
Tasinato Lucas1, Tisseur David2, Kuntz Florent1, Arbor Nicolas3, Lyoussi Abdallah2
 1 Aerial-CRT, 250 Rue Laurent Fries, 67400 Illkirch Graffenstaden, France 

2 CEA, DES, IRESNE, DER, Cadarache F-13108, Saint-Paul-Lez-Durance, 13108, France 
3 Université́ de Strasbourg, IPHC, 23 rue du Loess, 67037 Strasbourg, France 

Development of a method for the spectral characterization 
of bremsstrahlung photons produced by electron 

accelerators

12/05/2026  - GATE Scientific Meeting 1



2

1. Elements of context

■ A few words about Aerial … a Center of Resource and Technology (CRT)

■ A unique platform dedicated to R&D, education and training on radiation processing : 

■ High Energy E-beam and X-rays :
Ø 10 MV electron beam
Ø 5 & 7 MV X-ray beam

■ AIEA collaborating center since 2016

Mul$disciplinary team of around 40
engineers/technicians working on
issues related to physics, biology, and
the agri-food sector.

Center of excellence for ionizing radia$on
processing. Support for industry: applied
research, exper5se, and training.

Some examples of applica$ons:
steriliza$on of medical devices, food
irradia$on, improvement of polymer
proper$es, coloring of gemstones…
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1. Elements of context
■ The Importance of Monitoring the Bremsstrahlung Spectrum in Radiation Processing :
■ Control the dose deposited in products 
■ Control activation risks, with an energy limit of E = 7.5 MeV 
■ Improve simulation accuracy 

■ Indirect characterization methods as alternatives to direct methods :
■ Direct methods are limited because of the pulsed nature of accelerators and the very high dose rates.

■ PhD Objectives:

Development of an online spectral characterization method for Bremsstrahlung photons produced by
an electron accelerator. The approach is based on solving an inverse problem that enables the
reconstruction of the incident Bremsstrahlung spectrum from a measured depth-dose profile.
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2. Reconstruction of the Bremsstrahlung spectrum from 
dose measurements

■ The relaFonship between the spectrum and the dose distribuFon:

The measured depth dose is a linear combina9on of the dose
profiles corresponding to each energy group, weighted by their
respec9ve intensi9es in the spectrum.
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3. Development of a Deep Learning approach 

?

The advantage of the Wasserstein distance, in our context,
is that it allows us to quan9fy the realism of our
predic9ons is.

The Wasserstein distance : A measure of the minimum
amount of work required to transport the exceeding
intensity from my predicted spectrum distribu9on to the
theore9cal spectrum distribu9on

§ A hybrid parametric/full spectrum architecture trained on a Wasserstein distance loss : 

Step 1 : Emax predictor

è Classifica-on neural network 

dose Emax prédit

Emax

Step 2 : Spectre_predictor

è Using a convolu-onal neural network

dose

Spectrum

Emax
+

Step 3 : CriRc ~ Wasserstein

è Mul- layer perceptron 

Spectrum Score 
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§ ValidaFon on syntheFc data
§ Improved unfolding efficiency

§ Improved regularizaFon capacity with perturbaFon (noise, electron contaminaFon,…) 
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3. Development of a Deep Learning approach 
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4. Experimental reconstruction
■ Reconstruction of the Varian TrueBeam 6MV spectrum from ICANS:
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■ Reconstruction of feerix spectrum
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■ Conclusion :
■ We have developed a new neural network–based approach to accurately unfold spectra from depth-

dose measurements even in the presence of perturbaRon in the measured depth dose distribuRon.
■ The method was successfully validated on experimental measurements both at the ICANS facility and

in feerix. The device developed to measure the depth dose in Feerix is compaRble with most of
Aerial’s constraints, being compact, user-friendly, and requiring minimal handling.

■ GATE 9.3 and 10 played a key role in enabling the precise modeling of both ICANS’ and Feerix’s
plaaorms, leading to accurate unfolding of bremsstrahlung photons.
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5. Conclusion and perspectives 

■ PerspecFves :
■ We have begun implemenRng the same method to reconstruct electron

spectra from depth-dose measurements using an aluminum wedge.
■ A setup compaRble with measurement-only has also been tested in feerix.

Its limitaRons are mainly due to response calibraRon and scinRllator wear,
which may cause variaRons in the response over Rme.
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■ Step 1: Building a realisRc dataset (Spectre – Dose)
StarRng point: SensiRvity analysis of the spectrum generated by the Feerix facility.

Ø Simula$on of the X-ray spectrum generated by Feerix
by varying the shape of the electron spectrum and the
thickness and density of the conversion target.

Ø Adjustment of the spectra using a parametric func$on 𝑆 that
accounts for the energy maximum of the spectrum.
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Ø We then use these spectra to derive a parametric
func$on that allows us to adjust each of them.

Annexe 1 : Dataset generation
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■ Step 1: Building a realisRc dataset (Spectre – Dose)

Ø Based on the sensi9vity analysis, we can define the range of parameter varia9ons to reproduce the condi9ons
at Feerix.

Ø By randomly and uniformly selec9ng parameters within these ranges, we can generate a realis9c dataset that
captures the varia9ons at Feerix. The dose deposit associated with each random spectrum is calculated using
the response matrix:	𝑑 = 𝑀𝑠.

bin0 α β p q Ecut Emax

[0,02-0,03] [0,35-0,65] [2,87-5,38] [1,96-3,64] [0,53-0,99] [3,9-7,4] [5,6-8,5]

For instance, 100 000 spectra
and corresponding doses can
be generated in ~ 10 s:

Annexe 1 : Dataset generation
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Annexe 2 : Electron contamination
 


