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Evropska jizni observator

* European Southern Observatory
- nejmodernéjsi astronomicke observatore
- umisténi v pousti Atacama v Chile
na konci sveta
- vyzkum vesmiru, astronomie

cerné diry, galaxie, velky tresk, exoplanety,
Slunecni soustava, temna hmota
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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".
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Exoplaneta

Planeta obihajici hvezdu
Jinou nez Slunce



ProC hledame planety?

Protoze se chceme dozvéedeét,

* jaké a kolik exoplanet existuje ve vesmiru
(statistické rozlozeni)

* jak vznikaji a vyviji se planetarni systémy (i ten
nas)
* Jestli existuje planeta podobna Zemi

* zda existuje zivot mimo
SlunecCni soustavu



Historie hledani
exoplanet



Pozorovani Venuse

* Venuse pozorovana Babylonany po dobu”-
vice jak 20 let v 17. stoleti pr.n.

- Kopie desky ze 7. stol. pr.n.l

- Objevili periodicitu (Venus cycles)

+ Jedny z prvnich zaznamenanych

astronomickych pozorovani
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http://www.britishmuseum.org/explore/highlights/highlight_objects/m Fill
e/c/cuneiform_venus.aspx British Ms


http://arxiv.org/find/astro-ph/1/au:+Gurzadyan_V/0/1/0/all/0/1
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Otto Struve (1897- 1963)

* Popsal metody, jak hledat
exoplanety
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- spektroskopie
- fotometrie

e Clanek z roku 1952 —
,On high precision radial
velocities measurements*

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
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there is a good chance that by using somewhat larger equipment at the
next eclipse, definite and accurate measurements of line width will become
available.

I should like to say here how indebted we are to Professor Redman
who at very short notice acquired a site for us at Khartoum and without
whose assistance we should hardly have been able to set up our instruments
in the short time available to us.

My. Sadler. 1 ask you to return your thanks to Prof. Briick and to all
those who have taken part in this Colloquium. It is my task to predict
eclipses, not to observe them but we have all found these preliminary
accounts of the results expected, with varying degrees of optimism, most
interesting. The meeting is now adjourned at 12h 4om.

PROPOSAL FOR A PROJECT OF HIGH-PRECISION STELLAR
RADIAL VELOCITY WORK

By Otto Struve

With the completion of the great radial-velocity programmes of the
major observatories, the impression seems to have gained ground that the
measurement of Doppler displacements in stellar spectra is less important
at the present time than it was prior to the completion of R. E. Wilson’s
new radial-velocity catalogue. '

I believe that this impression is incorrect, and I should like to support
my contention by presenting a proposal for the solution of a characteristic
astrophysical problem.

One of the burning questions of astronomy deals with the frequency of
planet-like bodies in the galaxy which belong to stars other than the Sun.
K. A. Strand’s! discovery of a planet-like companion in the system of
61 Cygni, which was recently confirmed by A. N. Deitch? at Poulkovo,
and similar results announced for other stars by P. Van de Kamp? and
D. Reuyl and E. Holmberg? have stimulated interest in this problem.
I have suggested elsewhere that the absence of rapid axial rotation in all
normal solar-type stars (the only rapidly-rotating G and K stars are either
W Ursae Majoris binaries or T Tauri nebular variables,? or they possess
peculiar spectra®) suggests that these stars have somehow converted their
angular momentum of axial rotation into angular momentum of orbital
motions of planets. Hence, there may be many- objects of planet-like
character in the galaxy. L

But how should we proceed to detect them ? The method of direct
photography used by Strand is, of course, excellent for nearby binary
systems, but it is quite limited in scope. There seems to be at present
no way to discover objects of the mass and size of Jupiter; nor is there
much hope that we could discover objects ten times as large in mass as
Jupiter, if they are at distances of one or more astronomical units from

+hatr marant cfarc



200 High-Precision Stellar Radial Velocity Work No. 870

- But there seems to be no compelling reason why the hypothetical stellar
planets should not, in some instances, be much closer to their parent stars
than is the case in the solar system. It would be of interest to test whether
there are any such objects.

