Numerically Constraining

Star Formation

~in the Real Universe,
with Observations

|

.

a
Alyssa A. Goodman

Harvard-Smithsonian Center for Astrophysics



R dendrogram
W, decomposition

UNiEXpetied siruciore

jmulu’nons tq learn what's, “rea

|II

Many contributors to projects
highlighted here include: Ahmed,
Alves, Beaumont, Benjamin,
Borkin, Burkert, Dame, Duval,
Faesi, Glover, Goodman, Hurt,
Jackson, Kauffmann, Offner, Reid,
Rice, Robitaille, Rosolowsky, Shetty

distance

calibration

“ .."’,;‘ ) ‘ \
3 O &)

endrogram
decomposition




de-jargonification

GENERALL What's a” p—p—~v" cube?
I D: Columns
2D: Faces or _
3D: Volumes (e.g. p-p-v) =“3D Renderings”," 2D Movies”
4D: Time Series of Volumes =“3D Movies”

Series”
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Spectroscopy
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Spectral-Line Mapping

_ Spectral Line Observations

| dimension

Mountain Range No loss Of
information
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“KEITH"

“Z” is depth into head

“Astronomical Medicine”

“PERSEVS”

FIFFF
38883
2333

“z” is line-of-sight velocity

http://am.iic.harvard.edu/
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Dendrograms

from Goodman et al. 2009
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:Z Dendrogram
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. " . All structure ]
de-jargonification

W hat ‘s a a/ena/rogrdm 4

D (b) decompositions of 13CO
»-p-v space. Panels in (¢) show
1(a). Yellow highlights in (c)
malysis. In the published PDF
gure 1s interactive.

: from Nature, or visit
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Hierarchical “Segmentation”
Rosolowsky, Pineda, Kauffmann & Goodman 2008; and see Erik Rosolowsky’s talk in a little while!



Intensity level

Dendrograms

local - max
test level “
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Hierarchical “Segmentation”
Rosolowsky, Pineda, Kauffmann & Goodman 2008



Dendrograms

intensity level

|-D: points; 2-D closed curves (contours); 3-D surfaces enclosing volumes
see 2D demo at http://am.iic.harvard.edulindex.cgi/DendroStar/applet



http://am.iic.harvard.edu/index.cgi/DendroStar/applet
http://am.iic.harvard.edu/index.cgi/DendroStar/applet

DendroStar/applet - IC/AstroMed

=

AlA + @hup:/ram.iic.harvard.edu/index.cgi/DendroStar/applet ¢ Q- astronomical medicine

The Astronomical Medicine Project Initiative In Innovative Computing at Harvard

Harvard 1IC Home
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overview
what's new?
press

about us
contact us

Resecarch
background
projects
papcers
images
movies

Software

overview

Slicer: getting started
Slicer 3

fits 2itk

OsinX

DendroStar

Links

Center for Astrophysics
COMPLETE Survey
Surgical Planning Lab
3D Slicer

related projects

User
Login

Search

Search

Applet DendroStar started
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o

The DendroStar Applet for L1448: Try me!

2 YoX

Suppress tint:

Reset

http://am.iic.harvard.edul/index.cgi/DendroStar/a
Dendrogram Algorithm by Erik Rosolwosky; Applet by Douglas Alan


http://am.iic.harvard.edu/index.cgi/DendroStar/applet
http://am.iic.harvard.edu/index.cgi/DendroStar/applet
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What does “bound” mean?

And, how good are distances?



Kinematic distances are OK, but not fantastic...
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y=0977x ®
R*30.60
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Kinematic
(for dendro features)
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Parallax (BeSSel)

from Sara Duval’s Harvard Junior Thesis with AG, 2013 (thanks to Dame & Reid)



BO U d ? (2008: Frank Shu asks for a “test of the test”)

Yellow highlighting= “self-gravitating”

...where “self-gravitating” just means

Olvir (:5 szR/ M lum) < 2
cf. Bertoldi & McKee 1992

Tests

e p-p-v OK for p-p-p!?
*ignoring all but gravity &
Figure 2 Dendrogram (a) and CLUMPFIND (b) decompositions of 13CO ran d om K E O K7

in the 1.1448 region of Perseus shown in p-p-v space. Panels in (¢) show

dendrograms, colored to match surfaces in (a). Yellow highlights in (c) 13

mark bound regions according to a virial analysis. In the published PDF ® C O go (@) d eno ugh ?
version of Goodman et al. (2009b), this figure 1s interactive.

