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MEMPHIS, SUNDAY OCTOBER 23, 2022

WHAT DO EXPENSIVE
NEW TELESCOPES DO
FOR HUMANITY TODAY?

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

ARE COMPUTERS THE
NEW TELESCOPES?

New galaxies in-silico, the early Universe
“learned” without physics, and new

stars forming in your hand.

IS ASTROPHYSICS
BEING (RE)ORGANIZED?

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.

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


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

o G ASTRONOMY IN 1992 ASTRONOMY IN 2022 SO WHAT?
picovery  |he Universe is likely decelerating. The Universe is accelerating. Oh no, dark energy AND dark matter! Or MOND? lggll)il
| ] ] gravitational-wave detections (LIGO) give rise to true “multi- wide range of discoveries in studies of “compact” objects, where general relativity is best tested, Nobel
Disovery  gravity waves were theoretical R _ , .
messenger’ astrophysics observation of gravity waves 2017
N no planets known beyond the Solar System, Thousands of exoplanets, brilliant images of disks forming (exoplanetology+exoclimatology+ astrobiology)=humans can legitimately study the Origins of Life in Nobel
" circumstellar disks barely detected them the Universe 2019
| , black holes observed in the center of the Milky Way, and in significant tests of general relativity, all of which have been passed (no huge surprises—bad for Nobel
picovery  black holes were theoretical : Ny L .
other galaxies, using high-resolution time-resolved observations MOND) 2020
, MANY spectra at a time: focal-plane arrays, fiber-fed thousands or more spectra simultaneously, instead of 1 at a time give details on motion & composition
Technology  SPECLIOSCOPY ONeE spectrum at a time , , V¥
spectrographs, interferometers, IFUs of all components of the Universe
v UNIX, LatTeX on Suns, MacOS best for graphics Python on anything, many other languages, collaboration via  Astronomy=Data Science; HUGE wealth of new techniques enabling new discoveries (Bayesian
otelgmoks et statis cs, Machine Learning, more.
Technology  early supercomputers (CRAY) W | itllus s @ [ h-pe re atro @ 1 ird ast n s observations” and “theory
Technology  [RAS success, Hubble launched, mirror flawed numerous space missions, some HU multi-wavelghigth coverage, ultra-sharp, ultra eep images, w ndlconcern about atmospheric effects
Technology  infrared cameras with 4 MP were “amazing” JWST NIRCam camera has 122 million prxels MUCH hrgher resolution, over wider areas
Technology  software one-ofts, except for big projects b uzt L‘hﬁ s I d t l E:tro l
lides-w in
Technology  draftspeople draw graphs ! - lain Q:Dy taMis
reality
Technology  Exploratory Data Analysis: DataDesk Exploratory Data Analysis: glue Explore Explaln approach made possible by rich data interactions
Technology  glass plate archives, disks, tapes s togal SA ibjmbgrea
3D meant “position—position—velocrl ne, atc S yr e Q re :
d , t D 4D, 5D
Technology  except in Hubble flow or rare astrometric 3D means 3D: Ga#for stars, 3D Dust for ISM grll)p' cetEte 843 e fre 3D (sometimes even obor
measurements
- = about the past 30'years of Astronom y:
scientists qfir °
Tehnolgy  printed indices in journals used to search literature ADS launched 92, arxiv, 1991, ADS All-Sky Surve 12 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”
Technolgy  actual telescope observing, in real-time remote telescope observing, queue scheduling telescope access expanded, buz students less well-trained in mechanics of observing
Nawre 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 2
rndng funding proposal success 30-50% funding proposal success 5-15% much harder to secure funding; more time spent writing proposals
tunities for hands-on observing, fi ining “i lists” — high high
rnding  expensive telescope= tens of millions (until Hubble) expensive telescopes = billions fewer opportunitics o ands on observing, and for training “instrumentalists igher and higher
stakes for space-based missions
lass pl ' hi dtd
Tenology D00 P1AtE MCASUTING MACAES tsed 1o €0 astrometry.net (2012), Gaia 2018 “register” positions of astrophysical sources and images with ease

