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The New
Frontier

The Infinite
Ocean

13.7 Billion

Years Old

45 Billion
Light Years

Radius
e Hubble Ultra Deep
& Field, 2004




Planetary
Science

Life in the Universe

Planetary
Systems

Origins of
Life

Search for
Extraterrestrial

Intelligence
(SETT)







Planetary Science:
The Copernican Foundation

~ ——

John Wilkins, Discourse
Concerning a new World

e And Another Planet (1640)

The Moon and the planets
Are potential Earth-like worlds




Evidence of Life on Mars, 1894

Canals on Mars?
Percival Lowell,

Mars (1894)
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Why Focus on Mars?

Mars is the nearest planet for which the search for evidence &=
of Life is justified:

— Earliest Mars preserves record of conditions and materials
from which LIFE could have started on Mars or on Earth

— Even today there are places on Mars that are “habitable”

Mars is much like Earth, yet surprisingly different
— Silicate planet with an atmosphere, hydrosphere, and climate
— Potentially allows for comparative climatology with Earth
— Natural “control experiment” for key state variables

Mars inspires, both scientifically, and as a tangible frontier



Mars: Dead or Alive?

 Mariner 4 reaches Mars, 1965 - craters on Mars — dead planet?
 Mariner 9 reaches Mars, 1971 - dry riverbeds on Mars — life?

First close-up image of Mars,
Mariner 4, July 15, 1965 Mariner 9 image
Range 17,000 km 225 km across



Results: No Organic Molecules found on Mars down to

Parts Per Billion — No organic molecules = No Life on Mars
BUT: Viking Orbiters found huge Dry River Valleys

AND: Recent Chris McKay et al experiments with perchlorate



GULLIES on Mars: Evidence of Water?

Mars
Reconnaissanc
Orbiter, 2009

Gullies
Formed

1.25 Million
Years ago
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Mars Strategy: Follow the Water

“Blueberries” = Hematite = Past Water



Plenty of Evidence For Past Water on Mars
But ... No Evidence for Life (Yet)

Polar icy soils

Climate Change = . State of Martian core?

Seasonal H202 variation )
Water ice at surface

March 1999 January 2001

Inter-annual climate variability on Mars

Martian delta:
Standing H20 bodies?

Water-lain rocks : Opportunity



The Mars Rock

1996 -- Mars Rock fossils? PR SSSCQlEt
ALH 84001 Nak10,H1D B SEI 5.0kV X?().:O;T)(;V? 1um ‘Wl)/,S)mn;”.‘x:

2010 — Biomorphs = mini- fossils?

D. McKay,
K. Thomas-Keprta, R. Zare

Malin Space Science Systems, MGS,
JPL, NASA



The Media Will Keep Us Up-To-Date ...

WEEKLY WORLD

March 22, 2004




A Long Way from HOME

You are here




Other Solar System Habitats:
ceans of Europa

* 1,900 miles in diameter — slightly
smaller than the Moon

* Thick layer of ice — a few miles?

* Tidally generated heat

* Liquid ocean beneath ice — salty?

Cracked Ice Plains of Europa .
Galileo Project, JPL, NASA * An abode for life?

Malin Space Science Systems, MGS,

JPL, NASA e “Drill Baby Drill!”



NASA and the Post-Viking Revolutions

Exobiology Program Funded:

** Three Domains of life Research (Woese)

¢ Precambrian microfossils (Barghoorn and Schof)
** Gaia hypothesis (Lovelock and Margulis)

“* Mass extinction work (Alvarez, Raup and Sepkoski)
“* Exogenous Delivery (Sagan and Chyba)

“* Pre-RNA world (Miller/NSCORT group)






Fomalhaut System Hubble Space Telescope * ACS/HRC

PLANETARY
SYSTEMS,
. SCIENCE ="

Fomalhaut b Planet

NASA, ESA, and P. Kalas (University of California, Berkeley) STScl-PRC08-39a
S



Planetary Systems — The 17t
Century Foundation
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Tidal Hypothesis vs Nebular Hypothesis

