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GROUP PARAMETERS FOR THE ANISOTROPY OF NEUTRON SCATTERING

N.O. Bazazyants, A.S. Zabrodskaya and
M.N. Nikolaev

Introduction

The 26—group system of constants [1] is designed to provide nuclear
data only for those neutron calculations in which the anisotropy of scattering
is taken into account either in the Pl or in the transport approximation.
In some cases these approximations are inadequate, for example in many neutron
shielding calculations (2]. Hence, in calculating the passage of neutrons
through large thicknesses of material (where there is a flux attenuation of
up to ten orders of magnitude) it is necessary to take into account three or
four terms for the expansion of the scattering indicatrix [(3]¢ A still more
precise calculation of scattering anisotropy is necessary when calculating

the passage of neutrons through non-wiformities in shielding.

To obtain a correct description of fast neutron fluxes in small reactors
we also need more accurate allowance for scattering anisotropy than can be

provided by the transport approximation,

Moreover, the fact that we do not have systems of multigroup scattering
anisotropy parameters compiled with sufficient accuracy seriously limits the
practical application of programmes for the precise calculation of radiation

shielding (for example programmes of the ROZ type [4] )e

Thus the need for group constants that would allow scattering anisotropy
1o be taken into account became extremely urgent and the aim of the present

work is to satisfy that need.

Our paper is devoted to the establishment of a theoretical basis for
methods of taking into account elastic and inelastic slowing down of neutrons
in multigroup approximations; the development of practical algorithms for
calculating group parameters for slowing down anisotropy (i.e. matrices of

cross—8ections and angular momenta of intergroup tramnsitions during scaitering),



taking into account the energy losses due to product nucleus recoil; the
compilation, on the basis of these algorithms, of tables listing the parameters
of intergroup transitions in elastic scattering for a wide range of elements,
Recommended energy dependences of the coefficients for Legendre polynomial
expansion of the elastic scattering indicatrices, as evaluated by us [5] and

presented in numerical tabular form [6], were used in this work.

The numerical results obtained for the sub-division adopted in the
26—group system of constants [1] are set out in the Annex. The Ammex contains
tables of group parameters relating to the anisotropy of elastic neutron slowing
down for 41 nuclei (from deuterium to plutonium-239) obtained with the help of
the A, matrices (see Section 5) set out in Ref, [13]. In view of the large
volume of numerical information appropriate programmes were drawn up to print
the tables, for which the alphanumeric data printer of the M-220 computer was

used,

The programme applying the algorithm developed in the course of the work -
for deriving group parameters on the anisotropy of elastic and inelastic neutron
scattering — is written in ALGOL-60 and is at present being checked out., It
includes in particular the case of inelastic scattering isotropic in the centre-
of-inertia system of co—ordinates, programmed earlier by V,V. Vakhromeeva in

M=20 computer codes.

A serious difficulty in compiling parameters for inelastic scattering
anisotropy is the absence of evaluated data on the anisotropy of inelastically

scattered neutrons.

1., Kinetic egquation for a neutron flux averaged over
the resonance structure

In neutron calculations for reactors and radiation shielding one never
has to determine all details of the flux due to the resonance structure of
the cross-sections of the medium; it is quite sufficient to know the “structure-
averaged" neutron flux, It is tempting to write a kinetic equation for the
smoothed neutron flux such that the equation contains smoothed neutron cross-
sections effectively averaged over the resonances in such a way as to allow a
direct calculation of the smoothed flux., This approach would have an additional
advantage as the precise cross-—sectional energy dependence, which takes the
resonance structure into account and appears in the precise kinetic equation,
is wmknown to us throughout the energy region, whereas the averaged cross-sections
in the equation for the smoothed flux could perhaps be measured directly or
evaluated on the basis of a statistical analysis of the resonance structure of

the cross—sections,



The kinetic equation for the smoothed neutron flux, the formulae giving
the constants used in the equation and the limits of applicability of the
approach were determined in Refs [7, 8:|. In the spherical harmonics represen—~
tation the equation has the following form (we adopt for the sake of simplicity

the case of wnidimensional plane-parallel geometry):
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is the £th neutron flux harmonic averaged over the interval AE around
energy B, i.e. the coefficient before the £th polynomial in the expansion

of the neutron flux in Legendre polynomials:
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(3)
Qo(x,E) is the density of meutron sources with energy E at point x
(the sources are considered to be isotropic);
» is the cosine of the angle determining the direction of neutron
movement }
E!(E) is the total cross—section of the medium averaged over the

spectrum of the 4th harmonic of the flux in the interval AE:
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«. is the maximum relative energy loss resulting from elastic
. .. _ Am _ .
scattering on m=type nuclei: e = Am+1 (A.m = the atomic
weight of the nucleus);
Qm is the density of nuclei of the m type;

" (E'™E) and 6 ,(E'= E) are the cross-sections for elastic and
e, 4 in, 4

inelastic scattering leading to the indicated change in energy:
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where :;:75 /Z:’E) is the coefficient before the £th

polynomial in the expansion of the scattering angular distribution in
Legendre polynomials:
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and S;,mﬁ-‘ €, o) is the ratio of the differential cross-
section for scattering on the mth isotope at an angle arc Cos B resulting
in the indicated energy change to the total scattering cross-—section at
energy E' (the subscript s = e relates to elastic scattering, s = in to

inelastic scaitering).

(n,2n) and (n,3n) reactions are regarded as inelastic scattering, but
with doubled (or tripled) cross—sections; fission neutrons are counted as

a source term,



Finally, AEm are the intervals of energy E from which inelastic slowing

down to E is possible,

As can be seen from formulae (4) and (5), the averaged cross-—sections
generally depend on the co-—ordinates, even in a homogeneous medium, However,
as has been shown in the references quoted above, this dependence ceases if

the following conditions are met:

1. A region of the medium is considered in which all points are
separated from the boundaries and concentrated neutron sources by a distance

of several (2-3) maximum neutron free path lengths,

2. The widths of the resonance characteristics are small compared

with the energy losses during scattering (narrow resonance approximation).

3« There is no anisotropic scattering with a large energy change
(scattering on hydrogen and other light nuclei, anisotropic inelastic

scattering).

When all the conditions listed above are met, the averaged cross—sections
are indeed independent of the co-ordinates, as within the averaging interval

L E the space and energy variables in the flux harmonics will be split:

6 (x,6)=Y (x,f) % (E), @)

where v‘(x,E) is a smooth function of energy containing a dependence on the

co-ordinates, and
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Here the ay values are calculated by the recurrence formula

a =1 (10)
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:/ Here, as above, the angular brackets denote simple averaging over
energy within the small interval 4E,
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Let us examine the possibility of using our approximation as a means

of taking into account the structure of the cross-section.

Violation of condition (3) generally leads to a space dependence of
the averaged cross-sections, but this is so slight that in practical

calculations it can always be ignored,

Violation of condition (2) is more important, as it leads to irregularity
in the energy curve for LSpp /277> , which makes the
averaging of the cross-sections di}ficult. Nevertheless, this difficulty can
also be overcome with the help of the so-called “approximation of intermediate

resonances™ (see for example Section 3 of Ref. [8] ).

Most essential for the applicability of our approach is the fulfilment
of condition (1), assuming a small flux change at the maximum neutron free
path length (i.e. in the region of the lowest minimum in the total cross—

section).

This condition is clearly violated near the interfaces between media of
different composition (at a distance of 1-3 neutron free path lengths). If
(as occurs, for example, in fast power reactors) the dimensions of the
homogeneous zones of the reactor system exceed the free path length by a large
amount, the boundary regions where space-independent averaged cross—sections
cannot be determined, and where consequently a calculation based on averaged
cross—-sections is inaccurate, occupy only a small part of the total volume of
the reactor, In view of this, inaccuracies in the calculation of the flux near
the boundaries have little effect on the integral physical characteristics of

the system,



The approach we have been considering is that normally used - for the
vast majority of existing calculation programmes -~ when we must allow for

the energy dependence of cross—-sections and fluxes,

In the present work we aim at deriving constants for programmes of this
category; hence we also proceed on the assumption that it is admissible to
take account of the resonance structure of the cross-sections by means of the

rational averaging referred to above,

2. Multigroup kinetic equations

It has been shown above that in the most general case the neutron flux
and cross—-sections can be effectively averaged over the resonance structure,
After an averaging operation of this kind, solution of the system of equations
in expression (1) consists in solving this system, but with cross—-sections

which are smooth functions of energy.

At the present time very extensive use is being made of the multigroup
method for describing the energy dependences of cross-sections and fluxes
when solving the kinetic equation, Practically all the neutron calculation
programmes for fast reactors and for shielding applied at the present time
are based on this method, Let us examine the requirements that must be met

by the multigroup constants used in current programmes,

We select, on the energy axis, N discrete values of Ej numbered inversely

to the increase in energy:

E(/4>Lf/ , J=-{,2,3,-.-,./1/-

We then combine in the jth group all neutrons having energies within the

range Ej’ Ej-l’ so that the neutron flux of the jth group is written as
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The equations for determining the group fluxes can be obtained by
integrating the system of equations in expression (1) over the energy
intervals of the groups:
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The ultimate aim of the neutron calculation is usually to calculate
the neutron fluxes F, (x) or the reaction rates, In a group approximation
the number of type r J reactions occurring at point x of the system under

consideration should be calculated as
Z G

Boe (x) f”‘ /r) ’7 (20)
vwhere U:j is the cross-section of the type-r reaction of the mth element
of the medium in group j:
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where it is assumed that ES(E) is the cross-section averaged over the resonances,

For example, to calculate the source term S‘oj(x) it is necessary to know
the group fission cross—sections 0?1, the number of secondary neutrons per

fissionV?, and the group shares of the fission spectrum xj:
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As can be seen from expressions (16), (17) and (21), the group cross-
mt
sections ‘Z;f » G/ and Giﬂ?([tj) are generally functions of the co-ordinates,
As the calculation with space—dependent cross—sections is extremely complex —
and in order to calculate them we need to know the functions ﬁz (x4E) which
are initially wnknown - these cross-—sections have been replaced by constants

in the multigroup approximation.

There are two approaches to the optimum selection of constants. In the
first the selection is made in such a way that replacement of the space-
dependent cross—sections by constants preserves the exact value of one or
other of the quantities, e.g. K ypo It can be shown [9] that in this case
the space—dependent cross—sections in expressions (16) and (17) should be
averaged over the uniform regions of the reactor with the weighting fumction
determined by the quantity whose value is to be preserved, This method of
averaging the cross—sections can usefully be applied when the number of groups
is small and the groups themselves correspondingly wide, so that owing to the
space dependence of the ageraging spectra, F{‘(x,E), the group constants in
expressions (16), (17) and (21) are strongly dependent on the co-ordinates.,

It is natural to describe this procedure as a method of averaging cross—sections

in a few—group approximation,

In the multigroup approximation, where the groups are rather narrow, the
group constants in expressions (16) and (17) are very weak functions of the
co-ordinates since S (£) , G, (F)and (;;;1(5) are slowly varying
functions of energy (averaging over the resonance characteristics has already
been carried out), In this case the problem of averaging the group constants
over the space co—ordinates ceases to exist. There remains only the problem
of averaging over energy, for which the unknown f} (x,E) spectra must be replaced
by some average spectrum ¢ (E), If we wish to use in our calculations the

previously compiled microscopic group constants for individual elements, such as
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Gop (<nr), ("r and G[ (so that é =/ Pm (%), it is necessary to select

some unlversa.l "standard" spectrum Q(E) The use of a standard spectrum instead
of the F‘(x,E) spectra undoubtedly leads to certain inaccuracies in the calcu-
lation of group constants, However, if the groups are narrow enough these
inaccuracies will be smaller than the uncertainties associated with inadequate
knowledge of the energy dependence of the cross-sections, and in this case they
can be ignored, Analysis shows ({3D that, given the current accuracy with which
we know the cross-sections, this is true with regard to the total cross—sections
m
43
wnits is less than 0,5 to 1,0, This condition is fulfilled in the 26-group

o and the reaction cross-—-sectionsCIIII}‘j when the width of the group in lethargy
system of constants [1], where the group width does not exceed 0,77. In groups
with widths of this order or smaller the choice of a form for the standard
spectrum ¢(E) is not very important for the determination of the group constants,
For example, one can use the standard spectrum adopted in Ref, [1]: a Fermi
spectrum for energies of less than 2,5 MeV and a fission spectrum for higher

energies,

It is a different matter with slowing down cross-sections, particularly
the elastic slowing down cross-section 6}; (ivf) . If the width of the
group is larger than the maximum energy loss in scattering, the group parameters
are strongly dependent on the form of standard spectrum adopted, even when the
scattering cross-section is strictly constant. We shall derive the elastic
slowing down cross—section for this case from expression (17), taking into account
the fact that 6;17(5-'»[}:—: Ofar £ (1udm)<E<E" wnen F'idm < ( @--,, - 5'-4)-'

/-,/// L)
dE L (, £) 6}«[ /E—rf}q’f_
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where i = j-l, For ({,/-f 6;;(57').—0.
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From expression (25) it will be seen that the elastic slowing down cross-

section depends to a large extent on the form of the intragroup spectrum,

even if the space dependence of ﬁ;(x,E) is weak, It is therefore natural in

the multigroup approximation to determine the slowing down cross-—section in

the following way. Firstozvz i is calculated by averaging 02 ‘(E) in group i
over the standard spectrum Q(ES. Then the integral spectrum w{thin group i

is determined on the assumption that all the cross—sections within the given
group are constant., For this calculation we can use easily calculated spectra
for an infinite medium or a fundamental harmonic (if there is a fissionable
nucleus in the medium), Finally, using formula (25) we calculate the elastic
slowing down cross—section on the assumption that the spectra of all the harmonics
of the neutron flux coincide (i.e. that the anisotropy of the smoothed flux
within the group remains essentially unchanged). In the M-26 programme

complex [10] now in use at the Institute of Physics and Power Engineering the

very simple algorithm described in Ref., [14] is used to correct the slowing down
crogs—section for the shape of the intragroup spectrum, In the recently developed
programme of macroconstants ARAMAKO [11] the intragroup spectrum is calculated
more correctly by subdividing each individual group into a large number of

narrover groups,

The uncertainty in the elastic slowing down cross—sections is a dis-
advantage inherent in the multigroup method, and within the limits of the
method it cannot be completely eliminated., Specifically, the algorithm
proposed for obtaining the elastic slowing down cross—sections already represents
a departure from consistent application of the multigroup method, since the
intragroup spectra in the infinite medium must be determined either amalytically
or by sub-dividing each group into a large number of much narrower groups for
which the uncertainties in the choice of slowing down cross-sections would be

small,

If the energy loss in inelastic scattering is less than the width of the
group, the inelastic slowing down cross—sections can be calculated in precisely
the same way as the elastic (see formula 25). If, as is usually the case, the
energy loss in inelastic scattering is large, the uncertainty in the choice of

the intragroup spectrum is negligible,

Let us now turn to the calculation of multigroup parameters of scattering
anisotropy, i.e. the values of (;;;(Q1:[), which are given in Ref, [1] only for
L= 0 and (in the case of light nuclei) 4= 1,



- 12 -

3¢ The kinematics of scattering and the derivation of
a formula for the angular momenta of the
gcattering indicatrix

In determining the group parameters for scattering anisotropy we shall
consider elastic scattering to be a particular case of inelastic scattering,
i.e. scattering as a result of which the nucleus assumes the ground state
(scattering at a level of Ef: = 0), Hence we shall first examine inelastic
scattering, calculating the angular distribution S}n(E‘*E) for it, after which

we shall proceed to elastic scattering,

Calculation of the function Sin(E'*E) requires the use of certain relation-
ships which can be derived from the laws of conservation of momentum and energy

applied to the case of inelastic scattering with excitation of the level E§.
We shall introduce the following symbols:

The laboratory system of co—ordinates (the L system)

V' = neutron velocity before collision

v = neutron velocity after collision

Vé = velocity of the nucleus before collision

Vo = velocity of the nucleus after collision

Vé = Vc = velocity of the centre of inertia before and after collision

Centre—of-mass system of co-ordinates (the C system)

W' = neutron velcity before collision

W = neutron velocity after collision

Hg = velocity of the nucleus before collision
Hb = velocity of the nucleus after collision
Hé = Hc = 0 = velocity of the centre of mass

As usual, in the laboratory system of co-—ordinates the target nucleus is
considered to be stationary before collision, while in the centre-of-mass
system the centre of mass of the system (neutron plus nucleus) is considered to

be stationary both before and after collision,

As is usually done in the case of neutron elastic scattering, we shall
examine inelastic scattering by the methods of classical mechanics, assuming

that the neutron and the scattering nucleus behave in inelastic collision as
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ideally elastic spheres, and allowing for the fact that excitation of the

nucleus in scattering reduces the kinetic energy of the whole system by Eg.

Since theoretical analysis takes a simpler form in the case of the C
system, it is practical to write the laws of conservation in this system, to
determine the velocity of the neutron and nucleus before and after collision at

this stage, and then to proceed to the L system,
The laws of conservation of momentum and energy are
W AW =W+ AU, (26)
2 Rk
W g W W o q W5 £
3 + A= 5 A3 £, (27)
Figs 1 and 2 show the senses of the velocities and the relative positions

of the neutron and nucleus in the L, and C systems before and after collision,

L system C system
W
- >
v 4 wiviy gk
PP —O0— PEd e
U0 i - .-~ Centre of inertia
we”

e

Fige 1 Fige 2

Here and below, the angle %‘(or-sc), and also Cos 8, = p (or Cos 9 = pc)
correspond to the angle arc Cos p (cf section 1) in the L (or C) system,

In view of the fact that before collision the nucleus in the L system
is at rest, the momentum of the whole system is equal to the neutron momentum
1l x V', At the same time the total mass of the colliding particles is A + 1,
and consequently the velocity of the centre of mass before collision in the
L system, i,es relative to the stationary nucleus, is

Y - ,&‘;”7’ (28)

In the C system the centre of mass is at reste For this condition to be
fulfilled the nucleus in this system must move towards the centre of mass at a
velocity of H; - Vc. As the velocity of the neutron relative to the nucleus
before cvollision is V!, the neutron must move towards the centre of mass with a

velocity W! = V'-Vc or

n™

A
W= 57 (29)
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It is now possible to determine the momenta of the neutron and nucleus,
Obviously they are respectively equal to

© a2y gurl AY
7 = 7:7“ and 47 c ﬁ*f (30)

and are directed towards one another, Consequently, the total momentum of

the system before collision is equal to zero, and according to the law of con-
servation of momentum it should be zero after collision tooe As the centre of
mass always lies on the straight line connecting the interacting particles, when
the neutron moves away from the nucleus after collision the recoil nucleus
should move in the opposite direction, and this means, if the total momentum

of the system remains the same, that

1 W =AU, (31)
We shall now establish the velocity of the neutron and nucleus after collisionj
to do this we substitute the values applicable before collision in equation (27)

and make use of relation (31):

24 swt. gt oyt 4 2k
2 2 G+A)R 2 Greg)r® ° (32)
whence we have
2 I3
/AN S YL :
“ieae Y gt £ (33)
a/_l_ 2 ‘y,,g‘ 2 A . Ek-
TG eAR reAy e (34)

Ag the L and C systems always move relative to one another with the velocity of
the centre of mass in the L system, in order to determine the neutron velocity
of interest to us in the laboratory system of co—ordinates it is necessary to
add vectorially to the neutron velocity in the C system the velocity of the

centre of mass in the laboratory system of co-ordinates, i.e,

Sy D>

Vo (35)

From expressions (35), (28) and (29) it follows that

?/"=31/'fj—?izy:: (36)
From expressions (35) and (36), solving the velocity triangle (Fige 3), we have
respectively
vt A 0 s 6, (37)
(38)

»

Ul z(/“’,«ié.z(ﬂf, L s 6]
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Initial direction
of movement

Fig. 3

where % is the angle between W and W' (the scattering angle in the centre-

of-mass system) and

(s 8, . (W),
w-

(39)
From expression (38) it follows that
V4 VS S A el B
QU&C—’W, [Z/b W= Fo & ] (40)

Substituting W and W' from expression (34) and (29) in expression (40), we

have:

g L0 G ()
: V1- 2z L

or

~

Sle- (36 - Wi il A ]/(

V-Gt s ' (42)

In order to find the scattering angle in the laboratory system of co-ordinates,

we use relation (36), projecting V in the direction We, which coincides with o,

’

Zﬂ@@;%@!@*l—%-w_' (43)

Inserting expressions (34), (41) and (29) here, we get
’ &
- - ~ - /g o
S (36, = BrL (L) - z.‘g_t[‘_,).m Lo (44)

= - Al JJE -1 J/E' f-tvlé
A e o s /- * A e (45)

or

where % is the scattering angle in the laboratory system of co-ordinates,
Solving equation (42) for E, we obtain a relation linking the neutron energies
before and after inelastic scattering:
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If ro = +1, then as a result of scattering the neutron will have the maximum
of all possible emergies (cf. expression (47)), and if pg = -1, it will have
the minimum (cf expression (48)):

fmax:fl[_{‘ﬁ% [/* / E" /] _di_'i.- EO)} s 4n

.Em=f’ l{ ,4+£42(/+ HArd, Ea }/;_ f/Eéfk)] (48)

me and Emin can conveniently be written in the form

= £ [£4-Bn] > (49)

[:qu -

Erpin = £ 17~ oLez]

(50)

The relative energy losses (minimum and maximum) are

S|ty £ $ VT G T )]
i
¢‘h=[7§"5‘k*§£(/+//_‘%i'?£?)] - (52)

From expression (46) it is a simple matter to derive a link between the change
in the cosine of the angle (dpe) and the energy change dE corresponding to it:

dE-dpe ZEE - 1- 22t B - pEL1- FE L 6y

From expressions (47) and (48) it will be seen that the neutron energy scatter

due to losses associated with the recoil of the excited nucleus in inelastic

gcattering is

- 4hE' A+ F X
Emax - Em.m, _(;7_:{_}2 / A ‘Er ’ (54)

and that the average energy loss in inelastic scattering can be derived from
expressions (46), (47) and (48).

