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here is a 180-degree heatmap of article density on all kinds of objects, on the Sky, over all time
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let’s zoom in (on Ophiuchus)
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now, let’s toggle on the “Mellinger” view of the Sky
...to see a nice optical image of Ophiuchus
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to add markers for SIMBAD sources, we can click the Select Tool
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now, if we re-select “All,” we see sources on article distribution
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panning over a bit, we can center our region of interest
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let’s change the color table from rainbow to greyscale to make sources more apparent
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let’s look now at the distribution of articles about “HII regions” and select an area we’re curious about
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 when we release the selection rectangle, we get a pop-up list
of papers (ADS) mentioning these objects, or a list of the objects (CDS/SIMBAD) we highlighted
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selecting “Open Papers in ADS” opens the paper list in ADS Labs
(From here, we can filter the list more, and  more. e.g. clicking “SIMBAD Objects” lets us see particular objects in context on the Sky in WWT or Aladin.)
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paper list suggests the region is interesting in the infrared, so let’s see a heatmap of “Infrared” observationslet’s try “Open WWT Version,” so we can see this same view in WWT, and use a transparency slider
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let’s try the transparency (layer) slider in WorldWide Telescope

position slider 
all the way to 

“infrared”

move slider to 
“WISE”
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dust is nice, but we’re curious about HII regions, let’s change view to H-alpha
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now we want  to find X-ray observations and see if any are near the HII regions, 
so we can slide between H-alpha and X-ray

Monday, January 6, 2014



now let’s zoom in, and try “Show Sources” to see what the SIMBAD X-ray sources really are

select an 
interesting 

source
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and, we can have plenty of information on the source, via CDS/SIMBAD or via ADS.
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see: A New Approach to Developing Interactive Software Modules through Graduate Education, Sanders, Faesi & Goodman 2013
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Experience WorldWide Telecope, free from Microsoft Research at worldwidetelescope.org
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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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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Galileo Galilei

Galileo’s New Order,  A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010

WorldWide	
  Telescope

Monday, January 6, 2014



Galileo’s New Order,  A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010
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adapted from Friendly, “The Golden Age of Statistical Graphics,” Statistical Science, 2009
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William Playfair (1759-1823)

Charles Joseph Minard (1781-1870)
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adapted from Friendly, “The Golden Age of Statistical Graphics,” Statistical Science, 2009
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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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.

LETTERS NATURE |Vol 457 | 1 January 2009

64
 Macmillan Publishers Limited. All rights reserved©2009

WorldWide	
  
Telescope

Monday, January 6, 2014



“W
eb

 2
.0

”, 
m

as
hu

ps

Monday, January 6, 2014



“W
eb

 2
.0

”, 
m

as
hu

ps plot.ly

Monday, January 6, 2014

http://en.wikipedia.org/wiki/File:Gallery_of_Plotly_Graphs.png
http://en.wikipedia.org/wiki/File:Gallery_of_Plotly_Graphs.png
https://plot.ly/plot
https://plot.ly/plot


“W
eb

 2
.0

”, 
m

as
hu

ps
d3.js

Monday, January 6, 2014

http://d3js.org
http://d3js.org


“W
eb

 2
.0

”, 
m

as
hu

ps
d3.js

Monday, January 6, 2014

http://d3js.org
http://d3js.org


“W
eb

 2
.0

”, 
m

as
hu

ps
d3.js

Monday, January 6, 2014

http://d3js.org
http://d3js.org


Monday, January 6, 2014



Monday, January 6, 2014



Monday, January 6, 2014



BIG DATA and ”Human-
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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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.

LETTERS NATURE |Vol 457 | 1 January 2009

64
 Macmillan Publishers Limited. All rights reserved©2009

glue
!"#$%&%!'()%*(+#,&+$+,'-.#*/+$%*(

Au
Authorea

Riveting 
Sequelto 
come, but, 
first...

Monday, January 6, 2014

http://www.quora.com/What-is-the-history-of-peer-review-in-academia
http://www.quora.com/What-is-the-history-of-peer-review-in-academia
http://www.quora.com/What-is-the-history-of-peer-review-in-academia
http://adsabs.harvard.edu/abs/1895ApJ.....1...10B
http://adsabs.harvard.edu/abs/1895ApJ.....1...10B
http://adsabs.harvard.edu
http://adsabs.harvard.edu


1665
1895

1610

......How to 
“Un”publish 
Graphical
Data

Monday, January 6, 2014

http://www.quora.com/What-is-the-history-of-peer-review-in-academia
http://www.quora.com/What-is-the-history-of-peer-review-in-academia
http://www.quora.com/What-is-the-history-of-peer-review-in-academia
http://adsabs.harvard.edu/abs/1895ApJ.....1...10B
http://adsabs.harvard.edu/abs/1895ApJ.....1...10B
http://adsabs.harvard.edu
http://adsabs.harvard.edu


