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Extended Summary

technologies have become integral to modern society. Today, they sup-

port a wide range of applications, from fundamental research and energy
production to medical diagnostics, cancer therapy, industrial quality control, and
product sterilization. However, as with any technology, nuclear technologies also
come with inherent risks and challenges. The nuclear weapon detonations in
Hiroshima and Nagasaki, as well as severe nuclear accidents such as those in
Chernobyl and Fukushima, have demonstrated the devastating consequences of
large-scale radioactive contamination, posing serious health risks to affected pop-
ulations [2]]. In response to such radiological emergencies, decision-makers must
implement effective measures to protect the afflicted population. Yet actions like
evacuations can have profound public health, social, and economic repercussions
[B]. Therefore, to effectively minimize harm to the population, the protective
actions must be carefully aligned with the radiological risk. To reach that goal,
authorities require a fast and reliable assessment of the radiological situation.

The method of choice for this purpose is Airborne Gamma-Ray Spectrome-
try (AGRS), which enables the localization, identification, and quantification of
terrestrial gamma-ray sources across O(10%) m? within O(10?) min using large-
volume gamma-ray spectrometers mounted on aircraft. This unique capability
makes AGRS not only essential for emergency response but also for a wide range
of other applications, including nuclear security, nuclear non-proliferation, geo-
logical mapping, mineral exploration, and environmental monitoring [4H6]. The
accuracy and sensitivity of AGRS systems rely heavily on the adopted calibration
and data evaluation protocols. The International Atomic Energy Agency (IAEA)
has standardized these methods in two technical reports ][7} , which combine
simplified physics models with empirical calibration.

While effective, these methods have critical limitations. Current empirical cali-
bration methods are restricted to only a few radionuclide sources. Comprehensive
calibration can require up to 5d to cover all relevant source-detector configura-
tions and often involves high costs for source preparation and decommissioning
[OHLT]. Additionally, these methods are subject to significant systematic uncer-
tainties, primarily originating from varying radiation backgrounds and necessary
analytical corrections. The underlying physics models, on the other hand, are reli-
able only for photon energies > 400 keV, further limiting the radionuclide sources

BUILDING on decades of scientific and engineering advancements, nuclear
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that can be calibrated [[7] [8]. Moreover, these models are restricted to narrow
spectral bands, which greatly reduces the AGRS sensitivity by excluding much of
the available information encoded in the pulse-height spectra [13].

These limitations in current AGRS calibration and data evaluation proto-
cols significantly compromise the quality and reliability of radiological assess-
ments in emergency response scenarios. This became particularly evident in the
Fukushima accident, where the current restrictions in AGRS severely hindered ac-
curate risk assessment and effective response [[14]. This in turn led to unintended
negative health effects for the public, such as loss of life during evacuations and
increased mortality during long-term displacements among the most vulnerable
individuals. Improving the current calibration and data evaluation protocols in
AGRS to address the discussed limitations in the capabilities of AGRS systems is
therefore of immediate relevance and importance for public safety.

SCOPE The main scope of this was to overcome the limitations
of the calibration and data evaluation methods currently employed in AGRS
to allow the quantification of any gamma-ray emitting radionuclides relevant
in radiological emergencies. This was achieved by developing and validating a
novel Monte Carlo based full spectrum methodology for AGRS. This methodology
features four key innovations:

