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What can today’s Astronomer's “Research” look like?

Research

In my Astronomy research, I am primarily interested in how the gas in galaxies constantly re-arranges
itself over huge time spans to constantly form new stars. I have also had a long-standing interest in data
visualization, and in improving the use of computers in all aspects of scientific research. I teach a course
at Harvard called "The Art of Numbers,” and I am very involved in the WorldWide Telescope Project,
which brings astronomical data to everyone through an interface that demonstrates data delivery for the
21st Century of "e-Science.”
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This simple argument, first made at the 2009
WWT session at AAS, seems to be working:

“Astronomy research tools should work as
seamlessly as travel research tools.”



“Astronomy research tools should work as
seamlessly as travel research tools.”

When the concept of a "Virtual Observatory” (VO) was first discussed by future-looking
astronomers in the mid-1990s, all thoughts were about distributed data and a common system to
access it. But, information access on today's web primarily works in the reverse: distributed tools
accessing common data centers. Capability and ease-of-use improvements to the web typically now
come in the form of nesting, aggregating or connecting tools. Think kayak.com, iGoogle, or
Bing Maps. In the "Seamless Astronomy" view to be discussed, today's "VO" should be thought of as the
ever-improving set of data archives, tools, interconnections, and standards that strive to
make astronomical research as "seamless" as travel research. The good news is that the cutting-edge of
the astronomical research environment is moving rapidly in this seamless direction. The most savvy
institutions are beginning to realize that the original VO model of data distributed on thousands of
individual researchers' desktop hard drives is not a sustainable model, and that they need to offer data
hosting, archiving, and stewardship services the way libraries offer such services for printed
matter. Software tools are becoming much more interoperable thanks to protocols for message-
passing such as "SAMP." And, the improved speed of web applications is to some extent removing
platform-dependence as an obstacle to programmers and users alike. The bad news is that

of the tools that this new nirvana offers, and instead still conduct
online research in the same way they did a decade ago. In this talk, | will focus in particular on how our
recent work on connecting Microsoft's WorldWide Telescope program to other commonly-used
astronomical research tools--most notably literature searching tools--has made the astronomical research
environment more seamless. More generally, | will emphasize and demonstrate that an ever=-increasing
diversity of tools allow researchers to carry out a particular research task, so that the important
research for the future lies in figuring out how to make the tools, their interconnections,
and their connections to data and literature resources useful and well-known to the
astronomical community.

(Abstract of the Evermore Seamless Astronomy presentation by A. Goodman at the Microsoft External Research Symposium,April 2010.)
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Star-forming gas in young clusters
Philip C. Myers

Comments: To appear in Astrophysical Journal, May 2010
Subjects: Galaxy Astrophysics (astro-ph.GA)

Initial conditions for star formation in clusters are estimated for protostars whose masses follow the initial mass function (IMF) from 0.05 _
to 10 solar masses. Star-forming infall is assumed equally likely to stop at any moment, due to gas dispersal dominated by stellar esults are
feedback, For spherical infall, the typical initial condensation must have a steep density gradient, as in low-mass cores, surrounded by 2

shallower gradient, as in the clumps around cores. These properties m
mean infall stopping time is 0.05 Myr and the accretion efficiency is 0.
to 0.3 Myr,

~5 solar luminosities, reducing the luminosity problem to a factor

atch observed column densities in cluster-forming regions when the
S. The infall duration increases with final protostar mass, from 0.01
and the mass accretion rate increases from 3 to 300 x 10~(-6) solar masses/yr. The typical spherical accretion luminosity is
~3. The initial condensation density gradient changes from steep to
shallow at radius 0.04 pc, enclosing 0.9 solar masses, with mean column density 2 x 104(22) emA(-2), and with effective central
temperature 16 K. These initial conditions are denser and warmer than those for isolated star formation.
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Authors Title Access Control Help

2007Ap)...657..810D 100.000 Mar 2007 A EF X RCc SN OU

Draine, B. T.; Li, Aigen Infrared Emission from Interstellar Dust. IV. The Silicate-Graphite-PAH Model in the Post-
Spitzer Era

