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Laser Propelled Spacecraft

Laser Sail

Traveling a
1/5% speed
of light

High-Power Laser
~100 GW

'to travel to

- AI‘pha Centauri

(~5 light years a 

But how do we kee
the sail in the beam?

Starshot Breakthrough Initiative



How fast is 1/5" the speed of light?

Gif from Clay Bavor
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New Horizons
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Laser Sail
(152,000,000 mph /
0.2¢)

Took the first close up
pictures of Pluto in 2015

One of the fastest man made

objects



Optical Forces

Force is determined by the
reflected/refracted light

If we control how the light
reflects/refracts, we can
control the optical forces

Laser Sail



Metasurface Based Laser Sall

* Thin, lightweight structure with subwavelength scattering elements
* Controls the phase and magnitude of reflected/refracted light

Reflective Metasw{ace Focusing Lens Optical Vortex Beam Creation
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Optical Vortex

Metasurface Beam Steering

Y. Yang, et. al. Nanoletters 14, 1394 (2014).

Arbitrary wave-fronts can be generated
with a metasurface

D. Fattal, et. al., Nature Photonics 4, 466 (2010).




Metasurface Example
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Metasurface Motion

aussian Beam

Motion can be
described by:

Dynamic Force _
= (10 + C,0 o A Moves back, but Metasurface flies
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Offset Rotation

How can we control these

coefficients to ma.ke a Example Metasurface
metasurface that is stable?




Designing a Stable Sall

Nc|)ise Applie(?l to Beam Simulate that sail using
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|dealized Metasurface to Generate Stable Coefficients

Inverted Cat Eye

(ICE) Metasurface
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Full-Wave Simulation

Steerlngthe Beam Refiected Beam front
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Full-Wave Sail is Stable!
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What's next?

* |ncorporate optimization techniques that
can take advantage of throughput
computing to more efficiently explore
the parameter space

e Generate a sail based on a set of
dynamic force coefficients without
human intuition

* Improve the efficiency of our realistic
sails by using optimization based
metastructures

Figure courtesy of Greg Holdman
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