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Next week

● Evolution of our Solar System
● Evolution of exoplanetary systems
● The place of our Solar system in the Universe



  

Outline
● Formation of Solar system
● Formation of exoplanetary systems
● Compariosn of planetary systems



  

What’s the status?
● TYC 8998-760-1

● Sun-like star

● Imaged by ESO VLT

SPHERE

● https://arxiv.org/pdf/2007.10991.pdf

● Planets: 6 & 14 Mjupiter masses

● 160AU and 480 au

● First detection of multiple system around

1Msun masss star! 2020!

https://arxiv.org/pdf/2007.10991.pdf


  

● Multiple systems compared

to Solar System
● Are we unique?
● PLATO will answer this

question

Weiss et al. 2018 https://arxiv.org/pdf/2007.10991.pdf



  

Main asteroid belt
● Between Mars and Jupiter

● Contains most of the asteroids

● Formed about 4.6 billion years ago

● Currently +1 million asteroids known

● Radii ranges of asteroids:

10m-530km (Vesta)

● Info:

- https://solarsystem.nasa.gov/asteroids-
comets-and-meteors/asteroids/in-depth/

 

Credit: NASA Lunar and Planetary Institute

https://solarsystem.nasa.gov/


  

Type of asteroids
● C (chondrite) – clay, silicate rocks (from 

formation time os Solar System)
● S (stony) - nickel-iron
● M (nickel-iron) – partly melted, iron in the core

Credit images: NASA



  

Types of asteroids
● C/M? type Lutetia

● Flyby by ROSETTA in 15 km/s speed!

● Composition test sample needed

All images credit: ESA

https://www.esa.int/Science_Exploration/Space_Science/Rosetta/Rosetta_triumphs_at_asteroid_Lutetia



  

Trojans
● Asteroids located on trailing and leading

edges of planetary orbits

● Location is in L4/L5

Images based on NASA data from Wikipedia



  

Kuiper belt
● It spans from 30AU to 50 AU

● Hosts dwarf planets

- Pluto

- Make Make

- Haumea

- Sedna

 …...

● Composition mainly

icy, frozen methane etc.

● Nice review:

http://web.gps.caltech.edu/~mbrown/out/kbcomp.pdf



  

Oort cloud

● Spherical not disc

● Range 2000 up to 100k Aus

from the Sun

● Long period comets originate here

● Review reading:

https://www.lpi.usra.edu/books/CometsII/7031.pdf

Credit: NASA



  

Sedna
● First object from the Oorts cloud

● Brown et al 2004, ApJL

http://web.gps.caltech.edu/~mbrown/sedna/



  

Comets

Image: NASA 67P/Churyumov-GerasimenkoCredit: NASA JPL



  

Mysterious Kepler star KIC8462852

● Why is so unique?
● Why caught attention?

   - IRREGULARITY



  

KIC8462852

http://arxiv.org/pdf/1509.03622v1.pdf



  

http://arxiv.org/pdf/1509.03622v1.pdf



  

http://arxiv.org/pdf/1509.03622v1.pdf



  

http://arxiv.org/pdf/1509.03622v1.pdf



  

Explanations of a Kepler star mystery?

● A comet which broke apart and now is orbiting a star?
● Disc around the star
● A result of a collison of large bodies – however no IR excess 

observed
● Aliens? - perhaps not, not yet

Reading - https://arxiv.org/pdf/2002.10370.pdf



  

Solar System and alien worlds
● Epsilon Eri

Benedict et al. 2006 https://arxiv.org/abs/astro-ph/0610247

Credit:

Jane GreavesÂ -Â Joint Astronomy Center (JAC), Hawaii Credit NASA JPL

http://outreach.jach.hawaii.edu/pressroom/1998_epseri/


  

Terrestrial planets and moons

NASA JPL



  

Terrestrial planets composition

● Solid core

● Rocky surface

● Thin atmosphere

Credit: NASA JpL



  

Atmosphere of Earth, Venus and 
Mars



  

Atmosphere of Venus

Credit: ESA



  

Phosphine in Venus’s atmosphere
● JCMT &  ALMA observations

indicate PH3 in the clouds

● Greaves et al. 2020, 

Phosphine gas in the cloud decks of Venus.

 Nat Astron (2020). 

https://doi.org/10.1038/s41550-020-1174-4

● Lingam & Loeb, 2020, https://arxiv.org/pdf/2009.07835.pdf - microbial Phosphine possible?

From Greaves 2020

2PH3Â + 4O2Â Â P2O5Â + 3H2OÂ 

Source:Â https://chemiday.com/en/reaction/3-1-0-807

https://doi.org/10.1038/s41550-020-1174-4
https://arxiv.org/pdf/2009.07835.pdf
https://chemiday.com/en/reaction/3-1-0-807


  

Or no Phosphine?
● Villanueva et al 2020, 

https://arxiv.org/abs/2010.14305
● JCMT can be explained by SO2 contamination
● ALMA by calibration issues

https://arxiv.org/abs/2010.14305


  

Detectability of Phosphine
● Sousa Silva et al. https://arxiv.org/pdf/1910.05224.pdf



  
From Greaves et al. 2020



  

Earths atmosphere



  

The weather



  

