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Sagittarius A* 

observed time variability of Sgr A* in the submm to xray bands (Baganoff et al. 2001, Genzel et 

al. 2003, Yusef-Zadeh et al. 2006, Marrone et al. 2008).   

SgrA* was observed in April 2007 using a three station VLBI array (ARO/SMT, CARMA, 

JCMT) at a wavelength of 1.3mm (Doeleman et al. 2008).  This measurement implies a size for 

SgrA* of only 3.7 ! 1.0

+1.6 Rsch (3² ) assuming a circular Gaussian model (1 Rsch = 10mas = 0.1AU).  

This demonstrates that we can observe SgrA* at frequencies where the intrinsic structure is not 

obscured by the ISM, it validates technical systems developed to perform these observations, and 

it confirms compact structure on event horizon scales within SgrA*.  The new measured intrinsic 

size for Sgr A* is less than the smallest apparent size predicted for emission surrounding a non-

spinning black hole (due to gravitational lensing), underscoring the ability of VLBI to probe GR 

in the strong-field limit (Figure 1).   

Figure 1: (Left) A symmetric 

emitting surface surrounding 

a black hole is gravitationally 

lensed to appear larger than 

its true diameter.  Here the 

apparent size is plotted as a 

function of the actual object 

size: the solid black line 

shows the apparent diameter 

with lensing by a non-

spinning black hole, and the 

dashed line with no lensing 

effects included.  The intrinsic 

size of SgrA* observed with 

1.3mm VLBI (horizontal red 

line) is smaller than the minimum apparent size of the black hole event horizon (labeled ‘Event Horizon’) suggesting 

that the submm emission of SgrA* must be offset from the black hole position.  This can be understood in the context 

of General Relativistic MHD accretion simulations (right), which exhibit compact regions of emission due to 

Doppler enhancement of the approaching side of an accretion disk (model courtesy S. Noble and C. Gammie).  Jet 

models also produce emission peaks that are spatially offset from the black hole position (Falcke & Markoff 2000). 

These initial results are promising, but technical advances over the next decade will significantly 

enhance submm-VLBI observations of Sgr A*.  Investments by the global astronomical 

community in submm facilities mean that future VLBI arrays will include many more antennas, 

enabling true imaging of Sgr A*.  Increases in recorded bandwidth of VLBI systems will, in turn, 
boost array sensitivities and allow full polarization imaging.  Improved VLBI frequency 

standards will extend VLBI to 0.8mm and 0.65mm wavelengths where interstellar scattering is 
negligible and array resolutions approach ~10 micro arcseconds (1 Rsch). 

2. Using submm-VLBI to Answer Fundamental Questions of BH Physics 

2.1. Observing Strong GR Effects: Was Einstein Right? 

Einstein’s theory of General Relativity has been tested and verified to high precision in the 

weak-field limit, including tests on Earth, observations within our solar system, and by using 

pulsars as extremely accurate cosmic clocks (Will 2006).  Tests of GR in the strong-field regime 

are much more difficult since they require astronomical measurements of the most extreme 

cosmic environments on very fine spatial scales.  Extraordinary ‘movies’ made with NIR 

adaptive optics show stars orbiting Sgr A*, with one approaching within 45AU, or some 570 

Rsch, of the black hole (Ghez et al. 2008).  Modeling of these orbits yields the best mass estimates 
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What We Don’t Know Yet 

• Why is Sgr A* so 
underluminous? 

– L ~ 10-10 LEdd 

• Models degenerate 

– Inflow, outflow, jets, 
nonthermal emission 

• How does Sgr A* relate 
to other AGN? 

• Fundamental gravity 

 

Narayan & Quataert 2005 



Sagittarius A* Polarimetry 

• Transition in LP fraction @~100 GHz 

• RM = -5 x 105 rad m-2 

• RM stable t>10 years 

• Variation of intrinsic LP angle on short 
timescales 

• CP from 1.4 to 345 GHz 

• CP stable t>30 years 



Polarization Fraction of Sgr A* 

Munoz et al 2011 



Bower et al 2003 
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Turbulent Accretion 

• Changing density/B-
field in accretion region 

• Radius:≥ 10 - 1000 Rg 

• Time: hours to years 
– Viscous time scale 

• Structure function of 
δRM will provide 
accretion structure 
– CARMA, SMA, ALMA 

 



Accretion Simulations 

Pang, Pen, et al 2011 



Simulated RMs 

Pang, Pen, et al 2011 ~1 Year 

Sensitive to  
• Accretion Profile 
• Radius of relativistic electrons 
• Viewing Angle 
• Magnetic Field Stability 



Planned Simultaneous SMA/CARMA 
Observations 

• What causes the 
stability of the RM? 

• How stable and on what 
timescale is the RM? 

• Are there non-l2 
effects? 

• Is there a relationship 
between LP, CP, and RM 
variability? 

 

•D RM ~ 104 rad m-2 

•D PA ~ 1 deg 



CARMA Time Resolved Polarimetry of 
Sgr A* 

 

• 1.3 mm 
• October 2011 
• Preliminary! 



The Wildcard Event 

Gillessen et al 2011 



LLAGN 

• Share many properties 
with Sgr A* 

– L ~ 10-5 LEdd 

• Nearby LLAGN show no 
or weak LP at cm 
wavelengths 

 M87 

M81 

8.4 GHz 



M81* 

CARMA Upper Limits at 230 GHz 
LP < 1.3% 



RM Limits for 
LLAGN 
• High Frequency 

VLA Survey Finds 
no LP from LLAGN 
up to 43 GHz 

• Clearly distinct 
from other AGN 
population 

• Assuming 
bandwidth 
depolarization, 
allows us to set 
lower limits on RM 

 



ALMA Polarimetry of Sgr A*/LLAGN 

• High sensitivity to short timescale variations 
over wide frequency range 

• Sensitivity to RMs >1012 rad m-2 

• Large sample of nearby LLAGN to explore 
statistical properties 



Summary 

• Polarimetry probes the turbulent accretion 
structures of LLAGN 

• EVLA/CARMA/SMA observations can provide 
significant improvements over the current 
capabilities 

• We need ALMA polarimetric capabilities! 

 