INNOVATION |  To overcome the limitation in empirical calibration discussed
above, the proposed AGRS methodology adopts a numerical approach for system
calibration rather than relying on empirical methods. This involves performing
high-fidelity Monte Carlo simulations on high-performance computer clusters us-
ing the multi-purpose Monte Carlo code FLUKA combined with the graphical
interface FLAIR [[16]. Unlike previous studies, the Monte Carlo model integrates a
detailed mass model of the detector system, aircraft, and environment, enabling,
for the first time, the accurate numerical prediction of the full spectrum response
of AGRS systems to arbitrarily complex gamma-ray fields across the full solid
angle. This was demonstrated through extensive radiation measurements using
natural and anthropogenic radionuclide sources (K, 57Co, 0Co, 88Y, 109Cq,
187Cs, 133Ba, and '%2Eu) with the fully integrated Swiss AGRS system, conducted
under a range of laboratory and field conditions [18]. The model predictions
demonstrated excellent agreement with the radiation measurements, showing
median relative deviations <10 % across the full energy range of the spectrometer
from ~50keV to ~3MeV. These results highlight that the developed numerical
methodology not only effectively addresses the significant deficiencies of previ-
ous approaches (reducing relative errors by factor >20, from >200 % to <10 %)
0], but also achieves, for the first time, the accuracy and precision necessary
to supersede traditional empirical calibration methods currently in use in AGRS
(ten-fold improvement). This marks a major advancement in AGRS. The devel-
oped methodology not only allows for the full spectrum numerical calibration
of any gamma-ray source with an unprecedented level of accuracy, but also re-
duces calibration time and costs, minimizes reliance on high-intensity calibration
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sources, and eliminates the generation of related radioactive waste.

INNOVATION Il Most AGRS spectrometers, including the Swiss AGRS sys-
tem used to validate the numerical calibration framework presented above, rely
on large-volume Nal(T1) inorganic scintillator crystals. For such crystals, the non-
proportional scintillation response of Nal(Tl) can introduce systematic spectral
biases O(10%) eV, which are inherent in traditional Monte Carlo models . Since
the non-proportional scintillation response of each spectrometer is unique [21]),
we developed a novel empirical method to probe non-proportional scintillation
physics in inorganic scintillators by combining gamma-ray spectrometry with
Bayesian inference and a custom machine-learning-trained vector-valued poly-
nomial chaos expansion emulator [22]. Applying this new method to Nal(TI)
scintillators provided the first conclusive evidence that the distinct spectral shifts
of the Compton edges observed by previous investigators are the result of the
scintillation non-proportionality. On a practical level, this new probing technique
enables the calibration of non-proportional scintillation physics models (NPSMs)
for Monte Carlo simulations, thereby overcoming the systematic spectral biases
inherent in traditional Monte Carlo models. This was demonstrated through
a series of laboratory-based radiation measurements using radionuclide point
sources. Due to the broad applicability of the adopted NPSM, this methodology—
originally developed for gamma-ray spectrometry—can be adapted to any com-
bination of inorganic scintillators and ionizing radiation fields. This extends its
utility to areas such as dark matter research , material sciences , and
total absorption spectroscopy [26]. Moreover, in contrast to existing methods, it
does not require any additional measurement equipment and can also be used
during detector deployment, which is especially attractive for space missions
and remote sensing applications [28]. The originality and broad relevance of
this innovation make it a key highlight of this dissertation, as evidenced by its
publication in|Nature Communications}

INNOVATION Il While the Monte Carlo based full spectrum modeling ap-
proach for AGRS systems has proven superior to traditional empirical meth-
ods, its feasibility for integration into routine AGRS spectral analysis pipelines
had to be demonstrated, with the associated computational cost posing the
primary challenge. To achieve the required precision, a Monte Carlo simula-
tion of a single spectral signature requires a characteristic computation time
of Aty = O(10%) core-hours on a medium-sized computer cluster, such as the
one used in this dissertation. Moreover, due to the inherent variability in the
source-detector configurations as well as the various changes in the atmospheric
and terrestrial properties during a survey flight, spectral signatures need to
be predicted for each recorded pulse-height spectrum and each gamma-ray
source of interest. As a result, the number of model evaluations necessary
for the analysis of a typical AGRS survey flight with N,... = O(10%) recorded

