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Introduction 

Charged particle acceleration through laser-matter interaction is a well known phenomenon since 

long-time. T
3
 (Table Top Térawatt) lasers reaching, and sometimes, getting over intensities around 

10
20

 W/cm
2
, allows producing particle beams in the so-called “relativistic” regime (as accelerated 

electrons velocity is close to c) showing outstanding features in terms of energy, brightness and short 

burst duration. As a consequence they are interesting for a large spread of applications [1]. 

Undoubtedly, the research in this field is stimulated to a large extent by the hope of using laser 

produced high energy particles for medical purposes (see [2], for example). In particular, laser driven 

sources appear as a promising alternative to classical accelerator sources for two kinds of cancer 

treatments: the proton beam therapy (PBT) and the intra-operatory radiation therapy (IORT). In this 

talk, we will focus on the main physical acceleration mechanisms for protons and electrons and we 

will review the main features and the application domain of PBT and IORT. We will present the 

potential advantages offered by laser-based sources as well as the progress requested to possibly 

substitute traditional by laser-based sources. 

Proton therapy 

More than 50.000 patients have been already treated with PBT since the work of Wilson [3] about 60 

years ago, which suggested using fast proton for radiotherapy. Due to the typical energy loss of 

protons traversing matter, the very biggest part of proton energy is actually delivered in a confined 

volume at a depth proportional to their energy (Bragg peak). It is therefore possible to precisely aim at 

the tumor location without damaging the tissues situated just after the Bragg peak (and dramatically 

reduce the dose received by the tissues located just before), on the contrary of standard x-ray radiation 

treatment. This results in fewer and milder side effects for the patient and in a quite lower relapsing 

rate making PBT the therapy of choice for pediatric cancer diseases and for those tumors whose 

location is close to vital organs. The usual required energy of protons for PBT is about 200 to 250 

MeV corresponding to a range of 25 to 30 cm in a human body. Standard cyclotrons and synchrotrons 

able to get such energies are commercially available (with related treatment theatres) but their cost 

(greater then 100 M€) and their overall dimensions still restrains a large scale distribution of this kind 

of devices. The use of lasers should considerably reduce  the size of such devices partly due to the fact 

that a local rather than generalized radio shielding is needed. In addition, lasers able to produce 

energetic ions are more and more compact, as the technology increase their capability. 

In order to evaluate the feasibility of a compact laser driven proton therapy facility compatible with 

the medical demands, an heterogeneous team, gathering top level competences from all the concerned 

research domains, has been constituted around the project SAPHIR (Source Accélérée de Protons par 

laser de Haute Intensité pour la Radiologie). Our group shares this project with the ENSTA-LOA, the 

CEA-DAM, Amplitude Technologies, the Gustave Roissy Institute, the Curie Institute, the Centre 

Protonthérapie d‟Orsay, Propulse s.a.s, Imagine Optic and Dosisoft. Laser-based Proton sources are 

usually obtained through the interaction of the intense laser field with a solid target. We will discuss 

recent encouraging results obtained in Saclay using a “small” 100 TW, 25 fs laser, and novel 

acceleration mechanisms based on the ultra-high contrast interaction regime. Indeed, the complex 

motion of highly excited electrons builds-up an electrostatic field which accelerates ions to a few MeV 

energies at the plasma-vacuum interface. The hints to increase the maximum proton energies will be 

presented as well as the tailoring of their spectral distribution.  
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Intra Operatory Radiation Therapy 

IORT practice starts in the early 70‟s [8] and is now currently employed in several hospitals 

worldwide with a growing interest. Whereas PBT directly acts on a well delimited cancer from outside 

the patient body, IORT applies after the cancer has been surgically removed. Tissues around the 

removed cancer location are irradiated by moderate energy electrons (around 10 MeV) in order to 

destroy residual tumor cells that the surgery has missed. Directly irradiating the operative area limits 

the required electron flux and energy and consequently the size of the needed accelerator (linac). 

However, the usual devices are still quite cumbersome and require heavily shielding the operating 

theatre. Moreover, this latter cannot be obviously available each time a technical problem implies a 

maintenance intervention.  

Using laser-driven electron acceleration instead of RF accelerator could remarkably change the nature 

of IORT practice. The main improvements should be to drastically reduce the size of the device in the 

operating theatre and the radio shielding constraints. At the same time the device flexibility, the 

number of treated patients (the same laser beam can deserve more operating theatres) and the available 

electron energy and flux should increase. Using a 10 TW laser, we have recently shown [9] that 

electrons accelerated over a millimetric size length in a gas jet present energy, flux and divergence 

features consistent to the ones used in IORT. More precisely, 10 MeV, nC electron bunches can be 

routinely produced at 10 Hz with a set of characteristics suitable for Intra-Operatory Radiotherapy. 

The Saclay group is involved in a consortium devoted to the laser-driven IORT leaded by the Intense 

Laser Irradiation Laboratory of IPCF-CNR in Pisa (Italy). In this framework, our contribution will be 

mainly centered to the optimization of the interaction conditions to evaluate the medical reliability. 
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