
Mapping a Lensed, High Redshift, Gas-Rich Galaxy
Science  Aim:   To  resolve  the  continuum  and 
molecular gas in a distant lensed starburst gal-
axy
At high redshift there is a population of gas-rich 
starburst galaxies that are relatively bright in the 
submillimeter, but extremely faint in the optical 
due to dust obscuration. The few that have been 
observed with mm/submm interferometers  are 
unresolved, but increasing numbers are now be-
ing  discovered  that  are  gravitationally  lensed 
and  therefore  brighter  and  larger  than  would 
otherwise be the case. A pre-eminent example of 
this is the so-called "Cosmic Eyelash".  This star-
burst  galaxy  at  z=2.3  has  been  gravitationally 
lensed into two “images” (Figure 12) that have a 
combined  extent  of  ~5".  Each  image  has  been 
resolved into  at  least  four  components  (Figure 
12a)  and large  amounts  of  molecular  gas  have 
been detected (Figure 12b).  Although resolved, the source is small and dominated by relatively compact struc-
tures and therefore well-suited to ALMA. As an example project, we will attempt to map both the continuum 
and the molecular gas at high angular resolution where the ALMA array may be able to resolve the source 
structure.
Receiver(s): Band 7 (spectral line and continuum, 312 GHz).
Angular Resolution and LAS: 0.1" (spectral line [CO(9-8)] and continuum, Band 7). This resolution is suffi-
cient to spatially resolve the components revealed by the Harvard-Smithsonian Submillimeter Array (SMA), 
and perhaps resolve individual lenses.  Though the total extent of emission is ~5”, only structures of order  1” 
are of interest so the LAS selected is 1”.  Hence, only one 12-m Array configuration and no ACA observations 
will be required.
Spectral Resolution: For Band 7, we use the continuum (TDM; see Table 2) correlator mode to provide 14 km/
s channels (i.e., 30 km/s resolution) and a total bandwidth of 1.875 GHz (~1800 km/s) in one baseband. The 
remaining 3 can be used for mapping continuum. 
Spectral (Band 7) Sensitivity: The peak flux density of the redshifted CO J=9-8 line is expected to be ~10 mJy.  
Assuming the clumps are 0.2” in extent, the expected flux density at 0.1” resolution would be 10 mJy * (0.1”/
0.2”)2 =  2.5 mJy/beam. To detect the line at a sufficient S/N across the entire width of the line, we aim to 
achieve a S/N~10 at the peak in a 100 km/s channel.  This requires a 1 σ noise level of 0.25 mJy/beam.  We use 
the TDM correlator mode and average the channels to achieve the 100 km/s channel width.  The ALMA sensi-
tivity calculator with 43 12 m antennas predicts 42 minutes of integration to reach 1 σ = 0.25 mJy/beam plus 
another 36 minutes for calibration/overheads.  This amount of time will also produce a sensitivity of 34 µJy/
beam in a map of the remaining 5.625 GHz of line-free continuum providing a S/N ~29 for the continuum sig-
nal (~1 mJy). 
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Figure 13:   (left) ALMA Band 6 continuum 
image of the Cosmic Eyelash showing showing 
the main lensed components of the z=2.3 gal-
axy.  (right) Continuum subtracted emission/
absorption  spectrum of  CH+ (1-0)  at  a  rest 
frequency of 835 GHz.  These observations con-
firmed the existence of huge reservoirs of highly 
turbulent  gas  in  this  and other  high-redshift 
galaxies.    (Credit: Falgarone et al., 2017, Na-
ture, 548, 430)

Figure 12:  (a) SMA (very extended configuration) 870 !m image of 
the Cosmic Eyelash.  The red line marks the division between the two 
images of the background source. (b) Spectrum of CO(3-2) taken with 
the Plateau de Bure interferometer. Both figures are from Swinbank et 
al. (2010, Nature, 464, 733).