Chamberlin-Moulton
(1905)

Jeans-Jeffreys
(1917)

From Thornton Page,
Physics Today (October, 1948)




Van de Kamp’s Claim
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Motion of Barnard’s star

“Another Solar System Is Found
36 Trillion Miles From the Sun™

New York Times,
Friday, April 19, 1963



Circumstellar disks — 1980s/1990s

Beta Pictoris Proplyds in Orion Nebula

C. R. O'Dell and S. K. Wong, Rice U., WFPC2,
HST, NASA

A. M. Lagrange et al. (Grenoble Obs.), ESO



Real Planets! - 1995




51 Peg — First Planet Around Solar-

Type Star
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Photometry — Another Method




Discovery of Extrasolar Planets
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DISCOVERY METHODS FOR
EXTRASOLAR PLANETS

AP :'-;;::,:. Loee * Blue = Radial Velocity
S "ffff;{.?t S * Green = Transit
AT | * Red = direct visual
.‘::‘;.. ..‘.:.: e ”‘\k& ’ o
Wt | * Gray — planets 1n our SS
AR

Vertical axis = mass
Horizontal axis = distance from
parent star



The 178 Known Nearby Exoplanets
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Fomalhaut System Hubble Space Telescope * ACS/HRC

Fomalhaut b Planet

NASA, ESA, and P. Kalas (University of California, Berkeley) STScl-PRC08-39a
S



The K gp! élr Mission

Use transit photometry to detect Earth-size planets

Wide field-of-view 0.95-meter (3-foot) diameter telescope

Monitor 100,000 stars (every 15 minutes) for 4 years

Enough precision (20 ppm) to detect transits of Earth-size planets
Launches 2007

CCD Module

E

~—Sunshade

Photometer

Radiator

[l < Solar Array
Focal Plane Array

) <—Spacecraft

High-Gain
Antenna (HGA)

A8834_081b

21 CCD Modules are the Heart of the Kepler Mission



Kepler Mission First Results — 2010

e All hotter than
molten lava

: * Kepler 4b 1s 4 times
Planet SIZG diameter of Earth

* Kepler 7b 1s a
“styrofoam planet”

1/10 as dense as
Jupiter!

Kepler 4b

. Earth
e

112R: 399Re

* Kepler 9b and 9¢

2 Saturn-sized planets
orbiting same star
[Science, Oct 1, 2010]



Planet Hunt — A Big Job!

Milky Way Galaxy

~ ,' » 3 . 4’
“ ¢ #% Kepler'Search Space ;-
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LIFE: SIDE SHOW OR
COSMIC IMPERATIVE?

RARE EARTH

Why Complex Life Is Uncommon in the Universe

.T \PETEH D. WARD -3 . s Vi K & # "- s N
KD RS Chrlstlan de Duve

NOBEL LAUREATE >




Origins of Life on Earth

* When? 3.5 to 4 billion years ago

* Where? Unknown, but earliest evidence 3.5 billion
years ago 1in Australia

* How? The Big Question




Life in the Laboratory?

Miller-Urey Experiment, 1953

(. e
electrodes
i /(\J ™
h CH, I\ t /
NH. Agasesy
to a o 0.3 Re ,//‘spark discharge
vacuum=-= 2 ;
pump ( . | }\:H-water out
H— condenser
| \ T = water in
j' J yii - water droplets

/ water containing
7|77 organic compounds
b0|I|ng #'EJ-*-H liquid water in trap
water

Synthesis of amino acids in a presumed primitive Earth atmosphere
(methane, ammonia, water, hydrogen)

Little Progress Since Then: A Long Way from Life!



New Research on Origins of Life

Extremophiles — food chain based on bacterium
Deriving energy from hydrogen sulfide =
Chemosynthesis rather than photosynthesis
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Delivery From Beyond Earth?
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RADIO 70 STARS,
MARCONTS HOPE

Inventor Says Waves of Ether
Are Etgrnal and Can Reach
‘Other Planets.

