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Hamlet

Rosencrantz and

Guildenstern are Dead

A

POLONIUS: My Lord! | have news to tell you.

HAMLET (releasing ROS and mimicking): My lord, | have news to tell you... When Rocius was an actor in
Rome...

(ROS comes down to re-join GUIL.)

POLONIUS (as he follows HAMLET out): The actors are come hither my
lord.

HAMLET: Buzz, buzz.

(Exeunt HAMLET and POLONIUS.)

(ROS and GUIL ponder. Each reluctant to speak first.)

GUIL: Hm?

ROS: Yes?

GUIL: What?

ROS: | thought you...

GUIL: No.

ROS: Ah.

(Pause.)

GUIL: | think we can say we made some headway.

ROS: You think so?

GUIL: | think we can say that.

ROS: | think we can say he made us look ridiculous.

GUIL: We played it close to the chest of course.

ROS (derisively): "Question and answer. Old ways are the best ways"! He was scoring off us all down the line.

GUIL: He caught us on the wrong foot once or twice, perhaps, but | thought we gained some ground.

ROS (simply): He murdered us.

GUIL: He might have had the edge.

ROS (roused): Twenty-seven - three, and you think he might have had the edge?! He murdered us.






MIT’s Haystack Observatory, Westborough, MA
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Shep Doeleman <dole@haystack.mit.edu>
to Bill, Katie, Daniel, Rusen, Victor, Vincent

Dear Bill, Dan and Katie,

It was great to talk with you all and to hear about Dan and Katie's
interesting work - | don't think I'll look at leaves or fabric in the
same way again.

Your ideas and gameplan sound reasonable, and is along the lines | was
hoping for - a fresh look at this problem with unjaded astronomer eyes.
There will undoubtedly be course corrections along the way, but this is

a good start. We can generate fourier plane baseline tracks for you, or
we can supply routines that will do that for you (functions of telescope
location on the Earth, Greenwich mean time, and the sky position of the
source).

| wonder to what extent the textured approach will contain the imprint
of the types of images we expect to see (a 'gentle' prior), but let's
wee what happens. | really like the idea of generating a family of
images that all obey the observations, but differ where we have no
fourier data.

All the Best, Shep

Mon, Sep 23, 2013, 7:37 PM



https://www.almaobservatory.org/en/press-releases/astronomers-capture-first-image-of-a-black-hole/

In the shadow of a black hole
1:13 - 3:50
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Black Hole Simulation







Hubble Telescope

(optical wavelength)




This artist’s impression depicts the black hole at the heart of the enormous elliptical galaxy Messier 87 (M87). This
black hole was chosen as the object of paradigm-shifting observations by the Event Horizon Telescope. The

superheated material surrounding the black hole is shown, as is the relativistic jet launched by M87’s black hole.
Credit: ESO/M. Kornmesser



https://www.almaobservatory.org/en/press-releases/astronomers-capture-first-image-of-a-black-hole/
In the shadow of a black hole, 13:20

This artist’s impression depicts the paths of photons in the vicinity of a black hole. The gravitational bending and
capture of light by the event horizon is the cause of the shadow captured by the Event Horizon Telescope. Credit:
Nicolle R. Fuller/NSF




telescope size and resolution

black hole photon
capture radius:

rectg

sincg /\
. e —

measured wavelength

\1.3mm

1.22 = 25.7uarc seconds
12.7 X 10%m

diameter of Earth /

Predicted black hole mass: 3-6 Billion solar masses,
55M light years away implying shadow size: between 42 and
20 micro arc seconds

https://www.researchgate.net/figure/A-picture-of-a-Comb-s-rect-s-sinc-s-Gaussian-m-s_fig1_307862015



Earth Sized

How Big Must Our Telescope Be?

