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Planets, brown dwarfs stars

Brown dwarfs:
(12-13)<M<(7580)
Jupiter masses
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Exoplanet catalogues
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Radial velocities

Michel Mayor and Didier Queloz 1995
51 Pegasi
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First light planets

HD85512 The problem 5 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 ofhabilability

0.1 60 01 02 @3 64 05 06 07 0B D9 10 LI
®

1108.3447



ProximaCentaurb

A UVES 1.3 Earth masses

o  HARPS pre-2016 0.05 AU
© HARPS PRD 11 days

Habitability zone
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Radial velocities: data and measurements

Fastest military
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Role of a star

Difference is manly due to
A Rapid rotation

A Smaller number of spectral lines
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Without additional errors due to the instrument:
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Necessity for simultaneous record of the
stellar and calibration spectra
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Artie Hatzegq(in Bozzeet al. 2016)

Time (min)

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.



Molecular 1odine cell

|, cell became the first effective tool
to provide lines for RV measurements.
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Artie Hatzegq(in Bozzeet al. 2016)



periastron
' lan )
Descending node N pa W

Center of mass

S Q-
Longitude of
ascending node

\ Asc‘ending node

i = Orbital inclination
apastron ——__3."

to observer

Radial Velocity
N N I

N

Artie Hatzegq(in Bozzeet al. 2016)



Planet mass

M3sin3i K3P(1— )32 M3sindi Thus, it is necessary to know the stellar masg (M
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Stellar noise

Phenomenon RV amplitude (ms™ b Time scales
Solar-like oscillations 0.2-0.5 ~35-15min
Stellar activity (e.g., spots)

Granulation/Convection pattern
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Artie Hatzegq(in Bozzeet al. 2016)



Planet transits

Proposed by
Otto Struve
in 1952
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The first transit measuremeritiD209458

The first measurements of a transit was made from the ground
for a planet discovered by RV, and so known orbital parameters.
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Rate of discovery
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Transiting planets in the sky
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Transit Depth (ppm)

Very small planets

Kepler37b
The first discovered exoplanet
with size smaller than Mercury

Transit Depth (ppm)
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Transit probability

Andrew Cameron (iBozzeet al. 2016)



