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DATA REDUCTION MATTERS

The famous UDS 
spiral (in the K-band)

HyperSuprimeCam Strategic Programme
DR2 i-band data (Aihara+2019)



HUDF 2012 
(Ellis+13, 

Koekemoer+13,
McLure+13)



XDF
(Illingworth+13)



https://www.iac.es/proyecto/abyss/

ABYSS
(Borlaff+19)



**Borlaff+19

140 
Kpc!**

100 
Kpc!*

*Buitrago+17

10 arcsec ~ 70 kpc





Two phase 
formation 
scenario: 
inside-out 

growth

In-situ 
component

Accreted 
component

vs

Massive ETGs should grow an extended stellar 
envelope across cosmic time

Great work by simulations: 
Hopkins+09, Oser+10, 
Hilz+13, Cooper+13, 
Zolotov+15, Wellons+16, etc; 
plenty of observational 
evidence: Bezanson+09, Van 
Dokkum+10, Trujillo+11, 
Huertas-Company+13, FB+14, 
Williams+14, Ferreras+14, 

and so many others
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environment

Massive
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cluster
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, the prototypical relic galaxy



Buitrago et al. +18

Incredible properties: übermassive black holes (Van 

den Bosch+12), bottom-heavy IMF at all radii (Martín-

Navarro+15), uni-modal GC population (Beasley+18)

Spheroids

Disks

MORPHOLOGIES

ENVIRONMENTS

Area in GAMA survey: 180 deg2

No. density (0<z<0.3): 10-6 Mpc-3



Selection criteria:
-> Stellar mass > 5x1010 Mʘ

-> zspec < 1

Buitrago+17 
Based on the seminal work of Trujillo & Bakos 2013
Galaxies are affected by surface brightness dimming

=> Early-type galaxies down to 29 mag arcsec-2 restframe at median redshift z = 0.65!!! 



PROGRESSIVE DEVELOPMENT FOR ETG 
STELLAR HALOES OVER REDSHIFT

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

Buitrago et al. (2017)



RELATIVE IMPORTANCE OF STELLAR 
HALOES FOR ETGs OVER REDSHIFT

Buitrago+17

From
Cooper+13 
simulations



RELATIVE IMPORTANCE OF STELLAR 
HALOES FOR ETGs OVER REDSHIFT

Buitrago+17Merritt+2016

UGC00180

M31



MASSIVE GALAXIES IN CANDELS @ Z < 0.5

Sandra Nogueira dos Reis, Fernando Buitrago 
sreis@oal.ul.pt 

Abstract: Galaxies change their morphology across cosmic time. Particularly, the most massive (M* ≥ 1011 M
≥

) galaxies of the 
Universe are regarded as early-types in the present-day, however they appear to be more disk-like at high-z (z > 1). For this 
transformation to take place, the core of early-type galaxies in the local Universe must contain their high-z massive and compact 
counterparts, according to number density arguments. To disentangle these two components we need to analyse the deepest 
and highest resolution images that are publicly available, both using photometry and spectroscopy. We accomplish the first part 
in this work by performing a double-Sérsic analysis of the lowest redshift (z < 0.5) massive galaxies, obtained from CANDELS in 
the h-band. For the next step we will investigate 3D-spectroscopic MUSE data in order to determine the kinematics and stellar 
populations for these galaxies’ different components. Joining these two studies we will characterize with unprecedented detail 
the observational properties of early-type galaxy centers vs their outskirts, being thus able to separate for the first time the 
several components that might constitute the biggest galaxies in our Universe. 

This work was supported by FCT (refª UID/FIS/04434/2013) through Portuguese funds. 

Sample selection 
 
Sample selected from the 3DHST catalog, which 
contains 207967 objects 
Selection criteria: M* ≥  10 11 M

≥
 and z < 0.5 

Initial sample of 68 targets selected in CANDELS 
Final sample of 18 massive galaxies 

Python pipeline 

Cut stamps 
with updated 
headers 

•Cut a 200 pixels 
square stamp from 
a FITS image, 
updating the header 
for the central 
coordinates of the 
galaxy 

Run 

SExtractor 

•Run 
automatically 
Sextractor for 
all the cutted 
stamps 

Create 

masks 

•Make masks for 
galaxy and close 
neighbors using 
segmentation 
output image 
from SExtractor 

Write GALFIT 
script and run 
it 

•Automatically 
create a GALFIT 
script for each 
galaxy stamp 
and run it, 
considering 
neighbors 

Galaxy 
ID 

Redshift 
log10 Mass 

(M
≥

) 
Effective 

radius 1 (kpc) 
Sérsic 

index 1 

Effective 
radius 2 

(kpc) 

