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What is the true spatial and kinematic distribution of dense gas in the Milky Way,
and how does it relate to star formation, and galactic structure?
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but clouds in the inner Galaxy systematically have significantly (~30%) higher linewidths at a given size,
indicating that their linewidths are set in part by the Galactic environment. The mass functions of clouds in the
inner Galaxy versus the outer Galaxy are both qualitatively and quantitatively distinct. The inner Galaxy mass
spectrum is best described by a truncated power law with a power index of v =~ 1.6 = 0.1 and an upper
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non-truncating power law with 4 — - 2.2 0.1 and an upper mass of Mo — (1.5 = 0.5) x 10° M., indicating : bisined clo
that the inner Galaxy is able to form and host substantially more massive GMCs than the outer Galaxy. P{‘mﬁ‘xﬂ:ﬂ (,“;““;;“L(,.‘i‘,‘f,:’.“..‘.“‘“fh:“;ii.“j."ﬁi‘:
Additionally, we have simulated how the Milky Way would appear in CO from extragalactic perspectives, for e e ee]
comparison with CO maps of other galaxies. Vot Tand 1 which contas a lnge raction of he
from maser parallax measurements towards the same cl
clouds across our entire distance spectrum (150 pe-2.51
for future work.

£
#
g
2
=
Z
g
i

doi10.1093/maras/saa2702

close anslog ¢
increasing res.

Key words: G

mbined uncertainty on o .
the limitations of our sii

words: dust, extinctiol
pporting material: intete Kaustav K. Das,"* Catherine Zucker,”* Joshua S. Speagle ®,2 Alyssa Goodman,>* Gregory M. Green*
and Jodo Alves 735
‘D:pmmmr of Physics, Indian Institute of Technology, Kanpur 208016, Uttar Pradesh, India
ConerforAsrphys st & oo, Garler e, Gl 14 0215, USA

Univeri, 10 Garden Stee, Cambridge, MA 02135, USA
‘vnu Planck Insttute, jl»r;\vlmnmn Konigaah 17, 169117 Heidlbery, Gemany
e

Article
Star formation near the Sunisdr
expansion of the Local Bubble

- -

venby

Article
A Galactic-scalegaswaveinthesolar

Key words: Galaxy: general — ISM: clouds — ISM: molecules Accepted 2020 Sepimber 2. i

Supporting material: machine-readable table

i Aly A. Goodman', Joi 2 /', Michael Foley', H
Joshua S, Speagle®”,  Douglas P. Fnkbeiner', X Key words. local insterstellar matter — solar neighborh A BSTRACT ghb h d
- wmer - neighbourhoo
Acceptec November 2021 e Nor ‘olar Spur
o - several predictions have |
constraints. Tn this papet
T AstRomvSIoAL Joun, Lirrws, 919:L5 (1290), 2021 September 20 ups/ o org/10.3847 20418213 /a1 195 I

dust>. However, t h and Gaia Data Release 2

20 June 2019

timescale forits fo =7 unknown distances, whif T — Gregory M. Green’
remained uncertal . . . ; Accopted: 24 October 201
remaineduncersl The Per-Tau Shell: A Giant Star-forming Spherical Shell Revealed by 3D Dust fxomoue 3D dust modely

measures. We find that w | Published online: 7 January 2020

‘motions of dense Observations latitudes >26° and withi . gstars,

and dynamical cor ” £/10.3847/153% - it d

e ol Shmuel Bialy' @, Catherine Z“C 10, Alyssa G 126, Michael M. Foley!, Jodo Alves“, Vadip T Aomven Joumas, 9155 Gépn 2021 Sepenter 20 Siorg/10.3647/1538-4357/ac1196 Galactic Centre or the Fe ddy H the physical
ho ker oodman 9701, T Ak A S, Al e association.

nemmm‘ Reimar Leike™, and Torsten Enlin’™
! Center for Astophysics i & S 60 Gorde vt Comritge, M. (BOR, USA; iy e
? Radgliff Insitute S b Sudy Haard Uiy, 10 Gudn S, Cabies, MA G213 U5

outward expansio
youngstars motic

Targer than, their

Key words: methods: 5| ne
| sizes’

