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UNCERTAINTY PROPAGATIONUNCERTAINTY PROPAGATION

TheThe uncertaintyuncertainty ofof thethe totaltotal efficiency,efficiency, εεtt,, isis propagatedpropagated toto CCii byby thethe usualusual
errorerror propagationpropagation lawlaw

InputInput uncertaintiesuncertainties areare "compressed""compressed" byby partialpartial derivativesderivatives andand thethe outputoutput
uncertaintiesuncertainties ofof CCii areare notablynotably reducedreduced

ExampleExample:: PointPoint sourcesource onon detectordetector window,window, 604604..77 keV,keV, 134134CsCs ..
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N. 1 N. 1 –– “Analytical” method (basic approach)“Analytical” method (basic approach)
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Ref.: P. De Felice et al., ARI, 52 (2000) 745.Ref.: P. De Felice et al., ARI, 52 (2000) 745.
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•• SummingSumming--in and summingin and summing--out taken into account;out taken into account;
•• XX--ray coincidences taken into account;ray coincidences taken into account;
•• Triple coincidences neglected;Triple coincidences neglected;
•• Experimental Experimental efficienciesefficiencies obtained by LNHB data;obtained by LNHB data;
•• εε efficiencies interpolated by two linear relationships in logefficiencies interpolated by two linear relationships in log--log plot with 130 log plot with 130 

keV knee;keV knee;
•• εεtt obtained by some singleobtained by some single--photon nuclides, Cophoton nuclides, Co--60 and Y60 and Y--88 with corrections;88 with corrections;
•• εεtt = = εε for for E < 130 keV;E < 130 keV;
•• Photon i and j with IPhoton i and j with Ijj/I/Iii>0.1 were taken into account;>0.1 were taken into account;
•• Nuclear and atomic data supplied by comparison organisers.Nuclear and atomic data supplied by comparison organisers.



N. 2 N. 2 –– ““Two points” methodTwo points” method

• E < 130 keV: εt = ε;
• E > 130 keV: εt obtained by linear interpolation (log-log scale)

between two points (CoCo--6060 andand CsCs--137137)).
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N. 3 N. 3 –– “Efficiency to cross section ratio” method“Efficiency to cross section ratio” method

• E< 130 keV: ε = ε;
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K

ε/σ 2 cm 0,0102207
ε/σ 5 cm 0,0099135
ε/σ 10 cm 0,0094897

• E< 130 keV: εt = ε;
•• Assumption of a constant relation between the peakAssumption of a constant relation between the peak--toto--total efficiency ratios total efficiency ratios 

and the photoelectricand the photoelectric--toto--total crosstotal cross--section ratiossection ratios;;
•• Constant, k, determined by CsConstant, k, determined by Cs--137.137.



N. 4 N. 4 –– “ETNA” method“ETNA” method

•• CorrectiveCorrective factorsfactors computedcomputed byby ETNAETNA ((55..55 revrev 5151)) programprogram;;
•• EfficiencyEfficiency valuesvalues andand photonphoton selectionselection criteriacriteria calculatedcalculated asas inin MethodMethod NN.. 11;;
•• NuclearNuclear andand atomicatomic datadata takentaken fromfrom ETNAETNA datadata basebase;;
•• DetectorDetector dimensionsdimensions takentaken fromfrom LNHBLNHB radiographiesradiographies..
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N. 5 N. 5 –– “GESPECOR” method“GESPECOR” method

•• CorrectiveCorrective factorsfactors computedcomputed byby GESPECORGESPECOR 33..00 programprogram;;
•• EfficiencyEfficiency valuesvalues andand photonphoton selectionselection criteriacriteria calculatedcalculated asas inin MethodMethod NN.. 11;;
•• NuclearNuclear andand atomicatomic datadata takentaken fromfrom GESPECORGESPECOR datadata basebase;;
•• DetectorDetector dimensionsdimensions takentaken fromfrom LNHBLNHB radiographiesradiographies..
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N. 6 N. 6 –– “MONTE CARLO” method“MONTE CARLO” method
(performed by M. Capogni)(performed by M. Capogni)

•• CorrectiveCorrective factorsfactors computedcomputed byby GEANTGEANT 33..2121 programprogram;;
•• CorrectiveCorrective factorsfactors obtainedobtained fromfrom simulatedsimulated efficienciesefficiencies ratiosratios (single(single--photonphoton

nuclidenuclide toto nuclidenuclide ofof interest)interest);;
•• NumberNumber ofof startingstarting eventsevents simulatedsimulated:: betweenbetween 107107 andand 108108;;
•• EnergyEnergy cutcut--offoff forfor electronselectrons andand photonsphotons:: 1010 keVkeV;;
•• NuclearNuclear andand atomicatomic datadata suppliedsupplied byby comparisoncomparison organisersorganisers (LNHB)(LNHB);;
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•• NuclearNuclear andand atomicatomic datadata suppliedsupplied byby comparisoncomparison organisersorganisers (LNHB)(LNHB);;
•• DetectorDetector datadata takentaken fromfrom LNHBLNHB radiographiesradiographies asas inin MethodMethod NN.. 55

(GESPECOR)(GESPECOR)..



UNCERTAINTIESUNCERTAINTIES

Energy
keV

Corrective
factor 

at 10 cm

Corrective
factor

at 5 cm

Corrective
factor

at 2 cm

242.8 1.02305 1.06226 1.18212

326.5 1.02972 1.08140 1.24619

•• CalculatedCalculated onlyonly forfor MethodMethod NN.. 11
•• SourceSource ofof uncertaintiesuncertainties:: efficiencyefficiency calibrationcalibration ((55%%),), nuclearnuclear datadata ((11%%))..

Energy
keV

Comb. St.
Unc.(%) 
at 10 cm

Comb. St.
Unc. (%)
at 5 cm

Comb. St. 
Unc.

(%)
at 2 cm

242.8 0,12% 0,34% 1,10%
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326.5 1.02972 1.08140 1.24619

475.3 1.02173 1.05874 1.17037

563.2 1.02326 1.06290 1.18409

569.3 1.02297 1.06203 1.18138

604.7 1.01371 1.03638 1.10186

795.8 1.01416 1.03785 1.10573

801.9 1.02164 1.05849 1.16958

1038.6 1.00510 1.01320 1.03257

1167.9 0.98896 0.97069 0.92043

1365.2 0.98088 0.95056 0.87420

326.5 0,16% 0,45% 1,56%

475.3 0,11% 0,32% 1,02%

563.2 0,12% 0,34% 1,11%

569.3 0,12% 0,34% 1,09%

604.7 0,07% 0,19% 0,57%

795.8 0,07% 0,20% 0,60%

801.9 0,11% 0,32% 1,01%

1038.6 0,07% 0,19% 0,53%

1167.9 0,12% 0,31% 0,78%

1365.2 0,16% 0,41% 0,94%



Thank youThank you
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Thank youThank you