WorldWide	
  
Telescope

WorldWide	
  
Telescope

Monday, January 6, 2014

http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.library.gatech.edu/bpdi/bpdi.php
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.flickr.com/photos/66496709@N00/11760827015/?welcome
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://adsabs.harvard.edu
http://adsabs.harvard.edu
http://adsabs.harvard.edu/abs/1895ApJ.....1...10B
http://adsabs.harvard.edu/abs/1895ApJ.....1...10B


Patel et al. 1998, page 243, Figure 1, with markup (orange) to be made by a citizen scientist using oldAstronomy tools. 

oldAstronomy
ADS All-Sky Survey

And, soon...humans will see the 
invisible!

+

Monday, January 6, 2014

http://iopscience.iop.org/0004-637X/507/1/241/fulltext/fg1.gif
http://iopscience.iop.org/0004-637X/507/1/241/fulltext/fg1.gif


slide courtesy of Alberto Pepe

!
!"#$%&#'%$

()#"*&+,
"-&.$/

(01$*#,2&#&

345
()#"*&+,
"-&.$/

6789:7;,2:<:=:>?

:228<8(3:!,2:<:=:>?

!"#$%&'()*+'%#
,!#%-$./

"!0#"),'#"$%,'!01"','.#

##'2#3,$.$./

:/#%4#&..$@,+"#$%&#'%$

:/#%4A%$B$%$5*$@,"-&.$/

!"#$%&"'()
*($(
)(+,&

())-#.+
)"$,&($/&,
!,($0(1

2(#(
(&'!"3,#

2:<:,C8?D?7>

!"#$%&
%'()#*(!+,

oldAstronomy
ADS All-Sky Survey

Monday, January 6, 2014

http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue


try it at 
adsass.org

Aladin & WWT versions are 
both javascript.

No plugins required, use any 
browser, any platform

Monday, January 6, 2014



1665
1895

1610

Monday, January 6, 2014

http://www.quora.com/What-is-the-history-of-peer-review-in-academia
http://www.quora.com/What-is-the-history-of-peer-review-in-academia
http://www.quora.com/What-is-the-history-of-peer-review-in-academia
http://adsabs.harvard.edu/abs/1895ApJ.....1...10B
http://adsabs.harvard.edu/abs/1895ApJ.....1...10B
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http%253a%252f%252fwww.worldwidetelescope.org%252fwwtweb%252fShowImage.aspx%253freverseparity%253dTrue%2526scale%253d18.5163711997%2526name%253dBar-pt1-pl003_sm%2526imageurl%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_cb3707ebfa_o.jpg%2526credits%253dalyssa%252bgoodman%252b(All%252bRights%252bReserved)%2526creditsUrl%253d%2526ra%253d54.3098782184%2526y%253d625%2526x%253d798%2526rotation%253d-179.802212007%2526dec%253d31.431266374%2526thumb%253dhttp%253a%252f%252ffarm4.staticflickr.com%252f3820%252f11760827015_c769e30f70_q.jpg%2526wtml%253dtrue
http://adsabs.harvard.edu
http://adsabs.harvard.edu


2009

2014

glue
!"#$%&%!'()%*(+#,&+$+,'-.#*/+$%*(

data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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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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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data, CLUMPFIND typically finds features on a limited range of scales,
abovebut close to thephysical resolution of thedata, 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 clumpmass is the same
as the initial mass function 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’9

were proposed as a way to characterize clouds’ hierarchical structure

using 2Dmaps of column density.With this early 2Dwork as inspira-
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’10. Although
well developed in other data-intensive fields11,12, it is curious that the
application of treemethodologies 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 max-
ima 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 dendrogramof a spectral-line data cube allows for the estimation
of key physical properties associated with volumes bounded by iso-
surfaces, 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 Mlum5X13COL13CO, where X13CO5 8.03 1020 cm2K21 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, aobs5 5sv

2R/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 self-
gravity 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 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification 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 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 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 ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations showposition–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 (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).

In
te

ns
ity

 le
ve

l

Local max

Local max

Local max

Merge

Merge

Le
af

Le
af

Le
af

B
ra

nc
h

Tr
un

k

Test level

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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Meaningful abstraction is often 
better than realism.

G. Johnson et al. 2011: http://video.sciencemag.org/VideoLab/1423692130001/1
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A great photographic nebula near pi and delta Scorpii.
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