Interested readers can download the paper from Nature, or visit

tinyurl.com/Nature3Dpdf for a video demo.

Goodman, Rosolowsky, Borkin, Foster, Halle, Kauffmann, Pineda 2009
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Taste test: Using simulations, and synthetic observations of those simulations,
measure “match quality” (indicating p-p-v space overlap of “real” p-p-p dendrogram
features projected in to p-p-v space, and structures found in p-p-v dendrogram).

Beaumont, Offner, Shetty, Glover & Goodman 2013, using RADMC-3D from Dullemond et al.
cf. prior work of Stella Offner, Rowan Smith, Erik Rosolowsky, Paolo Padoan, Rahul Shetty, et al.



p-p-v views, 3(0
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Table 2. Summary of each simulation

Box Size

Simulation Code
Gridding

Driven Turbulence?
Driving Power Spectrum
Gravity?

B field?

Gas Temperature
Chemistry

Background UV
Constant CO Abundance
12C0/13CO abundance
Radiative Transfer Code
Microturbulence
Metallicity

Mean number density (nH)
Mach Number
Isothermal?

Output time(s)

Mass in stars

S11

20 pc

Zeus-MP

2563

Yes

Uniform 1 < k< 2
No

5.85 uG

Variable (10-200K)
H,O,C

2.7e-3 erg cm— 251
No

70

RADMC 3D

0.2 km s—!

Solar

100 cm—3

~ 6

No

5.7 Myr

N/A

25 pc

ORION -
2563 + 4 levels of AMR refinement
Yes

Uniform 1 < k < 2

Yes

0

15K

None

No

1.75 e-4

70

RADMC 3D

0.2 km s—1

N/A

58 cm—3

22

Yes

2.5 Myr

722 Msun (2.4%)

Beaumont, Offner, Shetty, Glover & Goodman 2013

Simulaton “O|”
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Simulation “S| |”
no g, yes B, yes chemistry/uv
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Table 2. Summary of each simulation & \ ;
1‘ ‘ Y
S11 AY :
“ .
Box Size 20 pc 25 pc vy . v
Simulation Code Zeus-MP ORION % /’,‘ ' » -
Gridding 2563 2563 + 4 levels of AMR refinement { e ’ F
Driven Turbulence? Yes Yes ; - .
Driving Power Spectrum Uniform 1 < k< 2 Uniform 1 < k < 2 | 2C O 3 2
Gravity? No Yes ( k. )
B field? 5.85 uG 0 — — 2
Gas Temperature Variable (10-200K) 15K N
Chemistry H,O,C None
Background UV 2.7e-3 erg ecm— 251 No 4
Constant CO Abundance  No 1.75 e-4 ' -~ ) .
12¢0/13CO abundance 70 70 ") ' ,
Radiative Transfer Code RADMC 3D RADMC 3D . 5y 3
Microturbulence 0.2 km s—! 0.2 km s—! \
Metallicity Solar N/A .
Mean number density (nH) 100 cm—3 58 cm—3 ' v
Mach Number ~6 22 o
Isothermal? No Yes
Output time(s) 5.7 Myr 2.5 Myr / v -
Mass in stars N/A 722 Msun (2.4%) o

-

Beaumont, Offner, Shetty, Glover & Goodman 2013 3co(l _o;)' .
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“Larson Relations”
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Contributors to projects highlighted
here include Beaumont, Borkin, Faesi,
Glover, Goodman, Offner, Shetty

Role of Pressure

Can we measure ite
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OBSERVED “Pressure” = P = po;,

density (r) is derived from |-D velocity dispersion (sv)
column density (N), which is is taken to be 2" moment of
derived from CO luminosity  velocity along the line of sight.

