DETECTION EFFICIENCY
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Note

1) I((E)= The branching ratio (or yield) is used to correct the number of gamma rays observed to obtain the number of disintegrations of the source

2) in cases when the standard geometry is identical to the counting geometry,  the correction due to geometrical differences becomes virtually negligible.

3) The corrected net peak area (N) for the background was obtained according to the expression:
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 4) In the case of materials characterized by high radon exhalation, the sealing is very important in order to reduce the 222Rn loss. The sealing effectiveness and consequently the 222Rn growth within the container were successfully checked, as shown in Fig. where the in-grow of count rates of radon progeny 214Bi (at 609 keV) is displayed for a phosphogypsum sample. The in-growth counts were measured for six 222Rn half-lives (corresponding to approximately 99 % of equilibrium). The experimental data points are well fitted (with a reduced (2 = 1.0) taking the 222Rn half-live (3.821 days0 as a fixed parameter.
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5) The energy and FWHM (Full Width at Half Maximum) determined for the most intense photopeaks are well fitted with a first order (Eq. 1) and a second order (Eq. 2) polynomial function, respectively, with a reduced v2 = 1.0. Eð Þ¼ keV a1 Channel þ 
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for example, in the Gammavision report:

[image: image8.jpg]Energy calibration
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For the FWHM:

[image: image9.jpg]FWHM{[keV]=4.4484-+0.000782x(Channel)-1.50488e-008(Channel)?, and it
is shown in Figure 3, [6, 8].

Fig. 3 — The calibration in resolution curve of the system.




6) The final sensitivity of the measurements can be evaluated by using the detection limit (LD), assuming the Gaussian probability distribution of the number of counts in the background (B) and rejecting the data not included in a range of 1.645r (95 % confidence level): 
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where the approximation is admitted for high number of counts. The minimum detectable activity (MDA) for the background is calculated using the LD, according to the formula:
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FITTING EFFICIENCY

P-type germanium detectors, such as the ORTEC GEM Series, have a maximum efficiency at about 150 keV; for n-type detectors, such as the GMX Series, it is about 100 keV. For detectors above about 50% relative efficiency, these values will be somewhat higher (Fig. 107). For both types, these maxima, or knee values, depend on the individual detector. For p-type GEM detectors, the efficiency goes down as the energy goes down from the knee. For n-type GMX detectors, the efficiency is nearly constant at energies below the knee. For both types, the efficiency goes down at energies above the knee.
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Options 1, 2, and 3 can be selected separately for two separate energy regions. Either of the two regions might be left uncalibrated by not including any points in the region, but the analysis will report zero intensity (in the library peak output) for peaks in the uncalibrated region. If both regions are calibrated, the above-the-knee energy region is fitted first, and the calculated efficiency at the knee is included as a data point in the below-the-knee fit. This means that only one point need be below the knee, but two points are the minimum above the knee for a calibration to be done. Option 4 fits the entire energy range with one function and is best suited to p-type detectors. Option 5 fits the entire energy range with different functions over three energy regions and can be used for p- or n-type detectors.

[image: image14.jpg]Linear Fit

The linear fit uses a straight-line fit to the data points. This 1s used when few data points are
used or if the data points are all very close in energy. Also, for an n-type detector, the below-the-
knee efficiency is nearly a straight-line down to approximately 10 keV., and the linear fit will
produce the best result. For only two data points in the entire calibration, linear and interpolative
are equivalent. If sufficient data are available, the linear fit is not as accurate as the quadratic fit

because of the efficiency knee.
The efficiency/energy formula 1s:

= e<”1’(’2‘h‘(E))
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[image: image15.jpg]Quadratic Fit

The quadratic fit fits a quadratic function to the log (energy) vs. log (efficiency) curve. At least
three data points above the knee and two below the knee are required for this fit. With only three
points, the fit will be reported as exact for all data points, but the calibration might be inaccurate
elsewhere.

If the input points are not well separated, the best fit to the data points might not be an accurate
representation of the efficiency outside the fitted region.

The efficiency/energy formula is:

&t (ay=ay ln(E)fa}(ln(E))z)

where:
¢ = efficiency at energy E
a; = fitting coefficients

E = energy
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Polinomial fit
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GammaVision Polinomial fit 

[image: image19.jpg]Polynomial Fit

The polynomial fit uses a 6-term polynomial to fit the natural logarithm of efficiency to the
energy. The function is optimized for p-type detectors. For n-type detectors. the low-energy
region (below 60 keV) is not well modeled by this function. At least five well-separated peaks
are needed for the polynomial fit. The knee value is not used in this fit and the function is
grayed. The polynomial option is only on the Above knee list: the Below knee option is not used
if polynomial is selected.

The polynomial efficiency/energy formula is:

where:
¢ = efficiency at energy E
a, fitting coefficients
E = energy in MeV

The result of the efficiency calibration calculation is one or two sets of coefficients (one for the
fit above the knee and one for below the knee, or just one for the polynomial fit). and a set of
energy-efficiency pairs. The energy-efficiency pairs are used for the interpolative fit. The pairs
might also be used to recalculate the efficiency and to display the efficiency plot.
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When plotting the detector efficiency versus the gamma energy with log-log scale, the values get arranged linearly in a wide energy region. Thus, the relation between detector efficiency and gamma energy can be expressed as:
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