5)=N4

KCAT(1}=1

KCAT (2)=1

LM=N4

DO 6 I=M2,M1

DO 6 J=1,2

3600
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
57C
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
74C
750
760
770
780
790
800
810
820
830
84C
850

10
71

20

70

CALL CATNUM(MATN,FNEV(J+1) 4NDAT,NW, WORK(MI+M2-1) ,WORK(M1+MO),
1610,6104610)

IF(KCAT(J) LT NDAT)KDAT(J)=NDAT
GOTO 6
WRITE(NOUT,7T1IMATN,FNEV(J+1)
FORMAT(® #**¥*ERROR 9,5 : FOR ',A8,°
CONTINUE

TF(KCAT(2) 4L T.KDAT(1)) KDAT(2)=KDAT(1}
N5=N4+KDAT(2)

N6=N5+KDAT (2}

KK=KDAT(2)

IMAX=TWORK (18]}

N7=N6+KK

N9=N8+ICOS

N10=N9+IMAXHNUJIM* (NLE+1)
N11=TMAX*(NLE+1)+N10O
N11=N11+1+IMAX

IWORK{6)=N5

TWORK(T)=N6

IWORK(9)=N8

TWORK(10)=N9

IWORK(113=N10O

IWORK(12)=N11

LM=N11+KDAT (2}

IF(L.LTL.LMIGOTO 20

NZM=1

D0 9 I=M2,M1

NZ=NFG{TI)}*NFI(I)
NZM=MAXO (NIM,NZ)
CONTINUF
IZV=TMAX*(NLE+1)
1ZV=MAXCQ{4,I2V)
TWORK{13)=N11+NZM*IZV
JJI=2+TMAXXNZM
JJ=MAXO(JJ,KCAT(2))
LM=TWORK (13} +JJ

CONT INUE
IF(LLTLMIWRITEINOUT, TOILM

THERE IS NO

FORMAT{* *%%ERROR 9,1 : REQUIRED WORKING FIELD®,I8,°

IF(LLTLLMIRETURN

NQ=0

WRITE(LTINQ,REM

NG=4

NM1=NLF—~NLA+1
WRITE(LTINQsMATN,NG,NM1

CALL REMP(WORK(MC) NFGyNFI,FsEsWORK,TWORK,IS)

RETURN
END

' ,A8)

WORDS *)

860
870
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
11509
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
1330



20

22

40

21

41

3¢

SUBROUTINE
1 KEDDAT(NAMIZyNAMTYP o NWoNW1 s FNW, NDAT s FAs FFy EP 5 EMy %y %o )
REAL*8 FM({6),NAMIZ,NAMTYP,NGNC,NGIZ

DIMENSION EA(1),IEA(1),FA(L)sFF{1)+FAW(1)FFW{1),NHWORT(4),NDT(2)
DATA FM{2)/°BEST */,KERST/C/ +NGNC/?SGNC */4NGIZ/*SGIZ */
KK=1

IF(NAMTYP,EQoNGNCe DOReNAMTY P, EQeNGIZ}KK=2

GOTO 1

ENTRY DATNUM{NAMIZ,NAMTYP,NDAT;NWyEP,EMy¥, %, %)
KK=3

IF(NAMTYP.EQ.NGNCoORe NAMTYPLEQe NGIZ)KK=4

GOTO 1

ENTRY KEDLEC{NAMIZ ,NAMTYP,NWL,EA,ICA,EPW,EMW,FA,FFFAW, FFWsEP,EM,
1Xy¥e%)

KK=5

NW=0

GOTO 1

ENTRY NIVNUM(NAMIZ NAMTYP,NW]l ;EPWyEMW,EFRy* g%y %)
NW=0

KK=6

IF(KERST.NE.C)IGOTO 20

t=1

KERST=1

FM(1)=NAMIZ

FM{3)=NAMTYP

GOTO (2+392+3¢3+3),KK

CONTINUE

NWORT{1)=3

LL=0

CALL NDFLOC(NT.NWORT,FM,N1,N2)
IF(NT.EQ.OIRETURN 1

NDAT=1

IF(FM{4+LL). LE. EM)GOTO 21

IF(KK.EQe3)GOTO 40

FA{l)=CM

FF{1)=FM{5+LL)

CONTINUE

NDAT=2

CONTINUE

IF(KK<EQ.3)1GOTO 8

FA{NDAT)=FM(4+LL)

FF{NDAT)=FM{5+LL)

NDAT=NDAT+1

CALL NDFNXT(NT,NWORTsFM,N1,N2)

IF(NT.EQ.01GOTO 9

IF(FM{4+LL ) LE.EMINDAT=]

IF(KKeEQe31GOTO 41

FA{NDAT)}=FM{4+LL)

FE{NDATI=FM(5+LL}

CONTINUE

IF(FM(4+LL}.GE.EP)IGOTO 30

GOTO 8

IF{LL.EQ.TIRETURN

IF{KKeEQele NRoKKoEQe 3) RETURN

GOTO 12

CONTINUE

1¢
20
30

50

60

70

80

90
1ce
110
120
130
140
150
160
170
180
19¢
200
210
220
230
240
25G
260
270
280
29¢
300
316
320
330
340
35¢
360
37¢C
38C
39¢
400
416
420
430
440
450
460
470
480
490
500
510
520
530
544
550
56C

42

23

24

25

26

10

90

88

91

IF(KKs5Q.3)1G0TO 42
FA(NDAT)=EP
FF{NDAT)=FF(NDAT-1)
CONTINUE
GOTO 32
CONTINUE
NWORT(1)=4
LL=1
NW1=0
FM{4)=1,0
CALL NDFLOC(NT.NWORT,FM,N1,N2)
CALL NDFLOC(NT,NWORT,FM,N1,N2})

IF{NT.EQeDe ANDaNWl.EQ.CIRETURN 1

IF(NT.EQ.D)GOTO 18

IF(KKeEDs 6o ANDe NWlo EQe U ) EFR=FM(4)

NW1=NW1+1

IF(NWeEQoCe AND. FM(4) o GE.EMW)IGOTO 24

IF(NW.EQ.NW1)1GOTO 24
FM(4)={(1+1.E—6)%FM(4)

GOTO 23

CONTINUE
IF{KKeGE.T7)GOTO 26

IF(KKeGE.5)GOT0O 25

FNW=FM(4)

KK=KK=-1

GOTO 22

NW=NW1l-1

IF(EMW.EQeFM(4) INW=NW1

tz=0

IFINW.EQ.Q)LZ=1

IF{NWe FQ. O INKW=1

NPN=0

KK=KK+2

GOTO 3

FNW=FM(4)
IF(KKLEQ.T)GOTO 22
IF(FM(4)GE.EPWIRETURN
FM{4)=(1+1.E-6)*FM(4)

NW=NW+1

G070 23
IF(LZ.NE.D)IGOTO 88

DO 90U TI=1,NCAT
FAW(I)=FA(I)
FFW{I)=FF(I}
IEA{1)=NDAT

EA(1)=EMW

LZ=2

NPN=NDAT

CONTINUE

DO 91 I=1,NDAT
FAW{I+NPN}=FA(I)
FFN{T+NPN)I=FF(I)
EA(LZ)=FNW
IEA(LZ)=NDAT
NPN=NPN+NDAT

LZ=LZ+1

576
580
590
600
610
620
630
640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840 =
850
860 &
870
880
890
900
910
920
930
940
950
960
976
980
990

