





“There are infinite
worlds both like and
unlike this world of
ours...We must

believe that in all

worlds there are
living creatures and
planets and other
things we see in this
world.”

Epicurius
c. 300 B.C
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"There are countless suns
and countless earths all
rotating around their suns
in exactly the same way as
the seven planets of our
system . .. The countless

worlds in the universe are
no worse and no less
inhabited than our Earth”

Giordano Bruno
in De L'infinito
Universo E Mondi
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Solar System Architecture




























.
b |







VT - S
LOCabioNT s v

-~

of Stap, ety

Secondary Disk

Pf!"?,}ro’ :,I'V}(‘ =~ : = ’--—----"

- - -
"0-—-.'--
>

Yo 10 billion miles
: y 100 AU




Double disk around Beta Pictoris

Primary

disk w

-
Suspected "
planet —j

Secondary 4
e




November 2003 L'band - 3.8 ym October 2009 L' band - 3.8 um March 2010 Ks band - 2.18 um

' exoplanet [} Pictoris b
.

Saturn’s orbit

400 mas
7.8 AU







Planet Detection

Doppler Shift due to
Stellar Wobble




Fomalhaut b Planet
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Locations of Kepler Planet Candidates

® Earth-size

@ Super-Earth size
1.25 - 2.0 Earth-size

O Neptune-size
2.0 - 6.0 Earth-size

Giant-planet size
6.0 - 22 Earth-size










Transit Light Curves
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Numbers of Planet Candidates

e 08 Earth-size e 662 Neptune size
e 288 super-Earth size e 165 Jupiter size
e 19 super-dupiter size

fEETRE
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Planet Sizes

Kepler-5b Kepler-8b

Kepler-7b
Kepler-6b

Jupiter

16.52 Rg 16.00 Re 15.86 Rg 14.79 Re

Kepler-9b Kepler-9c

. . Kepler-4b
- Kepler-9d  Kepler-10b  Earth

. . &

9.4 Re 9.2 Re 3.99 Re 1.64 Re 1.42 Rg

Kepler-11b Kepler-11c Kepler-11d Kepler-11e Kepler-11f Kepler-11g

197 Re  315Rg 343Rg 452R: 261Rg  366Rg
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Find more articles on kepler-10 b earthlike

First rocky planet discovered: NASA spots tiny
Earth-like planet, too hot for life

I he smallest-ever planet
outside our solar system
has been spotted by
NASA's Kepler spacecratt,
seen here In a 2009 artist
conception, -- a rocky planet
similar in size to the Earth,
the US space agency said
on Monday.

“ Enlarge




Habitable Zones Around K, G, I Stars
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Found: An Earthlike Planet, at Last

By MICHAEL D. LEMOHICK

Related

Photos

Planet Earth: &n
Tllustrated History

An attist's conception shows the inner four planets of
Photos the Gliese 581 systemn and their host star
Lynette Cook




Solid inner core

Liquid outer core

N

Crust
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Earth’s Atmosphere
Through Time
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Earth Compared with
Two “Super Earths”

1 3
Earth Mass Earth Masses

1.4 1.9
Earth Radius Earth Radii Earth Radii







Composition of Kepler-11 Planets
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20% Hydrogen &
Helium, 80% Rock

Neptune
Uranus . . 10% Hydrogen &

Helium, 90% Rock
100% Water
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The MEarth Project

Charbonneau et al.

Using 8 X 16-inch telescopes to survey
the 2000 nearest M-dwarfs for rocky
planets in their habitable zones

Converted an existing abandoned
building on Mt Hopkins, AZ

Fully operational; southern version
planned

These planets will be amenable to
spectroscopic follow-up to search

for atmospheric biomarkers
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An inventory of stars within
32 light-years’ distance from Earth
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The Triple Stellar System Alpha Centauri
(ESO 1-m Schmidt Telescope)
ESO PR Photo 07a/03 (15 Mar 003 ) © European Southern Observatc




Starlight
filters through
sodiume-rich
planetary
atmosphere

—0> -4l

1PN

Absorption-line
spectrum

Sodium absorption
In star's spectrum Is
enhanced by sodium

In planet's atmosphere










Measure size of lransiting"'

P
S

P

anet,see radiation from
ar transmittedthrough the
anet's atmosphere

See thermal radiation from
planet disappear & reappear

Eclipse

\f\\v\f\’,\\\gg

Transit

Gravitational tug of unseen

planets alters transit times
TRADOOS
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Example of carbon dioxide
In a habitable SuperEarth

I I L

JWST NIRSpec

d=22pc
T=3(08K
R=2.3Earth

L 1 i 1 : 1 o L 1

4.0 4.2 4.4
Wavelength (microns)




An optical/near-infrared space telescope with a filled
aperture of at least 8-meters will probably be
required to definitively answer the question “Are we

alone?”

