Seamless Astronomy
How astronomers share, explore & discover

projects.iq.harvard.edu/seamlessastronomy

Alyssa A. Goodman
Harvard-Smithsonian Center for Astrophysics
with
Alberto Accomazzi, Douglas Burke, Raffaele D’Abrusco, Rahul Davé, Christopher Erdmann, Pepi Fabbiano, Jay Luker,
Gus Muench, Michael Kurtz & Alberto Pepe (Harvard-Smithsonian CfA); Eli Bressert (U. Exeter); Tim Clark (Massachusetts General
Hospital/Harvard Medical School); Mercé Crosas (Harvard Institute for Quantitative Social Science; Chris Borgman (UCLA);
Jonathan Fay & Curtis Wong (Microsoft Research)
1

The (US) Backstory
.................
2001
2008 (2010)

NVO	
  senior	
  personnel:
Charles	
  Alcock,	
  University	
  of	
  Pennsylvania	
  Kirk	
  Borne,	
  Astronomical	
  Data	
  Center/Raytheon	
  
Tim	
  Cornwell,	
  NSF	
  NaEonal	
  Radio	
  Astronomy	
  Observatory	
  David	
  De	
  Young,	
  NSF	
  NaEonal	
  
OpEcal	
  Astronomy	
  Observatory	
  Giuseppina	
  Fabbiano,	
  Smithsonian	
  Astrophysical	
  
Observatory	
  Alyssa	
  Goodman,	
  Harvard	
  University	
  Jim	
  Gray,	
  Microso.	
  Research	
  Robert	
  
Hanisch,	
  Space	
  Telescope	
  Science	
  InsEtute	
  George	
  Helou,	
  NASA	
  Infrared	
  Processing	
  and	
  
Analysis	
  Center	
  Stephen	
  Kent,	
  Fermilab	
  Carl	
  Kesselman,	
  University	
  of	
  Southern	
  California	
  
Miron	
  Livny,	
  University	
  of	
  Wisconsin,	
  Madison	
  Carol	
  Lonsdale,	
  NASA	
  Infrared	
  Processing	
  
and	
  Analysis	
  Center	
  Tom	
  McGlynn,	
  GSFC/HEASARC/USRA	
  Andrew	
  Moore,	
  Carnegie	
  Mellon	
  
University	
  Reagan	
  Moore,	
  San	
  Diego	
  Supercomputer	
  Center/UCSD	
  Jeﬀ	
  Pier,	
  United	
  States	
  
Naval	
  Observatory,	
  Flagstaﬀ	
  StaEon	
  Ray	
  Plante,	
  University	
  of	
  Illinois,	
  Urbana-‐Champaign	
  
Thomas	
  Prince,	
  California	
  InsEtute	
  of	
  Technology	
  Ethan	
  Schreier,	
  Johns	
  Hopkins	
  University/
STScI	
  Nicholas	
  White,	
  NASA	
  Goddard	
  Space	
  Flight	
  Center	
  Roy	
  Williams,	
  California	
  InsEtute	
  
of	
  Technology

2

.................
2001
2008 (2010)

and meanwhile...

+
3

4

The VO
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Instead, we are
building an integrated
“seamless”
virtual observatory
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How?
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Disclaimer:This slide shows key excerpts from within the astronomy community & excludes more general s/w that is used, such as
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SAMP
(Simple Application Messaging Protocol)

link to 12/2010 IVOA recommendation
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mirror
site

ADS Labs/Seamless Astronomy Core Collaboration
A. Accomazzi, A. Goodman,M. Kurtz, R. Davé, J. Luker, G. Muench, A. Pepe
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WWT/Seamless Astronomy Core Collaboration
J. Fay (MSR), A. Goodman (CfA), G. Muench (CfA), C. Wong (MSR)

“shift-click”
on object
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“Seamless Astronomy”...
astrometry.net + flickr + WWT

[published 1927]

astrometry.net

20

Coming (using astrometry.net++)in 2011...

Historical Image Layer
Extracted from ALL
ADS holdings (using
astrometry.net)

Faceted Heat
Map of Articles
on the Sky
[e.g. ADS-CDS-WWT]

Collaborators: Alberto Accomazzi (CfA); Jonathan Fay (MSR); Alyssa Goodman (CfA); David Hogg (NYU);
Gus Muench (CfA); Alberto Pepe (CfA)+advice from Pierre Fernique (CDS) & Thomas Bock (CDS)
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Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ featureidentification algorithms as applied to 13CO 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 selfgravitating structures in the region corresponding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct selfgravitating leaves within them; and green corresponds 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 Tmb (main-beam temperature) test-level values for which
the virial parameter is less than 2. The x–y locations of the four ‘selfgravitating’ 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 pseudodendrogram 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 (a and 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
interactive online version) corresponds exactly to the patch of sky shown in
Fig. 1, and velocity with respect to the Local Standard of Rest increases from
front (20.5 km s21) to back (8 km s21).

