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Development of a beam tagging diamond hodoscope for online ion range verification in hadrontherapy
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Synthetic pc-CVD diamond detectors are foreseen for on-line hadrontherapy beam tagging applications. They will be used as a hodoscope which plays a major role for particle tagging using Time Of Flight both in a gamma camera and Compton camera projects proposed by the CLaRyS French collaboration. Other applications such as proton radiography and secondary proton vertex imaging are also foreseen. Their radiation hardness, fast response and good signal to noise ratio make diamonds good candidates. The final detector will consist of a mosaic arrangement of stripped sensors read by a dedicated integrated electronics (~1800 channels) with a counting rate per channel of 10 MHz, a time resolution at the level of few tens of ps, a spatial resolution at the level of 1 mm. 

Online ion range control in hadrontherapy

Considering this, in order to reduce margins and optimize the ballistic efficiency, an online ion range verification has to be carried out. In this context the CLaRyS* collaboration is developing various online ion range verification techniques based on secondary particles detection.

The Compton camera project of the CLaRyS collaboration beam tagging hodoscope (LPSC)

Current integration mode Crystal structures

Chemical Vapor Deposition (CVD)

Growth in a plasma reactor over a diamond or silicon seed used as substrate

Compared to conventional X-Ray radiotherapy, hadrontherapy enables a highly localized dose deposition (Bragg Peak), a lower entrance dose, a better organ at risk protection and a better relative biological effectiveness (carbon ions are mainly concerned) in the targeted volume. The conformation of the dose in depth is obtained by varying the ion beam energy.

These ballistic properties allow a powerful tumor targeting but they also lead to a high sensitivity to ion range uncertainties. These uncertainties arise from stopping power evaluation computed from CT maps, organ motion and patient positioning during sessions or morphological changes along the overall treatment period. As a consequences, treatment safety margins are applied (they may approach 1 cm for deep tumors), and beam incidences with distal organs at risk are avoided. 
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  CLaRyS : Lyon, Clermont-Ferrand, Marseille and Grenoble (LPSC)Prompt-gamma Imaging is one of these techniques. It relies on the detection of prompt gamma photons emitted by the patient along the ion pathway. Their emission profile is spatially correlated to the ion range so that an online ion range information can be reached. Different gamma detection devices such as gamma or Compton cameras are developed by CLaRyS. The imaging efficiency of such devices can be improved by Time-Of-Flight (TOF) discrimination in coincidence with a beam tagging hodoscope. It will provide both position and temporal tagging of incoming ions and will allow a neutron-induced noise rejection. This hodoscope needs to be fast and radiation hard, that led CLaRyS to develop a diamond based hodoscope.
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