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DeSIs (Dosimetry Simulation Instrumentation)

• Members : 4 (lecturer-)researchers, 3 engineers-technicians, 1 Post-Doc, 3 PhD

• Applied nuclear physics:

   MC softwares benchmarking/intercomparison

   radiation protection & dosimetry  

   nuclear measurements  
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GATE @ DeSIs-IPHC

• MC softwares benchmarking/intercomparison

 - Neutron production in hadrontherapy   

 - Neutron activation around particle accelerators   

• Radiation protection

 - Skin dose calculations in breast radiotherapy   

 - In/Out-of-field dose calculations in hadrontherapy

 - Patient and staff dosimetry in interventional radiology  

• Nuclear measurements

 - Neutron field mapping 

 - Machine learning algorithm for gamma spectrometry
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MC softwares
benchmarking/intercomparison



Neutron production in hadrontherapy

• EURADOS task group “Monte Carlo comparison in hadrontherapy”

• Protons interac@ng with beamline and pa@ent crea@ng secondary neutrons: 
- high-energy neutrons created by intra-nuclear cascades (up to proton energy)
- fast neutrons evaporated by excited nuclei (few MeV)
- thermal neutrons by slowing down during collisions (0.25 eV)

• MC codes use different physics libraries (TENDL, JEFF, …), as well as nuclear models

Target volume

Water phantom (PMMA walls)

5

Courtesy from Luka Parasicek



Neutron production in hadrontherapy

• EURADOS task group “Monte Carlo comparison in hadrontherapy”

• Protons interacting with beamline and patient creating secondary neutrons: 
- high-energy neutrons created by intra-nuclear cascades (up to proton energy)
- fast neutrons evaporated by excited nuclei (few MeV)
- thermal neutrons by slowing down during collisions (0.25 eV)

• MC codes use different physics libraries (TENDL, JEFF, …), as well as nuclear models

Target volume

Water phantom (PMMA walls)

Courtesy from Luka Parasicek
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Neutron activation

• Sim𝛃-AD project (BPI) about 𝛃-emiSers produced by cyclotron ac@va@on 
- calcula@on of neutron fields produced during cyclotron ac@vi@es   
- soVware development for ac@vated components inventory (𝛾/𝛽 ra@o)
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Neutron activation

• Sim𝛃-AD project (BPI) about 𝛃-emiSers produced by cyclotron ac@va@on 
- calcula@on of neutron fields produced during cyclotron ac@vi@es  
- soVware development for ac@vated components inventory (𝛾/𝛽 ra@o)
- Monte Carlo codes intercomparison
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Radiation Protection



Skin dose in breast RT

• Skin dose is a key issue to reduce side effects in breast RT…but s@ll hard to compute (TPS)

• Python/GATE framework for VMAT skin dose calcula@ons (2019)
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Now phase spaces for 
Varian True Beam

h<ps://doi.org/10.1016/j.ejmp.2019.04.012

https://doi.org/10.1016/j.ejmp.2019.04.012


Skin dose in breast RT

• Skin dose is a key issue to reduce side effects in breast RT…but s@ll hard to compute (TPS)

• Python/GATE framework for VMAT skin dose calcula@ons (Varian True Beam)

• Monte Carlo calcula@ons from deformed vector fields (DVF)-driven CT images
impacts of breast deforma.ons on skin dose distribu.on (clinical study)?
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Skin dose (70 𝜇m)



In/Out-of-field dose in hadrontherapy
• Measurements/calcula@ons of secondary par@cles from ion fragmenta@on 
• Parallel measurements of radiolysis effects (radiochemistry team (IPHC), S. Chefson PhD)
• Coupling of GATE (nuclear physics) and Geant4-DNA (radiolysis)
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In/Out-of-field dose in hadrontherapy
• Measurements/calcula@ons of secondary par@cles from ion fragmenta@on 
• Parallel measurements of radiolysis effects (radiochemistry team (IPHC), S. Chefson PhD)
• Coupling of GATE (nuclear physics) and Geant4-DNA (radiolysis)
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Bragg peak Fragments



In/Out-of-field dose in hadrontherapy
• CMOS tracking device for secondary protons detec@on (Lévana Gesson PhD):

- real-Ame beam posiAon reconstrucAon

- improve 4D treatments plans and reduce margins (respiratory movements)

• GATE simula@on on a clinical case to study the clinical feasibility 
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Patient & staff dosimetry in interventional radiology

• EURADOS task group “Organ dose in interven@onal radiology”

