GRAVITY : Probing Space-Time and Faint
Objects in the Infrared
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stars, for dynamically detecting and measuring the masses of extrasolar planets.

The Center of the Milky Way

: s the closest galactic nucleus, and harbors the currently best

The .quh:::h cr;ni:e:un'didnfu- Given its mass, its equivalent zero-spin event horizon radius

Ewwﬁd radius) is RS ~ 9 pas. The main geal for GRAVITY is to probe the space-time
Sd',":sgr“ A* down 1o a few RS thanks to its astrometric accuracy of 10 was.

" w infrared. X-ray, and submillimeter emission fypically a few
Sae r.h: “mm'tiﬁm:fm for uhuu‘rm‘ri h, and their Iighf—cmas show significant
i un. a typical timescale of 15 - 20 min in the IR, Therefore, measuring the 2D astrometry

of flares will not only allow the determination of the Incu'hnr! of Tht_ flares with respect to fhz BH,
but also their proper motions. This will enable understanding their nature and constraining the

processes at work in ather galactic nuclei.

 one of the major scientific objectives of GRAVITY is the precise
letermination of the location and motions of hot gas clouds (“flares”) just outside the event
horizon of the Galactic Center black hole candidate Sgr A™ through narrow _ungle. mrumefrr, as
well as the determination of orbits of stars very close to Sgr A* through image synthesis. The
current best estimates of the mass of Sgr A™ and the distance to the Galactic Center are
obtained through orbit fitting of stars in the central arcsecond of the Galaxy, the so-called S-
stors. The repeated interferometfric imaging of these stars will allow testing of relativistic

effects, in particular the prograde periastron shift (see Figure 1).

Sqr

Reference thar for
SRAVITY infrored
wraefrant jertor

Reference ttar for
SRAVITY aternal

f-inge tacking

Figure | The right panel iliustrates the principle of o - L a™
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GRAVITY, a unique instrument

Adaptive optics system

The GRAVITY adaptive optics system will be made
of four individual adaptive optics systems to correct the
atmospheric turbulence of every UT  Hence the
GRAVITY AO system will be the first to control we havy
Simultonecusly four individual AO systems Moreover it '

:“'_* advantage of what is already available on the |

"'?r.i"hn:hm:-m design, the MACAO 60 -
S . - VRN | -actuator bimorph
- m Hﬂ:l"l can be used nsate

Ly S Y) will allow simultaneous observations of two ob
General Relativity Analysis via VLT Interferometr w57 ot
GRAVITY (standing for ity At the heart of a consortium between the MPE, MPTIA, LESIA and the University of Cologne, 6GRAVITY is a versatile instrument

| tool e.g. for studying gas motions and stellar orbits around supermassive black holes (BH) and active galactic nuc
existence and mass of intermediate mass black holes in star clusters, for studying stellar masses at both ends of the mass function, for investigating circumstellar
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Introduction

multiple-beam instrument for the VLTI infrastructure.

jects by phase-referenced interferometric imaging and narrow a

Making science with GRAVITY

Active galactic nuclei

The astrometric technique proposed for the
Galactic Center could be complementary to direct
imaging for AGNs (Figure 2). With up to 1
arcminute distant reference sources an
astrometric accuracy of 100 pas will be reach for
GRAVITY on AENs, allowing monitoring of
dynamic changes on scales of 0.05 pc for sources
as distant as 100 Mpc.

Substellar objects

GRAVITY would be able to detect Jupiter
from 1 kpc away in one Jupiter period (12 yr). The
wobble of a Sun due to a hot Jupiter could be
determined at distances up to 10 pc in a few
days. GRAVITY offers the possibility to search
for exoplanets at kpc distances even with the
Auxiliary Telescopes (AT) thanks to its optimized
throughput.

Masses of the most massive stars

With a nominal resolution of 4 mas at a
wavelength of 2 pm, GRAVITY could resolve some of

Figure 2 : Artist view of an AGN. For the few
sources at 10 Mpc, the astrometric accurocy
translates into 0.005 pc and may give access to
the outer edge of the accretion disk, o
significant improvement over observations with
more classical interferometric instruments

the longer period spectroscopic binaries, and monitor

the astrometric motion of the photo-center for the
shorter period, closer binaries with a precision of 10
uas. Astrometric orbits for these deeply embedded
binary stars will hence directly yield dynamical mass

estimates. See Figure 3.

Phase Referencing

We observe fringes both on the source and
on the reference star al the samc hime
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Figure 3 : color H- and K-band image of the
Arches starburst cluster in the Galactic

mas, i.e. about 500 AU (Stolte et al. 2005)
GRAVITY will resolve binaries with
separations of less than 40 AU, and monitor
the photo-center movements of still closer
binaries, resulting in dynomical mass
estimates for the most massive stars.

GRAVITY in brief

GRAVITY will be installed on Paranal in 2012.

With an accuracy of 10 was, GRAVITY will
be able to study motions to within a few
times the event horizon size of the Galactic
Center massive black hole and potentially
test General Relativity in its strong field
limit. It will also be able fto detect
intermediate mass black holes throughout
the Galaxy by their gravitational action on
surrounding stars.

Through its high performance infrared
wavefront miﬂg system, GRAVITY will
open up interferometric  imaging
studies of lar gas components in
dusty, obscured r . such as obscured
active galactic

and is able to tackle a wide
lei (AGN), for exploring the
disks and jets around young

Center region with a resolution of approx. 60
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