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Do I think that aliens exist?
100 billion stars in our galaxy

100 billion galaxies in the universe

⇒ 1022 stars. 

YES: I think that at least one other star - and 
probably far more - has a planet with life.

10,000,000,000,000,000,000,000 stars!



Have we ever found aliens?

NO:  We have never found any life anywhere 
beyond Earth. No aliens on Mars, no bacteria 
on asteroids, no confirmed radio signals, 
nothing!





The three biggest questions facing 
philosophers, scientists, and society 
today…





Why are we here?

Where did we come from?





Are we alone?



Are We Alone in the Universe?

• Is our Solar System unique?

• Is the Earth unique?

• Is life on Earth unique?



1500’s view of our Uniqueness
Earth was believed to be the center of the 
universe, and the Sun, Moon, planets, and 
stars circled around it.

“We are special... it’s just us here!”



1600 view, post-Copernicus

“We are special... it’s just us here...

... and four other planets!”

The Sun was at the center of the Universe, 
orbited by the Earth and the other planets.



1700 view (post-Huygens)

“We are special... it’s just us here...

... and 4 other planets
... and 100 billion other stars!”

The points of light in the Milky Way galaxy are 
recognized as stars that could be like our own.



1930 view (post-Edwin Hubble)

“We are special... it’s just us here...

... plus the other 8 planets, 
... plus 100 billion other stars in the Milky Way

... plus 100 billion other galaxies, each with 
their own 100 billion stars!”

Spiral clouds in the sky are recognized as individual galaxies 
like the Milky Way



1990’s - Present View

“We are special... it’s just us here...

... plus the other 8 planets, 
... plus 100 billion other stars in the Milky Way

... plus 100 billion other galaxies, each with their own 100 billion stars
... and each of these 1022 stars might have their own planets, so...

... us and 1023 other planets!”

Astronomers have found planets around thousands of stars... 
there may be more planets than stars in the Universe.



Present View
Astronomers have found planets around thousands of stars... 

there may be more planets than stars in the Universe.

We occupy just a tiny, insignificant corner of the 
Universe. Our region is not particularly special or 

unique. There are billions of other planets 
around billions of other stars in our galaxy, and 

many of them may be similar to our own.



Are We Alone?

• Is our Solar System unique? (Probably not)

• Is the Earth unique? (Probably not)

• Is life on Earth unique?



In order to search for life in the Universe, we 
need to know where to search. For instance…

• Do we search in black holes?
• Do we search in the center of the galaxy?
• Do we search on very hot, molten planets?

→ What environmental 
requirements are there for life 

on Earth?



• Not too hot (< 100 C)

• Not too cold (> 0 C)

• pH not too acidic (pH > 3) 

• Not too saline

• Not too high pressure 

• Not too much radiation

• Not too much ultraviolet light

• Based on C, H, O, N, P (phosphorus)

• Uses liquid water

What Does Life on Earth Need?



Thermophilic (heat-loving) bacteria in Yellowstone at > 95 C
 Sea-floor bacteria at > 120 C



Thermophilic (heat-loving) bacteria in Yellowstone at > 95 C
 Sea-floor bacteria at > 120 C



What Does Life on Earth Need?

• Not too hot (< 100 C)

• Not too cold (> 0 C)

• pH not too acidic (pH > 3) 

• Not too saline

• Not too high pressure 
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Cryophilic (cold-loving) bacteria living in Antarctic ice at -20 C



What Does Life on Earth Need?

• Not too hot (< 100 C)

• Not too cold (> 0 C)

• pH not too acidic (pH > 3) 

• Not too saline

• Not too high pressure 

• Not too much radiation

• Not too much ultraviolet light

• Based on C, H, O, N, P (phosphorus)

• Uses liquid water



Acidophilic (acid-loving) bacteria such as in mine runoff at 
Rio Tinto mine, Spain: pH < 2.0



What Does Life on Earth Need?

• Not too hot (< 100 C)

• Not too cold (> 0 C)

• pH not too acidic (pH > 3) 

• Not too saline

• Not too high pressure 

• Not too much radiation

• Not too much ultraviolet light

• Based on C, H, O, N, P (phosphorus)

• Uses liquid water



Halophilic (salt-loving) bacteria, 
Makgadikgadi Pans, Botswana



What Does Life on Earth Need?

• Not too hot (< 100 C)

• Not too cold (> 0 C)

• pH not too acidic (pH > 3) 

• Not too saline

• Not too high pressure 

• Not too much radiation

• Not too much ultraviolet light

• Based on C, H, O, N, P (phosphorus)

• Uses liquid water



Piezophilic (pressure-loving) Xenophyophores, at 10 km 
below the surface in the deepest ocean trenches.



What Does Life on Earth Need?

