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Galaxy Edges and Euclid in the Low Surface Brlghtness Era
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regions of gas cool enough for
CO; molecules to-exist.
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Stephan’s
Quintet and
NGC7331
Deer Lick
Group

SDSS

Surface
brightness
magnitude
limit
(g-band)
26.5 mag
arcsec™2

Courtesy of
A. Borlaff



Stephan’s
Quintet and
NGC7331
Deer Lick
Group
(CFHT)

Duc,
Cuillandre &
Renaud
(2018)

Surface

brightness LN Tig. s 4 oA St U T #‘
magnitude limit a5 F, i R SRl AR R AT
(u, g, r bands)
29.0, 28.6, and
27.6 mag
arcsec™2
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Instrument characteristics
Visual imager (VIS)
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Visual imaging
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Scaramella+22

Mear-infrared spectrometer and photometer (NISP)

0.763 deg = 0.722 deg
MNear-infrared imaging photometry

¥ (920 - 1146 I {1146 - 1372 H (1372 - 2000
nm} nrm) nm)

24 maaq 24 mag 24 maaq
50 point source So point source 50 point source

1% arrays
2k = 2k near-infrared sensitive HgCdTe detectors

PSF~0.3 arcsec

0.3 arcsec

MNear-infrared
spectroscopy

1100 - 2000 nm

3 % 107® erg cm™2 571

3.50 unresolved line
flux

0.3 arcsec
R=250
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One of the most important direct observables of galaxies is their size...
but how can you define the size of a fuzzy object?
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INSTAGRAM REAL LIFE
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Place here you favourite galaxy
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R. = 6.2 kpc
M, = 2.5x10 M

UDG | Dwarf
C

Figure 2: Representative galaxies shown to the same scale using images of the same depth (14 1im
— 29.2mag/arcsec? (30;10 x 10arcsec?)). Credit: |Chamba et al.| (2020).




THIS HISTORY STARTS WITH THE SIZE EVOLUTION OF THE
MOST MASSIVE GALAXIES OF THE UNIVERSE...

Lookback Time (Gyr)
0.0 7.7 10.2 11.3

Trujillo et al. (2007) o -
.-.-- . Buitrago et al. (2008) m e

555555
z=1.81

!:LcatJ:»ds ﬁli: mjs LJJ \ert.
0] e e el R R e On average 3-5
times smaller
than their local
counterparts!

/e snss

SPHEROID-LIKE OBJECTS \% B
n>2.5

0.1 ‘ :
Cimatti+08, Cava+10, Van
Dokkum+2010, Bruce+2012,

0.0 0.5 - 1.5 - - - Viero+12, Mancini+15, ...

Buitrago et al. 2008 Redshift



TRHIS IS HOW THE MASS-SIZE RELATION LOOKS FOR
HIGH REDSHIFT GALAXIES

- More massive galaxies

have larger sizes at a given
redshift

- The evolution is different
for late- and early-types

- More massive galaxies
underwent an accelerated
Ny 4 evolution in comparison
Tow 1on “ow  1on o 1on with lower mass objects

Stellar Mass (M)

Van der Wel et al. 2014




MORPHOLOGICAL EVOLUTION

Today

4 billion years




POWR @GNS Al sDSs  POWR
DISK-LIKE GALAXIES ] :

SERSIC INDEX of VISUAL MORPHOLOGY

LATE-TYPE GALAXIES__

PECULIAR GALAXIES

SPHEROID-LIKE GALAXIES T i EARLY-TYPE GALAXIES

ALL GALAXIES — ALL GALAXIES

SPHEROID-LIKE GALAXIES ——— 31 EARLY-TYPE GALAXIES
DISK-LIKE GALAXIES ——— |4 - LATE-TYPE GALAXIES

PECULIAR GALAXIES

Buitrago et al. 2013
(See the spectroscopic
confirmation in
Buitrago et al. 2014)
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OUR IDEA

Determine the farthest radial location where the gas has been
efficiently able to collapse and transform into stars
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ACS F435W
—— ACS F606 W
— ACS FB14 W

WFC3 F105W

WFC3 F125W
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* Disk galaxies (as in Huertas-Company+15)

bl
[

* -> Truncations might be more easily visible

e
o

4000 6000 8000 10000 12000 14000 16000 18000

A/A
1052 galaxies among the 5 CANDELS fields

* Massive (M
* -> Maximize S/N and not killed by cosmological dimming

>101°My)and z . <1

stellar spec

* No observational artefacts or ongoing merging

* -> Truncations not erased
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NEW SIZE-MASS RELATION
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DENSITY-MASS RELATION

