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Enabling Large-Scale Machine Learning with
100 TB of Astronomical Scientific Data
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Imaging

DESI Legacy Imaging Surveys
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https://arxiv.org/abs/2404.03621v1

Hyperspectral

MaNGA

Emission line Gaussian flux: H-alpha 6564 h log([NI1]6585 / H-alpha)
70 & 70 : -0.06
Image slice Spectral slice by
. : 60 6.0 1 60 -0.12
at a single at a single " g " e
. . © -0.
wavelength spatial location  _ 45 & ol
g "l‘m g : -0.24
30 3.0 o 30 030
20 2 20
157 -0.36
10 o 10
= -0.42
0 X 0
0 20 40 60 = 0 20 40 60
spaxel spaxel
Stellar velocity Stellar velocity dispersion
70 n 120
- i K. : 100 60
50 : 50 50 105
go _ 5 'g 1 p 90 'g
/ T - kv, ? 30 ~
Image of | . -50 75
) 20 - 20
COmblned 10 -100 10 2 60
light ' T | =
% 20 40 60 % 20 40 60

spaxel spaxel



2001
1501

100+

i
o]
1

flux (AU)

2000+
1500 1
1000 -

500+

'“*Y-Jhwr-hﬂﬂr

o

i
L
o

Il

0 250 500 750
M-dwarf

= M = =g =

0 250 500 750

125 -
100 1

AGN
0 500 1000
SNla-91bg

0 250 500 750

125+
100
751
50+
25-.

-25+
-50 1
_TS‘ T

Time Series

PLASTICC

SNIbc

0

500

1000

SNlax

150 1

100 -

501

0 250 500 750
Mira

10000 -
7500 -
5000
2500

0.
125001 |/
15000 1

0 500 1000

600 -
500 1
400 -
300 1
200 1
100 -

-100 +,

200 4
150 1
100 4

50 -

0l
501]
1001

time (days)

KN

RRL

8000 -
6000 -
4000 -
2000 -

0
20001
4000 4

0 500
EB

1000

0 500
TDE

1000

600 -

400 -

2001

0 250 500 750

0 250 500 750

1501

100 1

50 1

.D_

504 |

400 1
300 -
200 -
100 -

-100 -

SNII

ﬂ T T
0 500

Microlens-Single

0 250 500 750




The Multimodal Universe

Images Time-Series Spectra
# examples 140M 4.5M 225M
images in a variety of multivariate time-series of flux +
Description  wavelength ranges, including uncertainty in different wavelength  flux as a function of wavelength
optical and infrared ranges
ificati ‘ time-series classification, . : :
Taska galaxy classification, physical ohysical property estimation

property estimation redshift estimation
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Collection of surveys
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Benchmarks



Benchmarks

Disturbed Merging Round Smooth In-between Round Smooth Cigar Round Smooth

Barred Spiral Unbarred Tight Spiral Unbarred Loose Spiral Edge-on without Bulge Edge-on with Bulge




Benchmarks

Disturbed Merging Round Smooth In-between Round Smooth Cigar Round Smooth
Table 3: Top-1 Accuracy on the
Galaxy10 DECaLS morphology
classification dataset.
Pretraining Model Top-1 Accuracy
EfficientNetB0 80.9 +0.1 %
sarred spral O Pretraining  ConvNext-nano [144] 75.6 +£1.8 % T
ResNet18 73.9 +£0.9 %

DenseNet121 73.5 £2.4 %
Galazy Zoo  ConvNext-nano [144]  89.3 £0.1 %
ImageNet-12k ~ ConvNext-nano [144] 83.9 0.3 %
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DenseNet121 :

Galazy Zoo  ConvNext-nano [144]  89.3 £0.1 %
ImageNet-12k ~ ConvNext-nano [144] 83.9 £0.3 %
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