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1. STATEMENT OF THE PROBLEM

Measurements of in-pile fast neutron spectra are of-
ten obtained by threshold detector irradiations. The thre-
shold detector technique give data usually expressed as

normalized activation rates, that is:

A =/¢i<E>c,><E> aE (1)

where Ai indicates the reaction probability per second for
a nucleus of the i'th isotope, having (Ti(E) as differen-
tial cross-section, when immersed in the unknown neutron

flux Cf(E) n/(cmzsec MeV).

The code, here described in the following, allows the
CF (E) determination, on the hypothesis that the neutron

flux shape can be approximated by an expression of the ty-

pe: &
. % 7
(B)» @ (B) = W(E) ), (E) (2)
¢ (B~ ~k % Y
where:

n = number of the threshold detectors used in the

experiment of activation.

W(E)= weighting function, chosen in agreement with
the kind of the treated problem.
\T&(E)z complete set of arbitrary functions.

a, = coefficients of the expansion, that will be de-

termined by the calculation.
t = cut-off number.

Experimental and theoretical support of the proposed
code can be found in detail in a paper by Di Cola and Ro-

ta (1).

(1) G.DI COLA and A.ROTA - Nucl. Sci. and Eng. 23,344,(1965)

Manuscript received on April 28, 1966.



2. OUTLINE OF THE CODE

The Relative Deviation Minimization Wethod (R D M M)
suggests to choose, as solution of the problem, the flux

that minimize the guadratic form

) . )
At ayyeneneeea) =Z—. Ay o) T (B)Q'(E) dE
1 1 A

. i

with the condition t <n.

A second feature of the code is the determination of
the standard deviation on the resulting flux, as function
of the standard deviation on the activation rates and on
the data of cross-sections. A limitation is that the stan-
dard deviation on the cross-sections can be expressed only

in the form:

with O<i = cost.

Care should be taken to read correctly the output da-
ta in order to choose, as solution of the problem under

study, the best approximation.

3. SOME REMARKS ON THE USE OF THE CODE

A correct running of the code requires the knowledge

of the limitations described in the following:

3.1 Sets of the Y functions

The (E) functions must belong to a class that can be
Wy o

described by the general formula:

s J-1
1
This class includes, for instance, the Laguerre polyno-

mials, the Chebyshew polynomials, the Legendre polynomials,



and so on. The use of trigonometric functions is not al-

lowed without a suitable change in a part of the code.

The functionsLP must belong to a set of complete
functions and it is better if they are normalized. This

last condition is not strictly necessary.

3.2 Activation rates and scale factors

According to their definition, the activation ra-

tes are usually very small numbers. (e.g. ANp = 4.10—13

for a fast flux, above 0.5 MeV, of 5.‘IO10 n/(cm2 sec))

Numerical reasons require that these numbers are in
the range (order of magnitude) ‘IO_3 + 103. It is then ne-
cessary to work with the Ai reduced by a suitable scale
factor, that must be recalled when the results are read.

The cross-sections are given in mb and it follows
that the flux is actually expressed in n/(‘IO—27 cm2 sec
MeV). If a scale factor of 107° is used for the activa-
tion rates, the scale factor 1027—0 must be applied to the
results in order to obtain differential flux values in the

usual unity, n/(cm2sec MeV), and integral flux values in

n/(cmzsec).

4. DESCRIPTION OF THE FORTRAN PROGRAM

4.1 General information

RDMM has been written in FORTRAN IV or MAP language.
It consists of a MAIN program and 10 subroutines.
Data transfer to and from subroutines is obtained both

through COMMON and explicite arguments, as the case requires.

4.2 Subroutines

1 INPUT reads the input data and transforms them in the



2 PESI

3 MTRIX

4 ABC

5 STIMH

6 FLXCAL

7 RNG

8 CAS

9 AVERAG

10 C@E

way required for the vrocessing. It writes the

data of the problem.

-E
defines the W(E) in the form e ~. If the use of
a different weighting function is required, this

subroutine must be suitably changed.

calculates the elements of the matrices S and RTR

defined in formulas (3) and (11) of reference (1).

performs an approximate evaluation of an integral
of the form b
f(x) dx
a

by the n-point Newton-Cotes integration formulas,

with n variable from 2 to 7.
calculates the inverse of a given matrix.

calculates the differential and integral neutron

fluxes as in formula (5) or reference (1).

performs a transformation of random numbers to ob-

tain statistically independent parameters.

computes a random number by using a congruential

method.

calculates the mean and the standard deviation of

a given frequency distribution.

reads, normalized and prints the coefficients bj
(see 3.1). This routine now refers to Laguerre

polynominals.

4.3 Input description

The following table contains the list of the input cards.



-5 -

Cards.

Data
Order of
cards Names Description Format
1 RCRD1 Titles 12A6
2 RCRD2 Titles 12A6
3 NS,NP,NPP NS = number of detectors: n 1016
NP = number of points in which
the G 'E) are tabulated
NPP= step of the print-out re-
sults.
4 MIN, MAX MIN = minimum t 1016
MAX = maximum t (gn)
5 NHIS (I) Number of Montecarlo hystories 1016
for each approximation order.
If NHIS (I) = O no error eva-
luation is performed for t=I
6 E(1), H E(1)= the first energy value 3E10.6
in which the G&(E) are tabu-
lated (MeV),H = step of the
energy tabulation (MeV).
7 NS blocks of data cards, for I = 1, NS as follows
SIGNME(I) Name of detector (6 characters 12A6
Cross sections of the detector 5F10.3
I expressed in mbarn for J=1,
NP.
8 NS data cards, for I = 1, NS, as follows:
A(I),SA(I), A= Activation rate 3E10.6
Sv(I) SA= Relative standard erroron
the A
SV= Relative standard error on
the SIGMA.
9 MAX cards, for I = 1, MAX, as fdlows:

CF(J,I)

CF = coefficients of the poly-
nomial forms (J=1,1)




4.4 Output description

The first vage contains:

The title of the vroblem.

. (see 3.1)

The coefficients bj of the functions J
— The activation rates, its relative standard devia-
tions and the cross-section relative standard de-

viations.
— The "cut—-off" numbers of the series exvansion and

the number of the Monte-Carlo hvstories reguired.

In the pages that follow the results of the computa-
tion are listed. For each cut-off number one or two pages

are printed. The first one contains:

-~ The 1list of the numbers:
~
k .
: ™ 1 = lyeeeeaeaa N
Jf o’i Cf_ dE ’

A.
i

~
It

cut-off number

These numbers tend to 1 as cpk tends to CF .
|

The value of the aouadratic form Q (see form (1)

The value of @ = / (PR(E) dE
0.5

1

The table of the actual values of ka(E)

A second vage 1s printed only i1f a statistical analy-
sis on the results is required. This page contains all the
information concerning this analysis on integral and diffe-

rential neutron fluxes.
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