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What to expect…and what not….

No
 new product introduction with fancy marketing literature
 finalized summary of an R&D project

But

 Description of a project that originated from customer feedback and ideas
raised in scientfic papers (not ours) 

 Short review of Efficiency Calibrations & Efficiency Transfer Calculations

 Ways to optimize Efficiency Transfer Calculations

 Presentation of EFFTRAN Optimizer - a new tool for Optimization of Detector
Models (not released alpha test version)

 Outlook – plans for the future
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Efficiency Calibration
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Count reference source(s) with known activities of reference nuclides
and fit polynome!
 identical with sample geometry
photopeaks of reference nuclides not biased (or TCC!!!)

Problems:
Need source for every sample geometry (costly)
Samples may vary (material, grain size, density etc)
Availability of sample material (filling height)
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Mathematical Approach (Calculate the efficiency)
Efficiency Transfer (ANGLE, EFFTRAN, GESPECOR….)
Based on ideas of Moens et al, NIM 187(1981),451

Efficiency Transfer



Dr. Marc Breidenbach

+49 (0)21 59-91 36-44

marc.breidenbach@ametek.com

http://www.ortec-online.com

EFFTRAN (MEFFTRAN)
By Tim Vidmar
Vidmar, T.,2005. EFFTRAN—a Monte Carlo efficiency transfer code for gamma-ray spectrometry. Nuclear Instruments and Methods A550,603–608.
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 Very fast calculation <minute
 Free – register with Tim.Vidmar@sckcen.com and you get it
 Open source code
 Includes TrueCoincidenceSumming correction
 Easy to use through 3rd party sftw (-> LVis)
 Lots of scientific papers – well accepted in the European nuclear community
 Limited to cylinders, Marinellis, point sources (positioned centric on the detector)
 Only Excel GUI – Different modules for Marinelli (MEFFTRAN) or Well detectors
 Cannot be commercialized as is (XCOM package from NIST and KORDAT from PTB)

EFFTRAN (MEFFTRAN)
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Lépy, M-C., et al.,2001.Intercomparison of efficiency transfer software for gamma- ray spectrometry. Applied Radiation and Isotopes 55, 493–503.

Vidmar, et al., 2010. Testing efficiency transfer codes for equivalence. Applied Radiation and Isotopes 68, 355–359.
Vidmar, et al., 2010. Efficiency transfer between extended sources. Applied Radiation and Isotopes 68, 2352-2354.

H. Ramebäck, et al.,2021. Validation of EFFTRAN for efficiency transfer to distant geometries and volume sources. Journal of Radioanalytical and Nuclear 
Chemistry .

Several intercomparison studies published:
 Point source reference to extended samples (< 5 – 30%)
 Extended reference to extended sample with different geometry (typically < 15%)
 Extended reference to extended sample with same geometries but different composition/density or

filling height (< 5 %)
 Usually better in higher energy range
 The closer sample and reference are, the better….
 My personal experience: Works very well when correcting for differences in sample volume or density

(Proficiency tests; Intercomparisons). Not much feedback when using it for „sourceless calibration“… 

Quality of Efficiency Transfer?

What can be done to improve the quality?
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What can be done to improve transfer calculations?
 Improve the quality of the reference efficiency?

Pay attention that the reference efficiency is corrected for (or unaffected by) true coincidence summing!

 Verify container/sample model. Use sample containers that are easy to 
describe in a model!
Ideally cylinders with no curved bottom or edges. If not available adjust the container model such that a specific
sample volume translates to the correct (measured) filling level. Use sample jigs to precisely position container
(more important the smaller and closer to the detector the sample is). Use proper tools to reliably determine
the filling height!

 Try to asses the true attenuation in the sample for better low energy
performance.
Sample material – elemental composition - usually unknown! Measure the transmission of a known source 
(Cutshall method). Bruggemann et al published a method that can be used as a direct input to EFFTRAN.

 Optimize the detector model
Cutshall, N.H.,et al.,1983.  Direct analysis of 210Pb in sediment samples: self-absorption corrections. Nucl. Instrum. Methods 206, 309–312.

M. Bruggeman et al., 2016. Assessing sample attenuation parameters for use in low-energy efficiency transfer in gamma-ray spectrometry. 
Applied Radiation and Isotopes 109 547–550.
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Dr. Elaine Roth (Director of Detector Technology):
…three largest sources of error, in order of largest 
to smallest, are as follows:
1. Ge/Li dead layer, M
2. Radius of bulletization, J
3. Detector parameters (A, B, C, D)
…
4. Top vacuum thickness 
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 Count several references (eg point source in different distances– for container model 
only the distance could be a problem. Use jigs for precise positioning). 

 Obtain calibrations for each distance (references). 
 Use EFFTRAN to calculate the efficiency for each distance based on the references.
 Compare the calculated results with the „true“ values from the calibrations.
 Change the detector model (eg the contact thickness), calculate again and see if the 

results improve.
 Repeat and vary the detector parameters until an overall better transfer is achieved

Time consuming and prone for lots of errors
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Example

NO OPTIMIZATION

Relative deviation in % between computed and experimental efficiency for the 
detector model as given by the detector manufacturer:
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Reference Sample 59.5 88 122.1 165.9 661.7 898 1173.2 1332.5 1836.1 Average
Nigeria_0mm Nigeria_25mm 7.557 12.486 8.643 7.527 3.678 6.077 5.684 6.942 10.079

5.686

Nigeria_0mm Nigeria_50mm 2.122 4.944 5.32 7.948 4.467 6.923 8.153 9.378 9.456
Nigeria_0mm Nigeria_125mm 7.323 1.93 0.189 6.155 6.723 8.999 10.132 9.101 8.724

