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| missed Monday’s talk...what did you say?

I’'m a particle physicist...what’s a “galactic plane”?
What's a “rotation curve”? How do you measure all

this stuff¢ Why should | care?

I’'m an astronomer...and | only care a little about the
Galaxy— can | just see more on that cool software you
showed too briefly on Monday?
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| missed Monday’s talk...what did you say?

I’'m a particle physicist...what’s a “galactic plane”?
What's a “rotation curve”? How do you measure all

this stuff¢ Why should | care?

I’'m an astronomer...and | only care a little about the
Galaxy— can | just see more on that cool software you
showed too briefly on Monday?




MONDAY: There are no collapsing spheres in star formation
...and it’s probably a much faster process than we thought.

blue =VLA ammonia (high-density gas); green=6BT ammonia (lower-res high-density gas); red=Herschel 250 micron continuum (dust)

~ Spe

Goodman, Chen, Offner & Pineda 2017 in prep.
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Mass delivered to star via infalling dense filaments,
RT instabilities, and disk accretion.

M, =30.04 M, M, =41.10 M M, =60.12 M

t=0.65 tg

Rosen+2016
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The Milky Way
(Artist's Conception)




P-P-V SPACE & SPECTRAL-LINE MAPPING (FROM MONDAY)

We wish we could measure... But we can measure...

This is called

v, only from “P'P_'Y or
(position-)
maps” position-velocity”
space.

“spectral-line




P-P-V SPACE & SPECTRAL-LINE MAPPING




Translating “p-pv" to real space in our Galaxy...
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Molecular Gas & the most fumous pp-v poster ever
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AS TRONOMICAL MEDICINE

“Keith” “Perseus”

[Image size: 520 x 274 thirteenCO_240_tif

|View size: 1305 x 733 thirteenCO_249.tif
|WL: 63 Ww: 127 thirteenCO_249.tif
thirteenCO_249.tif
o

127

11:04:53 AM
lim: 214249 7/26/05
|Zoom: 227% Angle: 0 e Made I Osiri¥

“z” is depth into head “Z” is line-of-sight velocity




mm peak (Enoch et al. 2006)

et AS TRUNOMICAL MEDICINE - st e s

L 63 WWw: 127 et al. 2005, Kirk et al. 2006)
13CO (Ridge et al. 2006)

mid-IR IRAC composite
from c2d data (Foster,
Laakso, Ridge, et al.)

: ._ = Optical image (Barnard 1927)
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DATA-DIMENSIONS-DISPLAY

1D: Columns = “Spectra”, “SEDs” or “Time Series” (x-y Graphs)

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 visualization of the surfaces indicated by colours in
the dendrogram shown in c. Purple illustrates the smallest scale self-
gravitating structures in the region corresponding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct self-
gravitating leaves within them; and green corresponds to the surface in the
data cube containing all the significant emission. Dendrogram branches
corresponding to self-gravitating objects have been highlighted in yellow
over the range of Ty, (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 labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations show position—position—velocity (p—p—v) space.
RA, right ascension; dec., declination. For comparison with the ability of
dendrograms (c) to track hierarchical structure, d shows a pseudo-
dendrogram of the CLUMPFIND segmentation (b), with the same four
labels used in Fig. 1 and in a. As ‘clumps’ are not allowed to belong to larger
structures, each pseudo-branch in d is simply a series of lines connecting the
maximum emission value in each clump to the threshold value. A very large
number of clumps appears in b because of the sensitivity of CLUMPFIND to
noise and small-scale structure in the data. In the online PDF version, the 3D
cubes (aand b) can be rotated to any orientation, and surfaces can be turned
on and off (interaction requires Adobe Acrobat version 7.0.8 or higher). In
the printed version, the front face of each 3D cube (the ‘home’ view in the
interactive online version) corresponds exactly to the patch of sky shown in
Fig. 1, and velocity with respect to the Local Standard of Rest increases from
front (—0.5kms ') to back (8kms ™).