" Emax * Emcn  _ A £k 25]
£ mo 5 mor = 525 £, [_{+m Ex (55)
The link between b, and y; is obtained from relationships (42) and (45):
+ 1 EX ’
- 1+ At K/ - - £ .
[1:2hpfi-BLE + #1441 E) (6)

Solving this equation for Bor we get

T

Srf P2 B ) eyt )
AVe- Gt

e
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From expression (57) it will be apparent that two different scattering angles

in the centre—of-mass system can conform to a given cosine of the scattering

angle in the laboratory system, However, this is by no means true every time,

and if there is a unique relationship between M, and Mo in formula (57) a plus sign
should be inserted, Here and in what follows, therefore, the minus sign is

placed in brackets,

The form of the scattering indicatrix in the laboratory system of
co~ordinates f(uL) is determined from the condition of conservation of the
scattering probability during the transition from one system of co—ordinates to
the other:

7(//”4)9//’? :E{J/’/c; (58)
or, making use of expression (57), we obtain
o 2o n2(1- 3L __E.“ _ /e
/ (‘/”.;)= A _CZ_L’ /ﬁ“ o) }//”‘ :7 // ) )
J ¢ (//V ‘?A//i/ A+, E 1//”4 *42/1 At £ )

where %dpc is the scattering 1ndlcatnx in the centre—of-mass system, Again

=7 (59)

using expressions (42) and (45), we express the neutron energy after inelastic
scattering by

E-f' 2ﬁ&f/‘72—/' a1, £)- é’/"»}{”ﬂ A1 - £ ‘c)f
(A~ z)z 60)

It will be seen from expression (60) and from many of the other formulae set

out above that inelastic scattering can occur only when
1 K Z* ,/
£ >/ £, 2 (61)
where

K
booe® bor Bt (62)
is called the forward threshold of the reaction, In fact, Efor is the minimum
kinetic energy which must be imparted to the nucleus in inelastic scattering at
a level of E]: for the escaping neutron to have a direction that is Mstrictly
ahead" (9 = 0) in the L systems We can check this by substituting W= 0 in
expression (34), because in the C system the energy corresponding to Ef
is equal to Ek and the kinetic energy of the inelastically scattered neutron

1]
is zero. As a result we obtain relation (62) (i.e. % - El: Azl for)' from
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— —
equation (35) it follows that V = Vc, i,e, that the velocity of the neutron
esca.ping'after inelastic scattering in this case (E' = Efor) coincides in

magnitude and direction with the velocity of the centre of mass (eL = 0, By, = 1).

Let us now consider how the angle of possible deflection of the inelastically
scattered neutron changes with energy., For this purpose we determine the minimum

value of B, from the condition that the derivative duL =0 (cf. expression (45)):

dE?*
min FX A AT
S = (A ER G T A (63)

It follows from expression (63) that when E'> Ep,

deflection of the neutron increases, and ultimately, at an energy of

r the angle of maximum

E'- £ A (64)

reaches its limiting value of -‘? (-“L = 0), This means that at a neutron

energy of
Exevs £ £5 775 (65)

R
there cannot be any particle scattered at an angle \9L greater than =%
hence Erev is called the reverse threshold of the reaction,

When E'>E__, there is no upper limit for 9L (cf. Pig. 9a); neutrons

in the laboratory system of co-ordinates can be observed at all angles
min

(p.L has no real va.lue).

Let us examine two essentially different cases of scattering,

corresponding to the above-mentioned regions of energy E':

’ .
I. E, <E'<E_; and

'
II. E'™ Erev

We shall determine what relationships between the velocity of the
centre of mass (Vc) and the velocity of the scattered neutron observed in
the C system (W) can exist in cases I and II,

2
A

. Ve
' ot m—
From formula (34), substituting E E v I-1 E’I:for 5 and then

making use of expression (28), we have

V =W
C

whence it follows that when E'qurev

Vc> W (ca,se I),
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and when E™E
rev

VC<H (ca.se II).

Figs 4 to 9 show polar velocity diagrams (4b-9b), and also the
probabilities of an inelastically scattered neutron escaping at various
angles in the laboratory system of co—ordinates (4a—9a) for the case of
scattering which is spherically symmetrical in the centre-of-mass system,
By way of example diagrams are shown which portray the inelastic scattering
of neutrons at the EI; = 0,478 MeV level of the 7Li nucleus, which were
obtained from formulae (58) and (59). Figs 4 to 7 relate to E' values
situated between the forward and reverse thresholds, Fig, 8 to E' = Erev
and Fig., 9 to E'>Erev. As can be seen from diagrams 4-7, in the first case
{Efor‘ E <Erev; VC>H} neutrons of two energies (velocities) are observed at
each angle in the laboratory system of co-ordinates. Neutrons of the first
group have a velocity of _\}1 (cf. Figs 4b to 7b) and are deflected as a
result of inelastic scattering at an angle of 9c1 in the C system, Neutrons of
the second group have a velicity of ‘\; (;;2< Vl) and are deflected at an

angle of\‘)cz , Which is larger than 9 1)

c *
= | .
Einit 0.546 MeV E 0.547 MeV
/70“‘) LY
qMﬁZEﬂBG .
lg
£'=0550MeV

//f't) z/*//"‘)

o‘mz___ 3303/'

r

Ja

L%(m) f{“,i ‘)

6.7 = 50°59"

£ 0553MeV

6a
YA
67 y 1947
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E' = 0.557 MeV = E

rev
) ﬁ;& )
7(’- 8] \
a‘.mx= I/z “a-nn %
8a &b

£*-a567 Mev>E___ /;,;
Cx— o)

99 9v

The plus and minus sign in expressions (57), (59) and (60) correspond
to the first and second groups of neutrons, respectively, The scattering
angular distribution in this case consists of two branches, one of which
corresponds to the "smaller" 9c angles (the first group of neutrons) and has
a larger scattering probability than the branch corresponding to the larger
Sc angles (second group of neutrons), When E' = Erev’ only one branch -
relating to the first group of neutrons - remains: the minus sign in
formul ae (57), (59) and (60) should be omitted at this boundary energy
value, It can be seen from Fig. 8 that when E' = Erev scattered neutrons
are observed in the laboratory system of co-ordinates throughout the forward

1" "
half space (% "2 - L

2
n 1"
By 9 MaX” we shall denote an angle which in the C system corresponds

) and that for each angle SL there is one corresponding
angle 90.

llmax"
to the angle SL

case I all possible &

in the laboratory system of co-ordinates, Whereas in
"mu"
L L
corresponding to them in the C system are distributed between Sc
”, ”"”
9c= 180°, the angles from SC = 0° to 9c = acma.x relating to the first group,
", "

\‘)c = ecma.x to SC = 180° relating to the second group of
scattered neutrons, In other words, when E'< Erev’ all possible scattering

are comprehended between 9 and § L= 0, the angles

= 0° and
and the angles from

angles in the C system will be included only when both the plus and minus

signs are taken into account in formulae (57), (59) and (60),

Iv follows from Fig, 9 that in the second case {E*> Erev; Vc <W}
there are no limitations with respect to the scattering angle in the
laboratory system of co-ordinates (a.s has already been mentioned above).
In this case only the plus sign should be used in formulae (57), (59) and (60).

We shall also introduce some well-known relationships relating to
elastic scattering and derived from the corresponding formulae obtained above

for inelastic scattering (putting E]; = 0),
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flest- 45 [1- £]

( 42")

Sos GHYE - P ( 45')
E-¢£ [/ -e //-ﬁc)] ; ( 46)
Emax = E (when pg = 1) ( 47")
Emin - 5'[1 -(jf’m] - E'f1-L)  (when uj = -1) ( 48")
Lin becomes oL =(/q“f’—7;,e ’ ( 52")
Bcn becomes equal to zero; ’ ( 51%)
uld ‘(f,’%; dpie = &£ dpte ; ( 53°)
= 1 A frc ] ( 56°)

V41 * 2 Am, A7 7

R LAY Y ( 57')
A
f//q"): ML + vﬂ‘?- f f/”f )‘2 : ( 590)

?ﬂrﬁz-.{‘ﬂsz ’
- L 2Nf*/-.{’2 Y+ 42 - 1
£E-F i L ( 60")

In the last three formulae the minus sign is omitted in the numerator in
front of the root as elastic scattering is not a threshold reaction and
the case of ambiguity in the determiriation of uC(“L)’ f(uL) and E(p.L)

does not arise,

4, Calculation of the slowing down matrix

In accordance with what has been set out in section 1 (cf. expression (5))
and in section 2 (cf, expression (17)), we shall write the £th moment of the
inelastic scattering angular distribution from group i with the boundaries
E. and E,

i i-
E.<E, , ) _
J =1 4 -’}:
Y Gin e

4 Y &

() (;‘

in group j with the boundaries Ej and Ej-1 (where ig i, Ei< Ei— and

1 1

(66a)
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where G'L,: is the average group inelastic scattering cross-section:

\

™
:'3 ’
~
NS
N

£;
K Ere yEi0
¢~_,j wa [ /G(E}S;[f )F/F)c/fqlé'
£fn) T 5"-4 ‘/l Ee- v Eoov

§ (€)-oif") G, (€ f:(f')-c/“/ e e

E; 7 /

/( g'—# ?//11
. , « ’ ,
- 2 [ 46;(5)?5;/[“"55)'/;@}#{-4{' o

T se [T (6) £ () olE

'h -

Here

A
T T ) df

-~

Ei and ﬁi-1 are the limits of the energy region in group i from which
scattering into group j is possible; E and E are the limits of the region
m group j which can be hit by neutrons scattered from group i; and

n (Er> B, Ek) is the 4th moment of the inelastic scattering angular
d15tr1but10n at level Ek which (1n accordance with our analysis in
section 1) we determne as the ratio of the differential cross-section
g n (B E, EI;, “L) to the total cross-section for inelastic scattering
when E' - o, (EY):

’ ’ k AHOE £7f)f;’: 6:)1. /E" »
S (ESE ES pu)-GolF /"5)/ Z (61

In order to calculate Hizfn) it is first necessary to find an expression
for the scattering angular distribution Sin’ which is convenient for
integration, and then also for its moments,

_/ Here the index of the element of the medium is omitted as only the
micro-cross~section is considered,
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Since the neutron energy after collision is uniquely determined by
the deflection of the neutron from its initial direction ag observed in
the centre-of-mass system of co-ordinates (at given values of E!, E:: and A -
see expression (46)), the differential cross—-section and consequently also
the scattering description must contain a o ~function ensuring the
fulfilment of relation (46), i.e, linking the energy before and after
scattering, This can obviously be done with the help of the following
b -function:

b ol 4 E TR

Apart from thisb—function, the scattering description must also

contain a cross-section and angular distribution for neutrong (for our
purposes it is desirable to use an angular distribution in the laboratory
system of co-ordinates),

Por inelastic scattering at the level El:, which is anisotropic in the
centre-of-mass system, the probability of deflection at the scattering
angle 9, is determined by the differential cross-section o(E?, E::, uc),
which corresponds to the cross-section O(E', E:, uL) in the laboratory
system, We shall represent the differential cross-~section in the form
of an expansion in Legendre polynomials; then, following the law of
conservation of the number of particles, we have

Yy /f: on’ e )C//'fc *0n (f)’ foK) /y"')C//yL ’

(69)
and we determine (G, ([, f,,k, /’/L) as
o> 03 c
€S p)- Crlltd) 57 ol (E) P ). o [ EIP [ ol
QUE £, )= el l) e ) ﬁ)@uf;@ e, ,,//d/_f (70)
m=0 -0
where /,{ p / ) o
L Gin (E/ ) Fe () of Pa
w/n_ (El)i 9]:2,71’/. -f /”L =

G

f
/ Gou (€ 1) (4e) -l
= (8m +1}- -7 7
/, Gin (£ pii)- o s
Hence, in the case of inelastic scattering, which is anistropic in

the centre-of-mass system, the scattering angular distribution at the level
ES will take the form

Sin (E5EEN p1)- G (€6, £ i) /62 (£7) -

. G (£LEL) Zﬁa@:ﬂfy.,gu m)-gff-['[l-%g (141 5" piff1-5 E‘—?Kl)' (72)
m=0

457 - G (€]
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Here we use a bd -function which is dependent on Hoy and this greatly

simplifies the subsequent integration,

Let us now represent the scattering angular distribution — expression (71) -

as an expansion in Legendre polynomials and derive the coefficients of this

expansion:
e < K
Sia (26,65 154 2 Sy (€76.620) 3 (1) ,
=0 ) (72)
where
1 [_-l '3 . 'z ’ rs
S (E'>F, E')-2n (96+1) Skﬂf»f;f;,/;&)-é)//&).‘{/&,
-f
(73)
In expression (73) we then introduce the value of the scattering
angular distribution from Eq, (71) in place of the integrand,
4 .
i el (& / - ,/f/ - A2
ot o[G0 5 R o) i) S (il 5 5B
N aaTen e (74)

We multiply and divide the integrand by duC and undertake the following

substitution of variables:

f'fﬁ/ "' RAF’ _ AL

An)?‘ - %L/ & 0/4}:‘
S /[-'Ef ) (20 /}/ (f["){)a, (5}/,’,,//1‘)/15//1" (Eoﬁ'ﬂ-j-ﬁ -E 77 /)2 1} 1‘2,7;‘}/’ %_{El
(—,424/251 e ':“', (75)
du

where {K%%LT)Z = % s and E;E is determined by relation (57). In expressions

(74), (75) and (57) u is a’function of the initial (E') and final (E) neutron

energies and is determined by relation (45).

Hence the coefficients for the expansion in Legendre polynomials of the
inelastic scattering angular distribution, which is anisotropic in the
centre—of-mass system, take the following form:

.44'1! - ﬂ?{p\/} an/E [g //"L) /" L, P )
A ; £
'()’(E ’ ) T Vf A, f Gf (€') m:o%/ ) m(/v‘)) }K(L

(76)

It will be seen that the expansion coefficients S}n(ElaE, Eﬁ) are

themselves dependent on the expansion parameter ;. The reason for this
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is that there exists a relation between u; and E determined by expression (45).
We shall bear this in mind below in selecting the limits of integration in
expression (66),

The applicability of formula (76) is determined by the energy which a
neutron can possess as a result of inelastic scattering. This indicates
that the coefficiente S}n (E'-bE, El:) are meaningful for an energy E from
the region

o[ 30 gt 8 A e ce - S0 BB FE

(17)

or

E'(1-Lin) SES E'(1- fn ).

For energies higher than E'(1-8, ) and less than E'(1-a, ), SY(E%E, E)

are equal to zero,

As in expression (76), we can write the coefficients for an expansion in
Legendre polynomials of the elastic scattering angular distribution, whioch is
anisotropic in the centre-of-mass system, as

%t +{)-Ge(E') [
‘S;(faf)_- & o[/.f'.G-{E(icf[[’ﬂ (MZ_'OC‘J ()1, 0”‘)) (78)

It is epparent that the rggion for the determination of these coefficients
will be included within the limits E*(1 -a)€ EgE!*,

Let us revert toc expression (66) for the £th moment of the angular distribution
of inelastic scattering from group i into group j, substituting the value
derived from expression (76) for Si" (EWE, El;). We write the equation as
follows:

K Ece GinlE)E)) o p?: “E9. 0 )%
W ;(2"")[:(’;"@ e b E/’ ) [ Gl £uf9) -
) %e /5'6'7” (6)-F (['). JE' 79

£,
The 2th moment of the cross-section of inelastic neutron scattering from

group i to group j is

EFoot
l'“;/'_ 'W(,(‘,:) /[an (E')'/;_(E)- o £’ ) W/'-»‘/' oy
in, b~ E, =Wotim) " Cu (80)

/ L (E)-AE"
£.

[3
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For convenience in calculating the group parameters for anisotropy,
the variables in formula (79) can be replaced with the help of expression (53),
which links the values dE and de, as a result we obtain for Hi( n) the

following erpressmn. z Sl £
£'ENX £ '/"//'a) A ALY
W, JZ &%02/ GT,JE ) -, (E)/"/)a’fm(
((h) ~f )
573 Goy (€)- F(E)-dE (81)
f;' s '
where /7, (L., F and 7% (€, F') are calculated by means of formula (45).
Sy

Before proceeding to a direct determination of the limits of integration
in expression (81), we shall consider the value H;'J(E'), which characterizes
the f£th moment of the probability of inelastic scattering of a neutron with
energy E', at the Elé level into group j. Then formula (81) is written as

E.l'-f
2 X . — ” -
Jo GulE £9-F (€)W (€).aiE”
Eoq : . 7 (82)
Ze [ G le)f (€)dE

M by, EY)

oo
W He). &get Z OnlE) |B(1e) fou (o) d e (g3)
m= g /HL {j ;E)

The limits of integration in the numerator of expression (81) depend
on the atomic weight of the nucleus with which the interaction occurs, and
on the width and relative position of groups i and j. In calculating the
limits, therefore, we shall be interested in kmowing what energy E' the
neutron had if as a result of inelastic scattering at the level Ek with a
minimum (or maxlmum) energy loss the neutron acquired a given energy E., In
the first case (minimum energy loss), we shall denote the corresponding
E? by E' (E), and in the second case (maxlmum 1oss) by E' (E), and we
obtain these values by solving expressions (47) and (48) for E"

:’.n,u)/[f i)ﬂ 0()27477)] V[ /,’r»/)( 2;,7«/)] *ﬂéfﬁz)x/’a/)/ (84)

-152176')/[@ '%)ﬂ‘g)—é’%’%)] [(['/n/ 2(4,,/] -(€ ',95;:;1)2//';);. (85)
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Here a = (KQ%'T)Z is the relative maximum energy loss in elastic scattering.
With the help of E&in(E) and Eéax(E) it is a simple matter to determine the
energy region from which scattering into group j is possible, As can easily

_1):

. . . . ' o
be seen from Fig. 10, this will be the region Emin(Ej) Emax(Ej

Ey-g El:n'n/@') ff:va.rflj'-f)

--—_qm

Fig., I0

In Fig, 10 the black lines indicate the region in which neutrons of
the energies mentioned can be scattered, E&in(Ej) is the smallest of all
possible energies at which, as a result of inelastic scattering, a neutron
can appear in group j. In fact, if E' = E&in(Ej)’ then only at minimum
loss will the energy of the scattered neutron become Ej; in all other
cases scattering will go beyond the bounds of group j. But if the initial
energy of the neutron is less than E&in(Ej)' then at any energy loss
scattering will go beyond the boundaries of group j. E&ax(Ej—l) is the
largest of all possible energies at which the neutron can be scattered
into group j. In fact, if the initial energy of the neutron is greater
than E&ax(Ej—l)’ then the scattered neutron will not pass into group j no
matter what the energy loss is, Below we shall be interested in scattering
from some particular group i into the group j under consideration. Depending

max
from which scattering into group j is possible, five different cases are

on the position of group i with respect to the region E;in(Ej) - B! (Ej-l)’

possible,

1. Group i lies wholly within the region E'. (E.) - E!

mint®; max(Ej—l)' that is

E':)[Ilru'n. /[:/)

!
£¢ l\< Ema:l’ (@'_/) ff fj—‘ il"ll-.ll {EJ.) [2 £, ["’",{.5._-’)
: : L o
: i ] o
p — ]
L S |

Fig. 11
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It is apparent that in this case any neutron from group i can appear in
group j as a result of scattering.

2.  The upper limit E! (E ) of the range from which scattering
into group j is possible 11es w1th1n group i and the lower limit E' (E )
lies outside the limits of group i, that is

Fi Y £ min (E')
Eco > Etnax /5-4)

te Emin (&)
Al

L—«»'.“

- =4~ <4M

'
|
"

.

1 . ]

Fig. 12

In this case only neutrong from the energy range Ei - Er;na.x(E -1) of group i

can pase into group j. No neutron having an energy higher than E! (E. )
can reach group j.

3. The lower boundary E' (E ) of the range from which scattering into

group j is possible lies w1th1n group i, and the upper boundary En'lax(EJ—l)
lies outside the boundaries. of group i, that is

Ei & Emin (&)
f[-4\< Ez’rmx {[‘;/21)-

& Sf-l E¢ !»'u'n g) Eq fnlnr /5/'-4)
' T v Ll : T I
! . 4 i
; - ' '

f t

| 1

L .

Fig, 13

In this case only neutrons from the range E'. (E) - E. 2 of group i can be

scattered into group j. All neutrons havmg energ1es lower than E'. (E.)

min*"j
pass through group j as a result of scattering.

4. The group encompasses the whole range E!. (E ) - (E ), that is
min j-2

Ec S Emin(E)

[11> [lﬂaz {E 4)

E;;mt ffj—r) [,

T

T
! | !
t ]
] ' ]
T

— '

—

-..-—-q\l.n
s . W
LY
=
I'h
d
R
S
~




It is apparent that in this case only neutrons from the region En'lin(Ej) -

En'lax(Ej—l) of group i can be scattered into group j.
- . . . , o .
5, Group i is entirely outside the region Emin(Ej) Emax(Ej—l)'
fl‘ >/ [/Eyaz (:-:r/'-{)
ft'-f>/ £ max 9'-').
& nd Emcin /EJ) f-:cy/él'-y} £ (798
- : : T '
1 ! J ] | '
i B )
i [}
| |
I
Fig. 15

It is clear that in this case no neutrons from group i will pass into
group je.

On the basis of the above, we may conclude that in the most general
case the limits of the region of group i from which scattering into group j

can occur will be determined as follows:

max | Emin (6); 6 ]

‘ , (84)
mun [ oy N £ marx /[‘:/—1)]

£ -
Let us examine the energy dependence of the functions H-;j(E')
(cf. formula (83)) and consider the probability of a neutron of energy E'
passing into group j as a result of inelastic scattering, i.e. taking as
an example the function H-—;j(E'). The values of the limits of integration

for other values of HZJ(E'), as can be seen from expression (83), will be

the same.
Two cases of scattering should be distinguished.

1. The energy spread of inelastically scattered neutrons is always
i ie U - < -
smaller than the width of group j: E (ain Bin) (Ej-l Ej) for all

values of E* from which transition into group j is possible.

