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Figure 10. Riegel-Crutcher cloud (Section 6) in H 1absorption (left) and RHT backprojection (right). Overlaid pseudovectors represent polarization angle measurements
from the Heiles (2000) compilation. In the left panel, the intensity scale is linear from —20 K (white) to =120 K (black).
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(A color version of this figure is available in the online journal.)
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video: Matt Pasquini

o ASTROMIYSICAL JoumsaL, 82252 (27pp)

e ASTROPUYSICAL JOURNAL, 822:52 (27pp), 2016 May 1 dou: 10,3847 /0004.637X /522 /1

© 2008 The Ameriian Astronomical Sochety. Al fghts senerve @

A UNIFORM CATALOG OF MOLECULAR CLOUDS IN THE MILKY WAY

. . . 2 | - L e 2
THOMAS S. Rice', ALyssa A, GoopMaN®, EDwIN A, BERGIN', CHRISTOPHER BEAUMONT , AND T, M, DaME
o Astromoe Ussversity of Michigan, 311 West Hall, 1085 South University Aveaue, Ann Arbor, M1 45109, USA; tsnce@amuch.edu
* Harvasd-Smithsonian Center s, 60 Garden Street, Cambnidge, MA 02138, USA

* Counsyl, 181 1y, South Saa Francisco, CA 94080, USA -18° '
Received 2015 July 14; accepted 2016 February 4; published 2016 May 3
‘ 3

ABSTRACT 210°208% 206" 204" 202"

" . . . o > op - . n . | (deg
I'he all-Galaxy CO survey of Dame ¢t al. is by far the most uniform, large-scale Galactic CO survey. Using a (deg)
A ) ) £ 3 g

dendrogram-based  decomposition of this survey, we present a catalog of 1064 massive molecular clouds

throughout the Galactic plane. This catalog contains 2.5 x 107 solar masses, or 257:5'% 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,

incicating that their hinewadths 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 + 1.6 = 0.1 and an upper

truncation mass of My = (1.0 £ 0.2) x 10" M., while the outer Galaxy mass spectrum is better described by a

non-truncating power law with 4 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"
companson with CO maps of other galaxies | (deg)

Key words: Galaxy: general — ISM: clouds — ISM: molecules r - ¢ Top keft: (1, &) ¢ hieng

) ! oo Right: dendrogram owe ¢ t Y W P TospOonding
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What are the /constructive forces?

Any structure’s longevity is affected by which influences govern it.

How (long) do structures live?



ONLY SIMULATIONS ALLOW US 10
SUILD, DESTRUY & TIME TRAVEL

+"observed” simulations are best


https://en.wikipedia.org/wiki/Pons_Neronianus

ARE SUME PLACES SPECIAL?




The mid-plane of a spiral galaxy is a special place



“Is Nessie Parallel to the Galactic Plane?” 4 surkers, 2012 6




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 _ Centeris The Galactic Plane is not quite
“above” the =+ 7 pc offset from the = where you’d think it is
IAU Milky Way L Bl Bty when you look at the sky

Plane Center



In the plane! And at distance of spiral arm!

-43.3 -40.0 -36.7

[Z,=25.0 pc, Ry=8.5 kpc, ©,=220 km/s]
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..eerily precisely...

Goodman et al. 2014
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The Physical Properties of Large-Scale

Galactic Filaments
Catherine Zucker, Alyssa Goodman, Cara Battershy

Harvard-Smithsonian Center for Agffophysics catherine.zucker@cta. harvard. edu
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But they have different properties and utility in tracing spiral structure
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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
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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 Mocz, Burkhart,
Goodman, Hernquist, Springel et al., submitted, & more...
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AS PROMISED: Bo, AND A LITTLE MORE GLUE




WRAT I HLAMENTS CONTINUE ACROSS CURE™ BUUNDARIES?

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

Goodman, Chen, Offner & Pineda 2016 in prep.
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Simulators are almost observing enough lines...
Fllaments In Fllaments
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Bonus: Let's use dendrograms to put “topology” into the context of PDFs.
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Chen, Burkhart & Goodman 2016, draft online.




Why would we do that?
Consider the anatomy of a PDF...
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Ophiuchus Herschel Data

Yes, power law is all from “cores” (leaves).
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SUME PLACES ARE SPECIAL
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What are “special” places in ISM & how long do they last?

—galactic plane, Bones ‘
—filaments’ influence may last into cores—how long, and when, simulators?

How do “influences” change what is special?
—magnefic fields, feedback, “collisions,” but when, how & where, simulators?
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Extinction

Bottom panel: Red=column density from Herschel, green=70 micron data from Herschel, and blue= 8 micron data
image courtesy of Cara Battershy
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COHERENCE IN DENSE CORES. IL THE TRANSITION TO COHERENCE

"Chaff"

0.01 fo 10 pc ;tnles ‘

-

ALyssa A, GoooMAN'
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ABSTRACT

Afer studying how line width depends on spatial scale in low-mass starforming regions, we propose
that “dense cores™ (Myers & Bensoa 1983) ropresent an inmer scale of a self-similar procoss that charac-
terizes larger scale molecular clouds.

"Coherent
Core"

F1G. 10.—An illustration of the transition to coherence. Color and shading schematically represent velocity and density in this figure. On large scales,
material (labeled chaff) is distributed in a self-similar fashion, and its filling factor is low. On scales smaller than some fiducial radius, the filling factor of gas
increases substantially, and a coherent dense core, which is not self-similar, is formed. Due to limitations in the authors’ drawing ability, the figure emphasizes
a particular size scale in the chaff, which should actually exhibit self-similar structure on all scales ranging from the size of an entire molecular cloud complex

down to a coherent core.
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