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Seamless Astronomy...and The Bones of the Milky Way

Alyssa A. Goodman

Harvard-Smithsonian Center for Astrophysics




“| think that the future of astrophysical research will
rely more on sharing of code and data in the future

than it has in the past.”
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color code shows frequency of NASA archive use, darker is more; bar
length gives percentage for each row



Data Sharing Practices

of 170 PhD-level Scientists at the Harvard-Smithsonian Center for Astrophysics

emailed data

fip site
personal site
project site
institutional archive
endunger career
large file size
don't know how
too much effort
think no one wants it

other

— - o o
30 60 90 120

150

(gathered April 17-18, 2013)

emailed data to a colleague upon request.

put data at an ftp-style site for a colleague to retrieve.

put data at a personal web site, such as http://cfa-www.harvard.edu/~agoodman

put data at a project-based web site, such as http://www.cfa.harvard.edu/COMPLETE/data_html_pages/data.html
put data at an organized institutional archive, such as http://theastrodata.org or http://tdc-www.harvard.edu

not shared my data, because | think it will endanger my career.

not shared my data due to large file sizes

not shared my data because | don't know how.

not shared my data because it takes too much effort.

not shared my data because | don't think anyone will want it.

Other

180



Journal-Data/Code Desires

of 170 PhD-level Scientists at the Harvard-Smithsonian Center for Astrophysics
(gathered April 17-18, 2013)

click on a table in a PDF or HTML view and be offered an ASCII download

click on a sky image and be offered to see that image as an overlay on a selectable-wavelength(s) view of the sky
click on a sky image and retrieve a FITS file for that image

retrieve ASCII table versions of information shown in graphs

retrieve code from URLs offered within a paper

Other
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Real Life “Science”
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Evolution since the Revolution

ASTROPHYSICAL JOURNAL

|665 20y [89F 14y 2009

E]Astromeltrg&het 415 Astrometry.net,

[demo 3D PDF]




Blog About Archives Support Wiki

Tutorial for embedding 3D interactive graphics into PDF
by Guest on March 7, 2012

Josh Peek (@joshuaegpeek) is a Hubble Fellow at Columbia University, specializing in the ISM in and
around disk galaxies. He has a fascination with data presentation and design.

As an astronomer studying the complex three-dimensional structures of the interstellar medium, I've been
taken with the idea of presenting that information in a compelling and interactive way to readers. The
major mode of communication for astronomers is the refereed journal article, as distributed through PDF,
so | got interested in how one can package interactive 3D scenes with the papers we write. Interactive
graphics can be embedded in PDFs that can be rotated, panned, and zoomed.

Tricks for Profess:

Search

Follow AstroBetter
& Subscribe

&= Subscribe by Email

_f Facebook

|8l Follow on Twitter

Contributors

o Kelle (187)

o Jane (43)

o Jessica Lu (41)
o Guest (39)

o saurav (17)

o Planck (8)

o Laura Trouille (8)
o contentmgr (2)

o Jess K (1)




NEWS, UPDATES, HANGOUTS AND MORE ON THE YT GOOGLE PLUS PAGE

HOME
COMMUNITY
GET YT
EXAMPLES
DEVELOP

HELP!

THE YT PROJECT

N PHYSICALLY-MOTIVATED VISUALIZATION

Simulation of dwarf galaxies by Wise & Cer

DOCS

BLOG
HUB

DETAILED DATA ANALYSIS AND VISUALIZATIONS, WRITTEN BY WORKING
ASTROPHYSICISTS AND DESIGNED FOR PRAGMATIC ANALYSIS NEEDS.

