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here is a 180-degree heatmap of arficle 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

.10 see a nice optical image of Ophiuchus

The ADS All Sky Survey | About P Watch videos O Tour  ( Open WWT version Astronomy articles. In the sky.
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fo add for SIMBAD sources, we can click the Select Tool
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now, if we re-select “All,” we see 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 more apparent
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let's look now at the distribution of articles about “HIl 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

Selected papers/objects J Open papersin ADS | Open object list

Note: List truncated to 200 most recent papers

GREEN J.D., et ;
HSIEH T.-H., et al. As

NAKAMUR/ 8
GIANNINI T, et al. £
VELUSAMY T.,

VAN D .
LISEAU R.,
MAURY A.J

LAHUIS F




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.)

|

CV o c oM ADS Labs
.| Streamlined Search

Home Labs Home ADS Classic Help agoodman@cfa.harvard.edu - Sign off

Advanced query - Advanced Search 200 results More

NO FILTERS APPLIED

FILTER BY: 1. 2013A&A...556A..76V [EF LXD R 8§ U]
e Outflow forces of low-mass embedded objects in Ophiuchus: a quantitative
Andre. P (20) comparison of analysis methods
van Dishoeck, E (17) van der Marel, N.; Kristensen, L. E.; Visser, R.; Mottram, J. C.; and 2 coauthors
Smith, M (14) 2. 2013ApJ...770..123G Cited by 12 [EF LX RCS U]}
"MM Embedded Protostars in the Dust, Ice, and Gas In Time (DIGIT) Herschel

Key Program: Continuum SEDs, and an Inventory of Characteristic Far-

infrared Lines from PACS Spectroscopy
Green, Joel D.; Evans, Neal J., Il; Jergensen, Jes K.; Herczeg, Gregory J.; and 17

v 1n

SEywOrcS coauthors
Data 3. 2013ApJ...768..159H Citedby2! [(EF LX RCS U]
SIMBAD Objects Misalignment of Magnetic Fields and Outflows in Protostellar Cores

Hull, Charles L. H.; Plambeck, Richard L.; Bolatto, Alberto D.; Bower, Geoffrey C.; and 21
Vizier Tables coauthors
Refereed status 4. 2013ApJ...768..110C Cited by 6 [EF LX RCS U]

SMA Observations of Class 0 Protostars: A High Angular Resolution Survey
Dates of Protostellar Binary Systems
from 1996 to 2013 Chen, Xuepeng; Arce, Héctor G.; Zhang, Qizhou; Bourke, Tyler L.; and 7 coauthors

5. 2013A&A...553A.41Z [EF LXD R 8§ U]

Proper motions of molecular hydrogen outflows in the p Ophiuchi

molecular cloud
Zhang, M.; Brandner, W.; Wang, H.; Gennaro, M.; and 5 coauthors

6. 2013ApJ...767...36S Cited by 6 [EF LXD RCS U]
A Herschel and APEX Census of the Reddest Sources in Orion: Searching

for the Youngest Protostars
Stutz, Amelia M.; Tobin, John J.; Stanke, Thomas; Megeath, S. Thomas; and 12 coauthors

7. 2013A&A...552L...88 Cited by 2 [E] X RCS U)
Physical properties of outflows. Comparing CO- and H20-based parameters




let's try “Open WWT Version,” so we can see this same view in WWT, and use a fransparency slider
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let's try the transparency (layer) slider in WorldWide Telescope
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ADS All-Sky Survey is a NASA-funded project




dust is nice, but we're curious about HIl regions, let’s change view to H-alpha
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ADS All-Sky Survey is a NASA-funded project




now we want to find X-ray observations and see if any are near the Hl regions,
so we can slide between H-alpha and X-ray
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ADS All-Sky Survey is a NASA-funded project




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

CHOOSE HEATMAP

-AJI Stars Galaxies Hll regions Nebulae Other
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JEISBR Harvara/Al
Year comium—
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ADS All-Sky Survey is a NASA-funded project




and, we can have plenty of information on the source, via (DS/SIMBAD or via ADS.

