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Nuclear Fragmentation in Proton Therapy
• Charged Particle therapy is a 

cancer treatment employing 

protons or 12𝐶𝐶 beams

• Respect to conventional 

radio therapy it has favorable 

depth-dose profile (Bragg 
Peak) → precise dose 

localization for deep tumors

From: Dilmanian et al., Frontiers in Oncology 5(3), 2015• In proton therapy, target fragmentation has

a significant impact in the entrance channel, 

where healthy tissues are located

• Direct detection of target fragments is 

challenging: so far little data has been 

collected and only with inverse kinematics 

approaches (FOOT experiment)
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https://www.researchgate.net/publication/285392664_Charged_Particle_Therapy_with_Mini-Segmented_Beams




Nuclear Emulsion Films

From: G. De Lellis et al., Journal of Instrumentation

Vertex Reconstruction

16O (200 MeV/n) 
on C2H4 target

Automated optical 
microscope for OPERA-like 

emulsion films

Example of a track in a nuclear emulsion

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


Nano Imaging Trackers (NIT)
Undeveloped NIT sample 

LNGS Gel Production Machine

From: Asada T. et al. Prog. Theor. Exp. Phys. 
2015

https://arxiv.org/pdf/1705.05014
https://arxiv.org/pdf/1705.05014


DAMON: A new approach to Target Fragmentation

Proton Beam
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NIT Readout: Super Resolution
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Localized Surface Plasmon Resonance

𝛼𝛼 = 4𝜋𝜋𝑎𝑎3
𝜀𝜀 − 𝜀𝜀𝑚𝑚
𝜀𝜀 + 2𝜀𝜀𝑚𝑚

→ 𝜀𝜀 = −2𝜀𝜀𝑚𝑚

From: Willets K., Van Duyne R. Annual review of 
physical chemistry 58 (2007): 267-97 

Optical

X-ray

Maximum reflected light 
when E field is parallel to 
major axis → possible to 
resolve close structures!

Optical

X-ray

LSPR depends on the 
shape and orientation of 
the nanoparticle

Resonance condition

https://www.semanticscholar.org/paper/Localized-surface-plasmon-resonance-spectroscopy-Willets-Duyne/98e5e3e09c7a5dfee943934c807120fa266a9525#citing-papers
https://www.semanticscholar.org/paper/Localized-surface-plasmon-resonance-spectroscopy-Willets-Duyne/98e5e3e09c7a5dfee943934c807120fa266a9525#citing-papers
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From: Alexandrov et al. Scientific Reports volume 13, 
Article number: 22813 (2023)
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Super Resolution LSPR Optical Microscope

https://www.nature.com/articles/s41598-023-50208-y
https://www.nature.com/articles/s41598-023-50208-y


Experimental Campaigns

• Sensitivity test showed that 
current NIT are not 
sensitive enough to 
reconstruct primary 
protons above 70 𝑀𝑀𝑀𝑀𝑀𝑀! 

• Tests ongoing tuning 
emulsion components and 
with hybrid  OPERA-NIT 
emulsionCNAO Exposure: single high intensity spot 

(107 protons) 

NIT

OPERA-like

Trento Exposure: uniform density of 104 protons 𝑐𝑐𝑚𝑚−2



Offline Reconstruction Workflow
MTs + Background Grains

Linking

400 𝜇𝜇𝑚𝑚



Conclusions
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