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Is SgrA* a black hole ?

4x106 MsunBH

‘boson star’

‘dark’ astrophysical

clusters

with life times >105 years
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constraints from stellar orbits 

and SgrA* radio properties

Maoz 1998, Schödel et al. 

2003, Ghez et al. 2005, 

Coleman Miller 2006, Tsiklauri 

& Viollier 1998, Torres et al. 

2000, Chapline et al. 2001, 

2003, Mazur & Mottola 2004



A century after Einstein: direct detection of 

gravitational waves (from a pair of merging 

black holes)
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Demographics of massive black 

holes in nearby galaxies 

M31 (HST)

M


=108 M


NGC 4258

(VLBA)

M


=3.6x107 M


Bender, Faber, Fabian, Ferrarese, 

Filipppenko, Ford, Gebhardt, 

Greene, Greenhill, Ho, 

Kormendy, Nandra, Ma, 

McConnell, Moran, Merritt, 

Tanaka, Tremaine 1995-2013
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(major) mergers 

& starbursts

rate ~ 20-30%

semi-continuous

accretion from halo 

(including minor 

mergers)

& disk instabilities

rate ~ 60-80 %

SFR BH accretion
(scaled)

20

Madau & Dickinson14 

The cosmic evolution of galaxies and 

massive black holes

Hubble Space Telescope

Herschel PACS/

SPIRE

Mullaney +12



How do galaxies stop growing?  

quenching

• cold/hot transition in accretion at 

Mhalo~1011.7..12 M


(Rees & Ostriker 1977, Dekel & 

Birnboim 2006, Ocvirk et al. 2008)

• major mergers/disk instabilities triggering 

outflows from AGN (Hopkins et  al. 2006, Croton 

et al. 2006, Bower et al. 2007, di Matteo et al. 2005, 

Springel et al. 2005)

Peng & Renzini 2014
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The angular momentum and early 

growth problems of MBH

Sanders et al. 1988, Kauffmann & Haehnelt 2000, Springel et al. 2005, Hopkins et al. 2006, Kocevski et al. 2012, Noguchi 1999, Immeli et al. 

2003, Bournaud et al. 2011, Ceverino et al.2012, Rees 1984, Silk & Rees 1998,Volonteri 2010, 2012, Begelman et al. 2011

R(galaxy)/R(BH)=15,000 ly/1AU~109

~
82 10 log    yr
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a 3 billion solar mass black hole 800 

million years after the Big Bang!



ESO-VLTI 

8m

120m

The next steps: using the GC-BH to 

test GR

Inter-Continental Submm-VLBI
‘Event Horizon Telescope’

‘Black Hole Cam’ 

EELT

(TMT)

39 (30) m

Near-IR Interferometric Astrometry

Pulsars?

MICADO

Astrometric Camera

http://www.vlba.nrao.edu/sites/maunakea.shtml
http://www.vlba.nrao.edu/sites/maunakea.shtml
http://www.vlba.nrao.edu/sites/owensvalley.shtml
http://www.vlba.nrao.edu/sites/owensvalley.shtml
http://www.vlba.nrao.edu/sites/brewster.shtml
http://www.vlba.nrao.edu/sites/brewster.shtml
http://www.vlba.nrao.edu/sites/northliberty.shtml
http://www.vlba.nrao.edu/sites/northliberty.shtml
http://www.vlba.nrao.edu/sites/hancock.shtml
http://www.vlba.nrao.edu/sites/hancock.shtml
http://www.vlba.nrao.edu/sites/kittpeak.shtml
http://www.vlba.nrao.edu/sites/kittpeak.shtml
http://www.vlba.nrao.edu/sites/pietown.shtml
http://www.vlba.nrao.edu/sites/pietown.shtml
http://www.vlba.nrao.edu/sites/fortdavis.shtml
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http://www.vlba.nrao.edu/sites/losalamos.shtml
http://www.vlba.nrao.edu/sites/stcroix.shtml
http://www.vlba.nrao.edu/sites/stcroix.shtml


Eisenhauer et al. 2005, Gillessen et al. 2006

GRAVITY concept

• so far ground-based interferometry is restricted to  

observations of bright stars (K<5..9 on  2m…8m 

class array) since t0(atm)~ 1ms;

the stars near SgrA* suitable for GR tests are 

K>15, ~103…4 times fainter

PI 

Frank Eisenhauer

GRAVITY:

• dual beam astrometric interferometric imager

• K~17: high throughput optics, 4 UTs & AO, low noise 

detector

• 10μarcsec astrometry (10 mins)
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testing GR near massive black holes:
submm-VLBI (Event Horizon Telescope)

infrared interferometry (GRAVITY)

pulsars

30m-class telescopes

X-ray spectroscopy

gravitational waves


