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Moje cesta ke hvězdám

● Gymnázium Slovanské náměstí 6 (Brno)
● Masarykova univerzita Brno (fyzika)
● AsÚ Ondřejov
● Freie Universitaet Berlin (fyzika)
● Technische Uni. Berlin/DLR Berlin
● European Southern Observatory Chile
● AsÚ Ondřejov



  

Pyreneje ze 38000 stop



  

O 13 hodin později a 14000 km
stále v letadle



  



  



  

Evropská jižní observatoř

 European Southern Observatory

   - nejmodernější astronomické observatoře 

   - umístění v poušti Atacama v Chile

     na konci světa

   - výzkum vesmíru, astronomie

         černé díry, galaxie, velký třesk,  exoplanety, 
Sluneční soustava, temná hmota 



  

Chile



  



  



  



  



  

ESO observatoře dnes



  

Observatoř La Silla



  



  



ASTRONET – Lithuania, 18 September 2014
Pasquini et al., Messenger 154



  

“Malí zelení mužíčci” a jak je hledat?



  

Planeta

Πλανήτης - planétés – „tulák“

Credit: NASA



  

RESOLUTION 5A

The IAU therefore resolves that planets and other bodies in 
our Solar System, except satellites, be defined into three 
distinct categories in the following way:

(1) A "planet" [1] is a celestial body that (a) is in orbit around 
the Sun, (b) has sufficient mass for its self-gravity to 
overcome rigid body forces so that it assumes a hydrostatic 
equilibrium (nearly round) shape, and (c) has cleared the 
neighbourhood around its orbit.

(2) A "dwarf planet" is a celestial body that (a) is in orbit 
around the Sun, (b) has sufficient mass for its self-gravity to 
overcome rigid body forces so that it assumes a hydrostatic 
equilibrium (nearly round) shape [2], (c) has not cleared the 
neighbourhood around its orbit, and 

(d) is not a satellite.

(3) All other objects [3], except satellites, orbiting the Sun 
shall be referred to collectively as "Small Solar-System 
Bodies".



  

Schématicky

http://www.iau.org/news/pressreleases/detail/iau0603/



  

Exoplaneta

Planeta obíhající hvězdu 
jinou než Slunce



  

Proč hledáme planety?

Protože se chceme dozvědět,
 jaké a kolik exoplanet existuje ve vesmíru 

(statistické rozložení)
 jak vznikají a vyvíjí se planetární systémy (i ten 

náš) 
 jestli existuje planeta podobná Zemi
 zda existuje život mimo

Sluneční soustavu



  

Historie hledání 
exoplanet



Pozorování Venuše

• Venuše pozorována Babylóňany po dobu

více jak 20 let v 17. stolet př.n.l

• Kopie desky ze 7. stol. př.n.l 

• Objevili periodicitu (Venus cycles)

• Jedny z prvních zaznamenaných 

astronomických pozorování

British Museum

htp://www.britishmuseum.org/explore/highlights/highlight_oobjects/m
e/c/cuneiform_ovenus.aspx

V. G. Gurzadyan - htp://arxiv.org/pdf/physics/0111015v1.pdf

http://arxiv.org/find/astro-ph/1/au:+Gurzadyan_V/0/1/0/all/0/1
http://arxiv.org/find/astro-ph/1/au:+Gurzadyan_V/0/1/0/all/0/1


  

Otto Struve (1897-1963)
 Popsal metody, jak hledat

   exoplanety

     - spektroskopie

     - fotometrie

 Článek z roku 1952 – 

„On high precision radial 

velocities measurements“

http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1952Obs....72..199S&amp;dat
a_type=PDF_HIGH&amp;whole_paper=YES&amp;type=PRINTER&amp;filetype=.pdf

McDonald Observatory archives

http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1952Obs....72..199S&amp;data_type=PDF_HIGH&amp;whole_paper=YES&amp;type=PRINTER&amp;filetype=.pdf
http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?1952Obs....72..199S&amp;data_type=PDF_HIGH&amp;whole_paper=YES&amp;type=PRINTER&amp;filetype=.pdf


  



  



  

Detection methods

From: Perryman, Rep. Prog. Phys. 2000, 63, 1209 (updated May 2004)



  

Měření radiálních rychlostí



  

Radiální rychlosti



  

http://www.obs-hp.fr/www/guide/elodie/elodie-
sans.html



  

Spektrograf UVES

https://www.eso.org/sci/facilities/paranal/instruments/uves/doc/VLT-MAN-ESO-13200-
1825_v93.pdf



  

HARPS- ESO La Silla

 Echelle spektrograf (115000), 378-691nm

 RV přesnost cm/s – velmi stabilní 

http://www.eso.org/sci/facilities/lasilla/instruments/harps/overview.html



  

https://ned.ipac.caltech.edu/level5/Gray/frames.htm
l

             Jak vypadají spektra?



  

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



Zákryty



  

Světelné křivky

DLR, Thomas Fruth

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



  

Statistika



  

Exoplanety dnes (tedy 2016)

Encyclopedia of extrasolar planets



  

Hmotnost vs. perioda



  

Éra Keplera

http://kepler.nasa.gov/news/nasakeplernews/index.cfm?
FuseAction=ShowNews&NewsID=356



  

Menší a menší



  

Poloměr.....



