O Allegrini 
  
J P Cachemiche 
  
C P C Caplan 
  
B Carlus 
  
X Chen 
  
S Curtoni 
  
D Dauvergne 
  
R Della Negra 
  
M L Gallin-Martel 
  
L Gallin-Martel 
  
J Hérault 
  
J M Létang 
  
S Marcatili 
  
C Morel 
  
É Testa 
  
Y Zoccarato 
  
  
Test and characterization of the CLaRyS camera's absorber with its final acquisition chain

come    

Introduction

® Ion-range uncertainties are currently a major concern in ion beam therapy. These are due to anatomical changes of the patient during the treatment and to uncertainties of imaging modalities (used for treatment planning) and of treatment planning systems. ® As a consequence, the most widespread treatment planning techniques are based on the use of several beam incidences, which increases the healthy tissues irradiation and additional margins are applied around the tumor to ensure the whole tumor irradiation. ® In order to fully take benefit from ballistic properties of ion beam therapy, in-vivo ion-range verification techniques are currently under development by several groups in the world. In this context, the CLaRyS collaboration (IP2I, CPPM, LPSC, CREATIS) develops gamma cameras prototypes coupled to a beam hodoscope [START_REF] Krimmer | Prompt-gamma monitoring in hadrontherapy: A review[END_REF] to perform prompt gamma (PG) detection with TOF measurement.

Material

Collimator:

® 1.5×120×170 mm 3 tungsten alloy slabs ® Adjustable gap between slabs ⇒ A sub-pixel spatial resolution is not achievable [START_REF] Fontana | Tests and characterization of gamma cameras for medical applications[END_REF] Time resolution: In-beam test experimental setup: 

Figure 1 :

 1 Figure 1: View of the Compton camera assembly with the beam hodoscope

Figure 2 :

 2 Figure 2: Distribution of arrival timedifferences between reference scintillator (a BaF 2 mono-block detector with 1 ns FWHM time resolution) and BGO block[START_REF] Fontana | Tests and characterization of gamma cameras for medical applications[END_REF] 

Figure 3 :

 3 Figure 3: Energy spectra in 8 selected regions of a block showing a FWHM ∼ 17% at 511 keV and ∼ 20-25% at 1275 keV

OFigure 4 :

 4 Figure 4: Energy spectra with HV1 (left) and HV2 values(right).

Figure 5 :

 5 Figure 5: Picture of the experimental setup

Figure 6 :

 6 Figure 6: Scheme of the experimental setup in top view

Figure 7 :

 7 Figure 7: Assignment of events to pixels in a single block for acquisition without 1 and with 2 collimator. 3 Normalization of the acquisition with collimator with respect to the one without collimator ® N B : Number of blocks ® C i : Mean value of the four pixels in the center of block i. ® M: Average value of the mean values of the four pixels of the center of blocks
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 8 Figure 8: PG profile (with dead time correction) obtained with 1.31×10 13 incident protons