GETS STRANGE SIGNALS NOW

'

These, He' Declares, Might Con-
ceivably Have Proceeded
from Other Worlds.

| Specjal Cable to THE NEW YORK TIMES.
" LONDON,: Jan. 20.—The Dally Chroni-
‘cle publishes an interview which Harold
Begbie had with William Marconi, in
the course of which the latter discussed
the possibility of communicating by
wireless with the stars. . A,

Mr. Begble asked him If he thought
that waves ‘62 ether were eternal. Mr.
Marconl replled v

& Yes,( I do. Mespsages that”T sent off
ten years ago have not yet reached some
of the nearest stara When they ar-
rive there why should they stop? It is
like an attempt to express one-third as
a decimal fraction; you can go on for-
ever without coming to any saign of an
end. .That t- what maku me hope for g
Very big’ thlnx in tho future.! -
What is' that? " asked Mr. Begble.

SETI — Search for

SHORT WAVE & TELBVISION for DECEMBER, 1937

Can We Signal MARS/by Short Wave?

- The Possibility of Interplanetary |

Including the Views of Dr. Lee de Forest and Nikola Tesla
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Communication

By Dr. Donald H Menzel

Associate Professor of Astronomy, Haveard University
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Extraterrestrial Intelligence

Nikola Tesla’s Opinion On




RADIO 70 STARS,
MARCONI’S HOPE

Inventor Says Waves of Ether
Are Eternal and Can Reach
Other Planets.

GETS STRANGE SIGNALS NOW

\

These, He' Dec_lares. Might cnn-
ceivably Have Proceeded
from Other Worlds.

| i
}L Special Cablfo to THE New YORK TIMES.
K IJONDON.iJm. 20.—The Dalily Chroni-
‘cle publishes an interview which Harold
Begble hul;'wlth ‘William Marconi, in
the course of which the ltner"dlocuuod
the poulbﬂlty ot communlcatlnc by
wireless with the ‘stars. . 5 ok

Mr. Bexble asked him if he thought
that waves Iot et!agr were eternal. Mr,
Marconi replled -

& Yes,, I do Meuu'el that/T aent off

of the nemat stara.  When they ar-
rive there why should they utop? It is
like an l.ttempt to express one-third as
a decimal fraction; you can go on for-
ever wlthout eomlnx to any sign of an
end. .That h whn.t ma.ku me hopo for g
vory big’ thlnx In the futures’ -
 What 1s' that? " _asked Mr. Begble.

ten’ ym- n‘o have not yet reached some |
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DIRECTION IS UNCHANGING

NY Tiwer  May & 1933  comen
VOL. LXXXIL....No. 27.495. Erteret 10 Second Clam Matier, NEW Y

' ier Asks Blame in Cr Reserve C

NEW RADIO WAVES |, e e i (BIG NEW INVASION ke i

TRAGED T0 CENTRE
- OF THE NILKY WAY

Mysterious Static, Reported
by K. G. Jansky, Held “to
Differ From Cosmic Ray. |

LONDON, May 4.—A chival-
rous attempt to assume responsi-
bility for the fatal crash of a
Royal Alr Force plane on May
1. In which Viscount Knebworth,
pilet, and Aircraftman Harrison
Jost their lives, was made by
Flight Lieutenant Eric Hobson
at the inquest today
Lieutenant
verdict of “death due to misad-
venture"” was returned,

Lieutenant Hobson, the leader
of the gection of which Lord
Knelrwortht was s member, de-

scribed how he unaccountably |
lost his helght and at the endofa |

Recorded and Tested for More |
Than Year to Identify It as
" From Earth's Galaxy.

TS INTENSITY IS LOW.
l

Only Delicate Receiver Is Able
Register—No Evidence of

Inunullnr Signaling.
S —

‘Discovery of mysterious ndlo
waves which appear to come [
the centre of the Milky Way nluxy
was announced yesterday by the
Rell Telephone Laboratories. The
discovery was made during re-|
search studies on statie by Karl a.l
Iwnsky of the radio research de-
portment at Holmdel, N. J., and
wne described by Rim Ia & paper
delivered before the Internctional
Selentific Radlo Unlon in*Wash-
Ington.

