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RPA/TNSA hybrid ion acceleration
regime for nano-foll
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B-Model for short laser pulse and thin foll
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Proton Streak Deflectometry method for E and B
field detection at two 1imaging configurations
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Fs laser induced quasi-periodic nanostructure

S.Das et al,,
APJ (2011)

5 s exposure,10 uJ on target. With the reduction of
beam diameter, the focal spot size increases to

25microns. Under these conditions we were able to 20626A15 —— 5um
generate LIPSS. FESEM image of metal nanorods

a) LIPSS - laserinduced periodic surface
structuring. d, =d, =300nm, h < 500nm
kHz - fs laser focused on the target

b) The catalyst-free technique to grow
nano-rods has been developed using
two-stage buffer layers combined with
high temperature vapor phase transport

nano-rod deposition, which results in
d, «d, «100nm, h « 1000nm




Nano-structure (dynamic) target

(a) Schematic of the nanostructure target,
(b) Spatial distribution of electric field component normal to the target surface.
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c) Proton distribution function at the end of simulation

(600 fs), (d) Phase space of accelerated protons at the
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Efficiency of a structure targets

Y Absorption in the units of the plane 300 nm foil C**H*' 1020W/cm?2,15fs, 3 ym
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Optimal structure target parameters
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Limitations of a nanostructure targets

Thermal (prepulse) smoothing
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“Ripple” targets
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Electron transport efficiency in nano-wires

Wire solid target: C+*6

— Length 50 microns,
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3D simulation results for nano-wire targets
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Magnetic field generation by laser short pulse
interacting with nano-wires

wire length is 30 microns and the laser pulse duration is 30 fs with102° W /cm?
By field at different time moments B =180kT




Analytical modelling
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Electron transport in nano-wire cone targets
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GigaGauss magnetic field generation by screw
shape laser pulse in under-dense plasma
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Conclusion

Optimal nano-structure of the considered targets permits to get almost total absorption of
laser pulse. Profile shape has a weak influence on the absorption. For effective acceleration of
ions the volume of the relief should be less than the volume of the substrate foil.

In our case,degradation of a structure by a laser prepulse is the most important factor. For
this scheme to work, one needs a very high-contrast laser-pulse and a nanosecond laser pre-
pulse duration

Nano-wires exhibit a large coefficient of laser energy conversion to kinetic energy of a fast
electrons. Its bunch can propagate as far as several hundred micrometers in such targets.

The scheme of generation of short, energetic, dense electron nano-bunches is offered for the
interaction at big angle of incidence of laser pulse with thin semilimited target. Such target
creates three streams of electron bunches propagating in specular, incident and refracted
directions in relation to the laser axis. Conversion efficiency into fast electrons is a few
percents.

The obtained atto-pulse generation and focusing with energy conversion efficiency of a few
percent by cone-shaped target enables the peak intensity of the filtered fields in the focus to
reach the value of the incident radiation.

Thank you to all of you for listening!