96.842 Jul 2007 A EF ' RCc SN U

Draine, B. T.; Dale, D. A.; Dust Masses, PAH Abundances, and Starlight Intensities in the SINGS Galaxy Sample
Bendo, G.; Gordon, K. D.;

Smith, J. D. T.; Armus, L.;

Engelbracht, C. W.; Helouy, G,;

Kennicutt, R.C., Jr.; Li, A.; and

SBSG 0335-052 (4

QSO 82300+086 (4} 2007Ap)...654L..49S 85.232 Jan2007 A E F X R C ¢ S N U
% Spoon, H. W. W.; Marshall,J. Mid-Infrared Galaxy Classification Based on Silicate Obscuration and PAH Equivalent
e A.; Houck, J. R.; Elitzur, M.;  Width

p—— — Hao, L.; Armus, L.; Brandl, B.

- R.; Charmandaris, V.

NA ‘i‘:_ (j).l.‘- PRE

2005Ap)...628L..29E 95.080 Jul 2005 A E F X RCc SN U

Engelbracht, C. W.; Gordon, K. Metallicity Effects on Mid-Infrared Colors and the 8 um PAH Emission in Galaxies
GSC 0234 D.; Rieke, G. H.; Werner, M.
(KIB2003] G29.957-0.018 (3) W.; Dale, D. A.; Latter, W. B.

20031 G23.95540. 150 (3)
Open “http:/ /www.worldwidetelescope.org /watweb/goto.aspx?object « NCC*20%207023&ra=21.0269138&dec=58.1633007 in a new window

list of objects with links to WWVT browser
(thanks to ADS team & Jonathan Fay)




And now we got to NGC 7023 by using the literature as a filter.
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Embedded Qutflow in HH 46/47 Spitzer Space Telescope « IRAC
Tast vadvle Ighe GE)
NATE / I Caltech / A Nosega-Crespo [SS0/ Catech) e 2003064

Cradit: NASANPL-Cakechd'A . Norega-Crespo [SSCICaltech), Digitad Sky Survey

HH46/47

This image from NASA's Spitzer Space Telescope transforms a dark cloud into a silky translucent veil, revealing the molecular
outflow from an otherwise hidden newborn star. Using near-infrared light, Spitzer pierces through the dark cloud to detect the
embedded outflow in an object called HH 46/47. Herbig-Haro (HH) objects are bright, nebulous regions of gas and dust that are
usually buried within dark clouds. They are formed when supersonic gas ejected from a forming protostar, or embryonic star,
interacts with the surrounding interstellar medium. These young stars are often detected only in the infrared.

The Spitzer image was obtained with the infrared array camera. Emission at 3.6 microns is shown as blue, emission from 4.5
and 5.8 microns has been combined as green, and 8.0 micron emission is depicted as red

LILE ALIATT i o mbwmliiomm sssmmamlo of o lowss momon oeonbonboe sinobiomes o iob sod seocbios o binoloe o b nideod sodfloss: Tho aonbtenl



<[> & thHh ¢/ lAlAl &

flickr

Home You Organize Contacts

HH4647

Embedded Qutflow in HH 46/47

NASA / JPLCaltoch / A Nosege-Craspo (SSC/Cakech)

Groups Explore

Spitzer Space Telescope * IRAC
Incot: weiio bghe (U55)
vsc2003-06¢

®® http:/ /www.flickr.com/photos/66496709@N00/3175344278,) =~ "Q' ‘

Ayssa_Goodman 1 new) Help Sign Out

Search

Uploaded on January |
by Alysss Goodman

Alyssa_Goodman's photostream

This photo also belongs to:

Additional Information

H3._; your photo




A A
"

lm Guided Tours Search View Settings

——
Collections > Open Collections > HH4647 > 1of1
HH4647
» ¢ .
, 9 . v 2
' ¢ . :
-
. 4 .
' g -
" .
4 -
-
('Y .
. . .
-
. z 1
¢ . L4
-
. . . .
. , .
-
" . 2 »
. : » - L
. . . \ b
’ o .
. . v '
» ™ . ’
. ’ - . .
' ' -
. : . . .
- . < .
. .
» . .
Look At Imagery Info Image Crossfade N Vs 00:35:33
D0:35:3
Sky v  Digitized Sky Survey (Optical) ~ O) l 10of1

“ \

Vela Bubbly Little Star T —




Coming Soon from ADS
(I hope!)