“astrometry”

Nature of Science

typical collaboration size ~5 people at most, collaboration size often >>10 people, often

. : . . difficulty in assigning “credit” to individuals
except large instrument projects international


http://astrometry.net

Timeline for
the medium

and large 3

Great Observatories Mission and Technology Maturation Program
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e Possible X-Ray Probe

Time domain/multi-messenger program

(alsornotithis, but the NAS decadal survey.is the

perfect “New Horizons"” source)
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nap.nationalacademies.org/resource/26141/interactive/
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Alyssa A. Goodman
@AlyssaAGoodman

Here's a 1-minute video showing--in the words of
visualization hero @EdwardTufte--the "compared to
what" factor for today's amazing @NASAWebb image.
Thanks to the @WW Telescope for making this
possible, and @ADavidWeigel. | only wish @NASA and
@POTUS had shown the image this way!

WEBB

SPACE TELESCOPE
.

Foreground opacity: ®

0:59 1.5M views Oshore W Tweet

Powered by AAS WoridWide Telescope (g AlA

&) A David Weigel @ADavidWeigel - Jul 11
Replying to @AlyssaAGoodman and @NASAWebb

And you can zoom on the first one (SMACS 0723) interactively here in
@WWTelescope: web.wwtassets.org/specials/2022/...
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SPACE TELESCOPE

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
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SPACE TELESCOPE
f the same galaxy, created us
Hubble’s Wide Field Camera 3 (WFC3) [link

taposed here with a beaut

image o

jux

This extravagantly detailed mid-infrared


https://esahubble.org/wordbank/optical-astronomy/
https://esahubble.org/about/general/instruments/wfc3/
https://esawebb.org/images/comparisons/potm2209a/
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The Radcliffe Wave IS 9000 Ilght years_ Iong and 400 Ilght years W|dew.,
with crest and trough reaching®500 light years out of the Galactic Plane:

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

~ -

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



DISTANCES!!
We can now

a4

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



. "The Radcliffe Wave”

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



HOW = 3D dust mapping*

+ Gaia*

+ glue*

+ WorldWide Telescope G

*2 million CPU hours, Harvard *800 million stars, ESA *NASA/JWST, NSF *Microsoft Research, NSF, AAS
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Are mega-projects like ALMA,
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New galaxies in-silico, the early Universe
without physics, and new stars forming
in your hand.
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Linking scientific data, publications, and communities
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* SEANESS = 3D dust mapping:

.................................................

+ Gaia*

+ glue*

+ WorldWide Telescope

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



Green et al. 2019

WARNING: schematic diagram, to scale (credit A. Goodman, 2019)
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TEN QUESTIONS TO ASK WHEN CREATING A VISUALIZATION

glue & the Webb Telescope @ a match made for the heavens!
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https://10qviz.org/glue-how-did-they-meet/

WHY DIDN'T WE FIND THE RADCLIFFE WAVE SOONER?
It's not apparent in 2D on the Sky. 3D is REQUIRED.
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of star-forming gas
is the “Local Arm”

of the Milky Way.
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Joao Alves, Catherine Zucker, Alyssa Goodman, Joshua Speagle, Stefan Meingast, Thomas

Robitaille, Douglas Finkbeiner, Edward F. Schlafly, and Gregory Green 2020, Nature (today)

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)



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

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?



Dimensions of Discovery

- »
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- DIMENSIONS OF DISCOVERY

A web page created by Alyssa Goodman to showcase the use of technology in research, education, and communication, of science and more.

What's happening "these days?" A sampler of ongoing and recent projects.