. We know that sfellar companions can exist at very small distances.
It 1s not unreasonable that a planet might exist at a distance of 1/50

astronomical unit, or about 3,000,000 km. Its period around a star of
solar mass would then be about 1 day.

- We can write Kepler’s third law in the form V3 ~ 5. Since the
orbital velocity of the Earth is 30 km/sec, our hypothetical planet would
have a velocity of roughly 200 km/sec. If the mass of this planet were
equal to that of Jupiter, it would cause the observed radial velocity of the
parent star to oscillate with a range of + 0-2 km/sec—a quantity that might
be just detectable with the most powerful Coudé spectrographs in exist-
ence. A planet ten times the mass of Jupiter would be very easy to detect,
since it would cause the observed radial velocity of the star to oscillate
with + 2 km/sec. This is correct only for those orbits whose inclinations
are go°. But even for more moderate inclinations it should be possible,
without much difficulty, to discover planets of 10 times the mass of
Jupiter by the Doppler effect.

There would, of course, also be eclipses. Assum1ng that the mean
density of the planet is five times that of the star (which may be optimistic
for such a large planet) the pro;ected eclipsed area is about 1/50th of that
©of the star, and the loss of light in stellar magnitudes is about o-oz2. This,
too, should be ascertainable by modern photoelectric methods, though the
spectrographic test would probably be more accurate. The advantage
0f the photometric procedure would be its fainter limiting magnitude
compared to that of the high-dispersion spectrographic technique.

Perhaps one way to attack the problem would be to start the spectro-
graphic search among members of relatively wide visual binary systems,
where the radial velocity of the companion can be used as a convenient
and reliable standard of velocity, and should help in establishing at once
whether one (or both) members are spectroscopic binaries of the type
here considered. :

Berkeley Astronomical Department,
University of California.

x952 July =24.
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Mereni radialnich rychlosti

HOST STAR

EXOPLANET

The Radial Velocity Method

ESO Press Photo 22e/07 (25 April 2007)
This im © ESO. It is released in connection with an ES

n




Radialni rychlosti
Radial Velocity Method

The star and planet orbit their common center of mass.

EIF:'EE”EI limes mowve EEIF!CUH lMes moye

towards the red as the star towards the blue as the
Iraviels away [fom us. : star travels fowards us.

Asg the star meves away from us
light waves leaving tha star are
"strefched” and move owards the
red end of the spacirum. As the slar moves lowards us
light waves keaving the starare
‘compressad” and move towards
Planst the blue end of the spectrum
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Image CCD 1024x1024 obtenue avec ELODIE. Les 67 ordres correspondant
a la fibre étoile sont visibles. Les couleurs affichés correspondent
approximativement au domaine spectral couvert (3850 - 6850 A).

http://www.obs-hp.fr/iwww/guide/elodie/elodie-



Spektrograf UVES
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HARPS- ESO La Silla

* Echelle spektrograf (115000), 378-691nm
* RV presnost cm/s — velmi stabilni

http://www.eso.org/sci/facilities/lasilla/instruments/harps/overview.html
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RV krivka (51 PeqQ)
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FIG. 4 Orbital motion of 51 Peg corrected from the long-term variation
of the y-velocity. The solid line represents the orbital motion computed
from the parameters of Table 1.

Mayor and Queloz, 1995, Nature
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Zakryty
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Flux i star + planet dayside
A occultation o

" star alone —7
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star + planet nightside

P transit

star — planet shadow

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






Svetelné krivky
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Statistika



Exoplanety dnes (tedy 2016)

1, Cel
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Mass [Jupiter Masses]
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Planetary Radius (Rjup)

Polomer.....

