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Laser-Matter Interaction

When a pulsed laser beam with an intensity greater than 108÷1010 W/cm2 hits a target, 
atoms, particles, molecules, clusters and more are ejected from it.
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Time of Flight (TOF)
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Time of Flight Technique
Time Of Flight (TOF) technique can be used for the particles
velocity and/or energy evaluation of a plasma generated by
Laser. It consists in evaluating the time necessary for an ion to
travel a known distance.
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Experimental Setup

• Laser Ti:Sapphire
• Wavelength: 800 nm
• Pulse duration: 45 fs
• Energy: 313 mJ
• Intensity: 1018 W/cm2

Target propertiesTarget properties

Solid Target consisting of:
• rGO (13 µm)

Laser featuresLaser features

Irradiation ConditionIrradiation Condition

• Vacuum: ~ 10-6 mBar
• Incidence at ~ 0°
• Laser Spot: ~ 70 μm2 IPPLM of Warsaw (PL)
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CBS Approach

ܧ
ݖ ≅ ݐݏ݊݋ܿ

E(H+) = 1.8 MeV
E(C6+) = 10.8 MeV

TNSA Approach

E(H+) = 1.8 MeV
E(C6+) = 6 MeV

Experimental Result

By irradiating the GO foil using a single laser shot we obtain the following TOF spectrum  
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Particle-in-Cell Approach

We compare experimental results with 2D-Particle in Cell (PIC) simulation by
use EPOCH code. PIC-EPOCH code simulates collisionless plasma kinetics.
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Particle-in-Cell Simulation

The simulation box is set to dimension of 50 µm × 30 µm (x-direction × y-direction), from -20 µm to 30
µm in x-direction and between ±15 µm in y-direction. The box contains square cells with size of 10 nm.

• Laser Parameters
• Foil size = 13 μm
• Preplasma = 2 μm
• Foil density
• Particle per cell:
 Electron = 80
 Proton = 2000
 Carbon = 1500

Input ParamatersInput Paramaters

Output ParamatersOutput Paramaters

• Electric Field
• Particle Density
• Particle Energy
• and others…
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Electric field driven acceleration

The longitudinal electric field, in x-forward direction indicating a peak value of about 1.75 x 1012 V/m at
about 60 fs from the laser shot.

1.75 ൈ 10ଵଶ ܸ ݉ൗ ∙ 1 ൈ 10ି଺ ݉ ൌ ܸܯ	1.75 ାሻܪሺܧ ൌ ܸ݁ܯ	1.75

It is responsible for the forward ions acceleration; FWHM ~ 50 fs comparable with the duration of the
laser pulse (45 fs).
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Temperature = 302.3 keV
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Electrons and Ions Energy

The Plasma Temperature is in agreement with the
theoretical evaluation:

݇ܶ ൌ ݉଴ܿଶ 1 ൅
௅ଶߣ଴ܫ

1.37 ∙ 10ଵ଼ െ 1 ≅ 354	ܸ݇݁

L. LASKA, et al. Laser and Particle Beams, 26, 555–565 (2008). 
M. ROTH AND M. SCHOLLMEIER, Springer International Publ, 231-270 (2016).



0 50 100 150 200 250 300
0

2

4

6

8

10

Time of Flight (ns)

Y
ie

ld
 (V

)

0

50

100

150

200

250

300

350

400

450

C+
0.8 MeV

C6+
6.8 MeV

C5+
4.6 MeV

C4+
3.2 MeV

C3+
2.1 MeV

TOF-Spectrum Deconvolution

C2+
1.5 MeV

 P
IC

-N
um

be
r o

f P
ar

tic
le

 (x
 1

00
0)

rGO, 13 m
FP=+200, 313 mJ
L=0.82 m, No filter

H+=1.8 MeV

1 2 3 4 5 6
0

2

4

6

8

10

12
Ion Energy vs. Charge State

PIC:  E = 0.19 z2 - 0.18 z + 0.91

M
ax

im
um

 E
ne

rg
y 

(M
eV

)

Charge State (z)

E(H+) = 1.8 MeV

CBS:  E=1.8 z

Deconvolution

Correlating the PIC ion energy distributions
with the angular distribution of particles, it is
possible to deconvolve the TOF ion spectrum
in the different ion contributions. Higher
ionized states of carbon ions are responsible of
the maximum contribution, due to their angular
distribution more peaked with respect to the
lower charge states and to the protons.

Comparison between CBS and PIC Results
CBS is applicable to lower laser intensities
and to higher laser pulse durations, as
reported in the literature, and demonstrates
that its application for intensities above 1018

W/cm2 can be only approximated.

L. TORRISI. Rad. Eff. and defects in Solids 171(1-2), 34-44 (2016).



Conclusions

Future Perspectives

 TNSA Regime can accelerate protons
approaching energy of hundreds MeVs.

 Comparison between the particle-in-cell
method and the experimental results allows
to understand what is happening within the
system, evaluating electric fields, density
profiles and more.

 CBS energy distribution is valid for long
laser pulses; for shorter pulses, the electric
acceleration field decay rapidly and the
ions are not all affected by the same field.

We will continue to compare the experimental results at higher ions energies with the PIC
method, in order to study the dynamics of laser-matter interaction and optimize them.
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