1000

1010

1020

1030

1040

165C

1660

1070

1680

1090

1160

1110

1120
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89

IF(FNW.GE.EPWIGOTO 89
NW=NW+1
FM({4)=(1+1.E~6)*FNW
GOTO 23
FNW=EPW
IF{KK<E0.7)GOTO 88
NW1=NW1+1
RETURN
NWl=LZ-1
RETURN
END

FUNCTION BCM(EI,.EQ,WORK}

DIMENSION WORK(1)

AM=WORK {28)

Q=WORK{(32)

IF{ED.EQ.0.0)G0T0 1

IF{0.LT.0)0=0.0

U=0.5%( (AM+1)*EQ~ (AM—1)}%EI+AM*Q) /SQRT(EI*ED)
IF{U.LT,-1)GOTO 1

IF(UeGTo1)U=1.0

Z=U*U-1

F=l.0/AM

IF(QoNELDo O )F=F*SORT(EI/(EI~-(AM+1)/AM*Q)])
BCM=F*( Z+WkSORT{ Z+AMXAM—AM* {AM+L ) /ET*Q) )
RETURN

BCM==1
RETURN

END

FUNCTION ICSOP{E,ABN)

DIMENSION ABN(1)

J=0

J=J+l
IF(EeLEeABN(J)o ANDs ABN{J)oGTo0.1G0OTO 1
ICSOP=J-1

RETURN

END

DOUBLE PRECISION FUNCTION PTL (N, XX}
REAL*8 XX

GOTO {1+293+495+6) 4N

PTL=1.C

RETURN

1130
1140
115¢
1160
1170
1180
1190
12C¢
1210
122G
1230

1c
25
3C
40
50
60
70
18]
9C
100
116
12¢
130
14C
150
160
170

10
20
30
40
5¢C
50
7C
8G

16
2¢
30
40

i3

12
14

40

PTL=XX

RETURN

PTL=UL 5% (3% (XX¥x%2)-1.0)

RETURN

PTL=0e 5% (5% { XX%k%3}-3%XX)

RETURN
PTL=G4125%(35% (XX¥*%4 ) =30 {XX**x2])+3)
RETURN

PTL=04125%{63%( XX¥%5)=TO*( XX¥*3}+] 5% XX}
RETURN

END

SUBROUTINE ZWIN{KL,ZPsEMsES,J2,J1)}
DIMENSION ES{KL)

J1=KL

J2=1

KL1=KL~1

DO 1 I=1,.KL1
IF(EPeGEES(I)sAND.EPoLTLES({I#+1))GOTO 2
GOTD 1

J1=I+1

GOTO 11

CONTINUE

CONTINUE

DO 12 I=2,KL
TF(EMeLE.ES{I}oANDLEMaGTLES(I-1})1G60TO 13
GOTO 12

J2=I-1

GOTO 14

CONTINUE

CONTINUE

RETURN

END

SUBROUTINE MASSIN{WORK,ABN)

REAL*8 MATN

REAL*8 HID

DIMENSION WORK(1}.,ABN(1},A(6},AC(13)

DIMENSION FF(6}+FA(6)

COMMON MATN,IS{2).NOUT,LI,IR(2)

DATA A/0Ge57735+0eT774596+3633998+0e8611490.53847,0.90618/
DATA HID/°®*H H1*%/

IF(MATN.EQ.HID)GOTOD 40

CALL KEDDAT(MATN, *ISOT1 TyCoNWL  FNNyNDATFAsFF33U0e091a00

1640+840+640)
AME=FA(2)}
GOTO 41
CONTINUE

6C
70
80
90
100
11¢
120
13C
140
150
160

10
20
30
40
50
60
70
80
90

100

110

120

1303

140,

156

160

170

180

190

200

210

10
20
30
40
50
60
T0
8O
96
16C
110
120
13C
140



41

11

AME=1,008665
CONTINUE
AME=AME/1.L08665
D0 1¢ I=1,6
XA=A(])*%*2-1

ACUI+6)={XA-A(TI)*SQRTIXA+AME®*2)}/AME

ACIT b=(XA+A{ T)*SQRT{XA+AME#%2} ) /AME
AC(13)==1/AME
XM={AME+1)%%2/2/AME
OM=2.GE8
TF{XM,NE.2)QM=XM/(XM=2)
OMX=ALOG{OM)

WORK (28)=AME
WORK [ 291=0M
WORK [ 3G )=XM
WORK ( 31 ) =OMX

CALL TROMES(AC)
I1=IR(1)

12=IR(2})

IMAX=2

00 11 I=12,11
E=ABN{I+1}/0M
IM=ICSOP{E,ABN(I))
IF{IM.GTo IMAXIIMAX=IM
CONTINUE

CALL IWIN(18,IMAX,WORK}
RETURN

END

SUBROUTINE INTEN{EsSG,SGNC,EA,ICOS]
DIMENSION SG(1),SGNC{ICOS,1),FA(1)
NE=0

NE=NE+1
IFLE«GT.EA{NE)+FA{NE}*1.0E-4)GOTO 3
IF(NE.EQ.1}GOTO 5
A=ALOG(EA(NE}/EA(NE-1))
B=ALOG({E/EA(NE-1}}

00 4 I=1,1ICOS

SG{I)=(SGNC(I+NE)~SGNC(I NE-1)}/A*B+SGNC(I,NE~-1]}

RETURN

DO & I=1,ICOS
SG(I)=0.5
CONTINUE
RETURN

END

152
160
170
18¢
19¢
208
21¢
220
23¢
24¢
250
260
27C
28C
298
Eldy]
31C
320
330
34C
350
36¢
370
38¢C
390
400
410
420

1¢
20
30
40
50
6C
T0
80U
9G
100
110
120
130
14C
156
160

16

FUNCTION FXINT(EP+EMySGN4ESFLUXsEFLUXsNSPsNDAT)
DIMENSION FLUX{1},EFLUX(1)

DIMENSION SGN{1),ES(1)
FINTP(XAyXByXCyYA,YC)=YA+{YC—YA)/(XC—XA}*{XB-XA)
FG{XAsXBsXCsYA,YCI=YA+(YC—YA)/ALOG{XC/XA}*ALOGIXB/XA}
CALL ZWIN(NDATSEP+EM:ES,J2,5J1)

Y=3

SGN1=SGN(J11}

SGN2=SGN{J2}

£S1=2S(J1)

£82=£S51J2)
SGN{J1)=FG(ES(J1),EP,ES{J1-1},SGN(J1},SGN(J1-1))
SGN{J2)=FG(ES(J2) »EMyES(J2+1),SGN(J2),SGN{(J2+1)}
ES{J1)=EP

ES(J2)=EM

Ji1=J1-1

IF(NSP.EQ.11GOTO 1

CALL ZWIN(NSP,EP,EM,EFLUXsJF2,JF1]}

FFI=FINTP(EFLUX(JF2} s EMsEFLUX(JF2+1) FLUX(JF2) sFLUX{JF2+1})