Telescope Waveiength
Size Anguldar Resolution
N\

Simulation of M87 Ideal Image with
Earth-Sized Telescope



The Event Horizon Telescope
(EHT)




VAN CITTERT-ZERNIKE THEOREM

This phenomenon is formally described by the van
Cittert-Zernike Theorem. The theorem states that, for ideal
sensors, the time-averaged correlation of the measured sig-
nals from two telescopes, ¢ and 7, for a single wavelength,
A, can be approximated as:

s,5(u,v) = / / ei2r(ubtom) 1 (0 m)dldm (1)
£Jm

where I (¢, m) is the emission of wavelength A traveling
from the direction § = (¢, m, /1 — 2 — m?2). The dimen-
sionless coordinates (u,v) (measured in wavelengths) are
the projected baseline, B, orthogonal to the line of sight.!
Notice that Eq. 1 is just the Fourier transform of the source
emission image, I (¢, m). Thus, I'; ;(u,v) provides a sin-
gle complex Fourier component of I at position (u,v) on
the 2D spatial frequency plane. We refer to these mea-
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Event Horizon Telescope (EHT)

A Global Network of Radio Telescopes

Atacama Large Millimeter/
submillimeter Array
CHAJNANTOR PLATEAU, CHILE

Atacama Pathfinder EXperiment
CHAJNANTOR PLATEAU, CHILE

IRAM 30-M Telescope
PICO VELETA, SPAIN

James Clerk Maxwell Telescope
MAUNAKEA, HAWAII

Large Millimeter Telescope
SIERRA NEGRA, MEXICO

Submillimeter Array
MAUNAKEA, HAWAII

Submillimeter Telescope
MOUNT GRAHAM, ARIZONA

South Pole Telescope
SOUTH POLE STATION

The Greenland Telescope
THULE AIR BASE, GREENLAND,
DENMARK

Kitt Peak 12-meter Telescope
KITT PEAK, ARIZONA, USA
Observing
in 2020
NOEMA Observatory
PLATEAU DE BURE, FRANCE

https://www.almaobservatory.org/wp-content/uploads/2019/04/20190410n-en.jpg



https://www.almaobservatory.org/en/press-
releases/astronomers-capture-first-image-of-a-
black-hole/

The Atacama

Telescope Project

ICCV 2015 was in

Science

Santiago, Chile ke, & f' S coats

Shep said we should go
see the Alma radio
telescopes in Atacama,
and I arranged for a
trip there, with
Bernhard Scholkopf,
Yoav Schechner, and
Katie Bouman.

LaPazo

Colchani '
San Pedro de Ouomoxv;"

Qo
San Pedro de Atacama
4

Santiago
Q

THE ATACAMA REGION

The site under consideration for the Atacama
Telescope is located in the Chajnantor Region of
Northern Chile, in the vicinity of the site chosen for
the ALMA (formerly MMA) radio array, to be built by
a consortium between the National Radio Astronomy
Observatory and the European Southem
Observatory.

Recently, attention has focused on Cerro Negro and
Cerro Chajnantor as a potential sites for the
Atacama telescope.

The Atacama Desert extends over northern Chile.
The Chajnantor Plateau is located about 20 km from
the Bolivian border, and some 80 km from the
Argentine border, about 1500 km north of Santiago.
The Salar de Atacama, a salt flat some 90 km long
and 40 km wide, is 40 km to the west. The nearest
inhabited village is San Pedro de Atacama (pop.
1200), at the northern tip of the Salar. The nearest
airport with regular commercial service is in Calama
(pop. 120,000), 150 km to the west. Calama is also a
major center of the copper mining industry. The
regional capital of Antofagasta (pop. 250,000), on
the coast, is more than 300 km to the west of
Chajnantor.

The region is likely to become the center of a major
concentration of astronomical observatories,

Site Info  Site Surveys Workshops
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Map of Chile from the CIA world factbook. The dashed square represents the
Upper Atacama Desert Region discussed here. The ALMA site (filled red
circle), the city of Calama (open blue circle), and the town of San Pedro de
Atacama (filled blue circle) are indicated.

with the highest sites in the world. The surrounding peaks range in altitude between 5,000 and 6,000 m (17,000
and 20,000 ft). The combination of geographical location and altitude also makes the region among the driest on

Earth.

Since 1998, Tests on a 150 m rise above the ALMA site have shown very low values for the median optical

seeing and for the percipitable water vapor.