V* V2503 Opk  sIMBAD Entry Open papers in ADS

Papers




funding NASA ADAP program
Pl: Alyssa Goodman, Harvard-CfA
Co-l: Alberto Pepe, Harvard-CfA & Authorea
Co-l: August Muench, Smithsonian-CfA
with
Alberto Accomazzi, Smithsonian Institution, NASA/ADS

Christopher Beaumont, Harvard-CfA
Thomas Boch, (DS Strashourg
Jonathan Fay, Microsoft Research
David Hogg, NYU, astrometry.net
Alberto Conti, NASA/STScl, Northrup Grumman




Stephen B ememais o —omecsrs B |

Yuan-Sen
Ting
Interstellar
Absorption
and the
Lyman Alpha
Forest

Wavelength (Angstrom)

«
=’

Java

JavaScript https://www.cfa.harvard.edu/~yuan-sen.ting/lyman_alpha.html

Java

JavaScript http://portillo.ca/nebula/

see:A New Approach to Developing Interactive Software Modules through Graduate Education, Sanders, Faesi & Goodman 2013



Experience WorldWide Telecope, free from Microsoft Research at worldwidetelescope.org
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LALILED GALILE

004-1647)

vk toas NUNCIuo

On the third, at the seventh hour, the stars were arranged in this
juence. The eastern one was 1 minute, 30 seconds from Jupiter
: closest western one 2 minutes; and the other western one wa

ist * O % % Wes

3 minutes removed from this one. They were absolutely on tl
ame straight line and of equal magnitude.

On the fourth, at the second hour, there were four stars arou
upiter, two to the east and two to the west, and arranged precise’

Zast x * O * x Wes

Jn a straight line, as in the adjoining figure. The casternmost wa
listant 3 minutes from the next one, while this one was 40 second
vom Jupiter; Jupiter was 4 minutes from the nearest western one
d this one 6 minutes from the westernmost one. Their magnitude
:re nearly equal; the one closest to Jupiter appeared a little smaller
an the rest. But at the seventh hour the eastern stars were only
2 seconds apart. Jupiter was 2 minutes from the nearer easten

‘ast * % O X X Wesi

me, while he was 4 minutes from the next western one, and this
one was 3 minutes from the westernmost one. They were all equal
and extended on the same straight line along the ecliptic.

On the fifth, the sky was cloudy.

On the sixth, only two stars appeared flanking Jupiter, as is seen

Zast * O '3 West

n the adjoining figure. The eastern one was 2 minutes and the
vestern one 3 minutes from Jupiter. They were on the same straight

tine with Jupiter and equal in magnitude.
On the seventh, two stars stood near Jupiter. hoth to the east

Notes for & re-productions of Siderius Nuncius
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Galileo’s New Order, A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010




Milestones: Time course of developments
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adapted from Friendly, “The Golden Age of Statistical Graphics,” Statistical Science, 2009
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Milestones: Time course of developments
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astropy

A Community Python Library for Astronomy

i

“Web 2.0”, mashups
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Parallel Coordinates
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“Web 2.0”, mashups
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THE MILKY WAY PROJECT ZO@&NIVERSE

REAL SCIENCE ONLINE

“mark bubbles

What do you see in this image? " g MWP Sample

No 7
93 4 @ 'm done!
Galax) Object
—m

o O pf0.5<P<O.9

w O P<05 machine-
P learning
algorithm

Galactic Latitude

Il Bubble

Irregular/
Ambiguous =

I Non-Bubble =

-0.8
-54.0 -54.2 -54.4 -54.6 -54.8 -55.0 -55.2 -55.4 -55.6 -55.8

Galactic Longitude

0.25 0.50 0.75
Fraction of votes

example here from: Beaumont, Goodman, Kendrew, Williams & Simpson 2014; based on Milky Way Project catalog (Simpson et al. 201 3), which came from
Spitzer/GLIMPSE (Churchwell et al. 2009, Benjamin et al. 2003), cf. Shenoy & Tan 2008 for discussion of HAC; astroml.org for machine learning advice/tools
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CS®MPLEIE
WIDE DATA B

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

13CO (Ridge et al. 2006)

mid-IR IRAC composite
from c2d data (Foster,
Laakso, Ridge, et al.)

.. » Optical image (Barnard 1927)
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mm peak (Enoch et al. 2006)

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

BCO (Ridge et al. 2006)

mid-IR IRAC composite

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

Optical image (Barnard 1927)
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same straight line and of equal magnitude.

On the fourth, at the sccond hour, there were four stars around
Jupiter, two to the east and two to the west, and arranged precisely
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on a straight line, as in the adjoining figure. The casternmost was
distant 3 minutes from the next one, while this one was 40 seconds
from Jupiter; Jupiter was 4 minutes from the nearest western one,
and this one 6 minutes from the westernmost one. Their magnitudes
were nearly equal; the one closest to Jupiter appeared "
than the rest. But at the seventh hour the eastern st

