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Our Universe is not two-dimensional, but the Sky is.

.

100 AD—16th Century

The Path to Newton

“The Path to Newton” 100 years of Perseus

+2 Challenges... “case” as a variable... 3D selection
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Our Universe is not two-dimensional, but the Sky is.
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Galileo, Jupiter’s Moons, “3D” thinking
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SIDEREUS NUNCIUS 75

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 x> O * * 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 precisely

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 little smaller
than the rest. But at the seventh hour the castern stars were only
30 seconds apart. Jupiter was 2 minutes from the nearer eastern

East x* O X ¥ West

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 echiptic

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 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,

Arran "J\i in this manner.

Notes for & re-productions of Siderius Nuncius




Galileo’s 3D thinking, in WorldWide Telescope

January 11, 1610

Galileo’s New Order, A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010
WWT Software Wong (inventor, MS Research), Fay (architect, MS Research), et al., now open source, hosted by AAS
see wwtambassadors.org for more on WWT Outreach
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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 (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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where o,p,s < 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,ps only represents the ratio of kinetic energy
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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.
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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'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 '*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,

avite - - . 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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Many thanks to Catherine Zucker, Tom Robitaille, Chris Beaumont, Michelle Borkin, Maarten Breddels, Penny Qian, et al.


https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/3D_Cloud_Topologies/perseus_topology/perseus.html

Linked Views of High-dimensional Data (in Python)
glue

video by Tom Robitaille, lead glue developer
glue created by: C. Beaumont, M. Borkin, M. Breddels, T. Robitaille, C. Zucker, and A. Goodman, PI



PERSEUS in

L5glue

@ python File Edit View Canvas DataManager Plugins Help Q@ OBVON DL D = o) 20%0> MonOct22 7:15AM AlyssaAGoodman Q @ =
_
[ JON ) Glue
[E3 Open Session Export Session [ Import Data Export Data/Subsets @ Link Data x* Arithmetic attributes Active Subset: @ Subset 3 Mode: @ © & © ® Terminal ¥ Preferences Error Console
Data Collection X Tab1 % Tab 2
Data :
2D Image 1D Profile @ © @ 2D Scatter

@ PerA_12coFCRAO_F_xyv
@ PerA_13coFCRAO_F_xyv
Perseus_Av_NICER
@ PerA_AvTemMIPS_F_Av
@ PerA_ AvTemMIPS_F_T

. Perseus_fcrao_iras_2mass
Subsets

> . spec_probe
> hot_highv
> . Subset 3

Plot Layers - 2D Scatter

v . Subset 3 (Perseus_fcrao_iras_2mass)
v hot_highv (Perseus_fcrao_iras_2mass)
v . spec_probe (Perseus_fcrao_iras_2mass)
v

@ Perseus_fcrao_iras_2mass
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glue
[&] C') glue solutions

°
INC.
Data
File 1 define new variables, .
standard data import/export insights, "

loaders interactive plots for the web, e
Data save state, all from GUI
File 2
A - T hiahliaht live or

More later from Michelle Borkin!

.
=7 )
e
2 3
\ )
4 : 3
(
3 | '\[
b
4

standard
1D, 2D & 3D
plots

built-in

Jupyter
4



http://glueviz.org
http://gluesolutions.io
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DATA, DIMENSIONS, DISPLAY

1D: Columns =" Spectrum “Time Series,” “Sequence”

2D: Faces or Slices = “Images,” “Arrays”
3D: Volumes = “3D Renderings”, “2D Movies"
4D: Time Series of Volumes = “3D Movies”
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Sfumale? SCULPTURE?

Both? Neither? The brain is (well) fooled by the combination motion & occlusion.

L
.
- " -
R o
-~ .
-
-
»

Note importance of memory, though. ..

- - Y ) . L |-

Dark Matter Pre-Visualization for AMNH “Dark Universe” Space Show
from collaboration of Kaehler, Abel, Emmart, Maclow, Hahn 2014
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A
Elements: Enriching Scholarly Commu#ication with Augmented Reality

q INTELLECTUAL MERIT

Augmented reality (AR') technology has crossed a usability threshold that makes

it timely to embed it in scholarly communication.

The technology an astrophysicist uses to buy furniture should not be better than
what she can use to communicate science. Fifteen years ago, contextualizing
virtual objects like the chair in the AR-generated image [2] in Figure 1 required
specialized, expensive, and often cumbersome (Figure 2) hardware [3]. But, in
the last few years, thanks in large part to significant investment by companies
like Apple and Google, AR is now mainstream, easy-to-use, and free, with just a

smartphone or tablet [4].