data, CLUMPFIND typically finds features on a limited range of scales,
above but close to the physical resolution of the data, and its results can
be overly dependent on input parameters. By tuning CLUMPFIND’s
two free parameters, the same molecular-line data set® can be used to
show either that the frequency distribution of clump mass is the same
as the initial mass function of stars or that it follows the much shal-
lower mass function associated with large-scale molecular clouds
(Supplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees™
were proposed as a way to characterize clouds’ hierarchical structure
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using 2D maps of column density. With tb~ ~+Iv2D work as inspira-
tion, we have developed a structure-id vy, | ~thm that
abstracts the hierarchical structure of a i DV
an easily visualized representation callec b""\o,,“
well developed in other data-intensive
application of tree methodologies so fa
and almost exclusively within the ar
‘merger trees’ are being used with in
Figure 3 and its legend explain tt 'Ole or

schematically. The dendrogram qua pro s elf_
ima of emission merge with each . cess Of S' 8’avi
explained in Supplementary Meth "% 4 a

determined almost entirely by t} ) y
sensitivity to algorithm paramet " Aime '
possible on paper and 2D screen
data (see Fig. 3 and its legend
cross, which eliminates dimen:
preserving all information
Numbered ‘billiard ball” labe
features between a 2D map |
online) and a sorted dendrc

A dendrogram of a spectr
of key physical properties
surfaces, such as radius (Kjyve. "«
(L). The volumes can have any shape;
the significance of the especially elongated fea
(Fig. 2a). The luminosity is an approximate proxy for mass, Ste..
that Myym = Xi3c0Lisco, where X300 = 8.0 X 10% cm?K ™ 'km ™ 's
(ref. 15; see Supplementary Methods and Supplementary Fig. 2).
The derived values for size, mass and velocity dispersion can then be
used to estimate the role of self-gravity at each point in the hierarchy,
via calculation of an ‘observed’ virial parameter, otgps = 56,*R/ GMiym.
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where 1,5 < 2 (where gravitational energy is comparable to or larger
than kinetic energy) correspond to regions of p—p—v space where self-
gravity is significant. As o, only represents the ratio of kinetic energy
to gravitational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic fields', its measured
value should only be used as a guide to the longevity (boundedness) of
any particular feature.

- _l”"l.'., Man's r 'o"maytl

Local max =
Test level | |
il 1
T
Local max 3
° A
@ Merge g
=
2 Local max
o)
£ -
g
Merge T ~
T
g
=
I

Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional
emission profile (black). The dendrogram (blue) can be constructed 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 test level 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 three
dimensions. The dendrogram of 3D data shown in Fig. 2¢ is the direct
analogue of the tree shown here, only constructed from ‘isosurface’ rather
than ‘point’ intersections. It has been sorted and flattened for representation
on a flat page, as fully representing dendrograms for 3D data cubes would
require four dimensions.

©2009 Macmillan Publishers Limited. All rights reserved
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Goodman et al. 2009, Nature,
cf: Fluke et al. 2009
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LETTERS

A role for self-gravity at multiple length scales in the

process of star formation

Alyssa A. Goodman'?, Erik W. Rosolowsky*?, Michelle A. Borkin't, Jonathan B. Foster?, Michael Halle'?*,

Jens Kauffmann"? & Jaime E. Pineda’®

Self-gravity plays a decisive role in the final stages of star forma-
tion, where dense cores (size ~0.1 parsecs) inside molecular clouds
collapse to form star-plus-disk systems'. But self-gravity’s role at
earlier times (and on larger length scales, such as ~I1 parsec) is
unclear; some molecular cloud simulations that do not include
self-gravity suggest that ‘turbulent fragmentation’ alone is suf-
ficient to create a mass distribution of dense cores that resembles,
and sets, the stellar initial mass function®. Here we report a ‘den-
drogram’ (hierarchical tree-diagram) analysis that reveals that
self-gravity plays a significant role over the full range of possible
scales traced by 13CO observations in the L1448 molecular cloud,
but not everywhere in the observed region. In particular, more
than 90 per cent of the compact ‘pre-stellar cores’ traced by peaks
of dust emission’ are projected on the sky within one of the den-
drogram’s self-gravitating ‘leaves’. As these peaks mark the loca-
tions of already-forming stars, or of those probably about to form,

overlapping features as an option, significant emission found between
prominent clumps is typically either appended to the nearest clump or
turned into a small, usually ‘pathological’, feature needed to encom-
pass all the emission being modelled. When applied to molecular-line
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The "Paper" of the Future

, Chris Beaumont, Christine L. Borgman,

Alyssa Goodman, Josh Peek, Alberto Accomazzi

How-Huan Hope Chen, Merce Crosas, Christopher Erdmann, August Muench, Alberto Pepe,
Curtis Wong  + Add author 3G Re-arrange authors

A 5-minute video demonsration of this paper is available at ! YouTut K.