In June of 1998, the then President of Chile, don Eduardo Frei, signed a bill naming the Chajanantor region a
"National Science Preserve". The land concession was transferred to the Chilean National Committee for Science
and Technology (CONICYT). Representatives of AUI (Associated Universities, Inc.), NRAO and Cornell were

invitad tn tha ~caramaonu
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Timelapse videos from Bernhard,
from Atacama, 2015

https://youtu.be/O86mycdxtYM?t=12

atacama milkyway

225 views * 3 years ago

https://youtu.be/8YOgqdAooO9A

atacama tree

111 views * 3 years ago
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The Atacama Large Millimeter/submillimeter Array (ALMA) by night, u...
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Dec. 12, 2015

Below ALMA
telescope array,
Bl A Atacama, Chile
N/ \ 9,000 feet

B 30






ALMA telescope array, 15,000 feet. Atacama, Chile, 2015







ALMA telescope array, 15,000 feet. Atacama, Chile, 2015




Atacama, Chile, 2015

ALMA telescope array, 15,000 feet.
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The Computational Imaging
Problem Sparse
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Inverting the Imaging System:
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Katie presenting EHT poster at CVPR 2016
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some of the 1image priors used

Positivity: the light intensity must be positive.
Compactness: The source has a finite size
Image entropy

Image smoothness

Image sparsity in the pixel, or gradient,
domains
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VLBI Reconstruction Dataset

A Dataset Designed to Train and Test Very Long Baseline Interferometry Image Reconstruction Algorithms

EHT Imaging Challenge

Welcome to the Event Horizon Telescope Imaging Challenge Webpage! This challenge is meant to help us understand the performance of different imaging algorithms on future
Event Horizon Telescope (EHT) data. We hope the results of the challenge will help us better understand the biases of each imaging algorithm, and aid in developing better
methods.

Next Deadline: December 20, 2017

« Testing Data and Submission Instructions

« Data Parameters and Noise Properties

= Sample Data With Ground Truth Images
= Past Challenges

« Data Formats and Conversion

+ Sample Imaging Script

* Questions and Feedback

Testing Data and Submission Instructions

1. Download the test data from HERE.

2. Use your algorithm to generate an image for each of the data files. For each < filename >.txt file, submit a FITS image with the name < filename >.fits and the FOV
specified in the README File. Further instructions can be found in the README file.

3. Submit your reconstructed images. Compress all of your reconstructed FITS images into a ZIP file. Submit this ZIP file with the required additional information.

Method Name: Email: Images: chooseFile No file chosen

Additional Information (such as website/code links):




Sample Data With Ground Truth Images

We provide a set of sample data, along with their ground truth images, to help in getting your imaging algorithms working on the blind, test data.

You can download the sample data from here. This sample data was generated with the same telescope parameters as the blind, test data. We have included data without any
systematic errors or atmospheric errors, data with just atmospheric errors, and data with both systematic and atmospheric errors. Their naming is as follows:

Filename Property

challenge_x_wNoPhaseError Only thermal noise included in visibility measurements

challenge_x Thermal and phase (atmospheric) errors included in visibility measurements
challenge_x_wSystematics Thermal, amplitude (systematic) and phase (atmospheric) errors included in visibility measurements

Sample Ground Truth Images

Sample Number Source Location Telescopes Total Flux (Janskys) Field of View (arcseconds)
1 SgrA* ALMA, SMT, LMT, SMA, SPT, CARMA, PV, PdBI, KP, Haystack 2 0.00016
2 SgrA* ALMA, SMT, LMT, SMA, SPT, CARMA, PV, PdBI, KP, Haystack 2 0.00025
3 SgrA* ALMA, SMT, LMT, SMA, PV, SPT, KP, PdBI 2 0.00016
el SgrA* ALMA, SMT, LMT, SMA, PV, SPT 2 0.00016
5 M87 ALMA, SMT, LMT, SMA, SPT, CARMA, PV, PdBI, KP, Haystack 2 0.00010
6 M87 ALMA, SMT, LMT, SMA, SPT, CARMA, PV, PdBI, KP, Haystack 2 0.00010
7 M87 ALMA, SMT, LMT, SMA, PV, SPT, KP, PdBI 2 0.00025

8 M87 ALMA, SMT, LMT, SMA, PV 2 0.00010



Extreme Imaging via Physical Model Inversion:
Seeing Around Corners and Imaging Black Holes
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Katie and EHT team members at radio telescope in Mexico, April 2, 2017
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Extracting the Black Hole’s
Signal
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The Event Horizon Telescope
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The Event Horizon Telescope




The Event Horizon Telescope

w /o Chile

https://www.almaobservatory.org/wp-content/uploads/2019/04/M87-comparison.jpg



The Event Horizon Telescope

Lo-band eht-imaging on April 11: slowly
building up data
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Correlated Flux Density







The Event Horizon Telescope

EHT Imaging Working Group



The Event Horizon Telescope

The dangers of false confidence and collective confirmation bias are magnified for the
EHT because the array has fewer sites than typical VLBI arrays, there are no previous
VLBI images of any source at 1.3 mm wavelength, and there are no comparable black
hole images on event-horizon scales at any wavelength.

