Chapter 24
Life in the Universe

Origin of Life on Earth
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The Theory of Evolution

¢ The fossil record shows that
evolution has occurred through
time.

* Darwin’s theory tells us HOW
evolution occurs: through
natural selection.

¢ Theory supported by discovery
of DNA: evolution proceeds
through mutations.

Tree of Life

Bacteria Archaea Eukarya . .

pupe. GRS S animals : Mappmg genetic
o e PRI wo  relationships has led
bectefla \cacera - methanoN/- thermo- pams — hiologists to discover

this new “tree of life.”

flageliates

Plants and animals are
a small part of the tree.

Suggests likely
characteristics of
common ancestor.

common ancestor

Brief History of Life

4.4 billion years - early oceans form

3.5 billion years - cyanobacteria start releasing
oxygen.

2.0 billion years - oxygen begins building up in
atmosphere
540-500 million years - Cambrian Explosion

225-65 million years - dinosaurs and small
mammals (dinosaurs ruled)

Few million years - earliest hominids

Life elsewhere in the Solar System?

* Ancient Mars may have had liquid water
* Fossils of microbes may exist
* https://mars.nasa.gov/mars2020/ ¢




Water in Outer Solar System
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Jupiter’s Europa Saturn’s Enceladus

How can we detect planets
around other stars?
* Direct imaging
« Stellar wobbles and Doppler shifts

¢ Planetary transits

Direct Detection

+ Search among nearby, fainter stars in
infrared light where contrast between star
and planet is less

+ Use special techniques to eliminate light

from brighter objects and enable direct
planet detection

Fomalhaut System

NASA and ESA

Hubble Space Telescope « STIS

STScl-PRC13-01a

Doppler Technique

* Measuring a star’s
Doppler shift can tell
us its motion toward
and away from us

stellar motion caused
by tug of planet
\

0 * Current techniques

can measure motions

as small as 1 m/s

(walking speed!)
starlight starlight

redshifted blueshifted

to Earth

Finding planets by transits

planet

light curve
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* Radial Velocity

o Transit

o Ima
Microlensing
Pulsar Timing

* Kepler
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Exoplanet Discoveries

Before Kepler ® Others, since Kepler

10
Orbital Period (Days)
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Habitable zone:
temperature for liquid water

Hotter Stars

Sunlike Stars

Cooler Stars
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Planet Kepler-186f is the first known
Earth-size planet to lie within the
habitable zone of a star beyond the Sun.
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NASA TESS:

Transiting Exoplanet Survey Satellite
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WITH AT LEAST ONE PLANET

1.25-2 2-4

Super- Mini-
Earth Neptune

Large Gas
Neptune  Giant

PLANET SIZE (relative to Earth)

Census for Milky Way Galaxy

* =1 billion rocky planets
that are approximately the
size of the Earth and are
orbiting familiar-looking
yellow-sunshine stars in
the orbital “habitable
zone” where water could
be liquid at the surface.

* Many places to explore
for life elsewhere!

Conditions for Life-bearing Planets

Resides in habitable zone:
liquid water

+ Jupiter-like planet to clear
the inner zone of small
objects

Old enough for evolution to
occur (rules out short-lived * Massive moon to stabilize
massive stars) the axial tilt

(like Earth’s Moon)

Stable orbit (binaries poor?)
* Host star with enough metals
Plate tectonics
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Detecting Life: Oxygen
(sulfuric acid)

Venus 20
H,S0, CO,

‘ | Venus

Earth H,0 O
/ Earth

Mars
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Search for Extraterrestrial Intelligence (SETT)

Drake “Equation” for the number of
“technical civilizations” currently in Milky Way:

N = (SFR) X Nhabit planets X f tife X fintel X ftech X L

Simple accounting of our ignorance, which
increases from left term to right

SFR = Star Formation Rate in our galaxy is 5 to
10 per year on average (higher in past) - the only
number in Drake Equation which is well
determined

Dhabit planets = 1 or more (Kepler results)
fiite = 0.001 (although life started early here)
finte1 = 0.1 (took 3 billion years)

f ech = 1 (emergence of language)
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Drake Equation for the number of

N = (SFR) X Dhabit planets X T life X fintel X ftech X L
=10x 1 x0.001 x 0.1 x 1xL=0.001L

Some pure guesses, but it all comes down to L:

L= 1,000 years then N=1
just us

L= 1,000,000,000 years then N=1,000,000
a swarming “Galactic Club”

“technical civilizations” currently in Milky Way:
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Interstellar Travel
Current Spacecraft

* Current spacecraft travel at <1/10,000 c;
100,000 years to the nearest stars.
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SETI Radio Searches

+ Radio is the cheapest / fastest means
+ Allen Telescope Array:

https://www.seti.org/seti-institute/Search-Extraterrestrial-Intelligence

* SETI@HOME, Arecibo Observatory:

 https://skyandtelescope.org/astronomy-news/seti-searches-today/ 28
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Difficulties of Interstellar Travel

» Far more efficient engines are needed

+ Energy requirements are enormous

* Ordinary interstellar particles become like cosmic rays

* Social complications of time dilation
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https://setiathome.berkeley.edu/

Fermi’s Paradox

If alien life really is common, then
why haven’t we detected aliens?

+ Life is rare

* Interstellar travel is too difficult
* We are quarantined for now

* Maybe contact will be made
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Conclusions

We have covered huge scales of size

We have explored time over 14 billion years

of the history of the Universe

We can appreciate the limits of our
understanding from observations,

yet these have revealed an amazing vista and
given us an appreciation of our precious Earth
Keep looking up!

Hope to see you at GSU or HLCO in the future!
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