Micro-arcsecond astrometry of exoplanet host stars with GRAVITY
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ABSTRACT:

The 2nd generation Very Large Telescope Interferometer This includes sample selection of M-dwarfs to be surveyed
instrument GRAVITY aims at achieving micro-arcsecond accuracy and simulations to identify the "best" survey strategy. With

astrometry. In a study of GRAVITY science cases we investigate = GRAVITY astrometric capability of 10 microarcsec, we expect
the astrometric detection of exoplanets around very low mass stars  to detect planets with 4 earth masses in a 5 years survey.
and closure phase variations during transits .

L.
What is GRAVITY ?

- an adaptive optics assisted, near-infrared VLTI instrument for precision narrow-angle astrometry and interferometric phase referenced imaging of faint objects
Working principle of GRAVITY
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What is new compared to the other planet-hunting astrometric missions?

Astrometric project Availability Accuracy Wavelength, Exoplanet targets
Limiting magnitude
S HST/FGS since 1990 1-2 mas optical, ultraviolet,
z near-infrared *Known radial velocity-planets for deriving their mass and inclination angle
C (NASA / ESA / STScl) mv < 17 mag
a Gaia 2012 24 Las optical » Habitable Earth-size planets around solar type stars brighter than mv=12 mag within
M 200 pc from the Sun
é (ESA) mv = 20 mag - Jupiter-mass planets around all stars within 50 pc from the Sun
? SIM- Lite will not fly 0.2 pas optical  Earth-like planets in the habitable zones of their Sun-like stars within 10 pc from the Sun
o  Planets around B- and A-type stars
N (NASA) mv < 20 mag - Jupiter-mass planets around solar-type stars within 100 pc from the Sun
S
KI/ASTRA 2011 50 pas near-infrared .
 Jupiter-mass planets around nearby stars
(NSF/NASA) mk < 15 mag « Massive planets with Jupiter-like orbits around nearby A-stars
VLTI/PRIMA 2011 50 pas near-infrared » Known radial velocity-planets within 200 pc from the Sun
» Low-mass planets around nearby stars of any spectral type within 15 pc from the Sun
(ESO) mk < 14 mag » Massive planets orbiting young stars within 100 pc from the Sun
VLTI/GRAVITY 2014 12 pas near-infrared  Earth-like planets with 2-3 MEarth around M-dwarfs within 25 pc from the Sun
« Known radial velocity-planets within 200 pc from the Sun
(ESO) mk =15 mag * « Exoplanetary systems around G-type stars within 200 pc from the Sun

* the magnitude of the science object when a bright reference source of K~10 is found within 2" field of view of GRAVITY

What are the astrometric planet detection capabilities of GRAVITY?

The limits in planet detection capabilities

The- figuite-= deroratiatese GRAVITY Minimum separation detectable by GRAVITY

exoplanet detection capabilities around

e ] late-type and very low mass stars at a , :
00 distance of 6 pc as a function of  SPT a [AU] a[AU] This table shows what kind of
_ N : semimajor axis of the planet orbit. We (d=5pc) (d=25pc) separe}tlons a 1 Mjupiter planet can
s F |, assume a minimum detectable MoV 0.134 0.669 have in order to be detected by
g astrometric signal of 50 pas for 5y 0.087 0.433 GRAVITY. _ _ e
5 0100 - unambiguous planet detection. iy 0 oee - The separation detection limit is
n 100 & 4 different types of lines correspond to ' ' shown for different types of M
% boraal { 2 different stellar masses between M7.5 0.021 0.106 dwarfs at a distance 5pc and 25pc.
g : N 0.1(M7.5V) and 0.5 (MO V) times Solar
: 1 mass and set the bounds between GRAVITY detection limit:
= 0.0010F planet detectable and not detectable
: et o zone. The two dotted lines indicate the - Planets of 3 MEarth around an M5V star atd = 5 pc
| Y E U R - detection limit for a 1 year survey (T=1) _p|gnets less than 2 MNeptune around an M3V star at d = 25 pc
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n What are the transiting exoplanet detection capabilities of GRAVITY?

The transit of a planet in front of its parent star causes an apparent motion of the easier to detect. This type of measurement will give the orbit spin
photocenter of the star. For a transit on the equatorial plane of the star, the orientation.

amplitude of the displacement can be approximated by the simple expression: For a dwarf star of 1 R, with an apparent angular diameter of 2 mas (i.e.
Cx0. where C is the relative depth of the transit, and 0 the angular diameter of the located within =4 pc), the sensitivity of GRAVITY will be such that the

star. For a star like !—ID 189733, whosg angular diameter can be .estimated transit of an exoplanet covering only 0.5% of the apparent disk of the star
through the surface brightness-color relations to 0.37 mas, and a transit depth of will be detectable. This corresponds to a planet of about half the size of the

3%, this results in an apparent motion of 11 pyas. This is at the limit of the Earth. For late M-type dwarfs GRAVITY might even be able to detect
capabilities of GRAVITY, but transiting planets around later-type dwarfs would be whether or not a transiting exo-Earth has a moon.

We are looking forward to finding new Earth-like planets! -
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