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Traditionally, travel from exploration to explanation is called
“Scholarly Publishing” if its dry, and “Public Outreach,” if it’s beautiful.
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It’s much harder to go the other way.



=—==And, the best roads-are two-way.=—===
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ABSTRACT

Context. Orion A hosts the nearest massive star factory, thus offering a unique opportunity to resolve the processes connected with
the formation of both low- and high-mass stars. Here we present the most detailed and sensitive near-infrared (NIR) observations of
the entire molecular cloud to date.
Aims. With the unique combination of high image quality, survey coverage, and sensitivity, our NIR survey of Orion A aims at
establishing a solid empirical foundation for further studies of this important cloud. In this first paper we present the observations,
data reduction, and source catalog generation. To demonstrate the data quality, we present a first application of our catalog to estimate
the number of stars currently forming inside Orion A and to verify the existence of a more evolved young foreground population.
Methods. We used the European Southern Observatory’s (ESO) Visible and Infrared Survey Telescope for Astronomy (VISTA) to
survey the entire Orion A molecular cloud in the NIR J, H, and K bands, covering a total of ~18.3 deg?. We implemented all data
reduction recipes independently of the ESO pipeline. Estimates of the young populations toward Orion A are derived via the Ks-band
luminosity function.
Results. Our catalog (799 995 sources) increases the source counts compared to the Two Micron All Sky Survey by about an order
of magnitude. The 90% completeness limits are 20.4, 19.9, and 19.0 mag in J, H, and Kj, respectively. The reduced images have
20% better resolution on average compared to pipeline products. We find between 2300 and 3000 embedded objects in Orion A and
onfirm that there is an extended foresround population above the Galactic field. in asreement with previous work
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Astronomy Picture of the Day

Discover the cosmos! Each day a different image or photograph of our fascinating universe is featured, along with a brief explanation written by a professional astronomer.

2018 March 11

Duel Particle Beams in Herbig-Haro 24
Image Credit: NASA, ESA, Hubble Heritage (STScI/AURA)/Hubble-Europe Collaboration;
Acknowledgment: D. Padgett (NASA's GSFC), T. Megeath (U. Toledo), B. Reipurth (U. Hawaii)

Explanation: This might look like a double-bladed lightsaber, but these two cosmic jets actually beam outward from a newborn star in a galaxy near you. Constructed from
Hubble Space Telescope image data, the stunning scene spans about half a light-year across Herbig-Haro 24 (HH 24), some 1,300 light-years away in the stellar nurseries of
the Orion B molecular cloud complex. Hidden from direct view, HH 24's central protostar is surrounded by cold dust and gas flattened into a rotating accretion disk. As

material from the disk falls toward the young stellar object it heats up. Opposing jets are blasted out along the system's rotation axis. Cutting through the region's interstellar
matter, the narrow, energetic jets produce a series of glowing shock fronts along their path.

March 11, 2018 Astronomy Picture of the Day
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Discover the cosmos! Each day a different image or photograph of our fascinating universe is featured, along with a brief explanation written by a professional astronomer. t

2018 March 11

Explain

o
Duel Particle Beams in Herbig-Haro 24 ?
Image Credit: NASA, ESA, Hubble Heritage (STScI/AURA)/Hubble-Europe Collaboration;
Acknowledgment: D. Padgett (NASA's GSFC), T. Megeath (U. Toledo), B. Reipurth (U. Hawaii)
Explanation: This might look like a double-bladed lightsaber, but these two cosmic jets actually beam outward from a newborn star in a galaxy near you. Constructed from 3
Hubble Space Telescope image data, the stunning scene spans about half a light-year across Herbig-Haro 24 (HH 24), some 1,300 light-years away in the stellar nurseries of
the Orion B molecular cloud complex. Hidden from direct view, HH 24's central protostar is surrounded by cold dust and gas flattened into a rotating accretion disk. As
material from the disk falls toward the young stellar object it heats up. Opposing jets are blasted out along the system's rotation axis. Cutting through the region's interstellar HU bb[@
matter, the narrow, energetic jets produce a series of glowing shock fronts along their path. HE’,T] tage