HST 2.4-m JWST 6.5-m ATLAST 8-m ATLAST 16-m
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Coronagraph performance vs. telescope aperture

1.5m 2.4dm 4dm 10m

Earth
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the faint trace of life

Brightness

“Blue of the sky”
measures total amount
of atmosphere
“Vegetation
jump”
indicates
presence of
land plants

Oxygen and ozone
were produced by
living organisms

Optical

Earthshine spectrum
Spectroscopic signatures indicate the
possible conditions conducive to life

Carbon dioxide
suggests possible
volcanic activity

Methane
indicates
presence of
anaerobic
bacteria

Water vapor
suggests habitability

WAVELENGTH

Visible infrared Near Infrared




Molecular oxygen

\

Vigble 0ad near infrored renge (mic ometers)

Composition of the Earth by the Mars Express OMEGA Spectrometer
3 July, 2003







The "red edge" is a well-known signature of chlorophyll,
which appears green to us only because our eyes aren't very sensitive
at the red end of the visible spectrum.
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Tree Canopy Height (m)
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“I think you should be more explicit here in step two.”




Life in the Universe

All Life







-*A_thermodynamic.disequilibrium.







-*A_thermodynamic.disequilibrium,

star, molten interior, impact melt,




-*A_thermodynamic.disequilibriumn

o™
T3

- An environment capable of maintaining links
between carbon, hyqrogen, andoether atoms to
build complex molecules.




-*A_thermodynamic.disequilibrium
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- An environment capable of maintaining links
between carbon, hyd_rogen, andoether atoms .

All living things use mundane elements, the
common stuff found all over the place: carbon,
hydrogen, nitrogen, oxygen, phosphorous and
.sulfur. Life buys everything off the rack.




-*A_thermodynamic.disequilibriuth

a™
T3

- An environment capable of maintaining links
between carbon, hydrogen, andoether atoms

- A liquid-environment

ammonia, formedehyde (Tltan?), sulfuric acid
.(Venus), dinotrogen (cryolife, Triton)




-*A_thermodynamic.disequilibriumn

o
T3

- An environment capable of maintaining
between carbon, hydrogen, and ether atoms

- A liquid-environment

- A molecular system that can support Darwinian
.evolution:




The Benner group has
worked to identify
molecular structures likely
to be universal features of
living systems regardless of
their genesis, and not likely
products of non-biological
processes







WE DSCOVERED
A LIFEFORM WHOSE
VERY DNA 15
COMPOSED OF
POISON....

WERE GALNG T,
GARAMPALINELLA,










Source of Martian Methane?
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Featuring Stories by the
World's Greatest Authors By H.G. WELLS

No. UK.
1 299

I ran recklessly toward

the monster. Then I came

upon a scc}ne I will never
get. -




Ceres
Vesta (222e0)

(329 mi) /’




There isn’ t as much ethane in
Titan's atmosphere as expected.
Could Methanogens be eating it?

Or could a strange non-biological
process be at work?







Interstellar Distances - In Perspective’
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1st STAGE
PROPELLANT TANKS 2nd STAGE

PROPELLANT TANKS




Beamed Propulsion Concepls

Laser Light Sail Star Wisp

1984... 1985
/. Forward, et al /. Forward

‘ 107 GW Laser ‘ 10 GW pwave
' {10000z Earth) ' {1100z Eaih)

Freshel Lens \ Fresnel Lens

103 km

1 km Sail
16 gm
microfine
wires

Laser Sail
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DRrRAKE EQUATION

N=RX{ X1t Xn X1 xtXx1{ XL

average rate of star formation
fraction of good stars that have planetary systems

number of planets aound these stars within an
“ecoshell”

fraction of those planets where life develops
fraction of living species that develop intelligence

fraction of intelligent species with communications
technology

lifetime of the “communicative phase”




THE OBSERVABLE DRAKE EQUATION

ETL=N,X F,, X FP, X FP,

ETL = Planets with extraterrestrial life in the Galaxy
Np = Number of exoplanets

Fpt = Fraction of terrestrial planets
FPw = Fraction of terrestrial planets with water
FPl = Fraction of terrestrial planets with carbon-based life




Nevada
Senator
Richard
Bryan (D)

October 1, 1993

saying "The great Martian chase

has finally come to an end. As of today,
millions have been spent and we have yet to
bag a single little green fellow. Not a single
Martian has said 'take me to your leader’, and
not a single flying saucer has applied for FAA
approval. It may be funny to some, except the
punchline includes a $12.3 million price tag
to the taxpayer.”




Project Phoenix: 1994 - 2004

NSS: PCs|y
+ accelerators
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Tomorrow: Low Frequency SETI
Eavesdropping on ET TV

LOFAR

First LOFAR station

Dense core site
for six stations







Expand The osem
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No ionosphere

10-100 MHz

Isiolkovsky
Crater

Dark Ages Lunar Interferometer




Should We Broadcast?

Who Should Speak-For Earth?

What Should They Say?
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ARTHUR C.
CLARK

THE

SENTINEL

‘THE MASTER OF SCIENCE FICTION’
THE TIMES
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FERMI PARADOX

if the rise of advanced civilizations and space
colonization are at all likely, aliens should
have been to Earth by now.

Yet there is no sign of them.

