
From Proton Beams to Space Radiation: TOP-IMPLART as a Bridge between Medicine, Technology 
and Space 

Ionizing particles can damage living cells, degrade materials and disrupt electronic systems. Yet, when 
generated and controlled by an accelerator, the same particles become powerful tools for 
understanding these effects, developing countermeasures and improving the resilience of biological 
systems and advanced technologies. 

The controlled use of ionizing particles for research and technological applications is the basis of TOP-
IMPLART, a particle-accelerator research infrastructure operating at the ENEA Frascati Research 
Centre. Developed in collaboration with the Italian National Institute of Health and the Regina Elena 
National Cancer Institute, with support from Regione Lazio, the facility brings together accelerator 
physics, medicine, radiobiology, dosimetry and space research. 

TOP-IMPLART was originally conceived as a compact and modular proton accelerator for medical 
applications. In proton therapy, the interaction of ionizing radiation with matter is precisely controlled 
so that energy is deposited mainly within the tumour, while reducing exposure of the surrounding 
healthy tissue. Radiation is thus transformed from an uncontrolled hazard into a targeted therapeutic 
tool. 

The same approach is used in space radiation research. Beyond the protection of the Earth’s 
atmosphere and magnetic field, energetic protons and heavy ions interact with spacecraft, detectors, 
electronic systems and, during human missions, biological tissue. They can degrade materials, 
accumulate dose and cause transient or permanent failures in critical components. 

The challenge is therefore not simply to shield space technologies, but to understand how radiation 
damage originates, how it evolves and how it can be predicted, detected and mitigated. 

At the ENEA Frascati Particle Accelerators Laboratory, proton beams reproduce selected aspects of the 
space radiation environment under controlled and repeatable conditions. Electronic components, 
sensors, materials and dosimetric devices can be exposed to well-characterized proton beam, allowing 
their response to be measured and used to improve device design, select radiation-tolerant 
technologies, validate shielding strategies and develop systems capable of detecting or compensating 
for radiation-induced failures. 

The same proton beams used to investigate biological response and support medical applications can 
also qualify electronics and technologies for satellites and space missions. 

TOP-IMPLART thus provides a bridge between medicine and space exploration, addressing a common 
scientific challenge: transforming the interaction between radiation and matter from a threat into 
knowledge, protection and technological progress for safer therapies and more reliable space missions. 


