Exoplanet Exploration

Week 6



What are exoplanets?

Exoplanets—or extrasolar planets—are planets found outside our solar
system and orbiting stars other than the Sun

Questions to consider:
 Why look for and study exoplanets?
* How do we find and characterize exoplanets?



Why study exoplanets?

* Learn more about planet-forming processes
* Do planets commonly form as stars form?
* How common are planets and what are their characteristics?
* |s our solar system usual or unique?

e Search for extraterrestrial life
e Are there other Earths out there?
* How common are Earth-like planets and where are they?

e Search for other intelligent life
* Where might we find intelligent aliens?
* Do Tatooine and Romulus really exist?



The habitable zone corresponds to the range of orbital distances where liquid
water can exist on a planet’s surface.




How do we explore for exoplanets?

1. Direct imaging of exoplanets
2. Radial velocity monitoring
3. Transit measurements

4. Gravitational microlensing



How do we explore for exoplanets?

1. Direct imaging of exoplanets

2. Radial velocity monitoring We will concentrate

on these!
3. Transit measurements



The Kepler Mission: greatly expanding our census of exoplanets!
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Direct Imaging

HR 8799bcde: the most
photogenic extrasolar
planetary system.




Radial velocity monitoring

* Measure planets indirectly by
measuring the stars they orbit

* How do planets affect
their starts?

e Orbit simulator:

http://save-
point.herokuapp.com/orb
its/?mission=gravitykit&

Both planet and star orbit around
the common center of mass

2
P2 L 4 a?, Remember combined
- GM Kepler+Newton Laws

Valid approximation for M=m_,.

4172

m

P? = a’
Gmstar planet


http://save-point.herokuapp.com/orbits/?mission=gravitykit&

Radial velocity monitoring

* Measure planets indirectly by
measuring the stars they orbit HOST STAR

* Because the star revolves
around a point, we can
measure the effect on the , _
star even though we cannot EXOPLANET
see the planet

* HOW?
° Using Doppler Shift! The Radial Velocity Method

ESO Press Photo 22e/07 (25 April 2007)




Radial velocity monitoring

 Measure planets indirectly by
measuring the stars they orbit

HOST STAR

Doppler Shift!

http://astro.unl.edu/classaction/an
imations/light/dopplershift.html

EXOPLANET

* Light shifted to blue
wavelengths as star moves
toward us

e Light shifted to red

wavelengths as star moves . .
away from us The Radial Velocity Method

ESO Press Photo 22e/07 (25 April 2007)


http://astro.unl.edu/classaction/animations/light/dopplershift.html

Ra d |a ‘ Ve ‘ OClty m O n |to rl n g https://youtu.be/d4CnneMrcmY

 Measure planets indirectly by
measuring the stars they orbit

R
o e

element x {in the lah)

HO.W do we observe Doppler :‘fffrﬂﬂfﬂ line element x (slightly hlue shifted)
Shift?

» Element lines shifted in

absorption spectra toward red
or toward blue

element x (greatly red shifted)

* Calculate period and mass of
* Requires very precise, high-resolution spectral planet from the shift
measurements

* Requires repeated observations of the same star


https://youtu.be/d4CnneMrcmY

Transit method

* Observe planets passing in
front of their stars

How do we observe planet
transit?

» Measure the drop in the
amount of light coming from
the star

Transit of M"erCLlry (2016)

Transit of Venu



Transit Light Curves

Kepler 4b Kepler 5b

?5 EIH:FH
ldentifying & measuring transits requires

very precise measurements of stellar brightness:
often significantly better than 0.1%




Learning Astronomy by Doing
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Activity 10
 Complete in your workbooks

* Complete and turn in photocopy of Activity 10 (pages 44-45), one per
letter group

e Make sure to include:

* all group members first and last names
* Group letter



Activity 10 Questions:

11. Consider the mass of this planet as well as its distance from its
star. Why was the discovery such a surprise when compared to
our Solar System?

12. If this actually is a planet, is it hospitable to life?



Hot Jupiters: very massive planets, very close to their host stars.




Some of the first planets we found were some of the most

unexpected: Hot Jupiters.
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Hot Jupiters broke our old models of solar system formation (which were
designed to explain the only solar system we knew about: ours).




Hot Jupiters broke our old models of solar system formation (which were
designed to explain the only solar system we knew about: ours).

radiant heating

“optimal zone"

° f 2 i
@ 452 ﬁ . B )
~J20 255 10 -
= ~ 124 05
terrestrial planet zone giant planet zone |

Hot Jupiters show us that while rocky & gas giant planets
probably form in different zones of the young solar system, they
don’t have to stay there: planets move around early in a solar

system’s life.
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. This planet Is more massive than the planet
orbiting 51 Pegasi.

. This planet Is less massive than the planet
orbiting 51 Pegasi.

. The two planets are equal in mass.
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