Presentation
Introduction
To get started, do this.
1. click this:  https://phys.org/news/2019-04-astronomers-unveil-photo-black-hole.html 
2. go down the page past the now-iconic black hole picture we are all seeing to the youtube video.

3. start the video and slide over to 38 min 13 sec -- The Shep Doleman part (38min:13sec to 46min:30sec) 
Algorithms gave us the black hole picture
Algorithms gave us the black hole picture.
Katherine Bouman had a secret: An algorithm she’d developed had stitched together a picture of a black hole. She told nobody except her colleagues. Until today. That’s when Event Horizon Telescope team, of which Bouman is a member, unveiled the first image of a black hole.

Bouman, 29, a postdoctoral researcher at the Harvard-Smithsonian Center for Astrophysics, had been working on such an algorithm for almost six years, since she was a graduate student at MIT. She was one of about three dozen computer scientists who used algorithms to process data gathered by the Event Horizon Telescope project, a worldwide collaboration of astronomers, engineers and mathematicians.

Telescopes around the world collected high-frequency radio waves from the vicinity of Messier 87, a supermassive black hole 54 million light-years away. But atmospheric disturbance and the spareness of the measurements meant “an infinite number of possible images” could explain the data, Bouman said. Well-designed algorithms had to crunch through the chaos.

The image shared Wednesday, which has been likened to a molten doughnut or the Eye of Sauron or even a Rembrandt, is a composite of several such reconstructions. “We blurred two of the images and then averaged them to the other one to get the image that we showed today,” Bouman said. The ring of material that surrounds Messier 87, which has the mass of 6.5 billion suns, “is something that we were incredibly confident about.”

……

The Washington Post spoke with Bouman after the picture was unveiled. The following is lightly edited for clarity.

Q: You’re not an astronomer. So how did you get involved with taking a picture of a black hole?
A: I come from a computer science and electrical engineering background. I did my PhD in a computer vision group, where you try to understand images. And I heard about this project, this idea of imaging black holes. At the time I hardly even knew what a black hole was. But I tagged along to this meeting [where Shep Doeleman, the Harvard University astronomer who directs the Event Horizon Telescope project, was discussing black holes]. I had no idea what he was talking about, but when I left that meeting I knew that this is something that I wanted to work on.

I have an interest in how can we see things or measure things that are thought to be invisible to us. And how can we come up with unique ways to merge the instrumentation and algorithms to get at measuring things that you can’t measure with standard instruments.

Q: What was the algorithm’s role for this image, stitching together data from telescopes across the planet?
A: We have telescopes distributed around the world. For every two telescopes in the telescope array, we measure a single spatial frequency, which tells you something about like how fast things are changing.
We get this partial information. It’s almost like seeing one pixel in an image (but it’s in a different kind of domain). We have to come up with methods that take this really sparse, really noisy data, and try to find the image that might have caused those measurements.

What we have to end up doing is imposing things called “regularizors” or “priors” that allow us to say, “Okay, of all of the images that possibly could fit this data, this set of images is most likely.”
But the danger is we don’t want to inject additional information into the problem, so as to bias our result toward something that we would expect to see. We have spent an enormous amount of time making sure that what we were seeing was actually real and not just something that, even subconsciously, we might have imposed on the data.

[To remove the possibility of bias shared by the entire team, the project split its computer-imaging experts into four different groups, each working on a different sort of algorithm. They were not allowed to communicate.]

Q: When did you know the black hole was, well, a hole?
A: We were confident, at least, that we were seeing this ring-like feature. Still, we didn’t know that other teams would get the same result.

We all got together in a meeting in Cambridge, Mass., and on the second day of the meeting, we all revealed what picture we had reconstructed from the data. It was probably the most exciting moment I’ve ever had with the project.

When I saw that we all had reconstructed this ring, then I knew that it was an incredibly robust feature.

[For months afterward, the computer scientists tried to break their images. They developed new scripts or pipelines and trained those pipelines on data for disks
; these astronomical structures don’t have any holes. But when the scientists fed the real telescope data back through the pipelines developed for disks, they reconstructed a ring. The feature existed.]

At the End of this 'Direct Visual Evidence' Article is the First Video Image of the Messier 87 Supermassive Black Hole  
First Black Hole Image Is Here  

This is a video of all the stuff outside the event horizon surrounding the Messier 87 supermassive black hole.  A black hole still looks like what you'd expct: a black lacrosse ball inside of which you cannot see!  [It is, apparently, the hole in the donut.  The question of which direction, in the universe, it is pointing remains, I guess.  –FNC]
The video at the bottom of the page is well worth watching.   It is not an artist's conception:  it is driven from Katherine Bouman's formerly secret algorithm.
Messier 87 Supermassive Black Hole Viewing Location
Here is what the Iconic April 10 2019 image of the Messier 87 Supermassive Black Hole would look like, from 16 different locations in the universe.  
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Apparently, the image in the lower right is the closest of all 16 to the iconic image seen everywhere.  It's not clear if this angle was chosen because it 
1. the one closest to the reality of where the EHT/Earth/Sun  is in the Universe or

2. the one which offers the most talking points about the nature of this particular black hole as it was when the dinosaurs roamed or

3. other

Panel Discussion on the EHT's Black Hole Discoveries

Russo:   This panel discussion is 40+ minutes long. I found the most interesting part to start about 20:40 where Brian McNamara discusses some amazing properties of black holes.  For instance 

black holes seem to control the size of the galaxy they reside in.  

1. Something the size of a grape can influence something the size of our earth.  

2. The power in the jets is more powerful than the energy in all the stars in the galaxy.  

3. There are only two black holes whose event horizon is not to big nor too small for us to see it.    These are  Messier 87's SMBH and the BH in the center of our own galaxy, Sagitatarius A.

4. If you google exotic star you get a list of a bunch of stars you may never had heard about…I haven’t:   Quark stars, Electroweak stars, Preon stars, Planck stars and Boson stars.  

Lots to learn about.

  https://www.youtube.com/watch?v=7JpBAjxFcso

� "which came from a disk"?





