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Dielectric laser accelerator (DLA) has emerged as a miniaturised and cost-effective tool for particle acceleration. DLAs have proved to be a promising candidate
for GeV/m acceleration gradient within the damage threshold of the materials used. However, the emittance growth and energy spread increase at higher
particle energies and limit the realistic applications. Here we present the numerical simulations of a mm scale DLA, operated by a THz laser, with various
Injection schemes for an electron bunch created externally. We introduce a time dependent emission model and a focusing scheme for the electron bunch and
show significant reduction in the numerical Cherenkov instability in CST simulation. We show that when the electron bunch is focused at the entrance of the
grating structure, the emittance growth is preserved. The electron bunch achieved 0.5 MeV energy gain with the energy spread less than 5 % of the mean
energy gain.
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vicinity of periodic metallic/dielectric grating structures.

* Inverse concept of this effect is used for acceleration of electrons [2].
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Different color represents bunch at different time instant. amplitude is decreased further to 0.01 MeV. Different

color represents bunch at different time instant.
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Emittance 1.239-8 m-rad | | « We mitigated the numerical Cherenkov instability in CST simulations by

Laser wavelength L mm Introducing a time dependent emission model for the electrons.
Laser peak field 1GV/m

where m = order of harmonic, k, = grating period wave vector, = relativistic velocity
factor, a = grating tilt angle.
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Energy (MeV)

Transverse and longitudinal position space of electrons

Peak energy 49.97 MeV
Mean energy 49.96 MeV
Energy spread 0.017 MeV
emittance 1.235e-8 m-rad
Mean energy gain 0.5 MeV

Transverse position (mm)

Acceleration gradient ' 350 MeV/m

Figure 2: Electric field inside the grating structure. We have shown the acceleration of relativistic electrons with a special
Injection scheme and driven by a THz pulse. A 4 pC electron bunch achieved

A gaussian laser pulse with 1/e2 diameter of 0.5 mm, maximum energy of 5 mJ an energy gain of 0.5 MeV inside 1.5 mm long grating structure with
and a pulse width of 5 ps can provide such a field amplitude. preserved emittance and less than 5% energy spread.

To achieve higher energy gain and longer interaction of the laser fields with
the electron bunch, pulse front tilt can be implemented. Multistage structures
can be used with further optimization of electron bunch and laser pulse
Injection.

« A 6-D gaussian electron bunch was defined in Matlab with the bunch
parameters given in the table.
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