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What are Transformers
LSBGs and & Transfer
why we need Learning.

to find them ¢




Thuruthipilly H. et al. (in prep.)
Coming Soon!!

SCAN FOR OUR PAPER!

Primary Focus

About 15 meters above
the primary mirror.

Hyper Suprime-Cam (HSC)

Height: about 3 meters, Weight: about 3 tons

Going from DES to HSC ¢

ROAD LINE TO LSST




DES vs HSC: Abell 194 Cluster as a Test Case
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LOW SURFACE BRIGHTNESS
GALAXIES




What is an LSBG ¢

We classify galaxies with u(g) > 24.2 mag/arcsec2 and r > 2.5" (0.9 kpc) as LSBGs
(Greco+18; Tanoglidis+21)

Examples of LSBGs from Dark Energy Survey (DES) from Thuruthipilly et al. (2024)
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Image taken from A. J. Benson et al. (2003).




Ultra-diffuse Galaxies

Ultra-diffuse galaxies (UDGs), are
extended LSBGs with effective
radiir > 1.5 kpc and central
surface brightness uy >

24.0 mag arsec™*(van Dokkum et

al. 2015). |
) DF — 44: Extremely NGC 1052-DF2 : Almost void
dominated by dark matter. of dark matter.

Imgge c_redi‘rs : Image source :
Teymoor Saifollahi and NASA/HST https://www.spacetelescope.org/images/heic1806



FInding LSBGs




Why It Is hard to
detect LSBGS

Need deep surveys.

Eliminating the sky
background.

Separation of artifacts from
LSBGs.

Image taken from Thuruthipilly et al. (2024)



DES OBSERVING STRATEGY
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Tanoglidis et al. (2021) identified 23,790 LSBGs from Surveyed around ~ 5000 deg* of the sky.
DES by visually inspecting 44,979 candidates. Image taken from J. H. O'Donnell et al (2021)
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Image taken from https://astronomy.com/news/2017/12/the-Isst-
and-big-data-science



Computer Vision




Transformere

ChatGPT

Chat Generative Pre-
trained Transformer
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Image taken from Thuruthipilly et al. (2024
Features. 9 pily et al. (2024)



LSBG Vision Transformer

The Vision Transformer (ViT) | g i

Transformer Encoder Layer

divides an image into a grid

A
of patches and feed if to a @ %@%@? @ @
Embeddings
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Image taken from Thuruthipilly et al. (2024)




Transter Learning

Transfer learning: The reuse of a pre-trained model on a new problem.

ﬂ

[ Source labels J L Target labels J'\
B
e —— =~ ﬂ Srmall
amount of
A data/labels
Large
amount of
ﬂo data/labek Source model isor s Target model
- L
et “ Target data
E.g. ImageNet g

Images taken from https://www.linkedin.com/pulse/ai-atlas-3-transfer-learning-rudina-seseri




Search for LSBGs

Image taken from
http://www.wikisky.org/2object=NGC+45&img_source=GALEX




Abell 194 Cluster

» DES covers Abell 194 cluster.

» We made deep observations
of the Abell 194 clusterin g

and r-bands.

> 94 known LSBGs, insufficient

for ML training.

Coverage of the Abell 194 Cluster observed with HSC. The red circle
shows the virial radius of the cluster (~1Mpc).




LSB 216900313 in DES . LSB 216900313 in DES after conversion

LSB 216900313 in HSC LSB 216900313 in HSC after conversion
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Convert the raw data to a physical unit (micro jansky arcsec?) to make the
average pixel values in the image data similar for both surveys.




Performance in DES

Model name Accuracy (%) TPR FPR AUROC

LSBG VISION 1 95.58 0.96 0.05 0.9908

LSBG VISION 2 95.48 0.96 0.05 0.9906 NTrue positives

LSBG VISION 3 9558  0.97 0.06 0.9906 TPR = — ,

LSBG VISION 4 95.14 0.96 0.05 0.9895 True positivestNFalse Negatives
LSBG VISION Ensemble 95.62 0.96 0.05 0.9911 Niay "

LSBG DETR 1 95.68 0.96 0.04 0.9893 FPR = gise positives

LSBG DETR 2 95.36 0.95 0.04 0.9887 NFaise positivestNTrue Negaitves

LSBG DETR 3 95.48 0.96 0.05 0.9891

LSBG DETR 4 95.54 0.97 0.06 0.9904
LSBG DETR Ensemble 95.62 0.96 0.05 0.9903

—

For a perfect classifier AUROC =1, TPR =1 ondj_P/R_ig._\_J

~— -




LSBGs In A194 — Simplitied Pipeline

991 faint objects from
Sextractor




Normalsied Number count

[ LSBS from DES used for training
=7 LSBs identified from HSC
B LSBs missed by ML model
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Missing
LSBGs

We missed 12 LSBGs
which were found

with visual inspection
and Galfit.