1 Preamble

A varlety of research on human cognition demonstrates that humans learn and communicate best
when more than one processing system (e.q. visual, auditory, touch) is used. And, related
research also shows that, no matter how technical the material, most humans also retain and
process information best when they can put a narrative "story* to it. So, when considering the
future of scholarly communication, we should be careful not to do blithely away with the linear

narrative format that articles and books have followed for centuries: instead, we should enrich it

Much more than text is used to commuicate in Science. Figures, which include images
diagrams, graphs, charts, and more, have enriched scholarly articles since the time of Galileo,
and ever-growing volumes of data underpin most scientific papers. When scientists communicate
face-to-face, as in talks or small discussions, these figures are often the focus of the
conversation. In the best discussions, scientists have the ability to manipulate the figures, and to
access underlying data, in real-time, so as to test out various what-if scenarios, and to explain
findings more clearly. This short article explains—and shows with demonstrations—how
scholarly "papers” can morph into long-lasting rich records of scientific discourse
enriched with deep data and code linkages, interactive figures, audio, video, and commenting

Paper of
the Future ........................................ _

Konrad Hinsen

Many good suggestions, but if the goal is “long-lasting rich
records of scientific discourse”, a more careful and critical
attitude towards electronic artifacts is appropriate. | do see
t concerning videos, but not a word on the much more
critical situation in software. Archiving source code is not
sufficient: all the dependencies, plus the complete build
environment, would have to be conserved as well to make
things work a few years from now. An "executable figure® in
the form of an IPython notebook wil.

Merce Crosas

Konrad, good points; this has been a concern for the
community working on reproducibility. Regarding data
repositories, Dataverse handles long-term preservation and
access of data files in the following way: 1) for some data
files that the repository recognizes (such as R Data, SPSS,
STATA), which depend on a statistical package, the system
converts them into a preservation format (such as a
tab/CSV format). Even though the original format is also
saved and can be accessed, the new preservation format
gua...

Konrad Hinsen

That sounds good. | hope more repositories will follow the
example of Dataverse. Figshare in particular has a very
different attitude, ancouraging researchers to deposit as
much as possible. That's perhaps a good strategy to
change habits, but in the long run it could well backfire
when people find out in a few years that 909% of those
deposits have become useless

Christine L. Borgman

(you may have missed this Monday)




Molecular Gas & the most famous “p-p-v" poster ever
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Molecular Gas “Clouds” Rice et al. 2016

video: Matt Pasquini

warning: velocity-distance conversions in this movie make assumptions that are accident-prone

THE ASTROPHYSICAL JOURNAL, 822:52 (27pp), 2016 May 1 RICE ET AL.

THE ASTROPHYSICAL JOURNAL, 822:52 (27pp), 2016 May 1 doi:10.3847/0004-637X/822/1/52 -10° BN
©2016. The American Astronomical Society. All rights reserved.
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A UNIFORM CATALOG OF MOLECULAR CLOUDS IN THE MILKY WAY 140 B
THOMAS S. RICEI, ALyssA A. GoobMANZ, EDWIN A. BERGIN', CHRISTOPHER BEAUMONTS, AND T. M. DAME? . !

! Department of Aeronomy’. University of Michigan, 311 West Hall, 1085 South University Avenue, Ann Arbor, MI 48109, USA; tsrice@umich.edu > -16 L
“ Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA I

3 Counsyl, 180 Kimball Way, South San Francisco, CA 94080, USA -18° :
Received 2015 July 14; accepted 2016 February 4; published 2016 May 3

ABSTRACT 210°208°206°20

The all-Galaxy CO survey of Dame et al. is by far the most uniform, large-scale Galactic CO survey. Using a ! (deg
dendrogram-based decomposition of this survey, we present a catalog of 1064 massive molecular clouds S A A
throughout the Galactic plane. This catalog contains 2.5 x 10® solar masses, or 25f§%7% of the Milky Way’s

estimated H, mass. We track clouds in some spiral arms through multiple quadrants. The power index of Larson’s

first law, the size-linewidth relation, is consistent with 0.5 in all regions—possibly due to an observational bias—

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 7= —1.6 = 0.1 and an upper

truncation mass of My = (1.0 £ 0.2) x 107 M, while the outer Galaxy mass spectrum is better described by a

non-truncating power law with v = —2.2 & 0.1 and an upper mass of My = (1.5 % 0.5) x 10° M, indicating

that the inner Galaxy is able to form and host substantially more massive GMCs than the outer Galaxy.