GOTO 2

FF1=PHI{EM)

CONTINUE

DO 16 1=J2,J11

DX=ES({I+1)-ES(I)

IF{NSP.EQ.1)GOTO 3

CALL ZWIN(NSP,ES(I+1},ES{I+1)EFLUX,ISG,ISF]

FF2=FINTP{EFLUX(ISG) yES{I+1)EFLUX(ISG+1) FLUX{ISG} FLUX(ISG*1)}

GOTO 4

CONTINUFE
FF2=PHI(ES(I+1)}
Y=Y+DX*{SGN{ I )%FF1+SGN{I+1)*FF2)
FF1=FF2

CONTINUE
FXINT=Y/2
ES(J1)=ES1
ES(J2)=ES2
SGN{J1)=SGN1
SGN(J2}=SGN2
RETURN

FND

SUBROUTINE SMORN{PI,N,IM,WORK}
DIMENSION PI(N,IM),WORK(1)
0=WORK{32)

JM=1
IF(QsGTDIIM=TWD(26,WORK)
AS=0

D0 1 I=JdM,IM

AS=PI(1,1I)+AS
IF(AS.EQ.O)RETURN

N0 2 I=JM,IM

DO 2 J=1,N

1¢
20
30
40
50
6G

80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
2805
290 o,
300
310
320
330
340
350
360
370
380
396
400

10
20
30
40
50
60
70
80
90
100
110



2 PI(J.I)=PI(J,I)/AS 120 SUBROUTINE REMP(ABN,IGR,NFI,FLUX, EFLUX,WORK, INORK,IS) 10

RETURN 130 DIMENSION ABN({1)»IGR(L),NFI(L1)sFLUX(1)},EFLUX{1),WORK(L),IWORK(1} 26
END 140 REAL%8 MATN 30
REAL*B FNEV(4) 40
COMMON MATN.ITZ{2)4NOUT,LI,IL.IM 50
DATA FNEV/®SGNC *,*SGT ¥,9%SGN *,*MUEL */ 60
NG=IWORK{1) 70
SUBROUTINE SEARCH{NFGyNFI,WORKsIWORK, FLUX,EFLUX,ABN) 1c N2=IWORK(3) 80
DIMENSION WORK(1)+IWORK(1),FLUX{1),EFLUX(1),ABN(1},5G5(4) 20 N4=IWORK(5) 9¢
REAL*8 MATN 36 N5=IWORK(6) : 100
COMMON MATN,MAY(2),NOUT,LI 40 N6=TWORK(T) 110
DATA SGS/®SGT *,%SGN *,'MUEL®y TFLUX'/ 50 NE=IWORK{26) 120
NDAT=IWORK(25) 60 NLA=IWORK(16} 130
N9=IWORK{13) 70 NLE=IWORK(17) 140
DO 3 I=1,NDAT 86 N11=IWORK(12) 150
3 WORK(N9+I-1)=1.0 96 IMAX=IWORK(18) 160
N4=I HORK(T) 1060 AM=WORK (28} 170
NZ=NFG%NFI 110 DO 10 IG1=IM,IL 18C
N11=IWORK(12} 120 1G6=IM+IL-1G1 190
IW=N1143%NZ 130 IWORK(4)=1G - 200
IG=IWORK(4) 140 IF(IG-15)20+2C,21 210
NSP=IWORK(15) 150 20 CONTINUE 226
DU=ALOG{ABN(1)}/ABN{(2))/NFG 160 IWORK (23)=1 230
E1=ABN(2) 170 CALL ZWIN(NE,ABN(IG),ABN(IG+1},WORK(NO),JW2,JW1) 240
DO 20 I=1,NFG 18¢ ————CALL NORM(JW2,JW1,HORK(N2) WORK} 250
E2=E1*EXP (DU} - ‘ ; 19C GOTO 22 260
DE=ALOG(E2/EL}/NFI 200 21 IWORK{23)=0 270
FF=FXINT(E2+E1,WORK{N9) yWORKI{N&} s FLUX; EFLUX,NSPsNDAT) 210 22 CONT INUE 2805
EM=E1l 220 IWORK{22}=N11 - T 290 o
DO 21 J=1,NFI 230 JN=2 300
EP=EM*EXP(DE) 24C CALL KEDDAT{MATN,FNEV(JIN)} sNWsNW1sFNWsNDAT s WORK{NG) s WORK(N4) 310
WORK { IW}=FXINT(EP,EM, WORKI{NG} s WORK(N4) o FLUX, EFLUX , NSP,NDAT)/FF 250 1ABN(IG) +ABN{IG+1),+62,63,+84) 320
IW=TIW+1 260 IWORK {25)=NDAT 330
21 EM=EP 270 CALL SINT(ABN{IG},IGRIIG),NFI{IG),FLUX,EFLUXWORK N44N6) 340
20 El=E2 28C¢ JN=3 350
IWORK (22)=N11 290 CALL KEDDAT{MATN,FNEV{JIN)} s NWeNWL s FNW o NDAT o WORK (N6) s WORK{NS) 360
NQ=4%NZ+3 300 1ABN{IG) 4ABN(IG+1)+62+63,64) 370
J=4%NZ 310 IN=4 380
WRITE(LIINQ»IG+NFGyNFI 4 (WORK(NL1+I~1),I=1,J) 320 CALL KEDDAT(MATN,FNEV{JN) yNWsNHL1 s FNWyNDAT sHORK(NG6} s WORK(N5) 390
WRITE(NOUT.T70)}IGNZs MATN 330 1ABN(IG) »ABNCIG+1) ¢659834564) 400
DO 1 M=l.4 340 7  CONTINUE 410
WRITE(NOUT¢71)SGS{M) 35¢ IWORK(25)=NDAT 420
TW=N11¢#{M-1)%NZ-1 360 N4=—N4 430
1 WRITE(NOUT,72) (WORK({IW+I) ,I=1,NZ) 370 CALL SINT(ABN{IG},IGR(IG)NFI{IG}sFLUXsEFLUXyWORKsN&;N6) 440
70 FORMAT(/®_GROUP=?',I3,°" NUMBER OF FINE INTERVALS=¢,IS, 380 IN=4 450
1* MATERIAL',2X,A8) 390 CALL KEDDAT{MATN,FNEV{JIN) ,NWoNW1sFNW;NDAT ;WORK{NG6) sHORKI(NS) o 460
71 FORMAT(® THE VALUES OF ®,A4) 403G 1ABNCIG) s ABN(IG+1)+£69E3464) 470
72 FORMAT(® ',1P6E12.4) 410 8  CONTINUE 480
RETURN 420 CALL SEARCH{IGR{IG)yNFI{IG),WORK, IWORK,FLUX,EFLUX,ABN(IG)} 490
END 430 CALL ISOFAL(ABN({IG),IGR{IG)NFI(IG)sFLUXsEFLUXsWORK) 500
DO 16 IQ=NLA.NLE 510
16 CALL SUCHM(IGR(IG),NFI{IG),WORK,sIWORKsIQsABN} : 520
GOTO 17 530
5 ASSIGN 7 TO NNN 540
G0TN 9 550