PredictionX

The best place to learn more

about the past, present, and

future of the future. Through
The Radcliffe Wave The Local Bubble dynamic online learning, Data + Climate
PredictionX uncovers the role A collaboration of researchers
of uncertainty in the world at Harvard and Google,

around us. making data discoverable and

A gigantic "wave" of dense gas A 1000-light-year-wide bubble

that forms the spine of the surrounding the Sun and Earth

Local Arm of the Milky Way. is apparently responsible for

(Alves et al. 2020, Nature) the formation of all nearby,
young stars. (Zucker et al.
2022, Nature)

available to researchers
seeking to uncover novel
solutions to climate and

S

tinyurl.com/dimensionsofdiscovery

When to use what technology?



http://tinyurl.com/dimensionsofdiscovery

- DIMENSIONS OF DISCOVERY

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




Explain

[t’s much harder to go the other way.



====And, the best roads are two-way.==== Exp lain



DAT 0000000
1001001
0000000

CODE, 0010000
COLLABORATION

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)

more in the “Seeing More of the Universe”
. on Youlube.

collaborative
software
development

architecture


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

Explore-Explain: glue-WWT-plot.ly

THE NEW YORK TIMES, TUESDAY, JANUARY 25, 20:

OUT THERE | DENNIS OVERBYE

Where Our Bubble Ends, Our Understanding Begins

By mapping a region devoid of
gas and dust, scientists learn
“more about star formation.

1Q7UST A BIT TOO LATE for New Year celebra-
tions, astronomers have discovered that
the Milky Way galaxy, our home, is, like
champagne, full of bubbles.

As it happens, our solar system is pa
ing through the center of one of these b

‘Ibles. Fourteen million years ago, according
to the astronomers, a firecracker chain of
Supernova explosions drove off all the gas
and dust from a region roughly 1,000 light-
Years wide, leaving it bereft of the material
needed to produce new generations of
stars.

As a result, all the baby stars in our
neighborhood can be found stuck on the
edges of this bubble. There, the staccato
force of a previous generation of exploding
stars has pushed gas clouds together into
forms dense enough to collapse under their
own ponderous if diffuse gravity and con-
dense enough to ignite, as baby stars. Our
sun, 4.5 billion years old, drifts through the
‘middle of this space in a coterie of aged
stars.

“This is really an origin story,” Catherine
Zucker said in a news release from the Har-
Vard-Smithsonian Center for Astrophysics.
“For the first time, we can explain how all
nearby star formation began.”

Dr. Zucker, now at the Space Telescope
Science Institute in Baltimore, led a team
that mapped what they call the Local Bub-
ble in remarkable detail. They used data

'from a number of sources, particularly

~Gaia, a European spacecraft, that has

“mapped and measured more than a billion
stars, to pinpoint the locations of gas and
dust clouds.

Last year, a group of scientists led by
Jodo Alves, an astrophysicist at the Univer-
sity of Vienna announced the discovery of
the Radcliffe Wave, an undulating string of

‘Hust and gas clouds 9,000 light-years long

that might be the spine of our local arm of

the galaxy. One section of the wave now ap-
ars to be part of our Local Bubble.

The same group of scientists published
their latest findings in Nature, along with
an elaborate animated map of the Local
Bubble and its highlights.

The results, the astronomers write, pro-
Vvide “robust observational support” for a
long-held theory that supernova explo-
sions are important in triggering star for-
mation, perhaps by jostling gas and dust
clouds into collapsing and starting on the
long road to thermonuclear luminosity.

Astronomers have long recognized the

“‘Loca] Bubble. What is new, said Alyssa
{300dman, a member of the team also from
the Harvard-Smithsonian Center for Astro-
.Ehysics, is the observation that all local

tar-forming regions lie on the Local Bub-

<y ge’s surface. Researchers previously
cked the tools to map gas and dust clouds

+In three dimensions. “Thanks to 3-D dust-

mapping, now we di r. Goodman said.
According to the team’s calculations, the

o)

| Bubble, which formed in
the Milky Way, left, when
supernova explosions drove off
all the gas and dust from a
1,000-light-year-wide region.

Local Bubble began 14 million years ago
with a massive supernova, the first of about
15; massive stars died and blew up. Their
blast waves cleared out the region. There
are now no stars younger than 14 million
years in the bubble, Dr. Goodman said.

