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ABsTrACT

The thermal neutron absorption cross-section of boron has been determined to be 759+ 11
barns by using a spherical transmission method and measuring the attenuation in the thermal
neutron flux in boric acid solutions. Effect of multiple scattering of the neutrons in the absorber
itself has been taken into account. ‘The effective neutron temperature is discussed.

Our knowledge of neutron cross-section in the thermal energy region is
more complete than in any other energy region. This is because of the ease
of obtaining high thermal neutron flux for experimental purposes and con-
centrated efforts of many workers to determine the cross-section very accu-
rately. However, in spite of the large amount of work done and a fairly high
accuracy of results claimed, the cross-section value in certain cases is still
somewhat uncertain and is shifting with improved technique. For example,
the thermal neutron absorption cross-section for normal boron was believed
to be 710 barns till 1953 (Segre 1953), but recent determinations seem to
favour a higher value, about 760 barns (Geneva Conf. Report, 1958) or
769+4 barns (Harwell Standard—TFrisch 1958). It is known (Shiuttse 1956)
that the normal boron samples produced by various standard manufacturers
may show a small difference in the isotopic ratio of B10: Bii, depending upon
the exact method of chemical preparation used. It is difficult to say whether
the recent higher values of the boron-absorption cross-section observed are
due to this reason or some other systematic error. The boron absorption
cross-section is of particular interest because of its great importance as a
standard for all thermal neutron cross-section measurements.. We, therefore,
have thought of redetermining the normal boron thermal neutron capture
cross-section by using ‘ Baker Analysed ® boric acid sample containing 99-8
per cent HyBOs* and other impurities of negligible capture cross-section.
Moreover, we propose to use in this determination the spherical transmisgion

* Rechecked by chemical analysis.

VOL. 27, A, No. 3.
4B



SINGH & GHATAK: NEUTRON ABSORPTION CROSS-SECTION IN BORON 217

method with some improvements. The justification for using this method is
.contained in what follows.

The general method of cross-section measurement consists essentlally in
the mesasurement of the transmission factor ¢ which is given by

I - oNeT
(/;=j;=exp(— 1;) .. .. .. .o {1)

where I, and I are the neutron intensities recorded by the detector before

and after the introduction of the absorber sheet in the path of the neutron

beam (normal to the absorber sheet); N, p, M, and T stand for Avogadro.-
number, density, molecular weight and thickness of the absorber respectively.

The factor ¢ involves the absorption and scattering cross-sections depending

upon the geometry and other factors. In an ideally good geometry using a

thermal neutron beam normal to a thin plane absorber and a small thin

detector, all the scattered neutrons are practically eliminated from the detector,
and ¢ will stand for the total cross-section. But, in the other extreme case

of a ‘poor’ geometry using a spherically symmetrical arrangement of a neutron

source at the centre of a moderating sphere surrounded by a concentric

absorber shell, and using a small detector outside, the effects of elastic scattering

need not be considered; for, here, just as many neutrons are elastically scat-

tered into the detector per unit time as are elastically scattered out. Hence

in this case ¢ will stand for the absorption cross-section only. The spherical

geometry arrangement thus presents a simple and straightforward method of

determining the thermal neutron absorption cross-section.

Despite the simplicity of this arrangement for the absorptlon Cross-
section measurement, the formula (1), in actual practice, needs modification-
on two accounts: (i) non-radial character of the neutron flux and (ii) the
finite thickness of the absorber shell. Neutron path length in the absorber
will depend on its inclination with the normal to the surface of the moderator
and will be an increasing function of the angle of inclination. . Moreover, if
the absorber thickness is considerably greater than the scattering mean free
path of the neutron, it will be many times scattered in the absorber before it’
comes out of it or is absorbed in it. The effective path traversed by the
neutron in the absorber will thus be much grea.ter than the actual thickness of .
the absorber. RO

The transmission fa,ctor corrected for the variation in the neutron path
length with its inclination to the normal to the moderator surface, together
with the angular distribution of neutrons at the moderator surface, has been
worked out both in its theoretical and experimental aspects by Ghose and
Ganguly (1956, 1957). But they have ignored the effect due to multiple
scattering. The object of the present paper is to show how the effect of :
multiple scattering of thermal neutrons in the absorber can be taken into
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account in a simple manner. We also present the results of our experiment
carried out on this basis. It will be seen that the simple experimental arrange-
ment based on the principle of spherical symmetry with the above corrections
yields results in good agreement with those of the recent more elaborate
determinations.