NASA and ESA « Hubble Space Telescope « WFC3/IR « WFPC2 ¢ STScI-PRC15-42a

March 11, 2018 Astronomy Picture of the Day 2015 Hubble Heritage Press Release
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“Linked Views of High-dimensional Data” (in Python)
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video by Tom Robitaille, lead glue developer glue created by: C. Beaumont, M. Borkin, M. Breddels, P. Qian, T. Robitaille, and A. Goodman, PI
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Language” includes words & math



On the third, at the seventh hour, the s
sequence. The castern one was 1 minute
the closest western one 2 minutes; and t { )
&
- -,.’n.b‘n /
East * O x *x West

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 preciscly

East = - O * * Jest

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 a lirtle smaller
than the rest. But at the seventh hour the castern st

30 seconds apart iter was 2 minutes from the

East * ¥ O * *

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 Juj

East * O *

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

On the seventh, two stars stood necar Jupiter, bo

arraneed in this manner

Konrad Hinsen

n reak-time, s ) € vario at-if ) and
y. This short article explains—and shows with demonstrations—how
can morph into long-lasting rich records of scientific discourse,

&Qogn ition .
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http://www.quora.com/What-is-the-history-of-peer-review-in-academia
https://www.cfa.harvard.edu/~agoodman/newweb/3dpdfNews.html
https://authorea.com/users/23/articles/8762/_show_article

alileo Discovers Jupiter’s

%&/‘ '7‘// ‘ﬁ"\r(a/ fm Je KJ&v U mm’lﬁ-
Mo A, 1«.«» oL ,{“;,;, ,,{‘un}mn ro )t4¢~ AM;/‘»&
i oA, e el Grrn O Mt il R

qa ™ [’.a “a ot
————— NE— :
C/"T-“'" ?.l“p'f (lﬁ Mﬂ: ‘&h M"‘A @ A‘(l_/-‘b ﬁ/‘

/J“L.té u‘- # SR M “" nmawe’u /WJM‘
AhJp e 4 i i &u-w/u..« o Loyt i€ ;ﬁ’;n.) 95

I& Au rﬁJ.Lf"}‘uo hi /*‘W» id /f;'ﬂz & s ﬁ?}A @W’fm
9_7“— Ay ’,., 744 ~A¢-A‘h ...4 ;(‘ u('/ aJ‘z@n‘ Q

/’p’ ﬁ{A‘uA Ad .a,.m .‘»&'? x..‘;h'( S tyu z( 9{/ ,-‘J

79:(‘“" /f&:l’ {‘/ M,,ma‘Q;

'Jm»u* (/2(.‘. 'Q‘ 1-‘//‘ 75 u“/ " L /«(/7‘1(

‘4/44’*;‘ L d /<¢( / .44.;/44*&’“ P 4/4( M . ﬂ’f“d
“44 FaSha AN . !){ ‘(: 4.:?@;...4"\, Qﬁy«éym/«

P / AR bt

.__,4}—_
»T % }”wl

-~ e

(

11; D kg
.‘

}'\"‘w “Nﬁ e Wh\‘,

-

/57 . & w98 . » il “mr,“,q(. \#&
//l]f,.ﬁg'w sean i€ a *r, e 4/[11 ‘,“,_,7,&2,,1,

/,L /4u7a : Y i
I @hrx F G pa ikt B

}‘p&%] /W}M Juara @

jf.t Sa&):‘,) ¢ 2 orm ,
W«WQwv % o o

huamm_

,1\*

Notes for & re-productions of Siderius Nuncius

Moons, 1610

SIDEXEUOS NUNCIUS

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

Last * O - x> Wes

o minutes removed from this one. They were absolutely on thi

ame straight hine and of equal magnitude
On the fourth, at the second hour, there were four stars aroun
jupiter, two to the east and two to the west, and arranged precisely

