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Abstract. The very long, thin infared dark cloud " "Nessie" is even longer than had been previously
claimed, and an analysis of its Galactic location suggests that it lies directly in the Milky Way’s mid-plane,
tracing out a highly elongated bone-like feature within the prominent Scutum-Centaurus spiral arm. Re-
analysis of mid-infrared imagery from the Spitzer Space Telescope shows that this IRDC is at least 2, and
possibly as many as 8 times longer than had originally been claimed by Nessie’s discoverers, Jackson et al.
(2010); its aspect ratio is therefore at least 150:1, and possibly as large as 800:1. A careful accounting for
both the Sun’s offset from the Galactic plane (~ 25 pc) and the Galactic center’s offset from the

(1", b™y = (0, 0) position defined by the IAU in 1959 shows that the latitude of the true Galactic mid-plane
at the 3.1 kpc distance to the Scutum-Centaurus Arm is not » = 0, but instead closer to b = —0.5, which is
the latitude of Nessie to within a few pc. Apparently, Nessie lies in the Galactic mid-plane. An analysis of the
radial velocities of low-density (CO) and high-density (NH;) gas associated with the Nessie dust feature
suggests that Nessie runs along the Scutum-Centaurus Arm in position-position-velocity space, which means
it likely forms a dense ‘spine’ of the arm in real space as well. No galaxy-scale simulation to date has the
spatial resolution to predict a Nessie-like feature, but extant simulations do suggest that highly elongated
over-dense filaments should be associated with a galaxy’s spiral arms. Nessie is situated in the closest major
spiral arm to the Sun toward the inner Galaxy, and appears almost perpendicular to our line of sight,
making it the easiest feature of its kind to detect from our location (a shadow of an Arm’s bone, illuminated
by the Galaxy beyond). Although the Sun’s offset from the Galactic plane is not significant compared with
the thickness of the plane as traced by Population I objects such as GMCs and HII regions, it may be
significant compared with an extremely thin layer that might be traced out by Nessie-like objects. Future
high-resolution extinction and molecular line data may therefore allow us to exploit the Sun’s position
above the plane to gain a small amount of perspective on the Galactic disk.
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Data Sharing Practices

of 170 PhD-level Scientists at the Harvard-Smithsonian Center for Astrophysics
(gathered April 17-18, 2013)

emﬂiled dum emailed data to a colleague upon request.
f’[p S"e put data at an ftp-style site for a colleague to retrieve.
personql S“e put data at a personal web site, such as http://cfa-www.harvard.edu/~agoodman
proie(’[ Si’[e put data at a project-based web site, such as http://www.cfa.harvard.edu/COMPLETE/data_htmI|_pages/data.html
i"SﬁtUﬁOﬂGl archive put data at an organized institutional archive, such as http://theastrodata.org or http:/tdc-www.harvard.edu
endunger career not shared my data, because | think it will endanger my career.
large file size not shared my data due to large file sizes
dont know how not shared my data because | don't know how.
too much effort not shared my data because it takes too much effort.
think no one wants it not shared my data because | don't think anyone will want it.
ofher Other
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Journal-Data/Code Desires

of 170 PhD-level Scientists at the Harvard-Smithsonian Center for Astrophysics
(gathered April 17-18, 2013)

click on a table in a PDF or HTML view and be offered an ASCIl download

click on a sky image and be offered to see that image as an overlay on a selectable-wavelength(s) view of the sky
click on a sky image and retrieve a FITS file for that image

retrieve ASCII table versions of information shown in graphs

retrieve code from URLs offered within a paper
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Tutorial for embedding 3D interactive graphics into PDF Search
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Josh Peek (@joshuaegpeek) is a Hubble Fellow at Columbia University, specializing in the ISM in and
around disk galaxies. He has a fascination with data presentation and design. Follow AstroBetter

