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ABSTRACT

The distribution curves in paraffin for neutrons from Ra-fe and
Ra=B sources as modified by passing through L.7 cm of Qranium have been analyzed.
The results indicats an upper limit to the inelastic scatiering cross section
of Ra-Be neutrons in wranium of 2;,5. barns end a degradation of enex-‘gy to an
average of about 200 Ksv. The corresponding gualities for Ra-B neutrons are

2. barns and 100 Xev.
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INELASTIC SCATTERING IN URANIUM

Two separate measurements have bsen made of the distribution of
indium resonance neutrons in peraffin with a central cavity of 12 cm radius
containing the sourcel). These messurements were made with and without a
L.7 em thick uraniunm sphere surrounding the source in order to determine the
fest fission effegt. However, the shape of the ourvese) suggasts that two
foirly distinoct groups of neutrons are preasent; those which have lost no
onergy in passing through the uranium and those which have been inelastically
gcattered. From these data it is possible to secure information concerning the
smount of inelastic scettering and the emergy loss involved.

The nature of tha slowing-dow:, process in hydrogencus materials is
such that if a source emits two groups of neutrons of appreciably different
average energy, the d ensity of resonance or thermal neutrons at a large distence
fram the source is determined almost conmpletely by the higher-energy group.

I tﬁerefore follows that if the introduction of material arcund a source pro-

duces a new source with these characteristics, it is possible to analyze Lhe

distribution curves correaponding t o the two groups.

1) E. R. Graves and J. H. Manlay, CP-257.
B. Feld st al, CF-1177.

2) 8ee curves A, of Fig. 1. =
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In a material in which there is neither capture nor production of
neutrons the effect of surrounding a source with such a material is simply
that a fraction  of the source neutrons escepes without energy loss, while
the fraction, I=1-f is inelastically scattered. If the energy loss in
inelastic scattering is sufficient so that the range of these neutrons in the
slowing medium is considerably less than that of the primary neutrons, then
the ordinates of the distribution curve with material present are simply

reduced by the factor [ at large distances. Specifiocally, if

A (r) = activity due to source alone

A (r) = mctivity with material around source

Ai(r) = activity atiributed to inelastically scattered neutrons
then

S Aorzdr = g Auredr = SAirgdr + fs Aoradr

or, dividing by the lefi{ hand term
i1 = I+¢ where I = g AirEQr/g Aorzdr

In the casge of capture, f as determined from the activity at large
distances is unaltered and this is also true in the case of producition provid-
ing the new neutrons have an ensrgy less than that of the primaries so that
they do not comrtribute to A, at large distances. However, it is no longer

true in either cass that

S Agradr = S Auredr
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but I is still the fraction which has made collisions leading to inelastic

scattering, capture, fission or combinastions of thesa. - \
In the present case of normal uranium and a fast neutron sourcs,

capture is negligible and the production small., The production may be measured

by

and the activity due to fisslon neutrons denoted as Af in order to separate

it in diseussion from Aj. Consideration of the shape of the differepco distri-
bution Ay + Ap = A, = fA, 1is perturbed by fission nsutrons (and capture in
producing fission) but not to the full extent of Ap since the fission neutrons
are also inslestically scattered. In the cases to b considered this results

in a negligible perturbation since E 1is not much greater than one. Consequentl;
valid conclusions from the difference distribution can e dfawn essentially by
neglecting the small term, Ap.

Therprocadure is o determine [ from Au/ho et large r from which
I and the inelastic scattering cross section follow., The difference distribu-
tion Ay = fA, is then examined %o obtain asstimates of the energy of the
inelastically scattered neutrons. This analysis is applied to the data of
CP=-1177.

There are two methods which may be applied to the difference distri-
bution in order to obtain an setimate of the onergy of the inelastically scatiere
neutronss

(1) Beyond a transition distance, log Ara is lipsar with r and the

slope, o, is a function of the neutron emsrgy. This function has been
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determined with sources of neutrons of different energy and is given in CF-209.
The calibratior applies to a point source in water whereas the present data
pertain to the distribubion about a cavity in paraffin. However, these data
include the distribution for a Ra=Be source and the ol therefrom is identical
with that obtained from a similar source completely surroundsd with water. In
this case the cavity has compensated the greater hydrogendensity of paraffin and
conseguently the curve of CF-209 has been used dirsctly.

(2) The :é of a distribution in hydrogenous material is also a measuro

of the energy. The relation is given in CP-1251, agein for & point source in

water. Sorber (LAA #-8) has computed the effect of a cavity in the form:

x* = x+1f2 . 1/3[&‘ ”]% /2 ):-‘(1,5/2,::)}

whers >, 2 —_
xt = r</6a r° a5 measured with cavity
a = radius of cavity
and —
x = roa/éa‘? 1;.-2 &8 mesgured without cavity
. 2

This expression is then used to determine ro© in paraffin and this value

corrected towter in order to use the curves relating r°2 to energy given

in CP=-1251.

