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Abstract

A transmission grating type laser-driven dielectric accelerator (TG-LDA) was performed taking account of the optical
damage threshold and the nonlinear optical effects such as the self-phase modulation and self-focus. The maximum
laser intensity and the optimum pulse width were concluded to be 1012 W /cm? and 2 ps, respectively. An irradiation
intensity of 5 x 10''W /cm? was suitable for a silica TG-LDA with a pulse width range from 1 ps to 10 ps. The higher
order harmonics of the axial electric field distribution was capable of accelerating electrons provided that the electron
speed approximately satisfies the conditions of v/c = 1/2,1/3, or 1/4. The electrons at the initial energy of 20 kV are
accelerated by an acceleration field strength of 20 MV/m, and the electrons were accelerated by higher fields as the speed
increased. For relativistic energy electrons,the acceleration gradient was 600 MV/m. The accelerating length and the time
to obtain 1 MeV electron were 4 mm and 50 ps, respectively.
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Figure 1: Threshold intensity of SPM (solid lines) and

SF (dotted lines) as well as damage threshold values 131
for fused silica (circles and star) at different optical path
lengths L of 1 mm, 5 mm, and 10 mm. The red open circle
and red star are published damage threshold values for the
plane surface and the grating of silica, respectively [, The
shaded area shows the operation region.
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Figure 2: Schematic drawing of two periods of an acceler-
ator unit.
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Figure 3: Dependencies of the normalized acceleration gra-
dients on the grating pillar height H,,/\ as well as the fill-
ing factor Lp/L¢.
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Figure 4: Dependencies of the normalized acceleration
field gradients on the electron energy.
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Figure 5: Dependencies of the normalized acceleration
field gradients on the grating constant L¢ / Ao.
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Figure 6: The electron acceleration time along the beam
axis for various initial electron energies.
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Table 1: Laser parameters required for accelerating elec-
trons. The laser wavelength, A\g = 1.03um .

Grating period La/Xo 1
Initial electron energy | E; 20 keV
Irradiation area
Width W 5 pm
Llength Ly 4 mm
Area 2A 4 x107% cm?
Time TA 50 ps
Laser intensity Iy 5 x 10T W /cm?
Power/side P, 200 MW
Energy/side K, S5m]
Total energy by 10 mJ
Number of pulse pairs | N 10
Width of each pulse | 74/N 5ps
Power of each pulse | P,/N 20 MW
Energy of each pulse | E;/2N? 50 pd
Total laser energy 2NE.p, ImJ
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