6 ASSIGN 8 TO NNN 560
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W=2.07/3.0/AM

DO 15 J=1,NDAT

WORK{NS+J-1)=W

GOTO NNN,{7,8)

CONTINUE

RETURN

WRITE (NOUT,80)MATN

RETURN

WRITE(NOUT,9G ) MATN, FNEV (JN)

RETURN

WRITE(NOUT, 91 IMATN,FNEV(JN)

RETURN

FORMAT(® *%%ERROR 9,2 : MATERIAL *,A8,% IS NOT FOUND')
FORMAT (' *%%FRROR 9.3 MATERIAL °,A8,' TYP °*,A8,
1* ARE NOT FOUND®')

FORMAT(®" #%*ERROR 9.4 MATERIAL *,AB,* TYP ',A8,
1* ARE NOT FOUND IN LIST')

END

SUBROUT INE NORM(J2,J1,SCyWORK}
REAL*8 ANINT

DIMENSION SC(1) ,WORK{1)}
NN=T W0 (33,WORK)
NJM=IWO(19,WORK)
NMU=IWO {17 +WORK)

KJJ=1

N5=IWO(2+WORK}
ICOS=IW0(21+WORK)}
BL=WORK(N5}

BU=WORK (N5+1C0S~1]}

NJ=0

CALL IWIN(24+NJ,WORK]}
DO 1 I=J2,J1
Tw={I-11*1COS

ASG=ANINT(BUsBLy1oSCLIW#1) yWORK(NS)»0aC s ICOSsWORK sWORKINNY 3 NIJM}

NJ=IW0{24,WORK]}
IF(NJeGENJIM-11KJIJ=2
CALL IWIN(23,KJJsWORK]
NJ=0

CALL IWIN(24,NJ,WORK)
DO 2 J=1,1C0S
SCUIW+J}=SC(IW+I)/ASG
CONTINUE

RETURN

END
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SUBROUTINE SINT(ABN,NGyNI,FLUXyEFLUXyWORKsNyN4)
DIMENSION ABN{1),FLUX(1),EFLUX{1)+WORK(1)
N2=1WO{5+WORK)

N3=IWO(6+WORK)

NT7=IW0(22+WORK)

N9=IWO(13,WORK)

NSP=TIWD(15,WORK)

NDAT=IWO(25,WORK)

16=1

t=N

N=IABS(N}

N2=IABS(N2)

NZ=NI*%NG

D0 3 I=1,NDAT

IF(L LTeO)YWORKIN3+I-1)=WORK{N3+I—-1)%*WORK(N2+I~-1)
WORK {NG+1-1)=1.0

DU=ALOG(ABN(IG) /ABN(IG+1)}/NG
E1=ABN{IG+1) '

IW=N7

DO 1 IP=1,NG

E2=EL*EXP(DU)

DDU=ALOG(E2/E1) /NI

EM=E1l

DO 2 IR=1,NI

EP=EM*EXP{DDU}

WORK (IW)=FXINT(EPyEMyWORK (N) 4 WORK(N4) s FLUX,EFLUX s NSP s NDAT)}

FF=FXINT(EP,EM,WORKI{NG) y WORK{N4&} ¢ FLUXs EFLUXsNSPyNDAT)
IF(L.GT.0IGATO 4

WORK { IW#NZ)=FXINT(EP, EM; WORK(N3 ), WORK (N4}, FLUX, EFLUX¢ NSP,NDAT)

1/WORK(IW)
WORK({IW)=WORK{IW)/FF
EM=EP

IW=TW+1

El=E2

CONTINUE
TEF(LeLToO)IW=IWENT
CALL IWIN{22,IW+WORK)
RETURN

END

SUBROUTINE ISOFAL{ABNy IGR2yNFI1lsFLUXs EFLUX,WORK}
REAL*8 STOFF

REAL*8 DU,DDU

DIMENSION ABN(1)},FLUX(1},EFLUX(1),WORK(1]}
16=1

N9=IWO{1G s WORK)

09=WORK({32)

I1C=1G

IGI=IWO(4.WORK)

IF(0Q.GT.OICALL EGRENZ(ABN(1)+ABN.+IC,IV,WCORK)
IFI=IGI+IG-1

CALL IWIN(4,IFI,WORK)
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NM1=IWO(17,WORK)+1
NJIM=IWG (19, WORK)
NUJM=1IW0(20 +WORK)
AME=WORK{28)
IMAX=IWO{18,WORK]}
IX=IWO0{(11,WORK)
N7=IW0(22+yWORK)
DU=ABN(IG) /ABN(IG+1}
DU=DLOG(DU}/IGR2
I1G1=1G+1

E1=ABN(IG+1)

FNW=0,
IF(0QeGTale ) FNW=QQ*AME/ (AME-1.)
NU=NM1*IMAX

D0 15 IP=1,1GR2

E2=E1xDEXP(DU)
0DU=DU/NFI1

EM=E1l

DO 5 IR=1,4NFI1
EP=EM*DEXP (DDV)

DO 9I=1.NU

WORK (N7+I-1)=0.0
IF(EP.LE.FNW)IGOTO 7
IF(QQ.LE.D)GOTO 6
IF(EM,LE, FNW) EM=FNW
CALL WAHRS(EP,EM,IMAXsWORK(NT),ABN(IC) NM1,NUJM, FLUXsEFLUX,
1WORK (N9 ) s WORK,WORK(IX))
CALL SMORN{WORK{N7),NM1l,IMAX,WORK)
CONTINUE
N7=NT+NM1xIMAX

EM=EP

El=E2

CALL IWIN(22,N7,WORK}
RETURN

END

SUBROUTINE WAHRS(EP,EM,IMAX,PI,ABN,NM1,NUJM,FLUX,EFLUX,TE,WORK,EZ)
DIMENSION FLUX{1),EFLUX(1),WORK(1)
DIMENSION TE(NM1,IMAX,NUJM}
DIMENSION ABN(IMAX),PI{NM1,IMAX])
DIMENSION EZ(1)

COMMON MATN({4) ,NOUT

OM=WORK(29)

NN=1WO(34,WORK)

16=1

AM=WORK(28)

0=WORK{32)

KL=IW0(25,WORK}

N2=1W0O{5 s WORK)

KJI=IW0(23,WORK)

N3=IWO(6+WORK)

N4=1IWO(7,W0ORK)
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N1G=IWN(11,»WORK)

N1C=N1&+ 1+IMAX

EZ(1)=EM

1J=1

JM=1

E=EM/QM

IMAX1=ICSOP(E,ABN)

IF(E.EQeABN(IMAX1))IMAX]I=IMAX]1~1

IF{Q.GTO)CALL EGRENZ(EMyABNsIK,IMAX1 4WORK)

IMAX1=IMAX1+1

IG=1W0{4,WORK)

NG=IW0{14,WORK)

IT=NG-1G

IT=MINO(IMAX,IT)

IF(Q.GT.2)1G0TO 45

DO 42 I=1,1T7

EP1=0QM*ABN{IT-I+2)