The galactle radlo waves, Mr.
Jansky said, differ from the tosmic
rays and also from the phenomenon
of cosmic radiatiod, described last
Week hefore the American Thilo-
sophieal Soclety at Philadelphia by
Dr. Vesta M, Slipher, director of
the Lowell, Observatory n Flag-
aff, Ariz.

Uniike the cosmlie ray. which
@omes from all directions in space, |
@0 not vary wigh either the time |
of dav or the time of the year, and
may be elther a photon or an elec-
tron. the galactic waves, Mr. Jansky
pointed out, seem to come from a
definite soures in space, vary In|
Intensity with the time of day and

2,000.-foot dive got dangerously
near the ground,
“The error In judgment was

certainly not due to carelessness |
sald Lieutenant |

or recklessness™
Hobens, adding that Lard Kneb-
worth was “ahsolutely hlameless
for what had happened, bt had
rimply followed him according to
order=*"

°KIDNAPPERS URGED

70 ANSWER PLEAS

New Yorker Named to Act as
Secret Agent for Return
of McMath Child.

PR—

FRIEND READY AS HOSTAGE

Watch Kept at Detroit and in
Tryon, N. C.—Massachusetts
Police Refuse ‘Armistice.’

Kpecialto Tue New Toax Tiovee.
HARWICHPORT, Mass.,
Derperate at the fallure of all at-

{tempts to establish & contact with

the kidnanpers of Margaret Me-|
Math, abducied from her school |

Despite |
Hobson's action. a |

May 4./

PLANNEDBY JAPAN
ONROADTOPEPIG

| Larger-Scale Offensive Than
Last Is Announced to Open
| Soon in North China.

—_—

'CHIANG RUSHES AID NORTH |

| Famous Units That Fought at
Shanﬁni Are Dispatched
to Help 50,000 at Front.

BRITISH QUIT MANCHURIA

| Concerns Agsert the Oun Door In
Commerce Is Being Rapidly
Shut Against Foreigners,

By HALLETT ABEND,
Wiredens o Tue New Youx Trwes,

TIENTSIN, May 4.—Partially. re-|
vealing Japan's plans for renewed |
military incursion in North China,|
| an official spokesman at the head.
quarters of the military .unché
sald today

“Active preparations are under
way for an attark on a much larger
seale tham ever Lefare. especinlly
through the participation of alr-
planes.”

The main Invasion s planned
from Kupei Pass through Miyun, |
sald the spokesman, frankly reveal.
ing that the adversaries principally
| scught  were 50,000 of General |
| Chlang Kai-shek's own troops at!
present In the Mivun area ‘under
the direct command of General Ho
Ying-ching, the War Minister,

Declaring the Japanese assault
was :elwdulrd for "a very early
date,” the spokesman admitted that
nmner simultancous engagements

GENEVA, May 4
of Nitions superv:
tee dispersed today
its already’ difficul
ancing the Leagy
budget made much
dollar leaving gold

Practically all of
reserves, totaling
¥ept In dollars. W
moratorfum  was
League officials, at
bankers, decided t
dollar, They have
& paper loss of me
and have had to
of the reserve at
tween 15 and 20 p

The committee )

| study gntil the Jul

| ther stie cuts
tivitieg) Including :
cent rpluction in t

ection.

FARM BILL
BLOCKS AG

'Conferees - Reac|

Al Except th
Production

-—

PEEK" SLATED

!llinois * Equipme
Roozevelt's Ck
Administ

Special to Thr New
WASHINGTON,
and House econfer
complete agreement
the farm rellef bill ¢

cost.of-production
clash over the one »
| reconsideration of

here Tucsday. William Lee. spokes- | were likely south of other P‘"uom 'the House on Mond

| man for the family, tonizht offered
himself as a hoitage to those who
had takern the gir!

