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3 Big Questions:

1. Why are we here?
2. Where is everybody?

3. What is life anyway?



Many asTrophyslcal parameTers appear
to be fmely ’runed if.their values
were even sl |ghtly dlfferen’r the:

-existence of (life @n) The Ear’rh would
 not be p055|ble : |

This ‘fine .Tu'ning‘ IS par_’ricul'a.rly
apparent in cosmology



Cosmology - the study of
the Universe as a whole:



The expansion of ﬂ‘! Universe will continue
indefinitely. There is not enough matter in
the Universe to make it recollapse again.

- “

The expansioh is accelerating

“€osmologists refer to this picture '
as the Concordance Mode/



What is driving the cosmic acceleration?..

Cosmalogical Constant?
Quintessence?



State of the Universe - Feb 2006
4%




State of the Universe - Feb 2006
4%

Why does 96% of the Universe consist
of strange’ matter and energy?




ACDM

Figure 3. A line up of
cosmological culprits

{2x 18 the big shot control-
ing the Universe. He’s go-
ing to make it blow up.
Qe p s would like to make
the Universe collapse but
can’'t compete with {25 . {23
just follows £2¢ pas around.
Like all dangerous crimi-

nals, one can never be sure
of €25, until he is behind

bars. The CMB police is
being beefed up. Hundreds
of heroic CMB observers
are now planning his cap-
ture.

From Lineweaver (1998)

Cosmology’s Most Wanted
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Q4
cosmological constant
energy of the vacuum

He never clumps
His evil plan is to
blow up the Universe

g)C DM

cold dark matter
He likes to clump but
has never been detected
directly

His evil plan is to make
the Universe collapse

Qp

normal baryonic matter
a pawn in the cosmic
game who just follows

CDM around. He thinks
he’s a complex life form
but is really just a bunch
of hydrogen




‘The Anthropic Principle

The probability thdt- aétrophysical
paramefers ’rake pacticular values
. IS com by the fact that we
. are here as m’rengen‘r observers . -

The existerce of intelligent life on Earth
may require that our Universe-be ‘special



Is this an arqument for design?
~ (ef. Paley’s “Watffhmak(_er” argument) .



Is this an arqument for design?
~ (ef. Paley’s “Watffhmak(_er” argument) .
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0’ Could o'u'.r" IUr.niverse haye béén-_differen'r?

o Is our Universe unique, or is there a multitude
~ of universes, each with (possibly -random) -
" astrophysical parameters?



Etérnal Inflation

A ‘Multiverse’?...
How does this idea sit
with Occam's Razor?



In the r'nulTive'rsé model, ho m'aTTer how
unlikely our existence may appear, it
shouldn t surprlse us ’rhcn“ we exusT

- Smolin (1997) suggests a form of
‘cosmological natural selection’




Singularity also found inside the event
horizon of a Black Hole

Birthplace of a baby Universe?....

+

XS
Could JJTI’OI)I /JJUJ paramzrzrs “evolve’ to
iy, Y - 1 =
maximise the production of Black rHoles? x
. 8 +
» X

i,

>< 2 . ?

Can this explain why we are here?...




If anthropic arguments can explain the 'fine tuning’
of Universe we live in......

....What's so special about us?




The question is not so much:
"why are we here?”
SO o A

but

"why are we (and only we) here?’

@ 2000, Axel Mellinger



If the properties of Universe are finely tuned for life like us,
shouldn't the Galaxy be teeming with intelligent life?

Why haven't we found any yet?...

@ 2000, Axel Mellinger



If the properties of Universe are finely tuned for life like us,
shouldn't the Galaxy be teeming with intelligent life?

Why haven't we found any yet?...

4 230 _-'- ‘% " _mﬂ_‘ i - ..‘w

h Fermu s Par'adox

“Where is Ever'ybody‘> ......

@ 2000, Axel Mellinger



Fifty solutions to the Fermi Paradox

Vol - 7 and the problem of extraterrestrial

,;,/ WHERE iS E VERYBODY? life:

o They are here

o They exist but have not yet
communicated

o They do not exist

Wher'e is Ever'ybody7"
by Stephen Webb
(Praxis, 2002)



» They are here and they call themselves Hungarians.

