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I totally understand you….

● High school Brno
● Masaryk university Brno (BSc. Physics)
● AsÚ Ondřejov (briefly – 2 months)
● Freie Universitaet Berlin (Physics)
● Technische Uni. Berlin/DLR Berlin (PhD)
● European Southern Observatory Chile 
● AsÚ Ondřejov



  

Pyreneje ze 38000 stop



  

Let’s get started



  

Planet

Πλανήτης - planétés 

Credit: NASA



  

Exoplanet

Planet outside of our 
Solar system



  

Why exoplanets?

We are eager to know
 Statistical distribution of exoplanets
 How do planetary systems evolve? 
 Is there a second Earth?
 Are we alone?



  



  

RV křivka (51 Peg)

Mayor and Queloz, 1995, Nature



  

51 Peg - srovnání

Image from Keele University



  

Zákryty

From Winn, 2010, http://arxiv.org/pdf/1001.2010v5.pdf



  

Světelné křivky

DLR, Thomas Fruth

Kepler: A sub-Mercury-sized exoplanet, 
Barclay et al., 2013, Nature, 494, 452



  

Vzorek 2015/2016 (dnes 53)



  

Jan Neruda  (1878)



  

Život v Galaxii

 Jsme sami?
 Frank Drake  - 1960   

www.space.com



  

    N = R* x fp x ne x fl x fi x fc x L 

N – civilizaztion which is able to communicate
     R* = rate of stellar formation

     fp = fraction of stars with planets

     ne = average number of planets suitable for life

     fl = fraction of planets which are suitable for life and where 
life evolved

     fi = fraction of planets where intelligent life evolved

     fc = fraction of civilizations whic develop technology 
detectable with other civilization

     L = time for which civilization transmits signal in the outside 
Universe



  

And the answer was (in 1960)?

10-20

Carl Sagan - Cosmos



  

Habitable Zone

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



  

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



  

Biosignature

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



  



  

Sinkers and floaters in Jupiter 
atmosphere

● https://www.youtube.com/watch?
v=uakLB7Eni2E



  



  

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/



  

Different colors of exoworlds?

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



  

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



  

Mimozemské pyramidy

Arnold, 2005, ApJ



  

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



  



  



Jak se zapojit?

● Přijedťe k nám do Ondřejova!  Kontakt: Kabath @ asu.cas.cz



 PLATOSpec ESO La Silla





  

http://science.nasa.gov/science-news/science-at-nasa/2013/23jul_palebluedot/



  

Kepler star
www.planethunters.org



  

Kepler star

● 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



  

CHEOPS

● The main science goals of the CHEOPS mission will be to study the structure of exoplanets with radii 
typically ranging from 1-6 REarth orbiting bright stars. With an accurate knowledge of masses and 
radii for an unprecedented sample of planets, CHEOPS will set new constraints on the structure and 
hence on the formation and evolution of planets in this mass range. In particular, CHEOPS will:

●     Determine the mass-radius relation in a planetary mass range for which only a handful of data 
exist and to a precision never before achieved.

●     Probe the atmosphere of known Hot Jupiters in order to study the physical mechanisms and 
efficiency of the energy transport from the dayside to the night side of the planet.

●     Provide unique targets for future ground- (e.g. E-ELT) and space-based (e.g. JWST, EChO) 
facilities with spectroscopic capabilities. With well-determined radii and masses, the CHEOPS 
planets will constitute the best target sample within the solar neighbourhood for such future studies.

●     Offer up to 10% of open time to the community to be allocated through competitive scientific 
review.

●      Identify planets with significant atmospheres as a function of their mass, distance to the star, and 
stellar parameters. The presence (or absence) of large gaseous envelopes bears directly on 
fundamental issues such as runaway gas accretion in the core accretion scenario or the loss of 
primordial H-He atmospheres.

●     Place constraints on possible planet migration paths followed during formation and evolution for 
planets where the clear presence of a massive gaseous envelope cannot be discerned.



  

Nice reading

● http://www.nature.com/scitable/blog/postcards-
from-the-universe/the_curious_idea_of_jovian

● Carl Sagan - Cosmos

http://www.nature.com/scitable/blog/postcards-from-the-universe/the_curious_idea_of_jovian
http://www.nature.com/scitable/blog/postcards-from-the-universe/the_curious_idea_of_jovian


  

PLATO Space mission

● The instrument consists of 32 "normal" 
telescopes

● Stars with mV > 8. Two additional “fast” cameras 
with high read-out cadence (2.5 s) will be used 
for stars with mV ~4–8

● Each camera has an 1100 deg2 FoV and a pupil 
diameter of 120 mm and is equipped with a focal 
plane array of 4 CCDs each with 45102 pixels of 
18 μm size



  

TESS

● TESS is designed to:

●     Monitor 200,000 nearby stars for planets
●     Focus on Earth and Super-Earth size planets
●     Cover 400× larger sky area than Kepler
●     Span stellar spectral types of F5 to M5



  

JWST

● MIRI - mid-IR camera
● NIRI – near-IR camera
● NIRSpec – near-IR spectrograph
● NIRISS – near-IR imager and slitless spectrogr.
● Exoplanets and Solar systém one of the key 

themes
● Launch date 2018 



  

PLATO Space mission
● PLAnetary Transits and Oscillations of stars

● Theme: What are the conditions for planet formation and the emergence of life?