} W/ (E’)
’ ————————————————————
1
| t
' )
Y &t ! ! .
: A Erinlej) \Enazll) €y Xbir) [ Emax fic)
L ! ' 1 1
1 ! i
: '
L )

Fig. 16
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: ; ' ; ' ' Y ) ij
It is obvious that for E' from the region Emin(Ej—l) Emax(Ejfl)’ W,

should be calculated by means of formula (82), with the limits

£ = E (ol i)
7 (77t /Z (1)

] 1 _ [] .
Neutrons from the region Emax(Ej) Emin(Ej—l) reach group j after
inelastic scattering with a probability equal to unity. Consequently
WE*J should be calculated for this region by means of formula (82), with
the limits '
Er = E'f-ol i)
& g o (11)
@—f‘f //jﬂl;t)
- ] 3 ] — ] i—*d 1
Finally, for E' from the region Emin(Ej) Emax(Ej)' W is calculated
by means of formula (82), with the limits

g 5 / (111)
Epq=E //-/e,;, }

2. The energy spread of inelastically scattered neutrons is wider

than or equal to the width of group j:
! - = ., =B,

E (“in Bin) (EJ_1 EJ)
for all values of E' from which a transition to group j is possible.
' e i P . s
In the range Emin(Ej) Emin(Ej_l) we calculate W;Y(E') with the limits

. . . ' _ @ e

defined under (III), while in the range Emax(Ej) Emax(Ej—l)' the limits

. ' g -3
defined under (I) are adopted. In the range E (Ej-l) E&ax(Ej)' W, (E')

min
is calculated within the limits

(1v)

i 1 Vi (£7) .r“"“' 70 i Erax(€) |Ermox &7
i ]

I

|

)
[}
- 4

Fig. 17



- 31 -

When calculating parameters for the anisotropy of the transition from
group i to group j, we must first determine which of the two cases mentioned
above holds true., To do this we calculate the energies E&in(Ej)' Eéax(Ej)'
Eéin(Ej_l) and E&ax(Ej_l). If it is found that E&ax(Ej)<: Egin(Ej_l), the
first case holds; if E;ax(Ej) = E&in(Ej—l)’ the second case is true.

In addition, it is necessary to consider the position of group i in

(B, ).

min max' j

We shall number these energies in order of increase:

3 3 ] | ] L
relating to the energies Emin(Ej), Emax(EJ.), E (Ej_l) and E

=3
n

]
1 Emin(Ej)

- L] 3 _ .

E, = E! (Ej) in case 1 E, = Emin(Ej—l) in case 2
= B! ; _ me .

Ey = Emin(Ej—l) in case 1 Ey = E} (Ej) in case 2
- L

E, = B} (Ej_l)

For each of the boundaries of group i there are five possible positions
relative to the energies noted above. The position of Ei is determined by
the lower 1limit of ﬁi of the energy region in group i from which transition

to group j is possible; the position of Ei-

1 is determined by the upper

linit of this region, E. .

All possible positions of Ei and Ei—l relative to regions from which
the scattering of neutrons into group j is possible are set out in Table 1,
where the corresponding values of Ei and Ei—l are also given (if the transition

from group i to group j is possible).

Table 1
Case Condition - Case [ Condition .
No. for Ei Ei No. | for E, 1 E, 1
_ n i- _ i-
1 E,< By (n<S)| B, = E, 1 E />E, (E,'.,= By
2 E, & E; < Bgchlif 2 Ey> Eig > By Imcy) Gf m <)
3 E,¢ Ec < E; (a¢E; = E; 3 E;> Ecy> Fg (m<D)[1E = E;,
4 E, < E; E ) E. b
5 TR > <E “ (7)Y ransi - ‘; Ee> Bie > Ba(nc)eronsition
co P4 lbion imd Ez-,< E, . ‘b1
ossible impossible

The combinations of conditions for Ei and for Ei determine the variant

1
positions of group i relative to the region of possible transition of

neutrons into group j. The number of these variants is 15:10 {m,n}combinations
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in which m + n = 6 cannot occur because they would contradict the condition
Ei-1> Ei which follows from the determination of the group boundaries given
at the beginning of Section 4. The variants {5,1} and {1,5} correspond to
cases in which transition from group i to group j is impossible (where
m= 5 (Ei >,E4) all neutrons from group i fail to reach group j after
scattering, and where n = § (Eis Ei) they pass through it - cf. diagrams
in Table 2), As a result 13 cases remain, As in nine of these there
are two possible variants of the formula for calculating ’d:j(E') (depending
on the relationship of En'lax(Ej) and En'lin(Ej—l))’ 22 cases are possible in
all for the transition variant which may hold in inelastic scattering from
group i to group j. The probability V—;j(E') of these transitions is
calculated by means of formula (83), with the integration limits given by
formulae I-IV, Which of these formulae should be used and for what energy
region in group i is indicated in Table 2 for each of the possible transitioms.
Table 2 also shows schematically the position of group i relative to the
region from which transition of neutrons into group j is possible. All
transition variants contained in Table 2 are represented schematically in
Figs 18-39, which show both the probabilities H_‘j(E') and the energy regions
into which neutrons can be scattered. Each transition variant has a number
corresponding to Table 2, with the indication "I" or "II", depending on the
relationship between Er;lax(Ej) and En'lin(Ej_l).

Also indicated are the variants which can occur in elastic scattering
and those ecorresponding to neutron scattering within the limits of
a particular group,

As regards the development of the logic in the programme for calculating
L ies
oiln, s
Table 3, in which the limits of integration are shown explicitly for each

it is more convenient to leave Table 2 aside and use the equivalent

integration interval within the energy region in group i from which a transition
to group j is possible, Table 3 can be used for both inelastic and elastie
socattering., However, with elastic scattering only case II of the variants
{3.3}, &.3}, {2.3} N 12.4 } ana {1.4 } can occur in slowing down to the next

lower group, and the variants {3.1} and l4.1} in scattering which leaves the
neutron in the same group, Moreover, the formulae for calculating the

limits have been considerably simplified. For that reason we include Table 4,

which is similar to Table 3 but relates only to the case of elastic scattering.

In practical calculations of inelastic scattering at levels, a
preliminary calculation of the maximum and minimum possible energies of
neutrons scattered from group i may prove useful. Obviously, the maximum

energy will be (1 - Bin) x E; ;, where 8; is a function of the initial
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energy, in our case Ei— The highest lower boundary Ek among the

1'
boundaries of the groups considered must satisfy the condition

Be<l1-8,(8 )IxE

Group k will also be the first group to which a transition from group

i is possible in the case of inelastic scattering at a given level,

In a similar way we determine the number of the lowest—energy group
to which inelastic scattering from group i is possible. The lower limit for
this group, Em' is the maximum of all the lower limite of the groups

congidered which satisfy the condition
E < 1 - ain(Ei)] x B,

In conclusion we might mention that at the present time, in view of
the absence of systematized data on the anisotropy of inelastic scattering,
one frequently has to assume in calculating the parameters for anisotropy
of inelastically scattered neutrons that inelastic scattering in the
centre—of-mass system is isotropic, This means that all w;(E') except
wg are zero, while wg in an expansion of type given in expression (70)

is equal to unity. In this case relation (70) may be writiten as:

Gle, &5 p)= SLGERLS, don (9-4 )~ S8 o (85)
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TABLE 3
— e e et e e
Energy region of group i from Energy region of scat-
of @ o5 which inelastic scattering tered neutrons arriv-
= % =a] into group j is possible ing in group j
3 i S
o oR > oo Lower energy of | Upper energy of] Smallest Largest
o = ,“[the interval in | the interval in]energy of energy of
group i group i the region |the region
) I max[Ei.?m&:(Ej 1 E.:mu(Ed-) & E"(I-Js,:,.)
Il oy [Case 1 |5 Emax(E;j) Emin{Ej-1) E'(I-di) | E'(I-8)
(=] 5 S ;
| ﬁs 3 Emin(Ej1) 7| minfBi-tyEmax(Ed}| E'(I-otin) Ej-1
;i I |max[Ei,Emin(E})] E'min(Ej-1) Ej E'(1~Bin)
2 ':.f Cage 2 | 2 E'nu'n(EJ'-l) E'max(Ed) Ej Ej-1
= 3 Bmax(Ej) 7| minfBi-t B makE))| E' (1-0Lir) Bjo1
"‘? I| max{Ei,Emin(Ej) E ma(E; ) E; E'(1-pin)
3@_0&801 [',mu‘;] b ,‘I . f
2 Emax(EJ') Ei- B (I-0tin) E(I-Bin)
L . - o, s T (T_ p:
4| T | case 2 |1 mx[El,I::mn(EJ )]/ Emin(5j.1) E; E'(I- 8in)
£ 2 E min(Ej-1) Ei- Ej Ej
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TABLE 4

~
o
£ Energy region of group i from Energy region of scattered
. e which elastic scattering into neutrons arriving
2l a 59 group j is possible in group j
a5 %
ol .+ Lower energy of |Upper energy of Smallest Largest
S|4 é’ﬁ the 1nterv-a1 the interval energy of energy of
in group i _in graup .i the region Lm_m

(3.1) 1 | B min(Ej)=Ej B max(E; )=Ej /(1-) £ il
VI case @ |2 | Eme(Ep)=t;/(1-0) E j-t E' (I-a) E
2 {4.I}] Ccase 1 | Emin(Ej)=E} Ej! Ej B’
3 (3.3} Case 2|1 Ei E i1 Ej Ejt
st o 1 Et E mar(B)=E;/ (1-%) Ej Ej-s

. ase 2 Emox(EJ')=Ej/(I'd) Ei-1 E (I-4) Ej-1

bl Ei E max(Ej)=E;/ (1) B E j-1

2.3} case 2 | EmadE;)=E;/(I-%)| Emax(Ej-1)=Ej-1/ (I-a) E (I-a E j-1
6 [2.4}] case 2|1 Ei Ei- E (I-4) E j-1

1.4} ] case 2 |1 Ei Emax(Ej-1)=Ej-1/(1-A) B’ (I-4) Ej-1

Case 1: Emax(E;) <Emin(Ej-0;

Case 2 :

Emox(EJ) >Emin(EJ-1) .
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As a result we obtain:

20
£ ’

P,y (£):R, ()= -
m=0 (86)
Thus, in the case of scattering which is spherically symmetrical in the
centre—~of-mass system, the coefficients of expansion for the angular
distribution of scattered neutrons in the laboratory system of co-ordinates

can be calculated analytically:

-t
- 22l [B, () Zo - pr

du
It is a simple matter to determine EC- from relation (58). The calculation

(87)

of mlln' is a rather laborious task. Fo% that reason it is convenient to replace
the variables when calculating the integral in formulae (82) and (83), switching
from the laboratory system of co~ordinates to the centre—of-mass system, Wét’/ﬂ

will then have the form

/"c féj- 7, £')
ﬂ§17£7: 4 o e
Hel(E, £1)
(88)

and can be calculated analytically. If, namely, E?

'
nin (Ej—l )> Ema.x (Ej ), then

y F 1l 6] nhe 65 (EXEC e (E);
WYeE)- 7 npis Epraz (E)SES Emin (6-1)
§ [l €902) oo Ein (6:)SEX Emax (5 ;

(89)
and if BY. (Ej_1)<El;m (Ej), then
Al ) Enin ()< ECE L (5.
WIED-(  § [l &) pule,9) po Emin ()< EXEmax (5],
. 1 I ’:’m ) Q f r'm:z 1-4/)-
{ [eljoe)et] e £ (E) K E'S Emax (& (90)
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The limits of the region of group i from which scattering into group j

occurs are determined in this case as

£;* max [Ei,f;ru}z,[f;/')]; }_
Erpmin [ Eiy) Emax (61..)] - (91)

Following the calculation of W"I(g') s the parameters for the anisotropy
of inelastic scattering are calculated by means of formula (82),

The approximation which postulates isotropic inelastic scattering in
the centre-—of-mass system has been used, for example, to calculate parameters

for the anisotropy of inelastic slowing down of neutrons in fluorine, chlorine

and yttrium [12].

5« CALCULATION OF GROUP PARAMETERS FOR THE
ANISOTROPY OF ELASTIC NEUTRON SCATTERING

In this section we shall consider certain details of the calculation
of group parameters for the anisotropy of elastic scattering, as set out
in the Annex,

These parameters are coefficients for expansion of the angular distri-
bution of elastic scattering leading to a slowing down of neutrons from
group i to group j and have been determined from expression (81), The
initial data used were the coefficients B‘(E) for expansion of the differential
cross—section in Legendre polynomials (cf. Refs [5] and [6]):

6 (eipm)- 25 BE(ED-Bultt)-

(92)
Hence vy
B ()22 (2me 1) G (& 1) B[ i) alp o
and
A o 1] . ’
B, (E)=21 [ G, (€, ) dpr =G (£)- o)
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Comparing the expansions in expressions (70) and (92), we see that

B (€)= G (€7) - Ghy (E7)

(95)
i.es the quantity appearing in expression (81).
In the particular case of elastic scattering considered by us
formula (81) assumes the form
men ffl'--l, 924 /f/-a())
TV /G;rfy.wﬂf/p)./*/f')-,, YIE) . olE”
W"/= ) ms Q [L ; , /ﬂ‘l
Vo) [ E) £E)dE
1 74 e @ °
‘ (96)
where
. Ml&q, £
>/ '/ - .
B (E) 7, (&, £ Rir) e,
(97)
Let us re-write expression (96) in a form more suitable for practical
calculations:
‘._7. MAF;L . t'-,y" L'->/'
v%%@ LB ¢2 é;”‘ ’
m=o (98)
where
E(‘-‘f £ )
5; ) . Ce (€D G (£7)-p (£7)- oAE"
m I , -
L e (99)

are the average group values of the mth harmonic of the elastic scattering

crogs—section;

meen (Et"f; 5(/14///—’())
/‘,‘/':_&!_*‘/' /[‘ gp/f/',b/,::'d(f’)dfl
e~ 5 ~ ’
/ YE)AE oo

",
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In formulae (99) and (100) ®E!) is the standard spectrum adopted
a priori. As in Ref, [l], we have adopted as standard the spectrum of
235U fission by thermal neutrons for E'> 2,5 MeV and the Fermi spectrum

for lower energies:

~Ef0.965
e $h V2SO F mpu ED2.5 Mop
pE) =
1/€' mpr E2.5 Mom, (101)
N i—'j
The coefficients s take into account errors associated with the

trre . . . .
replacement of the integrals in expression (96) by the products (B;;/B;) x A};J:

mer (£, fl'.g/f-_())

(2 46;(5’)'&2,,1 (E)-F(E)pd (£). o€

[ = Ee. x
™ %4 '6; () o (€)-p (E7)- oA E'
E"-! ) , E".‘
4. G, (E') pl(E). o £ é PIE)-AE'
min (Eiqp o bfr /(7)) d £y
/ E) o (E)AE" N FlE)-oE'
A YIE) AL [ Gy (E)-E(E)-A (102)

I

In order to calculate the correction factors !2,:_ we use an
approximation of the energy behaviour of Bm(E') =0 e(E') x um(E') (which we
assume to be averaged over the resonance characteristics) by step functions.
This is done in a group approximation, In this case

men (€cq, £.4/(t-L))

Eoy
l‘-’/' Z/;([’)'/b[m(t-l)-affl /£¢/£I}d£1
ém - l ma {fz'-,) [y'-_"/[{.‘()) X F‘('-g
‘7{4/§Pﬁ“/-/; (€)-dE £ (E)dE’
E. m E;
: (103)

represents the correction coefficient applied to Az; J  for the difference

between the true form of the intragroup spectrum and the standard form,

In accordance with what has been said in section 2, we assume as an
approximation that the spectra of all harmonics of the neutron flux (averaged

over the resonance structure) coincide within the group under consideration,
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Thus, in expression (103) we can replace F,(E') by FO(E') calculated in a step

cross—-section approximation in the ARAMAKO programme [11],

Further, in view of the fact that we have had at owur disposal only a

relatively rough evaluation of the F,(E') form, it is natural to disregard
>

in calculating the correction factors ggm{ their dependence onf and m

due to scattering anisotropy, and to put

/

C fﬂbU/'H-'
Z‘?/:g"’/ B} Eiy
(/3 /;'[ E‘-(_{4§f] . éi?/f’)a’f' )
. /f.g £y
p[E1r$)] % (69, o
& (104)

since in the case of elastic scattering (in the centre—of-mass system) the
average energy of neutrons slowing down from a particular group is given by
E(l + -32-E). We may rely on this approximation giving acceptably accurate
correc tions to the form of the intragroup spectrum for slowing down on
relatively heavy nuclei, when f{(d U= -g—' and when the B factors can differ
greatly from wnity (if FO(E') differs greatly from the standard spectrum),

In the case of light nuclei, whenfﬂ 4U ; the values of the correction
factors will differ little from wnity even when there are large differences in
FO(E') and 9(E'), since in this case neutrons can slow down from a large part
of the group, and the ratio of the flux averaged over that part to the average
flux for the whole group will be relatively weakly dependent on the shape of
the spectrum, Hence, it is not important to take into account the difference
(for different harmonics) in the effective parts of the group from which neutrons

can disappear as a result of slowing down,

The A‘i_’j coefficients were calculated as early as 1964 [15]. At that
time we had just begun work on systematizing the initial data on the anisotropy
of elastic scattering. The work was completed with the publication of an
"Atlas® [5] containing recommended energy dependences for the B;(E') coefficients
in the energy range from approximately 0,1 to 15 MeV for 42 isotopes. In con-
structing the recommended curves we used all available experimental data for each

element, and also the results of some theoretical calculations,
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The values of the group ratios B;/Bz for 41 nuclei are set out in the
Annex, which also contains, for purposes of comparison, the values of
mi = 3pe (where pe has been taken from Ref, [1]) for most elements,

In order to obtain appropriate group transition cross—sections from the
proposed parameters for the anisotropy of elastic scattering, it is necessary
to multiply these parameters by the group cross—sections 0: (cf. formula (80)

in section 4) set out in Ref. [1].

Note also that with the exception of S all tables of anisotropy parameters
comprise only 12 groups (S has 13 groups), the values of the moments of the
last (12th or 13th) group corresponding to scattering which is isotropic in
the centre—of-mass system. The implication is that in all groups lower than the
12th (or 13th in the case of S) the anisotropy parameters coincide with the
parameters of this last group., In groups 9-12 there are normally no experimental
data on angular distributions, and to obtain initial data for our calculations
we interpolated between the last values known to us (from the Atlas [5]);
m;(E') = B;(E')/BO(E) and wi corresponding to the isotropic energy region (in
the centre—of-mass system of co—ordinates). FPor this reason, group-averaged
(interpolation) values Gi were used in calculating the anisotropy parameters
in groups 9-12 and not the B'/B} ratios.

For high energies and heavy elements six angular momenta are not sufficient
to describe the angular distribution., Thus the angular distribution developed
from the first 6 angular momenta shown in the tables can give a negative value
of the differential cross—section at some angles, For certain calculations this
factor has to be borne in mind (e.g., when analysing the angular albedo); but
for the integral characteristics (Keff’ fast neutron dose) this inaccuracy in the

description of the angular distributions is negligible,

In conclusion, the authors wish to thank A,F. Larinaya, who did a vast
amount of work in calculating and checking the numerical data presented in
this report, and also N,A, Nikolaeva for help in preparing the data print—out

programmes,
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ANNEX

GROUP PARAMETERS FOR THE ANISOTROPY OF
NEUTRON ELASTIC SCATTERING

Key to tables (pp 48-101)

= MeV

BO from group I to I + K

BO (etc.)

= when X is equal %o
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8 0.10000 ©.9277 -0.0001 0.0276 0.0252 -0.0001 0.0051 0.0000 0.0000 0.00¢0!
S 0.04650 0.0130 0.0000 0.0130 0.0001 -n.0001 10,0000 0.,0000 O0.0000 O0.00C0!
0 0-92150 0-.00€60 C.0000 0.0060 O0.0000 ©0.0000 0.0000 0.0000 3.0000 0.08CC!)
1 9.p1c00 0.003C O0.0000 ©0.0030 0.0000 ©0.0000 O0.C000 ©0.0000 0.0000 O0.00€CT
2 0.00485 0.000C 0.0000 o.qouo 0.0000 0.0000 0.0000 0.,000C 0.0000 O0.00¢C!
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Deuterium

1 : te v D
t : - --
H : oot L
LR I L T L e LT R femannan H
[N K A R I AR - B
I I AR SR 5 2 B
r 2 L L.eSt4e =, f.al
1 4 1t PR SrAY [ A
) A Rl Lot L.Lo5¢0
1o P P BN T I I
S LA O & & A R P |
1t L A VR o R TR G o (N B
I 9 LC o~C.U015 p.itool
11g vE o=y Ut v.rtoel!
I TOOttllETE .00
112 6.0000 =¢.0%C1 p.gfog!
IR e b D LR R semmmeeeeeny
Helium-3
R e e e e LR e R L e et e i bR L bl
1 1 E w38 ] X=MmuU | g1 1 82 I B3 i Ba 1 a5 1
1 | . 1 1 -~ 1 -- ! L H .- 1 - i
1 1 1 1 go t 80 1 [-]:] 1 Y] 1 a0 i
B R R | R it L L EEL LS ELE LTS
' 1 6.5000¢0C 1.7133  2.33%2 1,2%34 0.5827 0,00001
1 2 4100000 1.5283 1.9484 1,2900 0.3879 ©0.00001
1 35 2.50000 1.2472 1.5808 1.1087 0.33%6 0.,0000¢
] 4 1,40000 0.6495 £.8257 0.5939 0.2251 0.00001
1 5 0,80000 0.2640 10,2127 0,1876 00,1080 0.0000]
1 6 0.40000 0.3195 0.,0895 0.0415 0.0305 9,00007%
1 72 0.20000 0.5001 (0.0781 0.0128 0.0093 0,0000]
1 8 0.100C0 . 0.6173 0.0924 0,0071 0.0022 0.00007]
1 ¢ 0.046585 0.6550 0.0940 00,0000 0.0018 0,0000%
t1a g.0215n 0.6666 ©,1020 00,0000 0.0008 <C.,0000Q¢%
1v1 0.710C0 D.6666 0,1090 ¢€,0000 -0.001¢ 33,0000
112 ¢.004E¢5 90,6688 0 1130 ©£,0000 -0.001% ©o.p0uQ!

Tritium

te 1 £E3 1 b4 1 BS

-- 1 -- 1 -- 1 --

(¢ 1 EC M g0 1 bC

e oa b b

jm--m-e- Temmmama l-cmmemmfoomemmafmcnacan]

1

1

!

[~a.

