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Accelerator characteristics
Carbon/proton synchrotron located at CNAO in Pavia, Italy
Beam energy range for carbon ions : 120 MeV/u - 400 MeV/u

Beam size FWHM : 4 mm - 8 mm

CNAC

The National Center for Oncological Hadrontherapy

i
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Carbon ion particularities

Gammas, protons, ...

High biological effectiveness (higher LET than protons) I“‘::':::
carbon  —— T "

Higher Prompt Gamma production rate per ion beam

Fragmentation tail of secondary particles (mostly protons)
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J. Krimmer et al. Prompt-gamma monitoring in hadrontherapy: A review. Nucl. Instrum. Methods
Phys. Res. A, 2018, 878, pp.58-73. 10.1016/j.nima.2017.07.063
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Time structure of synchrotron beam

Spills : ~2 s ON, ~ 1 s OFF
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Beam structure as seen by CNAO instrumentation during our irradiations, July 2024 Beam on small time scale as seen by our plastic monitor during irradiation, July 2024
Data courtesy of Marco Pullia
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Choice of start pulse in monitor signals

Chosen carbon ion flux results in multiple signals in short time window

Allows minimisation of false coincidences
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L=1cm
Plastic PMMA Calibration
monitor configuration
28 cm
< >
Carbon beam
200 MeV/u
Upstream Downstream

box

Subject to fragments
from carbon interaction
in target !
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Calibration : Upstream boxes, Time of Flight

Time of Flight measurements - upstream boxes
200 MeV/u @ 7.5 104 carbons/s
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Calibration : Upstream boxes, Time of Flight

Time of Flight measurements - upstream boxes
200 MeV/u @ 7.5 104 carbons/s
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Prompt gamma peak from target,
isolated after background subtraction
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Calibration : Upstream boxes, Time of Flight

Time of Flight measurements - upstream boxes
200 MeV/u @ 7.5 10¢ carbons/s
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Calibration : Downstream box, Time of Flight

Time of Flight measurements - downstream box 3
200 MeV/u @ 7.5 10¢ carbons/s

Subtract proton contamination by fitting :
Good enough for calibration
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. L=29cm
Plastic PMMA
monitor
Carbon beam 17.5cm
< -
300 MeV/u |
200 MeV/u ‘
120 MeV/u
~26Ccm
~26Ccm
Box 1 ~26cm
~26cm
v Box 4

Box 2

Box 3
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PMMA phantom range shifts, all boxes |

O
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PMMA phantom range shifts, all boxes |
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PMMA phantom range shifts, all boxes
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PMMA phantom millimetric range shifts, all boxes |
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Compatiblity of the TIARA system with carbon ions from synchrotron beams

Ongoing analysis to calculate range sensitivity

Correct placement of boxes is crucial to avoid secondary particles with carbon beams
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Carbon 120 MeV/u
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Carbon 200 MeV/u
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Carbon 300 MeV/u

PGTI

PROMPT GAMMA TIME IMAGING

Box 1 Box 2 Box 3 Box 4
407 — AlPGs 4.0 — AllpGs — AllPGs — Allpos
= PGs from primaries = PGs from primaries = PGs from primaries = PGs from primaries
3.5+ —— PGs from secondaries 3.5 1 —— PGs from secondaries " —— PGs from secondaries —— PGs from secondaries
a4
3.04 3.0 1
T 259 2 25 23 2 6
s S s S
S & S &
@ @ @ @
A & @ &
5 2.04 5 2.0 ] b
a a a a
8 8 82 8
5 5 € € 44
s 154 3 15 3 3
o 5] o 5]
1.0 1.0 4
14 24
0.54 0.5 4
0.0 0.0 q 04 04
6 8 10 6 8 10 0 6 8 10 4 6 8 10
TOF (ns) TOF (ns) TOF (ns) TOF (ns)

AG GdR Mi2B, October 2024




PGTI

PROMPT GAMMA TIME IMAGING

Box 1 - Clean
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Kinetic Energy of detected protons at vertex, 300MeVu
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