On the Three-dimensional Structure . —e ——eemrs“Clouds

burstofstellar birt University of Vienna, Department of Astof cn, Austia
centre beginning: Dt of Physie. Uity of Wi Vs, 300 o M St W W1 190, Catherne Zucker! 0, Alyssa Goodman' ©, Jojo Alves™ Sty iy, Erie . Koch'0, Joshua S. §
createdbythesup My, Plack It Lt Asuphysis, K Sthwlnu.)uldalnlS:DlXin Garching, Germany Michacl M. Foey' ®, Douglas Fiskbeioee @, Reirar Lot ’IS Ealin™. Joshua B G. Peck"

ians-Univensitit, Geschwiser-Scholl unich, German

extendedshelltha Racined 3055 Apei 30 oo 3031 1t s wered 3091 i 13- pebished 3051 Seremper 22

" Conerfor Astugpysics, Harvad & Smithsoian, 60 Garden e,

nearby moleculary i e & S i, e 138, Ui caeins ik Thestructure
theory of superno Abstract ety of e Degmen o Wy, 18 CCIS. Eimonon, A8 750 zm,mxm
nent of Sl Seicnces iy of Torno, an

. Remarkably, thisstruct
Davig A Dunl Deputnent o Asrnomy & Asopbyscs, Uiy of oo, Tor

A major queston inthe e o iarformatonis how molecularclouds form ut ofthe difue ners e T Rt S L T S e G .
(ISM). Recent advances in 3D dust mapping are revolutionizing our view of the structure of the IS

highest-resolution 3D dust map to date, we explore the structure of a nearby star-forming region, W Vn:m Mmm u".v‘m.ﬁ,,_o?ﬁm,rmy‘: m:,k ‘u?lx.f’,iff 5}?:”1.”2.3“'1',:1

the well-known Perseus and Taurus molecular clouds. We reveal an extended near-spherical she 0 e of g & A Jots HopLs Uty Buir, D 21315, USA
diameter (hereafter called the “Per-Tau Shell”), in which the Perseus and Taurus clouds are embed Recied 51 Pty 1, esed 2021 A3 accid 3021 bt 1 pusised 2031 Spiember 22

find a large ring structure at the location of Taurus (hereafter called the “Tau Ring”). We discust

scenario for the Per-Tau Shell, in which previous stellar and superova feedback events formed a lar Abstract
shell, where the swept-up ISM has condensed to form both the shell and the Perseus and Taurus mol We leverago the | e wmm esoluion o\[ the Leike ot al. three- (hm:nsnmml (JD\ dust map 0 characterize the 3D

estimate the Per-Tau Shell’s age o be <622 Mys. The Per-Tau shell offrs the first 3D observatio
phenomenon long-hypothesized theoretically, molecular cloud formation and star formation triggeres
stellar and supernova feedback.

Lhified Astronomy Thesaurus concepts: Interstellar medium (847); Molecular clouds (1072); Solar 1
(1.09); Stellar feedback (1602); Superbubbles (1656); Astronomy data visualization (1968)
Susporting material: interactive figure

Forcaehclou, " average radial its 3D spinc and ft the profiles using
G i P e The i vome densiy profiles ae well descrbed by a two-component
Gaussian Tunction, consistent with clouds having broad, lower-density outer envelopes and narrow, huh:nl:njny
inner layers. The fatio of the outer o inner envelope widths is ~3:1. We hypothesize that these (wo cor

ing a anhion between slomic nd dife melecuir 54 o e the unstabe and cold sl
mediu. Pl ke mols an lso provide & g0 f, wlh mokeclar elouds exhibing sballow powerlaw
wings with density, n, falling off like n~ at large radii. Using Bayesian model sclection, we find that
parameterizing the clouds’ profiles using a single Gaussian is disfavored. We compare our results with two-
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The New Milky Way, in 3D, 4D & 6D