Blogs, Wikis, etc.

data, CLUMPFIND typically finds features on a limited range of scales,
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 set8 can be used to
show either that the frequency distribution of clump mass is the same
as the initial mass function of stars or that it follows the much shallower mass function associated with large-scale molecular clouds
(Supplementary Fig. 1).
Four years before the advent of CLUMPFIND, ‘structure trees’9
were proposed as a way to characterize clouds’ hierarchical structure
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using 2D maps of column density. With this early 2D work as inspiration, 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’10. Although
well developed in other data-intensive fields11,12, 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 frequency13.
Figure 3 and its legend explain the construction of dendrograms
schematically. The dendrogram quantifies how and where local maxima of emission merge with each other, and its implementation is
explained in Supplementary Methods. Critically, the dendrogram is
determined almost entirely by the data itself, and it has negligible
sensitivity to algorithm parameters. To make graphical presentation
possible on paper and 2D screens, we ‘flatten’ the dendrograms of 3D
data (see Fig. 3 and its legend), by sorting their ‘branches’ to not
cross, which eliminates dimensional information on the x axis while
preserving 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. 2a
online) and a sorted dendrogram (Fig. 2c).
A dendrogram of a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by isosurfaces, such as radius (R), velocity dispersion (sv) and luminosity
(L). The volumes can have any shape, and in other work14 we focus on
the significance of the especially elongated features seen in L1448
(Fig. 2a). The luminosity is an approximate proxy for mass, such
that Mlum 5 X13COL13CO, where X13CO 5 8.0 3 1020 cm2 K21 km21 s
(ref. 15; see Supplementary Methods and Supplementary Fig. 2).
The derived values for size, mass and velocity dispersion can then be
used to estimate the role of self-gravity at each point in the hierarchy,
via calculation of an ‘observed’ virial parameter, aobs 5 5sv2R/GMlum.
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where aobs , 2 (where gravitational energy is comparable to or larger
than kinetic energy) correspond to regions of p–p–v space where selfgravity is significant. As aobs only represents the ratio of kinetic energy
to gravitational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic fields16, its measured
value should only be used as a guide to the longevity (boundedness) of
any particular feature.
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Figure 3 | Schematic illustration of the dendrogram process. Shown is the
construction of a dendrogram from a hypothetical one-dimensional
emission profile (black). The 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.
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Disclaimer:This slide shows key excerpts from within the astronomy community & excludes more general s/w that is used, such as
Papers, Zotero, Mendeley, EndNote, graphing & statistics packages, data handling software, search engines, etc.
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Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ featureidentification algorithms as applied to 13CO 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 selfgravitating structures in the region corresponding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct selfgravitating leaves within them; and green corresponds 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 Tmb (main-beam temperature) test-level values for which
the virial parameter is less than 2. The x–y locations of the four ‘selfgravitating’ 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 pseudodendrogram 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 (a and 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
interactive online version) corresponds exactly to the patch of sky shown in
Fig. 1, and velocity with respect to the Local Standard of Rest increases from
front (20.5 km s21) to back (8 km s21).
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(L). The volumes can have any shape, and in other work14 we focus on
the significance of the especially elongated features seen in L1448
(Fig. 2a). The luminosity is an approximate proxy for mass, such
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used to estimate the role of self-gravity at each point in the hierarchy,
via calculation of an ‘observed’ virial parameter, aobs 5 5sv2R/GMlum.
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where aobs , 2 (where gravitational energy is comparable to or larger
than kinetic energy) correspond to regions of p–p–v space where selfgravity is significant. As aobs only represents the ratio of kinetic energy
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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.

64
©2009 Macmillan Publishers Limited. All rights reserved

Goodman et al. Nature, 2009
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More Data in/from Literature coming in 2011

Astronomy
Dataverse, 

Harvard Institute for Quantitative Social Science (Gary King, Mercé Crosas)
+ Seamless Astronomy Group, (Chris Erdmann, Alberto Pepe, Gus Muench et al.)
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But awareness is not high enough
...and skepticism is not hard to find.
Good news is that the young & young at heart
are headed in the right direction.
Funding agencies have been slow to come along
...industrial collaboration is a better bet at present
(e.g. Microsoft Research/WorldWide Telescope).

data links
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ADS may be our “way in” via killer apps

Text
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DATA IN “LITERATURE”
NUMBER OF ASTRONOMY PUBLICATIONS WITH LINKS, BY YEAR (ADS)

Source: Astronomical
Data System

slide courtesy of : ALBERTO PEPE | CfA and IQSS | HARVARD UNIVERSITY | ALBERTOPEPE.COM
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How do we increase the number of people who
create and interlink new tools?

Kiva model: WWT Partners & “VAO Associates”
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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.
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“Citizen Science”
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