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How are weather forecasts made?

today’s forecast from “takeasweater.com,” part 
of The Prediction Project (predictionx.org). 

https://www.predictionx.org/introduction-to-uncertanity
http://takeasweater.com
http://predictionx.org


Astronomy

How are stars made?



Documentation of the MHD functionality of the “Orion” simulation code, from: Li, Pak Shing, Christopher F. McKee, and 
Richard I. Klein. 2015. “Magnetized Interstellar Molecular Clouds – I. Comparison between Simulations and Zeeman 
Observations.” Monthly Notices of the Royal Astronomical Society 452 (3): 2500–2527. https://doi.org/10.1093/mnras/stv1437.

S

“STARFORGE” simulations

How are stars made?

Astronomy



to AI
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IS ASTROPHYSICS  
BEING (RE)ORGANIZED?

The New Universe

Editor: Alyssa Goodman, Center for Astrophysics | Harvard & Smithsonian, @AlyssaAGoodman

MEMPHIS, SUNDAY OCTOBER 23, 2022

ARE COMPUTERS THE 
NEW TELESCOPES?

WHAT DO EXPENSIVE 
NEW TELESCOPES DO 

FOR HUMANITY TODAY?
Are mega-projects like ALMA, 
LIGO, JWST, and Gaia worth 
the billions?

Opinion

New galaxies in-silico, the early Universe 
without physics, and new stars forming 
in your hand.

Lone stargazers are a rarer and rarer 
breed in professional astronomy.  
Teams and data scientists seem the 
way of the future, and tools that talk 
to each other are essential.

https://twitter.com/AlyssaAGoodman/status/1546675001755111424?s=20&t=5dXg3hHAKqrEt3aN7ji5yA
https://www.google.com/search?q=fire+synthetic+milky+way&client=safari&rls=en&sxsrf=ALiCzsZCDHwMNCm1V89n3OPXaZM0lIGANg:1666455447654&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiT1_annvT6AhVzomoFHR9rCzwQ_AUoAXoECAEQAw&biw=1261&bih=827&dpr=2#imgrc=0dUCq1bur14rzM


ARE COMPUTERS THE 
NEW TELESCOPES?



demo: path-to.org

The Path to Newton

or

predictionx.org 

http://path-to.org/newton.html
https://www.labxchange.org/library/pathway/lx-pathway:72afb67e-d4b0-45e3-a1fd-01bb36592b22/items/lx-pb:72afb67e-d4b0-45e3-a1fd-01bb36592b22:lx_simulation:2835149e
http://path-to.org
http://PredictionX.org
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ELECTRONIC COMPUTERS

“ARE COMPUTERS THE 
NEW TELESCOPES?”

AI/MACHINE LEARNING

NUMERICAL SIMULATION

BAYESIAN STATISTICS

INTERACTIVE DATA VISUALIZATION
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1970

Williamina Fleming 

Cecilia Payne-Gaposchkin 

Annie Jump Cannon 

Henrietta Swan Leavitt 

Antonia Maury 
First to detect and calculate the orbit of 
a spectroscopic binary, which was 
published in 1933. She worked 
intermittently with Harvard College 
Observatory before returning in 1918 as 
an adjunct professor until her retirement 
in 1948.

Found period-luminosity relation 
for Cepheid variable stars in 
1912, providing astronomers 
with the first “standard candle” 
with which to measure the 
distance to faraway galaxies. 

Developed the Harvard 
Classification Scheme in 1922, 
the stellar classification system 
still in use today. In 1938, two 
years before retirement, she 
finally obtained a regular 
appointment from Harvard as 
William C. Bond Astronomer.

Determined the chemical 
composition of stars, particularly 
that hydrogen and helium are the 
most abundant elements.
She was the first person awarded a 
PhD in Astronomy at Harvard, and 
in 1956 she became Harvard’s first 
regularly appointed female 
professor and the first female 
department chair.

Discovered Horsehead Nebula in 1888 and 
the first white dwarf in 1910. She became the 
first woman with an officially appointed job at 
Harvard as Curator of Astronomical 
Photographs in 1898.