P-p-p
S
0"'0
0'3‘:'35‘0
p-p-v
pP-p-v pP-p-p-v pP-p-p-v-v-v
/ AN
— || 0|0
[
A
2014 2015 2018 2021 2022
Bones Skeleton || Perseus PerTau LB




& Spectral-line mapping

true 3D with velocities: 6D p-p-v space: “3D"

y y

“p-p-v” Or

v, only from “position-

“spectral-line position-velocity”
maps”’ space




“p-p-v”= position-position-velocity data p-p-p = true 3D space data
“kinematic distance” only true distance

Herschel, 1781
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Not useful for individual molecular cloud structures
(in the same way that the Hubble Flow doesn’t work on small scales).
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The New Milky Way, in 3D, 4D & 6D
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Nessie is a “Bone” of the Milky Way
==

160+ pc long, < 1 pc wide — aspect ratio > 300:1 o

appears to lie in “exact” galactic plane o

VZ4 177

p-p-v

colored dots show spectral
line measurements’
agreement with velocities
predicted by Galactic rotation;

velocity-colored lines show
+20 pc from
true Galactic plane

Discovery of Nessie IRDC: Jackson et al. 2010; extension & characterization as “Bone” in Milky Way's plane: Goodman et al. 2014
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A simulated “skeleton”

highly resolved section of a simulated Milky Way disk
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Simulation: Smith et al. 2014; filament characterization Zucker, Smith & Goodman 2019.
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Observations show a far greater variety of filaments...
(not all super-skinny, highly-elongated, “Bones”)

’g Actual Observations (Herschel-based) “Sun-Like” Synthetic Observations
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Simulation: Smith et al. 2014; filament characterization Zucker, Smith & Goodman 2019.
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Movie shows COMPLETE CO p-p-v map of Perseus
from Ridge et al. 2006;
Knitting to 3D dust & graphic from Zucker et al. 2018
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How does 3D Dust Mapping work, and why is Gaia so helpful?



Green et al. 2019—thanks Doug, all!

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

WARNING: schematic diagram, 1o scale (credit A. Goodman, 2019)
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*thanks Doug, Greg, Eddie, Josh, Catherine...

Zucker et al. 2019




What can be learned from good 3D dust maps + spectral-line gas maps?
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(includes cartoon Milky Way by Robert Hurt)
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ACTUALLY 2 IMPORTANT DEVELOPMENTS

We can now Surprising

to gas clouds in our of star-forming gas
own Milky Way is the “Local Arm”
galaxy to ~5% of the Milky Way.
accuracy.



We can now

to gas clouds inour
own Milky Way
galaxy to ~5%
accuracy:

SCHEMATIC CARTOON(!)

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




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




Surprising

of star-forming gas
is the "Local Arm”

of the Milky Way.
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The Radcliffe Wave
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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)
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3D Scatter
@ Possible Wave Models

@ Best Fit Wave Model
@ co Gas (Local)
@ Gould's Belt (Perrot & Grenier 2003)
@ Green 2019 3D Dust
@ Local Am Fit (Reid+2016)
. Major Cloud Catalog
@ Maser Catalog (Reid+2014,2016)
@ sagittarius Arm Fit (Reid+2016)
@ Tenuous Connections
Sun
Subsets
-

3D Volume Rendering

Plot Layers - 3D Volume Rendering

PixelAxis 0 (2]

2.
%

[l RadWave (Sun) El) PW, 000

[l Local Arm Masers (Sun) xe/ Axis 5 [2000

M sagittarius Arm Masers (Sun) X1
sun

3D Volume Rendering
B RadWave (Major Cloud Catalog)