30 seconds apart. Jupiter was 2 minutes from the
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one, while he was 4 minutes from the next western
one was 3 minutes from the westernmost one. They
and extended on the same straight line along the ecl
On the fifth, the sky was cloudy.
On the sixth, only two stars appeared flanking Jup
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Figure 2 | Comparison of the ‘dendrogram’ and ‘CLUMPFIND’ feature-
identification algorithms as applied to '>CO emission from the L1448
region of Perseus. a, 3D visualization of the surfaces indicated by colours in
the dendrogram shown in c. Purple illustrates the smallest scale self-
gravitating structures in the region corresponding to the leaves of the
dendrogram; pink shows the smallest surfaces that contain distinct self-
gravitating leaves within them; and green 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 Ty, (main-beam temperature) test-level values for which
the virial parameter is less than 2. The x—y locations of the four ‘self-
gravitating’ leaves labelled with billiard balls are the same as those shown in
Fig. 1. The 3D visualizations show position—position—velocity (p—p—v) space.
RA, right ascension; dec., declination. For comparison with the ability of
dendrograms (c) to track hierarchical structure, d shows a pseudo-
dendrogram of the CLUMPFIND segmentation (b), with the same four
labels used in Fig. 1 and in a. As ‘clumps’ are not allowed to belong to larger
structures, each pseudo-branch in d is simply a series of lines connecting the
maximum emission value in each clump to the threshold value. A very large
number of clumps appears in b because of the sensitivity of CLUMPFIND to
noise and small-scale structure in the data. In the online PDF version, the 3D
cubes (aand b) can be rotated to any orientation, and surfaces can be turned
on and off (interaction requires Adobe Acrobat version 7.0.8 or higher). In
the printed version, the front face of each 3D cube (the ‘home’ view in the
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 (—0.5kms ') to back (8kms ™).

data, CLUMPFIND typically finds features on a limited range of scales,
above but close to the physical resolution of the data, and its results can
be overly dependent on input parameters. By tuning CLUMPFIND’s
two free parameters, the same molecular-line data set® can be used to
show either that the frequency distribution of clump mass is the same
as the initial mass function of stars or that it follows the much shal-
lower mass function associated with large-scale molecular clouds
(Supplementary Fig. 1).

Four years before the advent of CLUMPFIND, ‘structure trees”
were proposed as a way to characterize clouds’ hierarchical structure
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(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, o, = 5,>R/ GMjym.
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where o, < 2 (where gravitational energy is comparable to or larger
than kinetic energy) correspond to regions of p—p—v space where self-
gravity is significant. As o, only represents the ratio of kinetic energy
to gravitational energy at one point in time, and does not explicitly
capture external over-pressure and/or magnetic fields', its measured
value should only be used as a guide to the longevity (boundedness) of
any particular feature.
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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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LETTERS

A role for self-gravity at multiple length scales in the

process of star formation

Alyssa A. Goodman®'?, Erik W. Rosolowsky*?, Michelle A. Borkin'f, Jonathan B. Foster?, Michael Halle'?,

Jens Kauffmann®? & Jaime E. Pineda?

Self-gravity plays a decisive role in the final stages of star forma-
tion, where dense cores (size ~0.1 parsecs) inside molecular clouds
collapse to form star-plus-disk systems'. But self-gravity’s role at
earlier times (and on larger length scales, such as ~I1 parsec) is
unclear; some molecular cloud simulations that do not include
self-gravity suggest that ‘turbulent fragmentation’ alone is suf-
ficient to create a mass distribution of dense cores that resembles,
and sets, the stellar initial mass function®. Here we report a ‘den-
drogram’ (hierarchical tree-diagram) analysis that reveals that
self-gravity plays a significant role over the full range of possible
scales traced by '>CO observations in the L1448 molecular cloud,
but not everywhere in the observed region. In particular, more
than 90 per cent of the compact ‘pre-stellar cores’ traced by peaks
of dust emission’ are projected on the sky within one of the den-
drogram’s self-gravitating ‘leaves’. As these peaks mark the loca-
tions of already-forming stars, or of those probably about to form,

overlapping features as an option, significant emission found between
prominent clumps is typically either appended to the nearest clump or
turned into a small, usually ‘pathological’, feature needed to encom-
pass all the emission being modelled. When applied to molecular-line
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On the third, at the seventh hour, the s
sequence. The castern one was 1 minute,
the closest western one 2 minutes; and thi

East *o *

10 minutes removed from this one. They were absolutely on the
same straight line and of equal magnitude.

On the fourth, at the second hour, there were four stars around
Jupiter, two to the east and two to the west, and arranged precisely

East *x - O * * West

on a straight linc, as in the adjoining figure. The casternmost was
distant 3 minutes from the next one, while this one was 40 seconds
from Jupiter; Jupiter was 4 minutes from the nearest western one,
and this one 6 minutes from the westernmost one. Their magnitudes
were nearly equal; the one closest to Jupiter appeared »
than the rest. But at the seventh hour the eastern st

30 seconds apart. Jupiter was 2 minutes from the
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one, while he was 4 minutes from the next western
one was 3 minutes from the westernmost one. They
and extended on the same straight line along the ecl
On the fifth, the sky was cloudy.
On the sixth, only two stars appeared flanking Jup
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Jupiter, two to the east and two to the west, and arranged precisely

