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two of these for illustration in THE ASTROPHYSICAL JOURNAL.
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Brains, Arteries
(and star formation)
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Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification algorithms as applied to ®CO emission from the L1448
region of Perseus.a, 3D visalization of the surfaces indicated by colours in
the dendrogram shown in ¢ Purple Slustrates the small est scale self
gravitating structures in the region corresponding to the keaves ofthe
dendrogram; pink shows the smallest surfaces that contain distinct sdf.
gravitating leaves within them; and green carrespands %o the surface in e
data cube containing all the significant emission. D endrogram branches
carrespanding to sdf-gravitating objects hawe been highlighted in ydlow
over the ninge of Tea (main-beam temperature) test-level values for which
the virial parameter is less than 2. The x-y locations of the four ‘self
gravitating’ leaves labdled with bil Hard balls are the same as those shown in
Fig. 1. The3 D vis vali 2ations show pos ition-pasition-vedodty (p-p-v) space.
RA, right ascensiory dec, declination. For comparison with the abillity of
dendrograms (c) to track hierarchical structure, d shows apsendo.
dendrogram of the CLUMPFIND segmentation (b), with the same four
labds usedin Fig | and in a. As ‘clumps” are not allowed to belong to larger
structures, each pseudo-branch ind issimply a series of lines connecting the
maximum emis sion val ve in each dump to the ghreshold value A wery large
number of dumps appears in bbecause of the sensitivity of CLUMPFIND to
naise and small-scale structure in the data. In the anline PDF version, the 3D
cubes (2 and b) can be rotated toany orientation, and surfacescan be tumed
onand off (interaction requires Adobe Acrobat version 7.0.8 ar higher). In
the printed version, the front face of each 3D cube (the hame” view in the
interactive online version) carrespands exactly to the pakch of skyshown in
Fig. 1,and velocity with respect to the Local Standard of Restinar ecases from
front (—05 kms ') toback (§ kms ')

data, CLUMPHND typicall y finds features on 2 imited range of scales,
ghove but cdlose to the physical resolution of the data, and its resul tecan
be overly dependent on input parameters. By tuning CLUMPFIND’s
two free parameters, the same malecular-line data set® can be used to
show either that the frequency distribution of dump muss is thesame
a4 the initisl mass function of stars or that it follows the much shal-
lower mass function associated with hirgescale molecular dotds
(Supplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees®
were proposed 25 2 way to characterize dotds’ hierarchical structure
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using 2D maps of column density. With this eady 2D work as inspina -
tion, we have developed 2 strucure-identification algorithm that
shstracts the hierarchical structure of 2 3D (p-p—v) data cube into
an easily visualized representation called 2 ‘dendrogram™°. Although
well developed in other data-intensive fields' "', it is curious that the
application of tree methodologies o far inastrophysics has been rare,
and almost exclisively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing frequency'®.

Figure 3 and its legend explain the construction of dendrograms
schematically. The dendrogram quantifies how and where local max-
ima of emission merge with ach other, and its implementation is
explained in Supplementary Methods. Critically, the dendrogram is
determined almost entirely by the data itself, and it has negligible
sensitivity to algorithm parameters. To muke graphical presentation
possible on paper and 2D screens, we flatten’ the dendrograms of 3D
data (see Fg 3 and its legend), by sorting their branches to not
cross, which eliminates dimensional information on the x axis while
preserving all information shout connectivity and hierardhy.
Numbered ‘billisrd i labds in the figures let the reader match
fea tures between 2 2D map (Fig. 1), an interactive 3D map (Fig. 22
online) and 2 sorted dendrogram (Fig. 2¢).

A dendrogram of 2 spectral Jine data cube allows for the estimation
of key physical properties astaciated with vaumes bounded by iso-
surfaces, such a8 nadius (R), velocity dispersion (a,) and luminosity
(L). The vol zmes can have any shape, andin other work'* we focus on
the significance of the especially elongated features seen in L1448
(Fig. 22). The luminosity is 2n approximate proxy for mass, such
that M__ = X,y-olisen, whete Xy = 80X 10¥% em* K™ km ™' s
(ref 15; see Supplementary Methods and Supplementary Fig 2).
The derived val ues for size, mass and vdodty dispersion can then be
tted to estimate the role of self- gravity at each paint in thehierarchy,
vizcaleulstion of an ‘observel virial paameter, dp, = 50,° R/ GMigm-
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where aop < 2 (where gravitational energy is comparnshle to or kirger
than kinetic energy) arrespond to regions of p-p—v space whereself-
gravity is significant. As o, only represents the ratio of kineticenergy
to gravitational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic felds ¥, its measured
valueshould onlybe tsed 25 aguide to the longevity (boundedness) of
any particular feature.

