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Planets, brown dwarfs stars
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Brown dwarfs:
(12-13)<M<(75-80)
Jupiter masses



wikipedia.org

Rate of exoplanet discovery



Exoplanet catalogues

1803.11158 See also http:// www.astronet.ru/db/msg/1391325(in Russian)

http://exoplanetarchive.ipac.caltech.edu/index.html

http://www.openexoplanetcatalogue.com

http://exoplanet.eu/catalog

http://exoplanets.org/

1808.10236

http://www.astronet.ru/db/msg/1391325
http://exoplanetarchive.ipac.caltech.edu/index.html
http://www.openexoplanetcatalogue.com/
http://exoplanet.eu/catalog
http://exoplanets.org/csv-files/exoplanets.csv


Radial velocities

We see just the bright star.

We measure that its radial velocity

periodically changes.

Measure:

- Period

- Mass

Michel Mayor and Didier Queloz 1995 



First light planets

1108.3447

The problem is to measure
small velocity variations
for relatively long time.

Quality and stability of 
the spectrograph is
more important than the telescope size.

This planet discovered by HARPS.
Situated just near the
zone of habilability.



ProximaCentauri b

1609.03449

1.3 Earth masses
0.05 AU
11 days

Habitability zone



Radial velocities: data and measurements

Artie Hatzes(in Bozzaet al. 2016)



Role of a star

Artie Hatzes(in Bozzaet al. 2016)

Without additional errors due to the instrument:

Difference is manly due to
Å Rapid rotation
Å Smaller number of spectral lines

10 m/s 
a Jupiter at 5 au

B- band width, R ςresulution(˂ /ɲ)˂



Necessity for simultaneous record of the 
stellar and calibration spectra

It is necessary to take the stellar and
the laboratory spectra simultaneously,
as the shift due to stellar velocity is very
small and so the device cannot be 
stabilized to such level. 
Any external mechanical influence 
can shift the detector so that the position
of the line cannot be determined
with precision high enough to detect
the signal from the planet presence.  

Artie Hatzes(in Bozzaet al. 2016)



Molecular iodine cell

Artie Hatzes(in Bozzaet al. 2016)

I2 cell became the first effective tool
to provide lines for RV measurements.



Velocity vs. phase for different orbits

Artie Hatzes(in Bozzaet al. 2016)



Planet mass

Artie Hatzes(in Bozzaet al. 2016)

Thus, it is necessary to know the stellar mass (M1)

For the mass function
<sin3 i> is important:



Stellar noise

Artie Hatzes(in Bozzaet al. 2016)



Planet transits
Proposed by 
Otto Struve 
in 1952

Sstar-Splanet

--------------
Sstar



The first transit measurement. HD 209458
The first measurements of a transit was made from the ground
for a planet discovered by RV, and so known orbital parameters.



Kepler and CoRoT



Rate of discovery

1411.5517



Transiting planets in the sky

1411.5517



Very small planets

1305.5587

Kepler-37b
The first discovered exoplanet
with size smaller than Mercury



Transit probability

Andrew Cameron (in Bozzaet al. 2016)