. -
2240 emplanet.eu=2[]15-1ﬂ-12
« * : @ . ' ‘%
. . l .
. . l :
1240 - . L . B ' ‘ . g L

- . L]

J . [ L]

_ « & 3

. L
Ba-1 - . '
® .
'4E—'1_ . - :
]
3e-1
. ’
2e-1 L]
L] . [ ]
.
"
1e-1 .

i .

i . o °*

- ™ = :
5e-2 - . S *
4e-2 -
3e-2 . - :

2000
Year of Discovery (yr)

Semi-Major Axis (AU)

0 0 o) @) O O

0.00:44 4.0a+2 8.0e+2 1.2e+3 1.8e+3 2.0e+3 Mot A



Typy exoplanet



y 2

Type " Ianets (2000)

* close-in orbits " masses up to 10 M__ .
* short orbital periods (a few days) (Valencia 2007)
* Jupiter-size * constraint on radius:
* In transit with intensity decrese 10M,__ . —max19R__ .
of a few % _ (Valencia 2007) _
* 1995 first detection 51 Peg * consist of rocks and iron &
(Mayor & Queloz 1995) planetary ice (Fortney 2007)
* Gliese 581 system (Mayor,
Udry 2009)

Vidal-Madjar et al. (2004)



mini-Neptuny
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Water World: Exoplanet GJ 1214b

Fram Mature 17 Dec. 2009; Rewview by Marcy; Letter by Charbonneau at al.
|EERET RSN © cofripigptn bt Cuariatl

GJ1214b
is a "super-Earth”,
_being 2.7x the _
size of Earth Planet

‘. _ __ GJ1214b

Gl1214b's i
_ “total mass: L
' ~6.,6x Earth’s oo Water:

mass - 50% of GJ1214b%s

Average density :
1.9 gﬂ:m3

Silicate ™%
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Kamenneé planety

Planety s pevnym povrchem

Podskupina SupearZemi
Mohou mit atmosféru
Nejvice jich objevil Kepler
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Potentially Habitable Exoplanets
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RUzné atmosféry
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Atmosféra Zeméeé
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Jet streamy
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Atmosféra Titanu

Tholin Haze
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Methanovy dest na Titanu

Credit: NASA



Detekce atmosfér

inferior conjunction (IC)
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41 3724 N

superior conjunction (SC)

From Angerhausen et al. 2008



Transmission spectroscopy
high spectral resolution
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Exoplanet Transit Event =) Earth



Barva oblohy exoplanet?

* Rayleigh scattering - GJ3470b?
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PocCasi na exoplanetach
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Relative Flux

Relative Flux

Den a noc na exoplanetach
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WASP-43
Radius ~ 470 000 km

WASP-43b . .
_ Radius ~ 70 000 km 90
WASP-43b orbit

Distance = 2 000 000 km

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

Rich exoplanet harvest
for CoRoT

The seven present

discoveries

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
ynstellation

Detected 1030 confirmed planets
More to come from K2

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



Zivot ve vesmiru



Jan Neruda (1878)




Zivot v Galaxii

e Jsme sami?
* Frank Drake - 1960

WWW.space.com



N=R*xfpxnexflxfixfcxL

N — civilizace schopné radiokomunikace
. R* = pruérna mira tvorby hvézd (kolik hvézd je v Galaxii)
* fp =zlomek hvezd s planetami

. ne = prumérné mnozstvi planet, které mohou hostit Zivot (z
mnoziny fp)

 fl = zlomek planet, které mohou hostit zivot a na kterych se
zivot nekdy vyvine

 fi=zlomek planet, kde se vyvine inteligentni zivot (civilizace)
* fc = zlomek civilizaci, které vyvinou technologii objevitelnou
jinou civilizaci (napr. radio)
. L = ¢as po ktery civilizace vysila signal do vesmiru (tj. Cas po
ktery civilizace nezniCi sama sebe)



A odpoved byla (v 1960)?

