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Diameter : 25 kpc 

or 80 light-years 

 

The Galactic center 

Système solaire 

Sgr A* 
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The galactic center as we see it 
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The Galactic center seen from 

infrared space telescope Spitzer 
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with adaptive optics … 

0,05 pc 

© UCLA 2006 
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Orbit of star S2 observed with 

adaptative optics at VLT/NACO 

Schödel et al. (2002) 

Sgr A* 
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We can do so with the many neighboring 

stars 

Eisenhauer et al. (2005) 
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And get the mass of Sgr A* 

MSgr A*= 3,61±0,32 106 MSun 

 

(d = 7,62±0,32 kpc) 

 

Eisenhauer et al. (2005) 

3rd Kepler law: 
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The flares of Sgr A* 

Genzel et al. (2003) 



But what cause the flares? 

Several possible 

scenarios : 

• magnetic reconnection 

within the jet 

• Hot spot orbiting the 

black hole 

• Fluctuations?? 



A cloud is coming 

 



Credits: Schartmann, ESO, Berry, NASA, Broderick 



Setting the scale – just to scare … 

6 RS 

Earth Orbit 

RS ~ 10 µas 

1 Schwarzschild radius  

=  

a coin on the moon 



Interferometry 

Courtesy of ESO 



GRAVITY @ ESO VLTI 

Courtesy of ESO 



5 nm @ 100m 

=  

a coin on the moon 

Setting the scale – … maybe not that scary 



The Galactic Center 

ESO 

1" 

IRS 7 

AO ref. 

Interferometric FOV 



Phase referenced imaging & astrometry 

2” 

GC 



Phase referenced imaging & astrometry 

2” 

GC 

Contrast (B) <-> FourierTransform (Image) 



GRAVITY astrometry & imaging 

2 Beam Combiners 

IR Adaptive Optics 

Adaptive Optics 

Adaptive Optics 
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Metrology 

Metrology 
Metrology 

Metrology 

Metrology 
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Beam stabilization 

Beam stabilization 
Beam stabilization 

Beam stabilization 

Beam stabilization 

Beam stabilization 
Beam stabilization 

Beam stabilization 



GRAVITY adaptive optics 

Movie Courtesy: Esposito et al. 2010 



GRAVITY adaptive optics 

Wavefront-Sensor 

Interferometric Beam 

PRIMA Star Separator 

Light from 

telescope 

Brander, Hippler et al., Clenet et al. 2010 



GRAVITY adaptive optics 

Wavefront 

Sensor 

PRIMA Star 

Separator 

Brander, Hippler et al., Clenet et al. 2010 



SELEX / ESO development of Infrared  

Avalanche Photo Diode array: 

Adaptive optics and fringe tracking Detectors 

Beck et al. 2010 



SELEX / ESO development of Infrared  

Avalanche Photo Diode array: 

Adaptive Optics and Fringe Tracking Detectors 

Finger et al. 2010 

2.75 e- @ 5.8 ms 

Brander, Hippler et al., 

Clenet et al. 2010 



GRAVITY beam combiner 

Haug et al. 



Beam Combiner Instrument 

Fiber 

Couplers 

Fiber 

Control 

Unit 

Acquisition Camera Spectrometers 

Integrated 

Optics 

Beam 

Combiners 

Metrology 

Injection 

Units 

Haug, Thiel, Hausmann et al. 

Guiding system 



Beam Combiner Instrument 

Haug, Thiel, Hausmann et al. 



Single mode interferometer 

Distorted Waves 

Constant flux, but  

variable contrast 

Variable flux, but 

constant contrast 

Most important quantities for interferometry is well measured 

phase and calibrated contrast, not flux 

Single mode fiber  

“Low pass filter” 



Integrated optics feeding spectrometer 

Jacou et al. 2010, Perraut et al. 

Visible laser 

A 

B 

C 

D 

Straubmeier et al. 2010 



Integrated Optics 

Jacou et al. 

2010, 

Perraut et al. 
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Single Mode Instrument 

Fluoride glass fibers (OHANA) 

• optimum throughput in K-band  

• possibility to measure in unpolarized light = sensitivity  

Perrin, Perraut, Jacou et al. 



2” 

GC 

Adjusting the path length and polarization 

Perrin et al. 



Spectrometers 

Straubmeier et al. 2010 



GRAVITY fringe tracking 

Choquet et al. 2010 



Fringe Tracker – Kalmann Control 

Menu, Choquet , Fedou, 

Dembet, et al.  



Fringe Tracker - testbed 

Choquet 

et al. 2010 

Lab data 



Interferometric astrometry 

2” 

GC 



Interferometric astrometry 

10 µas 500 µm 

5 nm 



Interferometric baseline 

Lacour et al. 