IF(EPleGEoFPeORLEPL.LELEM)IGOTO 42

1J=IJ+1

EZ(T1J)=EP1

CONTINUE

CONTINUE

DD 44 LJ=1,1J

EZ(1J+1)=EP

IMAX1=IMAX1~1

CALL ZWIN(KL,EZ(LJ+1),EZ{LJ) WORK(N4)»J25J1)

J1l=J1-1
EM1=EZ(LJ)

D0 44 IK=J42,J11
EP1=WORK(N4+IK)

IF(IKFQeJI1IEPLI=EZ(LJ+1)

CALL LMI(EPL1,EML,WORK(N4+IK)yWORK{(N4+IK~]1},WORK{N2#+IK),
IWORK{N2+IK-1) yWORK{N3+IK) s WORK(N3+IK~1), IMAX1 4 ABN,TE,NM1,NUJ4NUIM,
2FLUX, EFLUX s WORK s WORK{N1G) » IMAX,WORK{NNY})

IF(QeGToD)IIM=IWO(26,WORK)

IF(IMAX1eGTeleORaKJIGTLCIGOTO 3

IF(NM1.LT.3)G0TO 3

TE(3+JMyNUJI=TE(1+IMy NUJ )/ AN/ AN/ S

TIF(NM1.LT.5)G0TO 3

TE(5,IMyNUJ)==TE(1,4JIM,NUJ}/AM/AM/AM/AM/ 63

CONTINUE

NJ=IW0(24,WORK)

IF{NJ«GT.OIWRITE(NOUT,7G) EPL,EML

FORMAT(® **%WARNING 9,2 : FEW MESH POINTS IN ANGLE INTEGRATION®,
11P2E12.4)

NJ=0

CALL IWIN(24.NJ+WORK)

EM1=EP1

DO 43 J=JM,IMAX]

D0 43 K=1,NM1

PI{Ks JI=PTI(KeJI+TE(KyJyNUJ)

CONTINUE

RETURN

END
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41

SUBROUTINE LMI(EP,EM,E1,E2,5G1,S6G25AMUL,AMU2, IMAX,ABN,TE,
INM1, NUJ 9 NUIM, FLUX+EFLUX s WORK,PER, IMAM, PL)
REAL®*8 PLK,PLINM1l,IMAM)

REAL#8 ANINT

DIMENSION ABN(IMAX),WORK(1)

DIMENSION EFLUX{1l}),FLUX(1)

DIMENSION PER{NM1,IMAM),sTE(NM1,IMAM,NUJM)
COMMON MATN{4),NOUT

EQUIVALENCE(JM, IMI)
FG{XAsXBsXCaYA,YCI=YA+{YC~YA)/ALOG(XC/XA)*ALOG(XB/ XA}
NJM=IW0(19,WORK)

AM=WORK (28)

QM=WORK(29)

KJ=IW0(23,WORK)

XM=WORK({30)

Q=WORK{32)

NSP=IW0{15,WORK)

ERR=WORK{27)

NLA=I WD {16,WORK)

NLE=IWO(17,WORK)

JM=1

IF(0.GTLO)FNW=Q/AM/(AM+1,}
IF{QeGT0)CALL EGRENZ(EP, ABNy My I1,WORK)
ICOS=1H0{21+WORK)

NNE=TWD {26, WORK)

N1=IW3(3,WORK}

N5=IW0{2,WORK)

NR=IWO{33,WORK)

N8=1WO{9,WORK)

NG=1IW0(14+WORK)

N6=1WO (4 +WORK)

NL1=1

NL2=NLE+1

IF(NSP,GTa1)CALL ZWIN(NSP,EP,EM,EFLUXyJF25JF1})
IF{Q.GT.0)GOTO 9

NO=IW0(1l,WORK)}

IF{KJ.EQ.0IGOTO 9

CALL ZWIN{NNELEP,EMyWORK{NG),JH2,JH1}
JH=JW24+NO-1

TW=(JW2-1)*ICOS+N1

CONTINUE

DO 31 I=1,NM1

DO 31 J=1,IMAX

PER{I+J}=1.0

PLIT.J)I=D

CONTINUE

DU =EP-EM

Ml=1

NUJ=0

M2=1

ANS=1.0

SE=1

ISEL=IWO(8,WORK)

JZ71=0

NU1=2**¥NUJ+1

DX=DU/(NU1-1)
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DO 21 T=M1,NU1,M2
E=EM+(1-1)*DX

TF(Q0.GT.2)WORK (8)=E

IF(ISEL.EQ.1)SE=FG{E1, £452,561,562)

ASE=FG{E1+E,E2,AMUL ,AMU2)
AZ=(ASE=2.0/3.0/AM) %3/ (1e0-3,0/54 0/ (AM%%2) )
1F(NSP,GT.1160TO 2

FF=PHI(E)

60TO 3

DO 22 J=JF2,JF1

1S6=J-1

TF(EFLUX(J).GT.E)GOTO 23

CONTINUE

CONT INUE
FF=(FLUX(ISG+1)=FLUX(ISG) )/ (EFLUX(ISG+1}I-EFLUX{ISG))*(E~
LEFLUX (ISG) ) +FLUX(1SG)