As an astronomer studying the complex three-dimensional structures of the interstellar medium, I've been ® Subscribe
taken with the idea of presenting that information in a compelling and interactive way to readers. The = Subscribe by Email
major mode of communication for astronomers is the refereed journal article, as distributed through PDF, '§ Facebook
so0 | got interested in how one can package interactive 3D scenes with the papers we write. Interactive
graphics can be embedded in PDFs that can be rotated, panned, and zoomed. &l Follow on Twitter
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Seamless Astronomy

wnwe ="The Internet”
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Alyssa A. Goodman (Harvard-Smithsonian Center for Astrophysics)

with collaborators at (alphabetically by insitution):

Boston University: James Jackson

Caltech: Jens Kauffmann

Harvard - Smithsonian: Christopher Beaumont, Michelle A. Borkin, Thomas M. Dame
Max Planck Insitute for Astronomy: Thomas Robitaille

U. Munich: Andreas Burkert

U. Vienna: Joao F. Alves

U. Wisconsin: Robert A. Benjamin

nes of the Milky Way

Alyssa Goodman, m:617-230-7080; url: milkywaybones.org
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Ringherg Castle, Bavaria
“Farly Phases of Star Formation”
July 2012

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

Answer no one immediately knew the answer!

AG decides to look into this and...
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“Is Nessie Parallel to the Galactic Plane2”
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THE ASTROPHYSICAL JOURNAL LETTERS, 719:L185-L189, 2010 August 20 doi:10.1088/2041-8205/719/2/L.185

© 2010. The American Astronomical Society. All rights reserved. Printed in the U.S.A.

THE “NESSIE” NEBULA: CLUSTER FORMATION IN A FILAMENTARY INFRARED DARK CLOUD

JAMES M. JACKSON', SUSANNA C. FINN!', EDWARD T. CHAMBERS?, JILL M. RATHBORNE", AND ROBERT SiMON*
! Institute for Astrophysical Research, Boston University, Boston, MA 02215, USA: jackson@bu. edu sfinn@bu.edu
2 Department of Physics and Astronomy, Northwestern University, Evanston, IL 60208, USA; e-chambers @northwestern.edu
3 Australia Telescope National Facility and Universidad de Chile, Santiago, Chile; rathborn @ das.uchile.cl

* I. Physikalisches Institut, Universitiit zu Kéln, 50937 Kéln, Germany: simonr @ ph1.uni-koeln.de
Received 2010 April 13; accepted 2010 July 21; published 2010 August 3

ABSTRACT

The “Nessie” Nebula is a filamentary infrared dark cloud (IRDC) with a large aspect ratio of over 150:1 (175 x 0201
or 80 pc x 0.5 pc at a kinematic distance of 3.1 kpc). Maps of HNC (1-0) emission, a tracer of dense molecular
gas, made with the Australia Telescope National Facility Mopra telescope, show an excellent morphological match
to the mid-IR extinction. Moreover, because the molecular line emission from the entire nebula has the same radial
velocity to within +3.4 km s~!, the nebula is a single, coherent cloud and not the chance alignment of multiple
unrelated clouds along the line of sight. The Nessie Nebula contains a number of compact, dense molecular cores
which have a characteristic projected spacing of ~4.5 pc along the filament. The theory of gravitationally bound
gaseous cylinders predicts the existence of such cores, which, due to the “sausage™ or “varicose™ fluid instability,
fragment from the cylinder at a characteristic length scale. If turbulent pressure dominates over thermal pressure
in Nessie, then the observed core spacing matches theoretical predictions. We speculate that the formation of high-
mass stars and massive star clusters arises from the fragmentation of filamentary IRDCs caused by the “sausage™
fluid instability that leads to the formation of massive, dense molecular cores. The filamentary molecular gas clouds
often found near high-mass star-forming regions (e.g., Orion, NGC 6334, etc.) may represent a later stage of IRDC
evolution.

Key words: ISM: clouds — stars: formation jackson etal 2010



Monster to Bone

There could be ~1000 more of these to find...a full skeleton perhaps!?
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The Milky Way
(Artist's Conception)
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Using Velocity Constraints

“Top” view

Scientist-artist Robert Hurt’s view of the Milky Way
(cartoon based on stars, CO, HI, masers & HIl regions; Benjamin, Dame et al.)