Additionally, we have simulated how the Milky Way would appear in CO from extragalactic perspectives, for 210°208°206°204°202°
comparison with CO maps of other galaxies. 1 (deg)

Intensity (K)

Key words: Galaxy general — ISM: clouds — ISM: molecules Figure 2. Example dendrogram extraction of Orion B: a nearby, well-studied giant molecular cloud. Top left: (/, b) thumbnail of the cloud and its neighboring region

. as seen on the sky. Bottom left: (Z, v) thumbnail of the same region. Right: dendrogram cutout, with Orion tructures highlighted in blue. The pixels corresponding

Support ing material: machine-readable table to the highlighted dendrogram structures are outlined in the blue contour (in projection); a representative ellipse is drawn in red, with semimajor axis length equal to
the second moment along each relevant dimension (as calculated in Section 2.2). Data come from DHT Survey #27 (the Orion complex).




(o, B, x, y, z) = (97.1° — 177.0° 700 pc 69 pc 70 pe)
“3D Dust Mapping” (now Pan Starrs, soon Gaia)

+15°

THE ASTROPHYSICAL JOURNAL, 810:25 (23pp), 2015 September 1 doi:10.1088,/0004-637X/810/1/25

© 2015. The American Astronomical Society. All rights reserved.

A THREE-DIMENSIONAL MAP OF MILKY WAY DUST

GREGORY M. GREENl, EDWARD F. SCHLAFLY2, DouGLAS P. FINKBEINERl, HANS-WALTER RIX2, NICOLAS MARTIN>
WILLIAM BURGETT4 PETER W. DRAPER , HEATHER FLEWELLING KLAUs HODAPP NICHOLAS KAISER RoOLF PETER KUDRITZKI6,

EUGENE MAGNIER®, NIGEL METCALFE’, PAUL PrICE’, JOHN TONRY6 AND RICHARD WAINSCOAT6
"Harvard- Smlthsoman Center for Astrophysics, 60 Garden St., Cambndge MA 02138, USA; ggreen@cfa.harvard.edu
2 Max-Planck-Institut fiir Astronomie, Konigstuhl 17, D-69117 Heidelberg, Germany
3 Observatoire astronomique de4Strasbourg, Université de Strasbourg, CNRS, UMR 7550, 11 rue de I’Université, F-67000 Strasbourg, France

GMTO Corporation, 251 S. Lake Ave., Suite 300, Pasadena, CA 91101, USA

Depaltment of Physics, University of Durham, South Road, Durham DH1 3LE, UK

® Institute for Astronomy, University of Hawaii at Manoa, 2680 Woodlawn Dr., Honolulu, HI 96822, USA
7 Princeton University Observatory, 4 Ivy Lane, Peyton Hall, Princeton University, Princeton, NJ 08544, USA

Received 2015 February 24; accepted 2015 July 2; published 2015 August 26

Green, Schlafly, Finkbeiner, Rix et al. 2015
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milkyway3d.org

M | | k Wa 3 D Extended Observations Catalogs and Pointed Surveys
@) y y R\é;v;n Link to Survey Wavelength Continuum (2D) Spectral Line (3D) Source-Based Lists Spectral Line
Galactic Plane Coverage Tool 21 cm, 300 mm, 174-
THOR *
186 mm
f . . " . BESSEL 1-3cm *
MilkyWay3D.org is a tool intended to organize and curate links to information about data sets relevant to our 3D understanding of the Milky Way. For any given longitude range, we provide
the means to determine the available surveys, their overlapping footprint, and the type of data each provides. Information about each dataset, including how to access the data, their hallmark RAMPS* 1cm *
publications, and their principal investigators, is available at the Milky Way 3D Dataverse. All ita can be loaded, “linked”, and explored using the new 3D visualization software package
Gilue, available for download at glueviz.org! CORNISH* 60 mm * *
HOPS 12 mm * *
GRS 3mm *
MALT90 3mm *
*
Dame CO 2.6 mm *
BGPS 1mm * * *
CHIMPS 1mm *
ATLASGAL 870 um * *
JCMT* 850 um * *
HIGAL* 70-500 gm *
GLIMPSE 3.6,4.5,5.8,8.0um *
UKIDSS-GPS* 1.3,1.6,2.2 um *
T T T T ST I T — T — GPIPS* 1.6 um *
This is an interactive coverage tool of surveys of the galactic plane created with the and 10 view the coverage
of a region, click on the check box or slider in the first column of the table below. You can drag your mouse to pan or zoom in the window. Inf¢ mation on where to find
the data in the regions may be found by clicking on the region name or the %. Table columns may be sorted by clicking on the table heads ) Toggle All
Reset/Center
*Future data to be released
% Dataverse Q About Guides v Support Sign Up Log In

