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ABSTRACT

We present high spatial resolution imaging of the CO(1–0) line from the Karl G. Jansky Very Large

Array (VLA) of COSMOS27289, a massive, compact star forming galaxy at z = 2.234. This galaxy

was selected to be structurally similar to z ∼ 2 passive galaxies. Our previous observations showed
that it is very gas-poor with respect to typical star-forming galaxies at these redshifts, consistent with

a rapid transition to quiescence as the molecular gas is depleted. The new data show that both the

molecular gas fraction fH2
≡ MH2

/Mstar and the molecular gas depletion time tdep ≡ MH2
/SFR are

lower in the central 1–2 kpc of the galaxy and rise at larger radii ∼2–4 kpc. These observations are

consistent with a scenario in which COSMOS27289 will imminently cease star formation in the inner

regions before the outskirts, i.e. inside-out quenching, the first time this phenomenon has been seen via

observations of molecular gas in the high-redshift universe. We find good qualitative and quantitative
agreement with a hydrodynamical simulation of galaxy quenching, in which the central suppression of

molecular gas arises due to rapid gas consumption and outflows that evacuate the central regions of

gas. Our results provide independent evidence for inside-out quenching of star formation as a plausible

formation mechanism for z ∼ 2 quiescent galaxies.

Keywords: galaxies: evolution — galaxies: ISM — galaxies: high-redshift

1. INTRODUCTION

Massive quiescent galaxies have been identified early

in the history of the universe, increasing rapidly in num-

ber density since z ∼ 4 (e.g. Kriek et al. 2006; Whitaker
et al. 2010; Cassata et al. 2013; Straatman et al. 2014).

These early quiescent galaxies are in some ways strik-

ingly different from local giant elliptical galaxies, with

typical sizes ∼5× smaller at a given mass (e.g. van der

Wel et al. 2014, and references therein). While similarly

massive, compact galaxies are very rare in the nearby
universe, the central stellar densities in the inner 1 kpc
are very similar at z ∼ 2.3 and z ∼ 0 (Bezanson et al.

2009; Belli et al. 2014), implying an inside-out forma-

tion scenario in which subsequent growth since z ∼ 2 has
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mostly occurred at larger radii (Williams et al. 2017; Lee

et al. 2018). This late-time evolution is generally con-

sistent with size growth due to gas-poor minor mergers,

with quiescent galaxies remaining approximately virial-

ized over cosmic time (e.g. Trujillo et al. 2011; Newman
et al. 2012; Bezanson et al. 2013).

The formation mechanism(s) of these early quies-
cent galaxies is still unclear. Most theoretical simula-

tions that successfully form passive galaxies that are

comparably compact to the observed population re-

quire gas-rich dissipative processes, including mergers,

counter-rotating cosmological accretion, or disk insta-

bilities (e.g., Naab et al. 2009; Feldmann & Mayer 2015;

Wellons et al. 2015; Ceverino et al. 2015; Zolotov et al.
2015; Pandya et al. 2017). High gas fractions permit cen-

tral growth as the dissipative process (whatever its ori-

gin) redistributes angular momentum and drives gas in-

ward. These simulations predict a compact star-forming

phase immediately prior to the quenching of star forma-
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tion, caused by some combination of gas consumption
and heating/winds due to galactic feedback. Given the

structural similarity, these galaxies need only cease star

formation in order to match observed properties of z ∼ 2

quiescent galaxies.
Significant numbers of these compact star-forming

galaxies (SFGs) have now been found and character-

ized (e.g., Stefanon et al. 2013; Barro et al. 2013, 2014;

Williams et al. 2014; van Dokkum et al. 2015). Such

compact SFGs host active galactic nuclei (AGN) more

frequently than similar-mass extended star-forming

galaxies at these redshifts (Barro et al. 2013; Kocevski
et al. 2017), suggesting that AGN may play a role in the

evolution of this population. Dynamical models suggest

that stars make up the vast majority of the mass within

the central several kiloparsecs, with little room for other

components (Barro et al. 2014; van Dokkum et al. 2015;