We subdivided our first M87 imaging efforts into four separate imaging teams. The teams
were blind to each others' work, prohibited from discussing their imaging results and even
from discussing aspects of the data that might influence imaging (e.g., which stations or
data might be of poor quality).



The Event Horizon Telescope

Imaging Stage 1/2: Blind Imaging

Comparisons
Team 1 The Imaging WG was Team 4
Region: divided into four Region:
'?he Americas pet East Asia (ASIAA, KASI,
(SAO, UoA, U.Concepcion) NAOJ)
Team 2 Team 3
Region: Region:
Global Cross-Atlantic
(MIT Haystack, Radboud U, NAOJ) ) (I!\/II\:’IfR, Boston U, IAA,
AdItO]

Each team blindly
reconstructed images
Goal: Assess human bias



The Event Horizon Telescope

The First EHT Images of M87

July 24, 2018
Team 1 Team 4
Region: Region:
The Americas East Asia (ASIAA, KASI,
(SAO, UoA, U.Concepcion) NAOJ)

Team 2 Team 3
Region: Region:
Global Cross-Atlantic

(MIT Haystack, Radboud U, NA (MPIfR, Boston U, IAA, Aalto)

Each team blindly
reconstructed images
Goal: Assess human bias



Team 1 (RML) Team 2 (RML) Team 3 (CLEAN) Team 4 (CLEAN)
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Figure 4. The first EHT images of M87, blindly reconstructed by four independent imaging
teams using an early, engineering release of data from the April 11 observations. These
images all used a single polarization (LCP) rather than Stokes /, which is used in the
remainder of this Letter. Images from Teams 1 and 2 used RML methods (no restoring
beam); images from Teams 3 and 4 used CLEAN (restored with a circular 20 uas beam,
shown in the lower right). The images all show similar morphology, although the
reconstructions show significant differences in brightness temperature because of different
assumptions regarding the total compact flux density (see Table 2) and because restoring

beams are applied only to CLEAN images.



@9 ‘.ﬂ The Event Horizon Telescope
The First EHT Images of M87
July 24 2018
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2nd EHT Imaging Workshop




The Event Horizon Telescope

Imaging algorithms were tested on a suite of synthetic datasets

Goal: Optimize imaging algorithms with objective performance assessment



Imaging Stage 2/2: Imaging Parameter Survey

Crescent Synthetic Data MS87 Data from April 11
MEM 0 MEM 1 MEM 10 MEM 100 MEM 1000 MEM 0 MEM 1 MEM 10 MEM 100

15 X 8
Brightness Temperature (10" K) Brightness Temperature (10" K)




The Event Horizon Telescope

Figure 7. Selection of the eht-imaging (RML) parameter survey results on real and synthetic
data with April 11 EHT baseline coverage. A 2D slice of the 7D parameter space is displayed,
corresponding to different weights on the MEM and TV regularizers. All other parameters are kept
constant (Compact Flux = 0.6 Jy, Initial/ MEM FWHM = 40 uas, Systematic Error = 1%, TSV =0,
and ¢, = 0). The left panel shows results of the parameter search on the Crescent synthetic data,
while the right panel shows reconstructions for the same parameters on M87 data. Images that
meet the threshold for the Top Set are outlined in green. Note that the upper-left reconstruction has

no regularization; it is produced by enforcing only image positivity and a constrained FOV.



Crescent Disk Double GRMHD

Truth Images
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Figure 10. Cross-validation of the imaging parameter selection procedure. In each of the left
four columns, we show reconstructed images for the simple geometric source models.
These reconstructions do not use the fiducial imaging parameters identified by the full
training set; instead, we selected the imaging parameters for each geometric source model
after excluding that particular model from the parameter selection process. For example, in
the disk reconstructions, the parameters were selected by assessing reconstructions of only
the ring, crescent, and double source models. Thus, the selected parameters vary among
these four columns, but we can verify that the training sets do not overly constrain the
outcomes. In the fifth column, we show reconstructions of a GRMHD snapshot (Paper V)
using the fiducial M87 parameters selected from all four geometric models. That is, the
script and parameters used to produce these GRMHD image reconstructions are identical to
those used to produce our fiducial M87 images (shown in Figure 11). Because the GRMHD
snapshot has a substantially higher peak brightness than the reconstructions, its column

has been scaled to the peak brightness of the eht-imaging reconstruction.



