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Prompt Gamma Time Imaging: a new ,, ‘5
medical imaging technique for real- ol i
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Objectifs et defis scientifiques

Axis 1. Detector development

Gamma module
based on
Cherenkov radiators

Fast beam
monitor

Objectives

v Range monitoring

v’ Detection of anatomical changes

* Dose reconstruction (Al-based)
Operating configurations

v" Protons/carbon ions

v S2C2, synchrotrons and cyclotrons

v Low Intensity (patient positioning)

* Clinical intensity => current work

Axis2. Data reconstruction

From Time-of-Flight measurement to
dose distributions

TOF = tstop — Ustart =

— L proton (I‘U, Vp) + qu (rv7 rd)




Fait marquant: Going beyond range monitoring with PGTI

8-channels TIARA prototype

The PG vertex distribution (r,) is
reconstructed from the 8 TOF histograms
solving the inverse problem:

TOF = tstop — Ustart =

— proton(rva Vp) + T'y (rm rd)

Example (experiment at P1, CAL)
x 8 TOF distributions acquired
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Exp. 1.

the sinus is empty

Exp 2. (Treatment)
the sinus is filled

The reconstructed PG vertex
distribution allows the
identification of anatomical
changes from treatment planning
to delivery. Patient’s tissues in
treatment configuration are shown
as background colours.

(Treatment planning)

le-2

(1 per module)

Counts [HZz]
‘?

N

o

[ Empty sinus
[ Full sinus

1.0 15 2.

0 2.5 30 35 40 45
Time difference [ns]

C
\Aﬁ Antoine Lacassagne
@can(er NICE

x10—1
] 1 .
| —— Treatment Air
15 g — TS
N i Bone
E I
) B
= Loy Water-like
= i 1
5 | :
= 05 :
Q [ I
@ L :
F 1
0.0 | l
1 1
[ JE e e, | e, , NN ), 1 g |8 B, E),

0 50 100

150 200 250 300 350

x reconstructed [mm)]

Range shift: Actual=27+1 mm

Measured = 26 + 4°mm




CNAC

The National Center for Oncological Hadrontherapy

Fait marquant: TIARA for carbon therapy

_BG Measurement of range accuracy
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Clinical spots | Number of ions | Npg (Counts) | 2-10°ions/s | 2- 107 ions/s
1 2.4-106 1400 5.07 +0.30 | 9.30 & 0.70
2 4.8-10° 2800 340+ 0.22 | 6.64 +0.50
4 9.6-10° 5600 2.474+0.15 | 474 £0.36
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M. Pinson et al. Under review in Scientific Report (https://arxiv.org/abs/2602.18318)




Structure du projet

WP1: Detector development
S. Marecatili (LPSC)

\/ Block detector développent

TIARA construction
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S. Marcatili (LPSC)
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technique
C. Hoarau (LPSC)

scientifique

WP2: Data reconstruction WP3: Detector commissioning
Y. Boursier (CPPM) & test
N. Toschi (Uni Roma) D. Maneval (CAL)

Analytical reconstruction (1D) \/ Protons at low intensities

ML-based reconstruction (3D) Protons at clinical intensities

Restrospective clinical study \/ Carbon ions
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Vision 2030

Axis 1. Detector development

* Dedicated DAQ based on digital TDC under development at SE
 Mechanical support is being conceived at SDI
* Assembly of the remaining 20 modules in the next month at SDI
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" ‘ BN Axis2. Data reconstruction

1. Classifier-based 1D reconstruction for tissue
identification along the beam path

2. Al based 3D reconstruction for dose maps

3. Analytical reconstruction (CPPM)

Patient’s image
database from CAL
available
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Experiments

» Performances for protons at clinical intensity (dedicated test at CAL in April 2026).
e Clinical Intensity already validated for carbon ions. 6



Nouvelles collaborations: determination of lateral beam displacement with COG

N
1 Det N = total number of PG detected
YCOG = — E yznz n; = number of PG detected in module ;
N Y; = x coordinated of gamma detector
1=1

y axis

SIMULATION 108 protons / ~30000 PGs | ﬂ S ©
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g = 0 Stage M2: Elena Lopez-Miguelez

§ g 0.4 * MC simulation of RANDO phantom experiment in GATE
i O 0.0- - 0:79%10:05 * Validation against experimental data

S g Perspectives

00 01 02 03 04 05 * Use ot vpgTLE algorithm |

g Y-axis beam position [cm] * Further development of COG algorithm

Possible to distinguish a lateral beam
displacement of 2 mm (20) at PB scale
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