[l Tenuous Connections Ev @ || ¢ o oE ;@

WorldWideTelescope

Attribute:  PRIMARY

Limits: 1

Plot Options - 3D Volume Rendering
x axis Pixel Axis 2 [x]
min/max:  38.2241 2| 1160.78

stretch:

y axis Pixel Axis 1 [y]

min/max: 38.2241 2  1160.78
stretch:

zaxis Pixel Axis 0 [2]

min/max: 5.95402 2  193.046
stretch:

reference: Green 2019 3D Dust

resolution: | 256 | : Screenshot
d _am—

: worldwidetelescope.org : glueviz.org




@ Gould's Belt (Perrot & Grenier 2003)
@ Green 2019 3D Dust
@ Local Arm Fit (Reid+2016)
@ Major Cloud Catalog
@ Maser Catalog (Reid+2014,2016)
@ sagittarius Arm Fit (Reid+2016)
@ Tenuous Connections
Sun
Subsets
@ sagittarius Arm Masers
@ Local Arm Masers
@ Radwave .

Plot Layers - WorldWideTelescope (WWT)
v [l Radwave (Major Cloud Catalog)
M Local Arm Masers (Major Cloud Catalog)
B sagittarius Arm Masers (Major Cloud Catalog
v [l Major Cloud Catalog

Size  Color

(]

Center view on layer

Plot Options - WorldWideTelescope (WWT)

Mode: | Sky
Frame: | Galactic
Longitude
Latitude | b
Foreground: | Black Sky Background
Opacity: -
Background: | Hydrogen Alpha Full Sky Map

| Galactic Plane mode

WorldWideTelescope (WWT)

: worldwidetelescope.org

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

: glueviz.org
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WHY DIDN'T WE FIND THE RADCLIFFE WAVE SOONER?

Gaia

3D Dust

glue

WWT
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2000 2005 2010 2015 Today




Milky Way Structure as we “know" it.

halo




2014: How many more Nessie-like Bones?
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A comparison of measurements of the thickness of the molecular gas layer (top) and its midplane displacement
(bottom) as functions of Galactic radius. References in the legend are abbreviated to the first author and year.



What is the ORIGIN of the Radcliffe Wave? Collision? Feedback? Other??

\ Gus Beane's & Sarah Jeffreson’s synthetic Milky Ways;
Alan Tu’'s & Ralf Kenietzka’siestimates of wave motion: “The Radcliffe Wave at Radcliffe,”
coming in 2022;including An@lBurkert, Joao Alves, Catherine Zucker & several others

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

Eric Koch's ARMA proposal; Beane, Jeffreson simulations

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

Good question! First maybe we should make some waves in simulations?...
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"The Global Dynamical Atlas of the Milky Way mergers: Constraints from Gaia EDR3 based orbits of globular clusters, stellar streams and satellite galaxies”, Khyati Malhan et al., Astrophysical Journal 926, 2 (2022)

DOI: 10.3847/1538-4357/ac4d2a
arXiv: https://arxiv.org/abs/2202.07660 of work of Naidu Conroy et al. at the CfA
MPIA press release: https://www.mpia.de/5830900/news_publ... ! !

Credlits: S. Payne-Wardenaar / K. Malhan, MPIA




Impatient to know about the cat photo?
First, we need to improve distance resolution.
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2019 to 2021: from distances to shapes

< 750pC——— < 100 pc——

/

’ 4
Zucker et al. 2020; Zucker & Speagle et al. . . Zucker et al. 2021;
2019; Alves et al. 2020; Green et al. Leike, Glatzle, & Enf3lin 2020 Leike, Glatzle, & EnBBlin 2020
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These are actual “p-p-p,” pc-scale resolution, 3D maps of molecular clouds.
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s &
appear to touch in our
2D view.of the Sky




But, in real space,

&
lie on opposite sides of a
~spherical cavity.

Bialy et al. 2021
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THE ASTROPHYSICAL JOURNAL LETTERS, 919:L5 (12pp), 2021 September 20 Bialy et al.

