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Host stars of exoplanets

2 big topics for today:

1) Do all types of stars have exoplanets?
2) Survival around stars: 
    planets and atmospheres



  

Do all types of stars have planets?

image credit: ESO



  

Do all types of stars have planets?

image credit: sun.org



  

The Sun has planets

image credit: IAU



  

Stars and planets form together

image credit: 
Hogerheijde



  

Can’t we just search for exoplanets 
around all types of stars and see if 

we find any?



  

Can’t we just search for exoplanets 
around all types of stars and see if 

we find any?

Yes, but...
we’re not equally good at detecting 

planets around different kinds of 
stars.



  

2 very successful exoplanet 
detection methods:

Transits
image credit: H. Deeg



  

2 very successful exoplanet 
detection methods:

1) Transits
image credit: NASA



  

2 very successful exoplanet 
detection methods:

1) Transits
image credit: NASA

dip depth ~ 
planet area / star area

Easier for smaller stars!



  

Do all types of stars have planets?

image credit: ESO

Transits 
signals are 
strong here!



  

2 very successful exoplanet 
detection methods:

2) Radial velocity

image credit: Wikimedia Commons



  

2 very successful exoplanet 
detection methods:

2) Radial velocity

Needs spectrum 
with sharp spectral 
lines to detect red 

and blue shift

low-mass star 
(G9V)



  

2 very successful exoplanet 
detection methods:

2) Radial velocity

Needs spectrum 
with sharp spectral 
lines to detect red 

and blue shift

high-mass star 
(B2.5V)



  

Do all types of stars have planets?

image credit: ESO

Radial velocity 
signals are 
strong here!



  

Exoplanets known to date

J
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Exoplanets known to date

J
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Need to know how good we are at 
detecting specific planets:

Analyze bias in detections methods, 
how many planets have we missed?

Ideally do this for different stellar 
masses as well.



  

Planet occurrence rates

Dressing & 
Charbonneau 2015



  

Planet occurrence rates

Dressing & 
Charbonneau 2015

Enough exoplanets 
detected to estimate 

this for F, G, K, M 
dwarf stars



  

Do all types of stars have planets?

image credit: ESO

Lots of 
exoplanet 

detected here!



  

How to deal with hot stars?

Idea (John A. Johnson): where do 
hot stars go in the HR diagram 

when they get older?



  

“Retired” hot stars

image credit: ESO

Giants/subgiants 
have sharp spectral 
lines -> can do RV 
planet detections!



  

“Retired” hot stars

image credit: ESO

Result:
retired A stars do 

have massive 
planets -> main-
sequence A-type 

stars have massive 
planets. (Probably 
more often than 
sun-like stars.)

Johnson et al. 2010, 
Ghezzi et al. 2018



  

Planetary survival



  

Star-exoplanet systems

tidal 
interaction



  

Tidal interaction

Mathis & Remus (2013)

see also 
Lanza & Mathis (2016)

“easy” part: 
equilibrium tide



  

Tidal interaction

Mathis 2015,
Bolmont et al. 2016also: dynamical tide (inertial waves 

in convective envelope of star),
possibly stronger effect than 

equilibrium tide



  

Tidal interaction

Mathis 2015,
Bolmont et al. 2016

Planets can spiral into star over 
time (depends on starting point; 
may also be driven outwards).

Shrinking orbits not yet observed in 
real time; theory predicts different 

survival time scales.



  

Planetary atmosphere survival



  

Planetary atmosphere survival



  

atmospheric 
blow-off

Planetary atmosphere survival



  

atmospheric 
blow-off

Planetary atmosphere survival

driven by X-ray 
and UV photons 

from star + stellar 
wind



  

Concept: habitable zone

image credit: NASA



  

Concept: habitable zone

Planet receives enough flux from 
star to have liquid water on its 

surface.

Remember: flux F at distance R 
from a star with luminosity L goes 

like:

F ~ L/R2



  

Concept: habitable zone
Where is the habitable zone around 

an M dwarfs?

Our Earth orbits at a distance of 1 
AU around the Sun with a 

luminosity of 1 LSun.

Say our M dwarf has a luminosity of 
 0.01 LSun. At which orbital distance 

is the habitable zone?



  

Concept: habitable zone

If luminosity is 100 times lower, but 
we want to receive the same flux, 

and flux scales like L/R2: need to be 
10 times closer, 0.1 AU.



  

Concept: habitable zone

Say our M dwarf has the same 
luminosity in X-rays as our Sun. 

(Some are even more X-ray bright.)

How much stronger is the X-ray flux 
the planet receives in the habitable 

zone compared to our Earth?



  

Concept: habitable zone

Same X-ray luminosity, but 10 
times closer:

X-ray flux on planet is 
100 times higher. 

Might evaporate atmosphere!

Habitability around other types 
of stars needs to include more 

than just correct temperature for 
liquid water.



  

Host stars of exoplanets

1) Do all types of stars have exoplanets?

Probably; we know a lot about F/G/K/M 
dwarf host stars, others are trickier to 
study.

2) Survival around stars: planets and 
atmospheres

Tides & orbits; habitable zone & high-
energy irradiation
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