Planet detection methods'
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Planets, brown dwarfs stars

Brown dwarfs:
(12-13)<M<(7580)
Jupiter masses



Rate of exoplanet discovery
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Exoplanet catalogues

Catalog Mass criteria Confidence criteria Number of planets

Exoplanet Encyclopaedia M, — 1o < 60Mj,, Submitted paper, conference talk 3741 : . EEEE———— —
NASA Exoplanet Archive M), < 30My,, Accepted, refereed paper 3704 €Xoplanets.org |Gioin LR SURT e
Open Exoplanet Catalog None listed Open-source 3504 e o ——— 1 ADIC 2925

T+ as of February 27th, 2018. e Tos Other Planets
) il 25
. -‘ 3 Total Confirmed

http://exoplanets.org/ e e N 7] Plots 205012

) o w1 o 2337 g;;z:;’g;;xl Kepler

. v ol ‘-‘, :E-E SearCh Total Planets
http://exoplanet.eu/catalog ~ == srisend

Data Explocer & an Interactive table and plotter £ ering and displaying data from o

he Exoplenet Orbit Datobass s a carsfuly cted compllation of quality, spec

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

he entie Exoplanat Orbit Uatabase in (SY format for
avallble here,

http://www.openexoplanetcatalogue.com

1803.11158 1808.10236 See also http://www.astronet.ru/db/msg/139132fn Russian)


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

Michel Mayor and Didier Queloz 1995

51 Pegasi

Velocity (m/s)
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First light planets

HDS’5512 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.
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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
aircraft

Jupiter

. High speed train

@. World class sprinter
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Artie Hatzes (in Bozza et al. 2016)



Role of a star

Difference is manly due to
A Rapid rotation

A Smaller number of spectral lines
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a Jupiter at 5 au
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Without additional errors due to the instrument:

o[m/s] = C(S/N)"'R32B=12 (v sin i/2)f (SpT)

B- band width, R; resulution €/n ¥

Artie Hatzes (in Bozza et al. 2016)



Necessity for simultaneous record of the
stellar and calibration spectra
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Artie Hatzes (in Bozza et 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 Hatzes (in Bozza et al. 2016)



Velocity vs. phase for different orbits

periastron
; lanet >
Descending node B P /Q/\,<

Radial Velocity

Center of mass ;
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Artie Hatzes (in Bozza et al. 2016)



MEREIRERS

M3sin3i K3P(1— )32 M3sindi Thus, it is necessary to know the stellar masg (M
M, + M2~ 272G M2

f(m) =

o MO T/ S o' the mass function
(sini) = "*——— = —=10.79 e )
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Artie Hatzes (in Bozza et al. 2016)



Stellar noise

Phenomenon RV amplitude (m s—h) Time scales
Solar-like oscillations 0.2-0.5 ~35-15 min
Stellar activity (e.g., spots)

Granulation/Convection pattern
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Artie Hatzes (in Bozza et al. 2016)



Proposals of speual space mission

Telescope

Spacecraft Bus

1803.03960

Solar Panel

Thermal Shields
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EarthFinder
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The nominal spacecraft design
based upon the Kepler spacecr
by Ball Aerospace, with a 1-4h
primary, with the starlight
coupled into singlenode fibers
illuminating three high
resolution, compact and
diffraction-limited spectrometer
Aarmso, one €0
UV (200-380nm), visible(380
900 nm) and neanfrared (NIR;
900-2500 nm) respectively with
spectral resolution of greater th
150,000 in the visible and near
infrared arms.



Planet transits

Proposed by
Otto Struve
in 1952
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The first transit measuremeriiD209458

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

HI} 209458 Light Curue
HD209458
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Rate of discovery




