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ALMACAL

A novel, wide and deep submm survey using 
ALMA calibrator observations

Science: 
•Blind detection of SMGs 
•High resolution observations 
•Intervening molecular absorption 

lines 
•Blind CO emission line surveys 
•Quasar jets
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TABLE 2
Observed properties of the star-forming clumps found in the two DSFGs around J1058+0133

Clump S920µm log (LIR/L⊙)a SFR Ad
b Ad

b ΣIR
c ΣSFR

[mJy] [M⊙ yr−1] [mas×mas] [pc× pc] [L⊙ kpc−2] [M⊙ yr−1 kpc−2]

A 2.00± 0.12 12.2± 0.2 ∼ 310 49± 5× 25± 3 380 ± 40× 190 ± 20 ∼ 3.1× 1013 ∼ 5500
B 0.86± 0.14 11.6± 0.2 ∼ 70 57 ± 10 × 25± 11 180 ± 60× 140 ± 80 ∼ 2.0× 1013 ∼ 3500
C 0.47± 0.06 11.5± 0.2 ∼ 53 33± 8× 20± 9 200 ± 60× 120 ± 50 ∼ 1.6× 1013 ∼ 2800
D 2.14± 0.15 12.2± 0.2 ∼ 275 57± 5× 34± 4 350 ± 40× 230 ± 30 ∼ 2.5× 1013 ∼ 4500

aThe total IR luminosities have been calculated from the observed flux density at 920 µm assuming the ALESS template.
bThe sizes reported in the table correspond to the beam–deconvolved FWHM of a 2D elliptical gaussian fit.
cThe surface densities have been calculated assuming that the size of the sources is πRa ×Rb, where Ra and Rb are the semi-axis of the

best-fit elliptical gaussian of each component.

Fig. 4.— Ultra-high-resolution imaging of the two DSFGs found around calibrator J1058+0133. The background images and green
contours represent the 870µm emission, while red contours are 1.2mm emission. The synthesized beam and its size, both in sky and
physical units, are indicated on each panel. All contours are represented from 4σ, in different steps to highlight the profile of the dust
continuum emission at each wavelength. It should noted that the spatial resolution of our observations are about 10x times better than
all previous observations of high-redshift unlensed starbursts. The spatial resolution is only comparable with the source-plane resolution of
the ALMA long-baseline observations of SDP.81 (ALMA Partnership et al. 2015), but we do not have to rely on lens modeling (which only
increases the uncertainties) to interpret our results. The dust emission in ALMACAL–1 (left) is resolved into three different star-forming
clumps (A, B, C) while ALMACAL–2 is resolved into one (D). The flux density of each clump in combination with their sizes reveal SFR
surface densities significantly higher than those reported so far in high-redshift starbursts. Note that the size of each image is only 0.1′′ on
each side.

mation. In fact, (Wilson et al. 2014) discussed that the
extremely high luminosity surface densities found in the
western nucleus of Arp220 could be, in part, due to the
presence of an AGN. If there is AGN contribution to
the luminosity of the brightest clumps in ALMACAL–1
and ALMACAL–2, their SFRs would be overestimated,
and so the associated SFR surface densities. It might be
expected that, if there is AGN contribution in our two
SMGs, the AGN was located in the two brightest clumps,
but not in the fainter ones. Therefore, despite the SFR
surface density of the brightest clumps might be overesti-
mated, this is not likely to happen in the fainter clumps,
and these still have enormous SFR surface densities and
are, therefore, maximal starbursts with no previous anal-
ogy in the early Universe. This assumes that the possible
AGN heat the dust locally over a scale of about 200 pc,
not reaching the other star-forming clumps. Wilson et al.
(2014) discussed that an AGN might be responsible for
the high IR surface density in the western nucleus of

Arp 200, which is about one order of magnitude higher
than the highest value found in our star-forming clumps.
Therefore, we argue that, if any, the influence of a pos-
sible AGN in the center of the brightest clump of each
DSFG is even lower than in the western nucleus of Arp
220.
Figure 4 also shows the ultra-high-resolution 1.2mm

emission in our pair of DSFGs (represented by the blue
contours). At z = 3.442, this wavelength probes the
emission at rest-frame ∼ 280µm. The spatial resolution
of the B6 observations (29mas× 25mas) is comparable
with the resolution of the 920µm observations, but they
have the same r.m.s noise. Given that the high-redshift
dusty starbursts are fainter at mm than at submm wave-
lengths, the similar r.m.s noise implies lower signal-to-
noise detections. Despite this, we can analyze the dif-
ferent morphology of the dust emission at those wave-
lengths. The maximum of the 1.23mm emission (de-
tected in components A and D only) is slightly shifted



ALMACAL
A typical 5min bandpass scan 

in band 6 reaches an rms 
noise level of 60 μJy

intervening molecular 
absorption lines, blind CO 
emission line surveys, and 

quasar jets



ALMACAL
Public data: simply extract data from 
archive, calibrate and throw away all 

science data

Automatic self-calibration

Proprietary data: 
Submit ticket to ALMA helpdesk to 

obtain calibrator data

automatic point source subtraction

quick image of every observation to filter out 
corrupted data

stack observations for each field, make images
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13 SMGs detected in 20 arcmin sq

6 SMGs with multi-band detections -> spectral indices suggest z > 2 
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Caveats:
Confusing high redshift galaxies with jets?

spectral index helps to easily filter them out 

Over-densities around the calibrator sources?
our calibrators are blazars, not supermassive radio-galaxies 

Spurious sources?
we use a very high S/N limit of 5
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The faintest SMGs would have been missed by the deepest Herschel surveys…
The bridge population between SMGs and UV-selected galaxies?

PACS and SPIRE 1sigma 
limits in GOODS-Herschel
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First ALMA 870 um number 
counts at S < 2 mJy !!1.2 mm number counts lower in a 

factor of ~2 with respect to 
previous works 

NUMBER COUNTS -> models of galaxy formation and evolution
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Multi-frequency observations -> redshifts from CO and H2O lines

J1058+0133 -> a pair of 
SMGs at z = 3.442

Two interacting SMGs with 
different dynamical properties



ALMACAL
High-spatial resolution studies

J1058+0133 (z = 3.442) was the flux calibrator of the ALMA long-baseline
observations of SDP.81. Only 5 mins integration, but…

High-spatial resolution imaging of SMGs

Self-calibration feasible -> 
maximize calibration quality

Compact dust emission
0.07’’ -> 500 pc 

Pair of interacting galaxies?0.10’’ x 0.07’’
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What’s next

We are not just interested in source counts, but also
 Blind CO detections -> CO luminosity function (z)
 Blind molecular absorption systems
 Outflows from quasars
 Jets
 …
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ALMA

ATCA 
18 GHz




