
A Survey of Submillimeter Galaxies  
Science Aim: To measure accurately the positions of SMGs   
A large fraction of the star formation activity at the epoch of galaxy 
evolution (1 < z < 3) is traced by submillimeter galaxies (SMGs). 
SMGs are typically detected with single-dish telescopes at coarse 
resolution; identification of a counterpart has required deep radio 
(centimeter) observations followed by deep optical or near-infrared 
spectroscopy.   With ALMA, we can precisely locate  SMGs very 
rapidly.   In this example we lay out a strategy to pinpoint a large 
number of sources with Band 7 continuum. 
Receiver(s):  Band 7 (Continuum, 345 GHz) 
Angular Resolution and LAS:   ~0.2” at Band 7.  A good rule of 
thumb is that 1” corresponds to ~ 8 kpc for z ~ 1, so spatially re-
solved observations can be made with ALMA.  The ACA and 
more compact 12-m Array configurations are not needed for these 
observations since the sources are small.  An LAS of 1” is selected.
Spectral Resolution:   These are purely continuum detections, so 
only the TDM mode (15.6 MHz channels) is required.
Continuum (Band 7) Sensitivity:  In Cycle 7, up to 150 sources (see 
Proposers Guide for restrictions) may be observed in each sci-
ence goal.  As an example, there are ~150 sources in the COSMOS-
AzTEC catalogue  (Aretxaga  et  al.  2011)  with  (de-boosted)  flux 
densities > 3.3 mJy.  Furthermore the sources are all within a few 
degrees of  each other,  making the observations highly efficient 
since the calibration can be shared among many sources.  Given 
the exceptional atmospheric conditions at ALMA, we choose to 
pinpoint these sources at a higher frequency (344 GHz or 0.8 mm) 
where they are significantly brighter (S α νβ, typically β~2 at z~2).  
Therefore, these sources should have S0.8mm >  5 mJy.  It is possible 
that these sources may be extended or may resolve into more than 
one source, so we aim to get a S/N ~ 40, adequate to identify the 
counterparts  and  obtain  excellent  relative  astrometric  accuracy, 
which is usually estimated as ~ θ/(S/N).  We thus request a sensi-
tivity of 0.125 mJy/beam.
Band 7 Observing Time:     For Band 7, the ALMA sensitivity calculator, assuming 43 12 m antennas and an effec-
tive 7.5 GHz continuum bandwidth per polarization, predicts 2.7 minutes integration per source to reach a 1 σ = 
0.125 mJy.  Each science goal of 150 sources would require about 6.75 hours of on-source integration, for a total of 
12.7 hours including overheads and calibration.    
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Figure 15:  ALMA has detected [OIII] emis-
sion from a z=9.11 galaxy, MACS1149-JD1, 
shown in green on the far left.  Also shown in 
that  figure  is  an  HST image  of  the  galaxy 
cluster MACS J1149.5+2223.  The spectrum  
shows  the  detected  88µm line  redshifted  to 
Band  7.  (Credits:  ALMA  (ESO/NAOJ/
NRAO);  NASA/ESA  Hubble  Space  Tele-
scope;  T.  Hashimoto  et  al.,  2018,  Nature, 
557, 392)   

Figure 14: The inset of this HST image gal-
axy cluster Abell 2744 shows an ALMA image 
of  the  z=8.38  gravitationally-lensed  galaxy 
A2744_YD4.   At  this  distance,  the  universe 
was a mere 600 million years old, and yet the 
ALMA observations  show  that  the  galaxy  is 
rich  in  dust.   (Credit:  ALMA (ESO/NAOJ/
NRAO); NASA; ESA; ESO; D. Coe (STScI)/J. 
Merten  (Heidelberg/Bologna);  Laporte  et  al., 
2017, ApJ, 837, L21)