spec
spectra and N, = O(10') gamma-ray sources of interest is in the order of

NgNopecAbyie = O(10%) core-hours. Given these numbers, it is evident that
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calibrating AGRS systems for extended AGRS surveys using brute-force Monte
Carlo simulations becomes computationally prohibitive with the currently avail-
able cluster infrastructure. To resolve this limitation in Monte Carlo simulations,
this dissertation proposes a surrogate convolution approach, inspired by related
applications in astrophysics and planetary science [34436]. By leverag-
ing array programming, this surrogate convolution model accelerates brute-force
Monte Carlo simulations by a factor of O(10°), allowing evaluations on a local
workstation in O(1)s per spectral signature. When compared with the high-
fidelity Monte Carlo model for the Swiss AGRS system across selected source-
detector configurations, the surrogate method achieved excellent accuracy, with
a median relative deviation <6 % over the full energy range of the spectrometer
from ~50keV to ~3MeV. With this, we have demonstrated that Monte Carlo
based full spectrum modeling, accelerated by surrogate convolution models, can
achieve not only the required accuracy and precision but also the computational
efficiency needed to supersede current empirical-based calibration methods.

INNOVATION IV  Sinceno data evaluation framework currently exists to incor-
porate the newly developed surrogate convolution models for AGRS applications,
itbecame apparent that a new data evaluation approach is required to fully exploit
the capabilities of the Monte Carlo based full spectrum modeling approach. For
that purpose, this dissertation introduces a novel full spectrum analysis method-
ology to perform accurate quantification of arbitrary gamma-ray fields by AGRS.
This methodology integrates the newly developed numerical models discussed
above within a Bayesian inference framework. Unlike traditional spectral anal-
ysis methods, this new framework allows for the quantification of any type and
number of gamma-ray sources, including those with photon energies <400 keV
and source vector dimensions >5. Validation with the Swiss AGRS system using
a series of field measurements demonstrated excellent accuracy and precision in
quantifying the source strengths of deployed radionuclide sources with relative
errors <2 % for a measurement time of 1 s. This represents a ten-fold improvement
in accuracy compared to traditional methods. Additionally, leveraging the Monte
Carlo based approach, this method extends the capability of AGRS to quan-
tify not only terrestrial gamma-ray sources but also atmospheric ones, including
radon and cosmic-ray-induced backgrounds. This was demonstrated in a series
of geophysical survey flights conducted in Switzerland and over the North Sea,
providing the first comprehensive quantification of the secondary cosmic-ray flux
and radon progeny activity concentrations in the lower atmosphere at altitudes
ranging from ~30m to #2500 m. The flights revealed a potential enhancement
of radon levels over the Swiss Alps and indicated that existing best-estimate
numerical models tend to increasingly underestimate the secondary cosmic-ray
flux at latitudes closer to the poles. This latter finding is particularly important,
as it not only advances our understanding in geophysics but also has practical
implications for refining aviation dose calculations, which depend on accurate
predictions of the secondary cosmic-ray flux in the atmosphere.
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CONCLUSION  In conclusion, the Monte Carlo based full spectrum modeling
approach developed and validated in this dissertation marks a major advance-
ment in AGRS. The presented methodology not only significantly enhances de-
tection accuracy and sensitivity but more importantly also substantially broadens
the operational capabilities of AGRS systems in emergency response to radio-
logical incidents like severe nuclear accidents and nuclear weapon detonations.
Moreover, these advancements offer promising new capabilities for AGRS appli-
cations beyond emergency response, including advancing geophysical research,
nuclear security and mineral exploration, among others. The Swiss nuclear regu-
lator has recognized the importance of this innovation, committing funding for its
integration into the routine evaluation protocols of the Swiss AGRS system. The
ongoing close collaboration with over ten AGRS teams worldwide, alongside the
publication of a comprehensive[monograph|that synthesizes the developed Monte
Carlo-based full spectrum modeling approach, ensures that the work presented
in this dissertation benefits global AGRS missions. By providing a paradigm
shift in calibration and data analysis, this work contributes to the establishment
of a new international standard for AGRS, ultimately supporting better-informed
protective actions and reducing health risks during radiological emergencies on
a global scale.

