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1. Uncertainty of the Background and it’s Effect in the assay 

sensitivity (often described by Figure of Merit, FOM) 

2. Digital Lead Shield (DigPb) 

- A method improving measurement uncertainty and FOM 

- the principle and algorithms 

3. Comparison to Guard Compensation Technology, GCT 

- evaluation of the mathematics of GCT 

- the effect in uncertainty and FOM 

4.   Summary 

 



1. Importance of the background 

uncertainty and it’s effect in the Figure 

of Merit, FOM  
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Figure of Merit = FOM 

 
Describes ”The Goodness of the System” 

 

Typically expressed as FOM = E2/B 
 

The higher the FOM, the lower the detection limit. 
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Originally FOM is written as 
 

FOM = (E/uB)
2 

 (E = Efficiency, uB= Uncertainty of the Background) 

 

 

Assuming Poisson Distribution       uB = sqrt(B) 

 

FOM = (E/sqrt(B))2 =  E2/B 
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If B is not following Poisson Distribution: 
 

 E2/B ≠ (E/uB)
2 

i.e. Poisson distribution is violated and E2/B is not valid 
  

This can be caused e.g. by: 

 Electronic noise 

 Static electricity 

 Sample instability, e.g. Luminescence 

 Environmental factors, e.g. temperature variation 

 Data manipulation, e.g background subtracted by a 

 constant factor 
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Example of data manipulationꟷ subtraction of a constant factor 

Poisson distributed data Constant factor (2 CPM) subtracted

CPM Time (min) Counts (CPM*Time) CPM - 2 Time (min) Counts (CPM*Time)

3,73 31,25 116,6 1,73 31,25 54,1

4,28 31,25 133,7 2,28 31,25 71,2

3,82 31,25 119,5 1,82 31,25 57,0

3,70 31,25 115,5 1,70 31,25 53,0

3,41 31,25 106,6 1,41 31,25 44,1

3,82 31,25 119,4 1,82 31,25 56,9

3,38 31,25 105,6 1,38 31,25 43,1

3,75 31,25 117,2 1,75 31,25 54,7

3,92 31,25 122,6 1,92 31,25 60,1

3,79 31,25 118,3 1,79 31,25 55,8

4,15 31,25 129,6 2,15 31,25 67,1

3,48 31,25 108,7 1,48 31,25 46,2

4,30 31,25 134,4 2,30 31,25 71,9

3,76 31,25 117,3 1,76 31,25 54,8

4,69 31,25 146,6 2,69 31,25 84,1

4,12 31,25 128,7 2,12 31,25 66,2

Counts mean 121,3 58,8

SD (measured) 11,0 11,0

SD (theorethical) = sqrt(mean) 11,0 7,7

SD (meas)  ≈  SD (theor) SD (meas)  ≠  SD (theor)
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=>  

 

Background counts distribution should be tested 

routinely by counting samples repeatedly 

 

Measured standard deviation should match the 

theorethical standard deviation 

 



2. Digital Pb shield (DigPb) 
 
A method used in Hidex Counters to improve 

assay sensitivity by Spectral Fitting 
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Digital Pb shield (DigPb) 

 

- Double label counting method where one component 

(CPM of the background) is known 

 

- Unceratinty of isotope activity is improved as if measured 

in an instrument having lower background 

 

- Sensitivity is improved if there is difference between 

isotope and background spectra 
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Refs: 

Hidex application note #513-012 

Wallac (1980’s): Digital overlay and 3/2 technique 

Takiue et.al. 1990 & Takiue & Matsui 1991  

Annuziata, Handbook of radioactivity, ed. 2012, pp. 479-487: Most Probable 

Value Theory and Spectra Fitting Subtraction. 



Overview of the method 
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a. Calibration, measure: 

- spectral distribution of active sample (A),  

- spectral distribution of background (B) 

 

b. Employ 

• Poisson-weighted least squares fitting* for unknown samples to find 

the most probable isotope CPM (A).  

• If there is difference between spectral distribution of A and B, the 

uncertainty of A decreases (improves)  

     * Least square fitting originally presented by Gauss 

c. Yields in: 

• The same result as in a counter having lower background 

     - assay sensitivity is improved 



Algorithms 
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Normalized relative proportions of A and B in each window: 

a1 + a2 + ⋯ + an = 1   and   b1 + b2 + ⋯ + bn = 1 

where ai  and bi refer to proportions of A and B in window i, respectively. 

 

Unknown samples (known  unknown A) 

For counts in each window ( ) hold 

 

1. Pulse distribution of A (a1, a2,..) and B 

(b1, b2,..) is calculated in several windows 

2. Least square fitting is adopted to find A Least squares fitting is adopted to find A. Poisson weighted least squares sum (Q) is 

 

 

Established weights for Poisson distributed counts are  

 

3 . Least square sum is minimized by 

differentiation yielding in the most propable 

value of A 

To minimize least squares sum, differentiate  with respect to and equate to zero. 

 

4. A is solved by minimizing least square 

sum 

Solving for A yields 

 

 

where 

 

 

5. Calculation Uncertainty of activity 
Uncertainty of activity,  

As known from statistics, uncertainty (standard deviation) of A ( ) is: 

 

From differential calculus: 

 

 

Inserting in above and noticing that with Poisson statistics,  
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6. Sensitivity analysis – How much background uncertainty improves 

For background level samples  and  

 

 

 

Direct background subtraction has uncertainty . From above, the uncertainty of fitted 

result behaves as if direct background subtraction with lower effective background  : 

   

, or . F = 1 only if every  (isotope and background spectra identical). 

That is: ASSAY SENSITIVITY IS IMPROVED. 

