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The article deals with the occurrence of planetary systems in the Universe. In
Section I, the terms “planet’ and “planet-like objects’ are defined. Two definitions
proposed for the term “‘planetary system’’ are examined from the point of view
(1) of the relation between planetary systems and binary and multiple star
systems and (2) of planetary systems as abodes of intelligent beings. In Section IT,
the observational search for extrasolar planetary systems is deseribed, as perform-
able by earthbound optical telescopes, by space probes, by long baseline radio
interferometry, and. finally by inference from the reception of signals sent by
intelligent beings in other worlds.
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ABSTRACT

Infrared excess based on the disk model proposed in a previous paper has been computed. It
has been found that the disk alone will emit infrared radiation below the margin of detection.
However, if individual condensations are present, the combined result of the disk proper and the
condensations yields results of infrared excesses that are consistent with observations.

The presence of condensations also makes the secondary light variation understandable. An
elementary theory has been developed that analyzes such light variations. The result of the analysis
yields the size of the orbit of the condensation around the secondary component.

Subject headings: eclipsing binaries — infrared sources — stars, individual
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F1c. 1.—Nine configurations of the two stellar disks of a binary when the primary star (katched area)
has an extended envelope (between the hatched area and the outer solid circle) and is eclipsing the
secondary star (dotfed circle). The notation in parentheses for each configuration will be used elsewhere

without further definition.



M Mayor and D Queloz

cosmicdiary.org/blogs/arif solmaz/?p=468
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Radial Velocity Measurement




51 Pegasus (1995)
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Exoplanet Transit




Interior Models of Hot Jupiters

HD 149026 b Jupiter

[ | hydrogen and helium gas
[  liquid metallic hydrogen
B heavy element core

http://tauceti.sfsu.edu/n2k/hd149026/corecomparison.jpg



Hot Jupiters

http://astronomyonline.org/aoblog/uploads/2007/01/hd209458b-puffed-atmosphere.jpg
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Atmospheric Transmission Spectra




Absorption Spectral Feature of Atomic
Hydrogen Corona of HD 209458b
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Spitzer and Synthetic Infrared Spectra
of HD 209458b
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Extended Hydrogen Corona of HD 209458b




Detection of Na and K emissions in XO-2b
and HD 80606b

Towards
Earth

Exoplanet Transit Event ——

http://www.wired.com/wiredscience/2010/08/potassium-exo-atmospheres/



Dayside temperatures

HD209458b: T=1130+/-150K* (Deming et
al. 2005)

TrES-1: T=1060+/-50K** (Charbonneau et
al. 2005)

HD189733b: T=1117+/142K* (Deming et
al. 2006)

*Spitzer measurements: 16um & 24 um
** Spitzer measurements: 4.5um & 8 um.




A thermospheric circulation model
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HD209458b

* Intense Irradiation
of the day-side
drives strong
thermal winds
toward the night
side.

1200 1300 1400 1500 1600

Temperature
(K)

FiG. 1.—Steady state temperature of HD 209458b in the zero-obliquity case.
Dayside temperature distribution is shown on the left: nightside on the right.
[See the electronic edition of the Jowrnal for a color version of this figure.]

Langton & Laughlin 2007



e |ntense Irradiation

of the day-side .
drives strong . w
thermal winds i
toward the night
Side. -90 1800

Longitude (from substellor point)

Fic. 2.—Temperatures and winds from Exo-114b (0.24 AU) at 0.04 nbar.
The substellar temperature is 2340 K, while the nightside minimum temperature
is 1950 K. The maximum zonal wind speed is ~1 km s~ !, [See the electronic edi-
tion of the Journal for a color version of this figure.]

Koskinen et al. 2007



No. 1, 2005 ATMOSPHERIC DYNAMICS OF HD 209458b L47

Fic. 2 —Flux from HD 209438b as 1t would appear from Earth at four orbital phases: (a) 1n transit, (b) one-quarter after the transit, (¢) i secondary eclipse,
and (¢) one-quarter before the next transit. The planetary rotation axes are veriical, with the superrotating jet seen in Fig. 1 going from left to right in each panel.
The temperature on this laver ranges from 1011 K (dark) to 1526 K (bright). In radiative equalibrium, panel a would be darkest and ¢ would be brightest. The
globes show that a difference in observed flux from the planet between the leading and trailing phases of its orbit—panels » and d—is a signature of winds.

Cooper & Showman 2005



EXxo

Secondary eclipse
et thermal radiation

Primary eclipse

of planet

See star's ation transmitted
through the planet atmosphere

Measure

Figure §

Schematic of a transiting exoplanct and potential follow-up measurements. Note that primary eclipse is also
called a transit.

S. Saeger and D.

anet Transits Around M Dwarfs
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Measurements of Surface Temperatures on

Relative Brightness of Slice

Both Hemispheres
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Venus-Like Zonal Wind System ?

Polar collars
B Hadley cell

‘ /C)}(ylg;en
~N

Day to night circulation
in the thermosphere ==

http://upload.wikimedia.org/wikipedia/commons/2/24/\enus_circulation.jpg



Mass and Distance Distribution

More and more
Earth-like
exoplanets have

been discovered.