Extended Summary | David Breitenmoser 519


https://doi.org/10.48550/arXiv.2411.02606

References

[1]

D. Breitenmoser. “Towards Monte Carlo Based Full Spectrum Modeling
of Airborne Gamma-Ray Spectrometry Systems”. Doctoral Thesis. ETH
Zurich, (2024). por:[10.3929/ethz-b-000694094]

UNSCEAR. “Report Volume II: Sources and Effects of Ionizing Radiation”.
United Nations (2020).

International Atomic Energy Agency (IAEA). “The Fukushima Daiichi
Accident”. Non-serial Publications (2015).

D. Connor, P. G. Martin, and T. B. Scott. “Airborne Radiation Mapping;:
Overview and Application of Current and Future Aerial Systems”. Interna-
tional Journal of Remote Sensing 37 por:(10.1080/01431161.2016.12562474]
(2016).

F.Li, Z. Cheng, C. Tian, H. Xiao, M. Zhang, and L. Ge. “Progress in Recent
Airborne Gamma Ray Spectrometry Measurement Technology”. Applied
Spectroscopy Reviews 56 por:[10.1080/05704928.2020.1768107|(2020).

K. A. Pradeep Kumar, G. A. Shanmugha Sundaram, B. K. Sharma, S.
Venkatesh, and R. Thiruvengadathan. “Advances in Gamma Radiation
Detection Systems for Emergency Radiation Monitoring”. Nuclear Engi-
neering and Technology 52 por:[10.1016/j.net.2020.03.014/(2020).

G. Erdi-Krausz, M. Matolin, B. Minty, J.-P. Nicolet, W. S. Reford, and E.
Schetselaar. “Guidelines for Radioelement Mapping Using Gamma Ray
Spectrometry Data, TECDOC No. 1363”. International Atomic Energy Agency
(2003).

A.Y. Smith, R. L. Grasty, H. Mellander, and M. Parker. “Airborne Gamma
Ray Spectrometer Surveying, Technical Reports Series No. 323”. Interna-
tional Atomic Energy Agency (1991).

B. H. Dickson, R. C. Bailey, and R. L. Grasty. “Utilizing Multi-Channel
Airborne Gamma-Ray Spectra”. Canadian Journal of Earth Sciences 18 por:
[10.1139/E81-167](1981).

Extended Summary | David Breitenmoser 6|9


https://doi.org/10.3929/ethz-b-000694094
https://doi.org/10.1080/01431161.2016.1252474
https://doi.org/10.1080/05704928.2020.1768107
https://doi.org/10.1016/j.net.2020.03.014
https://doi.org/10.1139/E81-167

(21]

R. L. Grasty, P. B. Holman, and Y. B. Blanchard. “Transportable Calibration
Pads for Ground and Airborne Gamma-Ray Spectrometers”. Geological
Survey of Canada 90 por:[10.4095/132237|(1991).

B. R. S. Minty, M. P. Morse, and L. M. Richardson. “Portable Calibration
Sources For Airborne Gamma-ray Spectrometers”. Exploration Geophysics
21 por:[10. 1071/EG990187] (1990).

P. H. Hendriks, J. Limburg, and R. J. De Meijer. “Full-Spectrum Analysis
of Natural y-Ray Spectra”. Journal of Environmental Radioactivity 53 por:
[10.1016/S0265-931X(00) 00142-9|(2001).

R. L. Grasty, J. E. Glynn, and J. A. Grant. “The Analysis of Multichannel
Airborne Gamma-ray Spectra”. GEOPHYSICS 50 por:{10.1190/1. 1441886
(1985).

C.Lyons and D. Colton. “Aerial Measuring System in Japan”. Health Physics
102 por:[10.1097/HP.0b013e31824d0056|(2012).

C. Ahdida et al. “New Capabilities of the FLUKA Multi-Purpose Code”.
Frontiers in Physics 9 por:[10.3389/fphy . 2021 .788253|(2022).

