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Increase of ultra intense laser absorption by surface plasmon resonance
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Increase of high-energy electron production was demonstrated using grating targets via resonant absorption
of ultra intense laser energy. We conclusively establish the role of surface plasmon resonance in addition to

the structural effect such as local field concentration.

1. Introduction

Due to recent progress of ultra intense laser
beam enables a creation of high-energy particles
for not only scientific purposes but also several
applications. It however needs further
improvements in respect to production efficiency
or control of beam energy or quality. As the
former effort, the enhanced surface electric field
has been demonstrated for such lasers impinge on
a solid target having a modulated surface
structure such as nano-size spheres or nano-wires
[1,2]. The experiments using these targets
actually showed the enhancement of coupling
efficiency from laser to particle energies,
however, the structures have been not optimized
yet due to the difficulty of fabrications. From this
reason, the improvements mainly relay on
expansion how the interaction surface or field
concentration at the edge of the structure
increase.

On the other hand, the interaction of light with
nano-size structure target is well established as
“nano-photonics”. In this scheme, resonant
excitation of surface plasma wave (plasmon) of
conduction electrons on the material surface can
achieve nearly 100% laser energy deposition on
the material. However, for the ultra intense laser
light, such fine nano-structure could disappear
quickly because of rapid ionization of material. It
is therefore unclear the effect of surface plasmon
resonance on the absorption of ultra intense laser
light against the nano-structure material. For this
point of view, we investigated a generation of

highly coupling of femtosecond laser pulse onto
grating targets at relativistic intensities. The
grating has a precise groove density and thus
well-defined resonance conditions. We compare
our results with planar targets to confirm the
enhancements.

2. Experiment

The experiment was performed using an intense,
femtosecond laser system (~10" Wem™, 30 fs, 800
nm) at Tata Institute of Fundamental Research
(TIFR), Mumbai. We used three types of targets, (a)
and (b); sinusoidal gratings (500 and 1000 lines/mm
with 100 nm amplitude) composed of 1 pm thick
Au coating on a thin (76 um thickness) polyester
substrate and (c) 2.5 pm thick Au foil. The
p-polarized laser pulses are focused on targets at
40° incidence (this angle satisfies the surface
plasmon resonance condition for the 500 lines/mm
grating target). The resonance angle of the grating
is confirmed by the reflection of laser light at low
intensity pulse form the oscillator, resulting in the
reflection dip at around 40°, given the agreement
with the calculated resonant angle for the 500
lines/mm grating at 800 nm.

As the diagnostics, angular distributions of fast
electrons are measured with imaging plates, placed
at 6 cm behind the target which covers the angular
range from 0 to 180°. The energy of electrons
emerging at the back of the target is measured with
three electron spectrometers located along specific
directions to the normal.



3. Results

The angular distributions of fast electrons for 500,
1000 lines/mm and Au foil targets were shown in
Figures 1(a)-(c). The signal shows two peaks at
150° and 40° for the 500 lines/mm grating target
and only one peak at 130°, corresponding to laser
axis for both 1000 I/mm (non-resonant) grating and
plane foil. It is important to note that there is no
clear peak at 40° for s-polarized light even for the
500 lines/mm grating. This clearly indicates that the
extra peak at 40 degrees is caused by the excitation
of surface plasmons by p-polarized light at the
resonance incidence of intense laser light to the 500
lines/mm grating. In addition, we notice two strong
signals along the surface at 0 and 180° for the
grating targets, which are absent in the data for
plain foil targets. These are presumably indicative
of surface acceleration of fast electrons.

Here, IPs are covered in Al filters to prevent
x-ray and direct light exposure. In order to reduce
strong background noise a 165 pum thick filter is
used for 500 and 1000 lines/mm gratings whereas
11 pm thick for plane targets. These thicknesses
correspond to the electron energy thresholds for
detection of 175 keV and 10 keV, respectively.
Taking into account of this signal reduction, the
signal intensity around laser axis in the resonant
case shows 2 times enhancement for non-resonant
case and 4 times for plane target. On the other hand,
signal intensity around 40° in the resonant case is
4-5 times increase compared with other conditions.

4. Discussion

The experimental results clearly exhibit the
existence of surface plasmon resonance for ultra
intense laser light. If one can consider only the
geometrical effect, field concentration at the edge,
the number of accelerated electrons from 1000
lines/mm grating should be larger than that from
500 lines/mm grating. This result indicates the laser
energy absorption by surface plasmon resonance
might be much effective for the simple geometrical
effect. On the other hand, the electron emission
directions, 150° and 40°, can be derived from the
directions for tangential lines of grating sine curve
as already shown in some PIC calculations [3].

The previous experiments insist the increase of
laser energy coupling to fast electrons [4,5] or ions
[5]. However, these experimental results only
compared with the results from a flat surface target,
so that the enhancement of energy coupling could
not be identified by the surface resonant
acceleration because even our non-resonant 1000
lines/mm grating actually shows the increase of fast
electron creation compared to the foil target.

5. Summary

We have demonstrated enhanced high-energy
electron generation using grating targets excited by
ultra intense laser pulse. We conclusively establish
the role of surface plasmons in the excitation and
show the emergence of fast electron beam at a
definite angle decided by the grating. Resonant
absorption of laser energy would be very interesting
for applications in a variety of areas of science and
technology, especially creation of ultra hot and
dense plasma similar to the center part of the sun

[7].
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Fig.1. Electron emission distribution around the target
rear surface for (a) 500 lines/mm grating, (b) 1000
lines/mm grating, and Au foil target [8].
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