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ABSTRACT

A method for determining absolute thermal neutron flux is described. The
method is based on a determination of the absolute specific disintegration rate
in indium foils in a windowless proportional counter with 2» geometry. By com-
bining data on the absolute disintegration rate of activated indium foils with
appropriate corrections for neutron effects, the thermal flux is expressed in

terms of o the known thermal absorption cross section of In115.

The method presented has an estimated error of less than 5 per cent, which
is a function of the accuracy with which it is possible to determine the various
f factors for beta counting. However, it does not include a possible fixed error

in the value of & -

The procedure described may be used by laboratories which do not have

access to a standard graphite pile or to a standard neutron source.



I. INTRODUCTION

This report describes a method of determining the absolute thermal neutron
flux from measurements of activities induced in indium foils. The method is
based on a determination of the absolute specific disintegration rate in indium
foils in a windowless proportional counter with 27 geometry. By combining data
on the absolute disintegration rate of the activated indium foils with appropriate
corrections for neutron effects, the thermal flux is expressed in terms of the

known thermal absorption cross section of Inlls.( e

The above method is an alternative to one commonly used by other laboratories
in which one measures the activity of foils previously calibrated with reference to
a standard radium-beryllium neutron source in a graphite pile. The accuracy of
the determination in this way depends on the knowledge of the neutron emission

value of the source, and the application of standard diffusion theory.

This report describes a procedure that may be used by laboratories that do not

have access to a standard graphite pile or to a known neutron source.

The use of indium as a detector depends on the reaction

118 1 118 116 0
“In Rl "In — 505"' o -|B

The isotope In116 has two periods, one of 13 seconds and one of 54.3 minutes.
These periods are excited by thermal neutrons, but there are resonances for
1.44 ev, 3.8 ev, and 8.6 ev neutrons which also gives these periods. The 13second
period is eliminated by waiting several minutes after the neutron activation has

ended before beginning to count the activity.

Il. NOTATION

The following standard notation will be used. All activities and disintegration

rates are assumed to be at saturation.

x foil thickness in rng/cm2

A(x) = computed total activity/mg in counts/milligram per minute



1 )
geom

a(x)

Al (x)

1]

observed counts per milligram
the decay constant of indium = 0.01276 min~

the time interval between end of irradiation and beginning of

counting in minutes

the effective time of irradiation in minutes

the counting interval in minutes

fraction of activity due to thermal neutrons only

cadmium ratio computed as the ratio of bare foil activity to cad-

mium covered activity

computed thermal activity/mg corresponding to the total activity
A(x)

absolute disintegration rate/mg in disintegrations/milligram per

minute

eff fbs g correction factors relating disintegration
rate to act1v1ty for geometry, window, efficiency, gamma counts,
backscatter of mounting material, self-absorption, and self-
shielding of the indium foil, respectively

the microscopic absorption cross section for the 54.3 minute
activity of In115 at the standard energy E = 0.025 ev (standard
velocity LI 2.2 x 10 cm/s) = 145 = 15 barns,( )E is the cor-

responding macroscopic absorption cross section

standard thermal neutron flux defined as novo; n_ 1is the thermal
neutron density at the standard energy in n/cm

density of indium metal = 7.28 gm/cm3

fractional abundance of In115 = 0.9577(3)

Avogadro's number = 0.6022 x 1024 atoms/mole

correction factor arising from the thermal flux depression due to

the absorption of the thermal neutrons by the indium foil

xAth(x) = computed thermal activity for a foil of thickness x



Ill. SATURATED SPECIFIC ACTIVITIES AND DISINTEGRATION RATES

The total saturated activity/mg, A(x), of a bare indium foil, and the observed

counts/mg, M, are related by a standard formula:

N /\tw
265 = 3 (D)

(=)

The thermal specific activity is

A,(® = R@AD . (@

The fraction of the bare activity attributable to thermal neutrons, R(x), is ordin-
arily obtained by using a cadmium ratio correction, CR(x). A detailed discussion

of CR(x) and numerical values of R(x) may be found in References (4) and (5).

The saturated disintegration rate/mg, Q(x), is related to the thermal activ-
ity/mg, Ath(x)’ via a number of experimentally determined correction factors as

follows:

4, (x)
0® = " . (3

f;eom]:u &ff é/ﬁ)‘s fs

The measurements of the values for the various f's for indium foils are described

in Reference (5).
IV. DISINTEGRATION RATES AND THERMAL FLUX

The calculation of the equilibrium rate of production (or disintegration) of

In116 in atoms/cm3-sec is made by integrating over the Maxwellian distribution.

The rate at which atoms are being activated in atoms/cm3-sec is



dN

o 2vdn - +(4)

where N is the number of activated In116 atoms/cm3 for a Maxwellian distribu-

tion of velocities and dn is the number of neutrons/cm” with speeds in the inter-

val v to v + dv; thus,

e ° dv . )

For Inlls, a good representation of the empirical energy dependence of X vs v

Uo .2
a5
v

where c¢ is an empirical constant. Then

is given by

an,, % Tl 02| dv

v [— exp{ —

W ik ™ v3| Yo
m o o

workld

Svdn =

The total number of activations per cm3-sec at equilibrium is obtained by inte-
grating over all velocities from 0 to ®; the exponential fall-off with velocity will

ensure no error at energies above the cadmium cut-off.

Let x = v/vo. The rate of production of Inlléatoms/cm3-sec is given by

o0

2
"3 et ..(8)

o

This may be put in the form of a I' -function by the substitution of y for xz.