V. Vlachoudis. “Flair: A Powerful but User Friendly Graphical Interface for
FLUKA”. International Conference on Mathematics, Computational Methods &
Reactor Physics (M&C 2009)  (2009).

D. Breitenmoser, G. Butterweck, M. M. Kasprzak, E. G. Yukihara, and S.
Mayer. “Experimental and Simulated Spectral Gamma-Ray Response of a
Nal(T1) Scintillation Detector Used in Airborne Gamma-Ray Spectrome-
try”. Advances in Geosciences 57 por:[10.5194/ADGEO-57-89-2022((2022).

D. Breitenmoser, A. Stabilini, M. M. Kasprzak, and S. Mayer. Development
and Validation of a High-Fidelity Full-Spectrum Monte Carlo Model for the Swiss
Airborne Gamma-Ray Spectrometry System. (2025). por: 10 . 48550/ arXiv .|

Pre-published.

J. D. Allyson and D. C. Sanderson. “Monte Carlo Simulation of Environ-
mental Airborne Gamma-Spectrometry”. Journal of Environmental Radioac-
tivity 38 por:[10.1016/S0265-931X (97) 00040-4{ (1998).

J. A. Kulisek, R. S. Wittman, E. A. Miller, W. J. Kernan, J. D. McCall,
R. J. McConn, J. E. Schweppe, C. E. Seifert, S. C. Stave, and T. N. Stewart.
“A 3D Simulation Look-up Library for Real-Time Airborne Gamma-Ray
Spectroscopy”. Nuclear Instruments and Methods in Physics Research, Section
A: Accelerators, Spectrometers, Detectors and Associated Equipment 879 por:
[10.1016/j.nima.2017.10.030](2018).

G. Hull, W. S. Choong, W. W. Moses, G. Bizarri, ]J. D. Valentine, S. A.
Payne, N.]. Cherepy, and B. W. Reutter. “Measurements of Nal(T1) Electron

Extended Summary | David Breitenmoser 719


https://doi.org/10.4095/132237
https://doi.org/10.1071/EG990187
https://doi.org/10.1016/S0265-931X(00)00142-9
https://doi.org/10.1190/1.1441886
https://doi.org/10.1097/HP.0b013e31824d0056
https://doi.org/10.3389/fphy.2021.788253
https://doi.org/10.5194/ADGEO-57-89-2022
https://doi.org/10.48550/arXiv.2502.02102
https://doi.org/10.48550/arXiv.2502.02102
https://doi.org/10.1016/S0265-931X(97)00040-4
https://doi.org/10.1016/j.nima.2017.10.030

Response: Comparison of Different Samples”. IEEE Transactions on Nuclear
Science 56 por:[10. 1109/TNS . 2008 . 2009876| (2009).

D. Breitenmoser, F. Cerutti, G. Butterweck, M. M. Kasprzak, and S. Mayer.
“Emulator-Based Bayesian Inference on Non-Proportional Scintillation
Models by Compton-Edge Probing”. Nature Communications 14 por: [10 ]
[1038/s41467-023-42574-y|(2023).

R. Bernabei, P. Belli, F. Cappella, R. Cerulli, C. J. Dai, A. D’Angelo, H. L.
He, A. Incicchitti, H. H. Kuang, J. M. Ma, F. Montecchia, F. Nozzoli, D.
Prosperi, X. D. Sheng, and Z. P. Ye. “First Results from DAMA /LIBRA and
the Combined Results with DAMA /Nal”. The European Physical Journal C
56 por: |1O . 1140/EPJC/S10052-008-0662-Y| (2008).

G. Adhikari et al. “An Experiment to Search for Dark-Matter Interactions
Using Sodium lodide Detectors”. Nature 564 por:(10.1038/s41586-018-|

[0739-1)(2018).

C. Dujardin, E. Auffray, E. Bourret-Courchesne, P. Dorenbos, P. Lecoq, M.
Nikl, A. N. Vasil’Ev, A. Yoshikawa, and R. Y. Zhu. “Needs, Trends, and
Advances in Inorganic Scintillators”. IEEE Transactions on Nuclear Science
65 por:[10. 1109/TNS . 2018 2840160] (2018).