I 1.4¢023 1.6¢11 0,.9651 ©€.3219 0.04€6]
| S 1.2011 1.4u89 0.8663 (€.2523 0.00C01
| - KehR21 1.2087 0.¢BEB t+1993 0.p00CC;
1 4 L.U137 (.lu46 ©,3992 C$.1187 0.0003;
1 -¢, 1605 ={.0999 ©,1724 0.0605 0.p0CO0:
I ¢ t.1363 -(.0059 C€.,ce34 0.0322 0.00C0}
17 TahLT (.0L01 0.0265 ©.9193 0.00C07%
18 v.55¢2 (.0E16 0.0000 O0.00¢8 0.p0C0]
1 s J.65C0  (.0960 00,0000 0-0050 0.00CO01
113 5.6.00 (.1¢30 0.0000 0.0020 0.00CG1
11 c.6s50 r.1y90 00,0000 =C.0004 0.00CO}
112 (.6666 .1139 0.0000 =0-.00819 0.000C1
1=

armbtamacnmame e B L L T L P S |

Helium-4
I et L E L L E Ry
1 1 3S=mu 1 &1 1 82 i B3 I 84 I 85 |
11 I == 1 == 1 == 1 == 1 == ]
11 1t 80 I B8O 1 BO I BC 1 BO 1
R L B il ELCEEEES EPT TPy BT EPS!
11 1.4934 1.4217 0.5198 0.093% 0.0000]
12 1.5133 1.2996 0.5582 0.1000 0.0000]
13 1.3325 1.0390 0,4924 0.0948 0.0000]
1 4 1.1379 0.9810 0.3476 0,0503 ©0.0000]
15 D.4444 0.8657 0.4878 0.1383 0.00001
16 -0.6037 0.1353 0.2786 0,0757 0.0000]
17 -0.6115 -0.5026 0.0648 0.0000 ©0.000C]
1 e -0.04%9 -0.360% 0.004% 0.0000 C€.00001]
19 £.270C =0.1909 0.0000 0.0000 0.0000
110 0.4850 -0.0550 0.0000 0.0000 9.00C3y
1 0.4650 ¢C.0100 G,0000 06,0000 c.00001
112 0.5000 0.053¢ 02,0000 0,0208 9.0000
1------ R R P LR R R E R P 1
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ve sebema bt b ve ba

PP

Lithium-6 Lithium—7

: H
D1 ohr T Xeng P e L3l g4 LA R I k11 g i3 es ! N
M : : .- 1 -— -1 -— -- 1 1 ! -- ! -- - -- 1 -
HEN H ' e . te v, BC ¢ HES S SR ' Eg 1 | SE HE I BS 1 ws 1
S L R R e R it SN C TR T T T S LT L R R R
T 1 6.58200  1.590: 1.6300  2.2734  1.7444 11,1374 (.4740 T 1 1.50C 1.6249  1.9€2¢0 11,7591 1.183% 0.0009:
12 4.2C000¢ 1.%93 1.0033  1.5122  (.7324 (,4%34 (.ga72l 12 14200 (.8659 1.7414 O0.8796 (C.4524 0.9023
D03 2055000 L35 L.4BBG 0 9. 0909 0.0749  p.GB4R G.gCIID T3 C.00C  0.5443  .777¢ ©.2460 C.143C 9.5020!
I 4 1.200C0 C+%ég {.L336 y.1596 0.0185 0,0010 y.c002I 1 & ¢.510 0.3910 ¢.2985 0.0553 C.9760 9.p0501
L5 §.59000 C€.983 ¢.T7147 p.1749 $.0394  3,007¢  c¢.pCo2l IS ¢.3f¢ c.1655 o.pu2% 0.0000 0.00€2 0.3300°
I 6 0.42006 0.755 1.6A83 0.34C1 0.1337 ,07.e g.0CO00! 1 6 ~0,024¢ -0.23429 ~r.1112 C,0042 0.502%5 O9.po0cCOD°
LY c.uselu Tefkps U.29,0 0.4724 C.2162 C,0RLP G.oCODY 1 7 0.n4C C.Z426  £.3495 £.1651 C.5¢4&7  C.33C0°?
S0 0.1t000 0153 <1.1042 -0.0146 0.8597  (.C0227  ,.gC0001 I B o.rfC C.EIE3 (.743C C.076B C.CZ99 J.pCeat
T U.gdtis Ce218 SuaGbn0 -e.0305 0.L188  CL.CCCC C.uloel ! 9 $.45C  §.T7C0 -C.0440 £.0000 C.060C 0.9¢T3:
Pt oc.Toife U.%Ps o0zt p.plls C.rlen 90,0020 rm.gCogl 110 9.3CC L.Z21C0 -2.010C C.0CO00 2.00L0C £.CC%3C
TVl oSLelvte 23S Ll 0.0233 €,0050 ¢.000C a,cCOQf 11 2,320 0.2850 o.C0L¢ C€.0CO0 2.5900  D.CCCC:
Deg Q.guxé€S .23 L.8X83 0.0279% 0.0000 w.00C0 y.gCOQD I12 g.38¢ ¢.2657 ¢.8205 C.0C20 C-0U0C O.QQCO?
e L R LY R e e R RN P S, -~——al R e el e e ce e r e e ———- - ~-=t
Beryllium Boron
---------------------- B L R R S Ll L L e T L PR
L S S L RTITIN v r2 T [ [T S U Byt ! : e 1 S-S
: : R - -- 1 -- T - 1 1 i -- -~ -- -- --
! : 1 R 2% B R S e 11t ! [ ! : ! Ly
R N lacmmceioreccasivnaconcicmancas lmmema=- tesrseiocl Jemlesaececiommecen- Toceoon- Temieas- e lemcaann :
T LLRICCG Y.N2: Y 7RLT 2. .0564  1,7035  1,0¢°9 .2 081 11 1.1 ¢.9903 1.0z TLP160 0 TLL3ET 3,10¢4
o 4.plote 1.56¢ 1.57¢° 1.735¢ 1.5112 LebPet 1. j02410 12 1.32¢ pa7674 T aLAR c.f782 2.218 0.9362"
3 2.50070 C-f47  1.1%: 1 3.7C79  G.S0EL 0 L.4'3C (.iC4R] 13 v.edg 0.%C077 0 1.2 €L4237 0 $.1489 D.pgete:
4 1.4050¢C 2.hap Lez0id 0.6011 L.18 ¢ g.104¢t [V ETE TN 1 4 L.rég 0.3907 cL4a78 c.2330 C.00a2 0.00037
LO0LRTLI0 fetyg L LEXIS L2529 o211 p,C0C3  (.cCoCl 1 5 C.360 L.2046 7.4:21 C.0.230 T.CC0C D.20C07
CoJesT000 L.T%es €.1995 £ ,1153 =0LL083  L.0PCT  c.uCusl 16 L.efC 0.€101  c.142f £.09%30 CT.00CC 0.000201
Fouessiie Ut G G- restO0  wL.00CC  G.0COGH 1 7 U.24C 73094 - (%22 £.0020 C.0UfC 0.00307
L5000V 2.275 L. 2 s.Uo0C ¢, 600L  p.00CTI I 8 2.24C T.231% 2.03'9 £.0000 C.200C° 0.00007
S GeCsLTYy teZag (. delilpr geslCY L.olgol i9 ge21¢ 0.2159 c.6o2 0.C022%0 el 2.009901!
oo0.c2ity reTip . C.u085  L.CTCU r.efeel IlC L.:®y C.l%ED .03 C.CC20 0 T.rlfC 0.060001
L B R Sl (R PR .8C28 TL,80C0  L.uCGS? Tl 9.s0C C.1683 ¢.013¢ C.203C C-C0f0 0.292C0:
$2 0.phefi Ly i 2.0060 §,0C08T ;i .gtog! I12 g.i°C  L.leif ¢.LCBD D.LECO (.200C  0.00C0°
P S T t T R R A R cemmeee —mmeea- .
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Carbon

| R el e e et D L L L P R Ll PP P D |
1T 1 E M28 1 3w=Mu 8t 1 82 1 8s I 84 1 as 1
11 1 4 -- 1 -- 1 - 1 .- 1 -~ 1
11 1 1 B0 1 8o I B0 I 80 1 Bo I
feeleccacca]amaccnjecacurrlacacerc]rccuamcfoncnrrntocaaa-=]
1 1 6.50000 1.0%50 0.8046 11,2102 1,020 Q0.6716 Q0.p)140)
1 2 4.00000 0,540 0.970) 1.2356 0.9319 0.479) 0.00931
1 3 2.505000 0,240 0.04%3 1,2825 0,.21'1 -0.072Z3 0.0104l
1 4 1.40000 0,330 0.2606 0.2767 0.0717 0.0226 0.0037]
1 %5 0.80000 0,390 0.3968 0.0852 0.0342 0.0000 0.00007]
1 6 0.40000 ©,360 00,3573 0.0437 00,0137 0.0000 0,00001
1 7 0.20000 0,240 0.2917 10,0186 0,0046 ©0.0000 10,0000}
1 8 0.10000 0,210 0.2362 06,0082 00,0000 ©0.0000 0,p000]
1 9 0.04650 0,180 ©0,2050 ©.0073 00,0000 0.0000 0.00001%
110 0.02150 ¢,tap O0.1800 0©£.0070 0.0000 0.0000 O0,0000¢
111 0.01000 o,180 O0.1720 0.0070 00,0000 ©0.0000 0,00001
112 0.0048% 0,188 0,1687? 0.0070 0.p000 0.0000 0.,0000¢
| e L LR L e L L e TR Y e L E T LT |
Oxygen
T T b L L it L L
1T E QB 7 3xmMy ol ER ¢ te 1 t: 1 Be 8s5 1
Tl H : s 1 -- 1 -- 1 .-t -~ 1
! : : ' n 1 0 : ¢ 1 Bl M £EC 1
Ie-i=--==- R R et R AL L P LML L LR S e LR L
T 1 6.52963 1378 L6885  ¢,7366 1.06C6 0.8028B .24991]
T 2 4.00008 C-7BC (.8°29 1..569 1.2031 p.5215 g.gpS21td
T3 2.50500 £-78c L .665f  [.9964 (.5752 (¢.1111 oQ.pCO4I
T 4 1.4C000 C-36C C.L3XTC 0.4441 g.1829 ¢,1334 (¢.p1581
1% 0.8C2006 0.8 .27&4 .E16Y (0.0658 0.0199 ~c.02741!
T & 0.43000 0.%95 (.873f g.400E C.CPQ4 ~0.3740 p.0000!
T 7 0-20CC0 ~-C-420 ~¢.3826 ~0.1002 ~C.0452 ©0.954¢ 0.00001
T8 0.10000 0.120 {.02¢% =g.g3681 =0.C210 ©.0132 g¢.pCO00!
1 9 0.04650 0.1.3 0.1¢022 =~0.5153 =-¢.0023 ¢.0C14 c¢.oCCOQ!
139 0.0215C ©2-%22 C.1%90 -0.0700 £.000C G,0000 G.gCOO!
211 6.010C0 ©€.129 €.122C =0.0250 C€.006C ©0.600C ©0.gCCOI
112 ¢-084€5 ¢.122 ¢.125C 0.0039 cC.C000 Q.00QC ¢.gCoOC!
R e L L T T R

Nitrogen
e e R LR LR T DTS |
1 1 3xuu 1 81 1 82 1 83 1 as 1 88
1 1 I -- 1 -~ 1 -- 1 -- 1 -- 1
1 1 1 8o 1 B0 1 a0 1 80 1 86 1
lI~clecccoc]mmemace]occaccatomccrca]occcccalonnmaacy
] ) 1.050 0.8684 ).3264 1.4423 1.2292 0.2142]
1 2 0.73%50 0.7642 11,5282 0.8127 0.3898 0.1366]
I 3 0.630 0.0855 1.3196 10,3592 0.1890 0.0458}
1 4 0.390 0.3627 0,2885 0.049? =0.0004 0.0000]
1 % 0.180 0.3309 0,.1%84 0.0369 -0.0118 0.0093]
1 6 0.1%0 0.2051 ©0.0000 0.0000 0.9000 ©¢.0000f
1 7 0.150 0.1728 0.0000 0.0000 0.0000 0.00001
1 8 0.18%0 0.1%561 0.0000 ©0.6000 @.00060 0.0000¢
1 3 0.1%0 0.31455 0.0050 0.0000 00,0000 0.0000¢
110 0.150 0.1430 ©0,0050 00,0000 00,0000 0.0000}
111 0.150 0,.l430 0.0050 ©0.0000 ©0.0000 0.00001
112 0.1350 0.1429 0,005} 0,0000 O0.0000 0.0038]
G b D L D e e L L LD L P T TS

Fluorine
T R T T P P
I 1 2xnt g By 1 (2 1 (- g4 { 85 3
11 H -~ 1 -- 1 -- 1 .- 1 -- 1
I ! 1 ko 1 to I (e ! [ X gt I
leeloccowmfoarmcbolaecmccc]eramorntesncncm]occanna?
1 1 l.¢85¢ 1.9762 2.5513 2.68672 2.5¢46 1.9058;
1 2 1.26G 1.7752 2.3253 1,7376 1.2249 0.5913!
1 3 ¢.96C 1.6183 1,4749 [.7144 0-3399 0.9746:
1 4 1.290 1.2442 (.8310 D,43163 0.1358 0.0003¢
1 5 1.97¢ 11,1578 (¢.7477 £.,2249 0.0764 0.9000!
16 1.560 1.4pB0 C,8339 C.1169 0.0378 0.00C0°7
1 7 ¢.640 ¢.8227 ¢.2501 10,0876 C.0153 0.0000°
1 B 0.270 0.%000 C.0220 £,0400 0.0000 ©0.00001!
19 ¢.150 ¢0.2508 o©0.0080 GC.0170 ©0.0COC 0.02C0%
119 ¢.12¢c ¢.t1780 ¢.C059 ©0.0070 0.00CC 0.00437
1'1 C.326 ¢©.1350 ¢€.004c o©0.003¢ 0.00068 Q.G6UCC!
112 §.32¢ 0+1¢52 ¢.0027 0.00030 0.0C00 0.C0COI

(e L e e Y L R -1
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Sodium Magnesium

R b bt b bt bbbl bbbt bk B D D L e L il
1 I E M3B I 3xmU 1 81 I 82 1 B3 1 B4 1 8s 1 1 1 3wmu ! 81 3 82 1 [ 1 -] | 8BS 1
| 1 1 1 - | -- 1 - | -- ! -- 1 1 | 1 -~ -- 1 -- 1 - 1 -~ 1
1 1 | 1 8o I 80 1 8o 1 80 1 -3 1 1 i 1 80 1 -3 | B0 1 Bo 1 80 1
IR R ELE LA LS R e Dbt Rl et R el e B R R R R L T R LT
1 1 6.50000 1,800 1,8924 22,4550 2.5122 2.3678 1.6420] 1 1 1.860 1.62%4 1,5170 0.72%0 O0,7417 0.3067]
‘"l 2 4.00000 1,500 1.6523 1.6915 1.2199 0.8104 0,25581 1 2 1,590 1.214) 1.422% 11,0407 0.7034 0.0890}
1 3 2.5%50000 1,200 1.4840 1.08504 0.4346 0.1163 0.003%] | 5 1,260 O0,8327 1,4340 0,4102 00,3542 9.1384}
1 4 1.40000 1,020 0.9144 0.6085 0,1626 0.0008 0,0000! | 4« ©0.900 11,0985 0.9704 0.2684 O0.0764 0.02421
1 % 0,80000 0.930 0.8579 0,%5620 10,0689 0.0036 0,0000I | 5 1.050 1.1242 00,8566 C.1478 0.0000 0,0000]
1 6 0,40000 0,240 0.3225 0.3264 0.0443 -0.0041 0,00001 1 6 1,020 11,0566 0.8586 G.0778 0.0000 0.0080]
1 7 0.20000 0,180 0.1461 0,.102? 0.0085 0.0602 10,0000 | 7 0,420 0.4252 0.1000 0.0256 0.0000 0.00C0}
1 8 0,10000 0,120 06,0941 0.0084 0.0089 0.5000 0.0000] | & 0,120 0.0938 0.2764 0.0015 0.0000 0.0000§
1 9 0,046%50 0,090 0.0900 ©0.0030 ©0.0000 0.0000 10,0000 1 9 ©0.090 ~0.0124 0,3700 0.0000 0.0000 0.00007]
1t0 0.02150 0,090 0.1000 10,0023 0.0000 0.0000 0,0000! 7110 0.090 -0.1733 0.0788 0.0000 0.0000 0.0000%
111 0.03000 0,060 0.0950 0,0020 0.0000 Q.0000 0.0000! 111 0.090 ~0.1097 0.0139 0.0000 0,0000 ©8.00007]
112 0.0046%5 0,080 ©0.0870 0.0019 ©0,0000 0.0000 -0,0000] 112 0.090 O0,081% 0.0018 0,0000 O0,0000 ©0.0000]
R e e e et L L E L LR L D et L L L Ll B B e D R R R L L P L LR L

Aluminium Silicon
e ————=- B LT R R L L L R R e Y L E PP PRy
I 1 ¢ onof 1 3xny TR I Fe [T Le ! LT 3kt g £kl 1 re i P31 hée 1 BS I

T H ! - 1! .- -- 3 -—- ! -- 1 1 H -- T -~ 1 -- 1 -- 1 -- 3
M 1 I a0 1 0 Lo 1 |- [ I 1 1 i EC 1 (e i ko I 6o I B0 I
S R L TS E L R L R e e R e Ieem-ee- temmeo- ~=1 I==leemmeejeccmacalonmaann R L EL L S EE TP TS |
1 1 6.5¢00¢00 1.9%2;¢ 1.7R¢ 1 2.4338 2.043%5 2,166 1.4%90¢C1 1 1 1.90f¢ 1.1163 C.&592 2,2895 1-94642 1.8400]
12 4.0C000 1.T1; 1.4952  3.E916 1.1369 (.778¢ 6.37:31 12 1.800 1.2142 1.9171 1.43561 1.3270 0.75€¢3]
I3 2.55900 1.41r 101456 L299¢ 0.4732 (,12381 g.uf7el 103 1860 1.3048 1.4¢C6 C.65030 J.<4cEQ  D.24I197
T4 1.4000¢ 10555 1,332 ¢.1829 0e17¢0 G.C872 v.0000: 1 4 C.t4¢ 3.95896 £.6505 0.,2472 2.1627 8.0003¢
Tr 5.80600 6.875 t.93¢3  g.48049 9.04e9  L.G'46 p.CLODT I 5 olgée  .9009 C.4287 C.0233 0.0197 0.0000]
DL 0-<C0%0 0eb33 ©¢.6049 0.1822 C0.0186  .001C p.CL00! I & C.42C C.%647  ¢.T¢88 2.0283 0.0642) -0.0014]
I v oc.zCoCt C.335 ©.30¢4 9.6371 g.vc14 p,0000 C.oCO0O! 1 T 0.1 9-2670 ©0.0010 0.0000 ©0.0235 0.2000}
TG p.10500 0.%28 ¢.1%84 0.¢123 ~0.U95) 0.00C0 wU.ctOC] 18 tc.1%¢ 0.0823 ¢.0011 0.0000 C-00€¢9 0.0000¢
I % g.g4LS)  0.123  C.i0Q0 0-005% C.UZe9 G.0CO00 ¢.0C00! I 9 S.0%Cc 0.1700 <¢.0013 0C,0000 ©.30C0 C.00CQ3:
19C 0.6215%¢ 0.%99 C.2%4C 6.005C U.0000 0,000C (.CCOO0: 110 O0.04C ©-1400 c¢.c0!3 C.C000 <C°.0000 0.C003C
1Y e.gl1020 Ce%L3  C.076C D.O0COC s.o0t00 9.6C0%0 ¢.oCO00! $1Y C.pé4¢ 0.0950 ¢.0013 ©0.0C00 T.C00C 0.20¢03!
: 0.0C4F5  t.one: 07wt g.gf4  G.C00C 0.000C p.cCOQE 112 e.p4C C.C?7'4 g.0cl2 €.00C0 Q3.50CC 0.02C01
lememmecc e LR et T e R b e LR —————— i Jeemcecccccccmrnccmacaan-- R cemrcceemm—— --1
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Phosphorus

L L T T R L L T Tir L P i PR S |

I 1 € M3E 1 3=n | Pyt 2 . £3 1 vé ! A5 1
1 1 i ! - 1 - M - - 1 - 1 .- 1
I 1 H : gnr ! to bg BT 1 o 1
leolemuesrefemrmecl=reemcrlocacmantlcacoumrlocnnercenlenr anaat
I 1 6.50000 2.45%10 3.1089 2.688¢ 1,6019 1.098¢0tL
1 2 4.900090 1,9809 2.0887 §.3243 g,.,5866 9.09621
I 3 2.50000 1,391 11,4763 0.5446 g,1%551 -0,00541
1 4 1.400C0 1,1765 1.0455 0,1951 p,%252 p.00001
1 5 0.80000 C.994R 0,.7298 0.0467 00,0039 p.0COOQ!
{1 6 0.40000 C.B84z0 0.4427 0.0250 0.00C0 p,0C00!
1 72 0.20000 0.4857 ,.4385 0.0455 0,0000 0,0000!
1 ¢ 0.10C00 C.4Re2 17,2050 0.0260 0.0000 0.0000¢0
I 9 0.04t50 0.4900 0,1800 0.0040 10,0000 p.0000tL
110 0.02150 0.4490 o0.1500 ©0.0000 ©0,0000 o0/CCOO!
111 o0.01000 ¢.3000 0.0800 6.0300 00,0000 0.0C001
112 0.00465 0.0645 0.0011 C.0300 0.0000 o.7C00!
! :
T ekl R e LT T
Potassium

R P e LR TR, —————— ce—eaee ——————— ——————— 1
: [ A Pk B BT T FU ) P i 1 2 H - H Be L E I
M 1 1 -- ~= 1 -- 1 -- 1 -~ 1
Dol : ! go 1 P01 re 1 7 te 1
leelmmmmm-- Je-==ccl=ccecacnlrccnrmclmcrrron]onrsmactancanan]
PR T A o B ol 1.99; 1.38:5 1.8221 1.84074 1,0097 (.97C4!
LU 4.00L000 1.5y 1,3x-9 1.8561 1.4315  (¢.7%67 (.at90lI
T2 2.50000  1.225  1.2443  1.5540 5, 7758 (.423L v .1452
T4 1-450U20 Ce72p loudge 11,2227 ¢ 34¢e  g.04¢6 (.. 1931
DoE osangult nefag o, F8q2 4.9642  y,0995 g.0C0iv u.neoll
o S.40537C  2.T86 0.62:2  5,5954  0.0157  0.,0000C y.(COO!
DT G.20U0C D427 (L44T L2320 S.u0l0 ¢.00CU C.gCO0O!
8 C.10000 0302 C.ZAQ2 p.086%  0.6000 w.00CC C.oCOoT
P4 gegétSp 0et03 C.1%0  0.y433 0.Ud90  ¢.O0fCC  L.gcCocl
D80 0.0 YEG D120 LL12g0 wp.pll2 G.Uf00 p,0fCC p.glOQ!
31 9431376 09-%99%  C.09%,0 4.y040 0.0000 y,CECY C.COOI
PR A Cea%LD t.pS13 vb.u00” c.o0C0¢0 c,0020 ¢.0lo0!
_________ P ¢

