PGTI

PROMPT GAMMA TIME IMAGING

™

it !nserm

Range monitoring in proton and carbon
therapy with the TIARA detector

M. Pinson?, A. André?, Y. Boursier?, M. Dupont?, M.-L. Gallin Martel?, A. Garnier?, J. Hérault®, C. Hoarau?,
J.-P. Hofverberg?, P. Kavrigint, D. Maneval?, C. Morel?, J.-F. Muraz?!, M. Pullia* and Sara Marcatili?

@_\ \‘ﬁ QntOInE’ LacassagnQ
|cancer NICE

GRENOBLE | MODANE

T LPSC and Grenoble-Alpes University, Grenoble, France

2 CPPM and Aix-Marseille University, Marseille, France C N Ag

% Centre Antoine Lacassagne, Nice, France CENTRE DE PHYSIQUE DES
4 CNAO, Pavia, Italy The National Cente R

June 18" 2025, GdR DI2I, Lyon, France



Context - Hadron therapy P G T I
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—— Photon Beam
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Context - Prompt Gamma (PG) rays P G T I
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Range monitoring of hadron therapy by proton 160 MeV
secondary particle detection 50074
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Context - Time Imaging ARrAy (TIARA) ' P G T |
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n TIARA module
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1 TIARA module
y L 24 r,t
Beam monitor (e smp) Data acquisition system
t .
( Start) ~ ¢ Wavecatcher / SAMPIC TDCs developed by IJCLab Orsay,
France
hadron -
sashasnnnna P - Work in progress : In house digital TDC on FPGA board at

LPSC, Grenoble, France
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(r)

GdR DI2I, June 2025

Maxime PINSON



Detection of anatomical variations with the - P G T I

TIARA system for proton beams
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March 2024 campaign at the Proteus One at
CAL (Centre Antoine Lacassagne), Nice, France

First test of an 8 PG module prototype

Irradiation of a RANDO head phantom with 100 MeV
protons at Single Proton Regime (SPR, 107 protons/s)

- Full sinus (ultrasound gel)
- Empty sinus
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The TIARA system with carbon ion beams at TR P G T I

CNAO, Pavia, Italy
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Challenges linked to carbon ions

Fragmentation tail of secondary particles (mostly protons)
- Source of background for the TIARA system

Higher LET than protons
- Requires modifications of the beam monitor

Time structure of CNAO synchrotron
- Data analysis not quite as simple

CNAO (National Center for Oncological Hadrontherapy) synchrotron in Pavia, Italy
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The TIARA system with carbon ion beams at P G T I

CNAO, Pavia, Italy
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Challenges linked to carbon ions

Fragmentation tail of secondary particles (mostly protons)
- Source of background for the TIARA system
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The TIARA system with carbon ion beams at - P G T I

CNAO, Pavia, Italy
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Challenges linked to carbon ions

Fragmentation tail of secondary particles (mostly protons)
- Source of background for the TIARA system

Higher LET than protons
- Requires modifications of the beam monitor

) * Reduced amplifier gain
Time structure of CNAO synchrotron

- Data analysis not quite as simple .

Reduced thickness of plastic
scintillator (1 mm - 0.5 mm)
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The TIARA system with carbon ion beams at P G T I

CNAO, Pavia, Italy
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The TIARA system with carbon ion beams at

CNAO, Pavia, Italy | P G T I
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Carbon ion measurements

Thick PMMA target (~ 30 cm)

Energies used :

189.66 MeV/u
195.18 MeV/u
200.61 MeV/u
205.95 MeV/u
211.19 MeV/u

~ 3.5 mm shifts in PMMA in between
energies

GdR DI2I, June 2025
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The TIARA system with carbon ion beams at - P G T I

CNAO, Pavia, Italy
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Carbon ion measurements

Plastic
- TOF histogram analysis + background monitor
hick 0.5 mm
. . s Thick PMMA
- Small energy shifts to quantify sensitivity T 54 cm
29cm
-» Bootstrap technique < > Beam
1
> \
3| \ PG
modules
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The TIARA system with carbon ion beams at o P G T I