ﬁW ’ “side-on” view of Per-Tau Shell, Sun at left

Taurus 3

e: n=5 cm3 iso-surface
Color: n=25 cm- iso-surface

“side-on,” highlighting Taurus ring

-

Figure 2. 3D views of the Per-Tau shell (for an interactive version® of this figure click here °; s
surfaces at lev cm ™ (gray) and n = 25 em ™ (color), overlaid with our spherical-shell model, radius R, = 78 pe, distan .
n =25 cm ™ surfaces are colored by distance from the Sun (blue-to-red). Top-left panel: view from the Sun (compare with Figure 1). Top-ri i F Opacity
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
¢ is the Tau Ring model (Appendix B). Bottom-right panel: 2D density slices along the x z plancs. All plans intersect at shell’s center.
Heliocentric Cartesian Galactic Coordinates.

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

part extends to d ~ 220 pc. at the distance of Taurus, and does not physically connect B Ia ly et al 2021
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What’s even better than a cat photo?
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How about interactive 6D figures showing how stars form all around us?
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THENEW YORK TIMES, TUESDAY, JANUARY 25 2022

OUT THERE | DENNIS OVERBYE

Where Our Bubble Ends, Our Understanding Begins

By mapping a egion devoid of
gas and dust, sientists learn
more about star formation.
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A 1,000-light-year wide bubble surrounding
Earth is the source of all nearby, young stars.

Nature paper by
Catherine Zucker' ¢, Alyssa Goodman' Jogo Alves?,
Shmuel Bialy'3 Michael Foley', Joshua Speagle,

presented by Catherine Zucker
Hubble Fellow, Space Telescope Science Institute
Research Associate, Center for Astrophysics | Harvard & Smithsonian

SABRILWLLE ASTROPHYSICS ®5T&1|smcmmscopz T arvard-& Smithsonian; (2) Univ. Of Vie
SCIENCE INSTITUTE ; ; ,

HARVARD & SMITHSONIAN (D) Univers of Mai ‘ na, | UNIVETrsS of Toronto

Josefa Grossschedl’, Douglas Finkbeiner?,
Andreas Burkert® , Diana Khimey' & Cameren Swiggum?’
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Image credits: Cartoon: Leah Hustak; disk: ALMA (ESO/NAOJ/NRAQO) ; ' nebula: Giuseppe Donatiello







We can reconstruct the evolutionary history of our Galactic neighborhood.




We can reconstruct the evolutionary history of our Galactic neighborhood.

A chain of events beginning 14
million years ago with powerful
supernova explosions created a
gigantic bubble with a surface ripe
for star formation

MILLION YEARS AGO




"Cartoon”

LOCAL BUBBLE

MILLION YEARS AGO

"Real Data"”

(Zucker et al. 2022, Nature)
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The Local Bubble from the outside in and the inside out




The Local Bubble from the outside in and the inside out
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How did the Sun wind up in the bubble? (by accident)

The Sun was
over 1,000 light
years away
when the
bubble first

started forming.

MILLION YEARS AGO




How did the Sun wind up in the bubble? (by accident)

The Sun entered the

bubble 5 million

years ago and now

sits near the

bubble’s center. w 13

MILLION YEARS AGO




How did the Sun wind up in the bubble? (by accident)

What does the Sun’s time in- \The timeline is consistent

the bubble mean for h? " with supernova iron
deposits’2 in the Earth’s

crust!

[1] Wallner et al. 2016
[2] Breitschwerdt et al. 2016

PRESENT
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MILLION YEARS AGO The TIMELINE
_CONSORTIUM.




So What?

In the present day, almost every single nearby, young star lies
on the surface of the Local Bubble

\ We can nongplain h@yalf(‘»earby star formation began
Supernovae can “sweep up’ gas into dense clouds that
ultimately form new stars (evidence for 50-year-old theory)

Sun’s “luck” (centered in bubble) suggests that bubbles must
be pervasive acrossthe Galaxy, implying “bubbly” Milky Way




1977: C. McKee & J. Ostriker’s 2017: C.-G. Kim & E. Ostriker’s
Multiphase ISM Multiphase ISM’s evolution over 44 Myr
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Figure 8. Time evolution of the ISM and young star in the solar neighborhood model, shown at intervals of At = 0.05fn, ~ 11 Myr, from