Wisnioski et al. 2018). This has recently been confirmed
by VLA and Atacama Large Millimeter Array (ALMA)

observations, which find that compact SFGs are re-
markably gas-poor compared to similar-mass and -SFR
galaxies at these redshifts (Spilker et al. 2016a; Barro

et al. 2017; Popping et al. 2017; Tadaki et al. 2017; Talia

et al. 2018). Combined with their high SFRs, these ob-

servations provide independent evidence that compact
SFGs are indeed likely to become quiescent on short

timescales.
On spatially resolved scales, most studies find that

massive high-redshift galaxies build their stellar mass

in an inside-out fashion. This conclusion is based on

resolved radial gradients in the specific SFR (sSFR

≡ SFR/Mstar), with rising sSFR profiles indicative of
faster growth in the outskirts of galaxies compared to

the centers (e.g., Wuyts et al. 2013; Tacchella et al. 2015,
2018; Nelson et al. 2016). Whether these results also

hold for SFGs specifically selected to be compact is un-

clear. The SFR profiles have been derived from H-α and

rest-UV imaging, which are susceptible to dust obscu-

ration and AGN contribution to the H-α flux, both of
which are particularly acute features of compact SFGs.

Barro et al. (2016) presented very high angular reso-
lution ALMA imaging of 6 compact SFGs at z ∼ 2.5

and found that the SFR profiles were more concentrated

than the stellar mass profiles, implying that those galax-

ies are forming compact central stellar bulges, consistent

with the gas-rich dissipative processes seen in simula-

tions.
An alternative approach to studying the growth of

galaxies comes from high-resolution observations of

molecular gas, the fuel for star formation, either from

tracer molecules such as carbon monoxide (CO) or from

long-wavelength dust emission. Compared to measure-

ments at shorter wavelengths, gas tracers have the ad-

vantage of being little-influenced by the presence of dust

or AGN. While not free of systematic uncertainties, the

systematics are at least different from and arguably bet-

ter understood than those that affect rest-optical SFR

profile measurements, providing an independent view of

the assembly of these galaxies.

Here we present high-resolution VLA observations of

CO(1–0) in one such compact SFG, COSMOS27289.

Typical of this population of galaxies, COSMOS27289

has a stellar mass Mstar ∼ 1.3 × 1011 M⊙, SFR∼

400M⊙/yr, and a compact size reff ∼ 2.3 kpc. The
galaxy is undetected in X-ray imaging. Our previous

lower-resolution VLA observations of this object found
a very low gas fraction fH2

≈ 0.1 and extremely short

depletion time tdep ≈ 30Myr (Spilker et al. 2016a,

hereafter S16). Many compact SFGs exhibit unex-

pectedly low H-α line widths, given their large masses

and compact sizes, or equivalently, stellar masses larger
than simple dynamical mass estimates (van Dokkum

et al. 2015). COSMOS27289 is an extreme example
of this, with full-width at half-maximum line widths of

∼ 130 km s−1 observed in H-α and an even narrower

CO(1–0) line width, ∼60 km s−1 (van Dokkum et al.

2015, S16). This very narrow emission implies that

COSMOS27289 must be very nearly face-on.1 This of-
fers us the chance to observe the radial distributions of

gas, dust, and stars in this galaxy with little uncertainty
due to the effects of inclination.

In the remainder of this work we describe our new

VLA observations and present evidence of a central
suppression of the gas fraction in COSMOS27289 con-
sistent with expectations for the imminent inside-out
quenching of star formation. Section 2 describes the

new and archival observations we use in this work, our
image- and visibility-based radial profile analysis tech-
niques, and our assumptions for converting observables

to physical quantities. Section 3.1 presents our main

observational findings, Section 3.2 examines the limi-
tations of our assumptions in the context of our re-

sults, and we compare our findings to simulations in
Section 3.3. We place COSMOS27289 in context with

other galaxy populations in Section 3.4, and conclude

in Section 4. Throughout, we assume a flat ΛCDM cos-

1 There are other possible explanations. The gas could be more

compact with respect to the stars, such that the line width need

not reflect the total stellar mass of the galaxy. Our new observa-

tions show that this is not the case. Alternatively, the stellar mass

could be drastically overestimated by two orders of magnitude,

although this seems unlikely given the extensive multiwavelength

photometry available in the COSMOS field.
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mology (H0 = 67.7 km s−1 Mpc−1, Ωm = 0.307; Planck
Collaboration et al. 2016).

2. DATA AND ANALYSIS

We make use of new and archival data from the VLA,
targeting CO(1–0) emission, as well as archival HST and

ALMA data. The imaging data we use in our subsequent

analysis are shown in Figure 1.

