


Francesco Mirani



Francesco Mirani









Francesco Mirani















Francesco Mirani















Francesco Mirani





 ↓ →

The target 

is the key!



Francesco Mirani





The target 

is the key!
#

 P
a

rt
ic

le
s
 [
1

/(
M

e
V

*s
r)

]
5 10 15 20 25 30

Energy [MeV]

10¹⁰

10¹¹

10⁹

10⁸

10¹²



Francesco Mirani

• ±

•

•



Francesco Mirani

•

•

•

• →



Francesco Mirani

•

•

•

• →



Francesco Mirani



Francesco Mirani



Francesco Mirani

N SS













Francesco Mirani





















Francesco Mirani









°



Francesco Mirani

•

•



Francesco Mirani

•

•

•

•

ρ ≈ ρ



Francesco Mirani

•

•

•



Francesco Mirani

••

±

ρ ≈ ρ



Francesco Mirani

••

±

ρ ≈ ρ



Francesco Mirani

••

↑ →

→

↑ →



Francesco Mirani



 ±











Francesco Mirani



Francesco Mirani



Laser-driven 
proton source

e-
Proton
X-ray

Laser-driven PIXE 
experiment

Laser-driven proton 
spectrum



Francesco Mirani



Laser-driven 
proton source

e-
Proton
X-ray

Laser-driven PIXE 
experiment

Laser-driven proton 
spectrum



Francesco Mirani







Francesco Mirani

Acknowledgments

https://www.hflpi.polimi.it/



Francesco Mirani



29

Near-critical targets for laser-driven acceleration

Plasma critical 
density:

𝑛𝑐 =
𝜋 𝑚𝑒𝑐

2

𝑒 l2
𝑛𝑐 ≈ 6mg/cm3

(@ l=800 nm)

n>>nc overdense plasma
most of laser is reflected

n<<nc underdense plasma
little laser absorption

n ≈ nc near critical plasma
strong laser-plasma coupling

Ilaser=1020 W/cm2 Elaser = 3 x 1011 V/m = 50 X Eatomic Full ionization Plasma!

0.6 6000.06
mg/cm3

ne/nc0.1 1 10 1000.01

6 60
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Ion acceleration @ PULSER (GIST)
in collaboration with: I. W. Choi, C. H. Nam et al.
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Role of target properties (s-polarization, full power)

nearcritical foam thickness: Al (0.75 µm) + foam (6.8 mg/cm3, 0-36 µm)

 There is an optimum in near critical layer thickness

 Maximum proton energy enhanced by a factor ~ 1.7

 Number of proton enhanced by a factor ~ 7 M. Passoni et al., Phys. Rev. Accel. Beams 19, (2016)
I. Prencipe et al., Plasma Phys. Control. Fus. 58 (2016)
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Ion acceleration @ PULSER (GIST)
in collaboration with: I. W. Choi, C. H. Nam et al.

Role of pulse properties Al (0.75 µm) + foam (6.8 mg/cm3, 8 µm)

pulse intensity
pulse polarization: s, p and circular polarization

 strong for Al foils
 reduced for foam targets

Dependence on polarization:
 foam vs Al: volume vs surface interaction?
 irregular foam surface: polarization definition?
 role of target nanostructure?
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• F = 2.1 J/cm2

• P = 1000 Pa Ar

• dts= 4.5 cm

• Substrate = Al 1.5 µm

• Foam thickness = 4, 8, 12 µm

Laser parameters @ Draco (HZDR, Dresden)

Ion acceleration @ DRACO 150 TW
in collaboration with:
I. Prencipe, T. Cowan, U. Schram et al.
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Foam PLD parameters

(preliminary data!) 

• Energy on target = 2 J
• Intensity =  up to 5 x 1020 W/cm2

• Angle of incidence = 2°

Optimal foam 
thickness
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Near-critical targets for laser-driven acceleration

Plasma critical 
density:

𝑛𝑐 =
𝜋 𝑚𝑒𝑐

2

𝑒 l2
𝑛𝑐 ≈ 6mg/cm3

(@ l=800 nm)

n>>nc overdense plasma
most of laser is reflected

n<<nc underdense plasma
little laser absorption

Gas-jets Solids

n ≈ nc near critical plasma
strong laser-plasma coupling

Ilaser=1020 W/cm2 Elaser = 3 x 1011 V/m = 50 X Eatomic Full ionization Plasma!

0.6 6000.06
mg/cm3

C foams:
one 

of the (few) 

options

ne/nc0.1 1 10 1000.01

6 60



• Oriented groth;
• Transition: fase α → fase ω? 

  (only α phase) 
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Laser-driven Particle Induced X-ray Emission (PIXE)

Laser accelerated
proton spectrum

2) X-ray spectra

3) Sample composition

1) Simulated experiment PIXE:

 Commercial codes not ok for laser PIXE

 Laser-driven PIXE:
 Unconventional features of ion beam 

(broad spectrum, tunable energy, ns 
bunch duration)

 Cheaper, portable PIXE setup

E [MeV]

X-rays energy [keV]

Dedicated
software to process x-

ray data

Concentration [%]
real

retrived

 Ad-hoc code developed

Ion beam
Particle 

Accelerator

MeV energy,
low current