Algorithms 



Summary 
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• Yields in the same result as a background subtraction in a counter 

having lower background –> Assay sensitivity is improved  

 

• Typically F ≈ 0.7, i.e. improvement is about 30 % (in full H-3 ROI) 

 

• The reduction is the bigger the bigger the difference between 

spectral distribution of Istope and Background spectra 

 

• Easy to use - algorithms and default instrument settings are 

delivered as MikroWin parameter-file template 

 

• Extensively tested by IAEA  - comparison of Hidex 300 SL to 

Quantulus 1220 
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3. Comparison to                          

Guard Compensation Technology, GCT 

 



GCT principle and the mathematics as described in 

US Pat. No.: 9,297,909 
*In the patent the parameters are calculated over entire energy region. For 

simplicity, calculation of parameters are presented here for one energy region 

only. 

 

1. The efficiency of the guard detector (GE) is determined 

during a long background measurement 

 
GE = SP12/(SP12+SP11) 
where 

GE = guard efficiency 

SP12 = counts removed by the guard  

SP11 = measured counts 
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2. Correction of unknown samples using guard 

compensation.  

 

Obtain compensated guard counts (CGC) by dividing the 

counts removed by the guard with the efficiency of the 

guard:  

 

CGC = SP12/GE 
where  

CGC = number of compensated guard counts 

SP12 = Counts removed by the guard 

GE = guard efficiency 
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From above one is able to calculate  

 

a) The counts missed by the guard (GCM) by subtracting 

the counts removed by the guard from the total counts:  

 

GCM = CGC – SP12 = SP12/GE – SP12 = (1/GE – 1)*SP12 
where 

GCM = the counts missed by the guard 

 

and 

 

b) a background reduction factor (BRF): 

BRF = 1 – GCM/SP11 = 1 – (1/GE – 1)*SP12/SP11 
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Finally, one calculates corrected number for the measured 

counts (corrSP11): 

   corrSP11  = SP11*BRF 

______________________________________________________________ 

Looks like the counts SP11 are corrected with a factor BRF, 

which would reduce background (and efficiency), but 

 

As  BRF = [1 – (1/GE - 1)*SP12/SP11] 

=> corrSP11 = SP11*[1 – (1/GE - 1)*SP12/SP11] 

=> corrSP11 = SP11 – (1/GE – 1)*SP12 

 
 

i.e. a factor “(1/GE – 1)*SP12” is subtracted from the counts 

SP11 
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Uncertainty of corrSP11 

 

Theoretical uncertainty of corrSP11 can be derived as follows: 

 

ucorrSP11 = sqrt(SP11 + k2*SP12), where k = (1/GE - 1) 

 

If SP12 is taken constant,  

 

              => ucorrSP11 = uSP11 = sqrt(SP11) 
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“u of GCT corrected counts = u of uncorrected counts” 



Example on how GCT works in practice (ref. the patent ‘909) 
 

An Example is given with SP12 = 1381 and SP11 = 265 

 

=> GE = SP12/(SP12+SP11) = 1381/(1381+265) = 1381/1646 = 84 

%* 

 

Then processor calculates the compensated guard count: 

CGC = SP12/GE 
 

If GE = 92 %* 

=> CGC = 1381/0.92 = 1501 
 
*GE > 85 % is used as 84 % GE would yield in average zero bkg, but in many 

negatives, when measured repeatedly. 
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After this the processor calculates the guard counts missed: 

GCM = CGC – SP12 = 1501 – 1381 = 120 

 

Then, a background reduction factor is calculated: 

BRF = 1 – (GCM/SP11)  

 

Finally the corrected coincidence events: 

corrSP11 = SP11*BRF = SP11*[1 – (1/GE - 1)*SP12/SP11]  

 

=> corrSP11 = SP11  –  (1/GE – 1)*SP12 

 

 

= 265 – (1/0.92-1)*1381 =  265  –  120   = 145 
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The final result is obtained by simple bkg subtraction ! 
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Other evidence 
 

Monte Carlo simulation using high number of randomly 

generated Poisson distributed data* supports mathematical 

evaluation  

 

 

Also the GCT data presented by PerkinElmer at German LSC 

workshop (Sep. 2018)* supports the theorethical evaluation and 

the simulated data 

 

 

 

*Data not presented here – avilable on request 



As Conclusion 

 

GCT yields in a subtraction of “(1/GE – 1)*SP12”  , i.e. 

subtraction of a factor from the measured counts SP11 

 

If the sample is a bkg sample, the method yields in a 

seemingly lower bkg, but uncertainty of original SP11.  

 

 

i.e. Assay sensitivity is not improving 
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Comparison 
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DigPb 

 
Background unceratinty is 

improved by a factor F 
 

 improved assay sensitivity, 

improved FOM,                     

improved detection limit 

 
 

 

Scientifically proven method 

 

GCT 

 
Yields in background subtraction 

by a factor ”(1/GE – 1)*SP12” 
 

 Corrected bkg does not follow 

Poisson statistics,                   

i.e. assay sensitivity is not 

improved 

 
 

Patent protected, but not proven 

by the science community 



Comparison presented graphically 
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Dig Pb GCT

S

B

  S = sample, B = background



4. Summary 
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GCT is not statistically valid method 

 

DigPb is a valid and proven method 

 

Regardless of the counter used,  

 

The scientists are encouraged to measure the background 

repeatedly, uncertainty being the standard deviation of the 

repeats. 

 

Measured u should match the theorethical u. 

- If not, this is a sign of e.g. instrument malfunctioning, 

luminescence, static electricity or bkg subtraction 

 

Authorities should require such data from the laboratories 

under their supervision. 
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And a final reminder.. 

 

FOM = E2/B 

 

but only if the distribution of the 

background counts follow the 

Poisson distribution 
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