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Getting to the Event Horizon
We’d like to get to the shadow, but this is hard! 

Interstellar scattering washes out features at λ > 3 mm 

Small angular size: shadow diameter ~ 50 μas

Models: Broderick+ 2016, 
Moscibrodzka+ 2016, 

Chan+ 2015
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Getting to the Event Horizon
We’d like to get to the shadow, but this is hard! 

Interstellar scattering washes out features at λ > 3 mm 

Small angular size: shadow diameter ~ 50 μas 

Solution: Very Long Baseline Interferometry at 1.3 mm 

The Event Horizon Telescope will be able to image the  
     shadow region in 2017 [Lindy Blackburn’s talk]  

Today: Science through non-imaging methods
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The EHT’s View of Sgr A* at 1.3 mm
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• Offset from the black hole due to relativistic effects 
• Size independent of brightness (to within errorbars)



The EHT’s View of Sgr A* at 1.3 mm

VLF+ 2016 
Broderick+ 2016 

Moscibrodzka+ 2014

• Small (4.3 rSch, 3.7 rSch descattered) 
• Offset from the black hole due to relativistic effects 
• Size independent of brightness (to within errorbars) 
• Persistent asymmetric structure + variability



Polarization
Polarization can tell us about 

• Magnetic fields (morphology, turbulence) 
• Strong gravity (parallel transport) 
• Faraday rotation/conversion 

Reminder: Submillimeter polarization was important 
     for determining the accretion rate of Sgr A*
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Fig. 1. Interferometric fractional polarization measurements, m̆(u), for Sgr A⇤ in our two observing
bands during one day of EHT observations in 2013 (day 80). The color and direction of the ticks indicate
the (noise-debiased) magnitude and direction (east of north) of the measured polarization, respectively.
For visual clarity, we omit connected-element measurements, show only long scans, show only low-band
measurements for the SMT-CARMA baseline, and exclude points with a parallel-hand signal-to-noise
below 6.5. The fractional polarization is expected to change smoothly as the baseline orientation changes
with the rotation of the Earth, and the polarization of Sgr A⇤ is also highly variable in time (Fig. S7).
The pronounced asymmetry in m̆(±u) necessitates variation in the polarization direction throughout the
emission region.

are resolving a highly polarized structure within the compact emission region.2 Measurements

on shorter baselines show variations that are tightly correlated with those seen in simultaneous

measurements with the CARMA array (Fig. S4,S7). This agreement demonstrates that there

is negligible contribution to either the polarized or total flux on scales exceeding ⇠30RSch,

conclusively eliminating dust or other diffuse emission as a significant factor (20). Moreover,

because the CARMA array does not resolve polarization structure in Sgr A⇤, these variations

definitively reflect intra-hour intrinsic variability associated with compact structures near the

black hole.
2The fractional polarization measurements made by the CARMA array during our observations range from

1.1% to 12.2% with a mean of 5.2% and a standard deviation of 2.8%.

5

Polarization

Johnson+ 2015

Time

Large degree of polarization on small spatial scales



Fig. 1. Interferometric fractional polarization measurements, m̆(u), for Sgr A⇤ in our two observing
bands during one day of EHT observations in 2013 (day 80). The color and direction of the ticks indicate
the (noise-debiased) magnitude and direction (east of north) of the measured polarization, respectively.
For visual clarity, we omit connected-element measurements, show only long scans, show only low-band
measurements for the SMT-CARMA baseline, and exclude points with a parallel-hand signal-to-noise
below 6.5. The fractional polarization is expected to change smoothly as the baseline orientation changes
with the rotation of the Earth, and the polarization of Sgr A⇤ is also highly variable in time (Fig. S7).
The pronounced asymmetry in m̆(±u) necessitates variation in the polarization direction throughout the
emission region.

are resolving a highly polarized structure within the compact emission region.2 Measurements

on shorter baselines show variations that are tightly correlated with those seen in simultaneous

measurements with the CARMA array (Fig. S4,S7). This agreement demonstrates that there

is negligible contribution to either the polarized or total flux on scales exceeding ⇠30RSch,

conclusively eliminating dust or other diffuse emission as a significant factor (20). Moreover,

because the CARMA array does not resolve polarization structure in Sgr A⇤, these variations

definitively reflect intra-hour intrinsic variability associated with compact structures near the

black hole.
2The fractional polarization measurements made by the CARMA array during our observations range from

1.1% to 12.2% with a mean of 5.2% and a standard deviation of 2.8%.

5

Polarization

Johnson+ 2015

Time

Large degree of polarization on small spatial scales 

Asymmetry indicates spatial variation in pol. direction
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Baseline Coverage for Sgr A*

2013



Baseline Coverage for Sgr A*

2017



Sensitivity
Widebanding existing telescopes: 2 —> 64 Gb/s 

Digital backends Recorders



Sensitivity
Widebanding existing telescopes: 2 —> 64 Gb/s 

New telescopes with large apertures 

Phased arrays, especially the ALMA Phasing System
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Variability
Rapid variability is expected (and seen!) in Sgr A* 

• GM/c3 ~ 20 seconds 
• Innermost Stable Circular Orbit: 4-30 minutes

courtesy H. Shiokawa+



Variability
Sgr A* changes on timescales of minutes to hours, 
     complicating Earth-rotation aperture synthesis

courtesy L. Vertatschitsch



Variability
Sgr A* changes on timescales of minutes to hours, 
     complicating Earth-rotation aperture synthesis 

Mitigation to image average quiescent structure

Lu+ 2016, Roelofs thesis

Average of all frames Scattered 
(ensemble average)

Reconstructed 
(no variability)

Reconstructed 
(mitigating variability)



Scattering
Scattering toward Sgr A* at 1.3 mm is small but cannot be 
     completely ignored 

Refractive timescale ≳ 1 day

courtesy M. Johnson & K. Rosenfeld



Scattering
Scattering produces spurious substructure 

Gwinn+ 2014



Scattering
Scattering produces spurious substructure 

Not insurmountable at 1.3 mm!

VLF+ 2014

1.3 mm

3.5 mm

VLF+ 2016



Summary
The EHT is already telling us a lot about Sgr A* 

• Morphology of the mm emission 
• Source of the variability 
• Magnetic field structure 

The EHT will become an imaging array in 2017 
• Better sensitivity 
• Better (u,v) coverage 
• Better imaging algorithms [Lindy’s talk] 

Variability and scattering pose challenges 
     and opportunities for new science


