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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?

New galaxies in-silico, the early Universe 
“learned” 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


Key Category ASTRONOMY IN 1992 ASTRONOMY IN 2022 SO WHAT?

Discovery The Universe is likely decelerating. The Universe is accelerating. Oh no, dark energy AND dark matter! Or MOND? Nobel 
2011

Discovery gravity waves were theoretical
gravitational-wave detections (LIGO) give rise to  true “multi-
messenger” astrophysics

wide range of discoveries in studies of “compact” objects, where general relativity is best tested, 
observation of gravity waves

Nobel 
2017

Discovery
no planets known beyond the Solar System, 
circumstellar disks barely detected

Thousands of exoplanets, brilliant images of disks forming 
them

(exoplanetology+exoclimatology+ astrobiology)=humans can legitimately study the Origins of Life in 
the Universe

Nobel 
2019

Discovery black holes were theoretical
black holes observed in the center of the Milky Way, and in 
other galaxies, using high-resolution time-resolved observations

significant tests of general relativity, all of which have been passed (no huge surprises—bad for 
MOND)

Nobel 
2020

Technology spectroscopy one spectrum at a time
MANY spectra at a time: focal-plane arrays, fiber-fed 
spectrographs, interferometers, IFUs

thousands or more spectra simultaneously, instead of 1 at a time give details on motion & composition 
of all components of the Universe ❤

Technology UNIX, LatTeX on Suns, MacOS best for graphics
Python on anything, many other languages, collaboration via 
Jupyter notebooks, etc.

Astronomy=Data Science; HUGE wealth of new techniques enabling new discoveries (Bayesian 
statistics, Machine Learning, much more…) ❤

Technology early supercomputers (CRAY) ubiquitous super-fast, cheap high-performance computing Simulations an essential “third branch” of astronomy, beyond “observations” and “theory” ❤

Technology IRAS success, Hubble launched, mirror flawed numerous space missions, some HUGE (e.g. JWST) multi-wavelength coverage, ultra-sharp, ultra deep images, w/no concern about atmospheric effects ❤

Technology infrared cameras with 4 MP were “amazing” JWST NIRCam camera has 122 million pixels MUCH higher resolution, over wider areas ❤

Technology software one-offs, except for big projects open-source, modular, software re-usable code, “Seamless Astronomy” ❤

Technology draftspeople draw graphs
computer graphics for all, even interactive, and augmented 
reality Explore-Explain approach made possible by rich data display ❤

Technology Exploratory Data Analysis: DataDesk Exploratory Data Analysis: glue Explore-Explain approach made possible by rich data interactions ❤

Technology glass plate archives, disks, tapes Internet access to “all” data (e.g. WWT, ESA Sky, etc.) “Seamless Astronomy” made possible by ready data access ❤

Technology

3D meant “position-position-velocity” space, at best, 
except in Hubble flow or rare astrometric 
measurements

3D means 3D: Gaia for stars, 3D Dust for ISM
unprecedented maps of the Milky Way’s gas, dust, and stars, in true 3D (sometimes even 4D, 5D or 
6D!) ❤

Nature of Science
interest in outreach/education rare amongst research 
scientists

outreach components of PhDs & postdocs desirable, or even 
required improvement in SciComm? (ComSciCom) ❤

Technology printed indices in journals used  to search literature ADS launched 1992, arxiv, 1991, ADS All-Sky Survey 2012 find any literature, including on the Sky, more “Seamless Astronomy”
Technology X-rays detected, not quite images X-ray images (Chandra launched 1999) MUCH higher sensitivity in detectors, seeing “fainter objects”
Technology actual telescope observing, in real-time remote telescope observing, queue scheduling telescope access expanded, but students less well-trained in mechanics of observing

Nature of Science Astronomy ~80% white males Fraction of non-white non-male astronomers ~40% diversity of approaches to science and how to be a scientist, more role models
Nature of Science secret science the norm open-science more popular improved data re-use and reproducibility; astronomy as a poster-child ❤

Funding funding proposal success 30-50% funding proposal success 5-15% much harder to secure funding; more time spent writing proposals

Funding expensive telescope= tens of millions (until Hubble) expensive telescopes = billions 
fewer opportunities for hands-on observing, and for training “instrumentalists” — higher and higher 
stakes for space-based missions 

Technology
glass plate measuring machines used to do 
“astrometry” astrometry.net (2012), Gaia 2018 “register” positions of astrophysical sources and images with ease

Nature of Science
typical collaboration size ~5 people at most, 
except large instrument projects

collaboration size often >>10 people, often 
international difficulty in assigning “credit” to individuals

I will NOT subject you to this,  
but the slides will be online  

in case you’d like to know more  
about the past 30 years of Astronomy!

