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Measuring mass attenuation 
coefficients for materials with 

unknown composition
by performing transmission 
measurements with a HPGe 

detector for X-rays
and low-energy gamma rays
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Laboratory for gammaspectrometry

Sample types - Gamma lims – efftran – Genie2K

Materials and vials

Calibration curves with transmission measurements

Implementation in routine lab

Conclusion
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Laboratory for 
gammaspectrometry 

20 HPGe det >> 5 Low Energy, 1 Well 
typen, LEGE and 12 coaxial

• Home made gamma lims 
• Automatically N2 filling system
• Weighing balance with online 

registration
• Digital signal analyzer LYNX (Mirion)
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Samples

Different geometries

• +/- 3500 samples per year
• Weekly QA and monthly Background
• Measurement in different geometries
• Volumes from 4 - 2400 ml 
• Filters
• Cartridges
• …
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Gamma lims
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Efficiency transfer for routine gamma-ray analyses

• Efficiency transfer             systematic corrections for various counting parameters 
deviating from reference calibration (EFFTRAN)

• Systematically in each analysis
• Filling height (if no 100% filling is used)
• Apparent sample density
• Sample material

• chosen from list for well known materials
• Requires specific element composition when gamma-ray energy (30-100 keV)

• Any other sample parameter that is different from the reference

𝜀𝜀𝑠𝑠(𝐸𝐸) = 𝐶𝐶𝐶𝐶 𝐸𝐸 𝜀𝜀ref(𝐸𝐸) 𝐶𝐶𝐶𝐶 =
𝜀𝜀𝑆𝑆
𝜀𝜀ref

Computed 
EFFTRAN
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Efficiency Transfer and Uncertainty Budget
imported in Genie 2000

© SCK•CEN

EFFTRAN Computation

Sample Geometry Database

Spectrum

Reference 
Efficiency 
Calibrations

Default 
Sample 
data

Specific
Sample 
data

Det 
Model 
data

Uncertainty 
Budget

Correction 
Factors
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• Sample container 
parameters (dimensions, 
materials)

1

• Sample net weight
• Sample volume (filling 

height)
• Sample composition

(material list) 

• Multi gamma sources 
(Water matrix (acidified))

• Fixed volume/filling 
height

XCOM
data

*Including 
K,L edges
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Uncertainty polynomial
Known material versus material class

• Error curve for each counting geometry
• Filling height, diameter, bodem thickness, sample density, positioning, curve 

fitting, calibration source, system drift, gamma intensity, counting loses, ... 

• Known
• Water
• PE
• metals, … 

• Class
• Organic matter
• Soil, dirt
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Means to determine sample 
attenuation

• Generic compositon
• Comparison with representative standards

• Not very practical
• XRF-handheld monitor, ICP-MS, … 

• Specify sample material for the EFFTRAN 
model >> elements from Mg  U >> ? O, H

• Multi Energy gamma-ray transmission 
• Absolute measurement using collimated 

beam
• Relative attenuation measurement using no 

collimation
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Previous transmission setup
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Calibration curves with transmission measurements 
Ba-133 and Am-241
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• X- and γ-rays in the range (21.2 - 303 keV)
• on a set of well known sample materials for which the mass attenuation

coefficients are derived from XCOM
• Vial: thickness 10 mm
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Materials
• Set of materials with well-known 

chemical composition for which the 
attenuation data at the 
transmission energies are 
computed with XCOM.