METHOD OF ANALYSIS

Taking the density distribution function #(1) normalized to unit neutron
density as given by Plackzek and Seidel (1947), the previous workers have
calculated the transmission factor modified for the angular distribution of
neutrons at the moderating surface to be

Ll, pd(p) exp [—¢. afr, p)ldp
[} r(w)dp
where p = cos 6 and 6 denote the angle between the direction of the neutron

velocity and the normal to the moderator surface, #(u)dp is the neutron
density distribution between directions defined by p and p-+du

a(r, p) = [(u2r24142r)¥ —rp]

$= (2)

r=;—l, a=£ and t=’€
R =radius of the moderating sphere, A, = the effective thermal neutron
absorption mean free path ( = 2——;]*) , where o; == absorption cross-section
%

and N, = number of atoms per c.c of the ith type of element. (Obviously ¢,
in the present case, stands for boron, hydrogen and oxygen.)

Equation (2) gives ¢ as a function of £ and ». From a set of observations
on ¢ and the constants (such as 7 and R from the geometry, and ¢; and N,
for H and 0), the value of oy is calculated by iteration method.

The previous workers, while doing the above calculations, have taken T
to be the radial distance traversed by the neutrons in the absorber. We have
modified it as 7", the actual average path traversed by neutrons in the
absorber, which, as mentioned above and as will be shown below, is much
greater than the radial thickmess 7' on account of the multiple scattering
effect. The value of this path length 7" is calculated as follows:

From the elementary transport theory, we have

/\al‘tr
2 — 2 .. .o .o e
L 3 , (3

where L = diffusion length of neutron in the absorber and A, = transport
mean free path. The average crow-flight distance |7] travelled by the
av
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neutron in this process before getting absorbed in the medium is |r|=

V6. L. Therefore, éorresponding to the radial thickness 7', the actual path
length traversed by the neutron in the absorber may be approximately taken

as
AT e
7= 2= & . .. e
o th’ T .. (4)

To calculate 7" the standard value of A, = 0-425 ¢cm (Curtiss 1959; Tittle
1951b) for water is taken. The error caused in the value of A, due to the
presence of a small quantity of boric acid in the solution will be negligible.
As 7" involves A,, the same iteration method has been used to calculate its
value, and hence the absorption cross-section for boron is finally determined.

EXPERIMENTAL ARRANGEMENT

A 100 mc Ra-a-Be neutron source was placed at the centre of an
aluminium sphere which was filled with paraffin wax. The radius of the sphere
was 10-30 cm which corresponds to the optimum thermal neutron output
from a paraffin wax moderator (Dunning ef al. 1935). Concentric with this
sphere was another aluminium sphere of radius 13-13 ¢m and the annular
space between the two spheres was filled with distilled water or with boric
acid solution (Baker Analysed Chemical, U.S.A., 99-8 per cent H3BOs) of
various concentrations. The whole assembly was rotated about a vertical
axis through the centre, by means of an electric motor, to average out any
agymmetry in the geometry.

The neutrons coming out of the assembly were detected by an indium
foil of thickness 110 g/em? (Tittle 1951a). The indium foil was activated for
nearly five half-lives of In11%, and the induced aétivity was followed for 1-5
hrs, The counting rate was extrapolated to zero time. Initial activity
due to thermal neutrons only was obtained by the cadmium difference tech-
nique (Tittle 1951b). The cadmium sheet used to cut off the thermal
neutrons was 0-02 in. thick and the corresponding F; = 1-075.

OBSERVATIONS AND ANALYSIS

A set of typical observations obtained for three different concentrations
of the boric acid solution (1-254, 1481, and 1-675 g/100 c.c of solution) appears
in Table I.