Lecal rma

Teat kavel

Local rmax

Figure 3 | Schematic llustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical anedimensional
emission profile (black). The dendrogram (blue) can be canstructed by
‘dropping’ a test constant emission level (purple) from above in tiny steps
(exaggerated in size here, light lines) until all the local maxima and mergers
are found, and connected as shown. The intersection of a testlevel with the
emission is a set of points (for example the lght purple dots) in ane
dimension, a planar curve in two dimensions, and an isosurface in three
dimensions. The dendrogram of 3D data shown in Fig. 2¢ is the direct
analogue of the tree shown here, anly constructed from i sosurface” rather
than ‘paint’inter sections. It has been sorted and fiattened for representation
on a flat page, as fully representing dendrograms for 3D data cubes would
require four dimensions.
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GENERALLY
| D: Columns ="Spectra”,“SEDs” or “Time Series”

2D: Faces or Slices = “Images”
3D: Volumes =“3D Renderings”,"2D Movies”

4D: Time Series of Volumes =“3D Movies”
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Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification algorithms as applied to ®CO emission from the L1448
region of Perseus.a, 3D vismlization of the surfaces indicated by calours in
the dendrogram shown in ¢ Purple llustrates the smallest scale self
gravitating structures in the region correspanding to the leaves ofthe
dendrogram; pink shows the smallest surfaces that contain di t sif-
gravitating leaves within them; and green correspands to the surface in the
data cube containing all $he significant emission. Dendrogram branches
carresponding to sdf-gravitating objects haw been highlighted in ydlow
over the range of Ties (main-beam temperature) test-level values for which
the virial parameter is less than 2. The x-y locations of the four ‘self-
gravitating” leaves labdlled with bil ard balks are the same as those shown in
Fig. 1. The3 Dvis wli zations show pasitian-pasition-veodty (p-p-v) space.
RA, right ascensiory dec, declination. For comparison with the abiflity of
dendrograms (c) to track hierarchical structure, d shows a pseudo-
dendrogram of the CLUMPFIND segmentation (b), with the same four
labds used in Fig 1 and in a. As ‘clumps’ are not allowed to belong to larger
structures, each pseudo-branch ind issimply a series of lines connecting fhe
maximum emission value in each dump to the hreshold value A wry
number of dumps appears in bbecause of the sensifivity of CLUMPFINDto
naise and small-scale structure in the data. In the anline PDF version, the 3D
cubes (a and b) can be rotated toany orientation, and surfacescan be turned
onand off (interaction requires Adobe Acrobat version 7.0.8 ar higher). In
the printed version, the front face of each 3D cube (the home’ view in the
interactive online version) correspands exactly fo the pakch of skyshown in
Fig. 1,and velocity with respect to the Local Standard of Restincreases from
front (~0.5kms ') toback (8 kms ).

data, CLUMPHND typically finds features on 2 imited range of scales,
ahove but dose to the physical resolution of the data, and its resul tscan
be overly dependent on input parameters. By tuning CLUMPFIND’s
two free parsmeters, the ssme malecular-line data set* can be used to
show either that the frequency distribution of dump mass is thesame
2% the initisl mass function of stars or that it follows the much shal-
lower mass function associsted with hirgescale molecular dotds
(Supplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees’®
were proposed a5 2 waty to characterize dotds’ hierarchical structure
2
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using 2D maps of column density. With this eardy 2D work a3 inspina -
tion, we have developed 2 strucure-identification algorithm that
shstracts the hierarchical structure of 2 3D (p-p—v) data cube into
an easily visualized representation called 2 ¢ am’'. Although
well developed in other da ta -intensive fields i cutious that the
application of tree methodologies so far inastrophysics has been rare,
and almost exclusively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing frequency'®.

Figure 3 and its legend explain the construction of dendrograms
schematically. The dendrogram quantifies how and where local max-
ima of emission merge with each other, and its implementation is
explained in Supplementary Methods. Critically, the dendrogram is

ined simost entirely by the data itself, and it has negligible
sensitivity to algorithm parameters. To muke graphical presentation
possible on paper and 2D screens, we*flatten’ the dendrograms of 3D
data (see Fg 3 and its legend), by sorting their branches’ to not
cross, which eliminates dimensional information on the x axis while
preserving all information sbout connectivity and hiemrchy.
Numbered ‘billiard bal labds in the figures let the resder match
features between 2 2D map (Fig. 1), an interactive 3D mup (Fig. 22
online) and 2 sorted dendrogram (Fig. 2¢).

