
Continuum Mapping of the Sun at Millimeter Wavelengths
Science Aim:   To map the brightness distribution of the solar chromosphere at millimeter wavelengths: 
Radiation from the Sun at millimeter and submillimeter wavelengths probes a fascinating and dynamic 
layer of the solar atmosphere where non-radiative heating becomes manifest. Since the source function is 
Planckian and these wavelengths are in the Rayleigh-Jeans regime, observations in these wavelengths of-
fer a convenient linear thermometer with which to probe the thermal, spatial, and dynamical structure of 
the  chromosphere  in  a  variety  of  physical  regimes:  the  quiet  Sun,  coronal  holes,  active  regions  and 
sunspots, prominences and filaments.
Receiver(s): Bands 3 and Band 6:   (100 and 239 GHz)
Angular Resolution & LAS:  The ALMA primary beam is much less than the angular size of the Sun (e.g., 
24” vs ~1920” in Band 6).  The Sun therefore fills the ALMA primary beam and its sidelobes with complex 
emission. Dense snapshot uv-coverage is essential and, for accurate recovery of “absolute” brightness, to-
tal power mapping observations are also needed. To this end, Cycle 7 offers observations of the Sun that 
use a hybrid array comprised of both the fixed-station ACA 7 m antennas and the 12-m Array in configu-
rations corresponding to angular resolutions of approximately 3.4”, 1.8”, 1.2” and 0.92” in Band 3 (corre-
sponding to configurations C43-1, -2, -3, & -4), approximately 1.5”, 0.8”, and 0.5” in Band 6 (configura-
tions C43-1, -2, & -3), and approximately 1” & 0.7” at Band 7 (configurations C43-1 & -2). An angular reso-
lution  of  1”  corresponds  to  ~730  km  on  the  Sun.  Fields  of  several  arcminutes  are  typically  mapped 
through mosaicking techniques, with up to 150 offset pointings relative to a PI-specified solar ephemeris 
that  provides  offset  pointing  coordinates  and  optionally  corrects  for  differential  solar  rotation.   The 
largest angular scales are recovered using fast-scan mapping techniques with the total power (TP) anten-
nas to map the entire Sun with a total field of view of 2400”.
Spectral  Resolution:    These  are  continuum observations  and so  the  observations  were  made in  TDM 
mode and default channelization is used.  
Sensitivity and Observing Time:  The source dominates the system temperature although, for solar mode 
observing in the “active Sun mode”, the receiver temperature is ~1000 K. For imaging programs requiring 
“large” fields,  mosaicking is  required with each pointing receiving a  few seconds integration time on 
source. The sensitivity is limited by various systematic effects: time variability of the source, details of the 
uv-sampling, as well as integration time and bandwidth.  However, test data using 30 antennas yielded an 
rms of approximately 26 K (GHz-s)-1/2 for Band 3 and 68 K (GHz-s)-1/2 for Band 6. With Cycle 7 data, for 
which 43 antennas in the 12-m Array and 10 antennas in the 7-m Array are offered, the sensitivity is sig-
nificantly better.  
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Figure 26: The left panel shows a 
230 GHz (band 6) image of the Sun 
on 7 December 2016.  In order to 
emphasize structure on the disk, the 
230  GHz  image  color  display 
ranges from 5300 to 7400 K. Low-
level  contours  are  plotted  at  300, 
600, 1200, and 2400 K in order to 
show features above the limb. The 
right  panel  shows  disk  profiles 
through the Poles and on a diame-
ter through the active region in the 
southwest  quadrant,  but  with  the 
blue curve offset by 800 K in order 
to show structure in both. (Credit:  
ALMA  (ESO/NAOJ/NRAO;  S. 
White et al., 2017, SoPh, 292, 88)


