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SEEING MORE OF THE UNIVERSE

glue
multidimensional data exploration

IN 20 MIN



Explore Explain

The best roads are two-way.

http://worldwidetelescope.org/webclient/?tourUrl=https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/RadWave_AAS_Press.WTT
https://sites.google.com/cfa.harvard.edu/radcliffewave/visuals?authuser=0


Zucker et al. 2021 

Catherine will show you…

Scan to view 

in augmented 

reality 

Shmuel showed you

Later: Merge Cube Figure 1 
 Figure 2 
Figure 3

João will show you…

Alves et al. 2020

Bialy et al. 2021

https://sites.google.com/cfa.harvard.edu/radcliffewave/visuals?authuser=0
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure1.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure2.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure3.html
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WIDE DATA DISCOVERY: THE RADCLIFFE WAVE

3D dust from  
Gaia + photometry 

(optical/IR)

“3D” molecular 
gas  

from CO  
(radio)

4D maser VLBI 
(radio) 

3D geometric  
models

glue
multidimensional data exploration

Alves et al. 2020



standard data 
loaders

custom data  
loaders

standard 
1D, 2D & 3D 

plots

custom  
plots

pl
ug

-in

Data 
File 2

Data 
File 1

Data 
File N

…
define new variables, 

import/export insights, 
interactive plots for the web, 

save state, all from GUIbu
ilt

-in

?

link data files’ 
attributes

highlight live or 
algorithmic selections 

with Boolean logic

custom buttons, features

user config.py file 
(loaders, colors, plot types, +)+o
pti

on
s

access to all matplotlib functions 
through built-in IPython terminal

run & interact with glue from  
Jupyter notebook & other tools

glueviz.org

glue
multidimensional data exploration

glue-ing data 

glue-ing plots 

glue-ing tools 

http://glueviz.org


DEMO: 5 steps to revealing a wispy veil in 3D    

1. “glue” data sets to each other 
2. drag data sets to visualize  
3. inspect cubes with 2D sliders  
4. adjust color 
5. inspect cubes as (superimposed) 3D volumes 

+ bonus—comparison with traditional views & sliders 

glue
multidimensional data exploration

sample ALMA (spectral-line) data cubes courtesy of Jorma Harju 
 

Find out more about glue, and download for free, at glueviz.org 

glue
multidimensional data exploration

http://glueviz.org


Jorma Harju

No merging of data sets—just glue them.

An ALMA core

glue
multidimensional data exploration



Just drag to visualize, e.g. series of 2D “channel maps.”

An ALMA core

glue
multidimensional data exploration



methanol

Adjust so each tracer is a different color. glue
multidimensional data exploration

o-NH2D



Create 3D views…

…see clearly 
“veil” of 

wind-blown 
methanol.

glue
multidimensional data exploration

methanol

o-NH2D



glue  
volume visualization

traditional rainbow  
channel maps

glue
multidimensional data explorationCOMPARISON 

result: happy unicorns result: previously unknown phenomenon 
(veil of emission) revealed





Zucker et al. 2021 

Catherine will show you…

Scan to view 

in augmented 

reality 

Shmuel showed you

Soon… Merge Cube Figure 1 
 Figure 2 
Figure 3

João will show you…

Alves et al. 2020

https://sites.google.com/cfa.harvard.edu/radcliffewave/visuals?authuser=0
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure1.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure2.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure3.html


Zucker et al. 2021 



START

END

-16 Myr

-15 Myr

-14 Myr

-10 Myr

-6 Myr

-2 Myr

“DATA-
DIMENSIONS-

DISPLAY” 

& PUBLISHING…



Zucker et al. 2021 

Catherine will show you…

Scan to view 

in augmented 

reality 

Shmuel showed you

Bonus: Merge Cube Figure 1 
 Figure 2 
Figure 3

João will show you…

Alves et al. 2020

https://sites.google.com/cfa.harvard.edu/radcliffewave/visuals?authuser=0
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure1.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure2.html
https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure3.html


Scan to view 

in augmented 

reality 

Now: Merge Cube

Alves et al. 2020

Bialy et al. 2021

PUBLISHING’S INTERACTIVE 
CUTTING-EDGE & 
(AUGMENTED) FUTURE

glue
multidimensional data exploration

https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html


Live demo, using the New Frontier Catherine will explain tomorrow.

TOP SECRET, REALLY— PLEASE DO NOT SHARE—BEING SUBMITTED TO NATURE in a few days 
Zucker, Goodman, Alves, Bialy, Foley, Finkbeiner, Speagle, Groβschedl, Swiggum , Burkert 2021.
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EXTRA SLIDES

Scan to 

view in 

augme

nted 

reality 

explanatory “Per-Tau Shell” video by Jasen Chambers,  
for release with Bialy et al. (ApJL) & Zucker et al. 2021 (ApJ)

https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/sbialy/pertau_superbubble.html


PUBLISHING’S INTERACTIVE CUTTING-EDGE & (AUGMENTED) FUTURE

scan this… …see this

AUGMENTED REALITY 
PROPOSED TO NSF 

11-2020

BIALY ET AL. 2021



PUBLISHING’S INTERACTIVE CUTTING-EDGE & (AUGMENTED) FUTURE

AUGMENTED REALITY 
PROPOSED TO NSF 

11-2020

EARLY DEMO OF BIALY ET AL. 2021



This is all possible, and happening now. 

Not for everyone, though. 

see “New Thinking on, and with, Data Visualization”  
(Goodman, Borkin & Robitaille  arxiv.org/abs/1805.11300) 

 
Learn more in our next episode… 
“CONNECTING DATA, LANGUAGE AND PICTURES”

EXPLORATION       

https://arxiv.org/abs/1805.11300

