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Recap Spectroscopy

Google: investigation and measurement of spectra produced when matter interacts with
or emits electromagnetic radiation.
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Recap Spectroscopy - X-ray and Gamma wavelength

Google: investigation and measurement of spectra produced when matter interacts with
or emits electromagnetic radiation.
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Recap Spectroscopy - X-ray and Gamma wavelength

Google: investigation and measurement of spectra produced when matter interacts with
or emits electromagnetic radiation.
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Recap Spectroscopy - X-ray and Gamma wavelength

Google: investigation and measurement of spectra produced when matter interacts with
or emits electromagnetic radiation.

100 1073 100
1000 nanometer millimeter 1meter

103
1 kilometer

I nanomdgter

Radiat on Microwaves Radia waves
oy X-ray s Radi
Radiation ) Infrared adio waves
gamma UltEcL:J\\//K))let (IR) Radar long

’UW ' NN e

Short wavelength

Long wavelength

@ Journée de I'Axe Astrophysique 2023 felipe.fernandes@cea.fr



@ Journée de I'Axe Astrophysique 2023 felipe.fernandes@cea.fr

Recap Spectroscopy - X-ray and Gamma wavelength

Google: investigation and measurement of spectra produced when matter interacts with
or emits electromagnetic radiation.
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Detector and why Gamma Spectroscopy

e Caliste - CdTe
semiconductor crystal

e First developments for
astrophysical application

e Solar Orbiter
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Detector and why Gamma Spectroscopy

STIX Quick-look Light Curves
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Detector and why Gamma Spectroscopy

e From space
applications to
iIndustrial
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Detector and why Gamma Spectroscopy

Am?**Spectrum no attenuator
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Detector and why Gamma Spectroscopy
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Gamma Spectroscopy identification with CNN
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Acquisition info
#Am: 400 kBg
¥Ba: 3.7 MBq
Distance from detector: ~2cm
Amount of photons: 7E+05
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Gamma Spectroscopy identification with CNN
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Supervised - Classification
Training Data

Apple Banana
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Supervised - Classification
Training Data ML Algorithm

Apple Banana
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Supervised - Classification
Training Data ML Algorithm Model

Apple Banana
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Unseen and
unlabeled data
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Supervised - Classification

Training Data ML Algorithm Model Prediction
Banana
— o» M L —> Class: Banana
Unseen and
Photo from https://neurospace.io/blog/2020/08/what-is-supervised-learning/ unlabeled data

@ Journée de I'Axe Astrophysique 2023 felipe.fernandes@cea.fr 22



Supervised - Classification
Training Data ML Algorithm Model Prediction

Am 241 Monte Carlo DRM simulated
data, Relative intensity X energy (keV)

Cs 137 Monte Carlo DRM simulated data,
Relative intensity (log) X energy (keV)

0 400 600 800 1000
Energy (keV)

ﬁ Journée de I'Axe Astrophysique 2023 felipe.fernandes@cea.fr 23



Supervised - Classification - Train dataimportance
Training Data ML Algorithm Model Prediction
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wXper '"‘Ientq,

Issue of loss of accuracy in complex environments R
Shielded

Distance from detector: ~2cm
Amount photons: 5.9E+05 and 2.7E+02

Presence probabilty of radionuclides
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Spectra construction - non shielded case
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Proposed Solution

Mono energetic response
accelerating and optimizing MC output
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Proposed Solution

Mono energetic response simulgy;,

N

accelerating and optimizing MC output
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Proposed Solution

Mono energetic response

accelerating and optimizing MC output
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Proposed Solution ,
Mono energetic response - Response Matrix SiMulqg;,,

N
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Proposed Solution
Mono energetic response accelerating and optimizing MC output
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Proposed Solution

Mono energetic response accelerating and optimizing MC output
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Proposed Solution
Physical modelization - Light matter interacions

" Neural Network |
.II:‘": ! ..
2R . : P ~
' Output / Final Output '
Simulation

\_Detector Response |
P e 4 Output h 1 NPy Input to
Input Catalogue : L1 g train
e e ] TV G e > o
— B —— 5 TR Detected
-Ri‘lj;[r:?:tr::e- Nucleide Lara Photons' energy emission MU“'FL';;JGUO" Simulated SpeCtdrc'IID
' ' AN raysas PDFs  / Theoretical Spectra mode
PDF
Detector ~
' Attenuation - 2 Response /N
Simulation OEtPUt S _ Matrix A - %

AT E R Shield '.' = re=sr=
. Shield Material thickness Xraylib Photons' energy PDFs
- . " Python library \_ After attenuation

"/-Input Attenuation Parameters |

@ Journée de I'Axe Astrophysique 2023 felipe.fernandes@cea.fr



Proposed Solution

Physical modelization - Spectrum resuit 5imu'°tio,,
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Proposed Solution

Physical modelization - Spectrum resulit siMmulqy;,,
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PDF detected spectrum of a 13/Cs source
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Results
22IAM behind 2 mm of lead
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¥7Cs and **Am behind 42 mm of copper
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Conclusions and further applications

Training data proved to solve some
attenuation issues

No performance was lost

Artificial data generation achieved prior
objective
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Conclusions and further applications

Training data proved to solve some - Other applications
attenuation issues . Imaging

No performance was lost

Artificial data generation achieved prior
objective
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Conclusions and further applications

- Training data proved to solve some - Other applications

attenuation issues - Imaging

- Faster Detector Response Matrix compared with MC

- No performance was lost

- Artificial data generation achieved prior
objective
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Conclusions and further applications

- Training data proved to solve some - Other applications

attenuation issues . Imaging
- Faster Detector Response Matrix compared with MC
- Spectrum Reconstruction

- Etc..

- No performance was lost

- Artificial data generation achieved prior
objective
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