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Fig. 2.— Surface density vs. stellar mass for galaxies in the CANDELS/GOODS-S field at 0.5 < z < 3.0. Panels A and B show the
surface density within the effective radius, Σe, and within the inner 1 kpc, Σ1, respectively. The blue and red circles show SFGs and
quiescent galaxies selected using the SFR criterion of Figure 1. The thick blue and red lines depict the best-fit logΣ− logM⋆ relations for
the two populations. The dashed red lines show the 2σ scatter around the quiescent relation. SFGs and quiescent galaxies exhibit clear
and distinct scaling relations since z ∼ 3, which are well-described by single power-laws. The scatter in the Σ1 relations is a factor of ∼ 2
smaller than that of Σe. The slopes of the scaling relations remains approximately constant with time. The zero-points of the star-forming
relations decline slowly with time (see Figure 3). Based on this smooth evolution, we speculate that SFGs follow, on average, evolutionary
paths along that relation. We define this track as a structural “main sequence” (Σ-MS) . At log(M/M⊙)! 10 we find an increasing number
of compact SFGs with high surface densities, similar to those of quiescent galaxies (green circles selected within the quiescent relation in
Σ1). We capture this trend by fitting a second-order polynomial to logΣ− logM⋆, which shows a steeper slope at the high-mass end (thin
blue line). These galaxies may deviate upwards from the Σ-MS due to dissipational “compaction” events that cause a rapid core growth
(see § 3.4.2). Fit parameters are given in Tables 1 and 2

in size-mass (aSF < 0.5) and a positive correlation be-
tween ΣSF

e and mass. The scatter in Σe is consistent with
∼2× that of the size-mass relations, σ(logΣe) ∼ 0.5 dex
and 0.3 dex, for SFGs and quiescent galaxies, as expected
from ∆ logΣe ∝ 2∆ log re. The redshift-dependent nor-
malizations decline from z = 3 to z = 0.5. Such decline is
much steeper for quiescent galaxies than for SFGs (1 dex
vs. 0.3 dex) as noted in previous works (Buitrago et al.
2008; Newman et al. 2012; van der Wel et al. 2014).
The bottom row (B panels) of Figure 2 shows the red-

shift evolution of the central surface mass density within
1 kpc, Σ1kpc = M(< 1 kpc)/π(1 kpc)2, versus the stel-
lar mass. Similarly to Σe, we characterize the observed
correlation in Σ1 as a log-linear relation:

logΣ1 = β
[

log
(M⋆

M⊙

)

− 10.5
]

+ log B(z) (3)

Again, we find clear correlations for both SFGs and qui-
escent galaxies at every redshift since z ∼ 3. The slopes
of these relations are positive and relatively constant
with time, βSF = 0.9 and βQ = 0.7. By comparison with
Σe, the dispersion is ∼ 2× tighter, σ(logΣ1) ∼ 0.25 dex
and 0.14 dex, for SFGs and quiescent galaxies, in good
agreement with the results of Fang et al. (2013) at z = 0.
The normalization of the star-forming ΣSF

1 relation de-

clines by ∼0.3 dex from z = 3 to z = 0.5 similar to the
evolution in ΣSF

e . Interestingly, for quiescent galaxies,
ΣQ

1 declines by a similar amount, in stark contrast with
the strong decline of ∼ 1 dex in ΣQ

e . The lower scat-
ter and weaker redshift evolution indicates that Σ1 is a
more robust and reliable structural parameter than Σe.
Note also that, by measuring the mass inside a fixed
physical core aperture, Σ1 is closer to the concept of a
cosmic clock, i.e., it only increases with a stellar mass
growth, unlike the effective size (re), which can also de-
crease (e.g., due to a substantial mass growth closer to
galaxy center, or to fading of a extended star-forming
region).
Two main conclusions arise from the distribution of

SFGs and quiescent galaxies in Figure 2: 1) the slopes
of the structural relations are almost constant with time,
and the normalizations decline for all of them; 2) at any
redshift, quiescent galaxies are denser than SFGs of the
same mass, although this difference declines with time
in Σe due to fast evolution of ΣQ

e . A reasonable assump-
tion based on the first conclusion is that the evolutionary
paths of individual SFGs approximately follow the best-
fit ΣSF

e relation which, by analogy with the SFR-MS, de-
fines a structural main sequence, Σ-MS, that could be
interpreted as phase of smooth structural growth. The
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van Dokkum+15 
model from observations 
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Post-BN growth: 
SF in gas rings 
and dry mergers 



Post-BN Extended Ring 



Post-BN in Simulations:  An Extended Clumpy 
Gas Ring around a Passive Core 



Observed Hα rings 
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Triggers of compaction 
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CONCLUSIONS 
•  The compaction to a Blue Nugget is a dramatic transition phase in the history 

of many galaxies  
•  The BN marks transitions in most galaxy properties, global and profiles: 

mass, size, kinematics, SFR, shape, gas frac., DM frac., metallicity, dust… 

•  The last and major compaction to a BN occur at a typical stellar mass 
Ms~1010 M¤ (Mv~1011.5 -12 M¤, Vv~100 km s-1) when SN feedback 
becomes ineffective (Dekel & Silk 86) 

•  The BN triggers an inside-out quenching attempt, confined to the MS, and 
full quenching by hot halo + AGN fdbk when Mhalo > Mcrit  ~ 1011.5-12 M¤ 

•  Post-BN: buildup of extended disc by SFR in clumpy gas rings and/or by 
buildup of stellar envelopes 


