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POSSIBLE SOURCES OF ERROR IN THE MEASUREMENT OF GAMMA RAY SFECTRA

This presentation is intended to discuss certain possible sourcesd
of error associated with the counting of samples for the purpose
of N.A.A, In addition to a simple tabulation of errors, solutions
will be offered where known, and examples of the magnitude of the

errors involved will be given wherever possible.
1. THE SAMPLE
1.1 Samplie Homogeneity. .

This is an ever present problen that is not always recognised in
reactor N.A.A. as compared to fast N _A.A. because of the isotopi
neutron fluxes involved in reactor N.A.A. However, if the sample
itself is inhomogenious, considerable errors are possible. The
solution is to rotate the sample during counting, thus obtaining
an average value,

For example, analysis of a diamond crystal cortaining an inclusion,
Repeated counts, l.3cm from the face Of the detector

Random positioning 48 % (cov)

Rotated during counting 0.6 % (cov)

1.2 Sample Shape.

The sample shape should he such as to minimise gamma attenuation
during counting, i.e. there should be a small dimension of the
sample which should be placed axially in line with the detector
during counting. (See TABLE 1)
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Attenuation of Gamma Rays.

Element Energy 100 KeV | 800 KeV ! 2000 KevVv

Thickness

Caivon 1.0 mm 0.967 0.984 0.950
10.0 mm 0.914 0.852 $.905

Silicon 1.C mm 0.361 0.98L ¢.9280
10.0 mm 0.670 0.848 €.901

Lead 1.0 mnm 0.0025 0.910 0. 350
10.0 mm 1.E-27 0.388 0.566

Two Geometries are in general use:

(1) Disc source.

This is a convenient geometry for counting chemical precipitates
or other small samples. It may be advisable to cover the sanple
with mylar film to reduce the possiblity of comtamination during
counting. A disc source is most easily counted using a vertically
mounted detector,

(2) Cylindrical source.

n this case the diameter of the cylinder is best Kept a:z small
as possible, and the height not much larger than the diameter of
the crystal for maximum detector efficiency. A horizonta.ly
mounted detector may be more convenient for this sample shape.

The smallest dimension of the sample should be kept constant,
(i.e. the diameter of a cylinder of variable height) and should
be placed along the axis of the detector to minimise geomctiry

errors.
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The scattering of the gamma rays should bte xept to a ninimum so
as to maximise the full energy peak, and to minimise the activity
levels at lower energles which contribute significantly to the

peak error.

When investigating backscattering, it should be noted that a
backscattzr peak is inherited in any Ge(Li) detector spectrum.

(See Fig.l)

The encrgy of the scattering electron is given as a function of

the incident energy in Fig. 2.

When counting highly active samples, scattering from air can be
of considerable importance. This is generally in the form of
multiple low eﬁergy scattering and is therefore, predominantly in
the low energy region of the spectrum. The severity of this
effect is demonstrated in Fig 3.

The solution to this problem of 'air zlow' is to collimate either
or both the detector and or the source.

It may also be of importance to shield the detector from natural
(background) radiation when counting very low activity samples.

A simple 2" lead shield should give a 20 times reduction in thse
level. However, counting systems are generally used for both low
and high level activity samples. This involves a compromise
between containing the low activity sample within the shield, and
the high activity sample outside the shield, which can then be
used to collimate the detector. The crossover between these two
extremes appears to be at about 20cm. (Sample to detector
counting distance). It is interesting to note that the dimensions
of the lead shield need not be as large as 1s generally believed

(20*20cm is adequate).
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any given geo y for a range of detecior & sample counting
distarces. In practise It is found that a o;rple modification

lves the introcuction of an
which is of course a function of energy.

1/ (R46R(Z)) law is found to give errors of 1% or less down

The value of AR is obviously differert for different detectors
rince it taxkes into account such variables as the distance
betwe the front face of tlie detector and tae actual crystal.

en
Typical values for oper. ended coaxial detectors are from 1.5 to
3.0 .. vy of the sample has an effect on the value
of &R whici cul ve as high as 10% when comparing volumes of
say, 0.5 to 120 n1,

It shculd be rnoted that the calibration values so obtained are

N

cxperimental and include therefore, any small effects pecculiar to a

@]

_iven syostem.
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L, Geonmelry ¥rrorc.,

,1 Axial displaccment: The errors associated with a dicplacement
along the axis of a cylindrical detector are very easily calculated
from the 1/(R+L&(E)) law. The crror is displayed in fig 4 for

ar. average value of &7 of 2.0 CH.

[an)

Tne minimisation of the axial displiacement error is not very cacy,




hese results have not been verified for Na(I) detectors, but
e n

reometric arguement, the errors involved should
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be smaller. Calculations for a 3"*3" Na(I) suggest tnat for a

ile
given 0.2 cm  displacement error of a point source, the error is
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1 displacement errors: <tne error assoclated
ent error at right angles tc the axis of a
or is considerably smaller than for the
corresponding axial displacement. This is bLecause the
transaxial efficiency is fairly constant and a transaxial

displacement does not cause a large axial displacement.

To a first approximation at a counting distance of 2.0 cm, the
axial displ:cement crror is 20 times larger than the corros=-

onding transaxial error. An example of experimentally

o

determined errors is given in Fig. 5.
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