MBIV 191 re /: Screensnots from demo (video) jor Handheld AK kFigure from an upcoming AAS Journal article

1 to express the res open on aim mobile  hold Merge  rotate3D  bring closer use slider to place on

Note importance of memory, though. ..
rive a conversion fac mobile at blank cube in free space by or farther to  scale view surface for

‘
i dust opacity density  devjce using space in real hand rotating cube zoom in/out relativeto  hands-free
Dd

- . . . A 73 . . .
density n (units: cm™). unique code world cube viewing
dust extinction are related throug :

extinction curve, A, /Ny, where
wavelength A and Ny is the H mt
Gaia G-band, A = 673 nm (centr:
10?2 mag cm? (reference XXX). ]
76/Ng = 3.7 % 1022 cm?. Foll
get

0

Dividing by AL we obtain the g:
1 pc3 resolution element):

ANy
= —— =288
n AL a

-




COLLABORATION EXPLANATORY VISUALIZATION
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COLLABORATION EXPLANATORY VISUALIZATION
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The Radcliffe Wave

[demO]

Home News Publications & Talks Visuals History Team Software Data

VISUALS

citizen science

larly publication

combined
yyyyyyyyyyy

On this page: INTERACTIVES, FIGURES, VIDEOS -- scroll down to see it all.

collaborative

INTERACTIVES -

Explore the RadWave in 3D

Top-down view Major cloud catalog
Side view Local arm fit & masers (Reid+2016)
End-on view Sagittarius arm fit & masers (Reid+2(

@® Tenuous connections

—— . 199 ® Radcliffe Wave
o« ) *‘ . ® ) ) ) ¥ - . -
- - - @® Best-fit model
Padd SRS
R A A .
% . POSSIDle models
LR . &
b 5 Gould's Belt (Perrot & Grenier 2003)
L] ."q - t .
P 15 Click here to TOGGLE unreliable fits
1000
50 Sun
C
g R o ~500 Ye
- ~1000
X (Pt) 00 o o -1500

The same tools can work for research, teaching & outreach.



http://tinyurl.com/radwave
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The 10 Questions

Who | W
2. Explore-Explain

<
0
N
O
NO
O

i Categories
Patterns ||

Predictions & Uncertainty | Arey

Dimensions

Abstraction & Accuracy
5 Context & Scale

Metadata

Display Modes | V

r. Now, visit the 10QViz conversation! There's so much more to talk about.

origins
how best to use participate
scholarship behi

Benjamin Bach, Sheelagh Carpendale, Arzu Coltekin, Robert S. Laramee, Lace Padilla, Jonathan Roberts - Panel 1: Teaching Visualization Guidelines

L ~


http://10QViz.org

Our Universe is not two-dimensional, but the Sky is.

The Path to Newton

“The Path to Newton” 100 years of Perseus

+2 Challenges... “case” as a variable... 3D selection



finyurl.com/AGVisIEEE20

The Past, Preséntund -Fliture_' of Visualization in Astronomy:

Alyssa A. Goodman (and MANY otbers/)

Center for Astrophysics |- Harvard &Smithsonian, Radcliffe In51tute for Advanced Study,
~HDSI Steering. Committee & glue solutions, ific.
| .@Aly}ss,aAGoodman»

. YT ; 'ALFRED P. SLOAN

2 : 3 S solutions
. FOUNDATION
e IS == e Inc



https://tinyurl.com/AGVisIEEE20




This document is online at tinyurl.com/AGVisIEEE20

Links & Pointers from Alyssa Goodman's |IEEE Vis 2020 Talk on

“The Past, Present and Future of Visualization in Astronomy”
[at Visualization in Astrophysics Workshop]

[Talk slides on iCloud, modulo missing fonts, download for a better experience]

glue: multi-dimensional linked-data exploration

World Wide Telescope, WorldWide Telescope Ambassadors STEM Outreach Program

ADS All-Sky Survey, Aladin, ESA Sky

The Path to Newton, PredictionX

The Timeline Consortium, Aeon Timeline, HarvardX , edX, LabXChange,

OpenSpace, astropy, vt

glue solutions, inc. (consulting)

AR Demos (scan AR codes with mobile device, right-hand code requires a Merge Cube)
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The "Paper" of the Future

hsonian Center for Astrophysics (CFA))
(Harvard-Smithsonian Center for Astrophysics (CFA))
(UCLA- University of California, Los Angeles )
(Harvard University)
(Harvard University)

(North Carolina State University)

1Preamble

{Cognition

Paper of 3

the Future

H Languoge*
Pictures



https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/3D_Cloud_Topologies/perseus_topology/perseus.html
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“Dimension” isn’t even always spatial. . .

The “3rd” dimension in this
3D plot is “velocity” coming
from Doppler Spectroscopy.
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