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Airborne Gamma-Ray Spectrometry

Photo-

multiplier

Vibration 

damping

foam

4 x NaI(Tl) scintillation

crystal (10 x 10 x 40 cm3)

Challenge:  No identification & 

quantification of man-made sources

Scope:  Numerical calibration

by Monte Carlo methods
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D. Breitenmoser et al., “Experimental and Simulated Spectral Gamma-Ray Response of a NaI(Tl) Scintillation Detector 
used in Airborne Gamma-Ray Spectrometry” Advances in Geosciences 57, 89–107 (2022).
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P. A. Rodnyi, Physical Processes in Inorganic Scintillators 1st edn
(CRC Press, New York, USA, 1997).
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𝐿 𝑆|𝒙 ∝
1 − 𝑥𝑒/ℎ𝑒

𝑆
𝑥𝑂𝑛𝑠

𝑒
𝑥𝑇𝑟
𝑆

1 −
𝑆

𝑥𝐵𝑖𝑟𝑘𝑠

P. R. Beck et al., “Nonproportionality of Scintillator Detectors. V. 
Comparing the Gamma and Electron Response,” IEEE Trans. Nucl. Sci.
62(3), 1429–1436 (2015).

L: Relative light yield

S: Electronic stopping power 

x: Model parameters

P. A. Rodnyi, Physical Processes in Inorganic Scintillators 1st edn
(CRC Press, New York, USA, 1997).
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G. Hull et al., “Measurements of NaI(Tl) electron response: Comparison of different 
samples,” IEEE Trans. Nucl. Sci. 56(1), 331–336 (2009)
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G. Hull et al., “Measurements of NaI(Tl) electron response: Comparison of different 
samples,” IEEE Trans. Nucl. Sci. 56(1), 331–336 (2009)

System Modelx y

Forward Problem
Inverse Problem

Ill-posed problem: 

1) No solution guaranteed 

2) No unique solution 

guaranteed

3) Discontinuous solution 

possible

𝜋(𝑥|𝑦) =
ℒ(𝑥|𝑦)𝜋(𝑥)

׬ ℒ 𝑥 𝑦 𝜋 𝑥 𝑑𝑥

Bayesian Calibration

ℒ(𝑥|𝑦)

𝜋(𝑥)

Likelihood function

Prior probability density

L
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= 46 years

= 40 s

Machine Learning

PCE-PCA Model:

+ global sensitivity Sobol indices for free

+ Small prediction errors < 1%

+ excellent evaluation time ~100μs

E. Torre et al., “Data-driven polynomial chaos expansion for

machine learning regression“ Journal of Computational Physics 388, 601–623 (2019)
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Radiation Source

Mass Model

Measurement 

Set-Up

D. Breitenmoser et al., “Experimental and Simulated Spectral Gamma-Ray Response of a NaI(Tl) Scintillation Detector 
used in Airborne Gamma-Ray Spectrometry” Advances in Geosciences 57, 89–107 (2022).
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Detector Response Simulations

+ 7980 design

+ > 9000 CPU hours

+ 50 – 3000 keV

+ online non-proportional scintillation

+ rigorous uncertainty propagation

𝑅 𝐸, 𝐸′, 𝜑, 𝜃 [cm2]

Detector Response Function:

𝐸 photon energy keV

𝐸′ detected energy keV

𝜑 azimuth angle °

𝜃 polar angle °
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Energy Dispersion
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Angular Sensitivity
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Novel method: reliable, easy & appli-

cable during detector deployment

Thanks to sparse machine learning models:

very fast and global sensitivity analysis for free

Open source: You can have it!

AGRS: all the nuclides we want

Very important for radiation protection applications!

131I

137Cs
60Co

40K
232Th

238U

192Ir
152Eu

Can be used for any inorganic scintillator
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Thank you for your 

attention!

I’m happy to answer 

now your questions…

CollaborationFunding
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by the Swiss Federal Nuclear 
Safety Inspectorate ENSI, 
contract no. CTR00836.
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W. W. Moses et al., “The origins of scintillator non-proportionality,” IEEE Trans. Nucl. Sci., vol. 59, no. 5 PART 2, pp. 2038–2044, 2012.
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A Reference

B No room

(floor, walls, ceiling)

C No detector box

(casing, PMT, MCA, foam,…)

D No source materials

(disk, source holder, tripod)

E No additionals installations

(shelves, working bench, boiler)

F MgO reflector
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Detector Operators

DF antenna
RLL System

Front gear

Cockpit 

electronics

Cable cutter

Avionic & Hydraulic

MPAI

Turbines

Fan

Rotary head

Gearbox

Rotor blades

Support systems

(oil cooler, alternators,…)

Avionic

Escape door

Passengers

CAS

Fuel cells

Main gear

Modelling Principles

 High-fidelity modelling in near-

field around validated detector

 Simplified geometries in far-field

(overall mass density and opacity

preserved)

 Detailed elemental composition

for all materials

 Advanced quadric surfaces to fit 

complex aircraft hull

 Dynamic modelling of gears, crew

comp., fuel cells & rotor blades

Pilots

Instrument 

panels

Radar & 

battery
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1. Full energy peaks

2. True coincidence peak

3. Compton edges

4. Single-escape peaks

5. Double-escape peaks

6. Annihilation peak

7. Char. X-ray escape peak

8. Char. X-ray peak

9. Combined effects, e.g. 

annihilation & full energy peak
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Fig. A-1   Simulated spectral gamma-ray response for 

Co-60 with simple model (only 4 detector crystals in air)
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