• Not too hot (< 100 C)

• Not too cold (> 0 C)

• pH not too acidic (pH > 3) 

• Not too saline

• Not too high pressure 

• Not too much radiation or ultraviolet light

• Based on C, H, O, N, P (phosphorus)

• Uses liquid water

• Must have liquid water



Bacteria Gebacter thrives on radioactive 
species (uranium, cesium, etc).



My own research finds that the UV radiation that 
might kill life today, in young solar systems can rapidly 

jumpstart the creation of life’s ingredients.  



What Does Life on Earth Need?

• Not too hot (< 100 C)

• Not too cold (> 0 C)

• pH not too acidic (pH > 3) 

• Not too saline

• Not too high pressure 

• Not too much radiation or ultraviolet light

• Based on C, H, O, N, P (phosphorus)

• Uses liquid water



Anoxic (oxygen-free) Spinoloricus animals, discovered in 
deep trenches on the Mediterranean sea floor, 2011



Evidence* for bacteria using As (arsenic) instead of P 
(phosphorus) in Mono Lake, USA, 2012 

* Now disproven



What Does Life on Earth Need?

• Not too hot (< 100 C)

• Not too cold (> 0 C)

• pH not too acidic (pH > 3) 

• Not too saline

• Not too high pressure 

• Not too much radiation

• Not too much ultraviolet light

• Based on C, H, O, N, P (phosophurus)

• Uses liquid water



What Does Life on Earth Need?

Liquid water



The search for life is largely 
the search for liquid water.



Liquid Water
Water (H2O) is very common throughout the Solar 
System and Universe.

But it is almost always found as a gas (e.g., Venus’ 
clouds) or a solid (e.g., Pluto) -- not a liquid!



Three Best Places to Search for 
Liquid Water in Solar System



Three Best Places to Search for 
Liquid Water in Solar System #1: Mars

• Mars used to have massive water oceans 
and lakes. They either froze into tundra, or 
evaporated.

• There’s some evidence for occasional water 
flow on the surface now.

• Mars has some (debated) evidence for 
fossilized life found in a Martian meteorite 
that landed in Antarctica.
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Three Best Places to Search for 
Liquid Water in Solar System #1: Mars

NASA’s Curiosity rover is currently exploring Mars’ surface 
and looking for signs of past life and habitability.

On-board chemistry experiments measure composition, 
search for clues such as carbon isotopic ratios.



• Enceladus has massive plumes of 
erupting water, the size of Yellowstone’s 
‘Old Faithful.’

• These plumes come out as liquid 
droplets -- meaning that something 
must be heating Enceladus, which would 
otherwise be a cold icy rock.

Three Best Places to Search for 
Liquid Water in Solar System

#2: Saturn’s moon Enceladus
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Three Best Places to Search for 
Liquid Water in Solar System

#2: Saturn’s moon Enceladus

NASA’s Cassini spacecraft is currently orbiting Saturn and 
has flown directly through Enceladus’ plumes several times, 
‘tasting’ them for salts and other clues.



• Photos show that the surface was 
recently liquid, with icy ‘rafts’ floating 
on a fresh, smooth surface.

• Europa probably has a warm ocean 
underneath an icy shell - a perfect 
place for life?

Three Best Places to Search for 
Liquid Water in Solar System

#3: Jupiter’s 
moon 
Europa



Three Best Places to Search for 
Liquid Water in Solar System

#3: Jupiter’s 
moon 
Europa

Europe and NASA are sending missions to Europa, to 
be launched in 2020’s. Both will search for warm 
ocean and organic molecules that could support life.



And what about searching for life 
beyond the solar system?

New Horizons took nine years to get to Pluto. 
At this speed, it would be 50,000 years until we 
make it to even the closest star…

Radio searches with SETI listen for signals from 
stellar systems thousands of light years away.

We can detect planets around many distant 
stars, and we can guess at their suitability for 
life.

But direct searches for life are currently 
possible only in our solar system.



Hang on — why liquid water?

And why carbon-based life 
anyhow?



What’s the deal with Carbon?

Why is life described as ‘carbon-based?’

• We use carbon for nearly all of our basic 
activities: 

• Respiration (CO2)

• Digestion (CH4)

• Energy / carbohydrates; e.g., glucose (CH2O)6

• Amino Acids; e.g., H2NCH(R)COOH



Why Carbon?

Carbon has special properties:

• Tetravalent: C forms four bonds, so it can make 
a huge variety of complex structures.

• 106 individual known C-containing 
compounds. More than all other combined.

• Carbon loves action: it easily goes into and out 
of reactions with very common N, H, and O — 
much more easily than other elements. 

• It’s common in the universe: H, He, O, C.



What about Silicon?



What about Silicon?