{of the Jehol frontier,

“Decisive actidn has become nec-
[essary.” he added. *““The present

{quent delay of the

zram Incorporated
mant fa thia shad e



Modern Foundations of SETI;
Cocconi & Morrison, 1959

SEARCHING FOR INTERSTELLAR COMMUNICATIONS
By GIUSEPPE COTCON!* and PHILIP MORR'SCNY

Carneli University, Ithaca, New York

TO thuerics yot oxisk: which onablo a rolinblo
i. ostimnte of thoe probabilities of (1) planot
fuernntion ; {2) ovigin of )ife ; {3) ovolution of societios
possessing advanced seiondific cepabilitios, In the
nbsénce of sueh thoorios, our environment sugpests
that stare of the main seguonco with a lifstims of
many billions of yoars can poassosa plancts, that of o
senall sot ofF such planota two (Earth and vory prol-
alily Maps) anppoct lifs, that iife on ono such planet
meluados a society rocontly capeble of eonsidorabloe
seientifie mvostigntion. The Nlifotima of sunch rociotiox
is noi known 3 bug it soomz wnwarranted to dony
that among such sovioties somo might maintain
theraselves for thimes very long comparod 46 tho timo
of human history, porhaps for times comparable with
geological time. It follows, then, that near somo atar
rnthar like tho Sun thore aro civilizations with
seicntilic imlorests and with tochnieal possibilitics
mueh greaier than those now availeble to us. -

* Naw an leave at CERN, (ieneva,

+ Now ot beave at the Linperlal College of Belenco and Teclwolagy,
London, . W.7,

To the botngs of such & socioty, our Sun must
apponr as & likely site for tho ovolation of 2 now
eocioty. It is highly probable that for & long thme
they will have boon oxpecting the devolopmont of
acionco near the Sun. Wo shall assume that long ago
they ostablishod a channel of communieation that
would ono Jay bocomo known to ws, and that thoy
look forward paticntly to the answoring gignuls from
the Bun which would make known to thom that n now
socioly hns ontored the community of intelligonee.
Whal =ort. of & ¢channol would it bo ?

The Optimum Channel

Inierstollnr communication across the galactic
plasma without dispersion in direction and flight-Liima
19 practical, so far ns wo know, only with oloetro-
mageotic wovoes.

Sinco the objoet of those who opoerate thoe gource
is to find » nowly ovolvod socioty, wo may prosume
that tho channol used will Do one that places a
minimum buwdon of frogrioney and engular diserimi-

Morrison



Project Ozma Team reassembled for

Frank Drake 25% anniversary, 1975 in front of the
85-foot Tatel telescope, Green Bank
WV.



OZMA 50™ ANNIVERSARY

GREEN BANK, WVA SEPTEMBER 14, 2010



Modern Foundations of SETI
The Green Bank Conference (1961)

Sponsored by SSB of National Academy of Sciences

Morrison

P E ) l Struve




Astronomical




Green Bank Conclusions

¢ Electromagnetic signals in radio spectrum most useful, ranging
from 1-3 Ghz

** N might range from 1 (us) to 1 billion technological civilizations
¢ Most participants favored the higher number
¢ Highly dependent on L!

Sagan: “It was wonderful ... we’ve finally penetrated
The ridicule barrier.”



Problems:

SETI PrOgl’amS Where to Look?

* What Frequency?

* Why Would They Aim a
Beacon at Us?

* Would They Use Radio?

PROPOSED SEARCH
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SETI Pioneers at NASA Ames Research Center during the Microwave
Observing Project (MOP),” 1989, later the “High Resolution Microwave
Survey, (HRMS),” L to R: Seeger, Tarter, Drake, Oliver, Billingham



The Ferm1 Paradox — Where Are They?