  

Typy exoplanet



Types of planets (2006)

•  close-in orbits
•  short orbital periods (a few days)
•  Jupiter-sized
•  In transit with intensity decrese
    of a few %
• 1995 first detection 51 Peg
   (Mayor & Queloz 1995) 

Giant planets (hot Jupiters) Super Earths 

Vidal-Madjar et al. (2004)

•  masses up to 10 M
Earth

 
   (Valencia 2007)
•  constraint on radius:
   10 M

Earth
 – max 1.9 R

Earth
   (Valencia 2007)
•  consist of rocks and iron &
   planetary ice (Fortney 2007)
•  Gliese 581 system (Mayor, 
                                Udry 2009)



  

mini-Neptuny 



 Super-Earth-sized planet detected in 2010
    Charbonneau et al. 2010, Nature
                               
PARAMETERS
 Orbiting M dwarf star (V=14.71 mag) in 1.58 

days
 Only 14pc distance
 M=0.02Mj
 R=0.245Rj
 Mysterious atmosphere?

GJ1214b





  

Kamenné planety

● Planety s pevným povrchem
● Podskupina SupearZemí
● Mohou mít atmosféru
● Nejvíce jich objevil Kepler



  

A sample

http://arxiv.org/abs/1409.159
5



  

Vzorek 2015/2016 (dnes 53)



  

Různé atmosféry

    Deming, Nature, 468, 636–637



  

Atmosféra Země



  

Počasí



  

Jet streamy

http://www.turbulenceforecast.com
/



  

Atmosféra Titanu 

Credit: ESA



  

Počasí

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



  

Methanový déšť na Titanu

Credit: NASA



Detekce atmosfér

From Angerhausen et al. 2008



University of Florida E. B. Ford

Transmission spectroscopy 
 high spectral resolution



  

Barva oblohy exoplanet?

● Rayleigh scattering - GJ3470b?

Nascimbeni et al. 2013, AandA



Počasí na exoplanetách



  

Zákryty/tranzity

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



Den a noc na exoplanetách

Knutson et al. 2007, Nature



https://www.spacetelescope.org/news/heic1422
/



  

CoRoT

Convection, Rotation and planetary Transits

Launched 2006 – mission end 2013

28cm mirror, 4 detectors of 1,5x1,5deg

ESA webpages



  

Kepler

  1.4-m mirror, telescope equipped with an array of 
42 CCDs, each of 50x25 mm CCD has 
2200x1024 pixels.

  launch March 2009, now continuing as K2 

                           Monitored 100k stars in Cygnus        
                   constellation

                           Detected 1030 confirmed planets

                           More to come from K2

                          Kepler webpage - http://kepler.nasa.gov/  



  

Život ve vesmíru



  

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 – civilizace schopné radiokomunikace
     R* = průěrná míra tvorby hvězd (kolik hvězd je v Galaxii)

     fp = zlomek hvězd s planetami

     ne = průměrné množství planet, které mohou hostit život (z     
            množiny fp)

     fl = zlomek planet, které mohou hostit život a na kterých se     
          život někdy vyvine

     fi = zlomek planet, kde se vyvine inteligentní život (civilizace)

     fc = zlomek civilizací, které vyvinou technologii objevitelnou

           jinou civilizací (např. rádio)

     L = čas po který civilizace vysílá signál do vesmíru (tj. Čas po 
          který civilizace nezničí sama sebe)



  

A odpověď byla (v 1960)?

10-20

Carl Sagan - Cosmos



  

Obyvatelná zóna

● Kastingova definice?

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



  

Kde a co hledat?

● M hvězdy vs. G hvězdy?
● Hvězdy slunečního typu, solární analogy, 

solární dvojčata nebo červení trpaslíci?
● A co exo-měsíce?
● Co vlastně hledáme? 



  

Biosignature

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



  

Spektrum Země



  

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



  

Budoucnost exoplanetárního 
výzkumu?



  

TESS



  

CHEOPS

● 32cm telescope
● Launch 2017

● http://sci.esa.int/cheops/54032-spacecraft/
● http://cheops.unibe.ch/

Credit: ESA

http://sci.esa.int/cheops/54032-spacecraft/


  

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

JWST 
Start 2020
Charakterizace malých planet
Image NASA



  

E-ELT 2024

Credit: ESO



  

Plato Space mission 2026

Credit: Thales Alenia Space 



  

Jak budou vypadat formy života?
Jak objevit život ve vesmíru?

● Dysonovy sféry
● Struktury obíhající hvězdy
● Jak ovlivní exo-měsíc světelné křivky?
● Život jak ho známe ze Země?



  



  

Sinkers and floaters in Jupiter 
atmosphere

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



  



  

Zelené rostliny?



  

Fotosyntéza

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/



  

Různé barvy exoplanet?

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



  

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



  

Mimozemské pyramidy

Arnold, 2005, ApJ



  

Arnold, 2005, ApJ



  

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



  

Exo-měsíce



  

Exo-moons

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



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



2018+: Lov exoplanet na observatoři ESO La Silla
PROJEKT AsU Ondřejov a observatore Tautenburg



  

Pale blue dot

http://daleandersen.seti.org/Dale_Andersen/A_Pale_Blue_Dot.html



  

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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