10-20

Carl Sagan - Cosmos



Obyvatelna zona

« Kastingova definice?

around M and late K stars

The habitable zone (HZ) around a star is typically defined as the
region where a rocky planet can maintain liquid water on its
surface. That definition is appropriate, because this allows for the
possibility that carbon-based, photosynthetic life exists on the
planet in sufficient abundance to modify the planet’s atmosphere
in a way that might be remotely detected. Exactly what conditions
are needed, however, to maintain liquid water remains a topic for
debate. In the past, modelers have restricted themselves to water-

w & CHICK TOF U

Remote life-detection criteria, habitable zone
boundaries, and the frequency of Earth-like planets

James F. Kasting', Ravikumar Kopparapu, Ramses M. Ramirez, and Chester E. Harman

Department of Geosciences, Pennsylvania State University, University Park, PA 16802

Edited by Adam S. Burrows, Princeton University, Princeton, NJ, and accepted by the Editorial Board October 31, 2013 (received for review May 13, 20

around other stars by performing remote sensing of the plan
atmospheres, so to them the biologists’ definition of life is
particularly useful. Instead, what they need 1s a way to recogi
life from a great distance. It was realized many years ago that
best way to do this 1s by looking for the byproducts of met:
lism. As early as 1965, Lederberg (6) suggested that the |
remote signature of life was evidence for extreme thermc
namic disequilibrium 1n a planet’s atmosphere (but see critic

Kasting et al., 2013, PNAS: http://www.pnas.org/content/111/35/12641.full.pdf
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Kde a co hledat?

M hvezdy vs. G hvezdy?

Hveézdy slunecniho typu, solarni analogy,
solarni dvojcata nebo Cerveni trpaslici?

A CO exo-meésice?
Co vlastné hledame?



Biosignature

03 Ozone, produced
by plants, algae

¥

H;0 Liquid water

Intensity

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

ey
' : L
L"J# i Ul ..nl.' i

Methane produced
by living organisms

Wavelength




Spektrum Zeme



P. Hedelt et al.: The spectral appearance of Earth-like planets
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Fig. 4. Transit depth during primary eclipse (left) and brightness temperature difference with respect to the calculated surface
temperature spectrum during secondary eclipse (right) for the scenarios considered. The spectral resolution 1s R = 100. Each center
run with R = 3000 1s shown in grey. The geometric transit depth (see Sect. 3.3) is indicated by a horizontal line for transmission
spectra. The brightness temperature spectra include the reflected stellar component in the near-IR. Furthermore the bandpass of the
filters considered in this work are shown.

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



Budoucnost exoplanetarniho
vyzkumu?



T 55 Transmng Exuplanet Suwey Satelllte

Science
Launch Vehicle Dhsunratury Instrument

“

- SpaceX Falcon 9 vi.1 « Orbital LEOStar-2 * Four Wide Field-of-View CCD Cameras
» High Earth Orbit (HEO) * Instrument-in-the-loop attitude control =« 24x 24 Field-of-View
« 2-1 Resonance with Moon's Orbit « Well defined spacecraft interfaces

Project Overview

= Transiting exoplanet discovery mission
- 2 month Commissioning period

«"y = 2year all-sky survey (3 year science mission)
" = ldentifies best targets for follow-up characterization N .@}JA
- Deep Space Network (DSN) primary support

- Category Il, Class C

- Planned Launch Readiness Date: August 2017 Erbifal' ATH
. PI Cost Cap: $228.3 M (RYS) /




CHEOPS

32cm telescope
Launch 2017

Credit: ESA

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


http://sci.esa.int/cheops/54032-spacecraft/
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Kaltenegger, L. and Traub, W. (2009) Transits of Earth-Like Planets. Astrophysical Journal

JWST
Start 2020

Charakterizace malych planet
Image NASA




HARMONI

Credit: ESO

E-ELT 2024




Plato Space mission 2026

Credit: Thales Alenia Space



Jak budou vypadat formy zivota?
Jak objevit zivot ve vesmiru?
* Dysonovy sféry
» Struktury obihajici hvezdy
e Jak ovlivni exo-mesic svetelné krivky?
e Zivot jak ho zname ze Zemé?
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PARTICLES, ENVIRONMENTS, AND POSSIBLE ECOLOGIES
IN THE JOVIAN ATMOSPHERE

