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Data with proton beams 
Date Data set Treatment Phantom 

2016/02/07 fantoccio A 2D slices, E=75 MeV, E=105 MeV/u Homogeneous PMMA 

2016/02/07 fantoccio B 2D slices, E=75 MeV, E=105 MeV/u PMMA with air gap 

2016/02/07 fantoccio D Real treatment plan, E = 76-124 MeV/u Homogeneous PMMA 

2016/04/03 fantoccio 1 2D slice, E=144.5 MeV/u Homogeneous PMMA 

2016/04/03 ossoaria 2D slice, E=144.5 MeV/u PMMA with bone and air gap 

2016/04/03 fantoccio 2 Real treatment plan, E = 75-134 MeV/u Homogeneous PMMA 

2016/04/03 rando Real treatment plan, E = 75-134 MeV/u Rando 

2016/06/07 cubo2-5 3D cube, 6x6x6cm3, E = 129-164 MeV/u Homogeneous PMMA 

2016/06/07 pt1-2-3-4 Real treatment plan, E = 83-150MeV/u / E = 62-129MeV/u Homogeneous PMMA 

2016/06/08 fetta1-8 2D slice, 6x6cm2 / 8x8 cm2, E=144.5 MeV/u Homogeneous PMMA 
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TOT window calibration (1) 
TOT window and time delay calibration were 
performed channel by channel with Ge rods 

(about 20 cm long) at the CNAO 
TOT in coincidence board 4 

TOT window +/- 50 
Coincidence event rate = 90 kHz  

Data set: germanio 5 (beam test June 6th, 2016), 2 Ge rods on the beam axis, centered in the FOV 
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TOT window calibration (2) 

chip channel mean 
Ge rods 

Mean 
proton beam 

0 43 495.6 505 

1 33 378.7 391.6 

2 4 351.8 364.6 

3 54 380.7 393 

TOT 

chip 1, channel 33 

Ge source Proton beam 

Shift of the photopeak position 
wrt the position during calibration 
with Ge rods was detected during 

in-beam acquisition.  

During in-beam acquisitions, at the 
FPGA Tx level, a “large” TOT 
window is used to be sure to 
acquired all events of interest. 

2016, 6th June ! TOT window +/- 40 
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Data set: fantoccio 2 (beam test April 3rd, 2016), protons, real treatment plan, Emin = 75 MeV/u, Emax = 134 MeV/u 

Lutetium background (1) 

background aftertreatment 

Evaluation of  Lutetium background contribution: two equivalent intervals of time 
before the treatment (background) and during after-treatment were analysed. 
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Lutetium background (2) 
100s aftertreatment 

100s background 

aftertreat. - background 

Coincidence Time Resolution 

Data set: fantoccio 2 (beam test April 3rd, 2016), protons, real treatment plan, Emin = 75 MeV/u, Emax = 134 MeV/u 
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Data set: fantoccio 1 (beam test April 3rd, 2016), protons, E=144.5 MeV/u, 32x32 spots, 3E8 protons x spot 

TOT spectra in coincidence (1) 
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TOT spectra in coincidence (2) 

TOT in coincidence board 4 

TOT window +/- 40 

Data set: fantoccio 1 (beam test April 3rd, 2016), protons, E=144.5 MeV/u, 32x32 spots, 3E8 protons x spot 
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TOT spectra in coincidence (3) 

TOT window +/- 25 

TOT in coincidence board 4 

Data set: fantoccio 1 (beam test April 3rd, 2016), protons, E=144.5 MeV/u, 32x32 spots, 3E8 protons x spot 
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Photopeak event selection example (1) 

TOT window of 10% 
wrt the photopeak 

TOT window of 6.7% 
wrt the photopeak 

Simulation 

Data set: fantoccio 2 (beam test April 3rd, 2016), protons, real treatment plan, Emin = 75 MeV/u, Emax = 134 MeV/u 
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Photopeak event selection example (2) 
EWrel10_LORfile_interspill_815_1095.bin.nii

Entries  8085
Mean    17.11
RMS     2.543
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Entries  8085
Mean    17.11
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EW 10%
EW 6.67 %
simulation

Data set: fantoccio 2 (beam test April 3rd, 2016), protons, real treatment plan, Emin = 75 MeV/u, Emax = 134 MeV/u 
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3D image comparison 

Image  

Smoothing filter 

Thresholding filter 

Erosion filter 

Dilation filter 

Dilation filter 

Mask image 

Mask image 1 = 1 Mask image 2 = 1 

For each voxel:  

  or  

Difference image = (Image 1 - Image 2) / Image 2 

if  
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3D mask image calculation: Image  Mask image  



Real treatment plan comparison (1) 
Coincidence event rate 

Interspill+aftertreatment = 700s 

Data set: PT1, 2, 3, 4 (beam test June 7th, 2016), protons, real treatment plan, Emax=150 MeV/u 
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Real treatment plan comparison (2) 
PT1 PT2 PT3 PT4 
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Difference image = (PT2 – PT1) / PT1 

Data set: PT1, 2, 3, 4 (beam test June 7th, 2016), protons, real treatment plan, Emax=150 MeV/u 
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Real treatment plan comparison (2) 
PT1 PT2 PT3 PT4 
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Difference image = (PT2 – PT1) / PT1 
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Real treatment plan comparison (3) 
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Difference image = (PT2 – PT1) / PT1 

Same treatment? YES! 
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Real treatment plan comparison (3) 
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Same treatment? NO! 

Difference image = (PT3 – PT1) / PT1 
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Real treatment plan comparison (4) 

PT1-PT2 

PT1-PT3 

PT1 – PT2: E = 83-150 MeV/u 
PT3 – PT4: E = 62-129 MeV/u 
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Chips with anomalous response (1)  
Board 9, chip 1-3 
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Chips with anomalous response (2)  
Board 9, chip 1-3 
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Backup slides 
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TOT window calibration 

Data set: germanio 5 (beam test June 6th, 2016), 2 Ge rods on the beam axis, centered in the FOV 

Torino INSIDE group                                 INSIDE meeting, Roma, June 14th 2016 



PET image comparison 
Knopf et al., Accuracy of proton beam range verification using post-treatment positron emission tomography/
computed tomography as function of treatment site. Int. J. Radiation Oncology Biol. Phys., 79(1):297 304, 2011.  

Torino INSIDE group                                 INSIDE meeting, Roma, June 14th 2016 



Profile analysis 

Projectile: proton 
Two 2.7x2.7 cm2 slices  
at 77 MeV/u and 105 MeV/u 
10x10 spots  
5.E7 protons per spot 

280 s 

aftertreatment 

47 s 171 s 

2nd slice  Inter-slice 

36 s 

1nd slice  

330 s 
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14 s 124 s 

2nd slice  Inter-slice 

17 s 

1nd slice  
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PMMA phantom 
Acquisition duration = 254 s 
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PMMA phantom 
Acquisition duration = 534 s 
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PMMA + air gap phantom 
Acquisition duration = 155 s 
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Acquisition duration = 485 s 

PMMA + air gap phantom 
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