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The Spitzer Infrared Nearby Galaxies Survey (SINGS)

The Spitzer Space Telescope observed 75 galaxies as par 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 ts 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 composttes 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
produced by dust clouds surrounding newly bom stars, The

elliptical galaxies on the left are almost entirely made of old L7
stars, while spiral galaxies like our own Milky Way are rich in ’
young stars and the raw materials for future star formation. o
s’ WOC %4 M
More information can be found at e
http://sings. stsci.edu/ i T hu
-’ * NG 4t
O Al NGC a2 -
NGC 008
» . NOC X'
’ . \ e
LE] [ vy - -
M - . ozt c)?)\’\fg'
= ot~ 5\&0‘) -
- . ' ICAC 308 M ED - *
— » -7 oo
8 N 49T phemy ’
— 5 " ’ ¢
v

' . 'd .
e

o

P e e M M MR R W TR TR e e e -
- -

LA
NOC %
CiAc
¢ . L
Ao "
Cas \
NGC 30 ) . . e
» . -#
NOC W
-~ NOGC TS
.
»
She
B A I e _aan ey Sm o IS
- - - -
- -
-
. - =
-~
r.. -
-~
- MO MO
-
-
-
-~
. - NOC 457 e
-
-~
-
-~
NOG 4729
BT
LA
. "
NOC Ve Rcene
M):awv, .
SARLS LY S

NG ST ply NGC M A

Monday, March 10, 2014



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 _ - CEmpus —
groups galaxies according to the morphology of their nuclei and spiral =" e .
arms, The designation of these galaxies and their placement in the P 73 ~ cC
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 o
of galaxy types. The images of the galaxies are composites created aaa - g
from data taken by IRAC (the Infrared Array Camera) at 3.6 and 8.0 pm, f'?)
WNGC e
and MIPS (the Multiband Imaging Photometer for Spitzer) at 24 ym { a
oA A
The infrared range probed by these and other observations as wnn
taken for the SINGS project allows for the detailed study of - <
star formation, dust emission, and the distribution of stars in NOC 303 M) -
each galaxy. Light from old stars appears as blue in the p ’ Q_J
images, while the lumpy knots of green and red kight are oG . M § wn
produced by dust clouds surrounding newly bom stars, The ’ She #
elliptical galaxies on the left are almost entirely made of old L7 - .
stars, while spiral galaxies like our own Milky Way are rich in ’ . e iy
young stars and the raw materials for future star formation. o e ‘ v ok =
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1936: “The Realm of the Nebulae” by Edwin Hubble

‘LL PTICAL KoBULAE

Fia. 1. The Sequence of Nebular Types.

The diagram 18 a schamsatie réprosontation of the saquences of classification,
A fow nebulw of mixed types are found betwesn the two sequences of gpirals,
The fransition etape, B0, iy more or Jeas hypothetical, The transition between
£7 sud 8B, is smooth end contimnous, Between B7 and 8, no nebule are
gefinitely recognized,

“Hubble’s Tuning Fork Diagram”
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From Naticnal Acadexy of Sciendos, For Release to Aftermoon Papers,
Suitheonian Instituticn, Washingtéh, D. €. Monday, April 26
;5{ (Carl H. Butuan, Representattns .

?,\;Q/ EOW MANY UNIVERSES ARF THERE?

This evening two Californis astronomers will discues the Size of the
Universe, fmd present their views as to whethat or not there is only cne or

soveral universes, before the National Acadeny of Sciences, which is ncw in

session in Washingten.

In this public weeting, Dr. Harlow Shapley of the Mt. Wilson Solar Ob-
servatory, will discuss recently socured evidence pointing to the disensions of
our galaxy of stars, known popularly as the Milky Way, which he belisves to be
ten times greatur than is held in the older theories concernirg the dizensicns
and. coapositione of the Milky Way. In other words, he clajms that it takes
light about three hundred thousands of years to cross from cne side to the other
¢f the epace occupied by the 3,000,000,000 stars of which our sun is the nearest
one. . He holdp the' epiral nebulas, those clam-shell.like cloudy luminous objects
soen by great telescppes, to be inside our systex.