The HI, OH, Recombination Line Survey of the Milky Way (THOR) Survey Dataverse (Harvard-Smithsonian Center for Astrophysics)

Harvard Dataverse > MilkyWay3D Dataverse > The HIl, OH, Recombination Line Survey of the Milky Way (THOR) Survey Dataverse

- < |[*free & open

The THOR survey is a galactic plane survey covering 15° < | < 67° and b < |1°|. It consists of HI 21 cm observations, 20 recombination lines and 1-2 GHz continuum data at a 20"

L]
spatial resolution. One of its main science goals is understanding the dynamics of the interstellar medium and how clouds transition from the atomic to the molecular phase. The link o O n I, n e n O W
to the homepage of the THOR survey can be found here.

Q Find = Advanced Search o CO n fq Cf
% Dataverses (0) 110 1 of 1 Result o C Z U C I( e r fo

Datasets (1
m THOR Extended Observations: Spectral Line (3D)

@ Files (0) N Sep5,2016
Publication Date Simon Bihr, 2016, *THOR Extended Observations: Spectral Line (3D)", doi:10.7910/DVN/1ZJGAO, Harvard Dataverse, V1 a yo U r

2016 (1) This dataset consists of extended spectral line observations taken by the Very Large Array (VLA), over | = 15° — 67°, |b| < 1°. There

are a variety of data products available. The first includes HI 21 cm observations with a bandwidth of 2 MHz and a channel width of 1.953
Subject kHz. Thi... S U r Ve
Astronomy and Astrophysics (1)

Author Name
Simon Bihr (1)

Developed at the Institute for Quantitative Social Science | Dataverse Proiect on W# | Code available at @ =



LLUEING T0GE THER
OKELE TON OF THE) The MILKY WAY

“/TT reﬁ/ons
(recond lines)

=
—

CO a/ena/rogram

MaAsSerS
( Besse/)

3D dwst

Stellar Positions
( 6@:@

with Catherine Zucker, Doug Finkbeiner,Tom Dame, Mark Reid, et al.




~—

“Is Nessie Parallel to the Galactic Plane?” 4 surkert, 2012

. : ' -

, .

tat Zero o

0

~ Yes but why n




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]
Sun is Galactic
~25 pc Center is The Galactic Plane is not quite
“above” the + 7 pc offset fromthe = where you’d think it is
IAU Milky Way LA Ly ey when you look at the sky
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In the plane! And at distance of spiral arm!
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..eerily precisely...

Goodman et al. 2014
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2014 Simulation

Smith et al. 2014, using AREPO
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ABSTRACT

Recently, Goodman et al. argued that the very long, very thin infrared dark cloud “Nessie” lies directly in the Galactic
midplane and runs along the Scutum—Centaurus Arm in position—position—velocity (p—p—v) space as traced by lower-
density CO and higher-density NH; gas. Nessie was presented as the first “bone” of the Milky Way, an
extraordinarily long, thin, high-contrast filament that can be used to map our Galaxy’s “skeleton.” Here we present
evidence for additional bones in the Milky Way, arguing that Nessie is not a curiosity but one of several filaments that
could potentially trace Galactic structure. Our 10 bone candidates are all long, filamentary, mid-infrared extinction
features that lie parallel to, and no more than 20 pc from, the physical Galactic mid-plane. We use CO, N,H*, HCO™,
and NHj radial velocity data to establish the three-dimensional location of the candidates in p—p—v space. Of the 10
candidates, 6 also have a projected aspect ratio of >50:1; run along, or extremely close to, the Scutum—Centaurus
Arm in p—p-v space; and exhibit no abrupt shifts in velocity. The evidence presented here suggests that these
candidates mark the locations of significant spiral features, with the bone called filament 5 (“BC_18.88-0.09) being a
close analog to Nessie in the northern sky. As molecular spectral-line and extinction maps cover more of the sky at
increasing resolution and sensitivity, it should be possible to find more bones in future studies.