East QO X West

on a straight line, as in the adjoining figure. The casternmost was
distant 3 minutes from the next one, while this one was 40 seconds
from Jupiter; Jupiter was 4 minutes from the nearest western one,
and this one 6 minutes from the westernmost one. Their magnitudes
were nearly equal; the one closest to Jupiter appeared —*
than the rest. But at the seventh hour the eastern st

30 seconds apart. Jupiter was 2 minutes from the

East 5 (@ R, ke )

one, while he was 4 minutes from the next western
one was 3 minutes from the westernmost one. They
and extended on the same straight line along the ecl
On the fifth, the sky was cloudy.
On the sixth, only two stars appeared flanking Jup

East R it

in the adjoining figure. The eastern one was 2 mi
western one 3 minutes from Jupiter. They were on the
line with Jupiter and cqual in magnitude

On the seventh, two stars stood near Jupiter, bo
arranged in this mann

TTTTTITIT

Astrometry.net

>
\

OPHYSIC

1UW 10
UNPUBLISH
RAPRICAL

JATA




P,

Bar-pti-pl003_sm

Bamard's Image of Perseus, from
wwwilibrary gatech.edwbpdi/bpdi.php

®0 £ December7,2003 =]

a(1875) 3h30m30s,8 (:1875) +31° 00' : i Rk R o e BT 1.
Area : : : :

In Perseus and Taurus

Galactic Coordinates
127, 18°
Hello, this is the blind astrometry solver.
Your results are: (RA, Dec) center:
Scale ; i sl . ; (543098782184, 31.431266374) degrees
1icm=18'"20r1in =462 R TR ' ; B B Orientation: 5.21349891764 deg E of N
3 fn S . = - g B % % Pixel scale: 18.5163711997 arcsec/pixel
Your field contains: NGC 1465 IC 1985 ¢
Per / Atk 0 Per 40Per 42Per NGC 1333
IC 348 1C 2003 View in World Wide
Telescope — If you would like to have
other images sokadaloseasubai
them to the ¢

(6]

enlarge [+] & printable PDF % E i O, - =8 astrometry (group)

Astrometry.net

% ‘Guided Tours Search !% Guided Tours Search
€y [
A (@, I

Digitized Sky Survi| |VLSS: VLA Low-fre| | Planck CMB

irvey (Color) T ' Digitized Sky Survey (Color) ¥




AND. SUON_ RUMANS WILL Ste THE INVISIBLH

No. 1, 1998 ORIGIN AND EVOLUTION OF THE CEPHEUS BUBBLE 243
NDS 400 F T T . — — - -
ALL SKY '_ ¢ - |
SURVEY [ e _
300
[ #

e F'r,
= i e
L
i 100 Fap S » |
3 Ll ]
(&)
9 f
o L 4
[ 3 J
0 - iy, . ]
:- e | &
L& L
~100 |7
L S o6, .,. |
@ ~200 .
e 100 0 1—100 I

ADS All-Sky Survey

oldAstronomy

F1G. 1—Peak intensity of CO 1-0 emission. The gray scale represents antenna temperature values scaled linearly between 0 and 3.5 K. The strongest
emission occurs at the S140 region and globule A of IC 1396, where the peak antenna temperature is about 10 K. The position offsets are measured from
2(1950) = 21®18™00", §(1950) = 59°30°00", near S129.

L —— T



_wmfan?  Object Data

Object

The ADS Al Sky Survey  MAbout b Watohvideos

@o>

CENTRE DE DONNEES
ASTRONOMIGUES DE STRASBOURG

ADDITIONAL DATABASE

Literature |

N
IMAGE .

| EXTRACTION
|

/
PRIMARY DATABASE v/'

Optical
images

Non
Optical

".'i ' images
'-srﬂ g

ASTROMETRIC [
MEASUREMENT >

ZO@NIVERSE

REAL SCIENCE ONLINE

ALL-SKY
LITERATURE
HEATMAP

oldAstro

ADS All-Sky Survey

nomy

T—

———



TRYIT AT
ADSASSORG

CHOOSE HEATMAP Show Sources
BBl ~! stars Galaxies Hll regions Nebulae Other

B Radio Infrared Uttraviolet (S n
[EEER) Harvara/Al

[Year e

BACKGROUND LAYER

Optical 2MASS WISE SFD IRIS GLIMPSE [} ROSAT Fermi VLSS

(Hapha eommm@Em (x-ray) ~

(0.6)=246.78°, -24.55° FOV=11°

The ADS All Sky Survey
Object
Band

Custom

Year

l About

Aladin & WWT versions are
both javascript.
No plugins required, use any
browser, any platform



the closest western one 2 minutes; and thj

East *O *

10 minutes removed from this one. They were absolutely on the
same straight line and of equal magnitude.

