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17th Century

SIDEREUS NUNCIUS

On the third, at the seventh hour, the stars were arranged in this
g

sequence. The castern one was 1 minute, 30 seconds from Jupiter;

the closest western one 2 minutes; and the other western one was

East * O - % West

10 minutes removed from this one. They were absolutely on the
same straigh ; g
On the { f;

Jupiter, twi¢

ars around

d precisel:
East < \ w

on a straigl Amost v
distant 3 m e $0 secon
from Jupite A stern o
and this o S . agnitw
were nearly #FSS tle smal
than the re : . were ol

30 seconds Y rer cast

East ¥ W

one, 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 scen

East * O * West

in the adjoining figure. The castern one was 2 minutes and the
western one 3 minutes from Jupiter. They were on the same straight
line with Jupiter and equal in magnitude
On the seventh, two stars stood near Jupiter, both to the cast,
rranged in this manner.

Use Layer Manager to
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Discovery year

Four Centuries of Discovery

After Galileo discovered the first four moons of Jupiter, it took nearly three hundred
years to discover the next one.
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On the third, at the seventh hour, the stars were arranged in thi
mence. The castern one was 1 minute, 30 seconds from Jupiter

s closest western one 2 minutes; and the other western one wi

st = O * % We

| minutes removed from this one. They were absolutely on tl
me straight hine and of equal magnitude

On the fourth, at the second hour, there were four stars arow
apiter, two to the east and two to the west, and arranged precise

ast x o O * * We

m a straight line, as in the adjoining figure. The casternmost wi

istant 3 minutes from the next one, while this one was 40 second
om Jupiter; Jupiter was 4 minutes from the nearest western ong

d this one 6 minutes from the westernmost one. Their magnitude

sre nearly equal; the one closest to Jupiter appeared a little smalle
an the rest. But at the seventh hour the castern stars were onl)

) seconds apart _lll“l((‘r was 2 munutes from the nearer casten

ast * ¥ O kS x Wes

fic, while he was 4 minutes from the next western one

=, and thi
jne was 3 minutes from the westernmost one. They were all equal

ind 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 * Wes|

a the adjoining figure. The castern one was 2 minutes and the

yestern one 3 minutes from Jupiter. They were on the same straight
ine with Jupiter and equal in magnitude

On the seventh, two stars stood near Jupiter * v to the eass
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LALILED GALILE

(lo64-1642)

GALILEO'S "NEW OR®

Created by Alyssa Goodman, Curtis Wong

with advice from Owen Gingcrich and Ds

|

Galileo’s New Order, A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010
Microsoft Research WWT Software (~now “OpenWWT”): Wong (inventor), Fay (architect), et al.
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Galileo’s New Order, A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010
Microsoft Research WWT Software (~now “OpenWWT”): Wong (inventor), Fay (architect), et al.
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Artist's Rendering 2004

(based on theory & simulations, credit R. Hurt)

Real ALMA data 2014
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OENG SCIENCE

Molecular Cloud Complex—




K

Dimensions: 5155. AU Without Radiative Feedback  Time: 59225, yr Dimensions: 5155. AU With Radiative Feedback Time: 539225, yr

N

0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
Log Column Density [g/em®] Log Column Density [g/em®]

Matthew Bat*
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Once upon a time (2012), nan
enchanfed castle (in Bavaria) -

.al a conference about *
“The Early Phases o Star Foration”



| iﬁ , . " .. :
. .l*"
-
Andi Burkert asked'a question:
“Is Nessie “parallel to the Galactic Plane™? -
~No one knew.
‘,‘“



“Galactic Plane”
»

The Milky Way
(Artist's Conception)




“Is Nessie Parallel to the Galactic Plane?”
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Where are we, really?

“IAU Milky Way”, est. 1959

True Milky Way, modern

The equatorial plane of the new co-ordinate system must of necessity pass through
the sun. It is a fortunate circumstance that, within the observational uncertainty, both
the sun and Sagittarius A lie in the mean plane of the Galaxy as determined from the
hydrogen observations. If the sun had not been so placed, points in the mean plane would

not lie on the galactic equator. 7 [Blaauw et al. 1959]
Galactic
Sun is Center is . . .
~75 light years ~20 light years __ The Galactic Plane is not quite
“above” the  + offset from the — where you’d think it is
IAU 1\|f|ﬂky Way IAU Milky Way when you look at the sky
ane

Center



Galactic Latitude (b)

In the plane! And at distance of spiral arm!

-50.0 —-46.7 -43.3 -40.0 -36.7

[Z,=25.0 pc, Ry=8.5 kpc, ©p=220 km/s]

340 338 336 334
Galactic Longitude (l)




..eerily precisely...

How do we know



A full 3D skeleton?
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2014 Simulation

Position [kpc]
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Smith et al. 2014, using AREPO Column Density [cm™]
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Position [kpc]

10%! 10%2 1023
Column Density [em™?]