DATA-DRIVEN COMMUNITY FREE SOFTWARE

Q| ab | (<)

ytis designed to provide a ytis composed of a friendly

consistent, cross-code interface to community of users and ytis developed completely in the

analyzing and visualizing developers. We want to make it open, released under the GPL

astrophysical simulation data from easy to use and develop —we'd license. The developers are

a physical perspective. love it if you got involved! committed to open source
HOWDOI practices and fidelity of scientific




Evolution since the Revolution

ASTROPHYSICAL JOURNAL

|665 20y [89F 14y 2009

E]Astromeltrg&het 415 Astrometry.net,

[demo flickr-WWT]




Seamless Astronomy

Realm of "Seamiess Astronomy"”

\

Data A
paths to data

“Virtual
Observatory”
tools of variable
utility

P~

Advanced )

Search &
InfoViz tools

/ \
Standalone Analysis Software

®« £ s21DL

\ AN
brojects.ig.harvard.edu/seamlessastronomy

Alberto Accomazzi, Christopher Beaumont, Douglas Burke, Raffacle D’Abrusco, Rahul Davé, Christopher Erdmann, Pepi Fabbiano,
Alyssa Goodman, Edwin Henneken, Jay Luker, Gus Muench, Michael Kurtz, Max Lu, Victoria Mittelbach, Alberto Pepe, Arnold
Rots, Patricia Udomprasert (Harvard-Smithsonian CfA); Mercé Crosas (Harvard Institute for Quantitative Social Science);
Christine Borgman (UCLA); Jonathan Fay & Curtis Wong (Microsoft Research); Alberto Conti (Space Telescope Science Institute)

f“@ Microsoft .
W Research @ (&7



Seamless Astronomy
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Seamless Astronomy

010% 010% 010

data

(When) does = web pages?

- ="“The Internet”
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Seamless Astronomy
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A “Virtual Observatory”

Best Instantiation: WorldWide Telescope
est. 2008
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WWT Ambassadors

Group B (Traditional) Group A (With WWT)
Nbcr'crc:77; Naﬁcr:75 Nb(-,"orc:75; Nafrcr:8|
What is your level of
interest in Astronomy!’ _—

What is your level of
interest in Science?

How much factual knowledge

do you have about astronomy? D uty

How much understanding do you
have about topics in astronomy?

How well can you vis*»~~
Sun-Earth-Moe~

-0.5 -0.25 0 0.25 0.5 0.75 1.0

Effect Size: Gain (or Loss) in Units of Pre-Test Standard Deviation
(Error bars show = | Standard Error of the Mean)

WWT in Higher Ed

“WWT in Research
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Seamless Astronomy

Best Instantiation; ADS
est. | 994*

[demo not needed!}




Seamless Astronomy

Better(!):
ADS Labs
est. 201 |

[demo]




Seamless Astronomy

>code




Seamless Astronomy
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data(versel)
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Seamless Astronomy
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Seamless Astronomy
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Seamless Astronomy: Citizen Science

ZO@NIVERSE

REAL SCIENCE ONLINE



Seamless Astronomy: ADS All Sky Survey

ZO@NIVERSE

) s S SO S
REAL SCIENCE ONLINE

_ literature
literatu 3

ADSASS particpants include: ADS, CDS, STScl, NYU/astrometry.net, Microsoft Research & Zooniverse




Seamless Astronomy: ADS All Sky Survey

Histarical |r#a’§‘e Layer .
Extracted from ALL .
ADS holdmés.
Sk)’ (astrometry: net.& .
’ Zooﬁé/ersé)

» i
-

ADS-Seamless-astrometry.net-MSR-Zooniverse

ADS-CDS-Seamless-MSR collaboration .
collaboration
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Seamless Astronomy




code sharing, e.g. github

© Explore Gist Blog Help n aagoodman E ¥ I
[ Contributions &l Repositories N Public Activity +g Follow -~
Popular repositories Repositories contributed to
E] AchtungCoaddVerboten E] astropy/astropy
E] apwlib E] astropy/astropy-tutorials
E] Python-Columbia E] astropy/astropy-api
Adrian Price- positr o Y for AP1d
Whelan [¥ specutils El dfm/emcee.js
adrn ' >d package for 10 spectr 8 ‘ e

E] mala-strana E] astropy/astropy-v0.2-paper

Columbia University
NYC
http://www.adrianpricewhela... adrn's Open Source Contributions

Jan 25, 2011

11 22 14 m

|
|
Organizations Learn more ] |
@) 913 Total 20 days 20 days
Year of Contributions Longe
Contribution Activity 1 Week -




