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The Spitzer Infrared Nearby Galaxies Survey (SINGS) Hubble Tuning-Fork

The Spitzer Space Telescope observed 75 galaxies as part of its SINGS
(Spitzer Infrared Nearby Galaxies Survey) Legacy Program. The
galaxies are presented here in a Hubble Tuning-Fork diagram, which
groups galaxies according to the morphology of their nuclei and spiral
arms. The designation of these galaxies and their placement in the
diagram is based on their visible-light appearance. The main goal of the
SINGS program is to characterize the infrared properties of a wide range
of galaxy types. The images of the galaxies are composites created
from data taken by IRAC (the Infrared Array Camera) at 3.6 and 8.0 um,
and MIPS (the Multiband Imaging Photometer for Spitzer) at 24 um.

The infrared range probed by these and other observations
taken for the SINGS project allows for the detailed study of
star formation, dust emission, and the distribution of stars in
each galaxy. Light from old stars appears as blue in the

images, while the lumpy knots of green and red light are ,’ Shab
produced by dust clouds surrounding newly born stars. The N A
elliptical galaxies on the left are almost entirely made of old 7 ’
stars, while spiral galaxies like our own Milky Way are rich in , ; 5
young stars and the raw materials for future star formation. e Shap ] ;
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Poster and composite images created from
SINGS observations by Karl D. Gordon (Oct 2007)

Blue=IRAC 3.6um (stars)
Green=IRAC 8um

(aromatic features from dust grains/molecules)

SINGS Team

Robert Kennicutt, Jr. (Principle Investigator), Daniela Calzetti (Deputy Principle Investigator), Charles
Engelbracht (Technical Contact), Lee Armus, George Bendo, Caroline Bot, Brent Buckalew, John
Cannon, Daniel Dale, Bruce Draine, Karl Gordon, Albert Grauer, David Hollenbach, Tom Jarrett, Lisa
Kewley, Claus Leitherer, Aigen Li, Sangeeta Malhotra, Martin Meyer, John Moustakas, Eric Murphy,
Michael Regan, George Rieke, Marcia Rieke, Helene Roussel, Kartik Sheth, J.D. Smith, Michele
Thornley, Fabian Walter & George Helou
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Terrestrial zone planet formation: 1AU @ 140pc

< B ~40 kpc . ‘; E >
40 kpc is 0.02 " 2, S 2) 1 Bc is 1.8 mas
e B :

ngVLA could resolve the 1 p'c-sc':a‘lg structure of molecular clouds in UGC 12158
and easily see 10-pc-scale vertical structure in edge-on di$ks..._

UGC 12158 (Mark Reid’s favorite Milky Way analog)
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“Knitting”
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“Data”= 3D cubes, 2D images, 1D catalogs, from...

Spectral Line Observations
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reconstruction
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“Theory” questions re: magnetic fields, feedback, collisions, oscillations, dark matter...




“Knitting” Together the Milky Way +X-RAY
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(Zucker et al.
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(Green et al. 2019)

Solar
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2020) .« Milky Way 3D
.sualization Dashboard,
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New “Local Arm” Trace
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Try tinyurl.com/milkywayknitting to examine and explore these knitting instructions on your own.
(flow chart from 2020 NASA ADAP proposal by Zucker, Finkbeiner, Goodman, et al.)


http://tinyurl.com/milkywayknitting
http://tinyurl.com/milkywayknitting

“Knitting” Together the Milky Way

Distance-Velocity
knitting demo

Zenodo
(Zucker et al. ertus 3D map of R(V)
2018) . 2MASS Halo star catalog
% — Pan-STARRST (Speagle et al. catalog of stellar types
, 2020) (FeH, Teff, etc.)
3D Bayestar Gaia
DieEep WISE SDicataloniofZ MAST Data Archive
(Green et al. 2019) billion stars
GLIMPSE
Solar / DECaPS 3D dust map Ritaverss

Neighborhood optimized for \

Cloud Catalog Galactic Plane \\

(Zucker et al.

2020) = " 4D Milky Way
clstmaps™ query tool Cloud Catalog (3D position-1D velocity)
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Radcliffe Wave Lot

New “Local Arm" Trace
(Alves et al. 2020)

within 6 kpc
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fg () glue
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Online Milky Way 3D
Visualization Dashboard

using glue, WWT &

JupyterLab @

Fa
(% )

Try tinyurl.com/milkywayknitting to examine and explore these knitting instructions on your own

(flow chart from 2020 NASA ADAP proposal by Zucker, Finkbeiner, Goodman, et al.)


http://tinyurl.com/milkywayknitting
http://tinyurl.com/milkywayknitting
http://tinyurl.com/milkywayknitting
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n by Dr. Robert Hurt, in collaboration with
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“lts 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)



ACTUALLY 2 IMPORTANT DEVELOPMENTS

We can now Surprising

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

accuracy. the Milky Way.


https://iopscience.iop.org/article/10.3847/1538-4357/ab2388
https://iopscience.iop.org/article/10.3847/1538-4357/ab2388

We can now o
requires 2o, |
special  § T
to gas | RECEUSELEE- I
clouds in our (HIl regions 3 +
. with £ :
own Milky Way masers) +
galaxy to ~5% |
aCCUra Cy % 500 1000 1500 2000 2500 3000

Dust Distances (pc)

can be used anywhere
there’s dust & measurable
stellar properties

Zucker et al. 2019




SCHEMATIC CARTOON(!)