A dendrogram of 2 spectral line data cube allows for the estimation
of key physical properties assaciated with vaumes bounded by iso-

foces, such 25 radius (R), velocity dispersion (g,) and luminosity
(L). The volumes can have any shape, andin other work'* we focus on
the significance of the especially elongated features seen in L1448
(Fig. 21). The luminosity is an approximate proxy for mass, such
that M__ = X,ye0liycn, where Xy = 80X 10%em? K™ km ™' s
(ref see Supplementary Methods and Supplementary Fig 2).
The derived val ues for size, mass and vdodty dispersion can then be
tsed to estimute the role of self gravity at each paint in the hierarchy,
vizcaleulstion of an ‘observal’ virial pa ameter, ap, = 50,°R/CMyume.
In principle, extended portions of thetree (Fig. 2, yellow highlighting)
where a4 (where gravitational energy is comparable to or karger
than kinetic energy) arrespond to regions of p-p—v space whereself-
gravity is significant. As o, only represents the ratio of kinetic energy
to gravitational energy at one point in time, and does not explici
capture external over-pressure and/or magnetic fiekds ¥, its measured
valueshouldonlybe tmed 25 2guide to the longevity (boundedness) of
any particular feature.

Local max

Teatbovel_
i

Local max

F
%

Local max

Inarsity bval

¥
g

Figure 3 | Schematic Mlustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical ane-dimensional
emission profile (black). The dendrogram (blue) can be canstructed by
‘dropping’ a test canstant emission level (purple) fram sbove in tiny steps
(exaggerated in size here, light lines) until all the local maxima and mergers
are found, and connected as shown. The intersection of a testlevel with the
emission is a set of points (for example the light purple dots) in one
dimension, a planar curve in two dimensions, and an isosurface in fhree
dimensions. The dendrogram of 3D data shown in Fig. 2c is the direct
amalogue of the tree shown here, anly constructed from Sisosurface” rather
fhan ‘paint’inter sections. It has been sorted and fiattened for representation
an a flat page, as fully representing dendrograms for 3D data cubes would
require four dimensions.
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ACCURACY

Strong effect of dimensionality on accuracy

And strong effect of color...
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EFFICIENCY

Participants more efficient in 2D.

Rainbow color map has greater detriment in 3D.
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Principles of high-dimensional data visualization in astronomy

A.A. Goodman~

Harvard-Smithsonian Center for Astrophysics, Cambridge, MA, USA
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Key words cosmology: large-scale structure — ISM: clouds — methods: data analysis — techniques: image processing —
techniques: radial velocities

Astronomical researchers often think of analysis and visualization as separate tasks. In the case of high-dimensional data
sets, though, interactive exploratory data visualization can give far more insight than an approach where data processing
and statistical analysis are followed, rather than accompanied, by visualization. This paper attempts to charts a course
toward “linked view” systems, where multiple views of high-dimensional data sets update live as a researcher selects,
highlights, or otherwise manipulates, one of several open views. For example, imagine a researcher looking at a 3D volume
visualization of simulated or observed data, and simultaneously viewing statistical displays of the data set’s properties
(such as an z-y plot of temperature vs. velocity, or a histogram of vorticities). Then, imagine that when the researcher
selects an interesting group of points in any one of these displays, that the same points become a highlighted subset in all
other open displays. Selections can be graphical or algorithmic, and they can be combined, and saved. For tabular (ASCII)
data, this kind of analysis has long been possible, even though it has been under-used in astronomy. The bigger issue
for astronomy and other “high-dimensional” fields, though, is that no extant system allows for full integration of images
and data cubes within a linked-view environment. The paper concludes its history and analysis of the present situation
with suggestions that look toward cooperatively-developed open-source modular software as a way to create an evolving,
3 . flexible, high-dimensional, linked-view visualization environment useful in astrophysical research.

S k © 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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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
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* 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
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Monster to Bone

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

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 Milky Way .,
(Artist's Conception) 6
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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.)
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“Top” view

b=-05

I degree ~ 60 pc at 3.5 kpc

+01.0000°
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! | |
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Why b<0?!
Galactic Geometry: 1959 and Now

Drawing is schematic--NOT to scale

True (to-scale) angle
~0.13 deg;
distance to crossing
(1,b)=(0,0) point ~12 kpc from Sun

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]
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“Top” view

Predicted Near & Far Scutum-Centaurus Arm

Viog (km/s)[26=25.0 pe, Ry=8.4 kpc, Vo=239 km/s, (U.V:W)sys=(1"
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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
-100.0 -86.7 "“-‘-53.3/ N 500 PC S -46./7] -33.3 -20.0

colored dots show HOPS NH3 velocities from Purcell et al. 2012

1.0 ' '
“Side” view

0.5

-1.0

339 338 337 336
Galactic Longitude (Degq)
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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")

LSR Velocity (km/s)
K-arcdeg

=70

-80

-90

=100
342 341 340 339 338 337 336

Galactic Longitude (°)

black dots show HOPS NH3 velocities from Purcell et al. 201 2; color is CO; line is log-spiral fit to full Scut-Cen Arm

Wednesday, February 6, 2013



Nessie is a Bone of the Milky Way

(flibped) image of IC342 from Jarrett et al. 2012; WISE Enhanced Resolution Galaxy Atlas
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What does that mean?