Sulphur

| P, “memesmeceNicaccamesccrmacmaanaa

1 1 3=nU 1 - [ -2 t3 1 [ 55
1 1 1 =~ ! -- i -- 3 - 1 -—
T ! i Be [ [ S go ! [
R R R e CE L LL LS EL R LS EL L e E LT D)
I 1.8352 2.2474 11,6401 1.1380 0.55€9:
1 2 1.7543 2.1599 1,3¢099 ¢.7325 C.3281:
1 3 1.2336 1.2643 ©,5072 £.2129 0.0665-
1 4 1.1183 0.9€41 0.1180 €.0390 0.0000;
15 1.1167 ¢.¢797 0.0343 0.0003 0.0000:
| 1.0052 p.4436 0.000% C.0000 0.00C0-
| 4 0.7173 0.1560 0.0000 ©0.0000 9.00C3:
1 8 6.3219 ¢.0575 C©.0000 0.0008 0.0000;
19 9.2¢00 €.0400 10,6000 0.0000 0.0000;
[0 0.1200 £.0200 0.0600 0.0000 0.0000;
1 c.08¢0 ©0.0100 10,0000 C-0000 0.0009;
112 0.0700 0.C060 0.0000 C€.0000 0.Q0CO;
113 0.¢625 t.c0%'0 0.0000 €.0000 0.0000;
I e N L L L PR L L L PRy )

Calcium

locmcmmccmec s cac e L bt D L L LT L PR :
I Ixut 1 ! 2 13 £4 ! 3 !
1o 1 -- 1 e= -~ -- 1 -
11 1 ko I £y i (e ! ¢ I g0
[ RS E LR it i bkt ERL bR el melesmee-slerona -=1
1 1 1.B90 1.7740 <S.4095 22,2294  1.£950 1.1175!
1 2 1.590 1.6304 T.045¢ 1.3410 GC.656¢ 0,411
1 3 1.220 1.3277 1.61%1 ,EpB86 (.£663 0.1379:
1 4 S E4C ).8¢7%2 1.2174 0.152 C.r2¢6¢ 0.93C¢E:
1 5 rn.54q g.7543 L B(6a 0.;453 L0706 0.Q0€65°
1 6 c.51p 9.69C04 .F14] 0.038¢6 C.2079 2.30CO:
1 7 $.27¢C 3.2879 (.1439 ©.00613 (.0008 U.00€C1
I 8 c.p0%2 o5.1144 t.0y54 €.000C C.000C 2.002001
1 ¢ S.ptC 9.1200 L.gl12p D0.COGO0 <CS.660C C.06CO!
10 o0.¢6Cc 3.08C3 0.C06% 0.C000 C.c0CC 2.0CCO}
111 s.p6¢c ©0.079%0 ¢.L02¢ ¢,000C C.0CO00 O0.0CCC1!
172 o0.g6¢ 0.0f00 C.0007 C.CO00 C+GOCO 2.30C0C1

R LT e LT R LR e LT LTS

- g6 -



A R R R T T )

Titanium Vanadium

Bk T b PO PUSEED R T e T T Lo SR £ PSP puppappuppp T T e L LD L T PPy
P T L T ol g2 ty 3 e Y e 1 11 Inu g1 1 p2 1 Pl g4 1 o5 1

! : 'o=- 1 == 1 == 1 =~ 1 ee 1 1 -~ == 1  e= 1 == 1 e-

H ! ! ne 1 to 3 te 1 R S S i LR b Fe I B0 I 80 !
R D R et 1--a-- R B LR R LD EE TP P R PP leemnn-- IR el ELA LTS EEE R
T 6.50000 2.02¢ 2,4443  3.%99: 2354 L 6144 1.72761 I 1 2.13¢c 2.4252 12,2296 3.1934 2.6990 1.56151
2 4.00000 1.780 1,92, 0 2,€051 2.3041 1.4344 (.52431 1 2 1.86C 2.1232 2.5925 2,402 1.5366 0.60801
3 2.503%00 1.hEL 1.43%¢9 1.9992 1.3473 c.70¢e1 t.33y11 13 1.50¢ 1.4482 201314 1.6263 1.¢123 0.2074]
4 1.4030G2 15637 0.4322 (.23%4 (.pf7¢l 1 4 1.¢BO 1.0333 1.¢011 0,7378 C.7075 0.00531
5 2.80000 6.9191 0.1087 0.,0753 p.cCO0Q1T 15 T.84¢C 0.56C6 1.0461 0.1547 0.1621 3.00001
£ 0.473°0 0.4637 0.0437 0.,0'7€¢ p.0CC0i I & C.4BQ0 (.42!3 ©.7782 C.0329 C.0069% 0.0000:
DR A IR 6.201¢ 0.5031 w0,300C ¢.pCoel I 7 2.21C 0.1004 C.CGe4: 02,0000 C€.GOCC 3.02002%
3152329 y.071¢ 0.0000 0.000¢ ¢.CC001 '8 t.¢?¢C 0.2s358 (.2116 c.C0000 t.00C0 .0030:
L 0.025¢ 0.0f0C L,O00CD g(.0CECT 1 9 C.gf€C C.CE50 C.CU40 C€.00°0 0.0000 C.02001
MECEN I A B ¢c.0080 o.0CCGD C,000C c.0foOC! Il L.g®C 0.024R0 C.C020 0.0CC0 C.00CC 2.0000:
11 3.5t U.4602% v.U0CC D,CC0CU v.6C001 Ity C.pXo C.0430 (.0cty ¢0.00CO0 C.0000 c.00C0]
12 s.09atl 0.c004 c.0030 p.urco c.ocou; {12 c.030 0.03592 t.ooc+ c.t000 c.000C 0.02C0}
--------- L R el R it I R il Rl e e 2 i ---------------------—----------—-—------~-~—--—--i

Chromium Manganese

----- R bt R e e L I E e Lt it D R
MRS S 2 S 12 1 1t be T [ T S S ¥ IR C 1 (S t3 tae 1 b5 1

1 i : -- N ! - ' - i ! K H -- ! -- . -- : - i - 2

i i (Y : ! Lt M it ! ! i ! EU H t : [ : £ 1 Le H
--lmme=- ERIMEE Rk M Temmemm—-] HEEE LR R LR DL XN Jewlomenne i=emme-- Je-m==-=- t~=p==~- Mt oo -=1
1 s.ECA00 2443, 3.c838 2.,9C9¢ 1.7€211 i c.3501 RAPIAE I N 1.062¢ T.5001 1.4688;
coaLoCitC 2472 2.€106 1,9¢58 .78 1370 1 2 107476 S Xpli 2.272¢C TRk 0,444
. oe.sTenrg ToX3e 1.4410 C.8839 (. 1Zerf! 13 1.0885 V.77 1,298 T.790E 9,280 77
4 1.4CC0H 003 1.5414 PR (O A N 1 4 c.R437 .02y 2LTEIT L.R797 0 2.06€0]
LoCefCUOIL 25735 :.870n rLe132 yeleE t.uteal 1 5 s 839 rLTudr 2.2683 L.5¢78% 3.0C09!
o Deg0ncg [ i) D440 0,122 p,.0eeC (.pCoCl i e C.41t6 R o R A 2.0009:
Torventlie we832 (.170€ .80 G.070E p.tlOQE | g L0211 L re9s DLLOSfT7T T.Cp03 3.0CCO!
PEETI W R S I B 9.0374 g.0C02 v,00CC y.gPColoU 2 C.00f4 C.poDE £L20C3  T.200C 0.0CCO;
PR TU R R R ¢.0t40 ©.0C00 u,00C0 (.0C02] I 9 ¢.32CC f.010Q0 °.0000 T.200C 9.0CCO1!
PR TR B A T O 0.905¢ 0.000C 6.C0C) wv.CC00' Il0 L+0450 r.t0S5C £.90C0 C.0U0C 0.0050;
IR [ A g.600¢ o0.083¢ L,008C y.0CO0C: It LeCu00 C.0C4C 2.C02C a.0€0C 3.30001
FEETIN [ 0.¢9C3 0.00¢r  L,00CL e¢.oCOCOI 112 UeTIES  CLLLT4A D.C008  L.DCOC 3.0CCQY
cemmeem e mman= R e L T e, N LT T e memmeeme- M B R R 1

- 96 -



YRR

e ke be b v b b ne

e me bt e e e b b

Iron

.................... T T iU U U PR
T o 1 : [ B B4 I
-- -- -1 - .- 1

o v ! L 1 ce [
Tecwemceloaceseelcacmnan ceeemal

3,215 5,3256 3,0638 o, 1771

2,568 2.335¢ 1,5¢7¢6 U.60Bo 1

1.9750 1.5606 y,80883 ¢.11821

1.476¢ 0,8213 ¢.,3R14 gG.oCOQ!

1.004¢ C.J448 Ul.lEC? c.00001

n. 4225 0.0431 ¢.,0736 ¢.o0C00!

y.1454 0.(206 Uu,0025 ¢.ccoc!

3.0500 0.8%¢ V,80C0 (.ctoc!

0.062¢5 0.0%200 0.0°CC op.GtoOoT

c.012¢C 0.Y000 ¢.002C (.(CQOI

0.CV05C 0.0000 00,0020 g.oCOO!

0.0003 Q.0C00 G CCOU (.0COOI

Nickel

S

.............. N emeEeMnaceetceccemet e a—semmemec~e—eea—-]
| S A Ve PR [ M 12 :

. : : -- M -- . 1

H : N &0 i 1o : I
O R L R R AL L L I
3 €.f0026 2+44p; 2.3F34  3.3609 !
L o4.CCU0C 2-197  1.8n26 2.2417C :
I 2.508C0¢ 1.35; 1.3456 1.%124 {
4 1.4C008 C£+735 (.97¢3 1.5179 I
€ 3.E00500 0422 1.47.7 r.0534 1
¢ $.40000 24400 CL3NAL QL4105 1
7 0..0C00 0.272 (.<4p0  0.099T !
L o9.10000 t-122 t.11sl G.ul1ls? :
9 0.04650¢  0.3905 ¢.05;0 0¢.00L0 i
1o 0.C215; 2.0876 C.nAyC 0.003C nCool
11 L. ISLE Ce%25 LLUTs2 0.0000 c.¢co2!
T2 G.0U485 0.530 CL(%37 g.0003 u.uco00tl
..................... Cmcmaracamceamr e i

bt Bb e Bs sms = Bes b=t B=S bt 4t g s et Bed b=t 4t Pt

PoIar 1l BDO1 I3 S T
1 ! -- 1 -~ - M .- H -- :
! I L ! Lt ! Lt : 8 I :
celecmeecjoce | P lemimee S . | SR, :
1 22,3318 J.22¢C¢ 3,350 [ -1 8 2.7
2 2.8389  DLf34y 20797 DaardL l.qeZée
3 1.2223 R T 1.5381 VeELAL gLsele
4 Se7%tG 101039 0.€5%e  T.L30C1 o oot
5 C.5073 0.7708  £.2997  1.121¢ 6,063
[ 2. 3433 r,Ta2 c.0621 ¢ JER R U I
? G.20%9  T.1:55 rlrpgTOo L [ R
s T.0%%C  c.ul70 t.oocto € G.5202:
9 t.0582 ¢.r1¥50  t.cgoe ° U.Quly:
16 2.030C0 5.0073 T.co00 C.36¢C:
11 YenZ7¢ 2.u033 C0.0900 C.3960
12 1.0339 ¢.0005 C.9002¢ [SCILCH VR S PR U, N o
il iR S i 2K R i ——memm - - .- T
Copper
rmmmemm e ————— cecamermmem e ————— e
MR E RIS £ ! b2 i r3 : r4 ! M
H i -- ! -- 1 -- -- 1 :
! H I gy 1 o to ! :
R R ] Jo----=~ fomememmtmemne e leemroany
1 2.40¢ 2.5¢46 T.4585 35,4506 l..7C0é 2.3u9C!
2 2.19C 2.1(94 1.7769 2.7396 2239C 1.3cE5:
3 1.5863 1.5512 1.9176  2.1794 1 a4y 2.401101
& f.pTC  5.096% 1.7307  €.99¢1 [ .-&38 o.p7fcr:
5 5.4°2¢ (.5597 £.643% C.2900 T.334: 0.0143:
& 5.31¢ ».3658 t.2eC6 c.0771 .g3ct 9.52¢C3!
? €.216 $.2459 (.02y?76 C.0381 C.03F4 D.Q0CC:
fo0,12¢ 2.15%1 C.(1Be C.Cpl0 {0215 9.30C0:
S c.gfC 2.03%0C0 C£.€1C0  CT.EGOU  L.C1CT 0.02200
10 c.03%¢0 0.0400 L.cudg ¢.2000 IR A c.colusl
11 c.o3L 90.0J42¢ H t.¢a0C t.002¢C C.cuT3d?
12 c.g3g c.0313 r. C.00%0 [ O SR Cegele

- L6 —



Zinc

[ R bt L R i e el L R A L Lo
1 L ] A L AL g ! t2 M (3 H Ce ! [ 1
! ! : : - ! -~ H - 1 -~ ' -- 1
1 1 H : [N 0 1 ts ! BC ! BC I
leelvcearcme cmmmcaleraceca]mcaccmen]mracscc]lmcceenclonaceaa]
1 1 6.5C0¢C0 22,3793 33,3843 35,5973 S,.4814 .5449]
1 2 4.00000 1. 9~sr .7115 2.8647 22,3235 1.53821
1 3 2.5¢0¢C0 T.0006  2,1563 2,1007 1,4<4y g.71031
1 4 1.4C0C0 1.[';2 1.4922  1.1445 (,6%47 (,28321
1 5 g.0C0°00 t.02a1 L0422 0L187¢& L1036 .(074l
! ¢ g.z2t0CD L. (.25%9  GoLS1® L.L792 g.0COO0!
I 7 g.z2C00C¢0 (232 (.2232 ¢.0286 G.CC?75 g¢.cC001
1 6 p.180CU .11 e 110 0.5105  LL,CC29  g.eCoOnd
1 9 .l voLkut 0.06CC 00,0020 C,C0CO oQ.(COO!
119 v.cisfe ¢.t3L2 0.6000 C.0COU o0.LCOOQI
111 g.c1LC0 t.612¢ ©.0C80 0.0030 g.tCOQI
;12 o-c:~{5 v.L0C2 p.C000 o,0C0CU C(.0COOQT

Zirconium

[ T e L L L EL L E P L L LR L
I 1 ¢ 13k ) Ixny d [ 35 B | - £E3 1 Bs 7 BE 1
: 1 : H -- 1 -- 1 -- 1 - 1 -- 1
: : : . &0 1 (] 1 {0 1 8¢ 4 e 1
leelcmae==- Jeweman lcrcacaclcancraelmrcence]rremccnlcaccceee]
! 1 6.6CUCO 2.75¢ 2,208 3,1123 3.1714 3.3774 3.(bgsl
1 2 4.9C002 1.745 1.6043 2,03917 2.18¢9 2.4¢54 2.6C331
Py 2.5C00¢C¢ 1.9 1.3v48 1.4943 1.0714 1,4132 ¢.72171
T 4 1.4C800  tol1g 1.101¢ L2561 0.53¢° ¢.55%4 C.21831
1 5 0.5C0%0 1.0489 1.1%1 \.QSL" G5 143 $,1328 ¢.(TO3I
P 6 0.490C0 0.713 {.5°9% p0.€139 ¢.1023 92,0512 g.cfcsl
$ 7 0.20€00 C.42C t.42uy6 09,3396 0.2194 5,0'52 (p.0C4910
1 ¢ 0.10006C C.24C {.23%% ¢.2339 0.89.2 0.3018 g.0COCI
1 5 ¢c.04650 .12 (.17,¢ 39.152¢ ¢.0040 C,0000 C.CCOQ!
I1¢ 0.02150 0.86% ..0FCT 0.v8¢0 o0.C020 9,300 g.uCoCl
131 g.gcleC0 €085 +L.0Xir  0.C453 Cc.é010 . LPC0 0.0CO0O]
112 g.0u0at5 0.23c 1. v.u008 cc.0%0¢ ©.C0O00 o.ot0c;
lecemccmcccmaemean e rcam e g fmemm—a

Yttrium

S S

*
I 1 Sapv g 81 1 ra I 83 1 B4 BS
11 1 -- 1 -1 .- 1 .- 1 -1
I ! : Bo 1 ko I 80 ! Bo I 80 I
R e L el ot Lt e T s s LT L TRy PP
11 2.6 2.4935 2.1832 35,5383 3.6500 3.38931
I 2 1.53¢ 1.63122 [.(732 1.8981 2.3122 1.9359;:
I 3 1.¢8¢ 1,1883 1.3581 0.8992 1.4459 0.6199]
I & 1.;8¢ 1.0167 1.0003 0,4256 C.4404 0.0837:
I 8§ t.c8¢ 1.0489 ,4381 €,0486 C.0053 0.C000:
16 o.78¢ ¢.9288 (.1221 0,0000 0.0000 0.0000;
I 7 G.6%C ¢.67C05 ¢.0386 0.0000 0-0000 0.0000;
I 8 oS.uly (.35285 (.,0227 ¢C,0000 C.0000 0.00G0¢
19 .07 C.1¢G0 (.C140 10,0000 G.0000 0.000CI
I1¢c o0.¢cft¢ 3.0%C8 (.C070 ©0,€000 0.0000 0.0000;
11t ¢c.¢3¢  7.C3C0 ¢.tC3C 0.0006 0.0000 0.00001
112 .33 C.0225 ¢.0u01 0.0000 0.0000 0.00C0:
[ ettt R L L D RS

Niobium

leemommmencna- Seseeeemsm-c-ctao-mscessseccmeomeoonn]
I 1 3xpU g1 1 te 1 £E3 ! B4 1 BS !
1 1 1 - 1 -- h - ) -- 1 == 1
| S 1 8 I [ TR Fo I g 1 B0 !
Jew]omcane cmrecslacmna=a HE e e lemme--- jmmece=ey
1 1 2.2%5¢ 2.9905 3.1778 J.2e82 2.95%6:
1 2 2.p1¢ 2.1636 2. 998 2.315¢ 1.68C6:
I 3 1.e0¢C 2.Cc728 1,815 1.4387 9,.58l6;
1 4 1.50¢ 1.0¢08 00,7323 C.6487 C.22€1:
I 5 1.17¢ ¢.t491 C.-g9e $.1¢81 C.glE€g:
1 6 ¢.péQ C.4€B8 £.0526 C.0«88 2.gzC7:
1 7 ¢.&t0 ¢.2382 ©.00080 €.0000 0.00%5;
1 8 o.270 £.1310 0.C00C <C.C0CC 0.0C00:
1 9 g.15¢ 2.070C 2.C0CC C.CCCC 0.20C3:
1%¢ 6.0%0 ¢.050¢ €.0080 <{.0¢CC 3.00C0:
111 ¢.pbu ¢-¢150 £.C000 C€-CO0C C.00CO?
112 C.p03¢ £.00091 ¢.£p00 C.CQO0C 0.000¢:

—_ 86; -



Molybdenum
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1 2 4.00000 2.2RC 11,8935 2.6063 2.8611 2.8056 2,07291
! 5 2.%0000 1.56f 1.4721 1.8722 11,9376 1.6356 0.71021
1 4 1.40000 0,930 1.1141 1,2234 11,6999 0.9109 0,.14671
1 5 9.,80000 0,600 0.6797 0.8067 11,0088 0.,4465 0.0798]
1 6 0.40000 9,397 0.4337 0,8759 0,3596 0.13%0 0,03701
! ? 0.20000 0,420 0.4554 0,3289 0,0793 0.0461 0.0449]
1 & 0.19000 0,37C 0.2685 0.0856 0,0166 10,0255 0.0046]
1 9 0.94650 0,150 0.1500 9,0300 10,0080 0,0240 0,0000]
110 0.02150 ©0,060 ©0,0070 0.0100 10,0040 0.0120 0,00001
111 0.01000 ©0.030 0.0040 ©0.0050 0.0020 ©0.0050 10,0000}
112 0.00465 0,000 0.0097 0.0000 0,0000 0.0000 0.00001
R it T Lt P L L L L L P P LS |
Thorium
R R el e R R L L I PO |
1 ! E M3B 1 3=mU I B1 1 82 1 83 1 B4 1 8s 1
LA | 1 1 == 1 -- 1 =1 == 1 -- 1
11 1 1 80 1 BO 1 Bo 1 BO I 80 !
l=-lo-ccecclmmeecc]ncnaccc}emcacmc]mmacaccfeaccccctocancn=]
1 1 £.50000 2.520 2,3957 3.3641 4,0353 4.6357 4, 4874]
1 2 4,000U0 2,400 2.252% 3.204u 3.5125 3.6432 5,14001
1 2 2.50000 2,130 2,0500 2,7030 2.93U4 2.935%5 2,2366]
T 4 1.40000 1,590 11,7400 1.9812 2.3385 2.0375 1,19441
1 5 6.80000 1,26f 1,3120 11,2203 1.1779 0.6218 0.18201
1 6 0.40000 0,%90 1,0282 0.7099 9.3721 0.1207 0.03381
! 7 0,20000 0©0.63%0 93,6247 0.2944 0.0654 0.0043 0.01187
f & 0.10000 ¢,360 0,3717 0.1074 0.0209 0.0000 0,0060]
1 9 9.04650 0,210 10,2600 0.0400 0.0100 0.0000 0.003v1
119 0.02150 0,128 0.1500 0.0100 0,0050 ©0.0000 0,0010]
111 0.01000 0,060 10,0800 0,0050 0.0020 0.0000 0,0000f
112 0.00465 o0,0% 10,0086 0,0000 0.0000 0.0000 0,00001

