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ABSTRACT

We present spatially-resolved Atacama Large Millimeter/sub-millimeter Array (ALMA) 870 pm dust continuum
maps of six massive, compact, dusty star-forming galaxies (SFGs) at z ~ 2.5. These galaxies are selected for their
small rest-frame optical sizes (7e ri6ow ~ 1.6 kpc) and high stellar-mass densities that suggest that they are direct
progenitors of compact quiescent galaxies at z ~ 2. The deep observations yield high far-infrared (FIR) luminosities
of Lig = 101237128 5 and star formation rates (SFRs) of SFR = 200 — 700 My yr~!, consistent with those of
typical star-forming “main sequence” galaxies. The high-spatial resolution (FWHM~ 0712 — (/18) ALMA and HST
photometry are combined to construct deconvolved, mean radial profiles of their stellar mass and (UV+IR) SFR. We
find that the dusty, nuclear IR-SFR overwhelmingly dominates the bolometric SFR up to r ~ 5 kpc, by a factor of
over 100x from the unobscured UV-SFR. Furthermore, the effective radius of the mean SFR profile (re srr ~ 1 kpc) is
~30% smaller than that of the stellar mass profile. The implied structural evolution, if such nuclear starburst last for
the estimated gas depletion time of At = £100 Myr, is a 4 increase of the stellar mass density within the central 1 kpc
and a 1.6x decrease of the half-mass radius. This structural evolution fully supports dissipation-driven, formation
scenarios in which strong nuclear starbursts transform larger, star-forming progenitors into compact quiescent galaxies.

Subject headings: galaxies: photometry — galaxies: high-redshift — galaxies: evolution
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Fic. 1.— Left: SFR—mass diagram for galaxies in CANDELS GOODS-S at 2 < z < 3. The grey-scale density bins map the location of
the SFR-MS. The solid black and dashed blue lines depict the best fit and 2.5x and 5x limits above and below the SFR-MS. The blue
circles depict the compact SFGs observed with ALMA. The subpanels in the bottom-left corner show the 5 x 5" ACS/WFC3 zJH images
of the ALMA galaxies. The red dashed line marks the threshold in sSFR, (log(sSFR/Gyr—1)< —1) used to identify quiescent galaxies
(red circles). Right: mass—size distribution for the same galaxies as in the left panel. The dashed line marks the compactness threshold,
log(31.5) = 10.4 Mgkpc~15.
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3. Opt-NIR, MIR/Submm SED fit
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FiG. 2.— UV-to-FIR SEDs of the compact SFGs. The black lines show the best-fit BC03 stellar population models for the photometry
up to 8um rest-frame (gray squares), which provide an estimate of the stellar population properties and the dust attenuation. The orange
squares show the mid-to-far IR data from Spitzer MIPS and Herschel PACS and SPIRE; the red star shows the ALMA 870 pum flux.
The green, purple and blue lines show the best-fit dust emission models from the libraries of Chary & Elbaz (2001), Dale & Helou (2002),
Rieke et al. (2009). The grey regions depict 300 models drawn from the posterior probability distribution of the emcee fit to the Draine & Li
(2007) models. The median values and confidence intervals for Lir and Mgyst are indicated.
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3. Opt-NIR, MIR/Submm SED fit
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4. Structural Properties
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F1G. 3.— 275x2"”5 images and surface brightness profiles (un-corrected for the PSF) of the compact SFGs in ACS/F850LP, WFC3/F160W
and ALMA 870 pm (with the F160W contours shown in black). The surface brightness profiles (squares) are measured along concentric
ellipses which follow the geometry of the best-fit Sérsic model (solid lines). The ALMA 870 pum profiles are scaled down arbitrarily with
respect to the HST data (see right y-axis). The ALMA and ACS images have similar spatial resolution (FHWM ~ (0”12) and are slightly
smaller than for WFC3 (FHWM ~ 07”18). The dashed lines show the PSF profiles and the shaded regions show the extent of their HWHM
in F850LP and ALMA (dark grey) and F160W (light grey). The deconvolved GALFIT effective radii in kpc are indicated with arrows.
The profiles are shown up to the radius where the errors become significant, typically ~ 1’ in F160W and ~ 0”4 in ALMA.
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4. Structural Properties
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F1G. 4.— Left: Comparison of the rest-frame optical (WFC3/F160W) and FIR (ALMA 870 pm) effective radii of compact SFGs. The
solid line indicates the 1:1 relation, the dashed lines show the 1.5X size ratios. The FIR sizes are ~1.6x smaller than the optical sizes and
they exhibit a tighter distribution around 7. ~ 1 kpc. Right: Mean de-convolved stellar mass (black line) and SFR (blue and red lines)
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they exhibit a tighter distribution around re ~ 1 kpc. Right: Mean de-convolved stellar mass (black line) and SFR (blue and red lines)
density profiles of compact SFGs. The shaded regions indicate the 1o dispersion. The dashed lines indicate the Sérsic fit to SFR profile
below the UV and FIR detection limits. The orange lines show possible IR-SFR profiles undetected by ALMA. The arrows show the mean
effective radii and the horizontal bars indicate their lower/upper limits determined from the +1o profiles. The bottom panels show the

u — g color profile and the sSFR profile.



5. Discussion
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Tacchella et al. (2015) at z ~ 2). The arrows indicate the re. Middle: The blue contour and the red points indicate the loci of star-forming
and quiescent galaxies at z ~ 2, and the blue and red lines depict their best-fit scaling relations from van der Wel et al. (2014). The
light-to-dark green circles indicate the size-mass evolution of the stellar mass profile in panel a. The black arrows show the direction of the
structural evolution in the Vela simulations during the “wet compaction” phase. Right: Same as middle panel but showing the ¥i-mass
evolution. The average relations for SFGs and quiescent galaxies at z ~ 2 are from Barro et al. (2016b).
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FiG. 5.— Left: Evolution of the ¥y profile (grey contour) of compact SFGs assuming that their ¥gpr (blue contour) remains constant
during At = £100 Myr (light-to-dark green lines). The magenta contour indicates the region below the ALMA detection limit. The
magenta line shows a possible extended star-forming component (see § 4.2). The red dashed line shows the mean stellar mass profile of
compact quiescent galaxies at z ~ 2. The cyan dashed line indicates the Ygpr of typical SFGs at z ~ 1 from Nelson et al. (2015) (see also
Tacchella et al. (2015) at z ~ 2). The arrows indicate the re. Middle: The blue contour and the red points indicate the loci of star-forming
and quiescent galaxies at z ~ 2, and the blue and red lines depict their best-fit scaling relations from van der Wel et al. (2014). The
light-to-dark green circles indicate the size-mass evolution of the stellar mass profile in panel a. The black arrows show the direction of the
structural evolution in the Vela simulations during the “wet compaction” phase. Right: Same as middle panel but showing the 31-mass
evolution. The average relations for SFGs and quiescent galaxies at z ~ 2 are from Barro et al. (2016b).
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