CONTINUE

ANS=0.0

BU=1.9

J=gM-1

IF{KJ.EQ.3)GOTO 62

CALL INTEN(E,WORK(N8}sWORK(IW), WORK(JW), ICOS)
BL=-1.0

ANS=ANTNT (BU,BL, 2+ HORK(N8B] ;WORK(NS5) s AZ, ICOS,WORK s WORK{NR ) s NJM)
ANS=ASE-ANS

J=3+1

BL=-1.0

TF(J.GE. NG=N6+1)GOTO 30

TF{IMAX.EQ.1160TO 30

BL=BCM{F,ABN(J+11,WORK)
IF(BLoLE,=1,6)BL==1,D

CONTINUE

PO 8 K=NL1,NL2

IF(PER(K,J)oLT.ERRIGOTO 8

TF(BL.EQ.BUIGOTO 4

IF(BLLLT.BUIGOTO 6

Jz2=1

BL1=BL

BU1=BU

RL=BU

BU=BL1

CONTINUE

IF(BL.GE.1)GOTO 4

PLK=ANINT{BU,BL 5 KyWORK (N8} yWORK (N5} yAZ, TCOS s WORK s WORK (NR} s NJM)
PLK=PLK+AKOR (BU+ BL s K5 AM}*ANS

60T0 5

PLK=0 o0

CONTINUE

1F(JZZ.EQ.01GOTO 66

J212=0

BL=BL1

BU=BU1

CONTINUE

PLK=PLK*FF

IF(I.EQ.1)PLK,J)=s 5XPLKEDX*SE
TF{I.EQNUL) PLIK, J1=PL(KsJ )40 o 5#PLKEDX®SE
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IF(1.50e10R.T.EQ.NUL)GOTO 8
PLIK,J)=PLIK,J)+PLK*DX*SE
CONTINUE
BU=BL
IF(BU.EQe~1.0)GOTO 20
GOTO 62
CONTINUE
CONTINUE
IF(NU1.GT.2)60TD 27
DO 50 J=JMsIMAX
DO 50 K=NL1.NL2
TE(KeJe1)=PL(K,J)
PL{K,»J)=0
NUJ=NUJ+1
M1=2
M2=2
IF{IMAXeGToJMeORKJILGTLCIGOTO 41
IF(NL2.LT.3)GOTO 41
N0 25 J=3,NL2
PER(J»JM}=0,
IF{JuNELS)ITE(JsIJMs1)=C,
CONTINUE
GOTO 41
LX=0
DO 26 J=JM,IMAX
DO 7 K=NL1sNL2
IF(PERIK,J)oLTLERRITE(K, Js NUI+1I=TE(KsJ,NUJ)
IF(PER{KsJ)eL TCERRIGOTO 7
AJ=Da 5*¥TE(KeJs1)+PL(K,J)
AL=TE(KyJ,NUJ)
C=1
DO 52 IB=1,NUJ
ZC=4*7C
AP={ZC*AJ-TE(K+J,1IB))/{ZC-1)
TE(K»J,IB)=AJ
AJ=AP
TE(Ky JyNUJ+1)=AP
PER({K,J}=ABS{AP]
IF(ABS{AP}oGTo1.E~1U)PER{K,J)=ABS{ (AP-AL) /AP)
IF(PER(KyJ)eGToERRILX=1
PL{K,J)=0
CONTINUE
CONTINUE
NUJ=NUJ+1
IF{NUJe GE<NUJMIGOTO 100
IF(LX.EQ.11GOTO 41
IF(Q.GTLOICALL IWIN(26,JMI,WORK)
CALL IWIN(B8.ISEL,WORK)
RETURN
CONT INUE
IF(Q.GTLDICALL IWIN{26+JMI,WORK)
WRITE(NOUT»71)}EP,EM
DO 19 J=JM. IMAX
DO 10 K=1,NM1
IF(PER(KosJ}eLF.ERR}IGOTO 18
WRITE(NOUT+70)Ks JoTE{Ky JoNUJI)} s PER (K J)
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ERROR

CONTINUE

FORMAT({1CX,*SCATTERING MATRIX_"4214s 3Xys1PEl2.4,
11PE12.4)

FORMAT(* ***WARNING 9.3 : FEW ENERGY_MESH POINTS BETWEEN

11P2E1244+ EV?)

CALL IWIN{8,ISFL,WORK)
RETURN

END

FUNCTION IWO(L,IWORK)
DIMENSION IWORK(1)
I%0=IWORKI{L)

RETURN

END

SUBROUTINE IWIN{LsN, IWORK)
DIMENSION IWORK({1)
IWORK (L )=N

RETURN

END

SUBROUTINE SUCHMINFG,NFI, INORK,HORK,MOM,ABN)
DIMENSION ABNI(1)

DIMENSTON WORK(1), IWORKI(1)
REAL*8 MATN

COMMON MATN,MAY(2),MNOUT,LI
TG=IWORK(4)

Q=WORK{(32)

MK=2

IK=IG

IF(QeLTaDIGOTO 15

CALL EGRENZ(ABN(IG)sABN,IK,s IVsHWORK])
AM=WORK(28)

FNW=Q*AM/ (AM-1,)
EE=AMAXL1(FNW,ABN(IG+1))

CALL EGRENZ(EE.ABN,I,IV,WORK)

MK=4

CONTINUE

N9=IWORK({13)

N11=IWORK{(12)

NLE=1WORK{17}

TM=IWORK(18)

IW=N11

NZ=NFG*NFI

o IL,IMI

T
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DO 11 J=1.N2Z
DO 12 K=1l,1IM
L=(K-1}*NZ+MK+N9
LL=IW+(K~1)*(NLE+1)+MOM
WORK{L+J)=WORKI(LL)
CONTINUE

IW=TH+(NLE+L)*IM

TWORK (N9)=TM%NZ+MK
L=IWORK{NOG})+N9

IWORK (N9+1)=MOM
TWORK{N9+2)=16
IF{Q.LT.D}GOTO 5

TWORK (N9 +3)=IK

IWORK (N9 +4}=1V
CONTINUE

WRITE(LI} {WORK{T),I=NG,L)}
NGR=IWORK (14)
WRITE {NOUT,70)MOM,MATN,IG
DO 2 I=1.IM

I1Z=IK+I-1
IF{IZ.GT.NGRIRETURN
WRITE(NOUT,71)1G,1Z
IW=NI+MK+{I-~1)*NZ

WRITE(NOUT,72) {WORK{IW+J) »J=1,NZ)

FORMAT(/®, ELASTIC SCATTERING MATRIX SGNC®*,I1,* FOR "5A8,

1' GROUP=?,14)

FORMAT(® FROM GROUP *,14,° TD GROUP *,14)
FORMAT(® ?*,1P6EL12.4)

RETURN

END

SUBROUTINE AMESH(B1,B2sZ+sJ2sNXsNL)
DIMENSION Z(6}.ZAl6),ZF(6)

DIMENSION A(13).AC{1)
DATA NW/1D/

GOTO (1¢2+3+44556)4NL

NX=1

J1=0

J2=1

Z{1)=81

RETURN

N=1

Z{1)=A(13)

GOTO 7

N=2

Z(1)=ALT)

7(2)=A(1}
GOT0 7

N=3

Z{1}=A(8)

Z(2)=A(13)

2(3)=A12}

240
25G
260
270
280
290
3GC
319
320
330
340
35¢
360
37C
380
39
400
410
420
430
440
450
460
476G
480
490
560
510
520
530

1¢
20
30
40
50
6C
70
80
9
160
110
120
130
14C
156
160
170
180G
196
200
210

12
11

10

20

GOTO0 7
N=4
Z{1)=A(10)
Z(2)=A(9)
Z(3)1=A(3)
Z(4)=A(4)
GOT0 7
Z(1)=A(12)
Z{2)=A(11)
Z(3)=A(13)
Z{4)=A(5])
Z{5)=A{6)
N=5
CONTINUE

IF(AC({13)eGTe~1+1.0/NW)GOTO 11

M=N

N=N/2

IF(N.EQ.UIGOTO 1

D0 12 I=1,N
Z{I)=Z{M=N+T)

CONTINUE

J1=N

J2=1
ZA(I2)=2{J2)—-(Z1J2)+1]}/NW
ZF(J1I=Z(JLI+{1-Z(J1) )} /NW
IF(J1.£Q.11G0TD 9
J1l=J1-1

DO 8 I=J2.,J11
SW=Z(I+1)-Z(1)
SW=SW/NH
ZA(I+1)=2(1+1)-SH
ZF(IY=Z(T)+5SW

CONTINUE

CONTINUE

DO 10 I=1,N :
IF(ZA{I).LE.B2)J2=J2+1
IF(ZF(I)e6GE.B1)J1=J1-1
CONTINUE

NX=J1-J2+2

Z(J1+1)=81

RETURN

ENTRY IRDMES(AC)

DO 20 1=1,13
A(I)=AC(T)

RETURN

END

DOUBLE PRECISION FUNCTION ANINT{BU;BLyKySGsXL,AZy ICOSs WORK,ToNJIM}

REAL*8 YA,YB
REAL *B MATN
REAL*8 T(NJM)
REAL*8 ANGs»XX+GAM

220
230
240
256
266
270
286
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430
440
450
460
470
480
490 5
500 _,
510 ¥
520
530
540
550
560
570
580
596
600
610
620
630
640
650
660
670