CARL SAGAN AND E. E. SALPETER

Center for Radiophysics and Space Research, Cornell University
Received 1975 December 11; revised 1976 June 1

ABSTRACT

The eddy diffusion coefficient is estimated as a function of altitude, separately for the Jovian
troposphere and mesosphere. The growth-rate and motion of particles is estimated for various
substances: the water clouds are probably nucleated by NH,Cl, and sodium compounds are likely
to be absent at and above the levels of the water clouds. Complex organic molecules produced by
the Lo photolysis of methane may possibly be the absorbers in the lower mesosphere which
account for the low reflectivity of Jupiter in the near-ultraviolet. The optical frequency chromo-
phores are localized at or just below the Jovian tropopause. Candidate chromophore molecules
must satisfy the condition that they are produced sufficiently rapidly that convective pyrolysis
maintains the observed chromophore optical depth. Organic molecules and polymeric sulfur
produced through H,S photolysis at A > 2300 A probably fail this test, even if a slow, deep
circulation pattern, driven by latent heat, is present. The condition may be satisfied if complex
organic chromophores are produced with high quantum yield by NH; photolysis at A < 2300 A.
However, Jovian photoautotrophs in the upper troposphere satisfy this condition well, even with
fast circulation, assuming only biochemical properties of comparable terrestrial organisms. Unless
buoyancy can be achieved, a hypothetical organism drifts downward and is pyrolyzed. An
organism in the form of a thin, gas-filled balloon can grow fast enough to replicate if (i) it can
survive at the low mesospheric temperatures, or if (ii) photosynthesis occurs in the troposphere.
If hypothetical organisms are capable of slow, powered locomotion and coalescence, they can
grow large enough to achieve buoyancy. Ecological niches for sinkers, floaters, and hunters
appear to exist in the Jovian atmosphere.

Subject headings: planets: atmospheres — planets: Jupiter



Sinkers and floaters in Jupiter
atmosphere

* https://www.youtube.com/watch?
v=uakLB7EnI2E






Zelené rostliny?



Fotosyntéza

6 CO, + EHEG — CGHEE}E. + 060,

Chlorophyll - Credit: Wikimedia Commons
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VEGETATION’S RED EDGE
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FIG. 4. Earthshine observations from APO. Top panel: Earthshine observations on 8 February 2002. The viewing
geometry (including cloud coverage at the time of observations) of Earth from the Moon is shown in the right image
(http://www.fourmilab.ch/earthview /vplanethtml). Middle panel: Same as the top panel for 16 February 2002. The
viewing geometry of Earth includes much more vegetation in the top panel than in the middle panel. Bottom panel:
An absorption spectrum through Earth’s atmosphere from Kitt Peak National Observatory (ftp://ftp.
noao.edu/catalogs /atmospheric/transmission/) smoothed to approximately the same resolution as the APO Earth-
shine data. Note the different y-axis on the absorption spectrum; the spectral features are much deeper than in the
Earthshine spectrum, and there is no red edge feature.

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

BE+21
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Credit: http://www.giss.nasa.gov/research/news/20070411/




Mimozemské pyramidy

Fig. 1.— Transiting objects: A triangular equilateral object (upper strip) and the best-fit

spherical planet and star (lower strip, same scale as upper strip). The star model for the
triangle transit is HD209458 with limb darkening coefficients u; + 1o = 0.64 and uy — us =
—0.055 (Brown et al. 2001). The triangle edge length is 0.280 stellar radius. The object
impact parameter is b = 0.176 (transit center). The best-fit sphere has an impact parameter
of b = 0.19 and a radius of r, = 1.16 Rjpite,. DBest-fit star has u; + uy = 0.66, with
uy — Uy set to zero, and a non-significant radius increase of 0.5%. Fitting object oblateness
f. either with zero or 90° obliquity to maintain lightcurve symmetry, converges to solutions

not significantly different from the case f = 0.