1. They are Here! UFOs

et

e

2. The Zoo Hypothesis —
Waiting for us to get smarter

3. Interstellar Travel 1s Impossible
4. They aren’t Interested in Us!

5. Lack of Funding —
Gridlock in ET Congress!

6. They Don’t Exist!



Coalescence of a New Discipline
Planetary Systems

Circumstellar Disks Origins of Life | | |
Extrasolar Planets Genomics/Phylogenetic relationships
Kepler, SIM, TPF Life in Extreme Environments

Complex Organics Simulations and Obsns
Laboratory Prebiotic Experiments

SETI
NASA SETI

Biosignatures
Theoretical studies

Planetary Science

Mars Rock

Europa SETI at Home
Geochemistry SETI Institute
Biogeochemistry SETI 2020 Roadmap

[AU Bioastronomy Commission 51 Triennial Meetings, 1984-



——
Captired
by Aliens

THE SEARCH FOR LIFE
AND TRUTH
IN A VERY LARGE UNIVERSE

JoelZAchgnhach

HOW OUR PLACE IN

THE COSMOS IS DESIGNED
FOR DISCOVERY

Cautionary Notes

Achenbach:

“The topic of extratrerrestrial life 1s thoroughly
Contaminated by wishful thinking.”

Carl Sagan’s “Assumption of Mediocrity” may
Need to be retired for a while.

Gonzalez and Richards:

The Copernican Principle called into question
In the context of Intelligent Design






WHAT ABOUT UFOs?

* 95% ARE EXPLAINABLE
* HOW ABOUT THE REST?

 The Nature of Evidence

Carl Sagan: “Extraordinary Claims Require Extraordinary Evidence”



SHOULD WE COMMUNICATE?

* SETI vs METI

Controversy within IAA SETI Permanent Study Group
* Should we reveal the

. S7as&@ position of our nice

bl

= FR Ny

home planet? (Hawking says NOY)

(Martin Ryle too!)
(And George Wald!)
(And David Brin!)

* Who speaks for Earth?

* What do we say?




Royal Society Debate — October 4, 2010

I think, "weighty arguments" adduced by creator and adduced by
critic possess different weight.

To create something, you must be a professional, but to prohibit —
just enough to be a dilettante. ..
Alexander Zaitsev

E afs;?@ @t‘ﬂ‘ua B
IO,
'!Eiﬁguggiﬂ!ﬂ

03/10/2010 e = 03/10/2010




Radar Astronomy Transmissions versus Messaging to ETIs [Zaitsev]

Asteroid & Planet Radar Transmissions All Interstellar Radio Message Transmissions
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where S 1s the total area of the sky, illuminated by transmissions and T
1s the total duration of both transmissions.

Therefore, the probability to detect the radar astronomy transmissions
by a hostile super-civilization i1s (2000x500) = 1,000,000 times higher
than that of the METI transmissions.

And it is very important to understand: “addressless” RADAR
transmissions and targeted METI are absolutely equivalent, because



Next Step in METI

70-m dish in Ussurijsk, Russia

This Asteroid Radar Telescope
we plan to put into operation in

2013

It will have 4 modes of
operation:

1) Radar Study of Planets and
MBASs

2) Radar Study of NEOs
3) Radar Study of Space Debris

4) Transmission of Interstellar
Radio Messages

This new Radar Telescope will

1 1 4 1N 1 - 1



What are ETs Like?
Classic Version

SEWRNY 5
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EXPERIMENTER PUBLISHING COMPANY, NEW YORK, PUBLISHERS OF
ADIO NEWS - SCIENCE & INVENTION - RADIO LISTENERS' GUIDE - AMAZING STORIES - SPARE-TIME MONEY MAKING - RADIO PROGRAM WEEKL)

GOOD GUYS BAD GUYS



What are ETs Like?
Modern Version

GOOD GUYS BAD GUYS



A More Systematic Approach to the
Nature of ET?

Long-term “Stapledonian” Thinking Is Necessary
To Understand the Nature of Intelligence
In the Universe Today, if it is
Indeed Widespread

Humans not Accustomed to
Thinking on Cosmic Time
Scales for Biology and Culture.