On the fourth, at the second hour, there were four stars around
Jupiter, two to the east and two to the west, and arranged precisely

East O e e ot et

on a straight line, as in the adjoining figure. The casternmost was
distant 3 minutes from the next one, while this one was 40 seconds
from Jupiter; Jupiter was 4 minutes from the nearest western one,
and this one 6 minutes from the westernmost one. Their magnitudes
were nearly equal; the one closest to Jupiter appeared »
than the rest. But at the seventh hour the eastern st

30 seconds apart. Jupiter was 2 minutes from the

East 5 (@ R, ke )

one, while he was 4 minutes from the next western
one was 3 minutes from the westernmost one. They
and extended on the same straight line along the ecl
On the fifth, the sky was cloudy.
On the sixth, only two stars appeared flanking Jup

East Gl

in the adjoining figure. The eastern one was 2 mi
western one 3 minutes from Jupiter. They were on the
line with Jupiter and cqual in magnitude

On the seventh, two stars stood near Jupiter, bo

Object

Custom

‘Guided Tours

Digitized Sky Survey (Color)
.

noC 1333

Search

WISE Al Sky (Inf

2Mass: Imagery (1

11900

Catalog (¢

Hydrogen Alpha F




Michelle Borkin
Harvard

Authorea

=index WROUGH DRAFT & OPEN SCIENCE

Beyond Galileo

Josh Peek
t'olw

umbia

Pl

T—
.

4

\

Inclination

¥

00 0.1 02 03 5 06 0 1e+7 2e+7
Eccentricity Semi-major axis (km)

Some are Similar.




LINKED VIEWS OF RIGH-DIMENSIONAL DATA

® X11 Applications Edit Window Help Recording £ (72 4O M| = 4) E= @] (0:44) Wed Nov 10 12:18 AM Q

Video & implementation: Christopher Beaumont, CfA;
inspired by AstroMed work of Douglas Alan, Michelle Borkin, AG, Michael Halle, Erik Rosolowsky




|INKED VIEWS OF HIGH-DIMENSIONA

W T

John Tukey

2D

3D Data Abstraction

Statistics

75
50
25

0

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




LINKED VIEWS OF HIGH-DIMENSIONAL DATA

1) — A 1 S— AT

Aladin v6.0 *** BETA VERSION (based on v6.021) ***

File Edit Image Catalog Overlay Tool View Interop Help

 Microsoft WorldWide Telescope

* Guided Tours

[

—

Search Community Telescope

O

@)

[ |2 TopcaT

File Views Graphics Joins Windows VO Interop Help

| £/ Scatter Plot

M

File Export Plot Axes Subsets Errors

=EEEIEY =

@ S W1l
arid  allsy multivi

L]

(¢)1999-2009 UdS/CNRS - Ce

figure, showing SAMP screenshot, reproduced from

ker Style Error Style

00

A .
‘ontext Search Filter
Help ) ? <

< v

1lofl

@ X

RA: 21h0im16s
Dec: +68:08:31

(SAMP CREATOR IS MARK TAYLOR)

Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”




LINKED VIEWS OF HIGH-DIMENSIONAL DATA

® python File Edit Canvas Data Manager Toolbars Help

S ONAD® Z @ @ D + = 106Gk 4 Satjan4 9:04 AM Chris Beaumont

® 00

Data Collection

Layer Symbol
iras

stats [ ]

col3
col2

[~ ] 2 @ Link Data

Plot Layers - Image Widget

stats.1

Plot Options - Image Widget

Data iras

Monochrome (s) RGB

Contrast Visible

iras Red = AV Green = AV Blue = TEMP

Circular ROl RA=54.5640582446

RA

DEC=31.4211848621

N(13CO)

Beaumont, w/Goodman, Robitaille & Borkin

Tab 1

col3 - PRIMARY

Contrast

0)

W(13(

Polygonal ROI




THE RIVETING SEQUEL

Index | WROUGH DRAFT & OPEN SC

Beyond Galileo

Josh Pex
In the last h of four objects th
Juplter. The fir
nights broy

at the:
Jupiter..the
ry hour.