10
26
36
40
50



56

18

21
22

20

57
58

10

REAL *8 XAsXBs XAL9YAL,AJ» AT s AKs ALy APy AXX
REAL*8 PTL
DIMENSTION SG{1},XL{1),Z(7) ,WORK(1l)
COMMON MAT(4),NOUT .
EQUIVALENCE(MATN,MAT(1]))
DATA NHD/®H H1*'/
ANG{XX)=(XX+GAM}/DSQRT{GAM**2+2*XX*GAM+1.C)
ERR=WORK(27)
AM=WORK {28)
GAM=1/AM
Q=WORK(32)
IF(Q.LTL.D)GOTO 56
EI=WORK(8)
GAM=GAM*SQRT(EI/(EI~(AM+1}/AM*Q))
CONTINUE
IF{AMoLTele1JCALL HIDR(BUsBLyKyAXX5E5G)
IF(AM.LT.1.1)GOTO 50
XM=WORK (30}
KJ=TWO{23,WORK}
CALL AMESH(BU+BLsZsL2sNXyK)
Nu=1
XA=BL
YA=ANG(XA)
YA=PTL(K,YA)
YA=YAXWINK{XL ySG+KJ» ICOSsAZ, XA}
AXX=0
IL=1
CONT INUE
XAl=XA
XB=Z{IL+L2-1)
IF(KJ.NE.2}GOTO 2C
DO 21 I=1,ICOS
J=1
IF(XL{I)oeGTe XA+ERR4ANDoXL({I}.LToXB-ERR}GOTO 22
CONTINUE
GOTO 290
XB=XL{J}
IL=IL-1
CONTINUE
YB=ANG(XB)
IF(YBeEQeDs ANDs (K~2%(K/2})4EQeU)GOTO 57
YB8=PTL{K,YB}
GOTO 58
YB=0.0
CONTINUE
YB=YB*WINK (XL +SGsKJIs ICOS,AZ,XB])
NJ=0
AJ=0e 5%(YA+YB)*({ XB-XA)
XA1=XA
YAl=YA
T(1)=AJ
NJ=NJ +1
XA=XA1l
YA=YAl
AI=AJ
NP=2%%NJ+1

6t

70

80

90
140
110
120
130
140
150
16C
178
180
19¢C
200
210
220
230
240
250
260
270
280
290
300
310
32¢
330
340
350
360
37G
380
390
400
416
420

40

51

28

29

50

7C

DM={XB8~XA)/(NP-1)
AJ=D.5%A1

DO 40 T1Z=2,NP.2
XA=XA+DM

YA=ANG(XA)
YA=PTL(K,YA)}

YASYAXWINK{XL,SG+KJy ICOS»,AZ,XA)
XA=XA+DM

AJ=AJ+YA%RDM

AK=AJ

AL=T(NJ)

Zc=1

DO 51 1IB=1.NJ

IC=1C*4
AP=(ZC*AK-T(IB))/(ZC-1)

T(IB)=AK

AK=AP

TINJ+1)=AP
EPS=(AP-AL)/AP

EPS=10,0%EPS

IF{NJ«GEsNJM-1)GOTO 28
IF(ABS(EPS)«GT.ERRIGOTO 10
GOT0 29

CONTINUE

CALL IWIN(24+NJ+WORK)

CONTINUE
AXX=AXX+T(NJ+1}

XA=XB

YA=YB

TL=IL+1

IF(ILLLE.NX)GOTO 18

CONT INUE

ANINT=AXX

RETURN

END

FUNCTION WINK(XL+SGoXJsICOSsAZsAM)

DIMENSION XL{1)},SG(1)

COMMON M(4).NOUT

IF(XJ)100.,101,10C

WINK=0e 5% {1+AZ%AM)

RETURN

00 1 I=2,ICOS

IF(AM=XL{I))2:241
WINK=(SG(I}-SG(I-1) )/ (XL(I)=XL(I-1))*(AM-XL(I-1))+SG(I-1])
RETURN

CONTINUE

WRITE (NOUT,70)AM

WINK=(.5

FORMAT(® *%%*WARNING 9.1 ¢t THE ANGLE °*,Ell.4,*® IS OUTSIDE®}
RETURN

TND

620
630
640
650
660
670
680
69¢C
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
9GC
910
920
930
940
950
960

10
20
30
40
50
60
¢
80
90
100
110
120
130
140
150
160

Sl IA



~N
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SUBROUTINE HIDR{BU,BLsKsAs*}
REAL#*8 AyX1+X2+B1lsB2

B1=8BU

B2=8BL

X2=DSQRT(D.5%(1.0+81))
X1=DSQRT{D,5%{1.(+B2))

GOTO (1+253+495+6) 4K
A=X24%2~-X1%%2

RETURN 1

A=2,0/360% (X2%*¥3=X]1%%3)

RETURN 1

A=3,0 /4 SH{X2%%G=X1 %% 4 ) =0 o SH(X2%H2-X]1**2])
RETURN 1

A=0o S*{ X2%#5-X2%%3-X1¥% 5+ X1%%3)
RETURN 1

A=04o125%(35.0/66 0¥ ( X2kK6=X1¥HE)=To SE(X2¥¥4=X1%*4) +]1, 5% (X2¥*2~

1X1#*%2})
RETURN 1

A=0,125% (9% ( X2%% T~ X1 %% T J= 1 4% ( X2%*5=X1*%*5) 45, % X2#*3=X1**3))

RETURN 1
END

FUNCTION AKOR(B1+BLsKeAM)
ANGIX)=(X+GAM) /SQRT{ GAM**2+ 2% X¥GAM+]1, )
00 {X) =0 T5%X%X

QL{X}=065%(X%%*3)
02{X)=3o /166 ¥XEX¥(3XX*X-2)

03 (X} =00 T5% (X*x%3 ) ¥ (X*X-1)

Q4(X)=1e /32 % ((X%X=1a }H(35,%XkX~10)-1)%*X*X
051X1=3./166* [ X¥%3 )% {X¥X~14 }E(IEX*X-5)
GAM=1,/AM

IF(GAMoLT.0,991G0TO 7
A1=SQRT({B1l+1l.)/2}

A2=SQRT{{BL+1.1/20)}

GOTO 8

CONTINUE

Al1=ANG(81)}

A2=ANG{(BL}

CONTINUE

GOTO(192+3+495+6)K

AKOR=QO{A1)-Q0(A2)

RETURN

AKOR=Q1 {A1)}-Q1(A2)

RETURN

AKOR=Q2(A1)-02(A2)

RETURN

AKOR=Q3{A1)-03(A2)

1¢
20
30
47
5¢
6C
70
8u
I
160
110
12¢
13C
140
150
160
170
18C
19¢
200
210

10
20
3¢
40
50
60
78
80

180¢
110
12C
13¢
140
15¢
160
17C
18C
190
200
21¢C
226
230
240
250

9UCT

9001

8u2

805

803

RETURN
AKOR=Q4(A1}-0Q4(A2)
RETURN
AKOR=Q5(A1)-Q5{A2}
RETURN

END

SUBROUTINE EGRENZ(E, ABN,IK,IV,WORK)
RETURN
END

RERECHNUNG DES QUERSCHNITTS IN DER THERMISCHEN GRUPPE

SUBROUTINE THERM {NESNTY,TYP)