D. Cano-Ott, J. L. Tain, A. Gadea, B. Rubio, L. Batist, M. Karny, and E.
Roeckl. “Monte Carlo Simulation of the Response of a Large Nal(Tl)Total
Absorption Spectrometer for f-Decay Studies”. Nuclear Instruments and
Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment 430 por: [10 . 1016 /50168 -9002(99) 00217 - X|
(1999).

D. J. Lawrence, W. C. Feldman, B. L. Barraclough, A. B. Binder, R. C.
Elphic, S. Maurice, and D. R. Thomsen. “Global Elemental Maps of the
Moon: The Lunar Prospector Gamma-Ray Spectrometer”. Science 281 por:
[10.1126/science.281.5382.1484](1998).

J. L. Trombka, S. W. Squyres, J. Bruckner, W. V. Boynton, R. C. Reedy, T. J.
McCoy, P. Gorenstein, L. G. Evans, J. R. Arnold, R. D. Starr, L. R. Nittler,
M. E. Murphy, I. Mikheeva, J. McNutt, T. P. McClanahan, E. McCartney,
J. O. Goldsten, R. E. Gold, S. R. Floyd, P. E. Clark, T. H. Burbine, J. S.
Bhangoo, S. H. Bailey, and M. Petaev. “The Elemental Composition of
Asteroid 433 Eros: Results of the NEAR-Shoemaker x-Ray Spectrometer”.
Science 289 por: |10 .1126/science.289.5487. 2101| (2000).

M. Ackermann et al. “THE FERMI LARGE AREA TELESCOPE ON ORBIT:
EVENT CLASSIFICATION, INSTRUMENT RESPONSE FUNCTIONS, AND
CALIBRATION". The Astrophysical Journal Supplement Series 203 por:
[£088/0067-0049/203/1/4](2012).

Extended Summary | David Breitenmoser 819


https://doi.org/10.1109/TNS.2008.2009876
https://doi.org/10.1038/s41467-023-42574-y
https://doi.org/10.1038/s41467-023-42574-y
https://doi.org/10.1140/EPJC/S10052-008-0662-Y
https://doi.org/10.1038/s41586-018-0739-1
https://doi.org/10.1038/s41586-018-0739-1
https://doi.org/10.1109/TNS.2018.2840160
https://doi.org/10.1016/S0168-9002(99)00217-X
https://doi.org/10.1126/science.281.5382.1484
https://doi.org/10.1126/science.289.5487.2101
https://doi.org/10.1088/0067-0049/203/1/4
https://doi.org/10.1088/0067-0049/203/1/4

[30]

[31]

(32]

(33]

[34]

J. S. Kaastra and J. A. M. Bleeker. “Optimal Binning of X-ray Spectra and
Response Matrix Design”. Astronomy & Astrophysics 587 por:
[0004-6361/201527395((2016).

K. K. Duan, W. Jiang, Y. F. Liang, Z. Q. Shen, Z. L. Xu, Y. Z. Fan, F.
Gargano, S. Garrappa, D. Y. Guo, S. ]. Lei, X. Li, M. N. Mazziotta, M. F. M.
Salinas, M. Su, V. Vagelli, Q. Yuan, C. Yue, and S. Zimmer. “DmpIRFs and
DmpST: DAMPE Instrument Response Functions and Science Tools for
Gamma-Ray Data Analysis”. Research in Astronomy and Astrophysics 19 por:
[10.1088/1674-4527/19/9/132((2019).

Q. Luo, J. Y. Liao, X. F. Li, G. Li, J. Zhang, C. Z. Liu, X. B. Li, Y. Zhu,
C. K. Li, Y. Huang, M. Y. Ge, Y. P. Xu, Z. W. Lj, C. Cai, S. Xiao, Q. B. Yi,
Y. F. Zhang, S. L. Xiong, S. Zhang, and S. N. Zhang. “Calibration of the
Instrumental Response of Insight-HXMT/HE Csl Detectors for Gamma-

Ray Monitoring”. Journal of High Energy Astrophysics 27 por:
[JHEAP . 2020. 04004 (2020).