Cosmic Evolution — The Ultimate
Master Narrative

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern  Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

=
AR B s Ty “”‘u‘
Inflation }%5 %ﬁﬂﬁ% ﬁg@& : ‘

g g

i
AR

Quantum
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion
13.7 billion years

NASA/WMAP Science Team




Bringing Culture to Cosmos —
A Postbiological Universe?

COSMOS& e Maximum Age 0
CULTURE 1) The M Age (A) of ETI

_.(lulI |ll‘ll;l o) (s(ti;

is Several Billion Years

2) The Lifetime (L) of a Technological
‘ Civilization is > 100 Years and Probably
Much Larger

i 3) In the Long Term Cultural Evolution

Supersedes Biological Evolution, and
LRl Would Produce Something Far Beyond

sl Biology

and Mark L. Lupisella




Effects of Cultural Evolution

AREWELL GALILEO « DEFINING “PLANET"» BUIEBING A SCHOOL OBSERVATORY

Mercu

TH EY | Cultural Evolution Has Resulted in

aren’t who you think | =
Extraterrestrials may have a more common 3 : ) ! ‘ a PO Stb lOlO glc al Unlvers e, Wlth

heritage with your computer than with you.
,{, Impllcatlons for SETI Strategies

'v\ S. J. Dick, “Cultural Evolution, the

s, Postbiological Universe and SETIL,”
\ International J. of Astrobiology, 2 (2003), 65-74

3% Astronomical Socie8f the Pacif =\ Mercury, November-December, 2003

An International Orgamzmon | w.astrosociefy.org



What are The Implications of
Discovery of Extraterrestrial Life?

Will depend on scenario (microbial or
intelligent; near or remote, good or bad,etc)

Will vary 1n ¢
Will affect re]

1fferent cultures

1g1ious doctrines in different

ways (a long

n1story of discussion)

Will determine our place in the universe



Social Implications
of the Detection of
an Extraterrestrial

Q3. Studies of Implications
of Astrobiology

lll(_sicp:
Ssocietalllmplications of Astrohiology

NASA Ames Research Centerd) ' [\ =lul g Lay E R Rl

VAN Y

* 1991-1992 NASA CASETI Workshops WorLps @1 |
(Billingham et al) |
= 1999 NASA Workshop on Societal Implications of Astrobiology
(Connell, Dick et al)
= Templeton Foundation Workshops
(Dick et al)
= AAAS Program of Dialogue Between Science/Religion
(Bertka et al)

Exploring the origjn,
= Astrobiology Societal Issues Roadmap, 2009 e i

(Race et al)
= JAA Permanent SETI Committee and its SETI Post-
Detection Task Force (Davies et al)

nnnnnnnnnnnnnnnn



Why i1s the Universe Fine-Tuned for Life?

“The realization that the possibility of
biological evolution 1s strongly dependent
upon the global structure of the Universe 1s
truly surprising and perhaps provokes us to
consider that the existence of life may be no
more, but no less, remarkable than the
existence of the Universe 1tself .”

The Anthropic Cosmological Principle
Barrow and Tipler, 1986



SEARCH INSIDE!™

Cosmic Coincidences?

MARTIN REES

JUST SIX NUMBERS

Martin Rees, Just Six Numbers (1997)

.................

1) N, = 103¢ = ratio of electrical to gravitational forces — a measure of the weakness of gravity

[a few less zeroes and only short-lived mini-universes; no time for evolution of life]

[if gravity stronger, then stars would be smaller]

2) g,Epsilon, = .007 = binding power of nuclei, controlling transmutation of elements
[1f .006 or .008 elements for life would not exist; determines stellar lifetime]

3) ®, Omega = amount of material in our universe, a measure of gravity vs expansion
rate [if expansion too slow, no galaxies and stars; if too fast, collapse long ago]

4) A\, Lambda, cosmic antigravity, also controls expansion rate. [~ accelerating universe,

discovered in 1998; Einstein’s Cosmological Constant]

