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Friends spotting us from outside the Galaxy

Diameter: 25 kpc

Solar system
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The size of Sgr A* at radio wavelengths
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The mass of Sgr A*
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A bit less than 3 million solar
masses until recently.



The orbit of S, measured with NACO

Schodel et al. (2002)




The Acceleration of Stars Orbiting

the Milky Way's Central Black Hole
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Orbits of nearby stars measured with SINFONI
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Accurate update of the mass of Sgr A*
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A blinking dark spot !

20 light days

1

Genzel et al. (2003)




Variable Infrared (3.8 wm) Emission from Sqr A

Location of the
Black Hole

2003 June 16, 11:28 (UT)

Ghez et al.




Luminosity of Sgr A* vs. time

K, 16 June 2003, t, = 4 h 47 min 46 s (UT)
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Stellar black holes

Cassiopee A

Cygnus X-|

Black hole is formed by accretion of Black hole is formed by implosion
the mass lost by the companion of star during supernova collapse
(intermediate and low-mass stars) (massive stars)



Supermassive black holes (10® - 107 M)

Age of Universe:

Cosmo. Microwave Backd
380 000 years il

(recombination)




What is the apparent size of a black hole ?

Stellar black holes

tiny: Rgy ~ few km

at | parsec: 10-'%arcsec (smaller than a human cell seen
from the Moon)

Supermassive black holes
huge: Ry ~ few 106-10° km
but very far away galaxies

Sgr A* is the largest one angular size-wise
Schwarzshild radius:
|0 pas = | € coin on the Moon.



The specifications of GRAVITY

Woavefront correction (SR=35% at 30° from zenith) at K on a K=7
magnitude star (SR=10% on a K=10 star at zenith).

OPD stabilization (A/10) on a K=10 star.
100 s exposure times to reach K=17 in wide band.

Closure phase or phase reference imaging (quick and accurate) with 3
mas résolution with the UTs and 2 mas with the ATs.

Narrow angle astrometry (2”) with 10 pas accuracy in 5 minutes
(primary K=10, secondary K=15 with the UTs).

R=22, 500, 4000



VLTI

jinn




Principle of the instrument
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Reference sources for GRAVITY near Sgr A*

Adaptive Optics reference
source

Interferometry reference
sources - IRS 16 - (imaging and
astrometry)



Integrated optics beam combiner

/ Phase shifter
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LETI prototype (ANR LAOG/LESIA)




Fibered delay line
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Fiber wrapped on a piezo cylinder.

Applying a voltage changes the fiber length.
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Imaging of the closest stars orbiting Sgr A*

Reconstructed image after a one night observation:
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Imaging of the closest stars orbiting Sgr A*

Orbits after |5 months of observing;
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Detection of the pericenter shift in the Schwarzschild metric

Paumard et al. (2005)



Narrow angle astrometry

IRS 16
. . o ® Sor A*
Distance between interferogram:
Aopd= B.AS
Hence: - AS
AS = Aopd/B

A 5 nm accuracy on Aopd with a 100 m
baseline yields an accuracy of 10 pas on AS.




Motion of flares around Sgr A*

The hot spot as a test particle to
explore space-time in a strong field

Scale ~ | Ry, = 10 pas accuracy

Time scale = 10 min

K, 16 June 2003, t, = 4 h 47 min 46 s (UT)
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Space-time around a black hole

But it looks different around a black hole

upper side

c of disc

\_ lowFr side

of disc

photographic plate photograph

Svste me Image of the system




Mesuring the last stable orbit with GRAVITY

" GRAVITY observation single flare
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Flare centroid track GRAVITY
astrometric
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UISpersion in the y directon (Jas)

Detection of the hot spot motion on the
Innermost stable circular orbit

 Full GRAVITY simulation with realistic noises

* 100 s exposure time for individual measurements

Dispersion histogram contours for an mg=13 flare
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Dispersion histogram contours for an mk=14 flare
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Dispersion histogram contours for an mk=15 flare
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Red: hot spot in motion

Blue: still hot spot

Vincent et al. (2010)




Detection of the hot spot motion on the
Innermost stable circular orbit

Alternative scenarios will induce motions even easier to detect (10 pas min-').

; & Magnel\c reconnection > heated region
4 |
|

Individual blobs of /
ejected material H <« Jet

T

Flaring material ts

Star trajectory

Accretion disk
Black hole

o =

Motion of the flare = motion of the star

Magnetic reconnection at the base of jets
Falcke & Markoff (2000)

Star-disk interaction
Nayakshin et al. (2004)




GRAVITY schedule

December 2009: PDR

> July 2010: 0 PDR for adaptive optics

Mid-201 I: Final Design Review

2011 - 2013: Construction

Mid-2013: first light

= 2014: in operation



