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Basics of coincidence summing

How to determine efficiency curves in the presence of
coincidence summing

How to determine a source activity from scratch
Applicability with Ge detectors
Two advanced topics / applied examples

- Do absolute peak areas exist?

- The voluminous effect and the third curve
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Measure the peak-to-total ratio curve separately.
Count a calibrated, multi-gamma-ray source.
Disregard the sum peaks.

Each "normal” peak corresponds to a full-energy peak
efficiency, so

the number of questions is equal to the number of
unknowns, so

the full-energy peak efficiencies can be solved.
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Measure the peak-to-total ratio curve separately using
137CS OnlyDe FeIice_

Count a calibrated, multi-gamma-ray (> 4) source.

Use a 6-th order polynomial with 4 degrees of freedom
for the full-energy efficiency curvetunnink

the number of questions is equal or larger than the
number of unknowns, so

the full-energy peak efficiency curve can be fitted to
the observed spectrum.
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We have N atoms decaying during our measurement,
each emitting two photons simultaneously, with equal
100 % vyields and energies E; and E,

We have a detector with energy resolution that detects
these with efficiencies &, and e,.

We will then see three peaks in the spectrum,
corresponding to E,, E, and E,+E,, with net areas A,
A,, and A,

We can write and derive:
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- The number of equations is the number of single-
photon peaks T plus the number of sum peaks, that is

. If all efficiencies and source activity are unknown, the
number of unknowns is

« So at T >= 3, the number of equations >= number of
unknowns
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Triple sum peaks are very hard to detect indeed, not
to mention higher-order ones...

So we take a closer look at the unknowns:

We can parametrize the efficiency curve with Gunnink’s
polynomial (4 unknowns)

We parametrize the p/t curve with a 2nd order polynomial on
a log-log scale

With the source activity, that is 7 unknowns total

At T=4, using only simple sum peaks, we're there with
4+6 peaks

So do we have candidate radionuclides?
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Energies covering the whole energy-range of interest
Many transitions without cross-overs
Medium-complexity decay scheme (for computational
speed)

Medium half-life (not too much waste, not too much
haste, reasonable count rates to avoid random

summing)
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Part 2 of 2
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- Hard to get in pure form, that is without 1>4Eu.

- Complex decay scheme, but modern computers are
fast

 Very nice coverage of low energies, from the X-rays
around 40 keV up to 1408 keV. Higher energies
missing.
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. If we have a source containing suitable radionuclides,
we can determine the source activity, full-energy peak
efficiency curve and peak-to-total curve all at once.

« This was demonstrated for the first time in 1993

- The source activity is usually not determined very
precisely due to strong covariances. With extreme
counting statistics, better than 1 % precision in source
activity is achievable.
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If we have a calibrated source containing suitable
radionuclides, we can determine the full-energy peak
efficiency curve and peak-to-total curve all at once.

This was demonstrated for the first time in 1998

the strong covariances and instability disappeared,

and since we have more equations than unknowns we
can do even more...
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GammaTrac, Span, Ganaas, Genie-PC, Actan, GammaPlus,
Hypermet PC, OSQ, and Sampo90
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- Menno Blaauw, Sjoerd J. Gelsema
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The voluminous effect problem
The solution

The experiment

Conclusions
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I no tcc
= no volume tcc
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-Create source and measure
calibration spectrum:

-Amersham certified solution
with 27Co, 9°Co, 8Y, 10°Cd,
1135n, 137Cs and 13°Ce
-activated NaBr solution
(activity determined with
point sources)

-Measure the two, fit peaks
and merge the lists of peaks

Determine curves

-Fit the three efficiency
curves to the spectrum: Peak
efficiency (4 pars), p/t ratio
(2 pars) and stl ratio (3
pars).

«Test the curves
-Get test source

-Measure and interpret
spectra

-Compare activities found
with known values.
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X2=22a31df.
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© The third efficiency curve accounts for voluminous-
source effects in cascade summing corrections

© The method has an accurucy of 1% or better, is much
less laborious, and therefore can compete with
radionuclide-specific calibration

© As yet, the third curve must be determined in the
same geometry as the samples, but there is hope.
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The “voluminous effect” becomes significant in the
case of two coincident gamma-rays when the
detection efficiency for energies involved cannot
be considered constant over the sample volume

since if one of the two is constant:

So in a well-type detector, things tend to be fine,

But in @ small capsule on top of the end cap, they may
very well not be!
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It is possible to use point sources emitting coincident
gamma-rays to determine efficiency curves, even close
to the detector

but

It is wise to stay away from the end cap of the
detector when measuring sizeable samples.

and

knowing the decay schemes, coincidence methods
provide the tools to measure absolute activities and
establish what “true” peak areas are

and to verify decay schemes if the activity is known
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