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Efficiency enhancement studies in a scintillator-based Compton camera for hadrontherapy

teaching and research institutions in France or abroad, or from public or private research centers.  

• Gate v9.0 [5,6] with CCMod, a dedicated module for Compton camera simulations [7]. • Detected hits in the whole crystal are added into a single, that reproduces the detector response.

➔ Energy of the single: sum of the deposited energy by the hits.

➔ Position: energy weighted centroid position.

• No randoms included.

• Coincidence requirement: at least one single in a parallel plane.

• Sequence coincidence: singles within coincidences were ordered by increasing axial distance to the source (assuming forward scattering).

The proposed Compton camera design with four additional lateral scintillator planes shows a gain in total efficiency of a factor 4 with respect to the standard configuration made of three parallel planes.

Compton cameras have been proposed as an alternative to collimated cameras in hadron therapy monitoring due to the potential efficiency gain of electronic collimation with respect to mechanically collimated cameras [1,2,3].

In this simulation study, the efficiency enhancement of a LaBr 3 -based Compton camera with an alternative design in which 4 lateral planes were added to the standard configuration.

This design has been compared with the IBA knife-edge slit camera prototype described in [4] through the simulation of a prompt gamma distribution generated by a proton beam of 150 MeV in a PMMA phantom.

Illustration adapted from [4] 

Efficiency comparison

Source in both systems: PG with E γ >1 MeV emitted in the FoV of the gamma camera (10 cm along the beam path).

This gain is observed throughout the whole studied range of energies, where the most abundant type of coincidences corresponds to events with one interaction in parallel planes and one interaction in lateral planes. Compared to the knife-edge slit camera, the Compton camera in the studied configuration presents an increase of total efficiency by a factor of 8.8 and a factor of 4 for the effective efficiency. Further work will focus on the impact of the design with enhanced efficiency on the image reconstruction process in order to evaluate its improvement in terms of beam range determination.

Effective coincidence • Forward Compton scattering followed by an interaction of the scattered photon in a different detector layer.

Effective coincidence • Forward Compton scattering followed by an interaction of the scattered photon in a different detector layer. Background events • Backscattering.

• Forward Compton scattering where electrons escape from the crystals. • First interaction other than Compton such as, multiple Compton scattering (within the same layer) and gamma conversion into e -e + pair.

Effective events in gamma camera: detected events when the collimator is ideal (100% absorption).

•

  Initial design: parallel monolithic scintillator crystals of LaBr 3 . ➔ Crystal surface: 200 × 200 mm 2 • Proposed design: parallel planes surrounded by four rectangular-shaped planes of LaBr 3 . • Thickness of the crystals: ➔ Parallel planes (P): 5 mm except for the last parallel plane. ➔ Lateral planes (L) and last parallel plane: 10 mm. Classification P i L j 0: no singles 1: one single m: multiple singles P 1 L 1 , P 1 L m , P m L 1 , P m L m , P m L 0 According to the number of pulses in the set of parallel planes (P) and lateral planes (L), there are 5 categories defined: Dashed lines: design with lateral planes Continuous lines: design with only parallel planes Corresponding author: Marina.Borja@ific.uv.es Aknowledgements Proposed designType of events (total)

P 1 L

 1 1 and P m L 0 are the predominant types. They are the categories with the highest percentage of effective coincidences: At 4.4 MeV, 21% of P 1 L 1 coincidences are effective coincidences whereas 19.9% of P m L 0 coincidences are effective.
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