Seamless Astronomy
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Seamless Astronomy

>code




Seamless Astronomy: Authorea

each collaborative project
(“paper”) can
be public or private

versioning model=github

: i terature T———
>code 1

Hello, Authorea.

authorea.com



P

\Bones?f he
A

>

%

Alyssa A. Goodman (Harvard-Smithsonian Center for Astrophysics)

with collaborators at (alphabetically by insitution):

Boston University: James Jackson

Caltech: Jens Kauffmann

Harvard - Smithsonian: Christopher Beaumont, Michelle A. Borkin, Thomas M. Dame
Max Planck Insitute for Astronomy: Thomas Robitaille

U. Munich: Andreas Burkert

U. Vienna: Joao F. Alves

U. Wisconsin: Robert A. Benjamin

e Bones of the Milky Way

Alyssa Goodman, m:617-230-7080; url: milkywaybones.org
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Seamless Astronomy: Data Visualization

data

data \ N data

010% 0104 010«

0104 010% 010

data

Glue collaboration (see glueviz.org): Chris Beaumont, lead & Alyssa Goodman (Harvard-CfA);
Michelle Borkin & Hanspeter Pfister (Harvard-SEAS/CS) and Thomas Robitaille (MPIA Heidelberg)
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Data Collection
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http://www.glueviz.org/en/latest/  Glue collaboration: Beaumont, Borkin, Goodman, Pfister, Robitaille
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THE ASTROPHYSICAL JOURNAL LETTERS, 719:L185-L189, 2010 August 20 doi:10.1088/2041-8205/719/2/L.185
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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
2 Depdnmenl of Physics and Astronomy, Northwestern University, Evanston, IL 60208, USA: e-chambers @northwestern.edu
3 Australia Telescope National Facility and Universidad de Chile, Santiago, Chile; rathborn @ das.uchile.cl
* 1. Physikalisches Institut, Universitit zu Koln, 50937 Koéln, 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 et al 2010



Monster to Bone

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

milkywaybones.org



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...



“Is Nessie Parallel to the Galactic Plane2”
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The Milky Way
(Artist's Conception)




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.)




Galactic Latitude
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| |
339.0000° 336.0000°

Galactic Longitude

|
342.0000°

|
333.0000°

PYEL s [)aiaverse
Network™




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]




“Top” view

Predicted Near & Far Scutum-Centaurus Arm

Vi (k:n3/1$420=25.0 pc,_§%=§,4 kpc, V0=2_:’>299 Iém/s, (U,V,W)_sf;gﬂ
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Predicted Velocities match NH3 Cores in Nessie Perfectly

Vieo (km/s 2,=25.0 pc, Ry=8.4 kpc, 0,=220 km/s
-100.0 -86.7 "‘-Ss.f ) (% Ps0.0 P S -45./7] -33.3 -20.0

colored dots show HOPS NH3 velocities from Purcell et al. 201 2

“Side” view

338 337 336
Galactic Longitude (Degq)



Predicted Velocities match NH3 Cores in Nessie Perfecily

Global Sct-Cen fit (Dame & Thaddeus 2011)
e o o HOPS sources ("Nessie Extended”)

T T T T T 10
~ - CO(b=-15t019 |

LSR Velocity (km/s)
K-arcdeg

-70

-80

Dataverse o0
Network™

-100 :
342 341 340 339 338 337 336

Galactic Longitude (°)

black dots show HOPS NHj3 velocities from Purcell et al. 2012; color is CO; line is log-spiral fit to full Scut-Cen Arm



Nessie is a Bone of the Milky Way

(flipped) image of 1C342 from Jarrett et al. 2012; WISE Enhanced Resolution Galaxy Atlas



What does that mean?

(flipped) image of IC342 from Jarrett et al. 2012; WISE Enhanced Resolution Galaxy Atlas simulations courtesy Clare Dobbs




Seamless Astronomy: Authorea

M 1iterature!
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Seamless Astronomy...and The Bones of the Milky Way
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