No bonding
One bond

Two bonds
Three bonds

Four bonds!

}Weak bonds

More bonds = 
more possible 
chemistry



Why Water??
H2O has some special properties

• Polar, so that many things will dissolve or mix with it (salts, 
ethanols, etc.)

• Common: H and O are created readily in stellar synthesis, 
and prevalent throughout universe.

• Special properties may stabilize life?

• High values for thermodynamic quantities: heat capacity, 
heat of fusion, heat of vaporization

• Water is more stable against boiling and freezing than 
almost any other liquid

• Ice floats. Perhaps this stabilizes and protects life in frozen 
oceans?

• Broad temperature range as liquid



“But can’t we have some crazy Xenon-
Titanium plasma-based life form living at 6 

million degrees inside the Sun that we 
couldn’t even imagine??!”

Probably not. There is a lot we don’t know. But if we 
assume life is based on complex chemistry, there are a 
lot of ways that can’t happen, and only a few where it 
can.

H2O and C are the most natural compounds around 
which to base life in our Solar System. But there are 
a few other possibilities and they should be explored 
too. We don’t want to be too biased (or stupid) to 
see other possibilities.



Once you have a planet, how 
do you make life?

Atoms ⇒ Molecules ⇒ Organics ⇒ Amino Acids ⇒ DNA ⇒ Life

Method #1: Build it from scratch

Some of these steps are very easy; some are very hard.



Once you have a planet, how 
do you make life?

Method #2: Bring it in from somewhere else (‘Panspermia’)

The Earth gets hit by 40 tons of 
material from asteroids, comets, 
other planets, and other solar 
systems every day. Organic 
molecules and microbes riding 
along could ‘seed’ life from one 
planet to another. 



Once you have a planet, how 
do you make life?

Method #2: Bring it in from somewhere else

Method #1: Build it from scratch

Which of these very different models describes 
how life on Earth started?

It’s a huge question....

And one that we have no idea what the answer is.



Mars Curiosity Rover



Mars Curiosity Rover
• Launch 26 Nov 2011, Cape Canaveral

• Landing 6 Aug 2012, Gale Crater, Mars

• 900 kg rover and chemistry lab is searching for evidence of 
habitability and exploring history of water.

• 14 instruments:

• Stereo cameras, rock grinder, chemistry lab (GCMS), weather 
station, hand lens, radiation detector, X-ray spectrometer, neutron 
detector, arm, broom...





Mars Curiosity Rover Status

• 1579 Martian days (‘sols’) and counting!

• Driven nearly 20 km since landing

200 m

Gale Crater



Mars Curiosity Rover Status
Currently driving up the side of ‘Mt. Sharp,’ exploring ancient lake bed.

4 billion years ago: wet and warm

Today: dry remnants



Exploring ancient lakebed to explore history of water on Mars



Lonar Crater, Maharashtra

Basalt impact crater, 5 lakh years old. 
Hydrothermal system in basalt: 
perhaps the best site on Earth to 
study conditions on ancient Mars



Isro’s Mars Orbiter Mission



Isro’s Mars Orbiter Mission
• Launched 2013

• In orbit at Mars since September 2014

• Primary science goals: images the surface, 
and search for methane.

Any methane on Mars would be released through either:

    If we see either of these on Mars, that will be really fantastic!

Biological processes Volcanism



US, Europe, India, Russia, and 
Japan have sent 53 missions 
to Mars -- 24 successful.

But so far, none of 
them have given us 
any evidence that 
Mars has life now, or 
has ever had it in the 
past.



Why is There No Life on Mars?

History of MarsHistory of Earth
Time                    Event

Stromatolites / Bacteria

Formation and Impacts

Photosynthesis

Oxygenated Atmosphere

Multi-cellular Organisms

Land Plants

Invertebrates
Vertebrates

Heavy Bombardment

Humans

3.5 Gya

4.5 Gya

3.5 Gya

2.4 Gya

1.8 Gya

450 Mya

600 Mya
500 Mya

3.8 Gya

1 Mya Today

Past

Wet

Formation and Impacts

Volcanism

Dry and Dead...

Heavy Bombardment

Water Disappears

More Dry and Dead...

Robots Look for Life - and 
Don’t Find It

3.7 Gya

4.5 Gya

3 Gya

3.8 Gya

3.5 Gya

Now Today

Past

2 Gya

1 Gya

Mars had only a 
brief window to 
host life... either it 
never did, or any 
fossil record of it 
is nearly washed 
away...



Earth

Stromatolites

Formation and Impacts

Photosynthesis

Oxygenated Atmosphere

Multi-cellular Organisms

Land Plants

Bacteria

Invertebrates
Vertebrates
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Humans
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Let’s go to Europa & Enceladus and find some life!