: Doctor Ghapley's views will be followed by the discussion of Doctor Eeber
D. Curtia of the Lick Observatory, who will dseferd the older view that our
Milky Way is approxiualely of the dimensions suggested by Newcomb, about 30,000
light-years in diameter, with the spiral nebulas regarded as veéry probadbly
individufl gelaxies of "island universes®, like ours. Thus thdre uay br
@illion cther universses each hiving 3,000,000,000 stare. Inhabitants of
fuiercus universes would see owr Milky Way as & spirsl nebula. The lect
these two learned astronomers will be followed by & general discussion ¢

the suditors present whe are interested in the development cf this new !
in scientific research.

The Shapley-Curtis Debate at the
Smithsonian Natural History Museum, 1920
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ilky Way Galaxy
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More info at http://cosmology.carnegiescience.edu/timeline/1781 (Herschel); http://cosmology.carnegiescience.edu/timeline/1920 (Shapley-Curtis)
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http://cosmology.carnegiescience.edu/timeline/1781
http://cosmology.carnegiescience.edu/timeline/1781
http://cosmology.carnegiescience.edu/timeline/1920
http://cosmology.carnegiescience.edu/timeline/1920
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The Andromedabalogy (M31)~ T
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The Andromedabalogy (M31)~ T
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b Stars your
Eyes wouyld

- C‘pmposité '

Infrared & X-rays

Dust +
Dying Stars

X-rays

The Andromeda Galaxy (M31)
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Microsoft® Research [demo]
WorldWide Telescope worldwidetelescope.org

L
* Guided Tours Search View Settings
—————
Collections > All-Sky 5.rveys > d 103 p
B o a® e | | | e g,
. l
- Digitized Sky Sury VLSS: VLA Low-fre WMAP ILC 5-Year ¢ SFD DustMap (Inf IRIS: Improved Re 2MASS: Two Micro Hydrogen Alpha Fu

Seamlessly explore
imagery from the best
ground and space-based

telescopes in the world Expert led tours of
the Universe

Control time to study how
the night sky changes

View and compare
images from across the
electromagnetc spectrum

A Finder Scope
Classification:
€€ »
Much more than “just L Spiral Galaxy
the Sky at night! 3T in Andromeda
3D features can take Finder Scope links to Context bar shows
you to other Planets’ RA: 00h42m42s Magnitude: Wikipedia, items Of interest in Context gIObe
stars & galaxies. Dec: 41:16:00Distance:  publications, and data, current field of view ShO,WS Whef €
Alt: 7006 : 26 Rise: so you can learn more you're looking.
Az: 275 : 42 : 17 Transit: <) B
. Set: 00:35 DR 1k
Look At i Imagery Image Credits: - A dromeda 01:58:26
Sky ~  Digitiz Data provided by two NASA satellites, the . 4 1003 p r
Infrared Astronomy Satellite (IRAS) and the
[\ === Cosmic Background Explorer (COBE). Processing
\J , y TN ~*3 http://astro.berkeley.edu/~marc/dust/ ‘ \
Andromeda Three Fa m W 'w NGC221 M31 RA : 00h42md0s —
Dec : 41:13:35
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The Bones of the Milky Way

Alyssa Goodman, J
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This article was submtted to the Astrophysical Journal in December 2013.
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Once upon a time (2012), in an
enchanted castle (in Bavaria)

...dl @ conierence abhout star formation
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Star and Planet Formation

Circumstellar Disk / Extrasolar System

¢
—\ 4
i -

- StarCluster
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Once upon a time (2012), in an
enchanted castle (in Bavaria)

...dl @ conierence abhout star formation

Question Andi Burkert: Is Nessie
“parallel to the Galactic Plane™?

Answer no one immediately knew the
answer!
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“Galactic Plane”

The Milky Way
(Artist's Conception)
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“Is Nessie Parallel to the Galactic Plane?”
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Yes, but why not at Zero of Latitude (b=0)?