Vey faint (g~22) and representative sample was not present Presence of a bright object near

in the fraining set. the centfer.




® LSBGs (Thiswork)  [] Zaritsky +21 (UDGs) @ NGC 519
0.8 A O LSBGs (DES) ‘ Cluster Center = = R>00
X UDGs (This work)

LSBGS &
UDGs

> 171 LSBGs and 28
UDGs

A Dec [deq]

» 93% recovery rate

without fine tuning.
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Examples of LSBGs and UDGs

LSBGs (non-UDGs)



LSBGs in DES vs HSC

LSBG detected

in HSC.

Same LSBG in
DES.
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Number of UDGs
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Abell 194 relaxed UDG sample is based on the mean surface
brightness rather than the central surface brightness in g-band.

Nefell[gle
Relation

of UDGS

UDG number is
proportional fo the
mass of the host
cluster/group.
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UDG number density is normalized by their cluster mass for comparison.




10% 1

T 107 1

Refs (p

107 -

X Abell 194 UDGs (This work)
® Abell 194 LSBGs (This work)

MATLAS UDGs (Marleau+2021)
¢ Virgo UDGs (Lim+2020)
Coma UDGs (Bautista+2023)
e Fornax dwarfs (Eigenthaler+2018)
+ Virgo cluster members (Ferrarese+2020)
Local dwarf ellipticals (Sanjaya+2023)

-8 —10 —-12

—-14 -16 —18 -20

My (mag)

UDGS Vs
Dwart

Galaxies




FUV — NUV

1 | LSBS “I Bunning median N =15
N =20
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Projected cluster centric distance (R/R200)

Color as a function of
Projected Cluster-
Centric distance

Visible trends in FUV and NUV
colors detected with GALEX.

LSBGs near the cluster center
tend to be redder than LSBGs in
the outskirts which is more
prominent in UV colors than in

opftical color.



Summary

We successfully implemented transfer

learning which could applied to LSST.

Transtormers trained on DES data identify
93% of LSBGs in the Abell 194 cluster from
HSC data without fine-tuning.

Future work: How much we can
extrapolate (Deeper datq, different PSF

etc.)

171 LSBGs and 28 UDGs found in Abell

194, doubling known counts.

New LSBGs are smaller and fainter. LSBGs
near the cluster center are redder in UV

color than those in the outskirts.

UDG abundance scale with cluster mass
and they might be an extension of dwarf

galaxies.




Thank You

QUESTIONS ¢




Improved Masks!

Masked LSBG Galfit Model Residual




2.00
e [ISBS I Running median (LSBS) e UDG @ Running median (UDG)
1.75 A
1.50 A o
e o ° é
1.25 A g 1 . °
< ™ ° - o % ¢ e o .. % o
1.00 A o ®° o o o ° o0 o o
. S o et a% Ae y 0 []
0.75 A @ ¥ Te-e% ”I !___’_._‘... ° ‘%s‘__ L
L ® 8 S .’ e = : ___________ ..
0.50 A ° " o ® @ =T
0.25 4
265 7 ..
o~
[ ]
26.0 A ° ° o o« o ¢ " o v
o
o " ® o e, - B 2 T TR E __________________________ °
S 255+ 0 ° o —-4® } o
'3 ° < e e e "
. Y st LYK . o ®
. = [ ] r
25.0 . i = . 2,0
" o ok e e . ‘. . %% T
24.5 7 L] ° o .. [ J : o o .‘ P o © A 2 ‘ i
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Projected cluster centric distance (R/R200)

Morphological Properties as a function of Projected
Cluster-Centric distance



LSBG (Inner) = 60
UDG (Ilnner) = 6
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Current Trend iIn Computer Vision
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CNNs | Advanced CNN-based models . Transformers
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Image taken from https://paperswithcode.com/sota/image-classification-on-imagenet



LSBGs from DES DR

419,782 faint objects
selected from DES DR1

Paper available at: 10.1051/0004-6361/202347 64,
Thuruthipilly, H., A&A (2024).




Each attention head can be implemented in parallel

worker 1

e
\fI

Attention(Q, K, V') = softmax(
Vi

h

worker 2

-~

KT
Attention(Q), K, V') = softmax( @R

k.

worker 3

-

Attention(Q, K, V') = softmax(

QKT




COMA UDGs 30 (Singh+ 2019)

& COMA UDGs (Lee+ 2020)
COMA UDGs 30 (Lee+ 2020)

Red population $ Abell UDGs
Blue population =« Abell UDGs 30
A COMA UDGs (Singh+ 2019)

@ Abell LSBGs
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Attention In Action




Dark Matter Halo

Galactic Bulge /

Galactic Disk

Image Credit: L Jaramillo and O Macias, Virginia Tech

LSBGs provides a
robust platform
to test different
dark matter
models and
cosmological
evolution
sCenarios.
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