‘. »
;] -
(flibped) image of IC342 from Jarrett et al. 2012; WISE Enhanced Resolution Galaxy Atlas simulations courtesy Clare Dobbs
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“Diskovering” the Milky Way
HRDS About Papers Dowloads Help

Hil Region Discovery Survey

+  GaLactic IMAGE

Longitude : 59.136° Latitude : -1.418°

»  DisTANCES

»  DisTtaNce UNCERTAINTIES
»  SOURCE MORPHOLOGIES

»  DATA TABLE

»  DeraiLs For INDIVIDUAL REGION

Created and maintained by Loren Anderson. Last updated May 2012. Comments? Questions? Loren.Anderson@mall.wvu.edu
This page made possible by JQuery, JQuery DataTables, JQuery QTip, JQuery Loading, and many other sites.

Loren Anderson (West Virginia University), Thomas Bania (Boston U.),
Dana Balser (NRAO), Bob Rood (U. Virginia), and Trey Wenger (Boston U.)
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The Future

~ HARVARD-SMITHSONIAN

fCfA CENTER FOR ASTROPHYSICS

EXPLORING THE UNIVERSE

POWERED BY THE Dataverse PROJECT
Network v.3
ABOUT PROJECTS PEOPLE RESOURCES DATAVERSE Astronomy Dataverse Network Q B U Orstehccomt Login
This is the Astronomy data repository for Harvard affiliates. Administration and support is CREATE A DATAVERSE
provided by the Harvard-Smithsonian Center for Astrophysics (CfA) in collaboration with Create a Dataverse to upload your own data sets
0 SHRRE K t= Harvard Library (HL) and the Institute for Quantitative Social Science (IQSS). Infrastructure is d create collections of ::ata.

SEAM LESS ASTRON OMY provided by Harvard University Information Technology Services.

The Astronomy Dataverse Network plays an important role in fulfilling your Data Management
Plan requirements (e.g. as mandated by NSF), and for providing data re-use and citation
opportunities. Find out more about our team by exploring the Seamless Astronomy and
Wolbach Library teams at the CfA. We are also connecting the Astronomy Dataverse to the
indexing services provided ...more >>

Latest Announcements
About

Introducing the Astronomy
Dataverse

S iteratwre—uQ r

Latest Feed Items

Search Studies = Advanced Search
Released Dataverses °) Tips

@rahuldave there is a

[acc]#[aTe[c[o]e[F[a[H]1]J[K[L]M[N]o]P]a]R]s[T[u]V]W][X]Y]Z]

wosty writeboard with my notes...
‘§ - a) More at next Dataverses: 8 | Studies: 76 | Files: 560
< i ’; #seamlessastronomy next Name Affiliation Released Activity
’3) - week.
Hans Moritz Glnther CfA Dec 12,2012 -
_;I— — llh—t‘-‘ Stancaone Analyss Software . .
(- @ < £ 10 L Thanks to @astrobites and Dust Lane Spheroidal Galaxies View Info [+] Harvard University Nov 10,2012 L]
¥ ) ok, o F — : @astroknight06 for great CfA Library Datasets View Info [+] Harvard-Smithsonian Center for Astrophysics Aug 17,2012 "
g - summary
http:/ /t.co/jWWFTOCD of our theastrodata View Info [+] Harvard-Smithsonian Center for Astrophysics Apr2,2012 [
s . - . - / / | # Soderberg, Alicia Harvard Universi Feb6,2012 |
The Seamless Astronomy Group at the Harvard-Smithsonian Center for Astrophysics brings High-D Data Viz work! #ivoa - o
together astronomers, computer scientists, information scientists, librarians and visualization #seamlessastronomy Astroinformatics of galaxies & quasars View Info [+] - Harvard-Smithsonian Center for Astrophy Oct 12,2011 =
experts involved in the development of tools and systems to study and enable the next generation of COMPLETE View Info [+] Harvard-Smithsonian Center for Astrophysi Jun 23,2011

online astronomical research. 1.2 Meter CO Survey View Info [+] Smithsonian Astrophysical Observatory May 23,2011 unm
Current projects include research on the development of systems that seamlessly integrate scientific
data and literature, the semantic interlinking and annotation of scientific resources, the study of the
impact of social media and networking sites on scientific dissemination, and the analysis and

visualization of astronomical research communities. Visit our project page to find out more.
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http://projects.iq.harvard.edu/seamlessastronomy/
http://projects.iq.harvard.edu/seamlessastronomy/
http://theastrodata.org/dvn/
http://theastrodata.org/dvn/
http://universe3d.org
http://universe3d.org

.‘

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)
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http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
http://www.youtube.com/watch?v=1-tMp4WkQjA
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