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● Laboratory astrophysics
● Enhanced ion acceleration
● γ-ray sources
● Inertial confinement fusion
● Electron acceleration
● High-order harmonic generation
● [...]

Near-critical plasmas are of great
interest for a number of applications 
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~ 1.2 mg / cm3
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For a Ti:Sapphire laser and A/Z~2, 
near-critical density means a very low mass density
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“Easy” to have under-critical or
over-critical plasmas

Under-critical
easy with gas-jets

Over-critical
easy with solids

Near critical

I.Prencipe et al. High Power Laser Science and Engineering, Vol. 5, e17 (2017) 



There is a “targetry” gap for
near-critical densities

Under-critical
easy with gas-jets

Not so many 
solutions here!

Over-critical
easy with solids

Near critical

I.Prencipe et al. High Power Laser Science and Engineering, Vol. 5, e17 (2017) 
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Nanostructured Carbon foams 
with Pulsed Laser Deposition

A. Zani et al. Carbon. 56: 358–365 (2013)



Very porous structures. Locally at the 
solid density but with many voids.

A. Zani et al. Carbon. 56: 358–365 (2013)



Nanostructured foams
can have a very low density

Lowest achievable 
density ~ 10 mg/cm3

Near-critical density!

ρc (0.8μm)≈6
mg

cm3



Great flexibility: deposition 
on virtually any substrate!

200 nm thin CH substrate
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Great flexibility: deposition
on (virtually) any substrate!

8,
72
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m

1 mm



Great flexibility: density gradients!

~ 10 mg/cm3

~ 150 mg/cm3

Solid substrate



Foams can be used as 
near-critical targets

Laser

Near-critical plasma



Very high laser contrast: 
nanostructures might 
survive the interaction
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When I consider laser-interaction 
with a near-critical 
nanostructured target...

Laser

Near-critical plasma



…should I consider the role 
of the nanostructure?

VS

Laser



Particle-In-Cell (PIC)
simulations could be
very useful!
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We simulated 
<ne> ~ 3 nc

a0 = 5, 15, 45
30 fs FWHM pulse
(no pre-pulse, 
pre-ionized plasma)



We performed an extensive study of 
laser-interaction with these plasmas

L.Fedeli et al. Sci. Rep. 8 3834  (2018) 

L.Fedeli et al. Eur.Phys.J. D, 71: 202 (2017)



We even tested 2 different foam
morphologies

L.Fedeli et al. Sci. Rep. 8 3834  (2018) 

L.Fedeli et al. Eur.Phys.J. D, 71: 202 (2017)
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a0 = 15, <ne >= 3 nc 

There are differences in pulse propagation



Laser a0 = 5
<ne >= 3 nc 

structures
lead to 
higher 
absorption 
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Higher 
absorption
efficiency 
into
Ion kinetic 
energy



Laser a0 = 5
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Ion kinetic 
energy



Laser a0 = 5
<ne >= 3 nc 

Different
structures
lead to 
significant
differences 
in the 
electron
spectra



Laser a0 = 45
<ne >= 3 nc 

This scenario is suitable for electron
acceleration in the plasma channel



Laser a0 = 45 (C-pol & P-pol)
<ne >= 3 nc 

Nanostructure
Lowers the 
temperature of
electron energy
spectra

Uniform DLCCA foam



Provided that the pulse contrast is sufficiently high,
the nanostructure seems to play a role
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Double-layer targets are
a promising target concept
for laser-driven ion acceleration

M.Passoni et al Phys. Rev. Accel. Beams 19, 061301 (2016)

I. Prencipe et al Plasma Phys. Control. Fusion 58 034019 (2016)

M Passoni et al 2014 Plasma Phys. Control. Fusion 56 045001 (2014)

A. Sgattoni et al Phys. Rev. E 85, 036405 (2012)

J. H. Bin et al Phys. Rev. Lett. 120, 074801 (2018)

e-

e-

Laser pulse MeV ions



This is due to the higher absorption
efficiency
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This is due to the higher absorption
efficiency



Double-layer targets are
a promising target concept
for laser-driven ion acceleration

2014/2015
PULSER laser
7.4J, 30 fs, ≈5x1020 W/cm2



Double-layer targets are
a promising target concept
for laser-driven ion acceleration

2017
DRACO laser
1J, 30 fs, ≈1020 W/cm2
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2017
DRACO laser
1J, 30 fs, ≈1020 W/cm2



We are interested in 
double-layer targets 
irradiated at (relatively) 
low laser intensities
(a0 ~ 4)



We are interested in 
double-layer targets 
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Nanostructures influence
Ion energy spectra



Nanostructures influence
Ion angular distribution
(H+ with E > 1 MeV)

No foam Uniform foam

Random wiresDLCCA foam



Why do we care?

Foam-attached targets could allow
to reduce size and cost of laser-driven ion 
accelerators

We are interested in applications
● requiring modest energies (few MeVs)
● without stringent requirements on energy spectra 
● requiring modest proton fluxes



Laser-driven PIXE 
(Proton Induced 
X-ray Emission)

Passoni et al. Submitted to Scientific Reports (2018)



Compact laser-driven 
neutron sources



Conclusions

Low-density nanostructured foams are 
a promising material

Nanostructure might affect the 
interaction 

Foam-attached targets allow to enhance 
laser-driven ion acceleration



Follow us on 

our website!

https://www.ensure.polimi.it/

感謝諸位的時間
Thank you for 
your time!







Backup slides













Ion Beam Analysis (IBA)
(Van de Graaff / Tandem) Sample

 2-5 MeV/u monoenergetic ions.

 Low currents (~ 100 pA)

 Elemental concentrations & Depth 

profiles

 Cultural heritage, environmental and 

biological and medical studies.

Ion
beam

Secondary
radiation

Detector











T ~ 5 fs  

2D simulations
with a0 = 0.05 
impinging onto
a nanowire target
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2D simulations
with a0 = 0.05 
impinging onto
a nanowire target

T ~ 746 fs  

n
e  / n

c



2D simulations
with a0 = 0.05 
impinging onto
a nanowire target

T ~ 853 fs  
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2D simulations
With a0 = 0.05 
impinging onto
a nanowire target

T ~ 960 fs  

n
e  / n

c
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