East " - O ¥ *x Wes

on a straight line, as in the adjoiming figure. The casternmost wat
fistant 3 minutes from the next one, while this one was 40 seconds
rom Jupiter; Jupiter was 4 minutes from the nearest western one,
ad this one 6 minutes from the westernmost one. Their magnitudes
rere nearly equal; the one closest to Jupiter appeared a little smaller
han the rest. But at the seventh hour the castern stars were only
10 seconds apart. Jupiter was 2 minutes from the nearer eastern

cast * Xk O x x West

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

On the fifth, the sky was cloudy.

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

East * O

Ihe castern one was 2 minutes and the

x West

m the adjoining hgure

western one 3 minutes from Jupiter. They were on the same straight

ane with Jupiter and equal in magnitude
On the seventh, two stars stood near Jupiter, both to the cast,




January 11, 1610

1610

Galileo’s New Order, A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010
WWT Software Wong (inventor, MS Research), Fay (architect, MS Reseearch), et al., now open source, hosted by AAS, Phil Rosenfield, Director

see wwtambassadors.org for more on WWT Outreach
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The "Paper" of the Future

Alyssa Goodman
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1 Preamble

variety of research on human cognition demonstrates that humans learn and communicate best
when more than one processing system (e.g. visual, auditory, 10 s used. And, relaled
research aisgo shows that, no matter now technical the maternal, most humans also retain and
wr\"\'{v texv .,n',,‘ fr |>J" Cf:”' pb
scholarly communication, we shou!d be ¢ j | 10 do Dlithely aws

format that articles and books have followed for centuries: instead. we should ennch

more than text is used to commuicate in Science. Figures, which include images
agrams, graphs, charts, and more, have enriched olarly articles since the time of Galileo
and ever-growing volumes of data underpin most scientific papers. When scientists communicate
lalks or small discussions, these ‘xgurC'S are often the focus of the

pest discussions, scientists have the ability to manipulate the figures, a
cess underlying data, in real-time, so as 1o test out various what-if scenarios, and to ox;t!m'*
findings more clearly. This short amcle explains—and shows with demonstrations—how
scholarly "papers"” can morph into long-lasting rich records of scientific discourse

enriched with deep data and code linkages, interactive figures, audio, video, and commentng

&Cogn ition
Paper of S

thePulare ..ol i N s,

-

Konrad Hinsen

Many good suggestions, but if the goal 1s “long-fasting nch
records of scientific discourse”, a more careful and cntical
atttude towards eectronic artifacts s appropriate, | do see
t concerning videos, but not a word on the much more
critical situation in software. Archh g source code s not
sufficient: all the dependencies, plus the complete builic
anvironmeant, wou'd have 10 be conserved as well 1o make
things work a few years from now. An "executable figure® in

the form of an IPython notebook w

Merce Crosas
Konrad, good points; this has been a concern for th
community workong on reproducbility. Hegarding data
repositones, Dataverse handles long-term preservation and
access of data files in the following way: 1) for some data
files that the repository recognizes (such as R Data, SPSS,
STATA), which depend on a statistical package, the system
onverts them nto a preservation format (such as a
tab/CSV format). Even though the onginal format is also
saved and can be accessed, the now preservation formal

‘g'u o

Konrad Hinsen

That sounds good. | hope more repositonas will folow the
exampie of Dataverse. Figshare in particular has a \
giferant attitude, encouraging researchers 1o deposit as
much as possble. That's perhaps a good strateqy to
change hadbis, but n the long run it could wel backiune
when peopie find out in a few years that 909 of those
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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 T, (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 (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 (—0.5kms™ ') to back (8 kms™!).

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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(Fig. 2a). The luminosity is an approximate proxy for mass,
that Miym = Xi3coLisco, where Xi5c0 = 8.0 X 10% cm? K 'km™'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, tops = 56, R/ GMjum.
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where o5 < 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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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,

- a ~ I3

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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