FiG. 3.—Large-scale structure of the interstellar medium. The scale here is 20 times greater than in Fig. 1: the region is 600 x t = 1.8t = 395 Myr tot = 2fo, = 439 Myr. Top row: gas surface density X projected onto the XY (£-) plane. Middle row: paired vertical slices (through y = 0)

800 pc. Only SNRs with R < R. = 180 pc and clouds with a, > 7 pc are shown. Altogether about 9000 clouds, most with a,, ~ of number density ny (left) and gas temperature T (right). Bottom row: paired midplane slices (through z = 0) of ny (left) and T (right). In all panels, colored circles

2.1 pc, would occur in a region this size. denote locations of all sink and star particles younger than 40 Myr (see the colorbar) projected onto each plane. The symbol size of sink/star particles denotes their
mass (see legend). Runaway OB stars are shown as black dots only in the temperature panels for visual clarity.



And what (MAYBE!) caused
the prior star formation
that caused the Sue that
caused the Local Bubble?

eeeeeeeeeeeeee

Traceback Time:Present

Click to see what MIGHT have happened...




Next?

/ ppppp f%'
/ PSEHE:U X X
How do we SEARCH Bt
for other bubbles? O’””B,‘_}A OOOOO .
How do these bubbles

INTERACT with each other?

Interactive

What do bubbles have to do

/\\ with SPIRAL structure?

Anything?

Can observations
now measure
supernova
feedback’s effect on
galaxy EVOLUTION?




Next?
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Foley et al. 2022:
A new 6D view of Barnard'’s Loop (& Orion)




Can we see these short term, “small”’-scale, phenomena beyond the Milky Way?

PHANGS-MUSE, with ALMA, VLT; (cf PHANGS HST)
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Zooming in on

with JWST—
public data coming soon...

Webb Telescope

Jan 19, 2022

Capturing All That Glitters in Galaxies With NASA’s

Webb

An international research team will survey the stars, star clusters, and dust that lie within 19

nearby galaxies.

Spirals are some of the most captivating shapes in the universe. They appear in intricate seashells, carefully constructed spider webs, and even in the curls of
ocean waves. Spirals on cosmic scales — as seen in galaxies — are even more arresting, not only for their beauty, but also for the overwhelming amount of
information they contain. How do stars and star clusters form? Until recently, a complete answer used to lie out of reach, blocked by gas and dust. Within the
first year of operations, NASA’'s James Webb Space Telescope will help researchers complete a more detailed sketch of the stellar life cycle with high-

resolution infrared-light images of 19 galaxies.

The telescope will also provide a few key “puzzle pieces” that were missing until now. “JWST touches
on so many different phases of the stellar life cycle — all in tremendous resolution,” said Janice Lee,
Gemini Observatory chief scientist at the National Science Foundation’s NOIRLab in Tucson, Arizona.
“Webb will reveal star formation at its very earliest stages, right when gas collapses to form stars and
heats up the surrounding dust.”

Lee is joined by David Thilker of the Johns Hopkins University in Baltimore, Maryland, Kathryn Kreckel
of Heidelberg University in Germany, and 40 additional members of the multi-wavelength survey
program known as PHANGS (Physics at High Angular resolution in Nearby GalaxieS). Their mission?
Not only to unravel the mysteries of star formation with Webb’s high-resolution infrared images, but
also to share the datasets with the entire astronomical community to accelerate discovery.

The Rhythms of Star Formation

PHANGS is novel, in part, because it brought together more than 100 international experts to study
star formation from beginning to end. They are targeting galaxies that can be seen face-on from Earth
and that are, on average, 50 million light-years away. The large collaboration began with microwave
light images of 90 galaxies from the Atacama Large Millimeter/submillimeter Array (ALMA) in Chile.
Astronomers use this data to produce molecular gas maps to study the raw materials for star
formation. Once the Very Large Telescope’s Multi Unit Spectroscopic Explorer (MUSE) instrument,
also in Chile, came online, they obtained data known as spectra to study later phases of star
formation of 19 galaxies, particularly after star clusters have cleared nearby gas and dust. The space-
based Hubble Space Telescope has provided visible and ultraviolet light observations of 38 galaxies
to add high-resolution images of individual stars and star clusters.