GENERALLY
I D: Columns ="Spectra”,“SEDs” or “Time Series”

2D: Faces or Slices = “Images”
3D: Volumes (e.g. p-p-v) =“3D Renderings”," 2D Movies”
4D: Time Series of Volumes ="3D Movies”



Using Velocity Constraints

“Top” view

Scientist-artist Robert Hurt’s view of the Milky Way
(cartoon based on stars, CO, HI, masers & HIl regions; Benjamin, Dame et al.)




Galactic Latitude

“Top” view

»

b=-05

I degree ~ 60 pc at 3.5 kpc

+02.0000° g 100

+01.0000° 80

+00.0000° R4

40
£01.0000°

20
02.0000°

! ! ! ! !
345.0000° 342.0000° 339.0000° 336.0000° 333.0000°
Longitude

0104 010% 010% 010% 010% 010%

110ﬁagga100 110uara100



Seamless Astronomy

010% 010% 010%

data(versel!)

Weco mS0 m30.fits



http://theastrodata.org/dvn/
http://theastrodata.org/dvn/
http://theastrodata.org/dvn/
http://theastrodata.org
http://theastrodata.org

Seamless Astronomy

datal(versel)




Seamless Astronomy

>C0de ',: A vda1":a»(vve|;sé!) “

data(versel)

SCOUC . A } Y TOARaCeRsd i

_ literature
literatu._ e



o

Why b<0?!
Galactic Geometry: 1959 and Now

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]




“Top” view

Predicted Near & Far Scutum-Centaurus Arm

Vios (kM/$)[29=25.0 pe, Ry=8.4 kpe, Vo=239 km/s, (UV,W)y=(11

3




Yes, Nessie is EXACTLY in the Galactic Plane!

What about its distance?

Alyssa Goodman, Harvard-Smithsonian CfA, The Bones of the Milky Way, milkywaybones.org
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Predicted Velocities match NHs Cores in Nessie Perfectly

Vv, km/s 2,=25.0 pc, R,=8.4 kpc, 0,=220 km/s
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colored dots show HOPS NH3 velocities from Purcell et al. 2012
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Predicted Velocities match NHs Cores in Nessie Perfectly

Global Sct-Cen fit (Dame & Thaddeus 2011)
e ¢ o HOPS sources ("Nessie Extended")
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Data Collection
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Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaille
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Seamless Astronomy: Data Visualization

0104% 010% 010

data

>code

0104 010% 0104 %

010% 010% 0104

data;”’ NN T

010% 010% 010

data

Glue collaboration (see glueviz.org): Chris Beaumont, lead & Alyssa Goodman (Harvard-CfA);
Michelle Borkin & Hanspeter Pfister (Harvard-SEAS/CS) and Thomas Robitaille (MPIA Heidelberg)
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Data are growing..
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http://farm3.staticflickr.com/2600/3765042195_ae73e5831a_b.jpg
http://farm3.staticflickr.com/2600/3765042195_ae73e5831a_b.jpg

Jackling "wide data” with glue




Jackling "wide data” with glue

C Python File Canvas Data Manager Toolbars Help 2 fﬁ L Ll £ g B ) [E) (=3 (Charged) Thu Apr25 4:39 PM Chris Beaumont Q
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Data Collection
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Jackling "wide data” with glue
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Jackling "wide data” with glue




Jackling "wide data” with glue
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Monster to Bone

_Meonster
Mass ~800,000 2 million for “dark” part,
(in “Suns”) for dark part 40 million for “all”

Massive Star

Role Forming Region Bone of the Galaxy
. Very, very, long Way longer filament, telltale
Slgnlﬁcance filamnent sign of Galactic Structure

There could be ~1000 more of these to find...a full skeleton perhaps!?

milkywaybones.org



Nessie is a Bone of the Milky Way

A

(flipped) image of IC342 from Jarrett et al. 2012; WISE Enhanced Resolution Galaxy Atlas



What does that mean?
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(flibped) image of IC342 from Jarrett et al. 2012; WISE Enhanced Resolution Galaxy Atlas
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Seamless Astronomy: ADS All Sky Survey
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