The Event Horizon Telescope
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« All images from the four
different observing days show
the asymmetric ring structure
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hole shadow
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The Event Horizon Telescope

Fiducial images of M87 for April 11 restored
to an equivalent resolution show
remarkably similar structure

DIFMAP eht-imaging
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Comparison of reconstructions, in the Fourier domain
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THE ASTROPHYSICALJOURNAL LETTERS

Focus on the First Event Horizon Telescope Results

Shep Doeleman (EHT Director) on behalf of the EHT Collaboration

April 2019

April 6 April 10 April 11

o

ightness Temp. (107 K)
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Figure 1. EHT images of M87 on four different observing nights. In each panel, the white circle shows the resolution of the EHT. All four images are domi-
nated by a bright ring with enhanced emission in the south. From Paper IV (Figure 15).

We report the first image of a black hole.

This Focus Issue shows ultra-high angular resolution images of radio emission from the supermassive black hole believed to lie at
the heart of galaxy M87 (Figure 1). A defining feature of the images is an irregular but clear bright ring, whose size and shape agree
closely with the expected lensed photon orbit of a 6.5 billion solar mass black hole. Soon after Einstein introduced general relativity,
theorists derived the full analytic form of the photon orbit, and first simulated its lensed appearance in the 1970s. By the 2000s, it
was possible to sketch the "shadow" formed in the image when synchrotron emission from an optically thin accretion flow is lensed
in the black hole's gravity. During this time, observational evidence began to build for the existence of black holes at the centers of
active galaxies, and in our own Milky Way. In particular, a steady progression in radio astronomy enabled very long baseline
interferometry (VLBI) observations at ever-shorter wavelengths, targeting supermassive black holes with the largest apparent event

horizons: M87, and Sgr A* in the Galactic Center. The compact sizes of these two sources were confirmed by studies at 1.3mm, first
exploiting baselines that ran from Hawai'i to the mainland US, then with increased resolution on baselines to Spain and Chile.



Figure 2. A map of the EHT. Stations active in 2017 and 2018 are shown with connecting lines and labeled in yellow, sites in commission are labeled in
green, and legacy sites are labeled in red. From Paper Il (Figure 1).

The sequence of Letters in this issue provides the full scope of the project and the conclusions drawn to date. Paper Il opens with a
description of the EHT array, the technical developments that enabled precursor detections, and the full range of observations
reported here. Through the deployment of novel instrumentation at existing facilities, the collaboration created a new telescope with
unique capabilities for black hole imaging. Paper Il details the observations, data processing, calibration algorithms, and rigorous
validation protocols for the final data products used for analysis. Paper IV gives the full process and approach to image
reconstruction. The final images emerged after a rigorous evaluation of traditional imaging algorithms and new techniques tailored
to the EHT instrument-alongside many months of testing the imaging algorithms through the analysis of synthetic data sets. Paper
V uses newly assembled libraries of general relativistic magnetohydrodynamic (GRMHD) simulations and advanced ray-tracing to
analyze the images and data in the context of black hole accretion and jet-launching. Paper VI employs model fits, comparison of
simulations to data, and feature extraction from images to derive formal estimates of the lensed emission ring size and shape,
black hole mass, and constraints on the nature of the black hole and the space-time surrounding it. Paper | is a concise summary.



Our image of the shadow confines the mass of M87 to within its photon orbit, providing the strongest case for the existence of
supermassive black holes. These observations are consistent with Doppler brightening of relativistically moving plasma close to the
black hole lensed around the photon orbit. They strengthen the fundamental connection between active galactic nuclei and central
engines powered by accreting black holes through an entirely new approach. In the coming years, the EHT Collaboration will extend
efforts to include full polarimetry, mapping of magnetic fields on horizon scales, investigations of time variability, and increased
resolution through shorter wavelength observations.