Sérsic 
index 2 

1996 0.42 11.12 12.03 ± 0.01 1 3.40 ± 0.01 5.34±0.01 

4735 0.47 11.17 4.20 ± 0.03 1 4.62 ± 0.06 5.92±0.06 

10876 0.36 11.02 4.93 ± 0.16 1 3.95 ± 0.04 1.85±0.03 

13942 0.48 11.05 13.06 ± 0.19 1 6.56 ± 0.56 1.50±0.02 

18935 0.39 11.10 9.07 ± 0.01 1 3.39 ± 0.06 4.13±0.03 

19195 0.38 11.03 9.24 ± 0.04 1 1.37 ± 0.01 1.50±0.01 

20050 0.35 11.05 7.60 ± 0.06 1 1.87 ± 0.02 3.51±0.02 

21604 0.42 11.11 7.71 ± 0.04 1 2.46 ± 0.12 3.06±0.10 

25781 0.42 11.01 6.75 ± 0.02 1 1.42 ± 0.02 2.49±0.02 

37194 0.11 11.02 8.61 ± 0.06 1 1.51 ± 0.03 3.08±0.03 

21306 0.47 11.06 6.82 ± 0.03 1 1.23 ± 0.01 1.99±0.01 

21796 0.38 11.22 10.53 ± 0.06 1 2.73 ± 0.04 3.81±0.03 

23956 0.48 11.87 7.00 ± 0.01 1 1.54 ± 0.02 5.28±0.05 

30654 0.21 11.10 2.73 ± 0.01 1 0.38 ± 0.01 1.82±0.02 

3740 0.32 11.02 8.02 ± 0.09 1 2.51 ± 0.03 3.59±0.02 

37587 0.34 11.29 7.90 ± 0.03 1 3.11 ± 0.10 4.99±0.06 

6449 0.54 11.01 8.15 ± 0.02 1 0.61 ± 0.01 1.50±0.03 

7013 0.48 11.27 6.96 ± 0.05 1 1.24 ± 0.01 2.72±0.02 

Future work 
These preliminary results will be extended by compiling structure parameters for single-Sérsic and double-Sérsic fits. 
By cross-correlating HST photometry and 3D-spectroscopic MUSE data we will be able to disentangle the old compact cores from the stellar 
envelopes of massive galaxies in the low- and intermediate-redshift (z < 1) Universe. 
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These images are in the h-band. 
Limiting magnitude is HAB~ 27. 

Representative example of our GALFIT double-Sérsic fit  (bulge + disk 
decomposition). This galaxy (ID#10876) is surrounded by many neighbor 
galaxies, and not all of them have been fit along with the main object. 
This central galaxy seem to have spiral arms burried underneath its 
outskirts. 

Original image Residuals GALFIT model 

Reis, FB+19 
(in press)

See also Buitrago+13



New re = 42±4 kpc (but
probably much less)

-Center of the Abell 2029 cluster

-Re = 64 ± 12 kpc (Fisher+1995)

-Searching for similar objects in KiDS
with C. Tortora | Stellar populations
w/ FADO by S. Reis and J.M. Gomes

IC1101

Just
google 

this
name…

HST WFPC2 2-color composite



Image by
Javier 
Román

Exposure
time 
3.83h in 
the OGS 
telescope
(1m)

R band: 
28.01 mag/arcsec2
V band: 

28.39 mag/arcsec2

B band: 

29.24 mag/arcsec2

(3, 10x10 arcsec)





• Work in progress!

• Is this galaxy light or is it ICL?

• Fossil group? Cluster merger?



• Integrated mass
3.4±0.5 x 1012 Mʘ

• If taking the
Galaxy mass
function at z = 0 
(Baldry+2012)…

Buitrago+20 Is CDM accounting for
these objects?

Extracted from Montes+18 



MUSE FoV, 
PI Buitrago



• JWST
30.5 mag arcsec-2 (1h) and 31.8 mag arcsec-2 (10h)

• Euclid
Wide survey: 28.7 mag arcsec-2, Drilling fields: 29.7 mag arcsec-2

• LSST
26.5 (15 sec) => SDSS Stripe 82 for 25000 deg2 each 3d!, 30.5 (3.5h)

• 30-m telescopes
31.2 mag arcsec-2 (1h) and 32.5 mag arcsec-2 (10h)

• MESSIER spacecraft
Whole sky: 34 mag arcsec-2, Drilling fields: 36 mag arcsec-2

NEW GENERATION TELESCOPES’ CAPABILITIES
Provided an adequate data reduction, good observing strategy and good PSF knowledge

Limiting Surface brightness given as 3 detections in 10x10 arcsec boxes



SUMMARY

• Massive elliptical galaxies grow stellar haloes to account for their
size and mass evolution, and they host 5-20% of the stellar mass
(vs < 5% for LTGs)

• Massive galaxies are priviledged testbeds for galaxy evolution
and their different flavours imply (and help discerning) different
physical mechanisms at play

• Next generation telescopes and surveys will systematically find
many low- to intermediate-redshift galaxies, and LSB is key to 
fully understand galaxies (beware cosmological dimming!)

Fernando Buitrago, fbuitrago@oal.ul.pt – Rome 13-Sep-2019
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