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The laser beam hits the sample’s
surface and ionizes some molecules

Free electrons are accelerated by the
laser field and then collide with the

neighboring molecules in air, creating a

plasma plume

A shock wave, related to the number
of generated electrons, appears

during the avalanche mechanism of the

ionization

Plasma generation by a solid target
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For irradiances beyond 10° W/cm? we can have a plasma expansion mechanism

During the plasma wave generation we have to take into account:

» thermal energy (thermoelastic expansion)

= optical energy (plasma spark) =) Stark broadening
= acoustic phenomenon that consists of a broadband acoustic wave due to the
supersonic expansion of the shock wave =) Acoustic technique for plasma



q Plasma generation by a solid target
= L S

J. Liu, B. Clough, and X.-C. Zhang, ‘Enhancement of photoacoustic emission through
terahertz-field-driven electron motions’, PHYSICAL REVIEW E 82, 066602 (2010)

éH(r,t) — is the heating function, defined as the
ot rate of the heat transfer from electrons
into molecular translational energy

5 acoustic pressure (deviation from
=n,—m,v, h(’”, f) Atmospheric)

is determined by the nature of the
energy transfer process and is a

1 2 com ' '
_ - plex function of gas density, laser

can be obtained using the Green’s

E; is the total energy transferred from function solution of the wave’s equation
each electron to neighboring air molecules

n, < p(r,t)



q The experimental set-up
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Preliminary results
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Preliminary results: comparison with data from literature
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q ~ Preliminary results: comparison with Stark broadening
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Both curves have a similar behaviour: there is a
saturation when the laser energy reaches the
values around 100/110 mJ

Correlation between acoustic and optical
measurements can be taken into account

The Stark broadening technique can be used to
calibrate the acoustic one



% Acoustic technique for plasma capillary

At the SPARC_LAB test facility we are going to use a gas-filled capillary plasma
source for which we will employ an electrical discharge to generate the plasma
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% Acoustic technique for plasma capillary

The Plasma generation inside a gas-filled capillary will be a bit different from the
Laser-Induced Plasma in air (Dark, Glow and arc discharge)
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A shock wave propagation also
occurs during the gas discharge

The shock wave is related to the
electron density produced inside the

capillary n « p(r,0)

-

Vacuum chamber




w Conclusions
= L S

= About the Laser-Induced Plasma in Gases, there is a close relationship
among the amplitude of the acoustic signal, the ablated mass/plasma
generation, and the optical emission

» The Stark broadening technique could be used to calibrate the acoustic
signal (shock wave) in order to determine the starting parameters of the
plasma (The shock wave is only generated during the gas discharge)

* The acoustic method described for a Laser-Induced Plasma in Gases
can be extend to a gas-filled capillary plasma source, since also in the
latter a shock wave will be generated during the gas ionization

*» The acoustic techniques are reliable and simple to make: we need a
microphone attached on the wall of the capillary
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