Eugene Wigner

John VVon Neumann

Leo Szilard



» They are here and are meddling in Human affairs




» They were here, and left evidence of their presence










» The Zoo Hypothesis

THE EXTRA-TERRESTRIAL




They exist but have not communicated



They exist(ed) but have not (yet) communicated



They exist(ed) but have not (yet) communicated




N R,-foon - f-f-f L

Number of communicating ETCs in the Galaxy

Annual star formation rate in the Galaxy

Fraction of stars that possess planets

Number of planets with environments suitable for life
Fraction of planets on which life actually develops

Fraction of these planets in which intelligent life develops

Fraction of intelligent life-forms that develop into ETCs

Communicating lifetime of each ETC
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N

R,-foon - f-f-f L

e ] C
= Number of communicating ETCs in the Galaxy = 100,000
— Annual star formation rate in the Galaxy =1
— Fraction of stars that possess planets =0.5
= Number of planets with environments suitable for life =2
= Fraction of planets on which life actually develops =1
= Fraction of these planets in which intelligent life develops =1
= Fraction of intelligent life-forms that develop into ETCs =0.1

Communicating lifetime of each ETC = 1 million years



N R,-foon - f-f-f L

e ] C

Number of communicating ETCs in the Galaxy = 100,000
Annual star formation rate in the Galaxy =1 Vv
Fraction of stars that possess planets =05 vV
Number of planets with environments suitable for life =2 Vv
Fraction of planets on which life actually develops =1 79
Fraction of these planets in which intelligent life develops =1 99
Fraction of intelligent life-forms that develop into ETCs =0.1 79

Communicating lifetime of each ETC =1 million years 99?9



They exist but have not yet communicated

» The stars are very far away / they have not
had time to reach us




They exist but have not yet communicated

» The stars are very far away / they have not
had time to reach us

Voyager 1 would take ~75000 years to reach Proxima Centauri......

...... but this is less than 100,000™ of the age of the Galaxy



Suppose 'colonisation wavefront’
moves at 10% of light speed.

'Colonisation time' ~ 1 million years

Take Galaxy age = 1 year
= C.T. ~ 40 minutes !l
First intelligent civilisations begin

to appear in late April, yet no ETCs
by 11:20pm on Dec 31s%2...

100,000 hight years



They exist but have not yet communicated

<+—— Surface temperature (K)

> We are SOICU" Chauvinisfs 25000 10000 8000 6000 5000 4000

Perhaps there are simply
too many other interesting
places to visit?...
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They exist but have not yet communicated

. . ] . ]
> Colonisation follows a ‘percolation’ model
S— ST e
. . . R o~ W
o Interstellar travel is not impossible, o ix'; e o
but is very hard o o 90
ut is very hard. s + S
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o Depending on transition rules, can CO00 O B0

. . ot 4
have large regions which reach COeeCC
equilibrium - no colonisation.

o Is the Solar System in one such
region?...

See e.g. latest models at http://www.sff.net/people/Geoffrey.Landis/percolation.htp



They exist but have not yet communicated

> Colonisation follows a ‘percolation’ model

o Interstellar travel is not impossible,
but is very hard.

o Diffusion through galaxy follows
probabilistic rules - game of 'life’

o No 'invasions'

o Depending on transition rules, can
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o Is the Solar System in one such
region?...
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> Colonisation follows a ‘percolation’ model

o Interstellar travel is not impossible,
but is very hard.

o Diffusion through galaxy follows
probabilistic rules - game of 'life’

o No 'invasions'

o Depending on transition rules, can
have large regions which reach
equilibrium - no colonisation.

o Is the Solar System in one such
region?...

See e.g. latest models at http://www.sff.net/people/Geoffrey.Landis/percolation.htp



They exist but have not yet communicated

» They stay at home...




They exist but have not yet communicated

» They stay at home...

..and surf the net



They exist but have not yet communicated

» They are signalling but we don't know how to listen

THE ELECTROMAGHNETIC SFECTRUM

GAMMA AATS AT WY WISILE  INFRARLD

ELlTH S

TYPICAL SIZE smOTON CuAEE TE R
B L] =

WAVELENGTH

FREQUENCY

The 'Waterhole: strong H and OH emission between
1.42 6Hz and 1.64 GHz



The 'Waterhole': strong H and
OH emission between 1.42 GHz
and 1.64 GHz
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4 Connections ¢ Biz.

SETI0home

The Seafgh for Extratefpestrial Intelligence

SETI¢hore is a scientific experirnent that uses Internet— connected coroputers in the Seaxch for Exteaterrestrial Intelligence {SETI). Vowcan
participate by running a free progracn that dossmloads and analyzes radio telescope data.

SETIEhome version 3.03 is now available for Mac/Windows, and soon for all other supported platforms. If you
are having problems running an eaclier version, please upgrade to version 3.03. This wpgrade is currently
optional for people using version 3.01 or eacliex. It will soon become mandatory.

NEW: SETIi@twroe bas sevetal job openings.