Bismuth

L e R TP E L ERS

1 1 3xpy 1 el 1 B2 1 B3 1 84 1 BS 1

11 I == 1 - I == 1 == 1 == 1
H 1 1 B0 1 B8O 1 eo 1 80 1 80 1
l==feememclocvecaolececcaa]acarana]occcuac]amnmnan]
11 2.46°0 2.2088 3.1945 3.7101 4.0382 3.8003)
12 2,160 2.1194 2.8413 3.1212 3.0536 2.49231
13 1.500 1.4434 1.8934 11,9479 11,7785 0.92841
1 4 0.930 1.0243 1.2658 1.6458 1.1709 0,2736]
18 0.630 0.6313 0.6013 0.9884 0,3608 O0.0454]
1 6 0,420 0,4220 0.4189 0.3160 0.0977 0,0372]
1 7 0.300 0.3008 0.1664 0.0538 0.005¢0 0.0081]
18 0,210 0.2110 0.0481 0.0100 0.0000 ©0.0004]
19 0.15¢ 10,1500 0.0080 0.0020 0,0000 0.0000]
110 ©0.060 0.1000 0.0000 0,06000 0.0000 0.0000]
111 0,000 0.0600 0.0000 0,0000 0,0000 0.0000]
1t2 0.000 0.,0C95 0.0000 0,0000 0.0000 0,0000]
IR e E LA LS DL LR L LR PP L LS

Uranium-235

Brm oo oo oo cmcccaccmcmceceacama o]

1 1 3=MU 1 g1 1 B2 1 83 1 84 1 8BS 1

1 1 i -- 1 - 1 -~ 1 -~ 1 = 1
1 1 1 80 1 B0 1 B0 1 80 1 8o 1
IR AL E AR LTS EL Ly lemecocnlese=can]
1 1 2.5%20 2.4075 3.552% 4,2160 44,6301 4.5%95]
1 2 7.400 2.4576 J3.4771 3.8823 33,8030 3.6470}
1 3 2.13¢ 2.122% 2.5951 3.0238 22,7888 2.3850:
1 4 1.65¢ 1.6668 1.7095 2.3047 1.8645 1.1691)
1 5 1,357 1.,3R86 1,2437 1.3%592 0.6733 00,1614}
1 6 1.¢650 1.0829 0.7377 10,3896 0.1424 0,01851
1 7 0.e90 0.7104 0.3431 0.0954 0.0402 2.00001
1 8 r.39n 0.4043 C.1404 0.0332 0.0166 9.00001
1 9 0,210 0,2300 0.060C 0.0150 0.,0070 0.00001
110 fr.120 0.120v 0.0300 0.0070 0.0030 0.00001
11 0.060 0.0300 0.010n 0.0010 0.0000 0.00001
112 0,030 0.0085 0.C000 0.000C 10,0000 0.00001

e SREEEEET L ------- R e C LT R



Uranium-238 Plutonium-239

R L et L L L e L L P R L e L el B L T P R e e mememecesececmccan e
1 1 €EwM3B 1 3«wU I 81 1 82 1 B3 1 B4 1 BS 1 1t I 3wmul 81 I 82 I B3 1 B4 1 B85 |
1o 1 I == I -~ 1 == 1 == 1 == 1 1 1 I == 1 == 1 == 1 =e 1 ==
1o 1 1 RO 1 s0 1 se 1 BO 1 BO I [ 1 1 80 1 80 I 80 1 80 ' B0 |
[=-leoc-esec]ecmcecfosccanc)racccactecrcmsefecnacmcforcnname] [onfocmeca]amcann B e R T I-s=cce-fmcamcan]
I 1 6.50000 2,520 2.4145 3,2481 3,8105 3,8070 35,60181 [ 1 2.520 2.3301 3.3264 4.0428 4.3842 4,1996]
1 2 4.00000 2,400 2.2650 3,0926 3.4751 3.3733 2.90851 [ 2 2.400 2.3015 3.1532 3.5209 3,6050 3.0345]
13 2.50000 2,130 2.1614 2.8510 3.0173 2.8899 2.,24251 1 § 2.130 1.9970 12,4223 2.5343 2.6887 1,6526]
1 4 1,40000 1.59n0 1.5624 '1.7\77 1.8366 1.4729 0.602381 1 4 1.65%0 1.6564 1.8058 2.0469 1.6766 0.72743
1 & 0.80000 1,260 1.3401 1,2014 1.0270 0.5760 0.0162] 15 1.350 1.3772 1.2671 1.2685 00,6555 0.17031
1 8 0.40000 0,990 1.0273 0.7851 0,3328 0.157) -0.0384] 1 6 1.050 1.0583 0.6986 0.418% 0.1371 0.028%)
1 7 0.20000 0,630 0.6464 10,5307 0,03%2 0.0361 -0.04281 1 7 0,690 0.6877 0.2068 0.0938 0.0251 0.0006]
1 &4 0.10000 0,360 0.3481 0,1138 ~0.0181 0.0315 -0.0244] [ 8 0.390 0.3543 0.0652 0.0276 0,0051 0,0000]
19 0.04650 0,210 0.1700 0,0400 =0,0100 0.0130 0.€0001 f 9 0,210 O0.1800 0,0250 0.0330 0.0000 D0.0000]
110 0.02150 0,120 ©0.0700 ©,0150 =0.00%0 0.0050 0.000U] {10 ©p.120 0,0800 ©0.,0100 0.0060 0.0000 ©0.0000]
111 0.01000 0,060 0.0300 0.6070 10,0000 ©0.0000 0.00001 J11 0.060 0.0400 0,0050 ©0.0039 0.0000 0.0000]
112 0.00465 0,030 0.0084 ©,0000 0,.0008 0,0000 0.00001 312 ©0.030 ©,0084 ©.000¢ ©0.0000 ©.0000 D.0000;
R et N e htt —ememmseanan R L LT B 1 pememmmmcen “eeea- cemmmemmice——aaas B L T 1
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GROUP CROSS-SECTICNS FOR THE CAPTURE OF FAST NEUTRONS
BY FISSION FRAGMENTS

Abagyan, L.P., Nikolaev, M.M,

Since the compilation of the 26~group system of constants for fission
fragments in 1962 and 1963 [1] a large amount of experimental data on the
capture cross-sections of various fission products has appeared, making it
possible not only to improve our calculation of the cross—section for all
fragments together, but also to forecast reasonably reliably in a wide

energy region how the capture cross-section develops for individual fission

product nuclei,

Predictions can be made on the basis of various nuclear reaction models,
the model parameters selected being those that give the best theoretical
description of the available experimental data, The density of the network
of experimental points in the space (A, E) determines the reliability of the

results obtainable from calculations of this kind,

Work of this nature - covering the energy region from 1 keV to 10 MeV

for stable nuclei with 325 2< 66 resulting from fission —~ was carried out

in 1969 by the Benzi group in Italy [2, 3].

In the present report we give the results of averaging the fragment
capture cross—sections evaluated by Benzi and co-workers over the standard
spectrum adopted in Ref.DJ (fission spectrum above 2,5 MeV, Fermi spectrum

below that energy) within the groups of the 26~group breakdown [l].

Group constants in 1 to 14 groups are given both for individual isotopes
and for their natural mixtures, For elements for which in Ref,[1] and the
later supplements [4, bY 6] there are no complete tables of group constants,

these data can be recommended for direct use,

The method of calculating the cross—sections in Ref.[zjconsisted of

five stages:
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1, From the bibliographic system (CINDA) and the data library
(NEUDADA) all relevant information was extracted concerning
the experimental data on capture cross-sections for each of
the elements considered. In cases where there was a reference
in the CINDA system and where the corresponding files were not
present in the NEUDADA library, the data were taken directly

from the literaturegq

2. In some cases relative measurements were converted into more
modern standard cross—sections, PTor this purpose calculations
were first made of the capture cross-sections of I, In and Ta

and of the fission cross~section of 235U3

3. Resonance parameters in the resolved resonance region were analysed
to obtain average resonance parameters, Data for level schemes

were collected;

4. As a first approximation resonance parameters obtained from the

« The
ny

calculations were compared with experimental results on capture

resolved resonance region were used in calculating o

cross—sections and, where necessary, the parameters were adjusted
with a view to achieving agreement with the experimental curve,
The sum of the capture cross—section curves for individual isotopes

was compared with the curve for the element;

Se In some cases the theoretical data were corrected, for example to
reproduce the behaviour of the cross—sections in the low—energy
region, which is not given by the model, or to eliminate false

peaks resulting from inaccuracies in the formulae applied,

The calculation of the capture cross—sections was carried out in the main
on the basis of the Hauser Feshbach theory; the method is described in detail
in Ref.[7]. The penetratior actors necessary for the calculations were
determined in the strong interaction approximation (see Ref.[8]). In the region
of resolved inelastic scattering levels the competition between inelastic

scattering and capture was taken into account in detailj at higher energies
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it was averaged on the basis of the energy dependence adopted for the level
density. In the region of high level density an averaged formula [9] was
used instead of the detailed Hauser Feshbach formula.

In allowing for the energy dependence of the radiation width, the
effect of the giant dipole resonance was taken into account as proposed

by Axel [10].

The calculations showed that at energies below 1 keV the differences
between the formulae for the probability of radiation transition of the
excited nucleus proposed by Axel [10] and Weisskopf [ll] have virtually

no effect on the results,

The level density was calculated on the basis of the Fermi gas model,
with allowance for the pairing energy. The values of the a-parameter for
the density of single-particle states near the Fermi surface were determined

from the systematics.

To the compound nucleus capture cross—section was added the direct capture
cross—section calculated by the method of Lane and Lynn [12], approximate
account being taken of the shell effects (see Ref.[2])., Collective mechanisms
were taken into account by means of the Brown coefficient [13, 2]. In the
high—energy region the (n,2Y) process was taken into account [14]. The giant
resonance parameters were taken from the Goryachev systematics [15]. a
summary of the working formulae is given in Ref. [2], which also contains
tables showing the calculation methods and values of theoretical parameters
used in specific cases, viz:

1. The energy regions in which calculations were carried out by one

formula or another;

2. B(N) ~ the binding energy of the neutron in the compound nucleus (MeV);

3e PY - the average radiation width at Bn(eV);

ol

—~ the observed distance between levels at Bn(eV);

3.

4e obs
5. S, = [PY/Dobs] x 10
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6. A(c) and A(t) — the parameter & of the level density of the

compound nucleus or target nucleus (MeV—l);

Te D(c) and D(t) — the correction for the pairing energy ~ &

of the level density of the nucleus or target nucleus (MeV);

8. Ho and r, - the radius of the nucleus and the constant where

- A3 )
R =rA (Fermi);
9. EH’PR - the energy and width of the giant resonance (MeV);
10, I - the spin of the ground state of the target nucleus;

11, The level scheme of inelastic scattering (EI = the energy of

the first level, in MeV),
Some of these initial data are presented in this report (Table 1),

Benzi and Reffo [2] note that for many fission fragments the errors
in the cross-sections calculated by them can amount to 50%., Obviously,
the less experimental information one has the poorer the reliability of
the data becomes, In Table 1, therefore, we indicate where experimental
data on one isotope or another are available and the degree of accuracy
achieved in describing them, These indications were compiled on the basis

of the calculation graphs with experimental points presented in Ref, [3].

The results of averaging the calculated capture cross—section of Benzi
and co-workers for the first fourteen groups of the 26-group constant system
(1 keV-10,5 MeV) are given in Table 2, Table 2 contains capture cross—
sections calculated for natural mixtures of various elements (the isotopic
fractions in the natural mixtures were taken from Gordeev and co-workers [21]).
In the notes on Table 2 the group capture cross—-sections obtained in this work

are compared with those published earlier,

Finally, the table includes capture cross—sections for fission fragments

of 233U, 235U and 239Pu calculated on the basis of the total yields given in

Table 2 (the three lines at the bottom of the table) and compiled in accordance
with Cenacchi [22].
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TABLE 1
[ o N iRegion_of Agreement between
j:Target buarlge . , experi- calculated and
mucleud ¥ By | Dobs L Ale)| Ro | mental experimental
spin | points values
. e ‘¢)
MeV | oV | MeV }Mev T} Pormi | kev
- P e
I 2 3 4 5 © 7 | & 9
| .
ce 30,85 good
Ge-T70 0 7.415 1 3542 | 350 | 10,00} H.I52
Ge-Te 0 6.785 | 3790 | 20Q | IG.60} 5,200
Ge-73 | 9/2 |I0.I% | 96 | 240 | 10.20| 5.224
Ge~74 0 5.486 | 5304 | 250 | I0.60] 5.248 | 8.5+4000 good
Ge=76 0 6.030 | 3489 | 260 | 11,701 5,295 25 good
Below 30 k=V the
As-75 | 3/2 7.326 | 74 | 300 [ II.65] E,272 | 345000 curve runs 20 to 50%
below the points
U
Se 25¢38G(57)] Wide scatter of points
Se-74 0 8.026 | I628 | 30C | 10,40 5,248 i
se-76 0 7.415 | I237 | 360 | 11.35| 5,295
se-77 | 1I/2 |I0.491 | I00 360 |II.A5| 5.318
Se-78 6.971 | 1141|350 | I2,00| 5.341
Se-80 ¢ 6,715 | 5598 | 200 | I0,50| 5.386 | 1243200 good
Se-82 7.4 2927 1250 | 10.80] 5.431
Br I14600 good
Br-79 | 3/2 7.879 | 45.2 | 350 | I1.80] 5.364 | 2544000 good
Br-8I | 3/2 7.997 | 90 | I90 | II.40] 5.408 | 2544000 satisfactory
-
Kr-78 8.383 | 630 |3I0 | II.20} 5,341
Kr-80 7.850 | 7451300 | I1.60| 5.386
Kr-82 0 7.467 1 7931265 }12.00) 5.431
Xr-83 | 9/2 |I10.519 32 | 240 | J1.30| 5.453
Kr-84 0 7.122 | 6863 | 230 | I0.00] 5.474
Kr-86 0 5.51I | 26120 190 | 10.20] 5.518
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TABLE 1
continued

T*i 2 3 4 5 € 7 8 9

Ro I+400 good
Rb-85 5/2 | 8.637 | I27 |230 | 9.94 [5.496 | I+2500 good
Rb-87 3/2 | 6.I30 |I3I9 {IS0 |10.I0 {5.539 |25+44000 good

Wide scatter of
Sr 25+850(5r) | points; curve passes

sr-84 O 8.482 | 425 |265 [II.7I {5.474 through bottom
Sr-86 0 8.437 | 2167 |230 |10,I0 |5,5I8 |2E+J30(47) good
pr-g7 9/2 {II.I00 | 308 [205 | 8.79 |5.539 |254I30(4T) good
sr-88 O 6.393 | 7000 | IS0 |I0.84 |5,96C
y -89 I/2 | 6.869 |2.505/ 190 | 9.8 |5.581 | I2+4000 satisfactory

Zr I+I000 good
Zr-90 0 7.194 [ 6254 | IS0 |10.20 |5.602 | 1450 good
Er-GI 5/2 | 8.640 | 572 . 180 |I0.70 |5.622 | I+60 good
zr-92 0 6.750 13286 1 160 |II.45 {5.643 |30 good
zr-94 O 6.468 | 3982 I55 |II.6I {5.684 | I,5:200 good
zr-96 O 5.575 |41I7 170 |I2.82 |5.724 | 254+200(31) |wide scatter of points
Wb_93 9/2 | 7.2I3 87 1160 {I1.20 |5.663 | I+I400 good

Mo I-I000 satisfactory
Mo-S2 O 8.053 | 3245 190 |I10.I7 |5.643
Ho-94 O 7.374 {1936 : 160 |II.44 |5.684
Mo-95 5/2 | 9.I57 95 | I60 |I2.30 |5.704 | I+45 satisfactory
Mo-9%6 O 6.816 | 907 I30 |I3.I0 |5.724 | I+50 good
Mo-97 5/2 | 8.642 75 190 |I3.22 |5.743 | 1460 wide gzzgter of Doimbe:
Mo-98 O  5.9I8 | IIS6 | I60 |I4.II |5.763 | I+3000  |peiow 50 keV the ourve.
Mo-I00 O 5.390 | IS61 | I35 |I4.60 |5.802 | I+5000 passes through the
bottom points

Ru 141000 good
Ru-96 O . 8.040 | 3I0 | I80 |IR.88 |5.724 | 25,200 good
Ru-98 O 7.469 | 666 | I70 |I2.70 | 5.763
Ru-99 5/2 | 9.67I {28.6 | 180 |I3.20 |5.783
Ru-100 O 6.806 | 638 | I80 {I13.65 |5.802
Ru~I0I 5/2 | 9,216 I7 | I60 114.42 |5.821
Ru_102 0 $.248 | 229 {I70 |15.99 {5.840 | 25,200 good
{Ru-104 0 5,976 | 662 | IS0 |I5.00 |5.878 | 2543000(47)wide scatter of points
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TABLE 1
continued
I 2 3 4 5 6 7 8 9
Rh~J03 | 1/2 | 7.002 33 | 195 |I4.73 |5.859 | I+4000 good
Pd 0 I+160 good
Pa-IOR! O |7.608 | 278 {180 |I3.70 |5.840
Pg-104| O [7.09I | 291 |I60 (I4.40 {5.878
Fa-I05) 5/2 } 9.548 19.55 | 150 |14.80 |5.897
Pa-I06] O |6.532 | 339 |I40 115.I10 [5.916
Pa-~-I08 | O |6.I50 { 4I5 {120 |I5.50 |5.953 [25-200(4t) good
Pa-II0| O |5.740 | 624 |I40 |I5.70 |5.989 |254+4000(4T) good
Ag I+I000 good
Ag=I07 | I/2 | 7.275 2I 1I30 [I5.I0 |5.834 | 344000 good
Ag-109 1/2 | 6.824 I9 | I35 | 15,90 {5,971 | 34600 good
In the 50-500 keV range
ca 14800 the curve passes 20-50%
Ca-I06| O |7.929 52.5 {180 |I5.50 |5.91I6 higher than the points
Cq-108| 0 |7,381 |I26 |I55 |I5.I0 |5.953
Cgq-1T0| O 16,975 |167 |I35 |I5.50 |5.989
Ca-III| I/2{9.399 | 30 |II0 {I5.08 {€.007
Cg-112} O |6.538 {231 |IOS {I5.70 {6.025
Ca-II3 | 1/2 | $.048 |25.9 | I00 |I5.80 |6.043 The curve runs 30%
Ca-IT4| O {6.I43 [I64 |[I00 {I7.I0 {6.061 |25, above the points
- . 5, . The curve runs 5
Ca-1I6) O }5.764 1653 84 | 15.80 |6.096 |25 below the points
t 30 keV the curve run
~In 1+1000 S 20 e lou the points |
in-TI3| 9/2 | 7.3I2 |7.32 | 70 | I4.54 |6.043 |350~I000 good
In-II5|9/2 {6,725 {9.I4 | 75 [I5.1I0 |6.079 |2541500 good
Sn 2541000 good
n-II12{ 0 |7.744 {158 |IIO {I4.52 j6.025
Sn-IJ4| O |7.537 {352 95 ) I3.84 16.031
sn-IIS| I/2{9.5%63 | 99 | 88 |I3.50 {6.079
n-J16| 0 |6.941 |41I7 65 | I4.50 |6.0%6 |9.5450 good
n.TI7¢ 1/219.331 1 57 |1I0 |I4.50 {6.1I4 }8.5450 good
n-II8| O |6.48I |I0SI | 80 |I4.00 16.1I31 |8.54¢50 good
Bn-I19| I/2 [ 9,110 | 77 I0 { I4.45 | 6.148 |8.5450 good
n-I20| 0 |6.I68I |IS3I | 70 | I4.00 |6.166 |9 + 50 good




- 109 ~

TABLE 1
continued
I 2 3 4 5 6 7 8 9
Sn-122 | 0 |5.932 {2II6 | 80 |I4.00| 6.200 |30:4000(4T) good
Ssn-I24 | 0 |5.767 |3074 | 80 |I3.80|6.233 |30 good
In the 10-100 keV
Sb I+1G00 region the curve runs |
| J[ ' 20% above the points '
ISV-I2T | 3/2 16.798 [ 9.6 86 115,80 6.183 {25,200 wide scatter of points,
sb-123 |7/2 16,432 |34 86 |14.37 | €.217 ]20,25,200 |wide scatter of points:
Te 25,30,65 |wide scatter of points|
Te-I20 | O |6.976 |I67 | 84 |I5.20| 6.166 |
Te-I22 | 0 [6.943 [225 |I00 |I5.50 | 6.200 |30+I25 good |
Te-I23 | I/2 |9.408 | IS |I00 |I5.9C | 6.2I7 |30+I25 good ;
Te-I24 | O |€.603 1499 |I00 |I5.006.233 | I+I25 good |
Te~-I25 |I/2 19.092 | 48 |I00 {I5.20| 6.250 | I+I25 good !
Te-I26 | O |6.3I4 |74 | 65 |I4.97 | 6.267 | I+I25 good |
Te-I28 | O {6.II6 2700 | 65 |I3.55 6.200 | I+I25 good |
Te-I30 | O |5.895 6290 | 65 |I2.75 | 6.332 | I+I25 good i
) ; i
3 -127 |5/2 {6.797 | 13 |100 |15.60 | €.283 | L+5500 good ’
Xe : !i
Xe-I24 | O |7.610 83 ' 8 I5.80! ¢€.233
Xe-I26 | O |7.200 . I57 : 90 I5.7%1 £.287
Xe-I28 | 0 |6.9I3 | 245 . 95 /I5.EC : £.300
xe-I29 | I/2 |9.259 | 34 |I05  I5.%  6.3I6
xe-I30 | 0 {6.603 | 395 | II0 'I5.Z%:6 6.332
X e~I3I |3/2 {8,932 | 34 |II0 |I5.I% . 6.348
xe-I32 | 0 16.53I | 735 |II0 |I4.&~ 5.365
xe-I34 | O [6.560 | I600 | II0 |I3.75 £.397
e-I36 | O |4.460 | I4760; 92 |I4.I2 £.428
Below 20 keV the ],
Cs-I33 {7/2 {6,705 22 {125 |I4.2~  6.38I I+160 curve runs 4 above
! the points
Ba- 30,65 good
Bg-I30 | 0 |7.633 | I04 | 95 |I5.71 £.332
Ba-I32 | 0 {7.370 | I97 |I08 |IS.:. £.365
Ba-I34 | 0 |7.200 | 360 |IIO |I4.27 5.397
Ba-I35 |3/2 |9.230 51106 |I4.+7 5.4I2
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TABLE 1
continued
I 2 3 4 5 6 Vi 8 9
Ba-I26 | 0 [€.952 | 1052 [I00 | I3.80 | 6.428
Ba-I137 §3/2 | 8,540 | 214 95 | I3.40 | 6.444 %g the 100—1?00 keV r%-gion
o € curve values are wilce
Ba-138 | 0 |4.7I7 | 14940| 50 | I3.70 | 6.460 | 26+4000 ([Fpe curve va nes o
La 143000 satisfactory
La-I38 | 5 [8.792| 39 | 99 |12.70 |6.460
1a~139 |7/2 | 5.000 | 484 | 80 | 13.43 | 6.475
——(—)-e 30,65,400 wide scatter of points
Ce-I36 | 0 {7.840 | I8 |IIN | I4.80|6.428
Ce-138 | 0 |7.508 | 656 |1I0|13.70|6.460
Ce~-I40 | 0 {5.438 {3000 | 70 | I4.86 | 6,491 | 25. 8003
Ce-I42 | 0 |5.105| 1000 | 50| I7.34 |6.521 | 200. goo
Pr-I41 |5/2 {5.853 | II4 | 75| 14.5 |6.5C6 | I+3000 satisfactory
— _
Na-I42 | 0 {6.100|2340 | 92 | 14.15 | 6.52I
Nd-T43 |7/2 | 7.830 34 70 | I6.07 | 6.537
Nd.144 | 0 |5.744 | 677 16.65 | 6.552
Nd_145 |7/2 {7.561 | 24.1 | 65 | 17.10 | 6.567
Nda-I46 | 0 |5.288 | 370 | 67 | 18.70 | 6.582
Na-I48 | 0 |5.042 | 2I7 | 50 | 20.35 | 6.612 | I60+R500 satisfactory
Na-IS0 | 0 |[5.4I0 | II3 | 76 |20.60 |6.642 | I80+2500 satisfactory
The curve runs 30-100%
Sm I+180 below the points
o -144 | 0 |6.763 | 610 | 95| 15.00 |6.552 | 30. goog
Sm -147 |7/2 |8.142 | 6.5 | 95 | I8.00 | 6.597 | 30. 800
Sm-I48 | 0 |5.846 | I67 | €6 | 18.80 | 6.612 | 25,30 good
Sm -149 (7/2 |7.981 | 3.I | 95 19.50 | 6.627 | 30. good
Sm-I50 | 0 |5.609] 97 | 8020.35]6.642 | 25,30 good
Sm-I52 | 0 |5.886 | 58 | 66 |20.60 |6.67I | 25-200(4r) Above 100 §°3dth
Sm-I54 | 0 |5.8I9 | I00 | 95|I9.9I |6.700 | 2546000 | 70e ~o° K woC porve
of the points
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TABLE 1
continued
1 2 3 4 |s | 6 7 8 9
Eu 1+200 | curve 30-100% low

