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Fig. 1. Sketch plot of the experimental setup. Insert
at lower left shows schematically the laser interaction

with a planar aluminium target.
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Fig. 2. (a) Light intensity distribution of air plasma emission, the vertical lines 1, 2, and 3 represent the three
locations of the aluminum target; (b) and (c) represent shadowgraphs of the same aluminum target location at
position 1 at 3 ns and 5 ns time delays after laser irradiation, respectively; (d) and (e) represent respectively the

shadowgraphs of the aluminum target at locations 2 and 3 at the same 5 ns time delay after laser irradiation.

400 (d) - _a--a
s ——8F _I_‘ g/
300 1
g
< 200+ 4
=
100 - y
u Case(a)
® Case(c)
or 4

! ! ! ! ! ! ! !
0 1 2 3 4 5 6 7
t/ns

B3 fERHOCEE TR — M9 m R (a), (b), () €65 ns MR T, MR (5% A B AR K8 = AR ) B B ok
BIRZ R, 70 R 2 (a) R 1, 2, 3 =AME; (d) AEIER T, XTRE () F1 (c) HIRETHE T A LBy i K A 4L, o
TP (a) 00T HSEEM R, B AL (o) B FISERNEE, St AR Sedov BB HIIG HIZK

Fig. 3. Another set of the experimental results obtained at different laser spot sizes: (a), (b), (c¢) Respectively
represent shadowgraphs of the target corresponding to the locations 1, 2, and 3 in Fig. 1. (a) at 5 ns delay after
laser irradiation; corresponding to (a) and (b), (d) represents the length of ejection material parallel to target surface;
(d) filled squares represent experimental results corresponding to (a), and filled circle represent experimental results

corresponding to (c); the solid line represents a fitting curve based upon Sedov’s blast wave theory.
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Fig. 4. (color online) Time-resolved shadowgraphs of ejection material after an aluminium target is ablated

by a 50 fs, ~7 mJ laser pulse, where the laser pulse is incident from left to right. Red line represents target

surface locations (laser spot size is ~1.2 mm at this location), a is the plasma channel in air, A, B, and C

represent some characteristics of ejection material due to thermal expansion after laser ablation. The right

figure is a closeup of the shadowgraph at 4 ns time delay.
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Fig. 5. Shadowgraph of an aluminum target at 8 ps
time delay after ablated by a 50 fs, ~4.4 mJ laser pulse.
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Femtosecond laser ablation of an aluminum target in air”
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Abstract

The dynamics of laser ablation of solid target with ultrashort intense laser pulses is not only fundamentally in-
teresting, but also relevant to a few important applications such as microfabrication, laser propulsion, laser induced
breakdown spectroscopy, etc. By use of time-resolved pump-probe shadowgraphic imaging technology, we study the
dynamic process of laser ablation of a planar aluminum target in air. The incident laser pulses are from a Ti: sapphire
femtosecond laser amplifier system with a duration of 50 fs, central wavelength of 800 nm, pulse energy varying between
4 mJ and 7 mJ. Time-resolved shadowgraphs of material ejection from the aluminum target are recorded at the time
delay up to a few nanoseconds after laser irradiation. By changing the distance between the target and the focal point
of the incident laser, we obtain the shadowgraphs of the target ejection under different laser spot sizes. When the
laser spot size is relatively large say, over 1 mm, the irradiated target surface is ablated in the form of a planar shock.
However, when the laser spot size is relatively small, the ejection appears in the form of a hemispherical blast wave. It
is found that the hemispherical blast wave well conforms to the Sedov’s blast wave theory. When the laser energy is
relatively large, it is found that ionization of air has a great effect on laser ablation. Additional small ejections appear
as columnar and hemispherical structures near the laser axis, which are superimposed on the large planar shock. These
can be attributed to the following processes. Firstly, as the ionization of air occurs near the laser axis, effective heat
transfer from air plasma to the aluminium target leads to enhanced target temperature. This leads to the formation of
a columnar structure on a picosecond time scale. Secondly, the columnar ejection and air plasma expansion near the
laser axis result in the decrease of air density and pressure, which leads to the formation of the hemispherical structure

on a nanosecond time scale.

Keywords: laser ablation, planar shock wave, hemispherical shock wave, air environment
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