2.1. VLA Observations

In previous work, we observed the CO(1–0) emission
line in COSMOS 27289 in project 16A-203 (S16). These

observations, using the VLA’s C array configuration,

yielded ≈ 0.8” spatial resolution, and indicated that the

CO emission was not significantly extended on scales of

≈7 kpc. We combine those data with newly-obtained

observations using the B array configuration, reaching

an effective spatial resolution of ≈0.25” (≈2 kpc). Fur-

ther details of the lower-resolution data are available in
S16.

The B array observations were taken in October 2017

in project 17B-223 (PI: Spilker). We exactly replicated
the correlator configuration of the previous data for ease
of data combination, resulting in 2GHz of continuous

bandwidth using the 8-bit samplers, subdivided into six-

teen 128MHz dual-polarization basebands with 1MHz

channelization. As in the previous data, the quasar

3C286 served as bandpass and absolute flux calibrator,

while quasar J0948+0022 served as the complex gain

calibrator. The observations were executed in three 5-

hour tracks, with a total on-source time of 7.0 hours in

the B array. To test whether the new higher-resolution

data have resolved out diffuse CO emission, we measured

the integrated CO line flux from the C- and B-array data

separately. We found no significant difference in the line

fluxes, which indicates that the B-array data capture the

entirety of the CO emission alone.
We combined the data from the two array configu-

rations by rescaling the data weights for each baseline

from each observing session based on the scatter in the

visibilities on that baseline. Because COSMOS 27289

is very faint, this is equivalent to more sophisticated

time-dependent differencing methods, as each measured

visibility contains virtually no signal. We then im-

aged the data using natural weighting, integrating over
125 km s−1 centered on the CO(1–0) systemic velocity

determined from the previous low-resolution data. This
binning in velocity contains ≈99% of the emission in the

previous data; the CO(1–0) line in this source is quite
narrow. The combined C and B array data reach a sen-
sitivity of 34µJy/beam in the 125 km s−1 channel width

we use in our analysis. The resulting image is shown in

Figure 1, and reaches a peak signal-to-noise (S/N) of ∼8

in integrated CO emission. We experimented with finer
channelization of the data to probe for, e.g., resolved

kinematics, but the low S/N of the data preclude robust
conclusions on this point.

2.2. Archival ALMA and HST Data

We make use of archival data from ALMA and HST,

tracing dust heated by recent star formation and stellar
light, respectively.
COSMOS27289 was observed in the HSTWFC3/F160W

filter as part of the CANDELS program, with multi-
band photometry collated as part of the 3D-HST pro-
gram (Koekemoer et al. 2011; Brammer et al. 2012; Skel-

ton et al. 2014; Momcheva et al. 2016). At z = 2.234,

this filter probes rest-frame ∼500 nm, expected to arise
mostly from the bulk of the existing stellar mass within

the galaxy, and the data reach a spatial resolution of

≈0.18′′. While this galaxy was also observed in the

WFC3/F125W filter in the CANDELS program, this

filter probes only rest-frame ∼390 nm. The F125W fil-

ter bandpass straddles the 4000 Åbreak and the light in

this image is thus some weighted average of the older
and younger stellar populations, while the F160W image
is a better tracer of the stellar mass spatial distribution.

This source is also weakly detected in ACS/F814W

imaging (Scoville et al. 2007), which samples the rest-

ultraviolet. However, the S/N in this band is low, and

in any case the unobscured star formation is only a
minor contribution to the total SFR (UV-based SFR ≈

8M⊙/yr, IR-based SFR ≈ 400M⊙/yr; see Section 2.4).

We also make use of archival ALMA 343GHz imag-

ing of COSMOS27289 from project 2015.1.00137.S. We

downloaded, re-reduced, and re-imaged these data using

the standard ALMA pipeline. The ALMA data reach

a spatial resolution of ∼0.5×0.7′′ and a sensitivity of

0.14mJy/beam when combining the full 7.5GHz of ob-
served bandwidth using natural weighting of the visibil-

ities, and detect the source at a peak S/N of ≈20. While
these data have lower spatial resolution than the HST

or VLA data, we demonstrate below that the ALMA

detection is marginally spatially resolved, allowing for

(admittedly weak) constraints on the distribution of the

dust emission. These data sample rest-frame∼270µm, a
somewhat longer wavelength than the typical peak of the

