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Charged particle therapy for tumor treatments
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Charged particle therapy for tumor treatments

* Charged Particle therapy is a tumor treatment employing protons or DNA . - . Rdton
heavyions ( 12C, 0, ..) 0 < e
k-
@
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peak of dose released at the end of the track (Bragg Peak),
precise dose localization for deep tumors, allows sparing the healthy tissues

From: Dilmanian et al., Frontiers in Oncology 5(3), 2015
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https://www.researchgate.net/publication/285392664_Charged_Particle_Therapy_with_Mini-Segmented_Beams

Charged particle therapy for tumor treatments

* Uncertainties: Relative Biological Effectiveness (RBE) due to the
production of highly-ionizing, short-ranged secondary fragments

through nuclear interactions due to target fragmentation.
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The FOOT (FragmentatiOn Of Target) experiment

FOOT aims at measuring nuclear fragmentation cross section to improve Treatment Planning System for proton

and ion therapy

Also for radio protection in space ...

@ Nicola D’Ambrosio

Istitutn Nazionale di Fisica Nut;leare Si m 0 n e M a S Ci
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* Electronic detectors setup

* Nuclearemulsionsetup ——s>

The FOOT (FragmentatiOn Of Target) experiment

Example of a track in a nuclear emulsion
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| From: G. De Lellis et al., Journal of Instrumentation
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https://iopscience.iop.org/article/10.1088/1748-0221/2/06/P06004

The FOOT (FragmentatiOn Of Target) experiment

Example of a track in a nuclear emulsion

* Electronic detectors setup »
" Fragments with

* Nuclear emulsionsetup —> —_— low Z and at

" A
g3 il large angles
o 20 pm %
| From: G. De Lellis et al., Journal of Instrumentation
Emulsion film Tungsten Tungsten
300 pm 500 pm 900 pm
C (C2Ha) layer . Lead
1000 (2000) pm _) <_‘ 1000/2000 pm
Beam Target
H 12 o 16 0
> . y :
p Direct Kinematic
Beam I I
Il;l‘\ i’l i I ) ® . I
A1 | P Inverse Kinematic

Nuclear emulsion setup 4/6


https://iopscience.iop.org/article/10.1088/1748-0221/2/06/P06004

The FOOT (FragmentatiOn Of Target) experiment

Example of a track in a nuclear emulsion

Nuclear emulsion setup
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https://iopscience.iop.org/article/10.1088/1748-0221/2/06/P06004

DAMON (Direct meAsurelMent of target fragmentatiON)

DAMON project (PRIN 2022) aims at measuring for the first time proton-induced target fragmentation in direct
kinematics
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DAMON (Direct meAsurelMent of target fragmentatiON)

DAMON project (PRIN 2022) aims at measuring for the first time proton-induced target fragmentation in direct
kinematics

* Difficulty: short range of produced fragments (<100 pm) —> Neegl very h'gh.
spatial resolution
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DAMON (Direct meAsureMent of target fragmentatiON)

DAMON project (PRIN 2022) aims at measuring for the first time proton-induced target fragmentation in direct
kinematics

Need very high

* Difficulty: short range of produced fragments (<100 pm) —m> _ )
spatial resolution

* Novel kind of nuclear emulsion, called
Nano Imaging Tracker (NIT), with grains at the nanometric scale
allows to detect path lengths shorter than 100 nm

LNGS Gel Production Machine
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https://arxiv.org/pdf/1705.05014

DAMON (Direct meAsureMent of target fragmentatiON)

DAMON project (PRIN 2022) aims at measuring for the first time proton-induced target fragmentation in direct
kinematics

Need very high

* Difficulty: short range of produced fragments (<100 pm) —m> , )
spatial resolution

* Novel kind of nuclear emulsion, called Protection coat with gelatin
. . . . NIT sensitive layer
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https://arxiv.org/pdf/1705.05014

DAMON (Direct meAsurelMent of target fragmentatiON)

* Scanning: automated optical microscopes

* Tracks shorter than ~ 200 nm can not be resolved due to the optical diffraction limit
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DAMON (Direct meAsurelMent of target fragmentatiON)

* Scanning: automated optical microscopes

* Tracks shorterthan ~ 200 nm can not be resolved due to the optical diffraction limit

|

Super Resolution LSPR Optical Microscope

Taking in account the polarization
of the reflected light,

possible to resolve close
structures!

From: Alexandrov et al. Scientific Reports volume 13,

Article number: 22813 (2023)
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https://www.nature.com/articles/s41598-023-50208-y
https://www.nature.com/articles/s41598-023-50208-y
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