The bubble continues to grow at about 4
miles a second. “Still, more supernovae are
expected to take place in the near future,
like Antares, a red supergiant star near the
edge of the bubble that could go any cen-
tury now,” Dr. Alves said. “So the Local
Bubble is not ‘done.’”

With a score of well-known star-forming
regions sitting on the surface of the bubble,
the next generation of stars is securely on
tap.

The team plans to go on and map more

in the our Milky Way flute of

ne. There must be more, Dr.

Goodman said, because it would be too

much of a coincidence for the sun to be
smack in the middle of the only one.

The sun’s presence in this one is none-
theless coincidental, Dr. Alves said. Our
star wandered into the region only five mil-
lion years ago — long after most of the ac-
tion — and will exit about five million years
from now -

The motions of the stars are more irregu-
lar than commonly portrayed, as they f"?
bumped gravitationally by other stars,
clouds and the like, Dr. Alves said.

“The sun is moving at a significantly dif-
ferent velocity than the average of the stars
and gas in the solar neighborhood,” he
noted. This would enable it to catch up and

_pass — or be passed by — the bubble.

was a revelation,” Dr. Goodman said,
how kookythe sun’s path really is com-
pared with a simple circle”
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Star formationnear the Sunisdrivenby
expansion of the Local Bubble
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Published online: 12 January 2022 For decades we have known that the Sun lies within the Local Bubble, a cavity of

low-density, high-temperature plasma surrounded by a shell of cold, neutral gas and
dust'>. However, the precise shape and extent of this shell**, the impetus and
timescale for its formation®’, and its relationship to nearby star formation® have
remained uncertain, largely due to low-resolution models of the local interstellar
medium. Here we report an analysis of the three-dimensional positions, shapes and
motions of dense gas and young stars within 200 pc of the Sun, using new spatial®™
and dynamical constraints®. We find that nearly all of the star-forming complexes in
the solar vicinity lie on the surface of the Local Bubble and that their young stars show
outward expansion mainly perpendicular to the bubble’s surface. Tracebacks of these
young stars’ motions support a picture in which the origin of the Local Bubble was a
burst of stellar birth and then death (supernovae) taking place near the bubble’s
centre beginning approximately 14 Myr ago. The expansion of the Local Bubble
created by the supernovae swept up the ambientinterstellar mediumintoan
extended shell that has now fragmented and collapsed into the most prominent
nearby molecular clouds, in turn providing robust observational support for the
theory of supernova-driven star formation.
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Fig.1|A3Dspatial view of the solar neighbourhood. For the best experience,
pleaseviewtheonline3D interactive version availablein Supplementary Fig. 1.
a,Atop-down projection of star-forming regions on the surface of the Local
Bubble, whose young stars show motion mainly perpendicular toits surface.
Thesurface of the Local Bubble® isshownin purple. The short squiggly
coloured lines (or ‘skeletons’) demarcate the 3D spatial morphology of dense
gasin prominent nearby molecular clouds". The 3D arrows indicate the
positions of young stellar clusters, with the apex of the arrow’s cone pointingin
the direction of stellar motion. Clusters are colour-coded by longitude, asin
Extended Data Tablel. The Sunis marked with ayellow cross. The enlargement
tothelowerrightshows aclose-up of Ophiuchus, Pipe, Lupus and Corona

[try the interactive figure]

400

Australisonthebubble’s surface, along with arrows illustrating the outward
motion of their youngstellar clusters. b, A3D view of therelationship between
the Local Bubble, prominent nearby star-forming regions and Galactic
structure. The Local Bubble and cloud skeletons are thesame asina. We also
overlay the morphology of the 3D dust (grey blobby shapes®) and the models
for two Galactic scale features—the Radcliffe Wave (red)* and the Split (blue)™.
The Per-Tau Superbubble®” (green sphere) is also overlaid. The interactive
version offers views from any direction (notjust top-down), provides floating
labels for star-forming regions and includes additional layers (some not shown
inthis snapshot), which can be toggled on/off.



