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Projects

In my astrophysical research, | am primarily interested in how the gas in galaxies constantly rearranges itself over huge time spans to
constantly form new stars, and in bringing large data sets and new data science techniques to bear on understanding the structure of the
Milky Way. | have also had a long-standing interest in data visualization, and in improving the use of computers in all aspects of modern
(21st century) scholarship and scientific research. My interests in astronomy, visualization, and 21st-century tools combine in the form of
WorldWide Telescope, which | help create and maintain, and upon which the WorldWide Telescope Ambassadors science

education Program | founded often relies. Since 2014, | have become very interested in the history of Prediction, as a way to understand
modern computer simulations and their interpretation. | have served as coDirector for Science, where | help to bring new scholarship
across the sciences to the attention of scholars and the public, at Radcliffe since 2017. Someday soon, | may perhaps find time to make
custom webpages for each of my interest areas below, but for now, please do follow the links, as many of the projects have entire websites
of their own.

Presentations associated with all of the projects below can be found at the Talks Page.

ASTROPHYSICS

o How do stars really form?
o The COMPLETE Survey of Star-Forming Regions (data)
> The GAS Survey (data, code)

o What can we learn about the structure of the Milky Way from inside it?
o milkyway3d.org

Please see the Publications page, and Alyssa Goodman's pre-2018 website for additional detals.
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nulidimensional data exploration
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. glueviz.org

e "Astronomical Medicine" (Benefunder Site)
e 10 Questions to Ask when Creating a Visualization

e Viz-e-Lab
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e The Timeline Consortium

SEAM LESS e WorldWide Telescope

,g(

\}' ;ASTRONOMY e The ADS All Sky Survey

Linking scientific data, publica

e Astronomy Rewind

e The "Paper" of the Future

e Data Sharing, Data Ethics

e The Harvard Data Science Initiative (2016-present)
e The Initiative in Innovative Computing (2005-8)

e Seamless Astronomy

SCIENCE EDUCATION

e WorldWide Telescope Ambassadors
Fetch! Episode using WorldWide Telescope (Imdb link)
Astronomy PhD Outreach Projects at Harvard

A'?‘
hbass: ey

"The ISM and Star Formation"(online course materials)

"Outreach" Modules about the Interstellar Medium

=) % % PREDICTION: THE PAST & PRESENT OF THE FUTURE

e PredictionX.org
e PredictionX on edX (e.g.John Snow mini course)
e Freshman Seminar (Harvard FS27))

e Harvard General Education Course (coming 2019-20)

FOR ADVANCED STUDY
HARVARD UNIVERSITY

@ RADCLIFFE INSTITUTE PROJECTS AT RADCLIFFE

Events Organized as Faculty coDirector for Science
e Nextin Data Science (2018)
e Algorithmic Accountability: Designing for Safety (2018)
e The Undiscovered (2018 Science Symposium)
e Climate+Data @ Harvard (2019)
o An Energy Plan the Earth Can Live With (2019)
e Next in Data Visualization (2019, Coming Soon)
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Presentations associated with all of the projects below can be found at the Talks Page.

ASTROPHYSICS

o How do stars really form?
o The COMPLETE Survey of Star-Forming Regions (data)
> The GAS Survey (data, code)

o What can we learn about the structure of the Milky Way from inside it?
o milkyway3d.org

Please see the Publications page, and Alyssa Goodman's pre-2018 website for additional detals.

Ii]]], G g I ue DATA VISUALIZATION

nultidimensional data exploration

. glueviz.org

e "Astronomical Medicine" (Benefunder Site)

e 10 Questions to Ask when Creating a Visualization

e Viz-e-Lab

e Visualization for Astronomers (Curriculum and Materials, v. Vienna 2017)
e The Art of Numbers (Harvard EMR19)

21st CENTURY SCHOLARSHIP

e The Timeline Consortium

/ .\ SEAMLESS « WorldWide Telescope

A s e S B B e B AW &




ASTROPHYSICS

o How do stars really form?
o The COMPLETE Survey of Star-Forming Regions (data)
o The GAS Survey (data, code)

o What can we learn about the structure of the Milky Way from inside it?
o milkyway3d.org




ASTROPHYSICS

e How do stars really form?
o The COMPLETE Survey of Star-Forming Regions (data)
> The GAS Survey (data, code)

o What can we learn about the structure of the Milky Way from inside it?
o milkyway3d.org




o What can we learn about the structure of the Milky Way from inside it?
o milkyway3d.org
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The star-forming nebula NGC1333
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MAPPING DISTANCES ACROSS THE PERSEUS MOLECULAR CLOUD USING CO A Large Catalog of Accurate Distances to Local Molecular Clouds: The Gaia DR2 Edition

OBSERVATIONS. STELLAR PHOTOMETRY. AND GAIA DR2 PARALLAX CATHERINE ZUCKER," | JOSHUA S. SPEAGLE," * EDWARD F. SCHLAFLY,”> GREGORY M. GREEN,? DOUGLAS P. FINKBEINER,'
MEASUREMENTS ALyssA A. GOODMAN,"* AND JoAO ALvesh?®