GLIMPSE | MIPSGAL

VIEWER
LINK TO CURRENT VIEW TOGGLE PINS J QUESTIONS?
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©2008 Space Science Institute back to: alienearths.org/glimpse
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Galactic Longitude
O'r

30,000 ly

150 | 210
180°
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“Nessie Extended”

~500 light years long & 1.5 light years thick
300:1 axial ratio
200,000 solar masses

BUT, why is it near b=-0.5, and not b=0?
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Where are we, really?

“IAU Milky Way”, est. 1959

True Milky Way, modern

The equatorial plane of the new co-ordinate system must of necessity pass through
the sun. It is a fortunate circumstance that, within the observational uncertainty, both
the sun and Sagittarius A lie in the mean plane of the Galaxy as determined from the
hydrogen observations. If the sun had not been so placed, points in the mean plane would
not lie on the galactic equator. [Blaauw et al. 1959]

Galactic
Sun is Center is . . .
~75 light years ~20 light years B The Galactic Plane is not quite
“above” the + offset from the —_ where you’d think it is
IAU Milky Way IATU Milky Way when you look at the sky
Plane Center
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Yes, Nessie is EXACTLY in the Galactic Plane!

What about its distance?

we can use “radial velocities” to estimate distance in a rotating galaxy...

Monday, March 10, 2014



A Rotating (Spiral) Galaxy Observed from its OQutskirts...
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distance

velocity
along line
of sight
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Velocity fo Distance




In the plane and at the distance of spiral arm!

-50.0 —-46.7 -43.3 -40,0 -36.7 -33.3 -30.0
I |

Z2,=25.0 pc, Ry;=8.5 kpc, 0,=220 km/s
0 0 0

o

‘no tilt of plane

Galactic Latitude (b)
o -~ I‘ SID o O
U'l. oNe®) (@) o n

o
o

!
o
on

|
o

340 338 336 334
Galactic Longitude (1)

Monday, March 10, 2014



..eerily precisely...
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Monster to Bone

There could be 1000s more of these to find...a full skeleton perhaps?
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A full 3D skeleton?

‘. »
;] -
(flibped) image of IC342 from Jarrett et al. 2012; WISE Enhanced Resolution Galaxy Atlas simulations courtesy Clare Dobbs
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z=0.00
Formation of a Milky-Way-like Galaxy (Stars)

Monday, March 10, 2014


http://www.tapir.caltech.edu/~phopkins/Site/Movies_cosmo.html
http://www.tapir.caltech.edu/~phopkins/Site/Movies_cosmo.html

Future of the Milky Way
(Collision with Andromeda)

—-—




Sea Monster to Skeletal Shadow
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Peculiar dust cloud Nesme more Sun s helght above
named “Nessie” important as Plane may make full
much larger than “bone” than sea Milky Way skeleton

thought. monster. mappable.
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.‘

authorea.com (open publishing)

theastrodata.org (open data)

glueviz.org (open source tools)

universe3d.org (collaborative data)

worldwidetelescope.org (universe information system)

virtual observatory standards (international online information-sharing systems)

Supporfed by  "Research ©

Alyssa Goodman milkywaybones.org
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milkywaybones.org
worldwidetelescope.org
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http://milkywaybones.org
http://milkywaybones.org

Where is “Nessie,” in 3D?

..

How close to “in” the plane? At what distance & inclination to l.o.s?

[Z,=25.0 pc, Ry=8.4 kpc, ©,=220 km/s] q . g b
0 M 382 = The Milky Way in Molecular Clouds

Ve {57/

—440 -42.8

Latitude

339 338 337 336
Galactic Longitude (Deg) :
} R @ HarvardSmithsonian Center for
§ Rt

T M. Dume, Dup Hurcmase, & P Thaddesn

Drawing is schematic--NOT to scale

LefofNessie

IAU b=0

..........

......
________

Notes:
IAU b=0 set from HI, which is uncertain by ~0.1 degrees

tilt of red w.r.t. blue would be (20/8400)*180/pi=0.13 degrees
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