• Global experimental and MC comparison to beSer understand (and limit) variability of 
organ dose measurements/calcula@ons in IR :

   methodology for organ dose intercomparison 
   benchmark of Monte Carlo so<wares for organ dose calcula.ons
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Patient & staff dosimetry in interventional radiology

• EURADOS task group “Organ dose in interven@onal radiology”

• Global experimental and MC comparison to beSer understand (and limit) variability of 
organ dose measurements/calcula@ons in IR :

   methodology for organ dose intercomparison 
   benchmark of Monte Carlo so<wares for organ dose calcula.ons

• Development of a VR-soVware for radia@on protec@on training in IR (staff)
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Nuclear Measurements



Neutron fields
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• Development of a 4D (3D + real-@me) neutron mapping system 

• Measurements coupled with GATE 3D neutron fluence maps (data/MC cross-check)

Single use

No real-Ome

Time consuming 

Phys. Med. Biol. 59 (2014) 2747 J Farah et al

Figure 5. H∗(10) cartography inside the 75 MeV (left) and the 178 MeV treatment
rooms (right).

Table 2. Comparison of H∗(10) measurements with the Berthold, Wendi-2 and Hawk
counters.

75 MeV 178 MeV

Measurement Berthold) Wendi-2 Hawk Berthold Wendi-2 Hawk
point (µSv.Gy−1) (µSv.Gy−1) (µSv.Gy−1) (µSv.Gy−1) (µSv.Gy−1) (µSv.Gy−1)

1 26 23 30 185 195 165
2 13 13 16 110 129 110
3 7 8 7 – 335 –
4 4 4 3 – 155 –
5 12 13 14 230 255 241

while neutrons <50 keV only deposit 5% of the dose. At this energy range, the Berthold,
Wendi-2 and Hawk have a similar response, provided they are calibrated at the same energy
range. In addition, the highest H

∗
(10) levels were measured at the closest distances to the beam

line and for angles !90◦; namely position #1 for the 75 MeV and position #3 for the 178 MeV.
This is mainly due to the fact that neutrons with the lowest energies are emitted with high
angular deviations with respect to the beam line. The observation of an H

∗
(10) maximum at

such close positions could also be due to the contribution of secondary protons interacting in
the detectors or moderators (Trompier et al 2007). In addition, measured H

∗
(10) values show a

symmetrical distribution of neutrons around the beam line element since similar ambient dose
equivalent values were registered at points 2 and 5 located at ± 90◦ alongside the isocenter for
the 75 MeV proton beam. Finally, and although H∗(10) measurement positions were farther
for the 178 MeV beam when compared to the 75 MeV beam, the H

∗
(10) values were up to

∼100 times higher for the highest energy beam. This observation was expected since neutron
generation is directly proportional to the proton beam energy. H∗(10) cartography (normalized
to the proton dose (D) delivered to the SOBP plateau) within the treatment room was also
simulated in MCNPX. Figure 5 shows the simulation results which indicate that the main
generators of secondary neutrons are found at the level of the beam line elements (red color).

Next, simulated H
∗
(10) values were compared to the mean values measured by the three

instruments (cf figures 6(a) and (b)). Both measured and calculated H
∗
(10) were normalized to

the proton dose (DT) delivered to the SOBP plateau. Again simulations showed that H
∗
(10)/DT

values decrease as the distance to the isocenter increases and as the angular direction (θ )

2757

J. Farah, Phys. Med. Biol. 59 (2014)
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ML for gamma spectrometry
• Machine learning algorithms for automa@c data correc@on (background, screening, …)   

in gamma spectrometry
• Use of GATE to produce training database for various applica@on (drone-borne systems, 

beacons, …)
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ML for gamma spectrometry
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NaI (3’’x3’’) 

CZT (1cm3) 

• Machine learning algorithms for automa@c data correc@on (background, screening, …)    
in gamma spectrometry

• Use of GATE to produce training database for various applica@on (drone-borne systems, 
beacons, …)



Conclusion & Outlook

• Thanks to all GATE technical developers for maintaning/improving this nice tool !
• GATE ‘way of life’ enables easy calcula@ons for various applica@ons in radia@on protec@on 

and nuclear measurements

• Our on-going GATE to do list:
 - update documentaAon for Isotope definiAon (+ GATE10)

 - RadioacAve Ion Beam (RIB) benchmark
 - graphical user interface (à la Flair - hPps://flair.web.cern.ch/flair/) 
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