Jet streams

http://www.turbulenceforecast.com/



  

Venus and Earth compared

Credit: ESA



  

Difference between Earth and Venus

Venus Earth

Average surface 
temperature

737 K 288 K

Effective 
Temperature =
Apparent radiative 
temperature (from 
space)

232 K 254 K

Excess in 
temperature due to 
greenhouse effect

+ 505 K + 34 K

Credit: BISA

Credit: Pearson Education



  

Mars

● 96% CO2 atmosphere

● 0.02% water vapor

● Atmospheric pressure 6-7mb

● Dust storms

● https://www.sciencedirect.com/topics/eart
h-and-planetary-sciences/martian-atmosp
here

● Mahaffy et al., 2013 
https://science.sciencemag.org/content/34
1/6143/263

Image from: Haberle - Encyclopedia of Atmospheric Sciences (Second Edition)2015, Pages 168-177

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/martian-atmosphere
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/martian-atmosphere
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/martian-atmosphere
https://www.sciencedirect.com/science/referenceworks/9780123822253


  

Venus, Earth and Mars compared

Credit: BISA



  

Water on Mars?

● Lakes below surface?

https://www.nature.com/articles/s41550-020-1200-6
● Sand or water? See credit below.
● Polar caps from CO2 but also with

patches of water ice

https://www.nasa.gov/sites/default/files/thumbnails/image/
pia22070fig1_esp_023184_1335_cutout_scalebar.jpg

NASA JpL
THEMIS
(left Figure)

https://www.nature.com/articles/s41550-020-1200-6


  

Habitability

Shields et al. https://www.researchgate.net/publication/309288637_The_Habitability_of_Planets_Orbiting_M-
dwarf_Stars/figures?lo=1



  

Parameters of Solar System planets



  

Gas giants

Credit: NASA JpL



  

Jupiters atmosphere

Image: Brittanica



  

Saturns atmosphere

Credit: Persons Education



  

Comparison of gas planets

https://courses.lumenlearning.com/astronomy/chapter/atmospheres-of-the-giant-planets/



  
Kaspi, Y., Showman, A., Hubbard, W.Â et al.Â Atmospheric confinement of jet streams on Uranus and Neptune.Â NatureÂ 497,Â 344â€“347 (2013). 
https://doi.org/10.1038/nature12131



  
Armstrong, D., de Mooij, E., Barstow, J.Â et al.Â Variability in the atmosphere of the hot giant planet HAT-P-7 b.Â Nat AstronÂ 1,Â 0004 (2017). https://doi.org/10.1038/s41550-016-
0004



  

Aurorae
● Observed on Jupiter

● Rotation of 10 hrs

plays role

● Great cold spot (right hand image)

● Stallard et al 2017 10.1002/2016GL071956

https://www.eso.org/public/news/eso0123/#1 https://www.eso.org/public/images/potw1716a/



  

Rings of giant planets
● All gas planets have rings

● Jupiter – dust particles 0.1-30micron

● The rings are tied to the moons and vice versa

Images from: https://arxiv.org/pdf/1805.08963.pdf
(Excellent review by the way)

https://arxiv.org/pdf/1805.08963.pdf


  

Chariklo dwarf planet

Images from: 
https://arxiv.org/pdf/1805.08963.pdf



  

Galilean moons

Credit: NASA



  

Europa
● Ice covered Jupiter’s moon
● Radius R=1565km
● Liquid water expected below ice

Images credit: NASA JpL



  

Ganymede
● Largets Jupiter moon
● Undersurface water?
● Icy surface
● https://arxiv.org/pdf/1910.07445.pdf
● McCord, et al. 2001, Science 292, 5521, 1523

https://arxiv.org/pdf/1910.07445.pdf


  

Io

● Small moon of Jupiter

● Volcanic activity

● Extremely strong volcanos

● Review how the volcanism was discovered:

https://arxiv.org/pdf/1211.2554.pdf



  

Titan

Credit: ESA



  

Weather on Titan

http://arxiv.org/pdf/0907.2255v1.pdf



  

Methan rain on Titan

Credit: NASA



  

Detecting an exo-moon 



  

Exo-moons

Hippke, 2015, ApJ  - http://arxiv.org/pdf/1502.05033v2.pdf



  

Dwarf planets

● Not moons but not cleared their neighborhood from similar bodies/Image András Pál



  

Interstellar traveller Oumuamua
● Size in hundreds of meters

● Asteroid or a comet?

● Came from direction of nowadays Lyra constellation

● Originated from a planetesimal from around a young star?

● https://www.nature.com/articles/s41550-019-0816-x

● https://ui.adsabs.harvard.edu/abs/2017Natur.552..378M/abstract

● http://www.ifa.hawaii.edu/~meech/papers/2017/Meech2017-Nature552.pdf

https://www.nature.com/articles/s41550-019-0816-x
https://ui.adsabs.harvard.edu/abs/2017Natur.552..378M/abstract


  

Oumuamua

From Meech et al Nature, Volume 552, Issue 7685, pp. 378-381 (2017).
Credit: ESO



  

Evolution of Solar System



  

Next week
● Evolution of Solar system
● Evolution of exoplanetary systems
● Solar System and exoplanetary systems 

compared
● Interesting systems


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61