● Primary Goal Detection and characterisation of terrestrial exoplanets around bright 
solar-type stars, with emphasis on planets orbiting in the habitable zone.

●     Photometric monitoring of a large number of bright stars for the detection of 
planetary transits and the determination of the planetary radii (around 2% accuracy)

●     Ground-based radial velocity follow-up observations for the determination of the 
planetary masses (around 10% accuracy)

●     Asteroseismology for the determination of stellar masses, radii, and ages (up to 
10% of the main sequence lifetime)

●     Identification of bright targets fr spectroscopic follow-up observations of 
planetary atmospheres with other ground and space facilities

● LAUNCH 2024



  

E-ELT - 2024

● EPICS – Exoplanet imagng camera and spectrograph

               https://www.eso.org/sci/libraries/SPIE2010/7735-84.pdf  
● METIS - The Mid-infrared E-ELT Im. and Spectr. - 3–20 μm

Low-resolution (R < 1,000) at L,M,N

Medium-resolution (R <10,000) at N

High-resolution (R~100,000) IFU at L,M
● HARMONI - is a visible and near-infrared (0.47 to 2.45 µm) 

integral field spectrograph, providing the E-ELT's core 
spectroscopic capability, over a range of resolving powers from R 
(≡λ/Δλ) ~500 to R~20000.

https://www.eso.org/public/images/ann15056a/



Transit spectroscopy, the principle

Transit spectroscopy  = transmission spectroscopy

Signal=Annulus/R2
star

Typical Signal of the planetary spectral lines < 10-4

Smaller star & larger planet = better chance to see something



  

Vidal-Madjar et al. http://arxiv.org/pdf/astro-ph/0312382v1.pdf



Spektrofotometrie



  

ESA D. Sing



SOFI NIR transmission spectroscopy

Caceres, Kabath et al., 2014, A and A

1.5 – 2.3 micron low res.
3 nights in 2011



  

Přesná fotometrie



4m 

 SOFI    @ NTT       – La Silla 3 nights 
 OSIRIS @ SOAR    -  Cerro Pachon  1 night
 SOI       @ SOAR    -  Cerro Pachon  1 night

 

ESO SOAR



OSIRIS

Caceres et al. 2012, in prep.
MCMC code by M. Gillon and C. Caceres 
(e.g. Gillon et al. 2012; Caceres et al. 2011) 

Rp/Rs = 0.118101 (-)0.002766(+)0.002562



SOI

SOAR I-BESSEL:
Rp/Rs = 0.117151 (-)0.001173 
(+)0.001182

Observations performed by S. Hoyer



  

Naše výsledky (fotometrie)

Caceres, Kabath et al., 2014, A&A

Astronomical observations at optical and IR wavelengths – ESO/OPTICON/IAU summer school on
modern european instrumentation, their science case, and practical data reduction
Astronomical observations at optical and IR wavelengths – ESO/OPTICON/IAU summer school on
modern european instrumentation, their science case, and practical data reduction



  

Emisní spektrum (fotometrie!) 

●  Tepelné záření planety v IR
            Signal = Tplanet/Tstar(R planet/R star)2

●     Velmi mělké zákryty – mmags
●    Pozorování chzbějícího světla odraženého 

planetou
●    Emisní spektrum
●    Opět ne všechny planety vykazují zákryt 

planety hvězdou



  

Mini-Neptunes
Secondary eclipse photometry

HD209458b



Secondary eclipse photometry
from the ground

● Thermal radiation from the planet in IR

            Signal = Tplanet/Tstar(R planet/R star)2

Gillon et al. 2009

Typically few mmags for hot Jupiters



  

IAU Resolution: Definition of a "Planet" in the 
Solar System

Contemporary observations are changing our 
understanding of planetary systems, and it is 
important that our nomenclature for objects 

reflect our current understanding. This applies, in 
particular, to the designation "planets". The word 

"planet" originally described "wanderers" that 
were known only as moving lights in the sky. 
Recent discoveries lead us to create a new 

definition, which we can make using currently 
available scientific information.



  

RESOLUTION 6A

The IAU further resolves:

Pluto is a "dwarf planet" by the above definition 
and is recognized as the prototype of a new 
category of trans-Neptunian objects.



  

Magnituda vs. polměr

http://cheops.unibe.ch/science/corot-kepler-vs-cheops/



  

Nascimbeni et al. 2013, AandA
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