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Introduction

[ Jele}

¢ Build an ML pipeline for next-generation sky survey
(4MOST).

¢ Pure data drive results can be complementary to the
classical pipeline.

e The statistical feature of ML is used for uncertainty
estimation.

¢ Fast and efficient feature of ML to face challenges of the
enormous data volume of next-generation sky surveys.

e The transient objects require a fast pipeline.
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SS overview

Q2000

z @%@ BOSS

-|@®® SEQUELS

“..|@®® ¢BOSS (new in DR14)

ss4-DR14 .
® > One million

e Cover > 10,000 deg2 (BOSS)

* 1,000-fiber spectrograph,
resolution R ~ 2000

* Wavelength: 360-1000 nm

sdss4.org
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https://ui.adsabs.harvard.edu/abs/2018ApJS..235...42A/abstract
https://www.sdss4.org/surveys/eboss/

Introduction Pk % pmsxxsn

[e]e] J SUN VAT-SEN UNIVERSITY  SCHOOL OF FINVSICS AND ASTHONOMY

Training data

w0
— o
s
» — o 0
2 4000 5000 6000 7000 8000 9000
10 =
1 e
5 — o
S E
STAR F5 K
2=0.0 50
<15  GALAXY_STARBURST
000 5000 5000 7000 000 9000 50 2
=
B
g Ll 1{
10 0.0 T . L,
2 4000 5000 6000 7000 8000 9000
g
s B
- L  GALAXY_STARFORMING
P 000 B o0 w000 9000 s 1
T 210 " r -
p ErES ¢
= 2=0.0 B
7, 60 5
) S e e W e W e
5 = a QS0_nan
2 4000 5000 6000 7000 8000 9000 =18
e 2
= _stmx o
o M Al %

ﬂ\ Al l'rm' 2 ao00 5000 6000 7000 8000 9000
= & _ 050_BROADLINE
s 4000 5600 6000 7600 8000 9600 Sis a
E g
: ™
§ BT ¢
§ o L
S, et :

) I R
S 25 R wavelength/A
P o e o e SDSS spectra 13-subclass
S100 STAR K5 4 ’
— %
1y T 20k spectra used for each

p— sSupclass

Deep Learning for spectra 4/17

Fucheng




GaSNet-Il model results -
000 FhXEpmszys

fluz

Architecture of
pipeline.

® P; gives
probability.

,,,,,,,,,,,,, i) ® z gives
| = G expectation.
o) | T e * o give error.

1 |
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GaSNet-Il model and results FuX Epmsrxsn
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SDSS confusion matrix
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GaSNet-Il model and results ‘f’ LXK #ymsxxs
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GaSNet-Il model and results
[efe]e] )

Pk % pmsxxsn

NR and uncertainty
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Uncertainty is
strong correlated
with SNR when
SNR < 1.

arxiv:2311.04146
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Generative model and results
0000000

Improvement

Ideas of improve the z accuracy:

* More labeled data
— Each pixel points as labels to learned — reconstruction.
(“Cheap” or free lunch)

e z-shift translation symmetry in logarithmic scale
— In(1,) — In(A,) = In(1 + z) (prior)

e Statistically, the spectra are rough similar.
— z causes we observed the different rest frame
wavelength

e Reconstruction/modeling help detect anomaly and obtain
residual.
— A more quantify and visualized result.
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Generative model and results
0@00000

Id: 10739-58255-977, 2=1.4690, SUBCLASS=BROADLINE, D=0.386
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! learnable Matrix Lo

Reconstructing the spectrum and comparing the original and
reconstructed.
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Generative model and results
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Redshift accuracy

4MOST requirement > 99% for high SNR galaxy
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Generative model and results
[e]e]e] Jelele]

Redshift degeneracy cases, def D = 224 _ 1, to remov outliers.

min
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Generative model and results
[e]e]e]e] lele]

Pipeline
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Scanning the whole redshift
and class space with the pixel
size interval, mapping the flux
and error into a y? curve.
Classification and redshift
estimate just finding the global
minimum.

Deep Learning for spectra

13/17



Generative model and results FuX Epeszrsn
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Generative model and results FuX Epeszrsn

000000e SUN VATSEN GV ERSITY s w
1 — GALAXY coefficients in t-SNE with subclass-coded
: : 604
0.5
0.0 40
05 204
1.4
1. 0
0.5 ~204 -
® nan
0.0 a0 STARFORMING
05 @ STARBURST
L -60 o AoN
T T T T T T T
L -60 40 -20 0 20 I 60
05 Qso
0.0 75
05 s0d
1.
& o5
B £
s
508 % od
£ 00 2
3 254
205
1 -50 4
250 3.00 320 340 360 3580 400
Loty . BROADLINE

T T T T

Eigenspectra learned by SRR
network tSNE projection of coefficients

Deep Learning for spectra 15/17




Conclusion ¢ by X # w5 x

Comparison and conclusio

Table C1. The performance using different number of eigenspectra.

eigenspectra num GF Az MAD MAE

3 QSO eigenspectra 91.51% 001517 000024 003952
3 GALAXY eigenspectra  98.06% 000145  3.66x 105 0.00217

‘Table 2. The comparison of different methods 5QSOcigenspectra  9097% 001309 000024  0.03496

5 GALAXY eigenspectra  97.79% 000187  3.70x 10°  0.00291

Method MAD GF MAD GF Time
GALAXY GALAXY QSO QSO secispecicore 10 QSO eigenspectra 92.29% 001263 000023  0.03481
10 GALAXY eigenspectra  97.93%  0.00123  3.66x 105 0.00208
QXP++ 0.00037 0.980 115 0.055 04
Redmonster  0.000027 0.999 0.000452 0977 <0.4
PPXF 0.07723 0.854 - - 0.03

GaSNetTl  0.000040 0993 0000282 0919 0.001 ReaCh]ng the same aCCuraCy
Table A1. The performance of different training data. as the CIaSSicaI methOd Wlth
Tanmwm  GF A MAD _ WAE faster speed, requiring a low

5k QSO 91.65% 0.01438 0.00026 0.04117

SKGALAXY  9679% 000216 375x 105 000576 training sample compared with
IKGALAXY  9750% OO0ME 371%10° 000255 former deep learning

MRGALAXY 979 000173 366x 105 000208 (GaSNet-ll), using few learned
eigenspectra to restore the
spectra, it agrees with the

conclusion before.
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Conclusion ¢ 1, X % w38 5% x5

oce

Thank you for your attention!
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