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Why FUSION? 
Study of the p(11B, 𝛼)2𝛼  
in a plasma environment 

for energy 

for the development of new alpha sources 

for the general understanding of fusion nuclear reaction in plasmas
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Nuclear fusion and approaches

—magne&c confinement

An energy source (i.e. a laser) release energy in a small 
capsule forming a region (hot-spot) where exothermic 
nuclear reaction can be triggered
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Nuclear fusion and approaches

—magne&c confinement
—iner&al confinement

S Atzeni, J Meyer-Ter-Vehn,  
<<Inertial Fusion>>, Oxford 
Science Publications(2004)

An energy source (i.e. a laser) release energy in a small 
capsule forming a region (hot-spot) where exothermic 
nuclear reaction can be triggered
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Nuclear fusion and approaches

December 5th 2022 
About 3.15 Mega-joules of fusion energy from 

the 2.05 MJ



The INFN FUSION project: 
the p(11B, 𝛼)2𝛼 
fusion reaction in a  
laser generated plasma
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The p(11B, 𝛼)2𝛼

p(11B, 𝛼)2𝛼    Qreac = 8.9 MeV

The p-11B   is another reaction of 
interest for future ICF schemes: 
even if it is energetically less 
favourable it shows enormous 
advantages

S Atzeni, J Meyer-Ter-Vehn,  
<<Inertial Fusion>>, Oxford 
Science Publications(2004)
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The p(11B, 𝛼)2𝛼

It is a neutron-less fusion reaction  

Two resonances at about 100 keV and 600 keV in the 
system center of mass 

Abundant reagents 

Is of interest in astrophysical processes 

Is of interest for new schemes of 𝛼 sources

Of course, this reaction must be studied  
in a plasma as that generated in a laser-matter 

interaction process
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Why FUSION want invesEgate this reacEon ?

FUSION GOAL: increase this gain of one order of magnitude
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The INFN FUSION project

INFN Unit Local Responsible Institution

Bologna Dr Fabrizio Odorici INFN of Bologna (I)

Catania Prof Antonio Trifiro’ University of Messina (I)

Firenze Prof Gabriele Pasquali University of Florence (I)

Lecce Prof Rosaria Rinaldi University of Salento (I)

LNGS Prof Libero Palladino University of l'Aquila (I)

LNS Dr Giacomo Cuttone INFN-LNS, Catania (I)

Milano Dr Davide Bortot Milan Polytechnic, (I)

Roma 2 Prof Claudio Verona University of ‘Tor Vergata’, Rome (I)

TIFPA Dr Antonino Picciotto Fondazione Bruno Kessler, Trento (I)

Torino Dr Raffaella Testoni Turin Polytechnic (I)

1.New targets and 
diagnostic 

2.Study of the 
reaction in plasma 

3.Study of the 
stopping powers of 
proton in a Borated 
plasma
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Simplified scheme of the p(11B,a)2a reaction 
activated in plasma

Target “sottile” (< 10um) e 
“spesso” (> 10um) 

contenente 11B e H+ 

α-particles

Innovative targets containing 
H and 11B 

The laser interact with the 
target and generate a plasma 

The p(11B,a)2a reaction occur 
in plasma and alpha yield is 
measured 

detector_1

Laser pulse characteristics

Duration: 300 ps

Contrast: 10E-7

Energy: up to 1000 J

Power on target: 3 TW

Intensity on target:  1016 W/cm2

Target contenente H e 11B

Laser

α-particles

Study of the reacEon in plasma

Plasma 

p+11B

detector_2

detector_3

α-particles

α-particles

detector_4

detector_5

detector_6

GAP Cirrone (LNS), F Consoli (ENEA)
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A “Borated” plasma is generated 

Proton/ion bunches will be synchronised

Energy loss in this plasma will be 
characterised

Laser pulse characteristics

Ion-beam characteristics

Duration:  6 ns

Energy: 2 J 
Power on target: 10E8

Pulse intensity: 1012 W/cm2

Measurement of the stopping power in plasma

Spot diameter:  < 1mm

Energy: 0.5 - 3 AMeV (protons, alfa) 
Bunch duration: 1 nsS Tudisco LNS), G Pasquali (FI)
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Laser system

Optical 
compressor

Interaction chamber I: 
protons, ions, electrons, 
neutrons production

Interaction chamber II: 
Warm Dense Matter, nuclear 
physics, conventional beam-plasma 
interaction, etc.