Smith et al. 2014, using AREPO



A Tour of Possible Milky Way Bones

(images show Spitzer MIPSGAL overlain on optical image;

dotted lines show projected sky positionof Milky Way spiral arms)

Alyssa Goodman ' X
January 2014
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THE SKELETON OF THE MILKY WAY

CATHERINE ZUCKERl’z, CARA BATTERSBYZ, AND ALYSSA GOODMAN
! Astronomy Department, University of Virginia, Charlottesville, VA 22904, USA; catherine.zucker @cfa.harvard.edu
2 Harvard-Smithsonian Center for Astrophysics, Cambridge, MA 02138, USA
Received 2015 June 27; accepted 2015 September 21; published 2015 December 3

ABSTRACT

Recently, Goodman et al. argued that the very long, very thin infrared dark cloud “Nessie” lies directly in the Galactic
midplane and runs along the Scutum—Centaurus Arm in position—position—velocity (p—p—v) space as traced by lower-
density CO and higher-density NH; gas. Nessie was presented as the first “bone” of the Milky Way, an
extraordinarily long, thin, high-contrast filament that can be used to map our Galaxy’s “skeleton.” Here we present
evidence for additional bones in the Milky Way, arguing that Nessie is not a curiosity but one of several filaments that
could potentially trace Galactic structure. Our 10 bone candidates are all long, filamentary, mid-infrared extinction
features that lie parallel to, and no more than 20 pc from, the physical Galactic mid-plane. We use CO, N,H*, HCO™,
and NHj radial velocity data to establish the three-dimensional location of the candidates in p—p—v space. Of the 10
candidates, 6 also have a projected aspect ratio of >50:1; run along, or extremely close to, the Scutum—Centaurus
Arm in p—p—v space; and exhibit no abrupt shifts in velocity. The evidence presented here suggests that these
candidates mark the locations of significant spiral features, with the bone called filament 5 (“BC_18.88-0.09”) being a
close analog to Nessie in the northern sky. As molecular spectral-line and extinction maps cover more of the sky at
increasing resolution and sensitivity, it should be possible to find more bones in future studies.

Key words: Galaxy: kinematics and dynamics — Galaxy: structure — ISM: clouds
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one, 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 scen

East * o * West

in the adjoining figure. The eastern onc was 2 minutes and the

western one 3 minutes from Jupiter. They were on the same straight
line with Jupiter and equal in magnitude
On the seventh, two stars stood near Jupiter, both to the cast,
wed in this manner.

Out

1600 1

Discovery year

Four Centuries of Discovery

After Galileo discovered the first four moons of Jupiter, it took nearly three hundred
years to discover the next one.




LINKED VIEWS OF HIGH-DIMENSIONAL DATA
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1600 1700 1800 1900 2000 1600 1700 1800 1900 2000
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A Chasm in Mass

While telescopes improved dramatically toward 1900, no further moons were
discovered, as the Galilean satellites are 10,000 times more massive than the next most
massive moon, Himalia.
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figure, by M. Borkin, reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”
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On the third, at the seventh hour, the |
sequence. The castern one was 1 minute,
the closest western one 2 minutes; and th

East *Q x

10 minutes removed from this one. They were absolutely on the
same straight line and of cqual 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 easternmost 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 onc 6 minutes from the westernmost one. Their magnitudes
were nearly equal; the one closest to Jupiter appeared a lttle smaller
than the rest. But at the seventh hour the eastern st

30 seconds apart. Jupiter was 2 minutes from the

Eas x* 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 linc along the ecl
On the fifth, the sky was cloudy
On the sixth, only two stars appeared flanking Jup

East g e e

in the adjoining figure. The eastern one
western one 3 minutes from Jupiter. They were
line with Jupiter and equal in magnitude.

On the seventh, two stars stood near Jupiter, bo
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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

64

NATURE|Vol 4571 January 2009

using 2D maps of column density. With tb~ ~+Iv2D work as inspira-
tion, we have developed a structure-id vy, | ~thm that
abstracts the hierarchical structure of a i DV
an easily visualized representation callec b""\o,,“
well developed in other data-intensive
application of tree methodologies so fa
and almost exclusively within the ar
‘merger trees’ are being used with in
Figure 3 and its legend explain tt 'Ole or

schematically. The dendrogram qua pro s elf_
ima of emission merge with each . cess Of S' 8’avi
explained in Supplementary Meth "% 4 a

determined almost entirely by t} ) y
sensitivity to algorithm paramet " Aime '
possible on paper and 2D screen
data (see Fig. 3 and its legend
cross, which eliminates dimen:
preserving all information
Numbered ‘billiard ball” labe
features between a 2D map |
online) and a sorted dendrc

A dendrogram of a spectr
of key physical properties
surfaces, such as radius (Kjyve. "«
(L). The volumes can have any shape;
the significance of the especially elongated fea
(Fig. 2a). The luminosity is an approximate proxy for mass, Ste..
that Myym = Xi3c0Lisco, where X300 = 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, otgps = 56,*R/ GMiym.
In principle, extended portions of the tree (Fig. 2, yellow highlighting)
where 1,5 < 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.