Florence Cushm
an 

Im
ogen Eddy 

Lillian Hodgdon 

Arville W
alker 

M
argaret Hartwood 

Dorothy Block Paraskevopoulos  Agnes Hoovens 

Ida W
oods 

1880

1960

DATA SCIENCE IN 
ASTRONOMY BEGAN 
AT HARVARD

With HUMAN COMPUTERS



Phenomenon Observation Data Rule

Babylonians

Phenomenon Observation Theory Explanation Prediction

Aristotle

Phenomenon Observation Data Rule Theory Explanation Prediction

Newton

The “Padua Rainbow”

Phenomenon Observation Data Rule Prediction

Kepler 1609

1687

path-to.org 

https://path-to.org/newton.html
https://path-to.org/newton.html


Phenomenon Observation Data Rule Theory Explanation Prediction

Newton

Phenomenon Observation Data Prediction

(Most) Artificial Intelligence

1687

Today

We will come back to this later…



Phenomenon Observation Data Rule Theory Explanation PredictionPhenomenon Observation Data Rule Theory Explanation Prediction

The image in the background shows how I study this question today… but first, let’s look back 20 years first…

How do stars form?



www.flickr.com/photos/66496709@N00/6791649829/in/photostream
© Adam Block/Science Photo Library

Perseus

How do stars form?

http://www.flickr.com/photos/66496709@N00/6791649829/in/photostream


Phenomenon Observation Data Rule Theory Explanation PredictionPhenomenon Observation Data Rule Theory Explanation Prediction

How do stars form?



Phenomenon

Observation

Data

Rule

Theory

Explanation

Prediction

Looks like there are stars and clouds of darkness in the Sky.

Let’s observe them every way we know how.

And keep track of everything we find.

Bright nebulae are often near dark cloudy patches.

Stars form from collapsing gas in the clouds.

Bright nebulae are caused by new stars lighting up clouds.

Dark clouds form new stars, even if we can’t see them.

http://worldwidetelescope.org
https://www.skyatnightmagazine.com/news/the-astronomy-of-the-aborigines
https://tinyurl.com/ophiuchusB
https://lweb.cfa.harvard.edu/COMPLETE/index.html
https://dataverse.harvard.edu/dataverse.xhtml?alias=complete
https://www.nature.com/articles/nature07609
https://en.wikipedia.org/wiki/NGC_1333


mm peak (Enoch et al. 2006)

sub-mm peak (Hatchell
et al. 2005, Kirk et al. 2006)

13CO (Ridge et al. 2006)

mid-IR IRAC composite 
from c2d data (Foster, 
Laakso, Ridge, et al. in prep.)

Optical image (Barnard 1927)

2002-11

Massachusetts HawaiiSpain Space Chile

mm-wave mm/sub-mm infrared opticalsub-mm



2022 Spectrum image credit: Jen Christiansen, Scientifi



2022

https://cosmicds.github.io/minids/carina/


 
WorldWide  

Telescope

Is that arc part of 
a bubble in 3D??

http://worldwidetelescope.org/webclient/#/place=JWST.40&ra=10.61981&dec=-58.61932&fov=0.34833
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
http://worldwidetelescope.org
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Opinion

New galaxies in-silico, the early Universe 
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https://www.google.com/search?q=fire+synthetic+milky+way&client=safari&rls=en&sxsrf=ALiCzsZCDHwMNCm1V89n3OPXaZM0lIGANg:1666455447654&source=lnms&tbm=isch&sa=X&ved=2ahUKEwiT1_annvT6AhVzomoFHR9rCzwQ_AUoAXoECAEQAw&biw=1261&bih=827&dpr=2#imgrc=0dUCq1bur14rzM


zoom, February 5, 2021

NYT, January 25, 2022

ARE COMPUTERS THE 
NEW TELESCOPES?

“…a bubble 
in 3D??”



Narrator & Project Lead: Dr. Catherine Zucker (CfA)



EARLIER TODAY…

2023



MILKYWAY3D.org

Join us, contribute, and yes, you get a T-Shirt.

Welcome to a new view of the Milky Way... in 3D!   
MilkyWay3D.org is an open-data open-source discovery hub, providing data, visualization, and research tools for studying the MilkyWay in 3D.