The value for o5 obtained for each concentration from the above set of
observations was further corrected for ¢ hardening ’ and the ‘ temperature ’
of the neutrons and converted to 100 per cent boric acid content of the
sample,

" Hardening correction arises due to the fact that the measured cross-
section is an average over an ‘ average ’ velocity distribution of neutrons,
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TABLE 1T
Concentration of | Cadmium e 1 e Céunts due to Transmission ™
borie acid solution cover Imtilglpaﬁl;nty thermal neutrons factor
(2/100 c.c of sol.) used e only (C.P.M.) W)
1. Distilled water No 590-0+2-5
Yes 142-1 +1-0* 447.9% 2.7
2. 1-254 No - 335-1%1-
Yes 152-0t1- "‘ 183-1 +2-0 0-4088 + 0-0089
3. 1-481 No 309-2t1-8 :
_ Yes 144-31+1-3* 1649 + 2.2 0-3682 + 0-0071
4. 1-675 No 3033+ 1.6 '
: Yes 147-7+1-1* 1556 +t1-9 0-3474 1 0-0062

* The correction factor Fcq has been applied.

In order to get the value of the absorption cross-section corresponding to the
most probable velocity of neutrons, the observed cross-section has to be
multiplied by a factor which depends on . The value of this factor has
been calculated by Bethe (1937) and given by Hughes (1957) as a function of 4.
Since the moderator that we used was of finite dimensions, the velocity
spectrum of neutrons outside_the moderator attained a Maxwellian distri-
bution corresponding to a temperature which is different from the actual
temperature of the moderator. It has been shown (Ghose and Ganguly
1956) that for Ra-a-Be source at the centre of a paraffin sphere of diameter
2045 cm, the velocity distribution just outside the sphere shows a Max-
wellian distribution corresponding to the temperature 390+10K°. There-
fore the actual cross-section corresponding to the thermal neutron temperature
293-7K° is given by :
o (5)

B

| 390 712
= g (observed). {55.‘—3—7]

The other corrections, viz. due to the (i) absorption by the moderator of
the neutrons which are scattered from the absorber, and (ii) change in the
detector efficiency for scattered neutrons, have been found (in our case) to be
negligibly small.

RESULTS AND DiscussioN

The final values of the cross- sectxon oy for the three conoentratlons used
are given in Table TI below. ‘

For eomparison, results of some of the recent determinations of oy by
using more elaborate methods are shown in Table III. Our results are in
good agreement with these values. The somewhat large scattering of our

results for the three different concentrations is due to the weak neutron source
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TaBLE IT
Concentration op
(/100 c.e of sol.) (barns)
1-254 . 753 £17
1-481 770 £ 19
1-675 755+ 18

Mean value of a5 .. 759 +11

used in our experiment resulting in low activity of the indium foil. It may be
concluded that on the whole the present method can afford a relatively direct
measurement of the absorption cross-section with reasonable accuracy.
Moreover, this method can be exploited for the determination of the
effective neutron temperature from the moderator. In all such direct cross-
section measurements the effective temperature of neutrons from the mod-
erator is a very uncertain factor. In the case of reactor thermal neutrous
(with low absorption in the moderator), this temperature has been determined
by the actual analysis of the outgoing neutron velocity-spectrum by the
‘ time of flight " method (Madhav Rao and Sarma 1960). Presence of absorbing
materials in the moderator would considerably modify the effective neutron
temperature. For such cases theoretical calculations (Coveyou et al. 1955-56)
using Monte Carlo method have been carried out to- estimate the effective
temperature with various degrees of absorption. Paraffin wax is an
absorbing moderating medium with a small absorption mean free path (A, =
.44:9 cm, for graphite A, = 3121 ecm). No such theoretical calculation or
experimental determination of the effective neutron temperature exists for it.

TaBLE I11*

0\;&(11\)1;;);) Method and source Date
1. 766+3} Transmission—Argonune 1953
2. 74914 | Transmission—Brokharen 1953
3. 772+6| Transmission—Harwell 1953
4. 76413 )| Neutron lifetime—Stockholm 1954
5. 7521+3| Neutron lifetime—Oxford 1956
6. 760+3] Neutron lifetime—Harwell s 1956
7. 76215 | Transmission—Harwell 1967
8, 76616 | Transmission—Columbia 1957
9. 760t4| Same data asin (4) Stockholm 1958

10. 769%11] Transmission—Present work 1960

* This table has been taken from the Proceedings of the Second
United Nations International Conference on the Peaceful
Uses of Atomic Energy, Vol 16, 1958, p. 11,
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We can, however, utilize our transmission data to calculate the effective
neutron temperature by. taking the known cross-section of the thermal
neutrons in normal boron (759 barns mean of the values given in Table ITT).
The effective neutron temperature estimated in this way comes out to be
390110K° within the uncertainty of our experiment.
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