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Recap: M87 Results from EHT
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EHT collaboration papers (I-VI)

228 GHz



Cross-validation of imaging parameter selection



• Forward-modeling: search image-plane parameter space 
that best matches visibility amplitudes and closure phases 
(station phases are not well-calibrated)

• Inverse-modeling: Hybrid mapping (iterative self-calibration 
and imaging, with an a priori model)

EHT images of M87
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Public EHT data on M87
https://eventhorizontelescope.org/for-astronomers/data

• Network-calibrated data (amplitude 
cal, basic delay cal, redundant cal)
• Amplitudes ~10% precision, phase

stable to ~10s for averaging
• But insufficient for phase-coherent 

imaging (errors in clock, 
tropospheric model, pol leakage, 
etc.) => need iterative self-
calibration in post-processing

Carilli & Thyagarajan (2021)



Are results robust to starting models?

• For extended or complex source morphologies, and sparse uv-
coverage (insufficient constraints), self-calibration can turn the data 
into the model
• How do starting models in self-calibration affect final image 

outcome?
• Details in https://arxiv.org/abs/2111.11626

https://arxiv.org/abs/2111.11626


Summary of results

https://arxiv.org/abs/2111.11626

https://arxiv.org/abs/2111.11626


Visibility amplitude information

Carilli & Thyagarajan (2021) EHT papers I, IV, VI



• Sparse uv-coverage
• Significant source structure
• Network-calibrated data has 

no coherent structure => not 
usable as starting model
• ALMA >60 times sensitive as

any other station => undue
weighting in calibration

Challenges to self-calibration
ØReweight visibility data to lower 

dominance of ALMA
ØSimple starting models
ØPoint source
ØGaussian FWHM = 40 μas
ØDisk of diameter 55 μas
ØAnnulus of inner/outer dia 25/55 μas
ØAsymmetric 2:1 double

ØSelf-cal: 2 x P-only + 2 x A&P



Phase calibration solutions



Amplitude calibration solutions



Images Closure Phase Agreement



Image with annulus starting model + wider CLEAN box



Possible jet structure?

Overlay on 3 mm images from Kim+(2018)



• Priors for 
correlations in 4D: 2 
(space) + 1 (time) + 
1 (spectrum)
• Find temporal

variations
• Find significant 

features outside the 
ring

A forward-modeled Bayesian approach
Arras et al. (2020): arXiv: 2002.05218



• The asymmetric ring feature appears to be robust
• New features not identified previously may be present

Summary of re-analyses results 

Carilli & Thyagarajan (2021) Arras+(2020) EHT collaboration (2019)

Need more data!!!


