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Anthropic Principle
Brandon Carter 1983

* Astrophysical and cosmological theorists run the
risk of error in the interpretation of astronomical
and cosmological information unless due account
is taken of the biological restraints under which
the information was acquired.

(Strong Anthropic Principle)

* Biological theorists also run the risk of error in the
interpretation of the evolutionary records unless
they take due heed of the astrophysical
restraints under which evolution took place.

(Weak Anthropic Principle).
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RV surveys: kinematic diversity

. . > = e® exop]anets.org | 11/12/2‘012?
n .
10F o o . ]
g e o4 ¢ ®e .
@
& .:.... .. i .. o
o 4 @ @
_ L ..Q.... . ® ::o . 0 [* Lew’®
& 112 g s ® —® P o _B~_
& "ol Yo *T, ik
= [ ° ® * ET
- - °Q e o ® +d
(7} s P, e o =
= r = o [s] Q
g- \ .‘ °® ..... 8.
A, 0.1} o 2 o * -~
| W— : ..‘. o} o O . - E
S ) y .o‘. T . _5
s | NCANL AL WEEN S
= o e ° % “ e ° " _
imas bt r ‘ L o~ |
: : ° = =i
.
°
o
1 10 100 10° 10*

Orbital Period [Days]

3/19



Planet Fraction, f(M,F)

Gas giants: ubiquity

O &
N W
. 4 v'lll L] 'vllil""

o
-
T

O
o

] v > - - ' v v v v '

. » Observed Fraction

o f(MF) = 0.07 10"2F Y'?
oo f(M) = 0.07 M"®

- - - - Kennedy & Kenyon (2008)

0.0

0.5 1.0 1.5
Stellar Mass [M,.]

4/19



Transit surveys: size distribution
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Structural diversity
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Seguential assemblage of planets

Paradigm a) natural and robust outcome => planets are common
shifts: b) competing processes => planetary diversity
c) mobility => planetary systems’ probabilistic destinies
7/19 d) chan habitable zones




Super Earths: some key issues

Did super Earths assemble in situ or form at large a and migrate?

© Jun 2010 O Feb 2011 @ Feb 2012
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A few bedies undergo runaway growth. They stirup the orbits of the rest.

The embryes run out of raw material and stop growing.
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New Candidate Catalog

~ Close packing and stability of multiple systems
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Dynamical perturbation by Jupiter-like planets

A gas giant planet disrupted by a sun-
like star as a result of planet-planet
scattering or the Kozai effect.
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Potential life-supporting platforms:

a) evolving habitable zones
b) common habitable planets

95 Planet Candidates Orbiting Red Dwarfs

Towards Star =

1) Many cradles to start native lives
2) Changing boundary condition as

driving force for Darwinian evolution
3) Many targets for directed panspermia
4) Prospects of statistical survey & analysis
guantitative proofs for genesis models
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Option 1: In situ origin of life on Earth

3) Changing boundary conditions
as the driving force for evolution

Cooling of surface. Earliest continents and oceans.
Loss of Earth’s Eatliest surviving
eatly atmosphere (4.5 bya) continental crust(4.0 bya)

S}m ant ; . . ] .. End of intense
accretionary disk Earliest granitic crust and lig uid water. bombardmert (3.9 bys)

formed (4.57 bya) Bombardment of Earth repeatedly desiroyed surfaces.
Wid esp read melting and vaporized hydrosphere.

Earth’s accretion, core formation,
and degassing essentially complete (4.47 by



Option 2:Panspermia
difficult to verify

Balllstlc(lnterplanetary panspermla

CHARTING THE HUMAN GENOME MAP

Litho (interstellar) panspermia s«

MARS
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Directed (mformatlonal) panspermla
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Search for clustered distribution and
age of hablted planets
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A systematic survey for bio-signatures on habitable planets.
1) Spatial and temporal distribution

2) Dependence on stellar and planetary-system properties 16/19



Fermi’s paradox: WHERE IS ET?

Ingredient for Darwinian Evolution: A <
Meta-stable information bases Dy

> Cell
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Survival against obstacles and disasters:
Exponential growth & dissemination of mutation
sexual genetic reproduction
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Intelligence and self awareness:
strategy for survival and proliferation.

Estimated growth of free oxygen in the Earth's atmosphere
First land anirna]s—| l—First mammals
100 —

¢—— Origin of flowering plants

— Origin of land plants

¥ First eukaryotic cells

Free O, (% of present atm level)
=
T | AT

T<

/ First prokaryotic cells
I
2

o & —

I
3 1 05 02 01
illions of years before present  Leae




Types of mutation

Fitness peaks & potentlal’ valleys

Deletion Duplication Inversion

Chromozome 4

Advanced civilization may be
1 trapped into evolutionary
holes
2 reached nonlinear saturation.



Summary

Planet formation is a series of robust, complex, competitive process.

Multiple paths of migration during formation and evolution have
produced the statistical properties of planetary systems.

Individual planets’ structure and planetary systems’ dynamical
architecture are DIVERSE.

Comparative planetology is needed to understand the mean and
dispersion in the boundary conditions of habitable environments.

Weak anthropic principle provides a scientific and philosophical basis
for an interdisciplinary approach in the search for our roots &
destiny.

Characterization of exoplanets will greatly expand our horizon with
sites of ongoing biological and geological genesis and evolution.

The discovery and systematic census of bio-signatures on habitable
planets will provide historic paradigm-changing evidences to back up

extraordinary speculations.
May ELSI play a prominent and leading role in this exciting scientific

endeavor and global, profound intellectual pursuit.
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