Earth masses
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M Dwarfs




Earth-Analogs
around Low-mass Stars

www.daviddarling.info/.../B/browndwarf.html
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Extrasolar Planetary Systems
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GJ 581

e Distance ~ 6.27 pc
e Type = M3

* Mass =0.31 M

* Radius =0.29 R
e Metallicity =-0.26
« Age ~ 4 Gyr



http://www.deepfly.org/TheNeighborhood/7c8-RedStars.html�
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Orbits of the GJ 581 Exoplanets
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GJ b8l e
(1.7-3.1 M_/a=0.03 AU/P=3.1 days)

Tidal locking configuration

GJ 581 e is a terrestrial-mass object at the
low end of the range for Super Earths. Its
minimum mass is estimated at 1.7 to 1.94
MEA, while its maximum mass, determined
on the basis of dynamical considerations, is
only 3.1 MEA. With a semimajor axis of 0.03
AU and an orbital period of 3.1 days, the
planet's surface temperature must exceed
Mercury's. Michel Mayor and colleagues
conclude that planet e "is almost certainly
rocky," and that its temperature is too high to
permit the survival of a significant
atmosphere. Given its proximity to the host
star, the planet's rotation must be tidally
locked, with one hemisphere always in light
and the opposite always in shadow. Such
conditions may cause portions of its daylight
surface to be molten, with a "magma pond"
occupying the hottest point (Ganesan et al.
2008).



http://www.deepfly.org/TheNeighborhood/PlanetsInPowersOf10.html�

GJ581Db
(15.6-30 M /a=0.041 AU/P=5.4 days)

Hot Neptune
Zonal wind like Venus?

GJ 581 b is a classic Hot Neptune. In
fact, its minimum mass of 15.6 MEA
and maximum mass of 25 to 30 MEA
make it a near-twin to our own cold
Neptune. However, its orbital period
and semimajor axis are only 5.4 days
and 0.041 AU, respectively. Having
assembled in the region beyond 1 AU
around a cool, metal-poor star, GJ 581
b probably consists largely of ices, with
a rocky core and a substantial
hydrogen atmosphere. Such is the
inferred composition of the Hot
Neptune that transits GJ 436, an M
dwarf very similar to GJ 581 (Gillon et
al. 2007). Because GJ 581 b is hotter
than Venus, its ices must subsistin a
high-pressure, superheated
environment unlike anywhere in the
Solar System.



http://www.deepfly.org/TheNeighborhood/GJ436.html�

GJ58lc

(5.6-9 M /a=0.07 AU/P=12.9 days)

e Super-Venus?

GJ 581 ¢ has a minimum mass of 5.6
MEA (maximum ~9 MEA), a period of
12.9 days, and a semimajor axis of
0.07 AU. At this distance, planet c
receives more irradiation from its host
star than Venus receives from our Sun.
Mayor and colleagues (2009) propose
an orbital eccentricity of 0.17, a little
less than Mercury's, but Vogt and
colleagues (2010) argue that its
eccentricity is poorly constrained and
may be near zero. The bulk
composition of planet c is unknown,
and may remain so for the foreseeable
future. If it includes a substantial
guantity of ice, this material would be
pressurized and superheated as in its
Inner neighbor, planet b.



GJ 581 g

(3-5 M/a=0.15 AU/P=37 days)

o Super-Earth!

GJ 581 g is the most recently
announced object in this system.
Its discovery team, led by Steven
Vogt, characterize it as a Super
Earth that qualifies as a
"Goldilocks" planet - not too hot,
not too cold (Vogt et al. 2010). Its
minimum mass is about 3 MEA,
and even its maximum mass is
only 5 MEA. It orbits at a
semimajor axis of 0.15 AU in a
period of 37 days. Given an
appropriate bulk composition and
surface conditions, this planet
(nicknamed "Zarmina's World" by
Vogt) could support bodies of
open water, and might even be an
abode of life (Vogt et al. 2010).

http://www.deepfly.org/TheNeighborhood/GJ581.html



Goldilocks Planets

http://www.deepfly.org/TheNeighborhood/GJ581.html
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Early Earth




Proto-biosphere

http://2.bp.blogspot.com/_rNMOIlewSvvM/SkkZmh3leZI/AAAAAAAACIk/02zV _CgaH2U/s400/hadean3.jpg



Extreme Thermophiles




ET Extremophiles
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Atmospheric Evolution of Terrestrial Exoplanets
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Oxygen begins to appear in the atmosphere

Oxygen-producing bacteria get their start

Methanogens begin making major contributions to the atmosphere

‘—First microscopic life begins consuming carbon dioxide

— High carbon dioxide compensates for the faint, young sun
and cools the upper amosphere so thar expansion and loss rates should be reduced

Lammer et al. (2009)



Earth’s Average Spectra from Space
Observations
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Non-green Plants

Caltech illustration by Doug Cumming

http://www.sciencedaily.com/releases/2007/04/070411091753.htm






Earth I




Thirty-Meter Telescope (TMT)
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