Does this imply that aliens do not exist or that
space colonization may be undesirable?

Maybe There's nothing paradoxical about it.
It's just ignorance.




FERMI' S
RATIONALIZATION

Our descendants will travel out to the nearby stars.

Colonies planted around these stars would be
expected soon to expand further in a wave, spreading
through the entire galaxy in less than a hundred
million years

Other intelligent civilizations must have gotten a head
start on us and should long since have filled the
galaxy.




Where Are They ??




Where Are They ??

. Zoo Hypothesis - they stay away from us




Where Are They ??

. Zoo Hypothesis - they stay away from us

- Ant Farm Hypothesis - they are too
advanced to be interested in us.




Where Are They ??

. Zoo Hypothesis - they stay away from us

- Ant Farm Hypothesis - they are too
advanced

- Dr. Strangelove Hypothesis
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Where Are They ??

. Zoo Hypothesis - they stay away from us

- Ant Farm Hypothesis - they are too
advanced

- Dr. Strangelove Hypothesis

- Al Hypothesis - Mecca replaces Org
- Space travel too expensive or difficult




Where Are They ??

. Zoo Hypothesis - they stay away from us

- Ant Farm Hypothesis - they are too
advanced

- Dr. Strangelove Hypothesis

- Al Hypothesis - Mecca replaces Org

- Interstellar travel too expensive or
difficult

- They lack curiosity




Where Are They ??

- Proxmire Effect




You're serious then.

They're made out of meat.

Yes. They are indeed made out meat.
And they've been trying to get in touch
with us for almost a hundred of their
years."

"So what does the meat have in mind.”

“First it wants to talk to us. Then |
imagine it wants to explore the
universe, contact other sentients, swap
ideas and information.”

.""It seems harsh, but there is a limit.
Do we really want to make contact
with meat?”

"I agree one hundred percent. What's
there to say?" Hello, meat. How's it
going?'







THE RAMIFICATIONS OF CONTACT

- If any signal is unambiguously verified as being
extraterrestrial, it will be openly announced.
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- If any signal is unambiguously verified as being
extraterrestrial, it will be openly announced.

- The majority of Americans already believe in the
existence of extraterrestrial beings.
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extraterrestrial, it will be openly announced.

- The majority of Americans already believe in the
existence of extraterrestrial beings.

- However, the public might expect a "message”.
They will get bored if no message is decoded.




THE RAMIFICATIONS OF CONTACT

- If any signal is unambiguously verified as being
extraterrestrial, it will be openly announced.

- The majority of Americans already believe in the
existence of extraterrestrial beings.

- However, the public might expect a "message”.
They will get bored if no message is decoded.

- Nations will engage in a new “space race” to
build ever larger telescopes for better resolving
the beacon.




THE RAMIFICATIONS OF CONTACT

- If any signal is unambiguously verified as being
extraterrestrial, it will be openly announced.

- The majority of Americans already believe in the
existence of extraterrestrial beings.

- However, the public might expect a "message”.
They will get bored if no message is decoded.

- Nations will engage in a new “space race” to
build ever larger telescope for resolving the
beacon.




- some religious and conspiracy groups
will reject the signal as a fake. most
religions would embrace the discovery as
reinforcing evidence for a God




- some religious and conspiracy groups
will reject the signal as a fake. Most
religions would embrace the discovery as
reinforcing evidence for a God.




- Historical precedent (Copernicus, Darwin,
etc.) suggests a gradual change in world
view rather than a dramatic upset in the
daily conduct of society.




“As | understand it, they want an immediate
answer. Only trouble is, the message was
sent out 3 million years ago.”
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WEVE SEARCHED DOZENS oF THEGE. FLOOR TILES FOR
SEVERAL COMMON TYFES OF PHEROMONE. TRAILS,

IF THERE WERE INTELLIGENT LIFE UP THERE, WE
WOULD HAVE SEEN ITS MESSAGES BY NOW.

P

THE WORLD'S FIRST ANT COLONY TO ACHIEVE
SENTIENCE CALLS OFF THE SEARCH FOR US.
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Earth Masses
3

SUPER-EARTHS
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Kepler-11: Six Planets




Jack’s presentation

Play animation now




Kepler-11 is a surprisingly flat
system of six planets.

The five inner planets comprise [ |

the most closely-spaced
planetary system known.

The planets are mid-sized:
2-5 times as large as Earth.

Most have low densities,
implying mixtures of solids
and light gases.

AT EU

SIX NEW.
WORLDS"

Kepler telescope gets edge-on view of compact =
planetary system around Sun-like star

Poucy ORG DSEOVERT ADKPTVEIM MUNITY.
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Planet Size

Kepler-7b Kepler-5b Kepler-8b Kepler-6b

14.79 Re

Kepler-9b  Kepler-9c
Kepler-4b

. Kepler-9d Kepler-10b Earth
. ® e

9.2 Rg 3.99 Re 1.64 Rg 1.42 Re




July 2010
Planet number Total: ~|160*
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Earth Neptune Saturn jupiter —
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