
Life on Earth
panspermia: “seeds everywhere” 

-> life arrives, ready-made, on the surface of 
planets from space (meteorites, asteroids, comets, 
space dust…) 
-> can life survive the trip? bacterial spores: ~1 in 
100,000 have been shown to survive brief 
exposure to the 3,000°C flame (e.g. rocket 
exhaust), while others have survived a bath in 
liquid helium at -269°C  



Life on Earth
More likely, meteors impacting Earth generated HCN (hydrogen cyanide) and H2S 
(hydrogen sulfide). HCN is also abundant in comets many of which impacted Earth 
for the first several hundred Myr of its history 

-> these molecules + UV radiation kickstarted the production of amino acids and 
other organic building blocks; 
-> amino acids react with energy (sunshine, volcanic) to make the specific 
polypeptide chains (precursors to proteins) needed for life. 
-> DNA/RNA communicate the “blueprints” for making proteins, but cells can’t 
copy these molecules without proteins. So which came first? 

-> Recent studies find that HCN + H2S + UV can, over time, make RNA! 

But a key element is liquid water, which acts as a solvent for prebiotic reactions to 
take place.

To date, life has not been created in the lab.



Colloquium Questions

Q: We always look for liquid water for a habitable planetary body. Our 
planet’s atmosphere has ~71 % nitrogen. So, do we count the Nitrogen 
for a habitable planet with the same importance as water?

A: N is not really important for animals, but it is an important nutrient for 
plants! Microorganisms take the nitrogen from N2 to NO3- (nitrate) that 
plants can absorb through their roots.



Drake Equation

Ns = 100 x 109 
Fp = 0.1? 
Fl = 1? 

Fi = 0.01? 
Lc = 300 000 y ? 
Ls = 10 Gy N = 3000

The first SETI meeting speculated N = 1000 to 100 000 000 in the Milky Way.

The Fermi Paradox

So where are they?



Colloquium Questions

Q: How do we get to know the habitable zone for an exoplanetary 
system? 

Q: If we say that the first order constraint for a habitable world is being 
within a temperature/solar flux range that allows for liquid water on the 
surface. What is the most logical second order constraint for an 
exoplanet's habitability? Is it mean molecular content, or host star 
class, perhaps something about orbital parameters, etc. 



“Habitable” Zones

Is liquid water enough?
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Colloquium Questions

Q: What type of star should we focus on [for finding life]? It seems that 
most research is related to dwarfs, especially M dwarf stars. Is there 
any logic that shows M dwarfs have high probability to have habitable 
planets, or that is just due to the limitations of current detection 
methods?



Are Planets Around M Dwarfs Our Best Bet?

• Deeper transits (for radius and atmospheric 
measurements); 

• More frequent transits of planets in the 
“habitable zone”; 

• Stronger radial velocity signal (for mass 
measurements); 

• M dwarfs live longer -> more time for 
(advanced) life to develop?

• Stellar activity (e.g. flares) give off a lot of 
UV and XRay light  

-> can strip planetary atmospheres 
-> bad for the development of biological 
life

Pros Cons



Colloquium Questions

Q: My question is that for a system with high stellar activity and 
stellar flares how does it affect the habitability of a planet in that 
system, is it always the case that a star with high stellar activity 
will have lesser probability of holding a habitable planet or there 
is no linear relationship in that ? 

Q: I was wondering about was whether certain conditions that 
would be considered hazardous to us or similar lifeforms to us 
could actually be beneficial to more strange or exotic versions of 
life. Or can we only make assumptions about life similar to us 
because it's all we know? 



Colloquium Questions

Q: How can we search for life after we find a habitable world?

A: Best options right now:  
- spectral features of biosignatures (e.g. oxygen AND methane) 
- SETI


