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TOPICS

• Breakthrough Initiatives – Private Sector Space Science

• Public-Private Partnership – Sun Divers

• Venus
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MATHEMATICS
LIFE SCIENCES

FUNDAMENTAL PHYSICS

NEW HORIZONS
JUNIOR CHALLENGE









IS THERE INTELLIGENT LIFE ELSEWHERE?

IS THERE OTHER LIFE IN THE UNIVERSE?

CAN WE TRAVEL BETWEEN THE STARS?

BREAKTHROUGH INITIATIVES 
FUNDAMENTAL QUESTIONS:
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2019 -
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BREAKTHROUGH
INITIATIVES

THE SEARCH FOR LIFE IN THE 
UNIVERSE: ALPHA CENTAURI





BREAKTHROUGH
WATCH
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1000 times faster within 100 years 1000 times faster within ? years
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“With ships or sails built for heavenly winds, some will
venture into that great vastness.”
- Johannes Kepler, Letter to Galileo, 1610



1. LOWEST POSSIBLE MASS

2. LEAVE ENGINE/FUEL ON EARTH

3. ATTACH A CHIP TO A SAIL

4. LASER BEAM IS THE WIND

Photonics Microelectronics

VELOCITY SOLUTIONS



Starchip + Lightsail = Nanocraft

© JAXA
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LIGHT SAILS TO THE OTHER SOLAR SYSTEM





THE SOLAR GRAVITATIONAL LENS

Sail Dynamics and Design Parameters

Vane technology allows for precision 
sailcraft navigation & attitude control



THE SOLAR GRAVITATIONAL LENS

SGLF Technology Demonstration Mission 

• TDM Objectives:

– A/m ratio: > 50 m2/kg;

– Achieve 6-8 AU/yr exit velocity;

– Survive perihelion of 0.2 AU;

– Low Cost & Manufacturable;

– Capabilities-based, no development;

– Rideshare compatible.

• TDM study point of departure:

– A/m: 22.3 m2/kg (3x NEA Scout);

– Six 20-m2 vanes: 
(775 g per vane, 5-! m Kapton);

– Carbon fiber truss (120g).

• Avionics & GNC leverages MARCO

– 500 g for UHF SDR, 3 wheels, 2 star-trackers, battery; 

– 100 g for shape memory motors.

• Total mass: 5.37 kg

– 86% of mass is in vanes.

Our effort increases the current 

A/m ratios by at least a factor of 2



THE SOLAR GRAVITATIONAL LENS

1) LAUNCH, SAIL DEPLOYMENT AND ACHIEVE 
EARTH ESCAPE TO BEGIN INGRESS TO THE SUN

3) PERIHELION

2) INGRESS TO PERIHELION 

4) EGRESS

• MECHANISMS
• CHECKOUT

• LAUNCH OPTIONS

DIRECT (C3 ≥ 0)

MEO/GEO/TLI RIDESHARE

• COMMUNICATIONS
• INCREASED POWER

• NAVIGATION

• INCREASED THERMAL LOAD

• AUTONOMY
• ENVIRONMENT

• NAVIGATION

• SAIL ORIENTATION & RATES

• MAXIMUM THERMAL LOAD 

• AUTONOMY
• NAVIGATION

• POWER

• COMMUNICATION

X PL O RE PRO PRI ET A RY &  C O M PET I T I O N  SEN SI T I V E

COMMON SGLF/Tdm mission PHASESTechnical Demonstration Mission PHASES



THE SOLAR GRAVITATIONAL LENS

LightCraft 1:3 model at Xplore



38

WHERE (ELSE) IS THERE LIFE IN OUR SOLAR SYSTEM?

ENCELADUS?
EUROPA?
TITAN?
VENUS?
MARS?
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Venus
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