REAL*8 MAT TYP(NTY) o FEST(5)2AsB+CsDePosFsGyHeZ, X
INTEGER*2 IHC(2),IMP(2)

DIMENSION N(4),E(2),5(2)

COMMON MAT,ISTRUK,ISPA,NOUT,LIZsNANFyNEND.KL
EQUIVALENCE(THC(1),HM)

DATA IMP/*PU*,°'U */

WRITE (NQUT ,9000)

FORMAT(LH3/1HO/* PROGRAMM KENNZIFFER 10°)

WRITE (NOUT ,9001)

FORMAT(' PROGRAMM ZUR BERECHNUNG DER THERMISCHEN QUERSCHNITTE®/})

N(1}=3
CALL DOPW {(8HBEST +FEST(2))
CALL DOPW (8HTHERM sA)

CALL DOPW (BHSGF +8)
CALL DOPW {B8HSGA sC)
CALL DOPW (8HSGC +D)
CALL DOPW (8HALPHA  ,P)
CALL DOPW (BHETA s F)
CALL DOPW (8HNUE +6)
CALL DOPW (8HSGG sH)
CALL DOPW (BHMUSL 23
HM=MAT X CALL DOPW (8HSGN LX)
INR=D

sc=0.

LL=C

IF{IHC(1).Z0.IMP(1}) GO TO 802
IF(IHC{1) . NEL.IMP(2)) GO TO 822
LAR=1

DO 803 JJ=1.NTY
IF(TYP(JJ).EQeC) GO TO 805
IF{TYP(JJI.NE.B) GO TO 803
Li=LL+1

IF(LL-21833,801,823

CONTINUE

26C
270
280
296G
300
310

1C
20
30

10
20
30
40
56
60
70
80
90
100
110
120"
130>
140
150
160
170
180
190
260
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370



IF(LL-21807,8C1,807
807 WRITE(NOUT,B848) MAT
808 FORMAT(1HG/® *x*xWARNING 1{is 1 = THE GROUP CROSS SECTION SGC CAN NO
1T BE CALCULATED FOR ', A6/' BECAUSE THE REACTION TYPES SGF AND SGA
2ARE NOT SPECIFIED IN THE INPUT®)
GO Ta 801
822 LAR=(
DO 821 JJ=1,NTY
IF(TYP (JJ).EQ.C) GO TO 801
821 CONTINUE
GO TO 807
801 I=C
WRITE (LIZ}I,A
FEST(1)=MAT
DO 1 I=1.NTY
KSTK=0
IF(TYP{I)oNE<P.AND-TYP(I}.NE.F) GO TO 871
IF(LAR.EQ.) GO TO 875
KSIK=1
FEST{3)=H
GO TO 872
875 WRITEINOUT,876) MAT,TYP(I)
876 FORMATI1HO/® *%xWARNING 10. 2 : THE GROUP CROSS SECTION FOR °,2A8,
1® CAN NOT BE CALCULATED BECAUSE THE VALUE OF SGF IS ZEROD')
GO TO 1
874 KSIK=2
FEST(3}=8
GO TO 872
879 KSIK=3
FEST(3)=6
GO TO 872
871 FEST(3)=TYP(I)
B72 CALL NDFLDC (JoN,FEST,K¢K)
IF(J)2+2+3
2 WRITE (NOUT,4) TYP(I),MAT
4 FORMAT{1HD/' *%%xWARNING 1lCe. 3 : THE CROSS SECTION TYPE ',A9,°" IS N
10T AVATLABLE IN THE KEDAK LIBRARY FOR MATERIAL °,A9)
T=0.
GO TO 89¢
3 E(L)=FEST(4)
S(1)=FEST(S5)
IF(E{1)-0.D253)24+5,6
6 WRITE (NOUT.7) TYP(I),MAT
7 FORMAT{1HD/" #*¥XWARNING 10. 4 : IN THE KEDAK LIBRARY IS NO ENEZRGY
1POINT LESS THAN OR EQUAL TO (.0253'/° AVAILABLE FOR THEZ CROSS SECT
2T0N TYPE °,AS9,' FOR MATERIAL *,A9)
GO TO 1
24 CALL NDFNXT{(JsNsFEST+K4K)
IF(J3)2+42+8
8 E(2)=FEST(4)
S{2)=FESTI(5)
IF(E{2)-(40253)24,1U,11
10 E(1)=E(2)
5(1)=5(2)
S IF(TYP(T 1.80.G.0R.TYP{ T).5Q.2Z) GO To 3C

= %0, =
T=S(1)%0.8862269 R TP EE %

47¢
480
49¢
500
510
52¢
53¢
540
550
56¢
57¢
58C
59L
6L
61t
620
63¢
640
653
660

68U
690
700
71¢
720
73¢
T4
75T
T6C
777G
780
79
800
81¢
820
83T
84Q
85C
860
870
88T
B9C

877

881
89y
12

13

817

812

818

GO T9 9

T=S(1)

GO TO 9
SE=S{1)+(2,G253=-FE (1) ¥*((S(2}-S{1))}/(E(2}-E(1)}))
IF(TYP{ T )aFQeGeORLTYPI T )oEQR.Z) GO TO 31
T=SE%{s, 8862269 =
G0 T0 9 OR.TYP(D).EQ. X
T=SE

IF{KSIK.EQes3) GO TO 881
TF(KSIK.EQ.2) GO TO 877
IF(KSIKTQ.0) GO TO 89¢C

TT=T

GO TO 874

TT=TT/T

IF(TYP{I)EQ.F} GO TO 879
T=TT

G0 IO 89u

T=T/(1l+TT)

WRITE (NOUT,12) MAT,TYP{I)  NE
FORMAT(1H /1H ,A9:A9, I10)
WRITZ (NOUT,13) T
FORMAT(E16.8)

K=5

WRITE(L;Z) KeMAT TYP(I) o NE
K=1

WRITE(LIZ) K,T

IF(TYP(I }.EQ.CY} GO TO 81y
IF(TYP{I J.¥0eB) GO TO 812
GO TO 1

SC=SC+T

IF{INRsFDs1) GO TO 818

INR=1

GO TO 1

SC=5C-T

TF{INR.ER.1} GO TO 818

INR=1

GO 70 1

WRITE(NQUT,12) MAT,DyNE

WRITE (NOUT,13}) SC

K=5

WRITE{LIZIK,MAT,D.NE

K=1

WRITE(LTZ) K.SC

CONTINUE

KL=KL+1

RETURN

GND

940
950
960
97C
98C
99¢C
1660
1016
1620
1030
1C40
1056
1060
1070
1880
1690
1160
111C
112¢
113¢
1140
1150
1160
1170
1180
1190
1200
1210 8§
1220 _,
1230
1240
1250
1260
1270
1280
1290
1300
1310
1320
133¢
134C
1350
1360
137¢
1380
139¢C
14G0






	KFK1784-Org-A
	KFK1784-Org-B
	KFK1784-Org-C