0 tes7 247 3e

emi-major axis (kh)

Some are Similar.




ris:Beaum

THE STORY & THE SANDBOX RAsses

JosN’eek

leumblu

(GLUEDSPO-AUTHOREA)

www.authorea.com

Authorea

1dex M ROUGH DRAFT & OPEN SCIENCE of Settings

Beyond Gallleo

AU

Authorea

of four objects that appeared to form ¢




At FUTURE 1S IN ONLINE

Authorea

Article list
| Sortby:

10 Rules Paper PREPRINT
o Aberio Pepe and 1 coauthor

ALYSSA GOODMAN ~

+ New article

[HIELUXTT) Creation Date Article Name Collaboration Article Owner

about 3 hours ago

about 22 hours ago - Delete

Data ROUGH DRAFT
d 4 days ago - Delete

gted 24 days ago - Delete
{ Way ROUGH DRAFT

out 1 month ago

about 1 month ago

Alyssa Linking Visualization and Understandmg in Astronomy PREPRINT
Goodman o  Alssa Goodman 1y 02, 2 "
10 Simple R
% Professor a Alyssa Goodmar /
# Harvard
University The Bones ¢
d o Alyssa Goodmar
Cambridge, MA -° AHlerarchly
@ 12 Open science CaluEET |
articles .
4 4 Private articles CfA interviel
Edit your £ ppero Pepe ant
information

Authorea

Astro 98 Tut

o McKenna Kardig

Longitude Abx

8 Ayssa Goodman- C A
Perseus Pressure ROUGH DRAFT
o Christopher Faesi and 1 coauthor i Marc

ed 5 months ago

ated 2 months ago

Delete

6 months ago

Summary: Transforming Scholarly Commumcatlon WORKING DRAFT

o Alyssa Goodman and 1 coauthor

Radcliffe Workshop May 2013 ROUGH DRAFT

i A eea Goodman and|12 coatthon

Quantifying Projection Effects in Molecular Cloud Simn’

6months ago - Delete

8 months ago - Delete

~"'GH DRAFT

UT WE DO
=) 10
FGURE OUT

HOW NOT
10 LOSEIT.

.astronomy

Authorea

# Article view

= Folder view
.all Newsfeed view

2 Chat view (0)

Article index
Introduction
() Galilex
Rule 1 our data
Rule 2. share data online
Rule 3. data reuse in mind
Rule 4. publish workflow as context

Rule 5. link d: to publications
Rule 6. publish your code
Rule 7. b cred!

ata repos..
Rule 9. n haring

Rule 10: help establish data sci..
Appendices

Acknowledgement

Author contributions

[# Quick edit @ Watch the tutorial

& Settings

BROWSE ABOUT CONTACT PLANS FEEDBACK HELP ALYSSA GOODMAN ~

R PREPRINT & OPEN SCIENCE ARTICLE % AUTHOREA.COM/3410

10 Simple Rules for the Care and Feeding of
Scientific Data

& Export 2] Fork (copy) '# 0 Comments

Alyssa Goodman, Alberto Pepe, Alexander W. Blocker, Christine L. Borgman, Kyle Cranmer, Merce
Crosas, Rosanne Di Stefano, Yolanda Gil, Paul Groth, Margaret Hedstrom, David W. Hogg, Vinay
Kashyap, Ashish Mahabal, Aneta Siemigi ka, Alel dra Slavkovi

Introduction

In the early 1600s, Galileo Galilei turned a telescope toward Jupiter. In his log book each night, he drew to-scale
schematic diagrams of Jupiter and some oddly-moving points of light near it. Galileo labeled each drawing with the
date. Eventually he used his observations to conclude that the Earth orbits the Sun, just as the four Galilean moons
orbit Jupiter. History shows Galileo to be much more than an astronomical hero, though. His clear and careful record
keeping and publication style not only let Galileo understand the Solar System, it continues to let anyone understand
how Galileo did it. Galileo’s notes directly integrated his data (drawings of Jupiter and its moons), key metadata
(timing of each observation, weather, telescope properties), and text (descriptions of methods, analysis, and
conclusions). Critically, when Galileo included the information from those notes in Siderius Nuncius (Galilei 1610), this
integration of text, data and metadata was preserved, as shown in Figure 1. Galileo's work advanced the "Scientific
Revolution," and his approach to observation and analysis contributed significantly to the shaping of today's modern
"Scientific Method" (Galilei 1618, Drake 1957).

Today most research projects are considered complete when a journal article based on the analysis has been written
and published. Trouble is, unlike Galileo's report in Siderius Nuncius, the amount of real data and data description in
modern publications is almost never sufficient to repeat or even statistically verify a study being presented. Worse,
researchers wishing to build upon and extend work presented in the literature often have trouble recovering data
associated with an article after it has been published. More often than scientists would like to admit, they cannot even
recover the data associated with their own published works.
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Three-dimensional view of ALMA observations of the outflows from
NGC 253

This video shows a three-dimensional visualization of ALMA observations of cold
carbon monoxide gas in the nearby starburst galaxy NGC 253 (The Sculptor
Galaxy). The vertical axis shows velocity and the horizontal one distance across
different parts of the central regions of the galaxy as the viewpoint rotates. The
colors represent the intensity of the emission detected by ALMA, with pink
being the strongest and red the weakest. These data have been used to show
that huge amounts of cool gas are being ejected from the central parts of this
galaxy. This will make it more difficult for the next generation of stars to form.