http://astrometry.net


Timeline for 
the medium 

and large 
programs and 

projects 
recommended 
and endorsed 
by the NAS 

decadal survey

nap.nationalacademies.org/resource/26141/interactive/

(also not this, but the NAS decadal survey is the 
perfect “New Horizons” source)
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WHAT DO EXPENSIVE 
NEW TELESCOPES DO 

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

https://twitter.com/AlyssaAGoodman/status/1546675001755111424?s=20&t=5dXg3hHAKqrEt3aN7ji5yA
https://twitter.com/AlyssaAGoodman/status/1546675001755111424?s=20&t=5dXg3hHAKqrEt3aN7ji5yA


“COMPARED TO WHAT”

https://twitter.com/AlyssaAGoodman/status/1546675001755111424?s=20&t=5dXg3hHAKqrEt3aN7ji5yA
https://youtu.be/ySaIPoHisRg?t=460
https://web.wwtassets.org/specials/2022/jwst-release/#
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https://web.wwtassets.org/specials/2022/jwst-release/#






AAS  
WorldWide  

Telescope
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Image of the spiral galaxy IC 5332, taken by NASA/ESA/
CSA's JWST with its MIRI instrument. Image Credit: ESA/
Webb, NASA & CSA, J. Lee and the PHANGS-JWST and 
PHANGS-HST Teams



This extravagantly detailed mid-infrared image is 
juxtaposed here with a beautiful ultraviolet and visible-light 
image of the same galaxy, created using data collected by 
Hubble’s Wide Field Camera 3 (WFC3) [link]

https://esahubble.org/wordbank/optical-astronomy/
https://esahubble.org/about/general/instruments/wfc3/
https://esawebb.org/images/comparisons/potm2209a/


SPECTROSCOPY IS ESSENTIAL!



July 2022  
Times Square, New York
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the billions?

https://twitter.com/AlyssaAGoodman/status/1546675001755111424?s=20&t=5dXg3hHAKqrEt3aN7ji5yA


en.wikipedia.org/wiki/Extremely_large_telescope#/media/File:Comparison_optical_telescope_primary_mirrors.svg



en.wikipedia.org/wiki/Extremely_large_telescope#/media/File:Comparison_optical_telescope_primary_mirrors.svg www.esa.int/ESA_Multimedia/Videos/2020/11/Gaia_s_Milky_Way_discoveries



The Radcliffe Wave

video created by the authors using AAS WorldWide Telescope  
(includes cartoon Milky Way by Robert Hurt)

Each red dot marks a star-forming 
blob of gas whose distance from us 
has been accurately measured.

The Radcliffe Wave is 9000 light years long, and 400 light years wide, 
with crest and trough reaching 500 light years out of the Galactic Plane. 


Its gas mass is more than three million times the mass of the Sun.



Distances estimates BEFORE 3D dust mapping & Gaia (~30%)SCHEMATIC CARTOON(!)

Uncertain Distances

DISTANCES!!

We can now 
measure distances 
to gas clouds in our 
own Milky Way 
galaxy to ~5% 
accuracy.



Distances estimates AFTER 3D dust mapping & Gaia (~5%)SCHEMATIC CARTOON(!)

"The Radcliffe Wave”



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
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ARE COMPUTERS THE 
NEW TELESCOPES?



demo: path-to.org

The Path to Newton

or

predictionx.org 

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








ELECTRONIC COMPUTERS

“ARE COMPUTERS THE 
NEW TELESCOPES?”

AI/MACHINE LEARNING

NUMERICAL SIMULATION

BAYESIAN STATISTICS

INTERACTIVE DATA VISUALIZATION



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



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



glue
multidimensional data exploration

AAS WorldWide Telescope: worldwidetelescope.org glue: glueviz.org

“Seeing” The Radcliffe Wave, in 3D

http://worldwidetelescope.org
http://glueviz.org


10qviz.org/glue-how-did-they-meet/


glue
multidimensional data exploration

https://10qviz.org/glue-how-did-they-meet/


AAS WorldWide Telescope: worldwidetelescope.org glue: glueviz.org

It’s not apparent in 2D on the Sky. 3D is REQUIRED.           
WHY DIDN’T WE FIND THE RADCLIFFE WAVE SOONER?

http://worldwidetelescope.org
http://glueviz.org


Gaia DR2

glue 3D

3D Dust

WWT

Maser VLBI
-20 -15 -10 -5 0

WHY DIDN’T WE FIND THE RADCLIFFE WAVE SOONER?

glue
multidimensional data exploration

20202015201020052000



João Alves, Catherine Zucker, Alyssa Goodman, Joshua Speagle, Stefan Meingast, Thomas 
Robitaille, Douglas Finkbeiner, Edward F. Schlafly,  and Gregory Green 2020, Nature (today)