Geta free Certificate of Sppreciation frorn The Planetanr Society, owr founding sponsoz.
The SETIi@burne Cruncher of the Wfek for the sereek of 12018 45 Batt Tower!

Dec, 16, 2000; SETI@bwroe surpasses a half rillionwears of CPIT tirne!

Use SETI{Ehome Science

n Douwmload SETTEhome m Ahout SETT and SETI@Ebocoe
m TTser fecount Siea m et hase sene cosered?

m Groups m et base sene found?

m Fote inthe SETI@Eboooe poll. m Science Mewsletter #5

Help & Information Statistics

m P40 (Frequently fsked Qluestions) m Totals

m Problerns and Help Paze m Indisddual
m Eelated Wfeb Sites m Groups

How you can help Operations

m Donate to SETImhocne m Berwer Status Page
m Becorne a Coxpoate Sponsoe m Technical Mesws Beports Updated December 12 2000
m Bannet and Liok Greaphics

The Project
Translations of this page

m Personnel

m Projectplan

L] I English m Sponsors and ackoowledronents




They exist but have not yet communicated

» Self-induced catastrophes (L is small)

Incoming sunlight




They exist but have not yet communicated

» Cloudy skies are commonl!

i@ 2000, Axel Mellinger




They do not exist
» Evolution involves a series of difficult steps:

o  The time for intelligent life to emerge on Earth
is comparable to the lifetime of the Sun - why ?...

o  Maybe evolutionary timescale is typically much /onger
than the age of the Solar System. The WAP then
helps explain why we emerged so late in the day.

o Itisalso then easier to explain why we should be the
first (almost) ETC.



0

They do not exist

» Perhaps emergence of Life depends on astrophysics

e.g. carbon-based life should
appear at peak in cosmic
carbon production?

This peak occurred ~ 7 billion
years ago.

Still leaves a ~ 3 billion-year
'head start’ for some ETC

This should give plenty of
time to colonise the galaxy

Planetary Nebula 1C 418

Hubble

] "[L:TIL e
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They do not exist

» Perhaps emergence of Life depends on astrophysics

e.g. carbon-based life should
appear at peak in cosmic
carbon production

This peak occurred ~ 7 billion
years ago.

Still leaves a ~ 3 billion-year
'head start’ for some ETC

This should give plenty of
time to colonise the galaxy

Planetary Nebula NGC 6751

Hiease

PRCO00-12 « Space Telescope Science Institute + NASA and The Hubble Heritage Team (STScl/AURA)




They do not exist

» Rocky planets are rare

TauBoo
HD187123
HD75289
HD209458
Ups And
51P
RHD217107
HD1305322
55Cne
GLEs
HD195019
HD192263
RhoCrB
HD168443
HD114762
GLa76
70Vir
HD37124
HD134987
lotaHor
HD177830
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Orbital Semimajor Axis (AU)



They do not exist

» Rocky planets are rare

RCS *
Thruster
Module Degloyable
1 of4 over
(Tofd)
Battery Photometer
o FPA Radiator
Photormeter
Electronics

Spacecraft
Electronics



They do not ;-ex.ifsjr'" -'

» Jupiters are rare




They do not ;'exis:;‘r'"' x ff___ 2P SN
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» Jupiters are rare ¥




They do not exist

» The Moon is unique

North Pole

North Pole
North Pole

South Pole

North Pole
2315°

k: j I‘F/ South Pole
South Pole

Earth’s orbit / :
South Pole




They do not exist

» The Moon is unique

North Pole

North Pole

North Pole "

South Pole
North Pole

e : South Pole
/ .
South Pole .J:i.__\_..lf'

Earth’s orbit / :
South Pole





They do not exist

» The Moon is unique

It stabilises the Earth's axial
tilt, and limits the severity of
‘Snowball Earth' scenarios

i

A= E QLY AFTER TOMORROW

WHERE WILL YOU BEz«x
IN THEATRES WORLDWIDE MAY 28, 2004




They do not exist

» The emergence of

life

eukaryotic cells
toolmaking species
intelligence

language

science and technology

IS rare



They do not exist

life
eukaryotic cells

toolmaking species

» The emergence of iS rare

intelligence
language
science and technology




o It is probably good science to look first for life like
ourselves

o If there is life out there that is very different
from us, would we even recognise it as life?

What defines a living organism? Metabolism

Reproductive capability
Evolution



o It is probably good science to look first for life like
ourselves

o If there is life out there that is very different
from us, would we even recognise it as life?

What defines a living organism? Metabolism

Reproductive capability
Evolution

Are these characteristics universal?






