
ASTR/GEOL-2040: Search for life in 

the Universe: Lecture 34

• Biosignatures

• Generations of stars

• Current strategies

Axel Brandenburg

(Office hours: Mondays 2:30 – 3:30 in X590

and Wednesdays 11-12 in D230)



Methane + Oxygen = ?

A. Water

B. Carbon dioxide

C. All of the above

CH4 + 2O2  CO2 + 2H2O



Lect. 3: Biosignatures from space



Biosignatures from space
 Lecture 3



Near-infrared

• diff

RGS, p.268, Fig. 8.7



Both methane and ozone!

• Methane: absorption around 7 – 8 mm 

• Carbondioxide: absorption around 15 mm

• Lots of water lines 
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Why this 276 K for Earth?

A. Surface temperature of the Earth

B. Temperature higher in the atmosphere

C. Contributions from oceans

D. Caused by chlorophyl



Match?

• Yes, a few km

• Think of IR 

telescopes



Why this 276K for Earth?

A. Surface temperature of the Earth

B. Temperature higher in the atmosphere

C. Contributions from oceans

D. Caused by chlorophyl



Examples: Infrared telescope: Sofia 

• 4-12 km above the ground 



Comparison: other atmospheres

• Galileo

• Massive payload: fly-by on Earth

• Near infrared spectrometer (NIMS)

• O2 difficult, but large amount of O3

• Hard to explain abiologically

• Also CH4: this, together with O3, important

• Readily oxidized to give… 



How to find biospheres

• No CH4 reservoir on warm Earth

• Only 1 molecule in ever 600,000

• Enough for case beyond reasonable doubt



Reflectance spectrum

• Sharp rise in reflectance

• Red-edge

• Chlorophyll

• Figs 8.7, 8, 9, 12

• Also from Galileo: radio signals
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Potential habitats

• Focus on carbon-based life & water

– Complex compounds, diverse, versatile

• Habitable zones (HZ)

– If ok for 3% of planets: next one 20 ly

– one planet every 6 ly, (33*63)1/3=20

• HZ excludes icy worlds, but water worlds?

• Also: atmosphere, not too many impacts

– Jupiter shields us from many impacts



• Carbon comes from nuclear fusion in stars

• Late stages of evolution

16

Life cycle of stars



Older stars: iron fraction?

A. More Fe than younger stars

B. The same

C. Less



Example of Kepler 444: born 

when 20% age of the Universe

• Fewer stellar generations

• But only of massive stars

• Interstellar medium has less Fe

• Resulting stars have less Fe



Older stars: iron fraction?

A. More than younger stars

B. The same

C. Less



Older stars: iron fraction?

• Kepler-444?

• Ancient life?

10-0.55 = 0.28 times solar = 28% solar Fe abundance

Other aspects



But [Fe/H] perhaps not important

A. More than younger stars

B. The same

C. Less

 [Fe/H] matters for making Jovian planets, not for terrestrial ones



Next time

• Finding more planets (& in future)

• Other methods

• Planets around binaries

• Tidally locked planets

• BS: 370 – 414 

• RGS: 235 – 260 

• Lon: 339 – 342 