GRAVITY narrow angle baseline and metrology 

Stable realization of the 

narrow angle baseline 
Calibration of the narrow 

angle baseline 

Lacour, Kervella et al. 

500 µm 



Laser Metrology 

Rabien et al. 2008, Bartko et al. 2010, Gillessen et al. 



Interferometric Baseline 

Lacour et al. 



Pupil and tilt errors 

For perfect tip-tilt correction 

For simultaneous tilt error 



Interferometric Astrometry 

Lacour et al. 



Interferometric Astrometry 

Lacour et al. 



Align your fibers (angles) well, and actuate both pupils with the same actuator 

-> Telescope pointing error / common tip/tilt does not hurt too much 

Interferometric Astrometry 

Lacour et al. 

Acquire well, and actuate tip/tilt of both fibers with same actuator 

-> Pupil error does not hurt too much 

Control pupil such that fiber pupils are fixed on metrology reference 

Minimize Tip/Tilt and guiding errors 



GRAVITY Tilt Control 
Atmosphere VLTI Tunnel 

Pfuhl et al., Amorim et al. 2010,  

Acquisition and 

guiding camera 



GRAVITY Pupil Control 

Amorim et al. 2010, Pfuhl et al. 



2” 

GC 

Fibercoupler 

Tip-Tilt-Piston-Actuator 

Pupil-Actuator 

X,Y,Z Stages 

Rotation Stages 
Shutters 

Pfuhl et al. 2010 



Back to astrophysics –  

Capablities and scientific prospects of 

the VLTI-GRAVITY instrument 



Overview 

• Primary science case: the Galactic Center 

• 4-telescope beam combiner for the VLTI 

• K band (full) 

• 3 spectral resolutions (R=22, 500, 4000) 

• single and dual field (< 2" or 6" separation) 

• dual field astrometry 

• mK~10 limiting magnitude of fringe tracker 

• mK~19 for science combiner 



Performances 

• Angular resolution: 3 mas (set by VLTI 

baselines), super-resolution possible 

• R=4000 observations possible up to FT 

limiting magnitude (mK=10) 

• With suitable mK<10 reference within 2" 

(UTs) or 6" (ATs), observations up to mK 

~19 are possible 
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Observing the Universe in motion 



Blind et al. 2012, ESO 

Observing the Universe in motion 

SS Leporis 



Blind et al. 2012, ESO 

Observing the Universe in motion 

SS Leporis 

PRIMA & 

GRAVITY 

From Wikipedia (exoplanet discovered  

through 2010-10-03) 
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Observing the Universe in motion 

Credits: Watson, Stapelfeldt, Krist, Burrow, ESA STScI 

HH 30 

Observing the Universe in motion 



Observing the Universe in motion 

Staff et al. 2006 

Credits: Watson, Stapelfeldt , Krist, Burrow, ESA STScI 

HH 30 

Observing the Universe in motion 



Observing the Universe in motion 

NTT/VLT observations 

Galactic Center 

Observing the Universe in motion 



Gillessen et al. 2011, Burkert et al. 2012, Schartmann et al. 2012, Credits: ESO, Berry/NASA, Broderick 

Observing the Universe in motion 

Galactic Center 



Publications in 

optical / infrared 

interferometry 

(1998-2013) 

http://apps.jmmc.fr/bibdb/ 

Stellar Physics & 

Interferometry 



• 4T interferometry (like 
PIONIER), with 
spectral resolution (like 
AMBER) 

• Single field sensitivity 
~ PIONIER 

• Spectro-imaging of 
stellar surfaces and 
environments at 
spectral resolution 
4000 

• Within a single field of 
view (60 / 250 mas) 

Alpha Cep 

(CHARA) 



• Astrometry and 

spectro-imaging up to 

6" separation and 

mK=19 if mK<10 

primary available  

 

• Relative parallaxes of 

bright stars (with 

reference within 6") 

Astrometry 



Exoplanets 

• Astrometric wobble of 

star ➠ Planet mass 

• Displacement of 

spatially resolved 

planets relative to 

their star ➠ Moons 

HR 8799 

Marois et al. (2010) 

Exoplanets 



Extragalactic science 

• Astrometry of stars near 
globular cluster cores 

• Brightest stars in the 
Magellanic Clouds and 
their surroundings 

• Spectro-imaging of AGN 
cores (including spectro-
astrometry) 

R136 in LMC (HST) 



Schedule 

• Start: 2004 

• PDR: 2009 

• FDR: 2011 

• PA Europe: September 2014 

• First light: Early 2015 

• First science operations: End 2015 



STATUS OF THE INSTRUMENT 

(pictures only) 



 