CNAO, Pavia, Italy
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Carbon ion measurements 200.61 MeV/u
~ 2 10° carbons/s

- TOF histogram analysis + background

- Small energy shifts to quantify sensitivity U ted (N = 5841)
[ Uncorrecte =
- Bootstrap technique 1 Background (N = 7062)
g 0.15
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0]
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0.001__ ' i | . | : “'r in e
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The TIARA system with carbon ion beams at - P G T I

CNAO, Pavia, Italy
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Carbon ion measurements 200.61 MeV/u
~ 2 10° carbons/s

- TOF histogram analysis + background

- Small energy shifts to quantify sensitivity
[ Uncorrected (N = 4767)
-» Bootstrap technique 0.201 1 Background (N = 4038)
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The TIARA system with carbon ion beams at - P G T I

CNAO, Pavia, Italy
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Carbon ion measurements

- TOF histogram analysis + background
- Small energy shifts to quantify sensitivity

- Bootstrap technique
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The TIARA system with carbon ion beams at - P G T I

CNAO, Pavia, Italy
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Carbon ion measurements

- TOF histogram analysis + background

0.125 - —— 189.66 MeV/u
- Small energy shifts to quantify sensitivity o —— 200.61 MeV/u
; - § 0.100 - —— 211.19 MeV/u
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The TIARA system with carbon ion beams at - P G T I

CNAO, Pavia, Italy
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Carbon ion measurements

1o sensitivity : 2.39 mm for N = 3000 PG events

- TOF histogram analysis + background .
—— Fit slope : -6.00 ps/mm
) ) o 6260 1 ---- Theoretical slope : -5.88 ps/mm

- Small energy shifts to quantify sensitivity - - o

& ~~~~~~~ 20
. 6240 =

- Bootstrap technique EXT 0 TN Bootstrap
[V} -~
6
F 62201 -
] =<
o )
° S~
L R B el
@62004 T e
o

Thick PMMA - T I T T .
6180 PG module 1 —
29cm 0n
©
(0]
=
61601
68 70 72 74 76 78 80 82
Theoretical range in PMMA (mm)
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Conclusion and outlook % P G T I
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Extensive tests of the TIARA system in proton environment

Adpatation of TIARA to a carbon (and synchrotron) environment

Ongoing investigation of sensitivity measurements in carbon setup

Upcoming 30 PG module version
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Proton calibration @ 100 MeV ~ 2-4 10° protons/s

Background contamination from direct protons impacting the
PG modules, have different signal signatures than PG rays

Box 19 R Box 19
5 | -
200 " CTR : 348(27)ps FWHM < 1400 . - - -
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5 - - = - - 10
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Proton calibration @ 100 MeV ~ 2-4 10° protons/s (CNAO)

Background contamination from direct protons impacting the
PG modules, have different signal signatures than PG rays

Box 19
150 - H CTR : 332(20)ps FWHM
~ Center :4084.1 ps
1251
Selecting signals only
£ 1009 above 300 AU integrals :
-]
S 751 allows for
50 decontamination
2 Mo e Pt
-I""“'l.l"'"'“'rl--r"'l-ul"-l.rl""-u‘-l" | Lo
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Beam monitor calibration, proton beam

Coincidence read out of both plastic monitors, assuming
identical time resolution for both

x10°! = 200 Proteus One ¢
6L —— CTR = 170(2)ps FWHM T E +
£ = }
Proton z » 180 - ;
Caf = 10 4
beam g5 = IS
S S
E S 1604 @ '
2ot 5 ls
z 2 ] '
L 140+
1 1 1 1 (]
—200 0 200 400 600 £
Time difference [ps] F 1204 »
100 150 200

Proton energy [MeV]

A. André et al., "A Fast Plastic Scintillator for Low-Intensity Proton Beam
Monitoring," in IEEE Transactions on Radiation and Plasma Medical Sciences,
vol. 9, no. 3, pp. 382-387, March 2025, doi: 10.1109/TRPMS.2024.3498959.
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PG module calibration

300 4

2501
* Coincidence read out of two PG modules in

between a Cobalt 60 source
* Laser calibration
¢ Tempeature dependance
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