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Abstract

Dielectric Laser Acceleration (DLA) is a novel acceleration scheme that enables more compact devices and higher
acceleration gradients compared to conventional methods. However, when the initial electron energy is low, the required
microstructure geometry becomes difficult to fabricate, resulting in a lower limit for the applicable energy range. We
demonstrate through simulations that adopting a 3pA periodicity resolves the fabrication difficulties associated with low-
B structures and enables efficient acceleration with more practical pillar designs. It was confirmed through simulations
that the extended periodicity enables more practical and fabrication-friendly pillar geometries suitable for effective

acceleration.
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Figure 1: Schematic drawing of dual-pillar DLA.
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Figure 2: Simulation validation of energy gain in A
period.[4]
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Figure 3: Schematics of the dual-pillar structure, electric field (Ez) and the line profile of the longitudinal along the beam

axis at the center of the gap.

- 230 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

B

1 um

! O
e

[

e O O O
e O O O

5025

5020
5015
5010
5000

4995

Energy [eV]

—2000 -1000 0 1000 2000

position z [nm]

(a) Elliptical pillars

PASJ2025 WEP013

5025

5020

5015

5010

Energy [eV]

5005 ] A~ || SN L/

5000 {/

4995

—2000 —-1000 0 1000 2000

position z [nm]

(b) Rectangular pillars

Figure 4: Energy evolution of the most accelerated particle obtained from particle tracking simulations.

SRR AENL 2.14 MeV/im E72o7-, DL EX03AHE
BB T —DEAMEZ R LT,

4. FEHESHBOEE

FHEAL — VP —INEDEFEI AT T IE A~ A2
IEEDFRFFE DLA T ARAKX U RDBRR ZED TD,

R R — 2B DIEEITHT- 8 | L%
3pAL LT E A LT i~ A 7 ati & ok at &
1Tolz, EZ7—IIRICL DI A1TH 728 CST Studio
Suite [ICXDELFHHE R RTvF /ool —ark
1To70, 3PMEIEI BV THEME 7 —CI3nEE1 752
NTET, — FTHEEET—%2HWDZ ezl a]
REE/R DL ZMER LT,

Ltk ~A7afEEORELEED  Tahd AT D~
A7 afEEOER., L ONNEHGRERIZ L DR M 217> C
/AL

iR
ARBIFFEN, SR DI R SO PERE ) EIZ I

- BB R FANBE R | F2E IPMXP1423812204 DB)
REZ b0 TY,

SE X

[1] D.S. Black et al., “Net Acceleration and Direct Measurement
of Attosecond Electron Pulses in a Silicon Dielectric Laser
Accelerator”, Physical review letters, 123, 26, 264802 (2019).

[2] P. Yousefi et al., “Dielectric laser electron acceleration in a
dual pillar grating with a distributed Bragg reflector”, Optics
letters, 4, 6, pp1520-1523 (2019).

[3] L. Briickner et al., “Mid-infrared dielectric laser acceleration
in a silicon dual pillar structure”, Opt. Express, 32, 28348-
28355 (2024).

[4] P. Yousefi et al., “Silicon dual pillar structure with a
distributed Bragg reflector for dielectric laser accelerators:
Design and fabrication”, Nuclear Instruments and Methods in
Physics Research Section A: Accelerators, 909, pp. 221-223
(2018).

[5] R. Shiloh et al., “Particle acceleration using top-illuminated
nanophotonic dielectric structures”, Optics Express, 29, 10,
pp. 14403-14411 (2021).

- 231 -