5) Q = 1/100,000 [after WMAP 1/10,000,000] = accounts for all cosmic structure

[non-uniformities in cosmic background radiation temperature, “primordial seeds”]
6) D = 3 = number of spatial dimensions
[life could not exist if D were 2 or 4 — Flatland notwithstanding! |



Explanations for Biofriendly Universe

A supernatural intelligence fine-tuned the universe
(the God hypothesis)

A highly-evolved natural intelligence fine-tuned
the universe

A “multiverse” exists, an ensemble of universes,
and we happen to live 1n one suitable for life

It’s just a coincidence!




The Multiverse

“the possibility that there could be
other universes (either connected or
disconnected from ours) in which the
constants of physics (and perhaps even
the laws of nature) are different ...”

- Carr, 2007

Thomas Wright of Durham,

An Original Theory
or New Hypothesis of the Universe (1750)




Level 1: Regions beyond our cosmic horizon
Features: Same laws of physics, different initial conditions
Assumptions: Lufiniic spacc, crgodic malicr distribution
Evidence: - Microwave background meaurements point to
flar, infinite space, large-scale smoothness
- Simplest model

Level 2: Other post-inflation bubbles

Features: Same fundamental equations of physics, but perhaps
diilerent constants, particles and dimensionality

Assumption: Chaotic inflation occurred

Evidence: - Inflation theory explains flat space, scale-invariant

fluctuations, solves horiz on problem and monopole
problems and can naturally explain such bubbles
- Explains fine-tuned parameters

Level 4: Other mathematical structures
Features:  Dillerent fundamental equations of physics
Assumption: Mathematical existence = physical existence
Evidence: - Unreasonsble cffectiveness of math in physics
- Answers Wheeler/Hawking question:
"why these equations, not others"

Level 3: The Many Worlds of Quantum Physics
Feature Same as level 2
Assump : Physics unitary

- Experimental support for unitary physics

- AdS'CET correspondance suggests that

even quantum gravity is unitary
- Decoherence experimentally verified
- Mathematically simplest model

Multiverse?

Major Problem:
Unverifiable!

Max Tegmark —
Four Levels of Multiverse



Is This Science?

“The influence of the anthropic principle on
contemporary cosmological models has
been sterile. It has explained nothing and it
has even had a negative influence. I would
opt for rejecting the anthropic principle as
needless clutter in the conceptual repertoire

of science.”
Heinz Pagels, Perfect Symmetry, 1985



Is This Science?

“The 1dea 1s highly speculative and, from both a
cosmological and a particle physics perspective,
the reality of a multiverse 1s currently untestable.
Indeed, 1t may always remain so, in the sense that
astronomers may never be able to observe the
other universes with telescopes and particle
physicists may never be able to observe the extra
dimensions with their accelerators.”

Universe or
Multiverse?

Bernard Carr, Universe or Multiverse? 2007




Is This Science?

But ...

There has been a fundamental change in the
epistemological status of the multiverse
proposal and the anthropic principle
because of the many ways 1n which we now
realize other universes could originate ...

Universe or

Carr, Universe or Multiverse? 2007




So0,Why i1s the Universe Biofriendly?

1) God Hypothesis — unverifiable

2) Multiverse — unverifiable

3) Highly evolved natural intelligence —
verifiable 1n principle, but difficult!

The Matrix? Humans are a computer simulation created by an advanced
civilization good with computers!

See Fred Hoyle, James Gardner’s Biocosm, Steve Dick’s Cosmotheology |

Sherlock Holmes: When you have eliminated the impossible, whatever
remains, however improbable, must be the truth ...

4) It’s a Coincidence!



Prospect ...

“The prospects are

oright for a future-

oriented science, |

oining together in a

disciplined fashion the resources of
biology and cosmology.”

Freeman Dyson, Infinite in All Directions, 1988

Fine tuning and the multiverse may prove central to this task



Deep History of ETL Debate
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