Eu-ISI | 5/2 |6.291 |0.97 | 90| 21.12 | 6.656 | 1425001 curve 30-100% low
Eu-I53 | 5/2 16,385 | I 95| 20.90 | 6.686 I+40 Below 30 keV the curve run

up to 50% below points

Below 30 keV the curve rung

Gd [+180 up to 50% below points

Ga -I52 | O }6.480 | 29 57 120.35]6.671
ca -I54| 0 {6.45% | I6 63 | RI1.52 | 6.700
cq -155( 3/2 | 8.527 |2.18 | I00 | 20.1I1 | 6.7I5
Ga -I56 | 0 |6.347 | 47 82 | 13.99 | 6.728
Ga -I57 | 3/2 |7.920 | 5.04 | 861 20.70|6.743
Gqa -I58} 0 |[6.03I | 72 89 1 20.06 | 6.758 | 5+3000 satisfactory

ca-I60| 0 [5.65 |I44 | 98| 19.86 |6.786 | 25,3000 gﬁgepgi—%tgimes higher

Tp-159 | 3/2 [6.400 {3.03 | II0 | 20.00 | 6.772 | I+3000 good
Dy I+180 satisfactory

Dy _156 | 0 |6.830 | 23 |960|20.I06.729

Dy -158| 0 |6.85I | 26 |I00 [ I9.906.758

Dy -I60| O |6.448 | 49 |I00 | 19.60|6.786

Dy -I6I | 5/2 {8.204 |2.06 | II6 | 20.35 | 6,800 | 30+180 good

Dy -I62 | O }6.233 |I32 |II7|T18.70|6.8I4 | 30+I50 good
Dy -I63 | 5/2 | 7.656 |6.25 |I03 [ 13,80 | 6.828 ] 30+150 good
Dy -I64 | O |5.635|167 |I00 | IS.80|6.842 |25. Curve values twice

those of points
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TABLE 2

capture cross-sections and total yields of
stable fission fragments

Energies of | “\Elements g 72 73 74 76 75
groups, keV| 1) 50 € ce e Ge geé  ge 33hs
6500-10500| 1| 0.00II8 0.00083 0.00046 0.00045 0.00060 0.00073 | 0,00I89
4000- 6500{ 2| 0.00387 6.00383 0,00II5 C.00I59 0.00237 0.0027I | 0.00558
¢ 2500-4000{ 3| 0.0II4 0.00744 0.00242 0.0043I 0.00597 0.00861 | 0.0I20
£ 1400-2500{ 4| 0.0I2I 0.00789 0.0I28 0.00405 0,00752 0.00769 | 0.0227
b 800-1I400] 5| 0.029 0.0IT7 0,0570 0.00443 0.00734 0.0IE85 | 0.0274 |
9 400 -~ 800| 6| 0.0295 0.0259 0.0678 0.0I37 0.0172 0.02470 | 0.0459 |
o 200 —400] 7| 0.03II 0,0269 ©.085I 0.0IGI 0.0268 0.02899 | 0.I347
| 5 00— 200 8| 0.0359 0.03II 0.I31% 0.0217 0.0307 0.03630 | 0.282
i o 46,5 -100] 9| 0.0453 0.0383 0.I976 0.0256 0.0373 0.04729 | 0.3325 |
8 2I.5-46.5] IC| 0.0750 0.0628 0.3369 0.0106 0.0603 0.07793 | 0.5020 |
& 10.0-2I.5| II| 0.I262 0.1089 0.5737 0,0745 0.I055 0.I3521 | 0,836
© 4.65-10.0] I2| C.I693 0.1495 0.8765 0.1082 0.I460 0.I9399 | I.3009
2.15-4,65 13| 0.2355 0.2058 I.637 0.I512 0.20I0 0.30128 | 2.440

_1.00-2.15| I4| 0,3398 0.3358 3.429 0.2280 0.3225 0,54554 | 4.982

] [ g

g*égvg U-233 0.0%9 0.0%33 0.03%0 0.0%8 0.0%3

g P e 0.0%15 0.0%0 0.0°35 0.0I5 0.0%12

B 0.0%12 0.0%25 ©¢.0%2z 0.0%3I 0.0%14

i f Element .

%«g::‘ili :askz\fr‘[ EJ\ 243874 Se'76 Se'?'7 Se 78 Se 80 3682 Se
6500-10500] I | 0.00I64 0.00230 0.00ZS7 0.G0256 0.00019 0.00063 0.COL21
4000 - 6500| 2 | 0.00570 0.008I8 0.008I5 0.00556 0,00074 0.00290 0.00429

s 2500-4000] 3 | 0.0I2I 0.0I84 0.0179 0.0270 0.002I3 0.007i4 0.0ITIS
2 1400 -25001 4 | 0,0I36 0.0I8I 0,027 0.0306 0.00358 0.003I0 0.0I364
g 800-I400] 5 | 0.0I55 0.0200 0.0333 0,030I 0,00388 0.00869 0.07427
T 400 - 800/ 6 |0.0359 0.0430 0,0584 0.0646 0.0IT73 0.0238 0.031E6
@200 - 400] 7 | 0.0505 0,0633 0,I578 0.C755 0.GI458 0.0295 0.04609
§ io0 - 200 8 |0.,0578 0.0721 0.285% 0.087I 0,0I790 0.0342 0,06I20 |
© 46,5 - 00| 9 |0.0759 0.0956 0.3669 0.II62 0.02I4 0.0420 0.08046
2 oL5-46.5) 10 |0.1236 0.1525 0.5522 0.I8I3 0.0323 0.0679 0.I2166
® 10,0 -21.5| II |0,I9II 0.2276 0,6720 ©.2638 0.0604 0.II77 0,I¢124
4.65-10.0| I2 |{0.2483 0,2947 1.339 0.3426 0.09I0 0.I6I7 0.27099
2.15- 4,65 I3 |0.3639 0.4463 2.491 0.5347 0.I308 0.2228 0.44380
1,00 2.I5| I4 | 0.6764 .0.8576 5,044 I.053 0.I905 0.3621 0,84134

LB T ya2ss 0.031 C,I0  0.28  0.70

2888 u-zss 0.0II1 0,020 O.II  0.35

{ngg 'Ej Pu=239 0.01 0,026 0.07 0.17 |
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} i 3:51’79 ¥ Br 36 K78 80 K82 83 Bt k56 1
" 1| 0.00285 0.00047 0.00167  0.00452 0.003I8 0.00206 0.0008L 0.00026 0.00047

2| 0.0083I 0.00I59 0.00498  0.0I54 0.0II6 0.008I9 0.00220 0.00092 0,001I8

3| 0.0I85 0.00392 0.0II29  0.03I5 0.0273 0.0258 0.00537 0.00329 0.00I55

4| 0.0306 0.00932 .02007  0.0334 0.0267 0.03942 0.0I68 0.00486 0.00138

S | 0.0455 0.0238 0.03476  0.03I4 0.03I6 0.04292 0.0664 0.00787 0.00327

6 | 0.0823 0.0488 0.06572  0.0522 0.0775 0.08II 0.I453 0.0I39 0.00446

7 | 0.2102 0.0895 0.I5048  0.1034 0,09I8 0.0822 0,I806 0.0I39 0.00417

8| 0.37%69 0.14I9 0.26062  0,I225 0.I1066 0.0939 0.268I 0,0I72 0.005I7

9| 0.52I1 0.2071 0.36>73  0.I664 0.I437 0.I251 0.3978 0.0207 0.00682
10 |0.7793  0.3304 0.557I8  0,2479 0.2189 0.I941 0.6409 0.0307 0.008%
II | I.308 0.5368 0.92656  0.3482 0,3II5 0.2810 I.II6 0,0576 0.0I52
12 | 1.692 0.8078 1.2545  0.4638 0.4089 0.3655 1.969 0.0877 0.0254
I3[ 2.673 I1.470 2.0780  0.7740 0.66I8 0.5743 3.649 0.1275 0.0458
It | 4.617 2,087 3.3%49  1.585 1,333 1,135 7.147 0.I844 0.07I8
U-233 0,19  0.46 0.0%39 1.07 1.79  3.0I
U-235 0,055 0.I4 0.0470 0.0*sI 0.50 0.94  I,8I
Pu-239 0,04 0.0036 0.47 0.7

_ 85 87 86 87 |

i Er 3p Bb B Rb 3g ST Sr Sr

I [ 0.000650 0.00II0 0.00030 0.00088 0.00440  0.00083 0.00056

2| 0.00224 0.00267  0.00073 0.002I3 0.0I64  0.00275 0.00055

3| 0.00647 0.00563  0.00I35 0.00444 0.0436  0,00754 0,00II3

4, 0.01022 0,0I24  0.00227 0.00958 0.0709  0.0I57 0.00337

5 | 0.01850 0.0307  0.00275 0.02292 0.07%69  0,0338 0.0I43

6| 0.03678 0.0493  0.00529 0.03704 0.I270  0.033I 0.0243

7 | 0.04144 0.0720  0.00849 0,05431 0.1240  0.0548 0.03I9

8| 0.05535 0.1I22  0.01I7 0.08424 0.I470  0.0404 0.0469

9| 0.07721 0.172?  0.0I62 0.I.9II 0.1984  0.0502 0.0706

I0| 0.12131 0.2872 0.0271 0.21476 0.2894 0.0816 0.1270

II | 0.20507 0.4754  0,0536 0.35793 0.4038  0.I38I 0.2283

12| 0.33486 0.6306  0.0757  0.47606 0.5443  0,I865 0,338l

13 | 0.58609 0.9056  0.0959  0.68024 0.9265  0.2584 0.5698

14 [.1.1099 I.2I2  0.2073 0.93234 1.9I0  0.4325 I.I4I
U-233 2,37 447
U-235 1.38 0.0%24 4,50
Pu-239 0.539 0.92
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=

