
ASTR/GEOL-2040: Search for life in 

the Universe: Lecture 36

• Grav. Lensing method

• Proc/cons of methods

• TRAPPIST-1

Axel Brandenburg

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

and Wednesdays 11-12 in D230)



Exoplanet detection methods

• Radial velocity variations

• Astrometry (position in the sky)

• Direct imaging: 

• Transit photometry

• Gravitational lensing



Gravitational (micro) lensing

• Starspots (random, but modulated)

• Flares (random, much stronger)

• Stellar activity cycles

What’s one astronomer’s noise is 

anothers one’s signal
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In practice…

• Starspots (random, but modulated)

• Flares (random, much stronger)

• Stellar activity cycles

What’s one astronomer’s noise is 
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• Once in a lifetime event

• Thus, difficult to confirm

• So far: 19 exoplanets discovered with this



Pros+cons of detection methods

• Radial velocity variations

• Astrometry (position in the sky)

• Direct imaging: 

• Transit photometry

• Gravitational lensing



Radial velocity method

A. Can only determine upper limit on its mass

B. Can only determine lower limit on its mass

C. Can only determine upper limit on its radius

D. Can only determine lower limit on its radius

E. Neither of the above



Remember: must be edge-on

c



Extreme case: face-on
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Radial velocity variations

• Possible from the ground

• Biased toward large planets & close orbits

• Underestimates true motion unless 

observed edge-on

• Requires accurate spectra

• Large telescopes

• Long observing times (if dim)



Astrometric method 

• Now possible with GAIA space craft

• Detects planets in all orbital orientations

• Edge-on perhaps tricky

• Only for nearby stars

• Biased toward massive stars far from host

• Requires long observations



Direct imaging

• The only method that allows study of 

planet itself!

• Requires large telescopes and means of 

blocking light of host star

• Worked just with a few

• Will become important in future

• Google for Web Cash



Direct imaging



Guest lecture next Tuesday!

• The only method that allows study of 

planet itself!

• Requires large telescopes and means of 

blocking light of host star

• Worked just with a few



Transit method

A. Can only determine upper limit on its mass

B. Can only determine lower limit on its mass

C. Can only determine upper limit on its radius

D. Can only determine lower limit on its radius

E. Neither of the above



Transit method

• Allows many stars to be observed at once

• Can detect very small planets

• Feasible with small telescopes

• Can provide atmospheric data in cases of 

measurable eclipses

• But only if edge-on

• For small planets: sensitivity only from space
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As of 2011

• 10% of all exoplanets are giant planets < 4AU

• High metallicity

• Only a few Earth-like planets

• In 2011: no planet with < Earth’s mass

• Beginning to find super-Earth…

• Now in 2017: the picture changes
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TRAPPIST-1

• M8 star

• 7 terrestrial 

planets

m=18.8, 12 pc = 39 ly
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Transits

• Orbits: 

1.5-20d

• Orb perts 

 mass
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TRAPPIS-1 vs Sun

• Extremophiles

• Preparation for midterm exam

• Midterm exam on Thursday
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Host star

• Mass: 0.08 MS = 80 MJ

– Ultracool dwarf  

• Radius: 0.114 RS = 1.11 RJ

• Age: > 1Gyr

– Not too many flares
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• Real 

terrestrial 

planets!

• Similar to 

Earth!

Planets

composition
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Just how habitable is it?

• Tidal locking
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L=4pr2F    

• Extremophiles

• Preparation for midterm exam

• Midterm exam on Thursday
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TRAnsiting Planets & 

PlanetesImals Small Telecope

• Belgium robotic, La Silla

• Named after Trappists breweries
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Trappist breweries

• Extremophiles

• Preparation for midterm exam

• Midterm exam on Thursday



A. Primordial?

B. Radioactive decay?

C. Supernova remnants?

D. Big bang nucleosynthesis?

E. H-bomb tests in the 1950?
35

Why?

Interplanetary distance: 2x Earth-Moon
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Where to go from here

• James Webb (JWST)  atmosph.

• Search for Planets EClipsing 

ULtracOOL stars  SPECULOOS

• Target for many planetary studes

• And certainly SciFi



Problems with M dwarfs

• M dwarfs have frequent flares

– At least in their first 1 Gyr

• Closer planet: synchronous rotation

• What does this mean for life?

• (and what about effect of atmosphere)

(Dwarf = main sequence stars)



Next time

• Starshot

• Breakthrough message

• etc

• RGS pp 281 – 295