In short, this work signals the development of a new field of research in astronomy and physics as we zero in on precision images of
black holes on horizon scales. The prospects for sharpening our focus even further are excellent.
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My friend, Carl

“No, 1t won’t be on the front page of every
newspaper because the image 1s just too blurry”

75



Iren’s
ntal
prince
D.OIM

royal promised
tof child’s care

iz Kowalczyk

LOBE STAFF

Hospital has sued a member
nily for $3.5 million, alleging
se to pay for the care of a very

me country.
Tuasedav in 1T Nietrict Conrt

.- ~ WA oy Fo F Wy &
S RRSEEETSFESSSS
TS SERREEEICFSCCS
g 5@%5. e

= o ] S

S FSEdvENSSe S8

TNE 355w g S,
g Nd3EE3a P gwg':q ey

.ué’gz&%ggA 2Fe L5977 E’E}:gwué.g
ES§E°58y °§f §’._§a§E§ 52585 85’29 ¥ S
SEcE5:58 55 Hes68F FTSESssEg g5
~REE=SgF W “@gow S, oTp P8

~ =T o5 ’1"5;_.:';'_8 Egggzg':.gg & gf

Boston Globe

THURSDAY, AprIL 11, 2019

One less mystery in our vast universe

Earthbound teams record
first image of black hole

By Brian MacQuarrie
GLOBE STAFF

Katherine Bouman had devoted years to
the astonishing quest — to help capture the
first image of a massive black hole in a dis-
tant galaxy, a void so dense no light can es-
cape.
But when the mind-bending break-
through finally came almost a year ago, the
discovery had to stay a secret.

So, after the stunning image was re-
vealed to the world Wednesday, Bouman$s

Bernie Sanders
$18.2 million

excitement spilled out at what seemed the
speed of light.

“We've been busting at the seams about
what we’ve seen, but we had to keep our
mouths shut,” said Bouman, 29, a doctoral
graduate of MIT who continued her studies
at the Harvard-Smithsonian Center for As-
trophysics.

What she and a large team of scientists
from MIT, Harvard, and other universities
had seen was the first-ever image of a cos-
rpic black hole 53 million light-years away, a
time-warping and light-twisting mystery of
the universe whose existence Albert Ein-
Stein had hinted at a century ago.

BLACK HOLE, Page A12

EVENT HORIZON TELESCOPE COLLABORATION

The image of a black hole spawned celebrations.
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i Katie Bouman
@t 1hr-Q

Watching in disbelief as the first image | ever made
of a black hole was in the process of being
reconstructed.

Q0% 97 8 Comments 5 Shares

&> Share

View 2 more comments

»

Kayhan Batmanghelich This is amazing
Katie! Congratulatior

1h

Wardah Inam That is so cool!
1h

Shaun Pursglove You are so cute!
1h

Vikas Ramachandra very cool Katie!

47m

Adrian Dalca Congrats &

36m

Miki Rubinstein Congratulationsi!!

17m



Minb X | M Goc X | X Co X | & Cot X | EEMP X | B Goe x | [ Goc X | ] ime x | Y Loc X | o 0S X | & Ext X | 0P Foc X | &% pre X | @ Photo - W MIT X <+

#@ https://twitter.com/mit_csail/status/1115965269392920576 “ ® = 2 P o e B ® ’Il e

£iiv MIT CSAIL @

Tsait  @MIT_CSAIL v
3 years ago MIT grad student Katie
Bouman led the creation of a new
algorithm to produce the first-ever
image of a black hole.

Today, that image was released.
More info: bit.ly/BHoleGuardian
2016 story: bit.ly/BlackHoleCSAIL

#EHTblackhole #EventHorizonTelescope

"

6:10 AM - 10 Apr 2019
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Here's the moment when the first black hole
image was processed, from the eyes of
researcher Katie Bouman. #EHTBlackHole
#BlackHoleDay #BlackHole (v/@dfbarajas)

@ .

9:51 AM - 10 Apr 2019
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Take your rightful seat in history, Dr. Bouman!

m

Congratulations and thank you for your
enormous contribution to the advancements
of science and mankind.

Here’s to #WomenInSTEM!

Tamy Emma Pepin & @TamyEmmaPepin

Congratulations to Katie Bouman to whom we owe the first
photograph of a black hole ever. Not seeing her name circulate
nearly enough in the press....

1:41 PM - 10 Apr 2019

23,584 Retweets 101,843 Likes 0 o e e @ . e e o
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Rafael @pentateu - Apr 10
Replying to @AOC
And “she” did by hand all by herself right? All with the help of her vigina right?
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™\ Nancy Pelosi & 4
@SpeakerPelosi

Congratulations to Dr. Katie Bouman, who
developed the algorithm which captured the first
ever image of a black hole! You are an
inspiration to all Americans and especially to
young women and girls with STEAM dreams!
cnn.com/2019/04/10/us/...

