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DESIGNING OF THE LASER DRIVEN DIELECTRIC ACCELERATOR

00 00*00000Poo00O0®Po0ooOoA00000M0
00000000 ooooo ©
Kazuyoshi Koyama*#), Yosuke Matsumura®, Mituru Uesaka®, Mituhiro Yoshida®, Takuya Natsui ), Aimidula Aimierding®
AKEK, Japan
B)University of Tokyo, Japan
OCockeroft Institute, UK

Abstract

A phase-modulation-masked-type laser-driven dielectric accelerator was studied. Although the preliminary analysis
made a conclusion that a grating period and an electron speed must satisfy the matching condition of Lg/A = v/c, a
deformation of a wavefront in a transmission grating relaxed the matching condition and enabled the slow electron to be
accelerated. The simulation results by using the FDTD code, Meep, showed that the low energy electron of 20 keV felt
the acceleration field strength of 20 MV/m and gradually felt higher field as the speed was increased. The ultra relativistic
electron felt the field strength of 600 MV/m. The Meep code also showed that a length of the accelerator to get energy of
1 MeV was 3.8 mm, the required laser power and energy were 11 GW and 350 mJ, respectively. Restrictions on the laser
was eased by adopting sequential laser pulses. If the accelerator is illuminated by sequential N pulses, the pulse power,
pulse width and the pulse energy are reduced to 1/N, 1/N and 1/N?, respectively. The required laser power per pulse is

estimated to be 2.2 GW when ten pairs of sequential laser pulse is irradiated.
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Figure 1: (a) Schematic drawing of two periods of an ac-
celerator unit. (b) The wave front of the laser at the initial
stage. (c) The wavefront of the laser at the steady state.
White arrows in (b) and (c) express polarization vectors of
laser fields.
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Figure 2: (a) The map of the electric field strength of the
laser in x-f space. The black and white correspond to the
polarization direction of the alternate field. (b) The electric
field along the world line of v = ¢, expressed by the broken
line in (a).
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Figure 3: (a) The acceleration field strength as a function
of the electron energy. (b) The pillar hight dependence of
the acceleration field strength.
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Figure 4: (a) The output energy of electron along the beam
axis at various initial electron energies, Ey. (b) The transit
time across the accelerator length.
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Table 1: Laser parameter values required for obtaining 1 MeV electrons.

Grating period L¢ 1.527

Electron injection energy Ey 20keV | 80 kV
Width w 30 pm

Length Ly 3.8 mm 2.25 mm
Area A 1.1 x 1073 em? | 6.8 x 1074 cm?
Acceleration time TA 32 ps 14 ps
Optical damage threshold intensity!®! I 1 x 10 W/cm?

Laser wavelength A 1.55pum

Laser intensity (50 % coupling loss is assumed) I 2 x 10'3 W/cm?

Peak power of the laser Py 22 GW 17.6 GW
Total pulse energy of one side Er 700 mJ 190 mJ
Number of pulses pairs N 10

Energy of each pulse Epuise 7 mJ/pulse 2 mJ/pulse
Pulse width Tonulti 3.2 ps 1.4 ps
Peak power P 22GW 1.4 GW

Fiber laser

Phase shifter

Figure 5: The conceptual drawing of the PM-LDA. Accel-
erator is coupled with fiber arrays by the imaging optics.
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