
Accelerazione di particelle tramite laser 
intensi ed applicazioni ai beni culturali, 
(biomediche, materiali, ambiente, IA)

Patrizio Antici 
antici@emt.inrs.ca 



The advent of High-Power lasers thanks�
 to the CPA



(investments of over >1 B€ in 10 years!)�
(including INFN ‒ FLAME/Eupraxia!)
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ELI 850 M€ 

 
 

BELLA 30 M€ 

APPOLON 50 M€ 

CALA 65 M€ 

 

FLAME/INFN-PI 6 M€ 
ALLS 30 M€ 



2000-2005 Experimental Discovery of laser-
accelerated particles

2004 

High quality and high energy protons are 
 accelerated by high intensity lasers…  

Proton beams: 
- High number 
- High energy 
- Very laminar 

2000 



1000 x more compact 
+ other properties (short duration) 

Plasma cavity 
 
 

100 um 

1 m 

RF cavity 
 

Courtesy of W. Mori & L. da Silva E-field max  ≈ 50-100 MeV /meter (Breakdown)  



Opening of new labs for proton acceleration  (e.g. 
FLAME@INFN-LNF or ALLS@EMT-INRS)

SPARC/EuPRAXIA 

INRS 



Proton parameters of high-power lasers 
enable many applications !
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1. Improvement of a laser-driven proton 
beamline (high-repetition rate targetry system 

– implementation of QP)�

Possible PhD Thesis: 
-  Beam dynamic simulations 
-  Beam line design 



2. Laser-PIXE

AGLAE @ Louvre



2. Laser-PIXE for Cultural Heritage

High-power laser: 

Intensity on target 

>1018 W/cm2 

 

Mirror 
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 Artifact 

Proton beam 

X-ray 
detector 

X-rays 

Explore different materials / 
Limits of this and combined 
technique / Damage ? 

Possible PhD Thesis: 
-  Laser-PIXE for In-Air analysis of artifacts 
-  Laser-PIXE for Archeometry 



�
We are not alone !

Current topic:  
-Analysis of violins with University of Pavia (M. Malagodi) 
-Analysis of specific metallic items with Uniroma3 (L.Tortora) 



Environment 
(Exhaust detection)

Is laser-PIXE applicable for Exhaust-
detection ? 



cancer and 
Alzheimer detection

There is a correlation between the 
alteration of selected trace elements 
concentration in brain tissue and 
certain neurological diseases 
(Alzheimer’s disease, Parkinson’s 
disease, and brain tumors). Most 
attention has been given to Fe, Cu 
and Zn and their concentration in 
different parts of the brain.  

In addition:  
  Laser-driven protons for Gene-

manipulation (Modification of 
DNA) 

  Laser-driven protons for 
radiotherapy (zebrafish 
irradiation) 



5. Articial intelligence for improving �
beamlines and data mining�

(together with Uniroma1/INFN ?)

Collaboration with: 



6. Laser-accelerated proton for �
material science application
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Possible Thesis:  
1)  Stress test on different materials 
2)  Doping of semiconductor 

materials using laser-driven 
protons 



PhD thesis in….

… any other topic that YOU would 
like to pursue and is feasible (and 
compatible with the labs)... 



International working mode

LLNL @ San Francisco 

LULI @ Ecole Polytechnique Paris 

ALLS @ Montréal 

FORTH @ Crete 

LLC  @  Lund 

Current 5 Students: 
2 with Uniroma1 
1 with Uniroma3 
1 with U. Bordeaux 
1 only INRS 
 



We publish… have fun... �
and they talk about us…



Advantages / Disadvantages of a joint PhD 
(but there are no disadvantages…)

-  International 
exposure (network)

-  Multidisciplinary

-  Multitasking (theory/
experiment)

-  Salary is almost 
doubled (!)

-  High productivity and 

-> Good Job insertion

-  Flexibility in travels 
and working time

-  Good language 
skills

-  Result oriented

-  Able to work 
independently

-  Fast decision 
making, fast acting



What is INRS ‒ Center Energy, Materials, Telecommunications �
~40 multidisciplinary professors (7 in photonics), about 190 Students/

PhDs (small center, dynamic, low overheads)

R. Morandotti 

Excellence center, only graduate 
students 

Vetrone 
Highly “italianized” 
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Thank you for your attention !  

… collaborate or join us ! 
Patrizio.antici@inrs.ca  

Interested ? 

www.ipat-lab.net 
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