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Cognition

Language™
Data Pictures

Communication

*“Language” includes words & math
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THE MILKY WAY

“Galactic Plane”
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AUW S TARS FURM

Molecular Cloud Comple

Alves, Lombardi & Lada 2007
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Magnetic Fields

Chemical & Phase

Gravity

Thermal
Pressure

Transformations
A COMPLICATED RECIPE
Radiation
“Turbulence” Outflows
(Random Kinetic Energy) & WI N dS

Image Credit: Jonathan Foster & Jaime Pineda CfA/COMPLETE Deep Megacam Mosaic of West End of Perseus
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PRIMITIVE COOKING, WITH SIMPLE RECIPES

Simulations of Bate 2009



THE TASTE-TESTING PROCESS
“depletion,

o )
OPGC’ty Simulated "*CO

Simulated Column Density
Emission
Radiative
Transfer Synthetic
(+Chemistry) § Observing -
For today’s purposes:

We devise and use high-dimensional statistics
to compare the real and simulated Universe.
Results: Simulations are getting better, but none is
fully realistic yet. Goal is to guide input Physics.

Observed CO L ]
Emission 0.1 1.0 *
g Scale (pc) ) TAS
-
Observing System
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Nature Observed Data
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Dust

Gas

“Stars”
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All thanks to Dopp'er T R R S S
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oPEC TRAL-LINE MAPPING

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

7 This is called

v, only from E'p."" or
position-
maps” position-velocity”
space.

“spectral-line




ottING IN P-P-V SPACE

Spectral Line Observations

N N -

1 dimension

Mountain Range NO IOSS Of
information



DATA-UMENSIONS-DISPLAY

I 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”



CH®MPLEIE

orciNG WIDE DATAIN 30

sub-mm peak (Hatchell
et al. 2005, Kirk et al. 2006)

13CO (Ridge et al. 2006)

i mid-IR IRAC composite

from c2d data (Foster,
Laakso, Ridge, et al.)

B Optical image (Barnard 1927)




otciNG WIDE DATA IN 3D




AS TRUNUMICAL MEDICING

“KEITH” “PERSEVS”

“7" is depth info head “1" is line-of-sight velocity

“AstroMed” collaborators include Douglas Alan, Chris Beaumont, Michelle Borkin, Jonathan Foster,
Michael Halle, Nick Holliman, Jens Kautfmann, Jaime Pineda, Tudor Platon, Erik Rosolowsky, and more



Perseus

Astronomical

3D Viz made with VolView
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Molecular Cloud Comple
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Molecular Cloud Complex




Molecular Cloud Complex
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CURERENT CORES
SLANUS OF CALM IN' TURBULENT SEAS(?)

The 30-year story: Myers & Benson 1983, Goodman et al. 1998, Pineda et al. 2010, 2011, 2014



PUSHTION=VELOCHY STRUCTURE OF THE Bo REGION IN PERSEUS
s

weak NH3 Strc

many thanks to Jaime Pineda & Jens Kauffmann for this figure
COMPLETE data: 3C0 from Ridge et al. 2006; NH; from Pineda et al. 2010



o [RONG EVIDENCE FOR VELOCITY CORERENCE IN DENSE CURES

greyscale shows NHj3 velocity dispersion,
arrows show gradient in dispersion

strong NH3

weak NH;j

non-thermal line coidt/ NH; Benson & Myers [989
constant in core, Zhen —— ~———
Jurmps abruptly o

Curbetlent values

b y
GBT NH3 observations of the B5 core (Pineda et al. 2010)



PUSHTION=VELOCHY STRUCTURE OF THE Bo REGION IN PERSEUS

weak NH3 strong NH3 : |

many thanks to Jaime Pineda & Jens Kauffmann for this figure
COMPLETE data: '3CO from Ridge et al. 2006; NH3 from Pineda et al. 2010



sU T THEN.. WE FOUND SUB-STRUCTURE

Pineda et al. 2011



oU | MAYBE 15 DIFFERENT?

isothermal
hydrostatic filaments,
not furbulent ones?

Pineda et al. 2011



U T WRAT |- FILAMENTS CONTINUE ACRUSS CORE™ BOUNDARIES?

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

Goodman, Chen, Offner & Pineda 2014 in prep.



po-1or SIMULA TION

Log Column Density
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OHHH.

[B5 image removed to comply with Nature “embargo” rules.]

Pineda, Offner, Parker, Arce, Goodman, Caselli, Fuller, Bourke & Corder 2014, submitted to Nature (do not reproduce without permission)
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Once upon a time (2012), in an
enchanted castle (in Bavaria)

...dl @ conierence abhout
“The Early Phases of Star Foration”



Andi Burkert asked a question:
Is Nessie “parallel to the Galactic Plane”?

No one knew.



The Milky Way



“Is Nessie Parallel to the Galactic Plane?”

Yes but why not at Zero of Latitude (b=0)?



Where are we, really?

“IAU Milky Way”, est. 1959

True Milky Way, modern

 [Blaauw et al. 1959]

Sun is
~75 light years
“above” the
AU Milky Way
Plane

Galactic

Center is . . .
~20 light years B The Galactic Plane is not quite

offset from the where you’d think it is

AU Milky Way when you look at the sky
Center



Galactic Latitude (b)

In the plane! And at distance of spiral arm!
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..eerily precisely...



A full 3D skeleton?

state ot the art
simulation 2013

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



2014 Simulation

Smith et al. 2014, using AREPO
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2014 Simulation
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|INKED VIEWS OF HIGR-DIMENSIONAL DATA

/

John Tukey

100
75
50
25

0

figure, by M. Borkin, reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”



http://adsabs.harvard.edu/abs/2012AN....333..505G
http://adsabs.harvard.edu/abs/2012AN....333..505G

NESSIE IN GLUE
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Video courtesy of Chris Beaumont, Lead Glue Architect
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Cognition

Paper of
the Future ........................................... :
: Language™ ‘
Data Pictures
Communication

*“Language” includes words & math
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A Rotating (Spiral) Galaxy Observed from its Quiskirts...
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