• Salts, plastics, metals, … 
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Calibration curve >> E
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Calibration curve >> mass att. file
• calibration curves

𝜇𝜇𝐸𝐸(𝑙𝑙𝑙𝑙 𝑟𝑟
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

)𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑎𝑎𝐸𝐸𝑙𝑙𝑙𝑙
𝑟𝑟

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
+ 𝑏𝑏𝐸𝐸

• 𝑟𝑟
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

(𝐸𝐸) >> transmission trough a material relative 
to the count rate for transmission trough the 
reference material (water in our case)

• Unknwon material X >> mass attenuation 
coefficients can then be determined from the 
calibration curves as 

𝜇𝜇𝑋𝑋 = 𝜇𝜇0
𝜌𝜌𝑟𝑟𝑟𝑟𝑟𝑟
𝜌𝜌𝑋𝑋

𝑎𝑎𝐸𝐸 𝐸𝐸 ln
𝑟𝑟𝑋𝑋
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

+ 𝑏𝑏𝐸𝐸

 a mass attenuation file can be set up for an 
unknown material
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Transmission

Efficiency Transfer procedure with measured µ-data

© SCK•CEN

EFFTRAN Computation

Sample Geometry Database

Spectrum

Reference 
Efficiency 
Calibrations

Generic 
Sample 
data

Specific
Sample 
data

Det 
Model 
data

Uncertainty 
Budget

Correction 
Factors

2

3

Sample container 
parameters 
(dimensions, 
materials)

1

• Multi gamma sources 
(Water matrix (acidified))

• Fixed volume/filling 
height

X-COM 
file

> 300 keV

20 – 300 
keV
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Transmission spectrum
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• 20 keV X-ray complex of
Am-241 through a PTFE
sample (ρ = 2.2 g/cm²)

• Attention for a good fit!

• K-edges, a source of
discontinuities in gamma
attenuation
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Calibration curve for 
determining µrel at 21.6 keV from 
transmission relative to water. 
The materials air, water and 
aluminium are indicated. µ/µrel = 
1 means µ is equal to the mass 
attenuation of water.
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Al

Air

water
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Implementation routine
2 transmission measurements
Peak surface 
Tranfer to mass attenuation file > .txt 
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Conclusion
• The transmission source should be at a distance of at

least 20 cm from detector to avoid true coincidence
summing effects and measurements are best made
with Ba-131 and Am-241 sources sequentially;

• Attenuation parameters can be determined with a
precision of a few percent depending on the quality
of the calibration curve and the complexity of the
spectra;

• No K or L edges in the attenuation of the sample
material can be determined with this method;

• The method may fail if spectra are dominated by X-
ray fluorescence peaks of the sample material.
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Thank you for your attention
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Efftran Transfer data model >> correction 
function 

Applied to low and high-energy dual efficiency curve
22

EFFTRAN Computation
Actual Sample ↔ Reference Sample

E1  CF(E1)
E2  CF(E2)
E3  CF(E3)
E4  CF(E4)
….
En  CF(En)

• ln(𝐶𝐶𝐶𝐶(ln(𝐸𝐸)) = ∑𝑘𝑘=0𝑛𝑛 𝐶𝐶𝑘𝑘 ln(𝐸𝐸)𝑘𝑘

Spectrum (cam file data)

Ln εref 𝐸𝐸 = �
𝑘𝑘=0

𝑛𝑛

𝐴𝐴𝑘𝑘ln(𝐸𝐸)𝑘𝑘

Ln εcorr 𝐸𝐸 = �
𝑘𝑘=0

𝑛𝑛

(𝐴𝐴𝑘𝑘+𝑪𝑪𝒌𝒌)ln(𝐸𝐸)𝑘𝑘

εsam= εref  CF
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Cutshall Attenuation Correction Procedures 
(two times wrong = right ?)
• N.H. Cutshall, correction for 210Pb in sediments (1981)
• Near field (wide angle)

Sample

60 
mm

35 
mm

Detector crystal

𝐶𝐶𝐶𝐶 𝐴𝐴𝐴𝐴 =
−ln(𝐴𝐴)
1 − 𝐴𝐴

Sediment sample in 
pillbox (20mm heigh at 
different diameters; 
50mm, 60mm,  90mm)
Cutshall relative to air
On a 60mm x 60mm
detector
But bias is limited!

Source

Needs parallel beam of 
gamma-rays !

Fan beam of gamma-rays

Correction only valid for far 
field geometry !

Near field 
geometry
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