Credit: ALMA (ESO/NAOJ/NRAO)/Erik Rosolowsky
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HARVARD UNIVERSITY
ASTRONOMY 201B

DEMOFEST

. 4
e [ 8 2 i
LOCATION
Perkin Lobby and Wolbach Library, 60 Garden Street

TIME

11-12 for drop-in demos
12-12:45 lunch for students & their guests

PREVIEW

http://ay201b.wordpress.com/topical-modules




. Microsoft® Research
WO I"ldWI de Te | eSCOPe Experience WWT at worldwidetelescope.org
W‘ Guided Tours Search

Collections > All-Sky & veys >
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VLSS: VLA Low-fre r p (Inf IRIS: Improved Re 2MASS: Two Micro Hydrogen Alpha Fu

Seamlessly .explore
imagery from the best
ground and space-based

telescopes in the world  Eypert Jed tours of W . Control time to study how
the Universe R the night sky changes

View and compare
images from across the
electromagnetc spectrum
Finder Scope

o Classification:
Much more than “just . | spiral Galaxy
the Sky at night! in Andromeda

NGC224 ' :
3D features can take Finder Scope links to | Context bar shows

T . ; . Context globe

you to other plqnets, A COnA 2 el ' Wlklped:a, items of interest in h i
stars & galaxies. Dec: 41:16:00 Distance:  publications, and data, current field of view STIOWS where
Alt: 70 06 : 26 Rise: s0 you can learn more you're looking.
Az: 275 : 42 : 17 Transit:
Set: 00:35

Imagery
§ Image Credits:
¥  Digitiz: Data provided by two NASA satellites, the
Infrared Astronomy Satellite (IRAS) and the

~— Cosmic Background Explorer (COBE). Processing
! " hitn*//acts arkele ad - - just

Three Fa. - iggsearch " "Show Object. ""'Close

WWT created by Curtis Wong & Jonathan Fay




GANS IN S TUDENT INTERES T AND UNDERS TANDING

(“Traditional Way” vs “WWT Way”)

Group B (Traditional) Group A (With WWT)
Nbefore=77; Nofter:75 Nbefore=75' Nafter=p I
What is your level of 1
interest in Astronomy’

What is your level of of D uty

interest in Science?’

How much factual knowledge b Ca‘\

do you have about astron~- n
How much ‘ er th
0 e e N R

b Co ~visualize

_1oon relationships? e— — — —

How interested are you in

. e —
using a real telescope’
| | | | | | |

-0.5 -0.25 0 0.25 0.5 0.75 1.0

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

cf. Udomprasert et al.



HARVARD UNIVERSITY
ASTRONOMY 2018B

§ EMOFES VIZ IN RIGRER-ED

|

® LOCATION
i Perkin Lobby and Wolbach Library, 60 Garden Street
= Stephen
TIME
11-12 for drop-in demos
12-12:45 lunch for students & their guests Y.uon-Sen
PREVIEW Tlng
http://ay201b.wordpress.com/topical-modules Interstellar
Absorption
and the
Lyman Alpha
Forest
Wavelength (Angstrom)
4

Jvasit JavaSeript https://www.cfa.harvard.edu/~yuan-sen.ting/lyman_alpha.html
JaS o JavaSeript http://portillo.ca/nebula/

see:A New Approach to Developing Interactive Software Modules through Graduate Education, Sanders, Faesi & Goodman 2013



Worldwide remittance fl

CRALLENGES

s~ What can we afford?
What do we teach?

Is visualization, and computation more
generally, the new “instrumentation”?

How do we value visualization specialists?
How much customization?

Will tools be preserved?

How much organization (orchestration) is
foo much?
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extra slides (not shown)
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5. SEAM LESS
7 ASTRONOMY

Linking scientific data, publications, and communities

Dataverse
""" Network"

ZO@NIVERSE [ﬂj] C'ngue

WorldWide Telescope

Awmbassadors Program

-
flickr ..o

7,
e W
/l/,:"'bx/l -

WIKIPEDIA

' Astrometry.net

The Free Encyclopedia

https://www.cfa.harvard.edu/~agoodman/seamless/

Supported by “Research &: @ €I§

Made possible by MANY collaborators, listed at projects.iqg.harvard.edu/seamlessastronomy



On the third, at the seventh hou
sequence. The castern one was 1
the closest western one 2 minutes; and thi

East *O *

10 minutes removed from this one. They were absolutely on the
same straight line and of equal magnitude.