88 8o\t 90 91 92 94 9%
1 Sr. Sr 39 Y 40 Zr Zr Zr Zr Zr
28
I 0.00240 0.002I3 0.00038 0.00I08 0.00037 0.00065 0,00024 QOO0I9
2 | 0.00538 0.00484 0.00I45 0.00302 0.00083 0.00222 0,00095 0,00080
5 0.0II3  0.01040 0.00341 0.00570 0.00503 0.00434 0.,00276 0,00296
4 | 0,0I96  0.0I836 0.00419 0.0I43 0.0I64 0.00545 0.00472 0.00618
5| 0.0I69  0.0I872 0.00716 0,010  0.0I75 0.0I25 0.0I06 0.0I08
6 | 0.0I%6  0.0I608 0.00882 0.0080I 0.0IB8 0.0I72 0,0I52 0.,0I50
7 | 0.0121  0.0I635 0.00915 0.00772 0.0221 0.0167 0.0I44 0.0I38
8 | 0.0ISI  0.02057 0.0120 0.00986 0.03I0 0.0204 0.0I78 0.0I67
9 | 0.0I18  0.C2604 0.0I56 0.0I24 0.0449 0.0243 0,02I3 0.0I99
10 | 00260  0.04005 0.0237 0.0I67 0.0799 0.0360 0.0307 0.0281
II | 0.0487  0.072I1 0.0452 0.0308 0.I491 0.0667 0,0572 0.0522
I2 | 0.0759  0.1078% 0.0716 0.0499 0.2244 0.1040 0,089 0.08II
I3 ] 0.1I36  0.I6446 0:1136 0.0397 0.3696 0.2625 0.0499 0.1200
14 | 0.1624  0.26753 0.1789 0.0I70 0.3206 0.0793 0.0I99 0.1632
U-233 5,36 6.28 6.40  7.17 6.63  6.70
U-235 3,58 4,73 5,77 6.30 6.03  6.55
Pu-239 1,39 1.74 2.05 2.61 3,14 4,48
¢
1 \2 93N> 9% 9% 95 9% 97 98 100
i l Zr 4I ¥b 42110 Mo Mo Mo Ko Mo 4o
I Lb.oqovs 0.00052 0.00200 0,00I15 0.00I0% 0,00I33 0,00068 0,00I0I O,00044
2 | 0.00222 0.00147 0.005I0 0.00536 0.00278 0.00533 0.00199 0.00445 0,00218
3 | 0.00480 0.00321 0.00979 0.0I32 0.006I5 0.0I42 0.0048L 0,0I30 0.00697
4 |o0,01113 0.00844 0.0I57 0.0II6 0.0I69 0.0208 0.0II3 0,0260 0.0I39
5 | 0.01145 0.0418 0.0I93 0,080 0.0437 0.0232 0.0561 0.0266 0.0II6
s | 0.0I224 0.0573 0.0I52 0.0300 0.0733 0.0469 0.0975 0.0493 0,0227
7 |o0.01222 0.0702 0.0I52 0.0302 0.0931 0.0480 0.II53 0.0485 0.0345
8 |0.01561 0.10I2 0.0I90 0.0353 0.I380 0.0537 0.IS9I 0.0535 0,038
9 |0,01984 0.1527 0.0229 0.0425 0.203% 0.0662 0.2329 0.0652 0,0456
10 |0.02985 0.2604 0.0338 0.0675 0.3333 0.1063 0.3759 0,I040 0,07II
11 |0.05542  0.4963 0.063I 0.I179 0.5477 0.1735 0.6I49 0.1705 0.I236
12 |0.08537 0.8198 0.0957 0.1639 0.8I85 0.2296 0.9235 0.2268 0,I7I7
I3 |0.11894 1.344 0.1364 0.2198 1.313 0.29I1 1.605 0.3II3 0.2702
I+ |0.06635 1.892 0.1899 0.3231 1.853 0.1925 2.066 0.36I6 0.4642
U-233 7.02 6.02  0.0%5 5.8  5.25 4,49
U-235 6.61 6.55  0.0°59 6.33 5.93 6.58
Pus3g 3,97 5.03 0.0%3 6.65 5.89 ?.10
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N % 98 99 100 101 102 104
3 Yo 4y B Bu Bu Ru Ru Ru Ru Ru
-1 0.00115 0.0130 0.00226 0.00153 0.00171 0.00150 0.00467 0.00C7S U.0U315
£l 0.00407 0.039% 0.0090T 0.00458 0.00761 0.005T0 0.0222 0.00423 0.07258
3| 0.0I028 0.0820 0,035 0.0I20 0.0224 0.0130 QU654 0.0I43 0.0 367
4| o0.071821 0.0805 0.0300 0.0257 0.0277 0.0305 0.0893 0.0245 0,04958
5| 0.02813 0.0894 0.0292 0.04I3 0.0290 0.0642 0,0812 0.0224 0,05%I4
6| 0.04750 0.1330 0,0623 0.0893 0.0559 0.1229 0.I043 0.0240 0.08541
7| 0.05344 0.1I280 0.0732 0.I883 0.0808 0.2646 0.1635 0.070 0.15224
8| 0.06821 0.1477 0.08I7 0.2986 0.0894 0.4213 0.I843 0.0783 0.20358
9| 0.09228 0.1964 0.1042 0.4566 0.IT45 0.603% 0.24I5 0.0977 0.28255
10| 0.14843 0.2893 0.1660 0.6976 0.1796 0.9013 0.3442 0,I542 0.42142
11| 0.24587 0.4043 0,2508 1,149 0,268 I.493 0.4767 0.2370 0.65607
12 | 0.35417 0.5387 0.3246 1.780 0.3465 2.319 0.6433 0.3073 0.96153
13| 0.54412 0.8971 0.4820 3,298 0.5202 4,206 1.096 0.4470 1.6898
41 0.70807 1.558 0.7752 54539 0.8453 8,040 1.916 0.8226 3.0393
U-233 3,38 2,59  1.08
U235 5,03 4.18  I.8F
Pu-239 5.9 5.99  5.93
- 103 102 104 105 106 108 110
1 45Eb 4P Pd Pa P Pd Pd Pd
1] 0.00212 0.00387 0.00227 0.00173 0.00142 0.00085 0.0U086 0.00L36
2| 0.00829 0.0167 0.0II2 0.00623 0.00749 0.00474 C.00473 0,0C65?
3| 0.0217 0.0490 0.0352 0.0I69 0.0250 0.0166 0.0I60 0,02055
4| 0.0453 0.0770 0.0623 0.04I0 0,0387 0.0285 0.0258 0.05726
5| 0.0747 0.0672 0.0602 0.0808 0.045; 0.0291 C.0.I9 0.04735
6| 0.1308 0.1092 0.0997 0.I8I3 0.0792 0.0432 0.0262 0.08765
7 | 0.2805 0.I431 0.I309 0.4262 0.1101 0.0873 0.0730 0.17264
8| 0.4188 0.1638 0.1474 0.6169 0.I21¢ 0.0947 0,0797 0. 2333
9| 0.5643 0.2163 0.1932 0.8316 0.I565 5.1I95 0.0985 0.29526
10 | 0.7932 0.3150 0.2859 1.223 0.2378 0.I86I 0.I548 044042
IT | I.254 0.4390 0.40I4 2.030 0.3413 0.2779 0.2390 0.69860
12| 1.873 0.5865 0.5-9% 3.126 0.4433 0.3588 0.3I03 I1.0182
13 2,741 0.9836 0.8674 5.490 0.6966 0.5361 0.4486 1.7218
14 | 3.098 2,007 1.751 8.93 1.373 1.0I5 0.8I90 2.9520
U-233 1,75 0.98  0.269 0.07  0.03
U-235 2,9 0.0851 0.90 0.385 0.07  0.0I8
Pu-239 5,79 5.47 7.8  2.60  0.55
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r . 107 109 f06 * 108 II0 III 112 113
i Ag Ag 2a%¢ cd Cca Ca cd od
47
I| 0.00I29 0.00I59 0.00I44 0.0I93 0.0035I 0.00223 0.G0I09 0.00II6 0,00093
2| 0,00555 0.00698 0.00625 0.08I9 0.0I84 0.0I23 0.00290 0.00626 0.00329
3] 0.0351 0.0559 0.04522 0.2300 0.0604 0.0422 0.00865 0.0223 0,0I25
4] 0.0694 0.I000 0.08429 0.3027 0.I381 0.I082 0.023I 0.0527 0.0423
5| 0.I047 0,I230 0.II360 0.2942 0,132 0.I1073 0.0459 0.0560 0.0872
6| 0.I577 0.1840 0.I7049 0.4086 0.20I5 0.I673 0.09I7 0.I026 0.I5I2
7| 0.3090 0.3490 0.32846 0.4308 0.2I42 0.I754 0.205I 0.II40 0.2615
8| 0.4472 0.4921 0.46904 0.5I09 0,248 0.I989 0,3238 0.1I247 0,3378
9 0.5925 0.6445 0.61780 0.628 0.3235 0,2594 0.4283 0.I599 0.4447
10| 0.8 84 0.8978 0.86216 0.8I67 0.4448 0,3687 0,6086 0,2423 0,6297
IT | I.I4I  I.425 1.2785 1,236 0,6180 0.5I05 0.9354 0.3488 0.9682
2| I.445 2,178 1.80I6 I.876 0.8622 0.6903 I.377 0.4524 I1.474
13| 2,014 3,767 2.871 3.257 I.366 I,I00 2,037 10,6725 2,743
I4 | 3.390 S5.447 4,3904 3.958 1.660 1,280 2.660 0,82I 3,800
U-233 0,12 0.04 0.02
U-235 0,I7 0.03 0.0621 0.013 0.01
Pu-239 3,60 I.13 0.74 0.065
114 II6 113 1Is 112 IT4
3 Cd ca Cca 49 Im In In 50 8n Sn
I} 0.00209 0.00045 0.00I71 0.00046 0.00034 0.00035 0.00387 0,00142
2] 0.0II7 0.002II 0.008500 0.001I36 0.00129 0.00I29 0.0I78 0,00613
3| 0.0507 0.00777 0,03I78 0.00420 0.00397 0.00398 0.0544 0.0251
4] 0.0678 0.0I78 0.06003 0.0I47 0.0804 0,07762 0.0725 0.0778
5] 0.0778 0.0I74 0.07183 0.2I78 0.2464 0,245I9 0.0621 0.0989
6| 0.I227 0.0329 0.1I2030 0.2731 0.2538 0,25462 0.0979 0.0839
7| 0.ISI6 0.0490 0.16197 0.3I84 0.238% 0.24226 0.I570 0.08I4
8| 0.Ie64 0.05400 0.I9787 0.4388 0.3259 0,33068 0.I780 0.0900
91 0.2I45 0.0640 0.25699 0.6129 0.4834 0,48888 0.2331 0.II33
10| 0.3I3I 0.0997 0.37055 0.9192 0,7492 0.75639 0.3378 0.1779
II| 0.4371 0.1669 0.54443 I.5I3 1.076 1.0947 0.4700 0.2698
I2] 0.5770 0.2252 0.76473 2.030 I.347 I.3761 0.6276 0.3491
13| 0.9074 0.3056 I.23I5 2.542 1.660 I.6971 I.05I 0.5I44
I4; I.I50 0.3578 1.5833 2,760 I1.848 1.8864 2,140  0.9598
u-233 0.02 0.0I
U-235 0.0II 0.0II 0.0I
~239 0.04 0.037 0,065
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Elemesrs 115 116 117 118 119 120 12 124
(- 8n Sn 8n 8n 8n 8n Sn Bn
PN 50
T} 0.00072 0.00082 0.00I47 0,00050 0.00093 0.00029 0.00030 0.00022 0.00060
2 | 0.00I4I 0.00374 0.00363 0,G0I88 0.00262 0.00I23 0,00III 0.00082 0.00220
3| 0.00387 0.0270 0.00%6$ 0.00626 0.00713 0,005I6 0.00427 0,00267 0,00945
i 4| 0,00937 0.05I9 0.0280 0.0245 0.0I78 0,0I4I 0,0II8 0.00538 0.02367
! 5| 0.0I73 0.0694 0.056I 0.0402 0.0407 0,0272 0.0238 0,0I26 0.0394I
‘ 61 0.0600 0,0577 0,08I5 0,0341 0,052I 0,0235 0.,0207 0.0I5 0.03838
' 2] 0.0955 0.0552 0,108 0.03I8 0.0597 0.02I3 0.0I185 0.0I38 0.03990
i 81 0.II47 0.06I4 0.I1893 0.0368 0.0842 0.0253 0.0221 0.0I66 0.05217
9| 0.1542 0.0743 0.2791 0.0433 0.1383 0,0300 0.0263 0.0202 0.06978
10 | 0.2421 0.I172 0.4I30 0.0652 0.292T 0.0426 0.0%5 0.0269 0.11123
iI| 0.3748 0.I914 0.6237 0.II56 0.5I38 0,0778 0,0667 0.0587 0.I8551
T 0.52I2 0.2542 0.8987 0.I647 0.7278 0.1I71 0.102% 0,0773 0.26428
z 0.8690 0.3547 1.596 0.2279 I1.263 00,1689 0,I5I2 0,I203 0.42067
I 1.I75 0.608% 3,261 0,3495 2,576 0.2449 0.2168 0.I717 0.77023
U-233 0.02 0.01I 0.02 0.02  0.02 0.03 0.05
U235 0,0II 0.0I1 0,0II 0,0II 0.0II 0.0I3  0.0I7
fu-239 0.041 0.036 0.035 0.03% 0,037 0.035 0.056
121 123 120 122 123 124 125
1 5I Sb Sb Sb 52 Te Te Te Te Te
I| 0.00082 0.00040 0.00064 0.00I44 0,00II6 0.00I57 0.00069 0.00I04
2| 0.00305 0.00065 J.00202 0,0Y74I 0,00661 0,00536 0.00306 0.00220
3| 0.00909 0,00I92 0.00403 0.0269 0.0243 0.0I60 0.0II5 0.00661
4] 0.040I 0.0I30 0.02851 0.06I4 0.0528 0.0423 0.0203 0.0177
5| 0.0946 0.0740 0.08579 0.06I2 0.0549 0.0770 0,0258 0,0273
6| 0.1I28 0.0855 0.I0II3 0.I0I5 0.0935 0.I221 0.0590 0.04¥>
7] 0.1490 0.1038 0.12965 0.I3II 0,I1220 0.2269 0.0692 0.0832
8 0.2378 0.1577 0.20333 01439 0.I334 0.3920 0.0758 0.I244
91 0.3909 0.2366 0.32492 0.1847 0,I702 0.5484 0,092I 0.2I41
10| 0.7125 0.3871 0.57339 0.2765 0.2574 0.7682 0,144% 0.4255
II| 0.9992 0.5570 0,8I0I6 0.3929 0.398 I,I90 0.2290 0.6633
12} I1.230 0.6828 0,99579 0.5II9 0.4795 1,794 0,2999 0.93I3
13| 1.79 1.049  1.4764 0.8138 0.7494% 3.243 0,3306 1.306
14| 2.662 1.763  2.2773 1.497 1.380 5.950 0.3874 I1.946
U-233 0,02 0.04 0,152
U-235 0,012 0.0I4 0.03104 0.046
Pu—239 0.04 0.088  0.071
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126 128 130 27 174 126 _ 12¢]
i 521‘9 Te Te Te 531 5410 Xe )
I | 0.00033 0.00020 0.00027 0.00036 0.00078 0.00259 0.00I77 0.00I33 |
2 | 0.00I52 0.00042 0.00024 0.00I0I 0.00968 0.0I44 0.00932 0.007I6
3 | 0,00569 0.00I53 0.00075 0.00356 0.,0299 0.05I7 0,0342 0,0237
4 | 0.0I140 0.004I5 0.002I5 0.00857 0.0560 0.1006 0.0618 0.0427
5 | 0.0148 0.005I6 0,00372 0,01086 0.0779 0.0934 0.0523 0.04I1
6 | 0.033 0.0I37 0.00725 0.02277 0.1233 0.0927 0.0641 0.0582
7 | 0.0368 0.0I30 0.00666 0.02741 0.2021 0,189 0.1364 0.II30
8 | 0.042I 0.0I56 0.00779 0.03453 0.3324 0.2323 0.I6I3 0.1229
9 | 0.0493 0.0I92 0.0I02 0.047I8 0.50I9 0.3007 0.2071 0.1547
10 | 0.0742 0.0254 0.0I32 0.07617 G.7874 0.4222 0.3065 0.2364
17 | 0.I336 0.0533 0.0256 0.12749 1.214 0.5834 0.4319 0,3455
I2 | 0.1622 0.0697 0.04I6 0.17363 1.650 0.7939 0.5654 0.4462
I3 | 0.1726 0.0630 0.0289 0.2I617 2.388 I.364 0.9II1 0.6807
14 | 0.2416 0.0967 0.0597 0.33746 3,322 2.788 1.817 1.3I0
U-233 0,26 1.05  2.33 0.61
U-235 0,032 0.50 2.0 0.25
Pu-239 0,16 0.7 2.7 0.55 0.845
. 54x£29 L0 BL TR I3 136 . oo 133
I |0.00I29 0.00II6 0.00I87 0.00I0I 0,00042 0,00019 0,00II5 0.00102
2 | 0.00406 0,00579 0.00250 0.00372 0.00207 0.0007%4 0.00328 0.00273
3 | 0.017206 0.0254 0.00726 0.0I38 0.00702 0.00205 0.0I093 0.00823
4 | 0.03202 0.0461 0.0I83 0.0233 0.0I42 0.00487 0.02337 0.0217
5 | 0.06794 0.038I 0.0352 0.0244 0.0202 0,007I9 0.037I9 0.0440
6 | 0.088I2 0.0638 0.065I 0.05I3 0.0332 0.00550 0.05869 0.11I3
7 [0.11835 0.0902 0.1I59 0.0566 0.0304 0.00484 0.08072 0.1772
8 | 0.I771 0.0978 0.2070 0.0629 0,0356 0.00532 0.I1848 0.2788
9 | 0.3023 0.1705 0.3II8 0.0747 0.04I8 0.00698 0.17938 0.4428
10 | 0.5658 0.1870 0.488% 0.II57 0.06I0 0.00927 0.304I9 0.6896
II | 0.8629 0.2847 0,7833 0.I9I5 0.I091 0.0:41 0.47738 1.117
12 | 1.269  0.3683 I1.I70 0.2568 0.I585 0.0229 0.69557 1.698
I3 | 2.282  0.5380 2.1I6 0.3555 0.22I7 0.0430 1.2113 2,939
I4 | 4.588  0.9934 4,296 0.5967 0.3318 0.0726 2.3946 4,304
U-233 3.55 5 6.1 6.68 5,88
U-235 0,0%41 2.8 424 7.62 6,47 7.48
Pu-239 3,78 5.26 7.47  6.63 6.91
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[ 135 132 134 35 136 137 138
I 5cBa Ba Ba Ba Ba Ba Ba Bs
framaee
I | 0.00336  0.20207 0.00I74 0.00303 0.00066 0.00036 0.00017 0.00042
2| 0.0I75  0.0I03 0.00675 0.00227 0.00273 0.00079 0.00040 0.U3093
3| 0,0576  0.04I6 0.0235 0.00642 0.00929 0.00257 0.00I08 0.J0283
4 | 0.0800  0.0525 0.0368 0.0I68 0.0I41 0.00760 0.00317 C.030636
5 | 0,0718  0.0597 0.0407 0.0343 0.0I85 0.0I89 0.00456 C.0I027
6 | 0.0910  0.0822 0.0826 0.0670 0.0422 0.0290 0.00517 G.0IS44
7 | 0,185  0.1442 0.0358 0.I225 0.0393 0.0346 0.00289 0.0I978
8 | 0.2270  5.I584 0.1046 0.I7I9 0.0453 0.0457 0.,003I4 2.32520
9 | 0.2930  0.2024 0.1296 0.2436 0.0533 0.0626 0.004I¢ U.G3388
10 | 0.4145  $.20I2 0.2007 0,289 0.080I C.1064 0.005% .05371
II | 0.5728  0.4268 0.3029 0.6278 0.1397 0.1926 0.00832 o.08837
12 | 0.7735  0.5565 0.39I5 0.9249 0.1962 0.2854 0.0129 0.12862
13 | 1.3i6 0.6871 0.5765 1.648 0.2703 0.4589 0.0253 0.21594
| 14 | 2,678 T.758  I1.074 3.%66  0.42I5 0.8589 0.0471 C.4I6I2
- 10.2  0.I2 6.98 7.1
- 0.0°15 I2.9 0.0059 6.63  6.68
- 20.9 0.083 6.5 6,31
138 139 1% 158 140 142
" 5o Ta La La 5809 Ce Ce Je Ce
I 1{0.00025 0.000I4 0.300I4 0.003I1 0.00I09 0.U0072 0.05043 0.00C695
2 | 0.00032  0.00043 0.00043 0.0I25 0.00463 0.00277 0.00ZI5 0.u0 .72
3 | 0.00075 0.00I9%4 0.00I194 0.0354 0.0I57 0.0106 0.00803 0.CL355
4 10.00I90 0.00640 0.00640 0.0492 0.0325 0.0248 0.0I49 0.02377
5 |0.00531 0.0I05 0.0I04% 0.0478 0.0348 0.0:36 0.0II19 0.02278
6 |0.0319  0.00932 0.00934 0.0433 0.0626 0.0I57 0.0.47 0.01687
7 |0.II39  0.0106 0,01069 0.0649 0.0609 0.0I3%6 0.0260 0.UISiy
8 |0.I597  0.0I62 0.0I633 0.1415 0.0684 0.0I59 0.0296 0.CI779
9 |0.2349  0.0238 0.02399 0.2144 0.0819 0.0I9% 0,0345 0.0_I78
10 |0.3899  0.0400 0.0403I 0.3177 0.1272 0.0255 0.0477 0.02878
| IT [ 0.6441  0.0790 0.07950 0.4485 0..085 0.0449 0.0858 0.05062
12 | 0.9560  0.1282 0.12893 0.582 0.2779 0.0720 0.1291 0.07983
i 13 | 1,703 0.2I48 0.21612 0.9406 0.3862 0.I1.52 0.I84 0.12535
I4 | 3.482 0.37I1 0.37387 1.869 0.6567 0.1657 0..697 0.IBI73
| D233 12.15 V233 6.62 6,35
| U235 12,9 U235 6.3 5.88
|Pu-239 5. 87 239 5.60 5.01
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1\ Sgprm so“dm wq 143 Ndm NEZCENR N U R C
1] 0.00038 0.00087 0.00076 0.00079 0.00057 0.00069 0.00050 0.00083 0.00076
2| 0.00I34 0.00347 0.00255 0.00402 0.00II0 0.00330 0.00245 0.00502 0.0C329
3| o.o107 0.00964 0.00662 0.0I41 0.00341 0.0I32 0.0II5 0.0236 0.0I106
41 0.0207 0.0321 0.0I85 0.0262 0.0II8 0,03[3 0.0323 0.0584 0.0c8b
5| 0.020: 0.0331 0.0508 0.0242 0.0378 0.0312 0.03I6 0.0632 0.03480
61 0.0I92 0.0-28 0.0952 0.0508 0.0694 0.0382 0.0293 0.0609 0,04740
721 v.0264 0.0202 0.105I 0.0479 0.0798 0.0727 0.0792 0.0741 0.05757
8| 0.05I2 0.0239 0.I408 0,0532 0.I269 0.0773 0.093% 0.16I0 0.07460
9| 0.080¢ 0.0286 0.2030 0.06I7 0.2380 0.0904 0.I098 0.2474 0.10279
ol 0.1385 0.0389 0.3372 0.0922 0.4I58 0.1379 0.1675 0.3574 0.I6I70
I 0.2426 0.0702 0.5598 0.1582 0.6800 0.7231 0.2622 0.4986 0.26314
22| 0.3445 0.1082 0.8224 0.2192 1.005 0.2956 0.3421 0.6521 0.37287
25| 0.4988 0.I6I1 I.446 0.30[2 1.792 0.4II3 0.4844 1.052 0.59909
a] 0.6867 0.2303 2,949  0.4772 3,649 0.7028 0.8575 2,091 [.1283
=133 6,70 5,57 4,48 3,22 2.4 1,25
I35 2,4 5.90 5,45 3.88 2,95 1.7
cam39 4,57 3,77 3,13 2,60 I1.67
144 147 48 149 150 152 154 I5I
1 é?sm Sm Sm Sm Sm Su Sm Sm Eu
1] 0.00373 0.00164 0.00120 0.002I7 0,00I38 0,00I:8 0.00I07 0.00L49 0.00371
> U.0L454 0.00527 0.0063 0.0058% 0.00905 0.008I5 0.00733 0,00728 0.0204
:] 0.u387 0.0I64 0.0255 0,020 0.038% 0.0375 0.0338 0.02985 0.0680
o] 0.090¢ 0.1592 0.0728 0.0661 0.0820 0.I04I 0.0776 0.09556 0.2130
3] 0.0947 0.360I 0.0682 0.I579 0.0997 0.0990 0.0875 0.14035 0,4468
0.0647 0.3417 0.I10I4 0.3310 0,I0T0 0.0951 0.0766 0.I6094 0.6349
0.0599 0.3988 0.I279 0,5762 0,1966 0.I1I52 0.0875 0.22154 0.957Y
0.0667 0.6024 0.I1345 0.8320 0.2288 0..367 0.I7I19 0.342I2 1.358
0.0789 0.8477 0.1647 I1.125 0.2860 0.3570 0,3092 0.45073 1.745
0.1210 1.236 0.2486 1,710 0.4059 0.49I9 0.444I 0.71629 2.535
T} oU.2004 1.998  0.3645 2,901  0.5604 0.6748 0.6I08 1.I1093 4,05
L U.2691 3,032  0.4695 4,302 0.7424 0.9I53 0.8162 1.5971 6.805
TLOLSTI9 £,:98  0.7071 7.135 1,028  L.564 1,367 2.6940 9,019
c1o0.6217 9,991 1,345 12,23 2.467 3,166 2.7°6 5.0183 14,49
~ 45 1.78 0.7I0 0.471 0.20I 0.024 0,348
‘:" 2.13 1.02  0.637 0.231 0.05 0.456
e 1.99 1.32 0.9  0.62  0.29 0.8
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153 ‘\\\? 152 154 155 156 157 158 160
i 63 Eu Eu 64Gd G4 Gd G4 Gd Gd Gd
I | 0.00252 0.00309 0.00300 0,00478 0.U0/:€ 0,00I84 0,00II50.00L51 0.,U0095
2 | 0,043 0.0I7:1 0.0I99 0.0352 0.00850 0.0I32 0,00396 0.0IL5 0,007I2
3 | 0,0516 0.05943 0.0811 0.I4I7 0.0324 0,0590 0.0I53 0.0504 0.03I6
4 | 0.1748 0,19305 0.1494 0.2590 0.0946 0.1237 0.0%91 0.0900 0.0730
5 | 0.3740 0.40878 0.I8I2 0.284 0.1590 0.I546 0.I719 0.1:I8 0.0735
6 | 0.5256 0.57761 0.2091 0.2922 0.7203 0.I326 0.1541 0.0972 0.0563
7 | 0.7169 0.83203 0.3463 0.348] 0.3966 0,I538 0.2358 U.L1I06 0,630
g | 1.367 1.3309 0.4098 0.57:9 0.8574 0,908 0.4717 0,095 0,111
9 | 1.959 I1.8567 0.5086 0.7654 I1.469 0.4694 0.ul05 0.57i1 0.2374
10 | 2.703 2.,6222 0.6699 0.9789 2.I169 0.6303 1.2927 0.5211 0.364¢
II | 4,125 4.0676 0.9350 1.437 3,402 0.6729 2,229  0.7I49 0.5099
12 | 5.837 6.2992 1,329  2.I31  4.947 1.225 3.3554 0,9736 0.6654
I3 | 9.055 9.0374 2,360 3.807 7.968 2.I58 5.768 [.670 1.067
14 | I4,53 14,510 4,744 7,334 13.26 4,350 10.% 3,376 2,II?
U-233 0,112 0.03  0.013 0.0024 0,0003
v-235 0,148 0.03  0.025 0.003I 0,00033
Pu-239 0,2 0.23  0.062 0,076 0.042 0.0098
NG 59 156 158 _ 160 _ 161 6z 163
i 6 4,84 65’l‘b 66D Dy Dy Dy Dy Dy
I | 0.00I62 0.G017 0.004I0 0,00396 0,0024I 0.00215 %. .51 2 3.000ES
2 | 0.00979 0.00932 0.0294 0,098 0,0I83 0.0II4 ©.7/879 0.00352
3 | 0.0419 0.0441 0.1262 0.1265 0.0798 0.04I12 %..3%1 0.0I34
4 | 0.09276 0.1558 0.2469 0.2388 0.,I1655 0.1:5I ©.0753 0.04I8
5 | 0.12460 0.2620 0.2993 0.2906 0.I1766 0.3127 5..760 0,1023
6 | 0.12697 0.3674 0.3024 0,2680 0,I524 0,3272 5.7688 0.1470
7 10,17603 0.5794 0.3721 0.3148 0.I764 0.4836 =..e50 0.3060
8 | 0.34370 0.9033 0.60I1 0.5433 0,326 0.8072 ~.1576 0.5735
9 | 0.60I31 1.327 0.7904 0.7547 0,5193 I,3II %.2953 0.5I4>
10 | 0.89869 1.98 1.0I2 0.9680 0.69I14 2,237 %.as5I4 I.557
I | I.35I6 3.134 1.492 I.,4I5 0,9637 3,624 ~.2956 2.172
17 | 1.9517 4,596 2,217 2,093 I1.367 5.226 5.7298 3,69
13 3.2552 7.511 3,952 3.736 2.4271 8.317 2.7 5.642
14 | 5,9351 12.69 7.575 7.212 4,854 13.67 2.620 I0.I8
U-233 0.00012
U-235 0.000G%
Pu-239 0.021 0.0033 %.0024 0,001
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Elements l64 Pigsion fragments
66 Dy Dy U-233 U-235 Pu-239
I 0.00094 0.00127 0,002 0,002 0,002
2 0.00687 0.00767 0,005 0,006 0,007
3 0.0306 0.03174 0,0I5 0,017 0,023
4 0.0497 0.07168 0,035 0,038 0,049
5 0.0502 0,I2261 0,059 0,065 0,077
6 0.0498 0.13398 0,092 0,103 0,127
7 0.0558 0,20839 0,129 0,148 0,202
8 0.1068 0.37428 0,18 0,210 0,283
9 0.2155 0.62501 0,261 0,297 0,391
10 0.3382 0.98392 0,408 0,461 0,591
11 0.4778 1.5375 0,677 0,760 0,958
12 0.6193 2,213 1.02 1.4 1I.42
13 0.9745 3.6482 1.69 1.90 2.35
I4 1.909  6,4516 2,82 3,20 3.89

Pu 239 0,0°37
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NOTES ON TABLE 2

1. The cross-sections presented in Ref. [5] differ somewhat from the results
obtained during the present work. The existing experimental results do not
allow us to judge which of the cross—sections mentioned are to be preferred.
It is clear only that in the region around 1 keV the calculation for 89Y must
be carried out on the basis of the parameters of the individual levels, and
not on the basis of the average resonance parameters, as has been done in

Ref, [2].

2. After compilation of the BNAB-64 system of constants [1] experimental
data were published for Zr in the energy region below 30 keV [16]. Hence

in groups (10-14) the capture cross-sections from that reference are to be
preferred. Above 30 keV the agreement of the results is good, except for

the fourth group where Benzi's calculation [2] shows a bump in the cross-
section which is not in evidence in Ref, [1]. The high estimate of the
BNAB-64 capture cross-sections in the first and second groups can be explained
by the fact that in Ref. [1] the total capture cross-sections are given,

including the contribution from (n,p) and (n,a) reactions.

3. For 93Nb the agreement with Ref, [1] for the group-averaged constants

in the region above 10 keV is satisfactory. In the region below 10 keV the
calculated curve for the capture cross—section from Ref. [1] fits the experimental
points of Ref. [17] exactly, but the cross-sections in Ref. [1] itself are
overestimated. However, it ghould be borne in mind that in this energy region
the experimental data may be low owing to resonance self-shielding in the

sample,

4. For Mo agreement with Ref, [1] is good, with the exception of the first
few groups (where in ENAB—64 [1] the contribution of (n,p) and (n,a) reactions

is taken into account).

5,6. The capture cross-—sections in the BNAB-64 energy breakdown [1] for Bu and
Gd are given in report K¥FK-7T0 [18]. For these elements the calculated curve
in the region below 30 keV is low (cf Table 1) compared with the experimental
data in Refs[19] and [20], as can be seen from the figures in Ref. [3]. In

Ref. [18] the cross—section is close to the experimental data.

Te The sum of the fission fragment yields is two.
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