Ra-Be Data

s

W

For r > 20 cm each measured point for A, oan be fitted within less

then 3% by

a2 . pe~0-208r =0.105r

+ 0.60Ae
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The last term is an accurate representation of 0.60 Aore‘ in thia range; that

ia,

The Air2 curve shown in Fig. 1 illusirates the very good exponential character
at large r. Therefore, f =0.60 and I =0.40. PFrom this value of f an
upper 1limit of the cross section o can be determined using the thicknesa of the

sphere R;
e~neR

from which ¢ = 3.0 b, This cross section is for all processes except slastic
scattering, in this case, inelastic’ scattering, oy, plus fission .Gk, Por
bath Ra-Be and Ra~B 0p = 0.5, hence oy = 2.5. This value is in reasonably
good agreement with 2.7 obtained with Ra-Be neutrons and a fission detector.
The result 2.3 has been obtained for the total inelastic scattering for 3 UHev
neutrons. The sgreement must be fortultous since the effect of multiple scat-
tering is not negligible and therefore 5.0 b must be considered as an upper
limit.

The energy as determined by the slope method is obtained using

& = 0,2680. The r“ values have been calculated by integration of the corres-

ponding distribution curves. The results ere given in Table I.

Ra=B Data
These date have been treated in an identical fashion, but there is
not such a sharp distinctionbetwesn primary snd degraded neutrons. This may be

due to the shorter range of available data, but it is definitely suggested in
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the shape of the original curves as well as in the difference curve of Fig. 1.
As a result, the valus of § and the average energy of the inelastically scat-
tered nsutrons are less certain. The tabulation is given in Table II. The
value of ® in this table is that indicated by the dotted line of gurve B,

Flg. 1.

Discussion

e .

—

The agreement between the o ard ro~ methods of energy determina-
tion 1s better than could be anticipated. The nature of the methods is such
thet the o procedure will give a higher energy than the true average. The
energy from ;72 nlso weights the high energy part of a distribution. The
results by this method may be suspected of being high for an additional reason,
that ro2 for Ra-Be in Table I is 5-10% higher thean the usval value obtained
for a point source in water. Better agreement would not be expected from the
epproximations involved in the correction for the cavity. AL first thought the
chenge of 2 from 295 to 58l {Table I) due to & cavity with an a® of 139
might be considered unreasconable. However, if one considers the cavity effsct
ag an extension of the first mean free path the fact that subsequent palhs are
distributed at raﬁdom with respect to this initial direction suggests that a
cavity is approximately three times as effective in ;é as the slowing material.
whis concept is appliceble for a small cavity and is evident from the approxima-

tion given by Serber for small a

e = ;;2 + 388 = [6/rt aﬁ/ro
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For & Jlarge compared with rgy, he has given
2 = g2+ (h/jgﬁ) arg

which may be noted is sugpested by the simple physical coricept for this case:

W

= (ry + a)? for rg<¢<k &

The case for the data analyzed above is an intermediate one and thersfore the
exact expression has bsen used.

It is evident from these data that normal uranium has a large inelastic
scatiering for Re-8s and Ra~B neutrons and that such scattering is accompanied
by & large enorgy loss. The rather definite distinction hetwesn primary and
scattered noutrons suggests the absence of intervening levels {rom which inslas-
tically scattered neutrons might be emitied. It would be of considerable interest
to extend the method to sourcses of different energies and to other matoerials.

4. C. Graves and J. C. Hoogterp have a;sisted in the evaluation of

the data, and several discussions with R, Serber have been very helpful.
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TABLE 1

Re=Re Data -= £ = 0.60

LR 2-5
B s1.13
En ' rae o En
o Yev_ e om® ;:92 ‘e Water Mev
0.105 L.l 561 258 295 L.l
0.268 0.2 292 ' 543 573 0.25

Ra-p  TABLE TI

Re~B Data == [ = 0.66
oy = 2.4
B = 1.053
0,1515 2,5 500 150 186 2.1
0.315 0.10 260 37.6 L6.6 0.08
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) ) Addepdum to Rsport LA=81 g
This is copyf Coi 15 oopies U

This document contains 1 page
Auvgust 22, 19kl

Atiention has been called to & numerical error which reduces the value
of o’ = 3.0 b on page 7.

The difficulty of obtaining a reasonably precise value lies in the
dlscrepency in CP-1177 ccncerning the sphere. On the basis of the stated den~
sity of 18 and a path length of 5.5 - 1.0 om = 14.5 cm,

RaBe =2,Th

RaB o° = 2.2 bo
Rowever, CF-1177 also gives the radius of 5.5 cm and mass 11,200 grams or a dens
sity of only slightly over 16. Hence

RaBe o=2.5b

RaB o = 2.0 b
one must therefore state a range for the imelastic cross section;

RaBe o = 2.0 to 2.2b

RaB o, = 1.5 to 1.7 he
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