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

ARE COMPUTERS THE NEW TELESCOPES?

(GALILEO —) AUGMENTED REALITY



S4DEBEREVS :
NVNCIVS Galileo, 1610
MAGNA, LONGEQVE ADMIRABILIA
Spectacula pandens , fufpiciendaque proponens

vnicuique, prafertim vero
PHILOSOPHIS, atg; ASTRONOMIS, que a

GALIEEO GALTILEO
PATRITIO FLORENTINO

Patauini Gymnafij Publico Mathematico

PERSPICILLI
Nuper 2 [eveperti beneficio [unt obfernatain IV N £ FACIE, FIXIS NG
NVMERIS, LACT EO CIRCVLIO, STELLIS NEBVLOSIS,
Apprime verd in
VATVOR PLANETIS
Circa IO VIS Stellam difparibus interuallis, atque periodis, celetis
tate mirabili circumuolutis 3 quos , neminiin hanc vique
diem cogpitos, nouillimé Author depra-
hendit primus; atque

MEDICEA SIDER A
NVNCVPANDOS DECREVIT.

=0 %

A

Taurus

VENETIIS, ApudThomam Baglionum. M D C X,

Superiornm Peimifju , & Printlegis .

M vinil .4

Perseus

=

\\
g o < i o ey
§ Vi .

b

White: n=5 cm-3 1so-surface
Color: n=25 cm-? 1so-surface

“side-on,” highlighting Taurus ring Orthogonal Slices through Per-Tau Shell center

xZ plane at y=635 pc .

xy planeat z= -84 p
v b

Figure 2. 3D views of the Per-Tau shell (for an interactive version® of this figure click here ”; see Figure 5 for more static visualizations). Plotted are density iso-
surfaces at levels n =5 cm ™ (gray) and n = 25 cm * (color), overlaid with our spherical-shell model, radius R, = 78 pc, distance from the Sun d = 218 pc. The
n=25cm " surfaces are colored by distance from the Sun (blue-to-red). Top-left panel: view from the Sun (compare with Figure 1). Top-right panel: a side view of
the region. Perseus and Taurus and their diffuse envelopes are arranged on two opposing sides of the Per-Tau shell. Bottom-left panel: another side view emphasizing
the Tau Ring. The ellipse is the Tau Ring model (Appendix B). Bottom-right panel: 2D density slices along the xy, xz, yz planes. All planes intersect at shell’s center.
In all panels xyz are the Heliocentric Cartesian Galactic Coordinates.

2. Tau Ring: in a sky projection the Tau Ring is seen almost 3. The Fictitious Connection: A filament seems to connect
edge-on. The near side of the Tau Ring connects with the Taurus to Perseus. This connection is only a coincidental
main body of Taurus at d =~ 150 pc, whereas the farthest projection effect, where in actuality the filament is located

v . 1 .
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1 Spectra & Velocities »

& COLLECT DATA

MY GALAXIES
O REFLECT

Rest Wavelength (A) Observed Wavelength Velocity (km/s)
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spec-2655-54184-0145 Mg-I 5172 6768 13037
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‘ Galaxy Distances Intro
spec-0270-51909-0481 H-a 6565 6617 3564
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spec-0273-51957-0622 H-a 6565 6666 8855
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SIMULATIONS FIRE: Feedback In Realistic Environments

Observed Starlight Molecular (CO) Galaxy Merger

OBSERVATIONS

X-Rays
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fire.northwestern.edu/visualizations/
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Opinion

Che Next Universe
MEMPHIS, SUNDAY OCTOBER 23, 2042
PHYSICISTS HAD ARTIFICIAL VIRTUAL PLANET
GRAVITY “WRONG” INTELLIGENCE BUILDS TOURISM BOOMING

ITS OWN UNIVERSE GALAXIES COME SECOND

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



Che Next Universe

Nancy Grace Roman Telescope, “Late 2020s”’


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

IS EINSTEIN’S THEORY
OF GRAVITY ENOUGH?