L Harvard Astronomy, Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge, MA 02138, USA
2 Lawrence Berkeley National Laboratory, One Cyclotron Road, Berkeley, CA 94720, USA
CATHERINE ZUCKER,{ EDWARD F. SCHLAFLY,? JOSHUA S. SPEAGLE,! GREGORY M. GREEN,? 3 Kavli Institute for Particle Astrophysics and Cosmology, Physics and Astrophysics Building, 452 Lomita Mall, Stanford, CA 94305, USA
STEPIEN R N DORTILLO,! DouGLAs P. FINKBEINER,! AND ALYSSA A. GOODMAN! 4 Radcliffe Institute for Advanced Study, Harvard University, 10 Garden St, Cambridge, MA 02138
? Unwersity of Vienna, Department of Astrophysics, Turkenschanzstraffe 17, 1180 Vienna, Austria

ABSTRACT

We present a uniform catalog of accurate distances to local molecular clouds informed by the Gaia
DR2 data release. Our methodology builds on that of Schlafly et al. (2014). First, we infer the distance
and extinction to stars along sightlines towards the clouds using optical and near-infrared photometry.
When available, we incorporate knowledge of the stellar distances obtained from Gaia DR2 parallax
measurements. We model these per-star distance-extinction estimates as being caused by a dust screen

' Harvard Astronomy, Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge, MA 02138, USA
2 Lawrence Berkeley National Laboratory, One Cyclotron Road, Berkeley, CA 94720, USA

3Kavli Institute for Particle Astrophysics and Cosmology, Physics and Astrophysics Building, 452 Lomita Mall,
Stanford, CA 94305, USA

Abstract
We present a new technique to determine distances to major star-forming regions across the Perseus with a 2-D morphology derived from Planck at an unknown distance, which we then fit for using a
nested sampling algorithm. We provide updated distances to the Schlafly et al. (2014) sightlines
towards the Dame et al. (2001) and Magnani et al. (1985) clouds, finding good agreement with the
earlier work. For a subset of 27 clouds, we construct interactive pixelated distance maps to further
study detailed cloud structure, and find several clouds which display clear distance gradients and/or

. . . . . 2
Molecular Cloud, using a combination of stellar photometry, astrometric data, and >CO spectral-
line maps. Incorporating the Gaia DR2 parallax measurements when available, we start by inferring
the distance and reddening to stars from their Pan-STARRS1 and 2MASS photometry, based on a
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Mrsaivslos ¢ Click on any cloud to view its distance map in more detail
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https://arxiv.org/pdf/1902.01425.pdf
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/summary_fig.html

Perseus in True 3D (actually 4D)
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NERD NOTE: “Matter” is actually “Gas” and “Dust,” which are not distributed in EXACTLY the same way, but for this cartoon, we’ll say “close enough.”
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oPEC TRAL-LINE MAPPING

We wish we could measure... But we can measure...
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AS TRUNOMICAL MEDICING

Image size: 520 x 274 73 thirteenC0O_249.tif
View size: 1305 x 733 thirteenC0O_249.tif
WL 63 Ww: 127 thirteenC0_249.tif

thirteenC0O_249.tif|
0

127

“7" is depth into head “1" is line-of-sight velocity

“AstroMed” collaborators include Douglas Alan, Chris Beaumont, Michelle Borkin, Jonathan Foster,
Michael Halle, Nick Holliman, Jens Kautfmann, Jaime Pineda, Tudor Platon, Erik Rosolowsky, and more
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ABSTRACT

We present a uniform catalog of accurate distances to local molecular clouds informed by the Gaia
DR2 data release. Our methodology builds on that of Schlafly et al. (2014). First, we infer the distance
and extinction to stars along sightlines towards the clouds using optical and near-infrared photometry.
When available, we incorporate knowledge of the stellar distances obtained from Gaia DR2 parallax
measurements. We model these per-star distance-extinction estimates as being caused by a dust screen
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Abstract
We present a new technique to determine distances to major star-forming regions across the Perseus with a 2-D morphology derived from Planck at an unknown distance, which we then fit for using a
nested sampling algorithm. We provide updated distances to the Schlafly et al. (2014) sightlines
towards the Dame et al. (2001) and Magnani et al. (1985) clouds, finding good agreement with the
earlier work. For a subset of 27 clouds, we construct interactive pixelated distance maps to further
study detailed cloud structure, and find several clouds which display clear distance gradients and/or
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Molecular Cloud, using a combination of stellar photometry, astrometric data, and >CO spectral-
line maps. Incorporating the Gaia DR2 parallax measurements when available, we start by inferring
the distance and reddening to stars from their Pan-STARRS1 and 2MASS photometry, based on a
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The end of the story, again.

A Large Catalog of Accurate Distances to Local Molecular Clouds: The Gaia DR2 Edition
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The Milky Way
(Artist's Conception)



z=0.00
Formation of a Milky-Way-like Galaxy (Stars)
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