
❑ Models + 𝛸2 minimization

▪ APOLOG

▪ APOCOPE

▪ p: degree of the fitting function

▪ ak: adjustment coefficient of order k

❑ Correlations taken into account using the 
covariance matrix

❑ Matrix formalism

▪ 𝐴𝑖𝑗 = ln(Ei)
j-1 or (1/Ei)

j-1

▪ Input data vector b: 𝑏𝑖 = 𝑙𝑛 𝜀𝑖

▪ Adjustment coefficients vector 

𝑎 = 𝑎1, 𝑎2, … 𝑎𝑝

▪ Covariance matrix V:

𝑉𝑖,𝑗 =
𝑢2 𝑁𝑖

𝑁𝑖
2 +

𝑢2 𝐼𝑖

𝐼𝑖
2 ∙ 𝛿𝑖𝑗 +

𝑢2 𝐴

𝐴2

❑ Solution

▪ 𝑎 = 𝐴𝑇 ∙ 𝑉−1 ∙ 𝐴 −1 ∙ 𝐴𝑇 ∙ 𝑉−1 ∙ 𝑏

❑ Uncertainties

▪ Coefficients: 𝑉𝑎 = 𝐴𝑇 ∙ 𝑉−1 ∙ 𝐴 −1

▪ Calculated efficiencies: 𝑉𝜀 = 𝐷 ∙ 𝑉𝑎 ∙ 𝐷
𝑇

D is the matrix of derivatives of ε

with respect to the parameters.
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Calculation principle Software presentation Example: 59Fe intensities

Conclusion & Outlook
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❑ Point status
Included

Excluded individually or by radionuclide

Excluded by energy value

❑ New version validated

❑ Knowledge of the efficiency curve

❑ Preliminary emission intensities of 59Fe 

❑ Online version will be developed

Features
❑ Input data: xlsx or csv file format

❑ Adjustable energy range 

❑ Data editing (Fig. 2)

❑ Model selection: APOLOG or APOCOPE

❑ Auto (stops at the lowest 𝛸2) or manual

❑ Result can be saved in xlsx or csv format

❑ Efficiency calculator: single value or 

multiple values from a file

❑ First release in 1996 then updated in 2008

❑ Rewritten in 2025 using Python and Qt

❑ 2025 vs 2008 tests have been carried out    

→ Upgrade validated
𝜀 𝐸 =

𝑁 𝐸

𝐴 ∙ 𝐼 𝐸 ∙ 𝑡
∙ෑ

𝑖

𝐶𝑖

❑ 𝑁(𝐸): counts in the full-energy peak

❑ 𝐴: radionuclide activity (Bq)

❑ 𝐼(𝐸): emission intensity at energy 𝐸

❑ 𝑡: acquisition duration (live time) (s)

❑ 𝐶𝑖 : correction factors

→ Fit experimental values to obtain the 
efficiency curve

How to get intermediate values?

Experimental measurements of reference 
sources give a series of (E, ε) pairs where E is 
the energy (peak position) and ε(E) the full-
peak efficiency given by 

Discrepancy in the efficiency of the 
low-energy emissions (Fig. 1           )

Fig. 1. ACORES GUI. Black arrows show 59Fe data points

Fig. 2. Data editing window

❑ Building the efficiency curve from 
the calibration dataset excluding 
59Fe to avoid autocorrelation (Fig. 3) 

❑ ACORES &

→ Absolute emission intensities 
(Fig. 4)

Fig. 3. ACORES efficiency curve

❑ The efficiency calibration of a HPGe detector is an essential step before being put into service
❑ Uncertainty calculations are a major issue → direct impact on quantitative results
❑ ACORES has been developed to generate efficiency curves from experimental data including correlations

Relative intensities
→Agreement with DDEP values, see the 
associated article

→Agreement with Miyahara, et al.

Fig. 4. 59Fe absolute emission intensities

Miyahara et al., Appl. Rad. Isotopes - 1989 - Vol. 40 - p. 343
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