Then we have

dN 2 1-£ 2
Ty novazo Y : e'ydy 5 (]
d A o
or
dN
7‘ = anovazo ’
where

Some values of a are given below:

C a
0 1.128
3/4 1.011
1 1.000
For Inlls, c = 3/4.(3) Thus
—= 1.011n v. 3 atoms/cm3sec .
dl o 0 o

...(9)

Since time units in this analysis are all in minutes, and activities (or dis) are

per mg, dN/dt is redefined to conform to this notation.

formed/mg-min is equal at saturation to Q, the number of disintegrations/mg-

min, and is given by

1
Q = 1011 qSthEo(dis/cma—sec) 60 (sec/min) — (cm3/gm) 1072 (gm/mg)

p

The number of atoms



Since

2ol B
0 T T
then
k’Av
Q = 0.06066 - quﬂthdis/mg—min < ...(10)
or
1.896 x 103
i 0 1 Gauae Q. ...(11)
o v

Since foils absorb thermal neutrons, there is a depression of the flux which
varies as a function of the foil thickness. The ratio of the activity induced by
thermal neutrons to that which would have been induced in the foil if there were

no neutron flux depression caused by the foil is a (x). Thus

x)
0 - X

 alx)

and

1.896 x 103
. e, 1 ...(12)

Peh 0,4,k ax)

A detailed discussion and the numerical values of a(x) may be found in

References 5 and 6.

By eliminating Q(x) from Equations (3) and (12), one obtains the desired re-

lation between d’th and Ath(x):



1.896 x 10°

ben = o A,k a(x)féeomfwf; ffyf;,sfs

e ..(13)

Substituting numerical values for L Av' and k yields

22.67
@ (D) oombo o prffosfs

¢’gh ok Ath(x) s ...(14)

V. DISCUSSION

Equation (14) gives the desired relation between the thermal flux and the ther-
mal specific activity. The coefficient of Ath(x) is a function of the foil thickness
or mass, expressed as mg/cmz, as well as a function of the geometry and the
other parameters appearing in Equation (14). However, for the experimental
worker in the laboratory, it is convenient to go directly from the saturated total
(rather than specific) thermal activity of a foil with a given mass to the thermal
neutron flux. The ratio of the flux to the foil activity is often called the ''count
factor." This ratio is a function only of the specific foil and detector combination

that is employed.

In this laboratory, 1 cm by 1 cm indium foils were counted with thick silver
backing in a 27 proportional counter. The range of foil weights used is usually
between 85 and 100 mg/cmz. The count factor for these two weights was com-

puted with numerical data from Reference (5).

The count factor for a 100 mg/cm'2 foil is found from:

f:v = feffz 1.00 ; fgeom = 0.49 ; fbs[yfs =0.371; a(x) = 0.84

By combining this data with Equation (14), and replacing the specific thermal

activity, A _ (100), byits equivalent A"CI}‘I(IOO)/ 100, one obtains

th

é,p = 1494 (100) . .+(15)
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The count factor for a 85 mg/cm2 foil is found from:

- 1.00; = 0.49; f ff =0.417; a(x) = 0.858

fw N fef/' fgeom

This gives:

¢, = 15247 (85) ...(16)

Note that the count factor for a 85 mg/cm2 foil is about 2 per cent larger than
for a 100 mg/cm2 foil, as contrasted with the 15 per cent difference in foil

weights. Thus it would appear to be pointless to overcontrol foil weights.

It should be emphasized that the flux (z)th is defined as n_v., where e is the
velocity corresponding to the standard energy 0.025 ev. If one wishes to use the

convention that

qsth =I5l L

where vV is the average velocity in a Maxwellian distribution, ¢th is related to

qSth by the expression

¢y =nv=1128nv =L128¢, . (1)

In this case, the count factors for the above described foils become

¢, = 1684} (100) ..(18)

and
¢, = 1.72 4 5(85) ..(19)



VI. CONCLUSION

This report has described a method for computing absolute thermal neutron
flux. The short half-life of In1 . (54.3 minutes) permits rapid and repeated
determinations to be made. The method has an estimated error of less thar;

5 per cent, which is a function of the accuracy with which it is possible to deter-

(5)

error in the value of it which was obtained from the work of Seren, et. al.

mine the various f factors. However, this does not include a possible fixed

(1)

This is the only recent reference available for the thermal neutron activation
cross-section for Inlls. Their value of P is quoted with a standard deviation

of 15 per cent of the mean. Seren made a correction, based on external absorp-
tion measurements, for self-absorption by the foil on a simple exponential basis.
The shapes of the curves shown in References (5) and (7) indicate that: (a) the
correction factor is non-monotonic with both a minimum and a maximum in the
low-geometrycase and (b) the self-absorption and self-scattering correction is not
linear in a semilog plot for even the 27 geometry. In fact, for foil thicknesses up
to 20 mg/cmz, the correction may be either positive or negative, depending on
the foil thickness. Thus, the reported value of o, may be in error because of
the impossibility of using a simple exponential type of correction for this complex

phenomenon.

A preliminary comparison has been made between flux values based on indium
and flux values obtained from the counting of gold foils which had been standardized by
exposures to known fluxes at Oak Ridge. This comparisonhas yielded adifference of
approximately 15 per centto 20 per cent. Itis thoughtthata significantpartof thisdif-

ference maybedue to theuse of anincorrectvalue for .,
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