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INTRODUCTION AND MOTIVATION

Dielectric Laser Accelerators (DLA)

• Dielectrics are characterized by larger damage
threshold (multi-GV/m) with respect to metals.

• Reduction of cost and size.

• Perfect conductors do not exist in the optical
regime.

Photonic crystal (PC) based accelerators:

• Dielectric structures with advanced light
manipulation capabilities.

• Hollow-core guiding with strong field
confinement.

• Phase velocity control for synchronous
acceleration.

• High intensity of the accelerating (longitudinal)
field.

• Group velocity and timing control large
Interaction length.

• Suppression of higher-order modes.
PC DLAs geometries: [R.J. England et al., Dielectric laser
accelerators, Rev. Mod. Phys., 2014]

The accelerating mode Ex : 

• is a surface mode: transverse field Ey and 
longitudinal Poynting vector Px are confined at 

the PC - air interface;

• is rather intense and uniform along the air 
channel where light and particles travel in a 

synchronous fashion.

Geometry of a 2D PHc coupler 1. Here r = 0.3a and a 
= 6.6 mm.

CST MWS simulated Electric field intensity
distribution
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Electric fields components Ex and
Ey and refractive index r at x = 0
(top graph).

Figures of merit of the designed PC 
accelerator:

𝑍! = 1.39 Ω
𝑓" = 1/1.39

𝑍 = 10.22𝑀Ω/𝑚

2D PHOTONIC CRYSTAL MODE
NUMERICAL RESULTS

3D SLOTTED WAVEGUIDE3D HOLLOW-CORE WOODPILE COUPLER

• The side-coupler consists of:

1. a right-angled bend mode converter, from TE10-like
launch mode to TM01-like mode suitable for particle
acceleration;

2. an accelerating waveguide whose length can be tuned in
order to obtain the final energy.

• Wave is injected (and extracted) into the
woodpile coupler by using two waveguide
splitters (or optical fibers at optical
frequencies).

• The bunch of particles is accelerated by the
travelling wave along the hollow-core
accelerating waveguide.

DLA Experimental Results

• Mode frequency =  59.7475 THz 
• β = 0.05
• β λ = 0.2 μm

3D WOODPILE RFQ

Woodpile Slotted waveguide
Zc = 11.4 kΩ Zc=1.5  kΩ

Beta = 1 0.4<Beta<0.75