dust SED, but also not fully on the Rayleigh-Jeans tail of
the dust emission. The ALMA imaging thus somewhat
traces the temperature-weighted dust mass distribution

within this galaxy (e.g. Scoville et al. 2016) as well as

the ongoing star formation obscured by dust. From both
the 3D-HST catalogs and analysis of archival Herschel
imaging (S16), we estimate that &95-98% of the ongoing
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CO emission is similar to typical surface densities at
which neutral atomic gas begins to dominate the total

gas mass (e.g., Schruba et al. 2011; Krumholz 2013). It

is therefore possible that our observations have resolved

the entirety of the molecular gas in this galaxy and that

deeper observations would not result in detectable CO

at larger radii. Additional evidence for this possibil-
ity comes from the fact that the B array configuration
data alone recover the integrated CO line flux measured

in the lower-resolution C array data (which did not spa-

tially resolve the source and therefore captured the total

CO emission).
Figure 5 shows the radial profiles of the gas fraction,

depletion time, and specific SFR determined by com-

bining the individual profiles of Figure 4. As in the

two-dimensional map, we again find a central suppres-

sion of the gas fraction, rising to a maximum at radii

∼2-3 kpc before falling. At radii &5 kpc the CO emis-
sion is no longer significantly detected; beyond this point

the profiles are essentially extrapolations from the Sérsic
models. We note that this radius is beyond the radius
where fH2

peaks; the peak and subsequent decline at

larger radii is real.

We see a similar trend in the radial profile of the de-

pletion time tdep, though with significantly larger un-
certainties arising from the low resolution of the ALMA

data. We find extremely short depletion times in the
central regions of COSMOS27289, ∼10-15Myr, rising

by a factor of 2 at radii of 3 kpc. At even larger radii,

the low resolution and low S/N of the data prevent ro-

bust constraints on the depletion time. Nevertheless,

this Figure does indicate that quenching of the central

kiloparsecs (and indeed, the galaxy as a whole) is immi-

nent, as the galaxy will be unable to sustain its current
rapid star formation without substantial gas accretion.

Finally, we see weak evidence that the specific SFR fol-

lows the same behavior as fH2
and tdep, perhaps slightly

rising or remaining flat to radii of 2–3 kpc before falling
rapidly. In agreement with the radial gas fraction pro-

file, this indicates that most of the mass buildup has

transitioned out of the galaxy’s central regions to larger

radii. This is qualitatively similar to the behavior seen

in larger samples of extended SFGs at similar redshifts,

taken as evidence for inside-out growth and the forma-

tion of stellar bulges at the centers of galaxies (e.g. Tac-

chella et al. 2015; Nelson et al. 2016).

Based on ∼0.14” resolution ALMA observations of
CO(8–7), Barro et al. (2017) argue for a high central gas

fraction in a z ∼ 2.3 compact SFG, in apparent contrast

to the central depletion we observe. However, CO(8–

7) requires much higher gas temperatures and densities

to significantly populate such high energy levels com-

pared to the ground state CO(1–0) transition we ob-

serve. Gas with such high densities is generally also

star-forming gas (e.g. Greve et al. 2014). Thus, it may

be more accurate to say that the dense, star-forming gas

is concentrated in the galaxy studied by Barro et al., in

agreement with the centrally-concentrated SFR profiles

we and others have observed. We do not consider our
results to be in contradiction with those of Barro et al.,
because our observations more faithfully trace the full
molecular reservoir as opposed to only the very highly

excited gas.

3.2. Impact of Assumptions in Physical Conversion

Factors

It is worth considering how our conclusions could be

influenced by the simplicity of our assumptions in con-

verting observed to physical quantities. In general noth-

ing is known about how the stellar mass-to-light ratio,

CO-H2 conversion factor, or dust flux density to SFR

varies specifically in compact galaxies such as COS-
MOS27289. Here we outline general trends in these

quantities seen in other galaxies in an attempt to illus-
trate the likely direction of these variations with galac-
tocentric radius, if not their absolute magnitudes.

First, the stellar mass-to-light ratio M/L is known

to vary radially in galaxies. It would be quite diffi-
cult to quantify this effect in COSMOS27289 due to
the high dust obscuration in this system and need for

high-resolution imaging at longer infrared wavelengths.
If the dust obscuration is moderate and not optically
thick, then rest-frame optical color gradients are corre-
lated with M/L; galaxies that are redder in their centers

than the outskirts show falling M/L, and vice versa (e.g.