Z

KAGRA's Y-arm under construction. (KAGRA)

Japan is currently building a 3 km interferometer inside of the Kamioka mine (also home to the Super Kamiokande
neutrino detector). Being underground, the detector will be exposed to much less seismic vibration than surface
instruments like LIGO, Virgo and GEO600. KAGRA will also use cryogenic systems, meaning that the optics will be
cooled to such a degree that molecular vibrations within the material itself will be brought almost to a stop (the key

to detecting gravitational waves is to isolate the detector from any and all Earthly vibrations that might mimic or
mask a gravitational wave vibration; that includes vibrating molecules in mirrors and their coatings). Full-scale
operation of this observatory is expected to commence in 2020.

www.ligo.caltech.edu/LA/page/ligo-sister-facilities

Masses In the Stellar Graveyard
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Testing Einstein's theory of gravity from the
shadows and collisions of black holes

: 'Y LA
}000000000"”..
ce®

Artist's impression of binary black holes about to collide. Credit: Mark Myers, OzGrav-Swinburne Univer...

General relativity, Einstein's theory of gravity, is best tested at its most extreme —
close to the event horizon of a black hole. This regime is accessible through
observations of shadows of supermassive black holes and gravitational waves—
ripples in the fabric of our Universe from colliding stellar-mass black holes. For the
first time, scientists from the ARC Center of Excellence for Gravitational Wave
Discovery (OzGrav), the Event Horizon Telescope (EHT) and the LIGO Scientific
Collaboration, have outlined a consistent approach to exploring deviations from
Einstein's general theory of relativity in these two different observations. This
research, published in Physical Review D, confirms that Einstein's theory accurately
describes current observations of black holes, from the smallest to the largest.

JIVIRG

KAGRA Observatory _

phys.org/news/2021-04-einstein-theory-gravity-shadows-collisions.html
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Astronomers Gear Up to Grapp]e with the ngh_ The third generation is only now starting to take the stage with the
Tension Cosmos successful launch and deep-space deployment of Hubble's successor, the

A debate over conflicting measurements of key cosmological properties is set to shape the next decade of
astronomy and astrophysics

By Anil Ananthaswamy a future assemblage of 21 dishes and half a million cryogenically cooled

“These twin tensions—between expectation and Kocaibraier e Emermy
observation, between the early and late universe— O N kine  Duvsliwment el

may reflect some deep flaw in the Standard 37500078 Geleios, Ditnets: oto: -\
Model of cosmology, which encapsulates our _ L T A A e G % et w"" LB
knowledge and assumptions about the universe. netion ol BB - A Sale Fnl = |
Finding and fixing that flaw could transform our Y SanEea L e | s

el

understanding of the cosmos."
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JWST E U Cl I d ;tsnzﬁta;go million yrs.
Simons Observatory Nancy Grace Roman Telescope y Big Bang Expansion Y
CMB-54 Vera C. Rubin Observatory 13.77 billion years

because these are independent observatories,” says astrophysicist
Priyamvada Natarajan of Yale University. “Even if we have a systematic in

: : )
www.scientificamerican.com/article/astronomers-gear-up-to-grapple-with-the-high-tension-cosmos/ our framework, we should [be able to] figure it out.




The Local Milky Way, in 3D
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THE PATH-TO FOUNDATION

Making science more human.
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Making science more human.
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Science is so much more than equations and lab
coats. It requires human creativity, ingenuity,
argument, and persistence.

The Path-to Foundation's goal is to deepen
students, scientists', and the broader public's
appreciation of science by telling stories of its
history.
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MEMPHIS, SUNDAY OCTOBER 23, 2022

WHAT DO EXPENSIVE
NEW TELESCOPES DO
FOR HUMANITY TODAY?

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

ARE COMPUTERS THE
NEW TELESCOPES?

New galaxies in-silico, the early Universe
“learned” without physics, and new

stars forming in your hand.

IS ASTROPHYSICS
BEING (RE)ORGANIZED?

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.

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