 SCIENCE  INFRASTRUCTURE  EDUCATION & OUTREACH 

TEAM: Harvard/Smithsonian CfA (Jonathan Carifio, Alyssa Goodman, Ralf Konietzka, Theo O’Neill, Patricia Udomprasert, Catherine Zucker), AMNH (Brian Abbott, Micah Acinapura, 
Carter Emmart, Jackie Faherty);  Linkoping University  (Alex Bock) ; University of Vienna  (Joao Alves, Sebastian Ratzenbock); glue solutions, inc./Aperio (Thomas Robitaille); 
University of Wisconsin, Whitewater (Bob Benjamin),  STScI/Johns Hopkins  (Josh Peek),  Max Planck IfA  (Gordian Edenhofer); Northeastern University (Michelle Borkin); and YOU?!

stellar positions, clusters, motions

topology, positions & motions of (long) features 

tracers of feedback & magnetic fields

details on star-forming regions…and more! 

enabling studies of how galaxies turn 

gas into stars, using…
assembling data as a community, 

using modern, open-source practices

making data accessible online for decades

linking position and motion across dimensions, 
using the plug-in architecture enabled by glue  

(plug-ins include WorldWide Telescope, OpenSpace & more)

Digital 
Universe

 Lead: Alyssa Goodman, CfA  Lead:  Catherine Zucker, CfA 

connecting real research data, 
software, and science to learners

“Cosmic Data Stories” 
teach data science using 
astronomical data & tools

real-time data exploration  
anywhere, including in planetaria

 Lead:  Jackie Faherty, AMNH 

EARLIER TODAY…

http://MILKYWAY3D.ORG


MILKYWAY3D.org

Join us, contribute, and yes, you get a T-Shirt.

Welcome to a new view of the Milky Way... in 3D!   
MilkyWay3D.org is an open-data open-source discovery hub, providing data, visualization, and research tools for studying the MilkyWay in 3D.
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making data accessible online for decades
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Digital 
Universe
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“Cosmic Data Stories” 
teach data science using 
astronomical data & tools

real-time data exploration  
anywhere, including in planetaria

 Lead:  Jackie Faherty, AMNH 

EARLIER TODAY…

MilkyWay3D.org “Science" 

http://MILKYWAY3D.ORG
https://sites.google.com/view/milkyway3d/science
http://MilkyWay3D.org


NGC 628 (PHANGS-JWST)

An Extragalactic Perspective

NGC 628 (PHANGS-JWST)

Credit: Judy Schmidt. Slide courtesy Catherine Zucker.

EARLIER TODAY…



200 pc 200 pc

Local BubbleLocal Bubble Analog (NGC 628)

See e.g. Watkins+2023, Barnes+2023 for analysis of bubbles in NGC628

EARLIER TODAY…

Slide courtesy Catherine Zucker.



http://worldwidetelescope.org/webclient/#/place=JWST.54&ra=1.61157&dec=15.78354&fov=0.02412


EARLIER TODAY…

Talk by CfA graduate student Michael FoleyBubbles & the Radcliffe Wave in “glue”



HOW= 3D dust mapping* 


+ Gaia* 


+ glue* 


+ WorldWide Telescope

glue
multidimensional data exploration

*2 million CPU hours, Harvard *800 million stars, ESA *NASA/JWST, NSF *Microsoft Research, NSF, AAS

3D dust mapping

“ARE COMPUTERS THE NEW TELESCOPES?”



Extinctio
n & Reddening, fro

m Color Im
aging

Can infer matter’s distance from dust’s effects on stars.

Green et al. 2019

WARNING: schematic diagram, NOT to scale (credit A. Goodman, 2019)

3D dust mapping



Gaia DR2

glue 3D

3D Dust

WWT

Maser VLBI
-20 -15 -10 -5 0

WHY COULDN’T WE DO THIS ALL A LONG TIME AGO?

glue
multidimensional data exploration

20202015201020052000
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“ARE COMPUTERS THE 
NEW TELESCOPES?”

ELECTRONIC COMPUTERS

AI/MACHINE LEARNING

NUMERICAL SIMULATION

BAYESIAN STATISTICS

INTERACTIVE DATA VISUALIZATION

Bialy et al., 2021

https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html


“ARE COMPUTERS THE 
NEW TELESCOPES?”

AI/MACHINE LEARNING

ELECTRONIC COMPUTERS

NUMERICAL SIMULATION

BAYESIAN STATISTICS

INTERACTIVE DATA VISUALIZATION

https://universetbd.org/people/participants


“What are some uses of 
artificial intelligence (AI) 
in astronomy today?”

https://www.pbs.org/newshour/science/analysis-how-ai-is-helping-astronomers-study-the-universe
https://chat.openai.com/share/25a144f9-e287-4c5d-9388-cdedb6397f30


www.pnas.org/doi/10.1073/pnas.2022038118

LEARNED UNIVERSES



Prof. Alyssa Goodman*, Harvard Astronomy Department

From ˝

Aristotle to AI

Astronomy

*and about 100 fantastic collaborators, many at the CfA





"If you got a dream, chase it,  
‘cause a dream won’t chase you back.”


