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BIG DATA o HUMAN-ADED COMPUTING' 0t

@A TIPS
ZO@NIUERSE
[ o Y

THE MILKY WAY PROJECT ZOMNIVERSE

@ 4
mark bubbles

MWP Sample

Galawy

'¢°_O.S<P<049

[ )
P<05 machine-

learning
algorithm

Galactic Latitude

Object
."""'||||||I||“|||

Im Bubble

Irregular/
Ambiguous -

N 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. 2013), 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




BIG DATA o HUMAN-ADED COMPUTING'

Correct
Spint error

maChIne- I Merge error ]
Split and merge error

,' ‘ learning ‘

algorithm
(RF+CRF),

:

Number M regions

g

example here from: Kaynig...Lichtman...Pfister et al. 201 3, “Large-Scale Automatic Reconstruction of Neuronal Processes from Electron Microscopy
Images”; cf. Shenoy & Tan 2008 for discussion of HAC; astroml.org for machine learning advice/tools (Note: RF=Random Forest; CRF=Conditional Random Fields.)
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Temperature Foreground amplitudes from Commander, Planck Data [Feb 2015]
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mm peak (Enoch et al. 2006)

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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gas temperature

gas shocks

WA W

Movie: Volker Springel, formation of a cluster of galaxies. Millenium Simulation requires 25TB for output.




ADUING A THIRD DIMENSION




THIRD DIMENSION OF TEN RIDDEN

Mountain Range

Spgcjcral ILinelOlpsleryaltiqns .

W

o

lLoss of

) I dimension

No loss of
information




DATA. DIMENSIONS, DISPLAY

1D: Columns = “Spectra”, “SEDs" or “Time Series”

2D: Faces or Slices = “Images”
3D: Volumes = “3D Renderings”, “2D Movies”

4D: Time Series of Volumes = “3D Movies”



- DATA.IN 3D

mm peak (Enoch et al. 2006)

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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CBNPLETE 4o
+ YW A& in 2006

GAS GBT Ammonia Survey of A” the Cores in Perseus
(Rachel Friesen & Jaime Pineda, Pls + 20 co-ls)

+ MASSES sma Survey of A” the Qutflows in Perseus
(Mike Dunham, PI + 10 co-ls)

O
are Blg now...




but, let's talk VW AL €& for o few minutes..



Perseus- " 5.

30-year story of (Coherent) Dense Cores: Myers & Benson 1983, Goodman et al. 1998, Pineda et al. 2010, 2011, 2015




oUPER HIbH-RESULU TION

SHOWS THAT STARS FURM IN FRAGMENTING FILAMENTS (NOT IN BURING BLUBS)

56

55/

(J2000)

54’
53

!
B5-Cond1
B5-Con
52/ h
B
g B5-IRS1
51! B5-Con

+32°50

Declination

445 40° 365  3h47m32s
Right Ascension (J2000)

Pineda, Offner, Parker, Arce, Goodman, Caselli, Fuller, Bourke & Corder 12 February 2015, Nature



W aidde im (CONTEXT) gives the discovery...
but it's derived from BIG surveys and high RESOLUTION data sets
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|INKED VIEWS OF RIGH-DIMENSIONAL

JATA

3D

100
75
50
25

0

Statistics

2D

John Tukey

Data Abstraction

figure, by M. Borkin, reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”
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Video & implementation: Christopher Beaumont, Harvard-Counsyl;
inspired by AstroMed work of Douglas Alan, Michelle Borkin, AG, Michael Halle, Erik Rosolowsky
CLLLLLLLL———_—_——_—_——_—————SSSSSSSSShEEEE



GREAT BUT THAT WAS ALL FROM ONc DATA FILE
(AND [T WAS IN SOF TWARE THAT COSTS $1000)




LINKED VIEWS OF HIGH-DIMENSIONAL DATA (N PYTHON)

Perseus

@ python File Edit Canvas Data Manager Toolbars Help S A0d Z @ @ D - = 100%EF © SatJan4 9:04 AM  Chris Beaumont

