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Star and Planet

A self-luminouscelestial body consisting of a

mass of gas held together by its own gravity.
(example: the Sun)

A non-luminouscelestial body larger than an
asteroid or comet, illuminated by light fron

star, such as the sun, around which it revolve
(example: Earth)




Many of the new planets are too hot, or too cold, to support life



What do we mean by “Earth-like”?




Hubble Space Telescope




Existing methods

Covers 3 — 180 microns
(Infrared Wavelengths§



Existing methods



Existing methods

(Courtesy of Michael Werner, JPL/Caltech)
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(Pluto was demoted in 2006)
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Our Galaxy is 100,000 Light Years Wide, 3,000 Lights Years Deep
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Existing Method (1)

13



Existing Method (1)
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Existing Method (1)

So... to find a planet... look at
Q star and see if it has‘“@aobble”.
If it does... there must be a planet

around it that is causing it.

Unfortunately, Earth-like planets
are too small to have a noticeabls
affect on their stars.
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EXIStI n g M eth Od (Z)Courtesy of Michael Werner, JPL/Caltech)
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EXIStI n g M eth Od (Z)Courtesy of Michael Werner, JPL/Caltech)
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The planets discovered so far are Huge, like Jupite
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How does the light from a planet ¢




A planet looks like a small ball hidden in the glare of this light.
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In Visible Spectrum, Sun is 10

o Space telescopes for direct imaging
of exo-planets must have:
Huge contrast ratio
Small inner working angle
High angular resolution
High dynamic range
Wavefront quality

10 Times Brighter than the Earth
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wen eosnssee——— HOW Challenging is Direct Detection

Administration

Caoria e o ey of Terrestrial Planets in Visible
Light?
Imagine looking for a bump ...on the slopes of Mt. Everest!!
1/100 the thickness of a human
hai ... located on the border between Sagarmatha Zone, Nepal, and Tibet, China
Bump: 90 microns / 100 = 9x10" m Height: 9000 m = 9x10° m

That's a ratio of 1019, same as Earth to Sun contrast!!

17 May 2007 Stuart Shaklan 23



Visible or IR?

In 1999, it was generally agreed that a long baseline IR array
was the only viable solution. There was no mention of
coronaphy in NASA's 1999 report on Terrestrial Planet Finder.

August 2, 2009 Stuart Shaklan 24



The Terrestrial Planet Finder (TPF)

The distance to the furthest
planet in our solar system,
Pluto, is 5 light hours.

Sun: ~8 light minutes
Proxima Centauri (the next
closest star to Earth): 4.21 lig
years

One can see about 2000 starqg
a moonless night

The goal of TPF Is to search f
Earth-like planets within 30
light years away from Earth.




Deployed Configuration Overview

.— V-groove perimeter

support truss
V-g rog}ﬁ Secondary Mirror
extendible Assembly
boom /

Secondary mirror

support tower
V-groove layers —

Primary mirror

(8x 3.5m)
Payload/Space-
craft interface
and isolation .
Science
Instruments
Spacecraft
bus [ External

radiators

Solar Arrays —

Solar Sail Spacecraft Thermal

\ Assembly enclosure =~
Payload %’ . ) \ Payload support
" Science structure

electronic boxes Pavioad (hidden)
avloa idden
August 2, 2009 Stuart Shaklan Aszembly



Terrestrial Planet Finder Coronagraph (TPF -C)
Telescope

Ford et al., SPIE
5170 (2003)
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External Occulter (New Worlds Observer) Concept
slide courtesy of Chuck Lilly et al., 2007

Inner Planet

N

Exo-zodi

e

Outer Planet

o Diffraction of a star’s light by an “apodized”
occulter yields a very dark shadow

o Atelescope located in the shadow can “peek”
around the occulter and directly detect the planet’ S
light



High Contrast Imaging Testbed at JPL
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Optical Layout of High-Contrast Imaging Testbed (HC  IT)

Sidick et al., SPIE 07

DM Paper 6693-49
4
Source OAP1
_ FM1
Deformable-Mirror (DM)
with 32x32 actuators
Occulter

Design of the actual telescope is much
more complicated — Primary mirror is 8m x
3.5m FM2

OAP3

Each optic in the system has some defects

and introduce amplitude/phase errors Lyot Stop

DM is used to correct the wavefront error—

Can have more than one DM’s OAP5 OAP4
If we remove the Light Source and OAP1,
this system works just like a telescope
Back Focus 30



Simulated contrast maps published In:

Requirements on optical-density and phase dispersio n of
Imperfect band-limited occulting masks in a broadba nd

coronagraph
Erkin Sidick
Applied Optics Vol. 46, No. 30. October 20, 2007

Contrast Map (Log-Scale)

Journal Cover



The Apodized Pupil Coronagraph

August 2, 2009 Stuart Shaklan 32
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Creation of a Dark-Hole and Detection of a Planet — Simulation
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Vegetation as s Surface Bio-Signature

“Purple Palm Trees on Alien
Worlds?”

A team of NASA scientists led by a member
of the Spitzer Science Center of Caltech
believe they have found a way to predict the
color of plants on planets in other solar
systems.

According to them, green, yellow or even

red-dominant plants may live on extra-solar
planets.

Source: http://lwww.spitzer.caltech.edu/Media/happenings/20070411/

34



Vegetation as s Surface Bio-Signature (cont.)
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August 18, 2010
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April 14, 2010

Discovered by JPL
using Palomar
Observatory’s 1.5m
Hale Telescope

The image was taken
with infrared light

The star HR 8799 is
120 light-years away
from us

The 3 planets orbit
their host star at
roughly 24, 38 and
68 Sun-Earth
distance

They are gas giants
similar to Jupiter

April 29, 2010
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USA Today: “Out of our world: Earth-like planet” (April 25, 2007)

According to the above article,
European astronomers have
discovered the first potentially habitable
Earth-like planet outside our solar
system.

It circles the red dwarf star Gliese 581
that has 3 planets:

* 20.5 light years away
e Temperature: 0-40°C (32—104 F)

Source:
http://www.usatoday.com/tech/science/space/2007-04-  24-new-planet-red-dwarf N.htm
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April 25, 2010

“To my mathematical brain, the numbers
alone make thinking about aliens
perfectly rational”

“If aliens visit us, the outcome would be
much as when Columbus landed in
America, which didn't turn out well for the
Native Americans”

“Such advanced aliens would perhaps
become nomads, looking to conquer and
colonise whatever planets they can
reach”

"The real challenge is to work out what
aliens might actually be like."
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