Arnold, 2005, ApJ
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Fig. 3.— Magnitude difference between the transit of a rotating triangular object (same
as shown Fig.1) and the best-fit spherical planet and star. The triangle makes seven turns
on itself during the transit of HD209458 at b = 0.5. The fit gives a transiting sphere of
LIT R jupiter at b= 0.51 and a star with u; + us = 0.67, uy — ugy = 0 and R, increased by
1%. Here, the curve is symmetric because the rotating object is in a symmetric position
at transit center with respect to object orbital plane. If it would not be the case, then the
curve would be asymmetric.

Arnold, 2005, ApJ
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Light
from Star

Figure 1. Schematic illustration of three methods of dark-side illumination (not
to scale). Planetary grayscale bands indicate different levels in stellar
illumination. In the three cross-sectional drawings, (a) shows a large circular
or annular mirror stationed at the L2 Lagrange point, (b) shows multple small
mirrors in circular orbits, (¢) shows multiple small mirmors in ellipdcal orbits
designed to maximize the duty cycle of the mirrors.

THE ASTROPHYSICAL JOURNAL, 809:139 {13pp). 2015 August 20
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Figure 5 Top pael: wansit light curves that result when a planet with
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ransit, relative to the stellar intensity, for the same situations.

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



Exo-meésice
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* Prijedte k nam do Ondfejova! Kontakt: Kabath @ asu.cas.cz
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Pale blue dot

http://daleandersen.seti.org/Dale_Andersen/A _Pale_Blue Dot.html










Kepler star
www.planethunters.org



Kepler star

* Why IS so unique?
* Why caught attention?
- IRREGULARITY



KIC8462852
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Figure 2. Fourier transform for KIC 8462852. The peaks are labeled with

the harmonic numbers starting with 1 for the base frequency. Refer to Sec-
tion 2.1 for details.

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



KIC 8462852 — Where's the flix? 3
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Figure 1. Montage of flux time series for KIC 8462852 showing different portions of the 4-year Kepler observations with different vertical scalings. The top
two panels show the entire Kepler observation time interval. The starting time of each Kepler quarter is marked and labeled with a red vertical line in the top
panel “(a)’. Panel “(c)” is a blowup of the dip near day 793, (DBO(). The remaining three panels, “(d)", “(e)’, and “(f)", explore the dips which occur during the
90-day mterval from day 1490 to day 1580 (D1500). Refer to Section 2.1 for details. See Section 2.1 for details,

http://arxiv.org/pdf/1509.03622v1.pdf
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Figure 4. Stacked plots showing a zoomed-in portion of the Kepler light
curve. The star’s rotation period of (L88 d is seen in each panel as the high-
frequency modulation in flux. With the exception of panel ‘c)’, a longer
term {10 -20 day) brightness variation is observed, also present in the FT
shown in Figure 2. Refer to Section 2.1 for details.

tional velocity, and rotation period (Section 2.1), we determine a
stellar rotation axis inclination of 68 degrees.

http://arxiv.org/pdf/1509.03622v1.pdf
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Figure 5. NOT spectrum closeups for KIC 8462852, the best fit stellar
maode ] shown in red. Panels show region near Ho, H 3, Mg, and Na D (top
to bottom). The bottom panel shows both the stellar (broad) and interstellar
(marrow) counterparts of the Na I lines. Refer to Section 2.2 for details.



88 . «\c pas2aso

Figure 6. UKIRT image for KIC 8462852 and another bright star for com-
parison, showing that it has a distinct protrusion to the left (east). For ref-
erence, the grid lines in the image are 10" » 10", Refer to Section 2.3 for
details.

Keck AQ H-band Image

@

KIC B4E2052

companion star: 2, dH = 3.8

Figure 7. Keck AD H-band image for KIC 8462852 showing the com-
panion was detected with a 2" separation and a magnitude difference
AH = 3.8, Refer to Section 2.3 for details.

