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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?

Trujillo & Fliri 2016Cooper+10

How galaxies appear in simulations
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Place here you favourite galaxy





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

Buitrago et al. 2008

On average 3-5 
times smaller 
than their local 
counterparts!

Cimatti+08, Cava+10, Van 
Dokkum+2010, Bruce+2012, 

Viero+12, Mancini+15, …

n < 2.5

n > 2.5

M* > 1011 Mʘ

The so-called 
“red nuggets”

Conselice+11



- 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
evolution in comparison
with lower mass objects

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

Van der Wel et al. 2014



MORPHOLOGICAL EVOLUTION
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SÉRSIC INDEX VISUAL MORPHOLOGY

n < 2.5

n > 2.5

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



EVOLUTION OF MASS PROFILES OF MASSIVE GALAXIES

10 arcsec

Buitrago et al. 2017

3.5% 15.1% 28.7%Mass @ 10<R/kpc<50:

Buitrago et al. 2017



OUR IDEA

Determine the farthest radial location where the gas has been 
efficiently able to collapse and transform into stars



Trujillo+20

Martínez-Lombilla+19

These are the so-called galaxy
truncations (Van der Kruit 1979, 
Van der Kruit & Searle 1981a, b)



Chamba+22 – Low z

Use slit profile Buitrago+23 – High z



SELECTION CRITERIA

• Disk galaxies (as in Huertas-Company+15)

• -> Truncations might be more easily visible

• Massive (Mstellar > 1010 Mʘ) and zspec < 1

• -> Maximize S/N and not killed by cosmological dimming

• No observational artefacts or ongoing merging

• -> Truncations not erased

1052 galaxies among the 5 CANDELS fields





NEW SIZE-MASS RELATION

Buitrago & Trujillo 2023 in press



DENSITY-MASS RELATION

Buitrago & Trujillo 2023 in press



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

• 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)

encoder - bottleneck - decoder

Fernández-Iglesias+23 in prep.



Fernández-Iglesias+23 in prep.



OUR ALGORITHM IN DETAIL

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

• 5 experiments: Base, Visual, Mass, Color, Sloan

Astronomic augmentations with
observed profiles, but also with
2D images of SDSS equivalent
images, colors and stellar massesVega-Ferrero+23 in prep.



Fernández-
Iglesias+23 
in prep.



FUTURE

Understanding in detail the color profiles and the
assymetries in the outer parts (Raji+23 in prep.)

And many more to come…

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

HST JWST





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 finally
obtain physically-motivated galaxy sizes (real edges!) 

• MW-like galaxies decrease their sizes by a factor of 2 
at z = 1 –following an evolution α(1+z)-1, faster than
re– while at the same time their mass density at the
truncation position increases by over an order of 
magnitude

• Machine Learning seems to replicate well (Dice > 0.9) 
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

fbuitrago@uva.es

Buitrago & Trujillo (2023) in press

Fernández+23 in prep. (almost over)

Borlaff+22 (Euclid Consortium XVI)

Raji+23 in prep.
Vega-Ferrero+23 in prep.