The future is here... data IN articles

Note: This work
came from the

“AstroMed” project
am.iic.harvard.edu

LETTERS

CLUMPFIND segmentation

0

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 sponds 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
interactiv rsion) corresponds exactly to the patch of i
locity with respect to the Local Standard of Rest inc:
5kms ') to back (8kms ™).

data, CLUMPFIND typically finds features on alimited r
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
the initial m tion 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”
e proposed as a way to characterize clouds” hierarchical structure

NATURE|Vol 457|1 January 2009

using 2D maps of column density. With this early 2D work as inspi
tion, we have developed a structure-identification algorithm that
abstracts the hierarchical structure of a 3D (p—p-v) data cube into
an easily visualized representation called a ‘dendrogram’'®. Although
well developed in other data-intensive fields'"'?, it is curious that the
application of tree methodologies so far in astrophysics has been rare,
and almost exclusively within the area of galaxy evolution, where
‘merger trees’ are being used with increasing frequency’.

Figure 3 and its legend explain the construction of dendrograms
schematically. The dendrogram quantifies how and where local max-
ima of emission merge with each other, and its implementation
explained in Supplementary Methods. Critically, the dendrogram
determined almost entirely by the data itself, and it has negligible

entation
ble on paper and 2D screens, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not
; while
rving all information about connectivity and hierarchy
Numbered ‘billiard ball’ labels in the figures let the reader match
features between a 2D map (Fig. 1), an interactive 3D map (Fig. 2
nline) and a sorted dendrogram (Fig

A dendrogram of a spectral-line data cube allows for the estimation
of key physical propert sociated with volumes bounded by iso-
surfaces, such as radius (R), velocity dispersion (¢,) and luminosity
(L). The volumes can have any shape, and in other

ty is an a
scoLizco, where X 500 = 8.0 X 10%°
e Supplementary Methods and Supplementa
The derived values for size, mass and velocity di
timate the role of self-gravity at each point in the hier:
a calculation of an ‘observed’ virial parameter, tops = 50,>R/ GMiypm.
nciple, extended portions of the tree (Fig. 2, yellow highlighting)
here ops < 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 e
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.

Local max

Test level

Local max

Intensity level

Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional
emission profile (bla he 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. 2c 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

Goodman et al. Nature, 2009
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Jim Gray (& Alex Szalay) had it right (in 2004)

The World Wide Telescope
an Archetype for Online-Science

Jim Gray (Microsoft)
Alex Szalay (Johns Hopkins University)

Microsoft Academic Days in Silicon Valley
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Virtual Observatory = @

— It has data on every part of the sky »
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How do we increase the fraction of astronomy
researchers who know about these tools?

User Groups
WIKIBOOKS (CfA now has one)

+Suggestions?!



User Groups
(CfA now has one)

WIKIBOOKS
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How do we increase the number of people who
create and interlink new tools?

Kiva model \, proposed here in 2009...

\ (

Now being implemented through VAO “Associates”
and WWT Partners.




How do we organize such diverse tools, so as to
make them interoperably useful?....

“SAMP” is a great technical start, but offers a very significant
user interface challenge.



SAMP
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Think about the “modules™ needed to make this work...but do the
details matter, to your research, if the system works seamlessly?

Common “Cloud’” Databases

Intel Mac laptop



Seamless Astronomy
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Mockup based on work of Eli Bressert, excerpted from NASA AISRP proposal by
Goodman, Muench, Christian, Conti, Kurtz, Burke, Accomazzi, McGuinness, Hendler & Wong, 2008
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