On the fourth, at the second hour, there were four stars around
Jupiter, two to the east and two to the west, and arranged pr

k. O

on a straight linc, as in the adjoining figure. Tl
distant 3 minutes from the next one, while this one was 405

from Jupiter; Jupiter was 4 minutes from the nearest western one,
and this one 6 minutes from the westernmost one. Their magnitudes
were nearly equal; the one closest to Jupiter appeared »
than the rest. But at the seventh hour the eastern st -

30 seconds apart. Jupiter was 2 minutes from the

East 5 (@ R, ke )

one, while he was 4 minutes from the next western
one was 3 minutes from the westernmost one. They
and extended on the same straight line along the ecl
On the fifth, the sky was cloudy.
On the sixth, only two stars appeared flanking Jup

East *

in the adjoining fi ¢ castern one was 2 mi
western one 3 minutes from Jupiter. They were on the
line with Jupiter and cqual in magnitud

On the seventh, two stars stood near Jupiter, bo
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Eccentricity Semi-major axis (km)

Some are Similar...

The Inner moons resemble the Galilean moons: close, prograde,
with little inclination or eccentricity.




MEANINGFUL ABS TRACTION IS OF TEN BETTER THAN REALISM.

=

N\

Nucleus Gole Immature granules Multi-vesicular bodies

G. Johnson et al. 201 I: http://video.sciencemag.org/VideoLab/ 1423692 130001/1




A great photographic nebula near pi and delta Scorpii.
Barnard, E. E.

Astrophysical Journal, 23, 144-147 (1906)

Published in Mar 1906

DOI: 10.1086/141311

Astrometry.net

A GREAT PHOTOGRAPHIC NEBULA NEAR = AND ERre™®  Guided Tours  Search
8 SCORPII AR e
By E. E. BARNARD - e

Through the courtesy of Professor Hale and the generosity of Mr.
John D. Hooker, of Los Angeles, I spent the past spring and summer
in photographic work at the Solar Observatory of the Carnegie Insti-
tution on Mount Wilson, California, at an altitude of 6oco feet. Mr.
Hooker’s generous grant made it possible to transport the Bruce
Photographic Telescope of the Yerkes Observatory to Mount Wilson,
where it was installed from February until September, 19os. It is
hoped that the results may later be published in full, with reproduc-
tions of the principal photographs. At this time I wish to call atten-
tion to an especial region in Scorpio.
The main object of the work at Mount Wilson was to secure the
best possible photographs of the Milky Way as far south as the lati-
tude would permit. But little time was available for independent
investigations in other parts of the sky, though the conditions for such
work were often superb.
A few exposures were made, however, at various points in a search “
for diffused nebulosities. The extraordinary nebulosities in Scorpio . : J Finder Scope
and Ophiuchus which I found by photography in 1894—those of ; : . Sassifcadon

Star
p Ophiuchi, v Scorpii, etc.—suggested the immediate region of the . ' | in Scorvius

., Ty o et . . Pi Scorpii; 6 Scorpii; HR5944;
upper part of the Scorpion asa suitable hunting-ground. Trial plates e, T 450161 D
were exposed on p Scorpii, and 7 Scorpii, and elsewhere. The . R 15 iains t Mapedtuode:
photographs of the region of 7 showed a very remarkable, large, 3 Dec:  -26: 06 : 51 Distance:
. . L . J Alt:  -32: 20 : 42 Rise:
straggling nebula extending from 7 to & Scorpii, with branches involv- Goni, : ’ Azi  262:42:42 Transit:

[} Set:
ing several other naked-eye stars near. >

y Image Credits:
With the exception of the great curved nebula in Orion and some of < NASA/JPL-Caltech/UCLA

Imagery Image Crossfade
the exterior nebulosities of the Pleiades, this nebula is quite excep-

Info
~ | Digitized Sky Survey (Color) ¥ @ -
tional in its extent, and in the peculiarities of its various branches. - I

A simple description of it would be inadequate to give a fair concep- ) - x o (Trevemrch™) [FSHOWOOEX
tion of these features. Scorpius Globular Cluster M )

http:/ /www.worldwidetelescope.org/webdient /default.aspx ?wtml=hitp%3a%2f%2fwww.worldwidetelescope.ora%2fwwiweb%2fShowlmage.aspx%3freverseparity%3dTrue%26scale%3d13.457 5%26name%3d1906Ap)....2
%2b(Page%30%2b2%3hb%2bimage%30%2b1)%26imageurl%3dhttp%3a%2{%2fwww.adsass.ora%2foldastro%2fdata%2f1906Ap)....23..144B-002-001.png%2b6credits % 3dADS % 2bAl1%2bSky%2bSurvey %26 creditsUrl%3dhitp
%2fadsass.org%26ra%3d239%26y%3d948%26x%3d7 56%26rotation%3d179.892%26dec%3d-25.06%26thumh%3d%26wtm|%3dirue