Zibetti et al. 2009; Wuyts et al. 2012). Equivalently, in a
given band, the half-mass radius will be smaller than the

half-light radius. Negative M/L gradients are far more
commonly observed than the converse, although there

is some evidence this effect becomes negligible at z & 2

(Suess et al. 2019). The typical magnitude of this varia-

tion is roughly a factor of 2 change in M/L over the full

extent of galaxies. On the other hand if the obscuration
is very high, then some amount of mass may be unac-

counted for entirely by rest-UV/optical imaging. This
would also imply a more centrally concentrated mass
profile compared to our assumption, strengthening the

central depletion of the gas fraction we observe.

Second, we also expect that our assumption of a sin-

gle CO-H2 conversion factor is too simplistic. We have
assumed a value of αCO = 1. As we are mostly inter-

ested in the relative, rather than absolute, distribution
of the molecular gas with respect to other properties,
a single global revision of the value of αCO has no ef-
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First, several authors have argued in favor of a con-
nection between high-redshift IR-luminous dusty, star-

forming galaxies (DSFGs) and early quiescent objects.

These DSFGs are typified by very rapid star formation,

high gas fractions, and short depletion times (e.g., Car-
illi & Walter 2013; Casey et al. 2014; Aravena et al.

2016), with star formation and molecular gas reservoirs
extended on scales of a few to 10 kpc (e.g., Ivison et al.

2011, 2013; Spilker et al. 2015). Evidence for the connec-

tion between DSFGs and early quiescent galaxies comes

from a variety of arguments, including mass and num-

ber density arguments (e.g., Ivison et al. 1998; Straat-
man et al. 2014), clustering arguments (e.g., Williams

et al. 2011; Hickox et al. 2012), and structural arguments

(e.g., Toft et al. 2014; Spilker et al. 2016b). In compari-

son to these objects, the mass, SFR, and depletion time

of COSMOS27289 are comparable, but fH2
is a factor

of ∼ 3 − 5 lower than the gas-rich DSFGs. The short
depletion times and low gas masses of compact SFGs

imply that they are likely near the end of their rapid
growth phase, perhaps shortly following an IR-luminous
period. Finally, the central suppression of molecular gas
and radial gradient in tdep are produced in simulations

due to the consequences of powerful galactic feedback
processes that rapidly halt rapid star formation. Evi-
dence for such feedback has recently been observed in

a z ∼ 5 DSFG, which implies that the large molecu-
lar gas reservoirs of these galaxies can be rapidly de-

pleted due to high-velocity molecular outflows (Spilker

et al. 2018b). From a variety of perspectives, then, high-

redshift DSFGs indeed appear to be plausible immediate

progenitors of compact SFGs like COSMOS27289.
The short values of tdep in compact SFGs imply that

their current high SFRs must decline rapidly, ending

the current burst of star formation. In this event, com-

pact SFGs should soon present stellar spectra similar

to other post-starburst galaxies selected at high red-

shifts. At low redshifts, post-starburst galaxies tend to

have longer-than-expected depletion times (French et al.
2015), though the ‘bursts’ in these objects contribute

only a minor amount to the existing stellar mass. In
these galaxies, the depletion time is at a minimum at
the conclusion of the burst, becoming two orders of mag-

nitude longer over the ensuing ≈300Myr as the dense,

star-forming gas is disrupted (Li et al. 2019). This sce-

nario is in qualitative agreement with our results for

COSMOS27289. At z ∼ 2, Wild et al. (2016) find that
photometrically-selected post-starburst galaxies can ac-

count for the entirety of the massive quiescent popula-

tion assuming the post-starburst features are observable

for ∼250Myr. These authors suggest that z > 2 post-

starbursts originated through both rapid assembly and

rapid quenching, in agreement with our observations of
COSMOS27289 and the discussion in the previous para-
graph, while lower-z objects originated through rapid

quenching of more long-lived SFGs (see also Wu et al.