& “X-factor” assumptions

Operationally

p= (6.7umyLXco)/(Vaxr)® o= (L(vi=v0)*)/(}_L)

r = 1.91\/377'msy7'ms Z(IJU?) o (Z Ijvj)2/z(1j

Q
~
|
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13C0 “Pressure”-Encoded Dendrograms
does pressure really “drop” at peaks? (unlikely!)

1C348 (cluster-forming refi
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ike“OI1”
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i : . : i : . 10—
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Faesi, Offner, Beaumont & Goodman 2014
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The Bones of the Milky Way

Alyssa Goodman, Joao Alves, Chris Beaumont, Tom Dame, James Jackson, Jens Kauffmann, Thomas Robitaille,
+ Add author & Export article

4l Newsfeed view

Article index Alberto Pepe, Michelle Borkin, Andreas Burkert, Bob Benjamin

Introduction 1

Nessie longer

] 1nessie findingchart
] Table! mass nessie
3d position

Using rotation curves

] 6drafttopview

(] 3draftnessie vrad 21
o velocities

] 4draft co sky

Nh3 velocities

(] 5draft side view

(] 7draftnessie co lv

Significance

@] Bones dobbs

Can we map full skeleton

] 9ic342 jarrett lowres

(4 Quick edit

©® Howdo l.?

2 Settings

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.




“Is Nessie Parallel to the Galactic Plane?2”_a. surkert, Ringberg 2012
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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
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Predicted Velocities match NHs Cores in Nessie Perfectly
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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

black dots show HOPS NHjs velocities 90
from Purcell et al. 2012; color is CO;

line is log-spiral fit to full Scut-Cen Arm ~109,5 341 340 339 338 337 336
Galactic Longitude (°)
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Other Arms?
Other Nessies?

2013 Harvard Junior Thesis of Rabeed A
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What's a bone?
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Dobbs & Pringle 2013

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



What's a bone? What does Nessie mark?

z=-coordinate of potential nininun [kpcl

8.83

new (June 201 3) simulation by Andi
Burkert et al.,“inspired” by Nessie, but
still not high-enough resolution...

Andi says we need | billion particles to see
Nessies...

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

Star Formation

~in the Real Universe,
with Observations

|

.

a
Alyssa A. Goodman

Harvard-Smithsonian Center for Astrophysics



& LOog In/create account

The intention of Universe3D.org is to host links to web content that enable the enhancement of our three-dimensional view of
the Universe. Feel free to join in and edit--Wikipedia-style!

Recently added Dataset Survey Coverage of the Milky Way

& The Methanol MultiBeam
Survey is a sensitive survey of massive young stars in
the Milky Way Galaxy to detect methanol masers. The
survey is carried out by scanning the telescope in galactic
longitude. Spectra cover a 4-MHz band, corresponding to
a velocity range of 180 km/s, with 2048 channels each
separated by 0.09 km/s. Regions towards the galactic
centre are scanned more than once with different velocity
settings, so that all likely radial velocities are searched. A
second frequency band centred on the 6035-MHz line of
hydroxyl (OH) is observed in parallel with the methanol Distance Wavelength
band. ; it

Datasets

Gamma Ray X-Ray Ultraviolet Optical Infrared Radio

Solar System
Astronomy News

Nearby Stars

Astronomy Magazine News Article - & Milky Way
Released:6/21/2013 ;

Local Group Galaxies

Fri, 21 Jun 2013 00:00:00 GMT

z ~ 0 Galaxies

z > 0 Galaxies

High Redshift Universe

Early Universe

If you want to add a new dataset click here.

*: Datasets available
: No Datasets available yet



http://universe3d.org
http://universe3d.org
http://universe3d.org
https://universe3d.org/wiki/index.php/Datasets
https://universe3d.org/wiki/index.php/Datasets
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