® 00
1 Tab 1

Data Collection
Layer Symbol e 00 iras Red = AV Green = AV Blue = TEMP co13 - PRIMARY

s @ PEOO+e @|Oxa&@ Ml A

col3
col2

[~ ] o X @ Link Data

Plot Layers - Image Widget

v stats.1

v iras

RA

Circular ROl RA=55.179948229 DEC=31.2287151764

Contrast

stats

Plot Options - Image Widget

Data iras

Monochrome *) RGB

co)

Contrast Visible

N(1

Red AV
Green | AV

Blue TEMP

Polygonal ROI

x=9.92256 y=9.57504

Christopher Beaumont, w/A. Goodman,T. Robitaille & M. Borkin




LINKED, INTERACITVE VIEWS UF Blg
WWadle [ATA AND LITERATURE



Once upon a time(2012), inan
enchanted castle (in Bavaria) -

..al a conference about *
“The Early Phases oi Star Formation”



- o
.
Andi Burkert asked'a question:
“Is Nessie “parallel to the Galactic Plane”? -
No one knew. \
‘.‘“

image: Spitzer IRAC/MIPS, GLIMPSE/MIPSGAL composite
L



6 WorldWide Telescope (easy access to BIS & wwrsee data) to the rescue...

Yes, parallel to the plane...and much longer than had been realized.
But why not at Zero of Latitude (b=0)?




Great long story you don't get to hear now-ask me at lunch...



..eerily precisely...



NESSIE IN GLUE

® QuickTime Player File Edit View Window Help G EmMNM2NEAP OO 29 D@ D ¢ O = 98%EP ThuOct2 7:47 AM  Alyssa Goodman
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Data Collection
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Auto scale Swap Axes

show hidden attributes
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2014 Simulation

Position [kpc]

10% 10%2 1023
Column Density [em™?]

Smith et al. 2014, using AREPO



WW T USED 10 SEARCH FOR MORE OF The "SKELE TON

A Tour of Possible Milky Way Bonesl
(images show Spitzer MIPSGAL overlain on optical image;

dotted lines show projected sky posm f Milky Way spiral arms)
Alyssa Goodman
January 2014




0 UUT OF 10 BONE CANDIDA TS LUOK EXCELLENT IN-3D)'
(POSITON-POSITION-VELOCITY SPACE)

— ‘ — . . . , :
' ‘ Scutum Norma ©Q:i-1<b<ldegrees

Vallée 2008 ~ Vallée 2008
Dame 2011 Sanna 2014

Shane 1972

elocity (km/s)

Blue image in the background shows CO position-velocity diagram based on Dame et al. 2001
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| The Skeleton of the Milky Way

£
Catherine Zucker, Alyssa Goodman, Cara Battersby

“We present the first evidence of additional
bones in the Milky Way Galaxy, arguing that
Nessie is not a curiosity but one of several
filaments that could potentially trace
Galactic structure.”

tinyurl.com/galaxyskeleton



WorldWide Telescope: OpenWWT
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View in Aladin ® View in WorldWide Telescope ® Demo Videos

&

WorldWide Telescope: ADS All-Sky Survey b| adsass.org




Galaxy - Wikipedia, the free encycl
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WorldWide Telescope: Data<>Literature Web or Windows: “right-click”




ADS All-Sky survey on /

C N www.adsass.org/wwt

CHOOSE HEATMAP
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ey 0
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ADS All-Sky Survey is a NASA-funded project

WorldWide Telescope: ADS All-Sky Survey b| adsass.org
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WorldWide Telescope: ADSASS/oIdAstronomy flickr.com/groups/astrometry/
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WWT will be fully open-source on GitHub in 2015.
Dataverse & Authorea links to WWT...

Glue is funded by NASA/JWST.

On the horizon: CARTA/NRAO (visualizer for big cubes)

.
=
4‘“! ﬂfglue
;;“ﬁ\. \ Ie

%ﬁ g Interactivity in 3D, especially for “big data” is “an opportunity”...

NDS ,
{Qt:vse"vv } {M ADSASS will be linked to AAS/10P Astrolmage Explorer + WWT.
AR

i “oldAstronomy” will extend ADSASS beyond optical, via Zooniverse.

t@
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