2018; Belli et al. 2019). The molecular gas contents of

post-starbursts outside the local universe are essentially
unconstrained. Suess et al. (2017) present observations

of two massive post-starburst galaxies at z ∼ 0.7, find-

ing molecular gas masses that yield low gas fractions but

depletion times of several Gyr, two orders of magnitude

longer than our measurement of COSMOS27289. Given

its still rapid SFR, it may be that COSMOS27289 will

be more completely depleted of molecular gas than ei-

ther of those lower-redshift post-starbursts; ALMA ob-
servations of z ∼ 2 post-starbursts are required to make

a more direct comparison.

Finally, if compact SFGs like COSMOS27289 will be-

come quiescent on short timescales, it is worth briefly
considering whether the available gas measurements of
both populations are consistent with this picture. In

the local universe, it has long been recognized that mas-
sive elliptical galaxies tend to be extremely gas-poor
(e.g., Young et al. 2011; Davis et al. 2019). Far fewer

constraints are available at higher redshifts due to the

faintness of the gas tracers, which require the sensitiv-

ity of ALMA to detect. Spilker et al. (2018a) presented
CO(2–1) observations of 8 massive and passive galaxies

at z ∼ 0.7, in which we found very low gas fractions but
also relatively short gas depletion times .1Gyr. This

picture largely continues to z ∼ 1.5 (Sargent et al. 2015;

Rudnick et al. 2017; Hayashi et al. 2018; Bezanson et al.

2019), where a total sample of four quiescent galaxies

all exhibit strikingly low gas fractions (tdep is more dif-
ficult to constrain as reliable SFRs become more chal-

lenging to measure). In summary, these observations of
older quiescent galaxies all point to very efficient molec-
ular gas depletion, in agreement with our current un-

derstanding of the future evolution of COSMOS27289

following its imminent depletion of molecular gas.

4. CONCLUSIONS

We have observed CO(1–0) emission at high spa-

tial resolution in COSMOS27289, a compact SFG at

z = 2.234, and combine these new observations with

archival data from HST and ALMA. Our previous lower-

resolution VLA observations of this source revealed a

very low molecular gas fraction and short gas depletion

time consistent with a rapid transition to quiescence.

From its morphology and dynamical arguments we de-

termine that this galaxy must be oriented nearly face-on,
allowing a relatively straightforward view of the radial
distributions of the molecular gas, stellar mass, and ob-
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scured star formation. Multiple analysis techniques re-
veal that the gas fraction approximately doubles from

∼ 0.07 in the central 1–2 kpc of this galaxy to its max-

imum at radii ∼2-4 kpc. We find weaker evidence for a

similar trend in the gas depletion time, doubling from
10–15Myr in the center to larger radii. Importantly,

while we have made very simple assumptions to trans-
late between observed and physical quantities, the prob-
able radial variations in the stellar mass-to-light ratio,

the CO–H2 conversion factor, and light-weighted dust

temperature would all serve to accentuate the central

suppression of fH2
and tdep.

Our results are in agreement with expectations for an
inside-out quenching scenario, in which the centers of

galaxies cease star formation before the outskirts, the

first time this has been shown using molecular gas ob-

servations. Our observations provide the most direct ev-

idence to date for inside-out quenching, supplementing

previous studies focused on the radial distribution of star

formation and stellar mass (e.g., Tacchella et al. 2015).
High-resolution imaging of the molecular gas improves

on such studies, as the results are immune to the effects

of increased dust obscuration in the centers of galaxies.

A comparison to hydrodynamical simulations of massive
galaxy formation shows good qualitative and reasonable
quantitative agreement (Tacchella et al. 2016), support-

ing a scenario by which the central regions of galaxies
form in a rapid starburst that rapidly quenches due to
gas consumption and galactic feedback.

This case study targeted the only compact SFG de-

tected in CO(1–0) emission thus far. Targeting ground-
state CO emission avoids uncertainties present in other
methods of molecular gas observations such as the CO

excitation and mass-weighted dust temperature, at the

cost of a not-insignificant observational investment. Fu-

ture progress will likely require a variety of approaches,

including observations of the dust continuum at multiple

frequencies to determine the effects of dust temperature

variations, observations of higher-J CO transitions that

are significantly brighter than the ground-state transi-

tion, and/or observations of neutral carbon emission as

a tracer of the molecular ISM (Popping et al. 2017). A

larger sample of objects will also facilitate a more com-
prehensive picture of the role that compact SFGs such

as COSMOS27289 play in the timeline of the evolution

of massive galaxies, from higher-redshift progenitors to

lower-redshift descendants.
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