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



* "The Radcliffe Wave”

SCHEMATIC CARTOON(!)

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



HOW= 3D dust mapping*

+ Gaia*

+ glue*

+ WorldWide Telescope 6

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



WARNING: schematic diagram,

Green et al. 2019

to scale (credit A. Goodman, 2019)



. Possible Wave Models 3D Scatter rmemeneen
. Best Fit Wave Model

@ co Gas (Local)

‘ 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

3D Volume Rendering

S C,) I u

Sun

Subsets
MDD e aa

Plot Layers - 3D Volume Rendering
B Radwave (Sun) -3pp A ™
. Local Arm Masers (Sun) e 7 /Xe/AX/S 2 [2000 |
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Sun

B Radwave (Major Cloud Catalog)

3D Volume Rendering
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WorldWideTelescope

Attribute:  PRIMARY

Limits:

Plot Options - 3D Volume Rendering

X axis Pixel Axis 2 [x] d
min/max: 38.2241 2 1160.78

stretch:

y axis Pixel Axis 1 [y] d
min/max: 38.2241 2 | 1160.78

stretch:

z axis Pixel Axis 0 [z] ﬁ
min/max: 5.95402 2  193.046
stretch:

reference: Green 2019 3D Dust d

resolution: 256 d ! = ’- Ra y Screenshot

: worldwidetelescope.org : glueviz.org


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

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

Open Session Export Session Import Data Export Data/Subsets @) LinkData  x* Arithmetic attributes Active Subset: None/Create New C  (the next selection will create a subset) E: Terminal ¥ Preferences  Error Console

Data Collection Tab 1

. Gould's Belt (Perrot & Grenier 2003) WorldWideTelescope (WWT!
@ 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)

. Local Arm Masers (Major Cloud Catalog)

. Sagittarius Arm Masers (Major Cloud Catalog
v Major Cloud Catalog

Size Color

Center view on layer

Plot Options - WorldWideTelescope (WWT)
Mode: Sky
Frame:  Galactic

Longitude |

<> OO

Latitude b

Foreground: Black Sky Background

<>

Opacity:
Background: Hydrogen Alpha Full Sky Map

v | Galactic Plane mode

: worldwidetelescope.org : glueviz.org


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

WHY DIDN'T WE FIND THE RADCLIFFE WAVE SOONER?

Gaia DR2
glue 3D
3D Dust

WWT

Maser VLBI
2000 2005 2010 2015 Today




The Radcliffe Wave
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“Local Arm” of
the Milky Way.

Jodo Alves, Catherine Zucker, Alyssa Goodman, Joshua Speagle, Stefan

Meingast, Thomas Robitaille, Douglas Finkbeiner, Edward F. Schlafly, and
Gregory Green 2020, Nature (7 January 2020)

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://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

"So What,"” for Astronomers?

Surprising

demise of “"Gould's Belt”

end to 100-year-old paradigm

of star-forming “Local Arm" not shaped as we thought it was, locally

gas is the arm is “straight" from top-down

Local Arm” of big wave in “arm” never previously observed

the Milky Way.

wave's origin unknown (collision? dark matter?
accretion?)



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?

N What do “waves “ mean for the
§TAR-FORMING HISTORIES of galaxies?
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The Radcliffe Wave is a gigantic structure that defines the shape of the Sun’s local neighborhood in the Milky Way
Galaxy. Its existence was first presented officially in a paper published in Nature on January 7, 2020. This website offers
scientists, educators, and the interested public much more information about the "RadWave," as we like to call it. Please
use this page to find publications and talks, visuals (images, interactives, and videos), history, team info, software,
and data. And, if we forgot something, just let us know—and we'll try to include it in future updates!
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It appears that the Sun, on
its galactic orbit, crossed
the Radcliffe Wave 13
million years ago, and may
cross it again in the future.
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3
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- &
video created by the authors using AAS WorldWide Telescope
(includes cartoon Milky Way by Robert Hurt)

tinyurl.com/RadWave
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“Data”= 3D cubes, 2D images, 1D catalogs, from...

Spectral Line Observations
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Perseus in 4D
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“Knitting” Together the Milky Way

Distance-Velocity
knitting demo
(Zucker et al.

2018)
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\ 2MASS

Halo star catalog
Pan-STARRS1 (Speagle et a!

203 “\ .\ .

3D Bayestar Gaia
Dust Map

(Green et al. 2019)
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Radcliffe Wave
New “Local Arm” Trace

+ Milky Way 3D
(Alves et al. 2020)
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Try tinyurl.com/milkywayknitting to examine and explore these knitting instructions on your own
(flow chart from 2020 NASA ADAP proposal by Zucker, Finkbeiner, Goodman, et al.)
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