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We investigate to realize the significant enhancement of the high field intensity by coupling with nanotechnology

in order to create the intense ion beam for the application of particle therapy or strong gamma/X-rays for non-

destructive inspection, via international collaborative research.
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FIG. 1. Experimental schematic. Image plates (IPs) are
placed behind the target to measure electron angular distri-
butions. The incidence angle (40�) satisfies the surface plas-
mon resonance condition for the 500 lines/mm grating target.
The laser contrast and AFM images of the grating targets are
shown in the insets.

caused by the structure. Any residual e↵ect of such pre-
excitation is assessed from a comparison of the di↵erent
grating structures (resonant and non resonant cases, as
discussed later).

A The p-polarized laser pulses are focused on targets
using an f/3 parabolic mirror at 40� incidence. Note that
this angle satisfies SPR condition for Gr500 target. The
focal spot size is ellipsoidal shape of 5 µm ⇥ 8 µm wide
enough to cover several periods of gratings for excitation
of SPR. Surface plasmon is an electron oscillation at the
dielectric-metal interface and light energy is absorbed ef-
ficiently when the wavenumber of input light matches
that of the surface plasmon at a certain incidence an-
gle (the resonance angle). This angle is calculated from
sin ✓sp + �/d =

p
"/("+ 1), where ✓sp, �, d and " indi-

cate the resonance angle, the wavelength of the laser, the
grating spacing and the permittivity of target material,
respectively [22]. For plasma on the grating surface, we
can rewrite as sin ✓sp+�/d =

p
(1� ne/nc)/(2� ne/nc),

where ne and nc indicate the electron density and the
critical density (nc ⇠ 1.73 ⇥ 1021 cm�3 at � = 800 nm).

The resonance angle of the grating is ascertained by
measuring laser reflection at low intensities using a Ti-
sapphire oscillator both in the continuous wave and mod-
elocked states. It is further verified by 10 Hz amplified
pulses at very low intensity. The expected sharp drop
in reflection is observed at the resonance angle 40�, the
value of which is found to agree closely with the calcula-
tion from the grating equation for Gr500 at 800 nm (see
Fig.4(a)). We will discuss the role of the resonance angle
at high intensity laser interaction, later in the paper.

A schematic of the experiment is shown in Fig. 1. An-
gular distributions of forward propagating electrons are
measured with imaging plates (IPs) (FUJI Film, BAS-SR
2025)[23] of a size (w200 mm ⇥ h87 mm), placed 6 cm
behind the target and covering the angular range from 0

FIG. 2. Images of emitted electrons for grating and plane
targets for (a)Gr500, (b)Gr1000, (c) plane and (d)s-polarized
light for Gr500. (a) and (b) show the results of single shot.
(c) and (d) show results of 5 shots integration. (e) shows
single shot line profiles of the images for plane and Gr500 and
Gr1000, all under p-polarized irradiation, as well as that for
Gr500 under s-polarized laser excitation. Threshold for the
observable electron energies are 175 keV for Gr500/Gr1000
(where we used 165 micron thick Al filters) and 10 keV for
plane targets (11 micron thick Al filters).

to 180 �. The IPs are covered by Al filters of di↵erent
thickness to prevent exposure to x-rays, direct laser, and
ambient light with 165 µm thick for Gr500/Gr1000 and
11 µm thick for plane targets (corresponding electron en-
ergy thresholds for detection on IP are 175 keV and 10
keV, respectively). The power spectrum of energies of
the fast electrons emerging at target rear are measured
by independent electron spectrometers located along dif-
ferent directions to the normal. Each spectrometer has
a 0.1 tesla magnetic field with an image plate as the de-
tector (the plate is the same as described above). The
range of energies measurable by each spectrometer is 0.1
- 7.0 MeV.

The angular distributions of fast electrons and their
line profiles for Gr500, Gr1000 and 2.5 µm thick Au
foil targets are shown in Fig.2(a)-(e)(d). The signal
shows strong two peaks at 40�150� and 150�40� for Gr500
that satisfies the SPR condition as shown in (Fig.2(a)).
These two peaks are due to the surface acceleration elec-
tron components originating from the sinusoidal shape
at the gratings [24]. In Fig.2(b), and only one peak, but
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