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Motivation Nanowires (NWs)

NW targets for laser experiments may increase:
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Figure 1 | Conceptual design of the laser-plasma SR source. (a) An intense laser pulse (yellow) is focused in a gas jet. (b) The laser pulse propagates Kinetic energy gK-P [MeV]

Fig. 1 SEM image and 3D PIC simulation of energy distribution of deuterons.
a SEM image of an array of 200 nm diameter CD, nanowires. b-d Three-
dimensional particle-in-cell (PIC) simulation of the evolution of the energy
distribution of deuterons in an array of 400 nm diameter CD, nanowires
irradiated at an intensity of 8 x10'> W cm~2 by an ultra-high contrast 1 =
400 nm laser pulse of 60 fs FWHM duration. The laser pulses penetrate
deep into the array where they rapidly heat the nanowires to extreme
temperatures, causing the nanowires to explode (Fig. 1c, d). Deuterons are
rapidly accelerated into the voids up to MeV energies, producing D-D
fusion reactions and characteristic 2.45 MeV neutrons. Times are
measured with respect to the peak of the laser pulse. The average density
of the nanowire array corresponds to 16% solid density
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SEM HV: 20.0 kV

Viow fiold: 4.15 ym
G: 50.0 Kx  Date(m/aly): 01,2419

through the gas jet, trapping and accelerating an electron bunch in its wake. (¢) The laser pulse ionizes the nanowires, heats their electrons and

creates an electrostatic field (in blue). The trailing electron bunch wiggles in this field (red trajectories).

S. Vallieres et al. Nature Scientific Reports. 2021



Methods for NW synthesis
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Anodization process

Al anodization transforms Al in anodized
aluminum oxide (AAQ), which is porous alumina
in an electrochemical cell.
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Process Parameters
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Target 1/ Template: Nanochannels

Freestanding AAO
Diameter: 500nm
Length: 10s of um
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Freestanding AAO Tarqet 3: NanOtu beS
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Nanowires Characteristics

Diameter: 100-300 nm

Height: 500 nm-3um

Interpore distance: 40-300 nm

Material: Cu, Ni, Co, Au, Pd (Ag, Zn, Nd, Tb,
combinations)

Nanotubes Characteristics

Diameter: 200-300 nm

Height: 1-3um 5 O
Yy T a0
Interpore distance: 40-150 nm .

Material: Cu, Ni, Co, Au, Pd (Ag, Zn, Nd,
Th, combinations)

Conclusions

The following has been achieved:

v Obtaining free-standing alumina of 1-100um thickness

v Synthesis of Ni NWs on Ni substrate and Cu NWs on Al substrate
v Synthesis of Ni NTs on Ni substrate

v" Preliminary target testing in high power laser experiments

Regarding further work, next directions are of interest:
> Synthesis of longer NWs by supercritical drying

» Synthesis of bigger pore diameter alumina for NWs and NTS
» Obtaining other metallic NWs (Co, Ni, Au, Pd, or mix)

> Si NWs by RIE+ EBL (Top-Down method)

> Target testing in high power laser experiments

> PIC simulations for NWs & AAO targets
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