Silicon nano-structures for dielectric laser accelerators: fabrication, simulation and testing
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Motivation DLA Structures

* Miniaturizing the current RF particle accelerators; > cm feature size to <pm feature size, * Iwo different geometries have been fabricated out of silicon using E-beam lithography and

* Higher acceleration gradients due to higher damage threshold of dielectrics compared to reactive ion etching techniques. They have been etched to 3 micron depth.

metal cavities.
* Cost reduction for many scientific applications such as table top free electron lasers for
real time molecular imaging and also for medical applications such as cancer therapy .
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* Synchronicity condition:
Electron velocity should be matched with the phase ™ Ef:é:geftﬁn E;;g:;jt?;n Dual pillars structure with Bragg reflector Sinusoidal structure with Bragg reflector
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velocity In order to accelerate.
}\pz mPA (m=1,2,3,...)
(m: # of laser cycles per electron passing one

period. — -xperimental Setup and Results

B=v/c, v: electron velocity, A: laser wavelength) == pren NS % propagaton

direction Half-period later direction

»"  Magnetic spectrometer

e Strong electric field in excess of 107 V/m can be applied due to high damage threshold of
dielectrics.

* Acceleration gradient as high as |0 GeV/m is achievable !*~!.

* Damage threshold: Dielectrics with higher laser damage thresholds are neccesary for higher
acceleration factors (G_/ekE_); G, =Acceleration gradient, E__=Incident electric field

* Double sided structures: More spatially uniform fields in the y-direction.

IR laser pulse

DLA structure

MCP detector

* E-beam parameters:
UV triggered emission

Fabrication Process for DLA Structures Pulse length: 400 fs
Initial energy: 28.4 keV

* Laser parameters:
Wavelength: 1930 nm

D < H- ‘ ulse durdtion: 100

* tlectron beam lithography

E_beam reSiSt ma_N2405 Silicon substrate Spin coated resist E-beam exposure Laser triggered electron source UV laser pulse Repeti.tion rate: | I(HZ
E-beam system: Raith (30 kV)
° ReaCt|Ve IOﬂ etChIﬂg Resist stripping Reactive ion etching Development
Highly anisotropic etching technique for high aspect ratio geometries.
Inductive coupled plasma (ICP) for high density plasma delivery .
RIE system: Oxford Instruments-PlasmaPro 00
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* Higher acceleration factor. * This would enable gradients of

e beam > | GeV/m (for 30 keV electrons) * Maximum gradient of |50 MeV/m * 640 fs laser pulses generated by passing 100 fs

s achieved by |00 fs laser pulses with pulse through narrow bandwidth filter at 1930 nm.
a peak electric field of 5.5 GV/m. This makes almost all the electrons intract with
the incident laser pulse, however reduces the
maximum acceleration gradient at the same time.
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