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Abstract: <span>GRAVITY is a new instrument combining the four 8m ESO Very Large Telescopes in Chile. Other than the BlackHoleCam /
with its focus on imaging the shadow of the black hole against the surrounding accretion flow, the goal of GRAVITY is to measure dyna
processes in the immediate vicinity of the black hole, for example the motion of matter close to the last stable orbit and relativistic effects in
orbits. Our presentation covers the experimental and astrophysical aspects of this project and highlights the complementarity with the
interferometry to overcome the degeneracies in modelling the observations.</span>
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Philae landed!
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The near-infrared is a sweet spot

gas stars nonthermal

T

* can see stars
good tracers for
gravity

Resolution |uas]
Integral

Chandra ’
* interferometry

‘ feasible

100

v [Hz]
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S2:
the showcase star
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Mass and distance are highly correlated
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We cannot measure the pericenter shift
— not yet

1004 expected:
| Aw =0.22° per revolution
(16 years)

measurement error:
a around that

Rubilar & Eckart (2001)
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Precession “ticks”

Precession will be
detected after next
pericenter passage
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Gravitational redshift:
well within reach

* typical measurement

radial velocit
d error (SINFONI): 25km/s

irsa: 14110091 Page 11/70



Imagine we could zoom in further

Expected in central 100 mas:
e 2.. 10 stars -
e K=17..19 mag

Orbital Period:
* 1lyear

Precession: “J

+ few ° peryear
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G,RVITY: afour-telescope beam
‘é’@“mbiner instrument for the VLTI
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A complicated machine
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A complicated machine

4 telescopes, 6 baselines
- 4 delay lines
- inreal-time
adaptive optics
- 4 NIRwavefront sensing,
dual feed &\
- relative measurement errence €= source
-2 beam combmers
fringe tracking =
- integration times of mmutes

™
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At the heart of GRAVITY:
Integrated optics beam combiner
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At the heart of GRAVITY:
Integrated optics beam combiner

1+7T2

.....
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Fringes in the lab

undispersed

irsa: 14110091 Page 18/70




Fringes in the lab

undispersed spectrally dispersed
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Phase Referenced Imaging and Astrometry

Galactic
Center

Phase reference

* Science object
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Principle: easy
Implementation: difficult

OPD = Byag - (a — [3)

Lacour et al. 2014
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Principle: easy
Implementation: difficult

* Phase error on SC target * Phase measurement error
* Phase error on FT target * Metrology wavelength stability Baseline Error

* Wavelength error
— * Short term stability?

'« Long term stability?

A - (puppr, — pupyy,
/ Aoy - (pupprs — pupys
S A3, - (pupges — pupy,
A3, - (pupgey — pupyy,
Pupil positioning Error
*Tip-tilterror
* Lateral pupilerror
*Longitudinal pupil error

* Hysteresis of the fibered delay lines
* Refractive index of air
* Refractive index of fluoride glass

Lacour et al. 2014
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Simulations show:
GRAVITY can observe stars within
100mas of Sgr A*




Simulations show:
GRAVITY can observe stars within
100mas of Sgr A*

PSF: 4 UTs, K, 9 hrs
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Simulations show:
GRAVITY can observe stars within
100mas of Sgr A*

Simulated Image

PSF: 4 UTs, K, 9 hrs

irsa: 14110091 Page 25/70



Simulations show:
GRAVITY can observe stars within
100mas of Sgr A*

Cleaned image

Simulated Image

PSF: 4 UTs, K, 9 hrs
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Astrometry at the 10uas level

Astrometric error with one star, whole night integ. Astrometric error with 3 stars, whole night integ.
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Vincent et al. 2011
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Higher order effects of the metric are

hard to detect
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Newtonian precession will be a nuisance
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10puas is the event horizon scale for Sgr A*
Flares orbit with amplitudes > 50uas
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The relativistic view of an
orbiting hot spot
Hot Spot Orbiting Sgr A”

at r=6GM/c° for ©=45 & a=0.998
Polarized Flux

1 (min)
Broderick & Loeb (2005)

Broderick & Loeb 2005
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What data will we have?

Light curve Centroid track

Hamaus et al. 2009
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What data will we have?

Light curve Centroid track
period orbit |
«—> size
£ :; v A 3
» . g l:\-\"_

Hamaus et al. 2009
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What data will we have?

Light curve Centroid track
period orbit |
— size
5. Ps 1+ Doppler |
£ 4 N#G )( aming £
Y v ey
1]
Hamaus et al. 2009 =» Spin, Radius, Inclination
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A ladder of T
relativistic effects

Quadrupole
moment of
Lense- metric
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= spin from
relativistic ~ flares
prograde
82 efrfpécts precession
in radial %\(\%
velocities e
o
@0

Pirsa: 14110091 Page 35/70



Pirsa: 14110091

Comparison with
other gravity experiments

o B
-2/ Event Horizon Telescope
| Sgr A: with GRAVITY
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Installation at the VLT Interferometer in mid 2015

Spectral resolution:

Astrometry:
Up to ~4000

* few 10 pas in 5 minutes

Fringe Tracking:
* UTs: K~¥10 mag
| » ATs: K~7 mag

IR Adaptive Optics
| UTs: K~10 mag

Interferometric Imaging:
* UTs: K~16, ATs: K~13 in 100s

* SNR(V) = 10 for visibility

* 0(¢) = 0.1 rad for referenced phase
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Let me also comment on G2
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Position — Velocity - Diagram
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Position — Velocity - Diagram
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Position — Velocity - Diagram
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The tidal shear is developing
in front of our eyes
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The tidal shear is developing
in front of our eyes
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The tidal shear is developing
in front of our eyes
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The tidal shear is developing
in front of our eyes
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The tidal shear is developing
in front of our eyes
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The tidal shear is developing
in front of our eyes
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The tidal shear is developing
in front of our eyes
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The tidal shear is developing
in front of our eyes
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The tidal shear is developing
in front of our eyes
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The tidal shear is developing
in front of our eyes
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2014: Two views of the same object

L'-band (3.8 um)
G2+ SgrA 90_2

band (3.8 um)

-

VLT, Br-y, gas emission

3

q.

\1'.
e,

Pfuhl et al.2014, Witzel et al. 2014 Keck 3 Sllm dust emission
’ . ’
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2014: Two views of the same object

L'-band (3.8 um)

VLT, Br-y, gas emission

Pfuhl et al.2014, Witzel et al. 2014 Ke'c'k 3.8um, dust emission
’ b ’
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