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ESO

Michelson & Pease 1921

Michelson & Morley 1887

Decade of optical / IR interferometry

A Century after Michelson é again breaking limits



1000x more sensitive 

than earlier

interferometers

Milli arcsecond resolution 

imaging

Micro arcsecond 

astrometry

Worldôs largest and sharpest 

optical / IR telescope

and the Very Large Telescope Interferometer

Credit: ESO GRAVITY Collaboration+ 17

GRAVITY



1000x more sensitive 

than earlier

interferometers

GRAVITY+

Extreme AO

Vibration Control

Faint Mode
Another 

10-100x more 

sensitive

100-1000x larger 

sky coverage

Laser guide stars

Wide field

GRAVITY+ Collaboration+ 17

J. Kolb



GRAVITY+ Collaboration

GRAVITY+





2 x 4 milli-arcsec resolution imaging 

Micro-arcsec

spectro-differential astrometry

19+  mag limiting 

magnitude & 
polarimetry

Most Trapezium 
members are multiple

Young stellar objects

S2 orbit

Schwarzschild precession of S2 orbit

<50 µas imaging 
astrometry

High resolution spectroscopy

NGC1068 image

Direct Detection of 
Radial Velocity Planet

The first 5 years ï2016é2021 ïa new window to the sky

Rotating BLR
in 3C273

Gravitational redshift

Nowak+ 20Bourdarot+ 24
Exoplanet spectroscopy

Lacour+ 20

Direct and astrometric detection
Gámez-Rosas+ 22

Microlens

Dong+ 19, Cassan+ 22

SgrA* Flare motion at ISCO

M-dwarf binary

GRAVITY Collaboration



M-dwarf binary

Building on the Nobel awarded work by Genzel and Ghez

Eckart+ 92, Genzel+ 97, Ghez+ 98,00, Schödel+ 02, Ghez+ 03, FE+ 03,05, 

Gillessen + 09

Bagannoff+ 01,03, Genzel+ 03, Ghez+ 05, FE+ 05, Eckhart+ 06, Meyer+ 06

Paumard+ 20, Eisenhauer+ 05

mas imaging

ten µas astrometry



Mass = 4.300 x 10 6 Mṩ
Distance = 8280 pc

+/- 0.1%stat +/- 0.3%sys

Improvement in orbital period by factor 1000

Eckart+ 92, Genzel+ 97, Ghez+ 98,00, Schödel+ 02, 

Ghez+ 03, Eisenhauer+ 03,05, Gillessen + 09,17, 

Boehle+ 16, GRAVITY collaboration+ 17é20

GRAVITY 2016é2021 ïprecision orbits



Gravitational redshift

fSP = 1.15 ± 0.1fGR = 0.99 ± 0.05

GRAVITY Collaboration+ 18é24, Do+ 19 GRAVITY collaboration+ 20é24

ϳ 2.4 5.1 % 

Hydrogen

Clock

Helium

Clock

GRAVITY Collaboration+ 19, Hees+ 20

Equivalence  principle  Schwarzschild  precession  

GRAVITY 2016é2021 ïtesting theoretical framework



GRAVITY Collaboration+ 18

In 45 minutes round 

the black hole

30% speed of light
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Orbital motion close to 

the event horizon

Low inclination

Hot spot

GRAVITY 2016é2021 ïstrong field 
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Single loop
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Magnetically dominated accretion

GRAVITY 2016é2021 ïblack hole accretion physics

Courtesy: Dexter

Narayan+ 03, Igumenshchev+ 03,08, 

McKinney+ 12, Yuan & Narayan 14

Polarization



SgrA* Flare motion at ISCO

4x astrometry

6x polarimetry

GRAVITY+ Collaboration 18,25

EHT 

polarization 

of ring

ALMA polarization 

loop
Wielgus+ 23

GRAVITY 2021é2026 ïmore flares and EHT & ALMA 

EHT collaboration 22

Magnetically dominated accretion

EHT collaboration 24+



What drives the angular momentum and accretion ?

GRAVITY+ Collaboration 18,25

Ressler, White, Quataert+ 20

12ò
(0.5pc)

late (red/orange) ςearly (blue) ςno id (grey)

Gillessen+ 12,13,19, Murray-Clay&Loeb 12, 

Scoville&Burkert 13, Ballone+ 14, Phifer+ 14, 

Witzel+ 14, Guillocho+ 14, Prodan+ 14, 

Pfuhl+ 15, Valencia-S.+ 15, Shahzamanian+ 16, 

Plewa+ 17, Ciurlo+ 20

Genzel+ 03, Levin&Beloborodov 03, 
Beloborodov+ 06, Lu+ 06, Paumard+ 06, 

Bartko+ 09, Lu+ 09, Bartko+ 09,10, 

Do+ 13, Pfuhl+ 11,14, Yelda+ 14, 

von Fellenberg+ 22

Hawley 00, Gammie+ 03, Fragile+ 12,14,

Dexter+09, MoŜcibrodzka+ 09,21,

Narayan& Yuan 14, White+ 16, Ressler+15,23

Gas cloudStellar disc Innermost orbitAccretion zone



gas cloud towards SgrA *

12ò
(0.5pc)

late (red/orange) ςearly (blue) ςno id (grey)

Orbits follow 16SW
Many possible origins

Discovery of a third

Gillessen+ 26

Gillessen+ 12,13,19, Murray-Clay&Loeb 12, 

Scoville&Burkert 13, Ballone+ 14, Phifer+ 14, 

Witzel+ 14, Guillocho+ 14, Prodan+ 14, 

Pfuhl+ 15, Valencia-S.+ 15, Shahzamanian+ 16, 

Plewa+ 17, Ciurlo+ 20



Suggesting colliding winds from IRS16SW drive accretion

Ott+ 99, De Poy+ 04, Martins+ 06, Peeples+ 07

Wind resolved  

by  GRAVITY

Slower  winds  do the trick  

Calderon+ 18,25

Orbits follow 16SW

Gillessen+ 26



S2 orbit

18x

GRAVITY 

orbits

GRAVITY 2021é2026 ïmultiple orbits

2/3 of S2 orbit 

with GRAVITY 

precision

ten years with 30 -100 µas precision

2026

2016

GRAVITY+ Collaboration 2021

2017

2021

2020

2018