N
(@]
o
o
___________________ W
0.1<z<0.3] ) 0.3<2<0.5 Z 10.5<2<0.7 |
10—1 Pl .]-.0.10 s s PRI o .]-.0.11 Z 10—1 I .]-.0.10 ) 5 FE o .]-.0.11 i 10—1 L .]-.0.10 . A i a .1.0.11 :
IVlstellar [M®] IVlstellar [MG] IVlstellar [MQ]
z~ 0 Chamba et al. (2022)
. N
(®] 8]
= =
0] ®
Z Z
x x 10 20 30
W W
[ Redge [kpcl
0.7<2<0.9| Z 0.9<z<1.1
101 "i‘dlo el 'i‘du : 10~ the "1'610 —— 1011 . Buitrago & Trujillo 2023 in press

IVlstellar [M®] IVlstellar [M®]



Lookback time [Ggr] Lookback time [Ggr]
1 2 3 4 5 7 1 2 3 4 5 7
30 r r r r r r r 25 T r r r r r r
—— 10 10 _ 20F s
3x10™" < M/M, < 7x10 : = Redge @ H(z)~1:270.10
o
25} . X 15
I 10 : re O H(z)—O.GG
_‘% 10} — e o0s @ H(z)-0-93+0.24
——
5k @ - - + —
p— 20} i5 m™ 2 A _ - 2
g U 0 0.2 0.4 0.6 0.8 1
kv, o z
— i
% E. Lookback time [Ggr]
e W 25 1 2 3 4 > . 7
15} > 20} ¢ ...... I
E ________ . Redge O (1+z)-1-04+0.03
~15F 0 Tt
> | re a (1+2)7975 W, S ®.
% 10 ..... re' os a (1+z)—0-7810.15
Iy e O Q........
: 5 p T iRTEEaa ﬁj -------------- @ .............. B annan @ s ssnannnnn &, :
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
z 4

Buitrago & Trujillo 2023 in press



CAN WE RECOVER THESE FEATURES WITH ML?
SPECIALLY FOR THE DELUGE OF DATA TO COME

* It’s inherently a pattern-recognition problem

e State-of-the-art architectures: UNET+CNN
(Resnet, EfficientNet, DenseNet) in PyTorch

* The metric that we are interested in is the
Dice (=2-TP/2-TP+FP+FN, i.e. how many
pixels right independently of the galaxy size)




Tasa acierto: 0.9849

Precission: 0.4892
Recall: 0.8142

Serensen-Dice: 0.6113

Fernandez-lglesias+23 in prep.

GROUND
TRUTH

QUTPUT

ESTIMATED
TRUNCATION

DISKIRR

DICE: 0.9481

DISKSPH

DICE: 0.9628

DICE: 0.9738



OUR ALGORITHM IN DETAIL

* Augmentations: standard (rotation, flip, gaussian noise) + “astronomic”

| Encoder || Base [| Visus

|  ResNetl8 || 0 |

Vega-Ferrero+23 in prep.

consorHiom
_O=00 | |\,/

Astronomic augmentations with
observed profiles, but also with
2D images of SDSS equivalent
images, colors and stellar masses



Inputs

Base models

Individual outputs

Dice: 0.8818

Dice: 0.8954

Dice: 0.8778

Ensemble output

Majority voting |

Dice: 0.9048

/\|/\

Ground truth

Fernandez-

Dice

0.895 1

0.890

32.25%

1000 2000 3000 4000 5000

Combination

0.8995

0.8990 4

0.8985 4

0.8980

0.8975 7.

Iglesias+23
in prep.



FUTURE

11, (mag/arcsec?)
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Understanding in detail the color profiles and the
assymetries in the outer parts (Raji+23 in prep.)

Projection

e B . JWST to dramatically

' improve our
detections (77 galaxies
in common with
CEERS) and the
possibility of breaking
the z =1 limit

ELECTRONS/S Average

T T T T T T T T T T
214,957 214,957 214.957 214,957 214957 214.857
52.922 52.920 52.822 52.922 52.921 52.320

wes ws

And many more to come...



Development of Massive Elliptical Galaxies

TODAY
13.7 billion years

Local
elliptical galaxy

3 billion years
5 billion years
-
X . - Compact
. galaxy
Merging
galaxies

2 billion years

Quasar

1.5 billion years
k.

Dusty starburst
galaxy

1 billion years

Merger



SUMMARY

* Low Surface Brightness will be a game changer for
galaxy evolution studies. It’s not only about faint
dwarfs, but also for luminous galaxies; we can finall}/
obtain physically-motivated galaxy sizes (real edges!)

'_('___ . _Euclid VIS Wide Survey
Mo . HSCPORZ @

* MW:-like galaxies decrease their sizes bY a factor of 2
at z = 1 —following an evolution a(1+z)*, faster than
r.— while at the same time their mass density at the
truncation position increases by over an order of
magnitude

Buitrago & Trujillo (2023) in press

 Machine Learning seems to replicate well (Dice > 0.9) Borlaff+22 (Euc.ﬁlidl Consortium XVI)

the truncations’ detections. It is time to enlarge our
samples, ascertain spacially whether they are always
present or not, and understand in detail the origin of

these edges

Ferndndez+23 in prep. (almost over)
Raji+23 in prep.
Vega-Ferrero+23 in prep. fbuitrago@uva.es