Nigeria_25mm Nigeria_0mm 8.175 14.267 9.46 8.14 3.819 6.47 6.027 7.459 11.209
Nigeria_25mm Nigeria_50mm 5.88 8.618 3.637 0.455 0.819 0.901 2.617 2.618 0.692
Nigeria_25mm Nigeria_125mm 16.097 16.473 9.254 1.484 3.161 3.111 4.716 2.32 1.506
Nigeria_50mm Nigeria_0mm 2.168 5.201 5.619 8.634 4.676 7.438 8.877 10.349 10.444
Nigeria_50mm Nigeria_25mm 5.553 7.934 3.51 0.457 0.826 0.909 2.688 2.689 0.687
Nigeria_50mm Nigeria_125mm 9.65 7.232 5.419 1.948 2.362 2.23 2.155 0.306 0.809

Nigeria_125mm Nigeria_0mm 6.824 1.894 0.189 6.558 7.207 9.888 11.275 10.012 9.558
Nigeria_125mm Nigeria_25mm 13.865 14.143 8.47 1.463 3.264 3.211 4.949 2.375 1.484
Nigeria_125mm Nigeria_50mm 8.801 6.744 5.141 1.911 2.419 2.281 2.203 0.305 0.802
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Detector sheet:

1. Enter the start
parameters of the
detector model using
the data from the
manufacturer (import
from EFFTRAN possible).

2. Enter the dimensions
that you want to vary by
defining a min and max
range
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Solution: EFFTRAN Optimizer (by Dr. Felix Diel)
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Sources sheet:

1. Describe the reference
geometries (import from 
EFFTRAN possible).

2. Enter the reference
energies.

3. Enter the experimentally
determined full energy
photopeak efficiencies for
the reference energies.

Solution: EFFTRAN Optimizer (by Dr. Felix Diel)
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Solution: EFFTRAN Optimizer (by Dr. Felix Diel)

Optimization sheet:

1. Select optimization algorithm 
(„Downhill Simplex“ or 
„Simulated Annealing“)

2. Start calculation

3. Optimizer will then trigger 
EFFTRAN and calculate the 
efficiencies for every geometry 
using the other geometries as 
references. A graph displays the 
max. deviation between the 
experimental and calculated 
efficiency for all transfers of a 
detector model. The current 
best detector model is shown.

4. Results can then be exported as 
a csv file.
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OPTIMIZED 
Detector Model
(Optimized for EFFTRAN not 
necessary closer to reality!)

Relative deviation in % between computed and experimental efficiency:
Solution: EFFTRAN Optimizer (by Dr. Felix Diel)

Reference Sample 59.5 88 122.1 165.9 661.7 898 1173.2 1332.5 1836.1 Average
Nigeria_0mm Nigeria_25mm 0.004 1.818 1.92 1.904 3.753 0.935 1.168 0.266 3.798

2.012

Nigeria_0mm Nigeria_50mm 0.153 2.185 3.198 0.55 3.353 0.539 0.918 2.3 2.51
Nigeria_0mm Nigeria_125mm 2.315 2.465 3.062 1.375 0.388 2.732 3.883 2.76 2.314

Nigeria_25mm Nigeria_0mm 0.004 1.852 1.884 1.869 3.617 0.926 1.154 0.267 3.948
Nigeria_25mm Nigeria_50mm 0.156 4.077 1.254 1.329 0.386 0.393 2.062 2.039 1.338
Nigeria_25mm Nigeria_125mm 2.319 4.362 1.121 3.218 3.991 3.633 4.993 2.5 1.542
Nigeria_50mm Nigeria_0mm 0.152 2.139 3.099 0.547 3.244 0.536 0.927 2.354 2.575
Nigeria_50mm Nigeria_25mm 0.156 3.918 1.238 1.347 0.387 0.394 2.105 2.081 1.32
Nigeria_50mm Nigeria_125mm 2.16 0.274 0.132 1.915 3.619 3.253 2.993 0.471 0.202

Nigeria_125mm Nigeria_0mm 2.263 2.406 2.971 1.394 0.39 2.808 4.04 2.838 2.369
Nigeria_125mm Nigeria_25mm 2.267 4.18 1.108 3.325 4.157 3.77 5.255 2.564 1.519
Nigeria_125mm Nigeria_50mm 2.114 0.273 0.132 1.952 3.755 3.362 3.085 0.473 0.201
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Outlook
 Further test and validate the EFFTRAN Optimizer 

• more detectors
• more geometries (point to extended, extended to extended)
• Possible collaborations?

 Currently EFFTRAN Optimizer relies on TCS corrected references and the results
are biased due to the fact that a change in the detector model results in a 
somewhat different TCC – we plan to implement not just efficiency transfer but 
TCS into the Optimizer.

 Possibly implement the EFFTRAN Optimizer into our software LVis
• Just select your experimental calibrations and specify what detector parameters shall be

optimized the rest is then done automatically.

 Current (limited) experience with optimized detector models indicate that they 
will - most likely - enable users to improve the quality of efficiency transfer
calculations especially when reference and sample deviate significantly



Dr. Marc Breidenbach

+49 (0)21 59-91 36-44

marc.breidenbach@ametek.com

http://www.ortec-online.com

17

Thank You!

If you have interest in LVis and how to use it with EFFTRAN please contact me or our local 
country representatives for a web or on-site demo!

Norway:
Eirik Gundersen
Nerliens Meszansky AS 
eirik.gundersen@nmas.no 

Sweden/Denmark:
Oscar Ågerstam 
Nordic Biolabs AB 
Oscar.Agerstam@nordicbiolabs.se

Finland:
Inkeri Laine
Pagode Oy / Hidex Oy
inkeri.laine@pagode.fi 

Any Questions?
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