Utility room

In-air irradiation 
station

Laser path
Conventional ions:  
from TANDEM and 
Cyclotron

Protons (up to 100 MeV), ions, electrons (up to 3 GeV), neutrons and gamma production and 
interaction with conventional beams
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I-LUCE potenEal acEviEes

Ion-plasma interacEon: UNIQUE 
CAPBILITY OF INFN-LNS
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Cost action on the use of p-11B: FUNDED!

ProBoNO:

Energy applications

Medical applications

Table-top sources

Radioisotopes

● Formation of a critical mass and a common front for 
preparation of EU proposals (i.e. Horizon Europe and 
ERC Calls)

● More than 50 Institutions
● Dr GAP Cirrone and F Consoli Italian representative in the 

management Committee

Patents:
EP2833365A1 - reaction scheme
EP3266470A1 - medical applications

Thanks for listening
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Laser Power 350 TW
Energy per pulse >7 J
Pulse duraEon ≤ 25 fs
Focusing surface 36 µm2  or 

be`erMax power density (at the target) 8.82⋅1020

I*𝝀2 5.64⋅1020

Contrast raEo @100 ps (ASE) > 1010

RepeEEon rate 1 Hz

P r o t o n s 
Ions

Max energy 50 MeV
ParEcle per pulse (at 30 
MeV)

1011 MeV-1 
Sr-1

Energy spread 100%
Beam divergency (max) ±20°

Eletrons
Max energy 3 GeV
ParEcles per pulse 109

Beam divergency (max) ± 20 mad

Neutrons

Max energy 20 MeV
ParEcles per pulse 1010

Energy spread 100
Beam divergency Isotropic

Gamma X-
beams

Synchrotron radiaEon of 
the electrons inside the 
Energy u p t o 8 0 

MeVBeam divergency DirecEonality  
in the beam 
ropabgaEon 

Protons spectra from A. Higginson et 
al. “Near-100 MeV protons via a laser-
driven transparency-enhanced hybrid 

acceleration scheme”, NATURE 
COMMUNICATIONS | (2018) 9:724 

pC
/G

eV

GeV

Electrons spectra from X. Wang et al. 
“Quasi-monoenergetic laser-plasma 

acceleration of electrons to 2 GeV”, 
NATURE COMMUNICATIONS, 4:1988 2018 DOI: 

10.1038/ncomms2988 

Neutrons spectra from A.Yogo et al. 
“Single shot radiography by a bright 

source of laser-driven thermal neutrons 
and x-rays", Applied Physics Express 

14, 106001 (2021) 

Gamma spectra from M. M. Günther et al 
“Forward-looking insights in laser-

generated ultraintense γ-ray and neutron 
sources for nuclear application and 

science” NATURE COMMUNICATIONS | (2022) 
13:170 
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Laser Power ≥ 50 TW
Energy per pulse ≥ 1 J
Pulse duraEon ≤ 23 fs
Focusing surface 36 µm2

Max power density (at the target) 1.21⋅1020

I*𝝀2 7.72⋅1019

Contrast raEo @100 ps (ASE) > 1010

RepeEEon rate ≥ 10 Hz

Protons Ions

Max energy 4 MeV
ParEcle per pulse (at 2 MeV) 1011 MeV-1 Sr-1

Energy spread 100%
Beam divergency (max) ±20°

Eletrons
Max energy 0.1 GeV
ParEcles per pulse 109

Beam divergency (max) ± 20 mad

Neutrons

Max energy TBD
ParEcles per pulse
Energy spread
Beam divergency

Gamma X-beams

Synchrotron radiaEon of the electrons 
inside the plasma or breemsstrahlung
Energy up to 20 MeV
Beam divergency DirecEonality  in the 

beam ropabgaEon 
direcEon

Fusion studies,  
nuclear studies,  
radioisotopes production, 
….. 

Acting on the compression  
procedure, the pulse duration can  
be increased up to 1/10 ps: 
==> 2.78⋅1018 W/cm2 

        2.78⋅1017 W/cm2 

==> i𝝀2 = 1.77﹒1018 

           i𝝀2 = 1.77﹒1017

Longer plasma expansion times: 
— Decay studies 
— stopping powers studies 
— WDM characterisation

Power densities can be improved reducing 
the focusing spot: 
— shorter focuing parabola 
— but issues related to the: target degree, 
back reflection, …


