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•  30 AGNs observed with Chandra and 
HST (Ho 1996; Véron-Cetty & Véron 
2010)

•  The largest local AGN sample to date 
for these purposes.

•  Several AGN optical types: Sy1-1.9, 
Sy2 and LINER.

•   Broadening traditional studies only 
focused on Type-2 Seyferts, where the 
NLR suppose to better correlate with 
the soft X-ray emission, to a wide 
variety of AGNs.

Morphologies	  and	  properties	  -‐	  UV	  vs	  FIR	  Formation	  of	  massive	  galaxies	  
How did the most massive galaxies in the local Universe form?

•  At z = 2 half of the most massive galaxies were already old, red, dead, and 
extremely compact (compact quiescent galaxies, CQGs).

•  They evolve towards local massive ellipticals mainly through minor mergers. 
How did CQGs form?

•  Nuclear starbursts triggered by major mergers are a plausible explanation.
•  Submillimeter galaxies (SMGs) are perfect progenitor candidates.

Evidence of SMGs as progenitors of CQGs (Toft+14)
•  Formation redshift of CQGs matches observed redshift of SMGs.
•  Both populations have a similar location on the mass-size plane offset from the 

local relation.
•  Duty cycle to match their number densities is consistent with observations of 

SMGs.
Caveats

•  Sizes were measured in the rest-frame UV, biased towards young stars, 
showing hints of complex extinction gradients.

•  Rest-frame FIR sizes are paramount, obscured/unobscured star formation 
need to be characteristed.

A	  step	  further	  
Follow-up of z > 4 spectroscopically confirmed sources

This	  poster	  

High spatial resolution HST/ALMA
•  HST/WFC3 F160W, F125W; HST/ACS F814W               Rest-frame UV – 

Young stars – Unobscured star formation  - Dust extinction in absorption
•  ALMA 870μm               Rest-frame FIR - Dust continuum - Obscured star 

formation – Dust in emission
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Source example. RGB color composite and single filter HST images with ALMA 870μm continuum contours overlaid.

•  Rest-frame UV stellar components are extended and irregular.
•  Rest-frame FIR dust continuum is compact.

SMGs LBGs

Stellar mass
log(M★/M¤) 10.51 ± 0.17 9.66 ± 0.28

UV 
continuum 
slope (β)

-0.59 ± 0.57 -1.73 ± 0.54

Average sample properties

•  SMGs: Stellar component associated with the rest-frame FIR emission is 
more massive and redder than its companions.

•  LBGs: Stellar companions, undetected at 870μm, less massive and bluer, 
consistent with Lyman break galaxies (LBGs).

•  Stellar mass ratio evidence minor mergers.
•  Found 1.3 LBG satellites on average (1:5 average stellar mass ratio).

Source example. 
Resolved rest-frame 
UV continuum slope 
map constructed using 
the HST broad band 
images. Colours are 
not uniform evidencing 
varying dust 
absorption.

SMGs-‐to-‐CQGs	  evolutionary	  connection	  
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Stellar mass-size plane. 
SMGs sample from this 
work (black) from accurate 
rest-frame FIR sizes and 
stellar masses accounting 
just for the component 
associated with the sub-
mm emission. Comparison 
CQGs spectroscopic 
sample (red). Populations 
are offset. Expected 
evolutionary tracks 
(arrows) from 50Myr (solid) 
and 100Myr (dashed) gas 
depletion timescales. 
Lower trends include 
observed average number 
of satellites. Upper trends 
include 3 extra low S/N 
companions.

•  SMGs increase in stellar mass via star formation.
•  Increase in size via minor mergers.
•  Population match: Required 3 extra low S/N satellites. Observational hints 

for additional 1:10 mergers.

UV/FIR	  decoupling	  -‐	  IRX-‐β	  plane	  
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•  Derived extreme compact rest-frame FIR sizes (re = 0.63 ± 0.19 kpc) host huge 
amounts of dust implying Av ~ 1000 mag. No stellar emission can escape.

•  Stellar emission is detected               UV and FIR are decoupled.
•  Dust seen in absorption (UV continuum slope map) traces a different process 

than dust seen in emission (870μm continuum).
•  Geometrical evidence of the SMGs offset in the IRX-β plane.

IRX-beta plane. SMGs 
sample from this work 
(coloured symbols). 
Small symbols indicate 
measurements from large 
apertures enclosing all 
the components. Large 
symbols account for the 
rest-frame UV emission 
that is emitted just at the 
location of the rest-frame 
FIR. The sources move 
up and right, expected 
from removing the 
outerUV contribution and 
being the SMG 
components intrinsically 
redder than its 
companions.
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