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Aim : Detector prototyping & Reconstruction improvement

 SPECT imaging systems :

- Veriton
A.Etxebeste, D. Sarrut

- Compton Camera MACACO
Z. Hurani, D. Sarrut, A. Etxebeste

* Hadrontherapy online monitoring : Compact Compton Camera
M.Jacquet, J. Letang, A. Etxebeste, D. Sarrut
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MC model encompasses :

— Geometrical description
- Dynamic acquisition

- Digitizer chain

Output

- Images

- Detected counts

SPECTRUM

DYNAMICS MEDICAL

Veriton system simulation

2/13




RTK OSEM
reconstruction

Rit et al 2014
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https://github.com/CoReSi-SPECT/coresi.git
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https://github.com/OpenGATE/opengate/tree/coresi_ccmod#
https://github.com/CoReSi-SPECT/coresi.git

* In hadrontherapy, PG imaging:
- 1<Eps< 10 MeV
- Low scattering angle
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In hadrontherapy, PG imaging:

- 1< Epc< 10 MeV
- Low scattering angle

Hypothesis :
- Scattering angle negligible

- Vertex reconstruction :
line-beam intersection

E, knowledge not needed
Loss of spatial resolution

PG detector

Interaction ]
point —
I
'l
PG |
1
1
Xvertex ” >
Hadrons Xre

Compact Compton Camera sketch
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In hadrontherapy, PG imaging:
- 1<Eps< 10 MeV

- Low scattering angle
Hypothesis :

- Scattering angle negligible

- Vertex reconstruction :
line-beam intersection

E, knowledge not needed
Loss of spatial resolution
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1D PG vertex reconstruction with the CCC

100

« ~5cm (FWHM) of spatial resolution

* ~4 mm on Bragg Peak position
measurement
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Aim : Speed-up of Monte Carlo simulation

Free-Flight Angular Acceptance
D. Sarrut, A. Etxebeste, M. Jacquet, J. Létang

Last Vertex Splitting + hybrid Tracking Length Estimator
M. Jacquet, J. Létang, D. Sarrut

vpgTLE
J. Létang, D. Sarrut
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Generic speed-up of SPECT simulations

Primary emission point sampled
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Step 1 : Primary photons simulation
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Generic speed-up of SPECT simulations

Primary emission point sampled

Free Flight tracking

szl w1 = wo X 5

Step 1 : Primary photons simulation
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Primary emission point sampled

Compton ¥ Killed (AA
¢ rejection)
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N » : .,
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) Kill if reach the Free Flight tracking
\\ detector
Conventional tracking w1 = wo/Nsplit

Step 2 : Scattered photons simulation
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Jacquet et al 2025

photon Last Vertex Splitting (LVS) .

- Better sampling for scattered
events from the collimation system

- Out-of-field dose estimation

hybrid Tracking Length Estimator (hTLE) :
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depth (cm)

Fast MC simulation for PG imaging devices prototyping

2D map of PGs emission by protons
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/Stage 0 : database

~

- PG vs proton energy

-  Per element

- To recompute for each
change in physics list
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/Stage 0 : database
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* Modeling of clinical systems
- SPECT (Veriton, ...)
- LINAC (Elekta versa HD, ...)

* Novel detectors prototyping :
- Compton Camera for SPECT
- Compact Compton Camera for hadrontherapy

* Generic VRT applicable to these systems :
- SPECT : FFAA
- Photon radiation therapy : LVS + hTLE (on-going work)
- Proton therapy : vpgTLE (on going work)
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