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TOPICS

* Breakthrough Initiatives — Private Sector Space Science

* Public-Private Partnership — Sun Divers
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BREAKTHROUGH INITIATIVES
FUNDAMENTAL QUESTIONS:

IS THERE INTELLIGENT LIFE ELSEWHERE?
IS THERE OTHER LIFE IN THE UNIVERSE?
CAN WE TRAVEL BETWEEN THE STARS?



BREAKTHROUGH
2015 -

=
“. UNIVERSITY OF CALIFORNIA '

“+ OBSERVATORIES RF

National Research | South African Radio
Foundation | Astronomy Observatory

UNIVERSITY OF CALIFORNIA UBSERVATORY

Berkeley /v




E
wkE
"Z
=0
w

o
wo
KR
i
0 e,







Searchjobs | @Signin O Search I UK edition v
G I @ For200years

News website of the year

Opinion Sport Culture Lifestyle More v

UK World Coronavirus Climate crisis Football Business Environment UK politics Education Society Science Tech Global development Obituaries

Space

Scientists looking for aliens investigate
radio beam 'from nearby star’

Tantalising ‘signal’ appears to have come from Proxima Centauri,
the closest star to the sun



Proxima Centauri
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THE SEARCH FOR LIFE IN THE
UNIVERSE: ALPHA CENTAURI
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a Centauri A

Sun
a Centauri B

Proxima Centauri
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Day 1: Breakthrough Discuss 2021: Alpha Centauri System: A Beckoning Neighbor

Rachel Akeson
NTATVES
Sara Seager Pierre Kervell

Kevin Wagner
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The Results Toliboy Mission Description

Detect Earth Mass Planets around Alpha Cent and 61 Cygni

20 Kg Spacecraft

9 cm F21 Telescope
3 Year Mission
Launch June 2021
$1.5M

Pointing Control +/-0.0008°

Each Target Observed
40min per orbit

S/Cin LEO S8
orbit @550km

Thermal Stability +/-0.01° C

Reviewed for Export Compliance by James Schalkwyk, Approved by S
Pete Worden. This document does not contain any export Controlled

Data

Target
61 Cygni -

Target
aCen A&B

Sun light
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VELOCITY?
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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
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VELOCITY SOLUTIONS

1. LOWEST POSSIBLE MASS
2. LEAVE ENGINE/FUEL ON EARTH
3. ATTACHACHIP TO A SAIL
4. LASER BEAM IS THE WIND




Aieisue|d syl













31



STAR TRACKER

PAYLOADS CAN BE ATTACHED
AT ANY POINT ALONG TRUSS

REACTION |
WHEELS |

J

]

J
EFC, SDR,
BATTERY

MULTIFUNCTIONAL VANE
POWER/COMM/PROPULSIO!

VANE HINGE/
VANE ACTUATOR



'pl THE SOLAR GRAVITATIONAL LENS

The Solar Gravitational Lens (KISS study, 2015)

The Interstellar Medium

Heliosphere Hydrogen Wall Interaction Zone Interstellar Medium
Hellopause The Local Interstellar Cloud « The G Cloud

7
Voyager 1 Spacecraft
Asteroid Belt

Solar Gravity Lens -

Rogue
As Veiwed from the Focal Line

Planets
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Kuiper Belt Voyager2

Oojecty Spacecraft
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Termination Shock Bow Shock
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strong
interference

geometric weak
Earth-like exoplanet shadow optics interference




THE SOLAR GRAVITATIONAL LENS
Sail Dynamics and Design Parameters

JPL

NET FORCE
(THRUST)

SUNLIGHT ’ ORIGINAL
; ORBIT

REFLECTED
SUNLIGHT

Vane technology allows for precision
sailcraft navigation & attitude control




'pl THE SOLAR GRAVITATIONAL LENS

SGLF Technology Demonstration Mission

 TDM Obijectives:
— A/m ratio: > 50 m?/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 m?/kg (3x NEA Scout);

— Six 20-m? 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 Our effort increases the current
— 86% of mass is in vanes. A/m ratios by at least a factor of 2




'l THE SOLAR GRAVITATIONAL LENS

Technical Demonstration Mission PHASES

Venus

X 4)EGRESS

\ AUTONOMY
V. NAVIGATION

V' . POWER
1) LAUNCH, SAIL DEPLOYMENT AND ACHIEVE \ . COMMUNICATION

EARTH ESCAPE TO BEGIN INGRESS TO THE SUN

«  MECHANISMS
CHECKOUT
«  LAUNCH OPTIONS
DIRECT/(C3 2 0)
MEO/GEO/TLI RIDESHARE

SAIL ORIENTATION & RATES
MAXIMUM THERMAL LOAD

e

2) INGRESS TO PERIHELION
«. COMMUNICATIONS Mercury
+ . INCREASED POWER
* NAVIGATION
+ INCREASED THERMAL LOAD




THE SOLAR GRAVITATIONAL LENS

JPL LightCraft 1:3 model at Xplore




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

ENCELADUS?
EUROPA?
TITAN?
VENUS?
MARS?
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