A. W. Chen et al. “Calibration of AGILE-GRID with in-Flight Data and
Monte Carlo Simulations”. Astronomy & Astrophysics 558 por:
[0004-6361/201321767] (2013).

R. C. Reedy, J. R. Arnold, and J. I. Trombka. “Expected y Ray Emission
Spectra from the Lunar Surface as a Function of Chemical Composition”.
Journal of Geophysical Research 78 por:[10.1029/3jb0781026p05847|(1973).

D. J. Lawrence, W. C. Feldman, J. O. Goldsten, T. ]. McCoy, D. T. Blewett,
W. V. Boynton, L. G. Evans, L. R. Nittler, E. A. Rhodes, and S. C. Solomon.
“Identification and Measurement of Neutron-Absorbing Elements on Mer-
cury’s Surface”. Icarus 209 por:[10.1016/j . icarus.2010.04.005/(2010).

T. H. Prettyman, W. C. Feldman, H. Y. McSween, R. D. Dingler, D. C. Ene-
mark, D. E. Patrick, S. A. Storms, J. S. Hendricks, J. P. Morgenthaler, K. M.
Pitman, and R. C. Reedy. “Dawn’s Gamma Ray and Neutron Detector”.
Space Science Reviews 163 por:[10.1007/s11214-011-9862-0|(2011).

Extended Summary | David Breitenmoser 919


https://doi.org/10.1051/0004-6361/201527395
https://doi.org/10.1051/0004-6361/201527395
https://doi.org/10.1088/1674-4527/19/9/132
https://doi.org/10.1016/J.JHEAP.2020.04.004
https://doi.org/10.1016/J.JHEAP.2020.04.004
https://doi.org/10.1051/0004-6361/201321767
https://doi.org/10.1051/0004-6361/201321767
https://doi.org/10.1029/jb078i026p05847
https://doi.org/10.1016/j.icarus.2010.04.005
https://doi.org/10.1007/s11214-011-9862-0

This dissertation focuses on improving Airborne Gamma-Ray Spectrometry (AGRS), a
critical tool in responding to radiological emergencies such as severe nuclear accidents or
nuclear weapon detonations. AGRS systems use large-scale gamma-ray spectrometers
mounted on aircraft to rapidly identify and quantify radiation hazards over extensive
areas, providing essential data to guide emergency response efforts.

Current AGRS calibration and data evaluation methods struggle to accurately quantify
many radioactive materials expected in radiological emergencies, limiting the risk assess-
ment and hence the effectiveness of emergency response actions. The goal of this work is
to address these challenges by developing and validating a novel Monte Carlo based full
spectrum modeling approach for the Swiss AGRS system.

The methodology features four key innovations: high-fidelity Monte Carlo simulations
that integrate detailed geometric representations of the aircraft and detector system; an
advanced physics model to characterize the spectrometer’s non-proportional scintillation

response; a surrogate model that replicates the Monte Carlo simulations with significantly
reduced computation time; and a new data evaluation method that leverages the
surrogate model within a Bayesian inversion framework, enabling the quantification of
any gamma-ray emitting radionuclide involved in radiological emergencies. These
models were rigorously validated under various laboratory and field conditions, demonst-
rating strong agreement between model predictions and radiation measurements.

In conclusion, this dissertation represents a significant advancement in AGRS calibration
and data evaluation. The developed methodology not only enhances detection accuracy
and sensitivity, but also significantly expands the operational capabilities of AGRS
systems during radiological incidents. These innovations lay the groundwork for impro-
ving AGRS practices in Switzerland and may contribute to establishing a new global
standard for AGRS systems, ultimately supporting better-informed protective actions and
reducing health risks during radiological emergencies.
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