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 wiill:

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.

|dentify 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

e 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

e The instrument consists of 32 "normal"
telescopes

e 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 pupll
diameter of 120 mm and is equipped with a focal
plane array of 4 CCDs each with 45102 pixels of
18 um size



TESS

TESS Is designed to:

Monitor 200,000 nearby stars for planets
Focus on Earth and Super-Earth size planets
Cover 400x 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 systéem 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/scli/libraries/SPIE2010/7735-84.pdf
* METIS - The Mid-infrared E-ELT Im. and Spectr. - 3—20 pm
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 um)
Integral field spectrograph, providing the E-ELT's core
spectroscopic capability, over a range of resolving powers from R
(ENMAN) ~500 to R~20000.

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



Transit spectroscopy, the principle

Transit spectroscopy = transmission spectroscopy

Signal=Annulus/R?

Star

Typical Signal of the planetary spectral lines < 10+
Smaller star & larger planet = better chance to see something



Velocity (km/s) Orbital Phase

In the stellar reference frame
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Figure 1. Left: The Lyman « stellar line as observed by Vidal-
Madjar et al. (2003). The averaged profile observed during transit
(thick line) presents a reduced flux when compared to the pre transit
profile (thin line). The region named “Geo” corresponds to the region
where the geocoronal Lyman « correction was too important. In the
“In” region absorption is observed while the “Out”™ region serves as a
flux reference. Right: The averaged “In”/“Out” flux ratio in the in-
dividual exposures of the three observed transits (see text). Exposures
Al. B1. and C1 were performed before and A2, B3, and C3 entirely
during transits. Error bars are £1o. The “In”/“Out” ratio decreases
by ~15% during the transit. The thick line represents the absorption
ratio modeled through a particle simulation (see Fig. 3).
Vidal-Madjar et al. http://arxiv.org/pdf/astro-ph/0312382v1.pdf



Spektrofotometrie



Towards

Exoplanet Tramik Bving = Eareh

ESAD. Sing



FLUX

SOFI NIR transmission spectroscopy

llllll

= 1.5 — 2.3 micron low res.

3 nights in 2011

B T T L e
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dT [days]

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



Presna fotometrie



4m

* SOFI @ NTT — La Silla 3 nights
* OSIRIS @ SOAR - Cerro Pachon 1 night
« SOI @ SOAR - Cerro Pachon 1 night

ESO



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



Residuals

Raw flux

1.01 |

Detrended flux

0.01 .
0.00 [

-0.01 |

1.00 |
0.99 |

0.98 |

I 1 1 1 l 1 L 1 I 1 1 1 I

-0.06 -0.04

-0.02 0.00 0.02 0.08

Orbital phase

0.04

Residual points RMS

0.001

0.0001

10 100
Number of points in bin

SOAR |-BESSEL:
Rp/Rs = 0.117151 (-)0.001173

(+)0.001182
Observations performed by S. Hoyer



Nase vysledky (fotometrie)
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Fig. 11. Left: A zoom-in from Fig. 10 for the optical region around our /-Bessel measurements. Right: The K-band region of spectra around our
2.14 ym observation. Our measurement pomts are represented by dark circles, while gray pomts follow the description i Fig. 10. A color version
of this plot can be found in the electronic version of the paper.

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



Emisni spektrum (fotometrie!)

* Tepelneé zareni planety v IR

Signal — planet/Tstar(R planet/R star)2
Velmi melké zakryty — mmags

Pozorovani chzbgjiciho svétla odrazeného
planetou

Emisni spektrum

Opét ne vSechny planety vykazuji zakryt
planety hveézdou
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Secondary eclipse photometry
from the ground

* Thermal radiation from the planet in IR
Signal - Tplanet/-l-star(R planet/R star)2

Typically few mmags for hot Jupiters
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|JAU 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. polmer
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