The missing elements, which Webb will fill in, are largely in areas of the galaxies that are obscured by
dust - regions where stars are actively beginning to form. “We’re going to clearly see star clusters in

the hearts of these dense molecular clouds that before we only had indirect evidence of,” Thilker said.

“Webb gives us a way to look inside these ‘star factories’ to see the freshly assembled star clusters
and measure their properties before they evolve.”

This image of spiral galaxy NGC 3351 combines observations
from several observatories to reveal details about its stars and
gas. Radio observations from the Atacama Large
Millimeter/submillimeter Array (ALMA) show dense molecular gas
in magenta. The Very Large Telescope’s Multi Unit Spectroscopic
Explorer (MUSE) instrument highlights where young massive
stars illuminate their surroundings, set off in red. The Hubble
Space Telescope’s images highlight dust lanes in white and
newly formed stars in blue. High-resolution infrared images from
the Webb Space Telescope will help researchers identify where
stars are forming behind dust and study the earliest stages of
star formation in this galaxy.

Credits: Science: NASA, ESA, ESO-Chile, ALMA, NAOJ,
NRAO; image pi Joseph D q (STScl)




(Some of) what's next for the “New Milky Way” at Harvard/CfA/Radcliffe, and who to talk with to learn more...

—— Model A
—— Model B

20

Ralf Konietzka: Are the Radcliffe
Wave & the Split moving with

15

respect to each other, and/or
Galactic rotation? (2022)

Velocity [km/s]

2022 REVU: The Magnetic Field of the -
Local Bubble, in 3D (with Jesse Han) Xlpcl

Gus Beane: A Realistic  Michael Foley:

Milky Way in AREPO Barnard’s Loop in 3D, and
A R e e N NI e Eric Koch : A 10-pc-scale—resolution follow up to PHANGS

N ? (2022 proposal to ALMA)

eXt ° Alan Tu: Is the Radcliffe Wave Oscillating? (2022)

Sarah Jeffreson & Maya Skarbinski:

N Harvard Goodman/Alves/Zucker: Role of mergers in determining cloud properties, in simulations (2022)

\ Rddflliﬁ:e “The Radcliffe Wave at Radcliffe”
Institute (an Accelerator Workshop in 2022)

Shlomo Cahlon: 2-D vs. 3-D in Mass-Size Relations (2022)

Patricia Udomprasert:
Cosmic “Data Stories” using the Radcliffe Wave data to teach
data science to high-school/college students CosmicDS

Apologies for not listing the MANY collaborators on each of these projects also here today—please introduce yourselves...



The New Milky Way, iIn 3D

Alyssa A. Goodman
Center for Astrophysics | Harvard & Smithsonian

with many thanks to:
Jodo Alves, John Bally, Cara Battersby, Gus Beane, Chris Beaumont, Bob Benjamin, Ted Bergin, Shmuel Bialy, Michelle Borkin, Andi

Burkert, Shlomo Cahlon, Jon Carifio, Kaustav Das, Tom Dame, Elena D’Onghia, Gordian Edenhofer, Torsten Enflin, Jonathan Fay,
Douglas Finkbeiner, John Forbes, Michael Foley, Greg Green, Josefa GroPsched|, Mike Grudié, James Jackson, Sarah Jeffreson, Jens
Kauffmann, Diana Khimey, Ralf Konietzka, Eric Koch, Charles Lada, Reimar Leike, Stefan Meingast, Josh Peek, Stephen Portillo, Mark
Reid, Tom Rice, Tom Robitaille, Eddie Schlafly, Vadim Semenov, Maya Skarbinski, Rowan Smith, Juan Soler, Josh Speagle, Alan Tu,
Cameren Swiggum, Patricia Udomprasert, Peter Williams, Curtis Wong & Catherine Zucker!

Harvard
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