Key words: Galaxy: kinematics and dynamics — Galaxy: structure — ISM: clouds
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Abstract

The characterization of our Galaxy’s longest filamentary gas features has been the subject of a
number of studies in recent years, producing not only a sizeable sample of large-scale filaments,
but also confusion as to whether all these features (e.g. “Bones”, “Giant Molecular Filaments”)
are essentially the same. They are not. We undertake the first standardized analysis of the phys-
ical properties (densities, temperatures, morphologies, radial profiles) and kinematics of large-scale
filaments in the literature. We expand and improve upon prior analyses by using the same data
sets, techniques, and spiral arm models to disentangle the filaments’ inherent properties from selec-
tion criteria and methodology. Our results suggest that the myriad filament finding techniques are
uncovering different physical structures, with quantities length (10-268 pc), width (1-40 pc), mass
(3 x 10*> Mg — 1.1 x 10 Mg,), aspect ratio (3:1 - 104:1), and dense gas fraction (0.2-100%) varying
by at least an order of magnitude across the sample of 45 filaments. We perform a pasition: nasi Hon -pu va 0
velocity (p-p-v) analysis on a subset of the filaments and find that while 60%-7Q% %,
the Galaxy, only 30-45% also exhibit kinematic proximity to purported spiral ¢ ™ s ssssiens
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| missed Monday’s talk...what did you say?

I’'m a particle physicist...what’s a “galactic plane”?

What's a “rotation curve”? How do you measure all
this stuff¢ Why should | care?

I’'m an astronomer...and | only care a little about the
Galaxy— can | just see more on that cool software you
showed too briefly on Monday?
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4D: Time Series of Volumes = “3D Movies”
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|INKED VIEWS OF RIGH-DIMENSIONAL DATA
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The Physical Properties of Large-Scale
Galactic Filaments

catherine

Nessie’s velocity
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“Nessie” seen in ; . - h f matches the global-
extinction. Its length Nessie lies within  * | " log spiral fit to the

(160+ pc) and aspect s 3 pc of the “I Scutum Centaurus
ratio (>300:1) suggests its 3 s P o < physical Galactic ' Armin p-v space
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the Galaxy. s N > line), at d=3.1 kpc
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Galactic Longitude MST Bones: Filaments created by

Milky Way Bones: Ultra-dense, high aspect ratio Nessie connecting dense BGPS N,H+/HCO+

analogs that may form the “Skeleton” of the Milky Way. ° @ sources in p-p-v space using Minimum

Spanning Tree algorithm. Must also
satisfy additional Bone criteria based on
Zucker+2015 criteria (Wang+2016)

Analogs must satisfy quantitative Bone criteria (Zucker+2015)

Giant Molecular

Filaments: 70+ pc
lower density filaments
traced mainly by 13CO,
with typical aspect ratios
between 5:1-10:1

Nessie Analog from Zucker+2015 Rage 3 (Ragan+2014, Abreu-
S Vicente+2016)

But they have different properties and utility in tracing spiral structure

Size Scale Comparison of
Large-Scale Filament Catalogs:
Herschel column density map with
filament outlines overlaid

Temperature Comparison

Systematic
offsets in column
density (top left),
temperature (top
right), scale height
(bottom left) and
position angle
(bottom right)
among different

classes
Position Angle Comparison

Filament Venn
Diagram: only 18% of
large-scale filaments share
any overlap with other large-
scale filament catalogs
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2.3. Establishing “Bone” Criteria

+00.40°

After narrowing down our list to 10 filaments with kinematic
structure consistent with existing spiral arm models, we
develop a set of criteria for an object to be called a “bone”:

Galactic Latitude

1. Largely continuous mid-infrared extinction feature

2. Parallel to the Galactic plane, to within 30°

3. Within 20 pc of the physical Galactic mid-plane, assum-
ing a flat galaxy

4. Within 10 km s~" of the global-log spiral fit to any Milky

Waxr arm
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Battershy, Goodman, Zucker et al. in prep.
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Battershy, Goodman, Zucker et al. in prep.
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But they have different properties and utility in tracing spiral structure
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cf. simulation work by Moeckl & Burkert 2015, Duarte-
Cabral & Dobbs 2016; + AREPO MHD simulation -ALMA

polarimetry comparison from Hull et al. 2016, more...
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