The Radcliffe Wave
click the figure to launch interactive…

Alves et al. Nature paper & two distance catalog papers by Zucker et al. (2019, 2020) include several interactive figures (via plot.ly & 
bokeh), and deep links to data (on Dataverse) and code (on GitHub) inspired by AAS “Paper of the Future” (Goodman et al. 2015) 

Top-down view End-on view

Side view

CMa

Orion

North America

Cyg-X

Orion

CMa
Cyg-X

North  
America

Orion

Cepheus

500 pc

500 pc

RADWAVE 
Surprising wave-
like arrangement 
of star-forming gas 
is the “Local Arm” 
of the Milky Way.

https://doi.org/10.1038/s41586-019-1874-z
https://iopscience.iop.org/article/10.3847/1538-4357/ab2388
https://arxiv.org/abs/2001.00591
http://plot.ly
https://www.authorea.com/users/23/articles/8762-the-paper-of-the-future
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/radwave.html


Open Questions
What is the ORIGIN of the Radcliffe Wave? Collision? 


Do other parts of the Milky Way show this wavy 
structure? How about other galaxies?  

How can we SEARCH?


What do “waves “ mean for the  
STAR-FORMING HISTORIES of galaxies?




tinyurl.com/dimensionsofdiscovery 

http://tinyurl.com/dimensionsofdiscovery


Traditionally, travel from exploration to explanation is called  
“Scholarly Publishing” if its dry, and “Public Outreach,” if it’s beautiful.

Explore Explain



It’s much harder to go the other way.

Explore Explain



Explore Explain

And, the best roads are two-way.



This is all possible, and happening now.


Not for everyone, though.


read how & why in  “New Thinking on, and with, Data Visualization”  
(Goodman, Borkin & Robitaille  arxiv.org/abs/1805.11300)


 
Learn more in the “Seeing More of the Universe”  
playlist on YouTube.

EXPLORATION       

https://arxiv.org/abs/1805.11300
https://www.youtube.com/playlist?list=PLe8qD0CUmrrEgN2YdyprgzfXfDqyE8SZ0


zoom, February 5, 2021

Explore-Explain: glue-WWT-plot.ly

NYT, January 25, 2022



“Cartoon” “Real Data”

(Zucker et al. 2022, Nature)

[try the interactive figure] 

Explore-Explain: glue-WWT-plot.ly

https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure2.html


ARE COMPUTERS THE NEW TELESCOPES?


(GALILEO →) AUGMENTED REALITY



Galileo, 1610 Bialy et al., 2021

https://en.wikipedia.org/wiki/Sidereus_Nuncius


app.thecookbookapp.com

COMPUTERS & DATA SCIENCE AS THE NEW TELESCOPES FOR LEARNERS

https://app.thecookbookapp.com
https://science.nasa.gov/science-activation-team/astro-camp/cosmic-storytelling-with-nasa-data


https://science.nasa.gov/science-activation-team/astro-camp/cosmic-storytelling-with-nasa-data
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SIMULATIONS & LEARNED UNIVERSES



www.tng-project.org/media/

SIMULATIONS



fire.northwestern.edu/visualizations/

SIMULATIONS

OBSERVATIONS

THEORY SIMULATION



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

LEARNED UNIVERSES



VIRTUAL PLANET  
TOURISM BOOMING


GALAXIES COME SECOND 

The Next Universe
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ARTIFICIAL 
INTELLIGENCE BUILDS 

ITS OWN UNIVERSE

PHYSICISTS HAD 
GRAVITY “WRONG”

Opinion



The Next Universe

Nancy Grace Roman Telescope, “Late 2020s”

https://www.youtube.com/watch?v=VV_d_hCwyic


phys.org/news/2021-04-einstein-theory-gravity-shadows-collisions.html
www.ligo.caltech.edu/LA/page/ligo-sister-facilities

IS EINSTEIN’S THEORY 
OF GRAVITY ENOUGH?

http://phys.org/news/2021-04-einstein-theory-gravity-shadows-collisions.html
https://www.ligo.caltech.edu/LA/page/ligo-sister-facilities


JWST

Simons Observatory


CMB-S4

Euclid

Nancy Grace Roman Telescope


Vera C. Rubin Observatory

“These twin tensions—between expectation and 
observation, between the early and late universe—
may reflect some deep flaw in the Standard 
Model of cosmology, which encapsulates our 
knowledge and assumptions about the universe. 
Finding and fixing that flaw could transform our 
understanding of the cosmos."

www.scientificamerican.com/article/astronomers-gear-up-to-grapple-with-the-high-tension-cosmos/



Next in My Universe



demo: path-to.org

The Path to Newton

or

predictionx.org 

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


predictionx.org 

OBSERVATIONS

THEORY SIMULATION

http://PredictionX.org


Please do let me know if you’d like to write for this new                               spinoff!

path-to-foundation.org 

http://path-to-foundation.org
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Thanks.

seamlessastronomy.org