QO 40.3K 6:46 PM - Apr 11, 2019 ®

That image of a black hole you saw everywh...

The effort wouldn't have succeeded without Katie
Bouman, who developed a crucial algorithm and

cnn.com

..\ Barbie @ L 4
»*8’ @Barbie

Congratulations Katie Bouman on this
remarkable accomplishment! Thank you for
leading by example and encouraging girls to
push the boundaries of science. _;
#YouCanBeAnything #MoreRoleModels

AJ+ @ @ajplus

Replying to @ajplus

This is Dr. Katie Bouman. She's the computer
scientist behind the first-ever image of a black
hole.

She developed the algorithm that turned
telescopic data into the historic photo we see
today.

C 550 8:46 PM - Apr 10, 2019 0
Q) 150 people are talking about this

) ) IR



piactah v
We at @MIT_CSAIL are so proud of the
role our alum Dr. Katie Bouman played
in the development of the first-ever
picture of a black hole. She's been
psyched about all the #blackhole
interest & just wanted to clarify a few
things. (1/7)

11:49 AM - 12 Apr 2019

128 Retweets 434 Likes w g a ’ e 9 @ % %

Q 26 1 128 Q) 434

MIT CSAIL & @MIT CSAIL - Apr 12 v
In our first tweet about this, we linked to a 2016 story about an algorithm she
led the development of while at CSAIL. That algorithm was intended to take a
picture of a black hole, but didn’t create the final image. (cont.)(2/7)

Q 4 1 Q) s

MIT CSAIL & @MIT_CSAIL - Apr 12

It inspired image validation procedures in the final paper, and the EHT team
together developed new methods that were used in reconstructing the black
hole image.(3/7)
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New York Times
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< Back

How Katie Bouman
Accidentally Became the
Face of the Black Hole
Project

By Sarah Mervosh

April 11,2019

Leer en espanol

As the first-ever picture of a black hole was
unveiled this week, another image began
making its way around the internet: a photo
of a young scientist, clasping her hands
over her face and reacting with glee to an

image of an orange ring of light, circling a
deep, dark abyss.

It was a photo too good not to share. The
scientist, Katie Bouman, a postdoctoral
fellow who contributed to the project,
became an instant hero for women and girls
in STEM, a welcome symbol in a world
hungry for representation.

Public figures from Washington to
Hollywood learned her name. And some

advocates, fagiligrwith how history can

The Atlantic

540+ w o (.

< Katie Bouman and the Black Hole That C D

amp.theatlantic.com

SCIENCE

The Dark Saga of Katie
Bouman

How a young scientist got sucked into the black
hole of the internet

MARINA KOREN 1:16 PM ET

D3SIGN / GETTY / EHT / NATIONAL SCIENCE

FOUNDATION VIA REUTERS / THE

Two photos—one long anticipated, the other a

< () i Il

People also view

Katie Bouman: Black hole colleagues
dismiss attacks over hero scientists's

role in creating famous image
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, Katie Bouman is with Sara Issaoun and 6 others.
> 4 April 10 at 7:47 PM -

I'm so excited that we finally get to share what we have been working on
for the past year! The image shown today is the combination of images
produced by multiple methods. No one algorithm or person made this
image, it required the amazing talent of a team of scientists from around
the globe and years of hard work to develop the instrument, data
processing, imaging methods, and analysis techniques that were
necessary to pull off this seemingly impossible feat. It has been truly an
honor, and | am so lucky to have had the opportunity to work with you all.

OO0% 71K 8.8K Comments 9.6K Shares



Katie speaking
at MIT

87



o
k=
X

®

)

Q.

w
Q0
o

©
\'d

=
=
©

88




™
Al
—

CSAIL 32




e
AR
© <
Q2
20
JORR
t,
a,
K.




Katie’s audience
at Stanford




Katie speaking at CSAIL’s annual gala at ICA, April 27, 2019
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next up: SgrA*

* The EHT team is processing the data from the
black hole at the center of our galaxy

* Much less massive (4M vs 6.5B solar masses),
and therefore faster dynamics than M87*

« They’re working on processing the SgrA* data
now...
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