Daphnée Villoing 
  
Charbel Koumeir 
  
Arnaud Guertin 
  
Ferid Haddad 
  
Vincent Métivier 
  
Freddy Poirier 
  
Vincent Potiron 
  
Noël Servagent 
  
Stéphane Supiot 
  
Grégory Delpon 
  
Response characterization of a new radiochromic film to ultra high dose rates for light ions beams

ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

RESPONSE CHARACTERIZATION OF A NEW RADIOCHROMIC FILM

TO ULTRA HIGH DOSE RATES FOR LIGHT IONS BEAMS Daphnée Villoing 1 , Charbel Koumeir 2 , Arnaud Guertin 3 , Ferid Haddad 2,3 , Vincent Métivier 3 , Freddy Poirier 2 , Vincent Potiron 1 , Noël Servagent 3 , Stéphane Supiot 1 , Grégory Delpon 1,3 , Sophie Chiavassa 1,3

1 Institut de Cancérologie de l'Ouest, Saint-Herblain, France 2 GIP ARRONAX, Saint-Herblain, France 3 IMT Atlantique, Nantes Université, CNRS/INP, Nantes, France

Particle dependency

Calibration curves of OC-1 were acquired for several type of particles, in the dose ranging from 1Gy to 100Gy (Figure 2). No dependency on the particle type was observed for photons (10MV), electrons (18MeV) and protons (68MeV) while for alpha-particles (68MeV), the color induced is less intense for the same dose and thus requires the use of a dedicated calibration curve.

Fading

The staining of OC-1 films continues to intensify several weeks after irradiation. Figure 4a illustrates the OC-1 behavior on the red channel up to 45 days post-irradiation for 20Gy. The scanner response was corrected with a test pattern. Similar result was obtained with the green channel with R² = 0.9415. Consequently, the use of different postirradiation times before scanning, even 10 days after irradiation, can significantly overestimate the dose as shown in figure 4b for red and green channel. 

Objectives

The ARRONAX facility can deliver proton and alpha beams (68MeV) at ultra-high dose rates (UHDR). Our preclinical beamlines are specifically set up to easily shift between conventional and UHDR irradiation conditions. A major challenge of these irradiations is to control their dosimetry in both modes. In a previous study [START_REF] Villoing | Proton beam dosimetry at ultra-high dose rates (FLASH): Evaluation of GAFchromic (EBT3, EBT-XD) and OrthoChromic (OC-1) film performances[END_REF] in proton beams, we showed a significant increase of the net optical density (netOD) for EBT3 and EBT-XD at 7.5kGy/s and above 10Gy compared with conventional dose rate while OC-1 response was not impacted.

In this study, we first evaluate the response of OC-1 in proton beam up to 60kGy/s and in alpha beam up to 20kGy/s. Then, with the objective to use OC-1 films as dosimeter, we characterize its response in terms of fading, particle dependency, orientation and lateral scanner effect. 

OC-1 dose rate independency

The dose rate independency of OC-1 is confirmed for proton beam up to 60kGy/s and alpha beam up to 20kGy/s in one pulse compared with conventional dose rates of 0.2Gy/s and 20Gy/s respectively (Figure 3). Similar results were obtained for the green channel. Significant impact is observed in netOD for EBT3 and EBT-XD in these conditions. Batch number: 12131904 (EBT3), 11062002 (EBT-XD), 2-20200131-1 (OC-1).

Online dosimetry: Faraday cup (Proton and alpha), ionization chamber PTW ROOS 34001 (electrons) and ionization chamber PTW 30013 (photons).

Lateral scanner effect

The lateral scanner effect was studied over the whole scanner area for dose ranging from 2 to 125Gy. The maximal impact in netOD was 2.6% and 3.1% in red and green channel respectively. These variations are not significant relatively to the netOD uncertainty [START_REF] Villoing | Proton beam dosimetry at ultra-high dose rates (FLASH): Evaluation of GAFchromic (EBT3, EBT-XD) and OrthoChromic (OC-1) film performances[END_REF].

Conclusions

The response of OC-1 is independent of • the particle type for protons, electron and photons, • the dose rate in proton and alpha beams up to UHDR, • the lateral scanner effect, • the orientation during the digitalization process.

The fading of OC-1 that persists for several weeks after irradiation can be very detrimental. Therefore, it should be corrected or a constant delay between irradiation and scanner should be observed. 
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 4 Figure 4. (a) netOD variation with respect to the time between irradiation and digitalization for the red channel and (b) its impact on the calculated dose compared to the one determined 10 days post-irradiation.
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 3 Figure 3. netOD of OC-1, EBT3 and EBT-XD in red channel at conventional dose rate (0.2 and 20Gy/s) and UHDR (60 and 20kGy/s) in (a) proton and (b) alpha beams. The post-irradiation time is 4 days (a) and 2 days (b).
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 2 Figure 2. Relation between netOD and dose for photons (10MeV), electrons (18MeV) , protons and alpha (68MeV), on both red and green channels. The post-irradiation time is 10 days.
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 5 Figure 5. Influence of the film orientation during reading on the measured netOD for red and green channels: portrait (continuous) vs. landscape (dotted). Irradiation was made in proton beam (68MeV) and the post-irradiation time was 10 days.
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 1 Figure 1. Scan of OC-1 film irradiated at 2,5,10,20 and 30Gy, respectively from left to right.