- _l”"l.'., Man's r 'o"maytl

Local max =
Test level | |
il 1
T
Local max 3
° A
@ Merge g
=
2 Local max
o)
£ -
g
Merge T ~
T
g
=
I

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. 2¢ is the direct
analogue of the tree shown here, only constructed from ‘isosurface’ rather
than ‘point’ intersections. It has been sorted and flattened for representation
on a flat page, as fully representing dendrograms for 3D data cubes would
require four dimensions.

©2009 Macmillan Publishers Limited. All rights reserved
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Goodman et al. 2009, Nature,
cf: Fluke et al. 2009
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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't, 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 ~1 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 13CO 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,

R ta O . . O O h

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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East *xQ x

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

On the 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 adjoir ure. 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 little smaller
than the rest. But at the seventh hour the castern st

30 seconds apart. Jupiter was 2 minutes from the

East "+ e o i, b

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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in the adjoining figure. The castern one 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 near Jupiter, bo'

1 Preamble

Merce Crosa

igs more This short article explains—and shows with demonstrations—how
scholarly “papers” can morph into long-lasting rich records of scientific discourse,
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An academic reality
show

'"PredictionX’ brings together faculty from
across the University to discuss the
human need to know the future
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November 13, 2015 |

By Brett Milano, Harvard Correspondent n

T n a Science Center lecture hall at Harvard, anthropologist Rowan Flad
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Photo courtesy of HarvardX

Professor Sara Schechner shows students
compasses, sextants, and a variety of other

inctritmantc that cailarc iicad tAa maaciira and
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Take A Sweater

Harvard University >
Details Rat Review Related
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Description

NOTE Tahe A-Sweater Currently ondy has data for Boston, M T wil i -

This ACO wirs Created in 2012, for use in the M Jor Y - ——r—r A s
The code was writien Dy Bl Barelmy of My -~ . ded By Fore

of Inteliovations. | rTent Sve-Ayy weather foreCcast A are prowsaed by NOAA

takeasweater.com, and “TakeASweater” in the Apple App Store




/542
\\Qeml‘r\loﬂt/b‘&)

- :CF‘:: C\'?’b \ \
ety ll
4bee [‘é)zTPF) @ |
op ™S
Aol
- ’fwﬁ‘e?/’ W43
s Nzt
A‘i%{’léé?“i'os:‘dc(\ A\A ’(‘{g OS\ Lg’,\‘m\u‘sc o
4 “}:‘?' 25, \
— N AsreS new st 1201 % cA gldvonwkes
| Vdi\z.ggn/\b&mk = 1 a0 R
Lot ‘Sﬂw\(wd@m
) LM(_(M\,\G\ “o L’/Dw& Ro )
Cidley S < o
e = ’3'\‘!¢57f\(\

o L -

e

Moo s
I






FOUCATION. 2016+ online learning

HARVARD UNIVERSITY
ASTRONOMY 201B

=
D
=  DEMOFEST
=3
> &y X
Stephen |
LOCATION
_._ngj Perkin Lobby and Wolbach Library, 60 Garden Street
Yuan-Sen TIME
L] 12-12:45 }]-]thfor dli’oz-inld;mf?ls i 1
-123 unch Tor students elr guesis
Tlng PREVIEW
ttp://ay201b.wordpress.com/topical-modules
Interstellar
Absorption
and the :
Lyman Alpha :
Forest g
Wavelength (Angstrom)
S, 7 7
JvaBt JavaSeript https://www.cfa.harvard.edu/~yuan-sen.ting/lyman_alpha.html
o JavaScript http://portillo.ca/nebula/

see:A New Approach to Developing Interactive Software Modules through Graduate Education, Sanders, Faesi & Goodman 2013
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COMPLETE Coverage Tool (WWT COMPLETE Data Available

Center on Ophichus l Center on Serpens

Full-Cloud Data (Phase I, All Data Available)
Dataset Show Perseus Ophiuchus Serpens Link
JBT: HI Data Cube v v %) Data
IRAS: Av/Temp Maps v v v Data
FCRAO: 12CO v v v Data
FCRAO: 13CO v v v Data
JCMT: 850 microns v v () Data
Spitzer c2d: IRAC 1,3 (3.6,5.8 pm) v v v Data
Spitzer c2d: IRAC 2,4 (4.5,8 pm) v v v Data
CSO/Bolocam: 1.2-mm v @ % Data
Spitzer MIPS: Derived Dust Map v %] %] Data
Targeted Regions (Phase IT, Some Data Not Yet Available)

v v % Data

IRAM 30-m: N2H+ and C180 v % % Data
IRAM 30-m: 1.1-mm continuum v %] %] Data
Megacam/MMT: r,i,z images v (%) (%) Data

Catalogs & Pointed Surveys

NH3 Pointed Survey [ ] v %] 1] Data
YSO Candidate list (c2d) s v v Data



