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Outline
● Habitable Zone
● Biomarkers
● Discussion



  

The definition of the Habitable Zone
● James F. Kasting - 1993



  

The habitable zone

Kasting et al., 2013, PNAS: http://www.pnas.org/content/111/35/12641.full.pdf



  

Extending the HZ
● H2 rich Super Earth atmospheres and planets with 

volcanic activity extend the HZ
● Ramirez et al. 2017, 

https://arxiv.org/pdf/1702.08618.pdf



  

Sample of 2015/2016 (today 63)



  

Habitable planets today

● http://phl.upr.edu/projects/habitable-exoplanets-catalog



  

Biosignature

http://www.nasa.gov/missions/deepspace/cyberspace_prt.htm



  

Biosignature - papers

Seager and Bains - 
https://www.science.org/doi/10.1126/sciadv.150
0047
L. Kaltenegger et al. https://arxiv.org/pdf/astro-
ph/0609398.pdf



  

Spectrum of the Earth



Atmospheres, a key for life

Tinetti et al., 2018, Experimental astronomy, 46, 135



TOI-700 example models

Suissa et al 2020- https://arxiv.org/abs/2001.00955



TOI-700 example models

Suissa et al. 2020 - https://arxiv.org/abs/2001.00955



TOI-700 example phase curves

Suissa et al. 2020 - https://arxiv.org/abs/2001.00955



  

Kaltenegger, L. and Traub, W. (2009) Transits of Earth-Like Planets. Astrophysical Journal

JWST 
Launched!
Ideal for characterization of small 
planets in infrared
Image NASA





  
Kaltenneger - https://arxiv.org/pdf/astro-ph/0609398.pdf



  

Kaltenneger - https://arxiv.org/pdf/astro-ph/0609398.pdf



  

Kaltenneger - https://arxiv.org/pdf/astro-ph/0609398.pdf



  

Albedo

● Albedo is the fraction of reflected light by the surface

- full reflection – A=1

Bond albedo

Geometric albedo



  

Kaltenneger - https://arxiv.org/pdf/astro-ph/0609398.pdf



  

http://arxiv.org/pdf/1302.5516v2.pdf



  

How would different planets look like?

https://iopscience.iop.org/article/10.3847/0004-637X/817/1/31/pdf



  

U shape – typical for the Earth

https://iopscience.iop.org/article/10.3847/0004-637X/817/1/31/pdf



  

https://iopscience.iop.org/article/10.3847/0004-637X/817/1/31/pdf



The Earthshine
● Sterzik et al. 2012, Nature

● Observing of the 
Earthsine reflected 
by the Moon

● FORS at VLT

● Polarization can help
to describe the surface
features

Credits: http://research.iac.es/proyecto/earthshine//media/publications/nature10778.pdf



The Earthshine

Credit: Sterzik et al. 2018, A&A, https://arxiv.org/pdf/1811.12079.pdf

● The Atlantic side hints at
decreasing PVI

● The Pacific side shows
no correlation with PVI

● PVI is a Polarization
Vegatation Index

● PVI reflects the difference
of polarization between
vegetated and not vegetated
surfaces



  

Photosynthesis

Chlorophyll - Credit: Wikimedia Commons



  

Red edge 

Kaltenegger et al., 2009, http://arxiv.org/ftp/arxiv/papers/0903/0903.3371.pdf



  

https://www.cfa.harvard.edu/~kchance/EPS238-2012/refdata/Seager-red-edge-2005.pdf



  

Credit: http://www.giss.nasa.gov/research/news/20070411/



  

How would be your vision?

Credit: http://www.giss.nasa.gov/research/news/20070411/



  
Credit: Carl Sagan Cosmos



  

Pyramids and others

Arnold, 2005, ApJ - https://iopscience.iop.org/article/10.1086/430437/pdf



  
Arnold, 2005, ApJ - https://iopscience.iop.org/article/10.1086/430437/pdf



  

Looking for an extraterrestrial life?

Wright et al. 2016 - https://iopscience.iop.org/article/10.3847/0004-637X/816/1/17/pdf



  

http://iopscience.iop.org/article/10.1088/0004-637X/809/2/139/pdf



  

https://iopscience.iop.org/article/10.1088/0004-637X/809/2/139/pdf



  

Exo-moons
https://iopscience.iop.org/article/10.1088/0004-637X/750/2/115/pdf



  

Stellar thruster

https://arxiv.org/pdf/1306.1672.pdf



  

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



  

Free floating planets

https://iopscience.iop.org/article/10.1088/2041-8205/777/2/L20/pdf

https://iopscience.iop.org/article/10.1088/2041-8205/777/2/L20/pdf



  



  

Planets around white dwarfs

● https://arxiv.org/abs/2009.07282 - WD1856 detected by TESS

https://arxiv.org/abs/2009.07282


  

In the HZ?

https://arxiv.org/abs/2009.07282 - WD1856 detected by TESS

https://arxiv.org/abs/2009.07282


  

Why WDs?

https://iopscience.iop.org/article/10.3847/2041-8213/aba9d3/pdf



  

Why WD planets?

https://arxiv.org/pdf/2106.06550.pdf



  

Thank you

● Next – future of exoplanetary research and some notes, furthermore, exam topics 
discussion – DATE TBC
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