
Multi-wavelength Continuum Survey of Protostellar Disks in Ophiuchus  
Science Aim:   To investigate the evolutionary states of protostellar disks in 
the nearby Ophiuchus molecular cloud by measuring the global variation in 
their dust spectral energy distribution (SED) to infer dust properties.
The characteristics of dust in a disk around a protostar are expected to evolve 
over time as dust grains settle to the disk mid-plane, accumulate onto larger 
solid bodies, and eventually, perhaps, form planets within the disk.  The evolu-
tionary state of the disk may be traced by determining the continuum SED of a 
coherent sample of protostellar disks.  Wide frequency coverage is necessary to 
measure the SED of the disk.  The SED is determined by a combination of the 
dust temperature and density distribution,  and the optical properties of the 
dust grains.  Although in Cycle 7 ALMA will be able to resolve nearby proto-
stellar disks in exquisite detail (see the images in Figure 10), for this survey we 
will only measure global properties but at great sensitivity in relatively short 
integrations.  Here we discuss a potential project to observe a set of six Class II 
protostellar  disks  in  Ophiuchus,  selected  from the  catalogue  presented  by 
Evans et al. (2009, ApJS, 181, 321).
Receiver(s): Bands 3, 5, 7, & 9:   (98, 203, 344, & 679 GHz respectively) 
Angular Resolution & LAS:   The typical size of a protostellar disk is ~ 100 AU.   
At the distance to the nearby Ophiuchus molecular cloud (125 pc), 100 AU sub-
tends 0.8”.   In this experiment we aim to measure global properties of the disks, 
including the SED.  We therefore seek observations at each frequency at 0.4”.  Us-
ing the OT, we simply request a resolution of 0.4” for each frequency band.  The 
observations would then be executed in more compact configurations for the 
higher frequencies, while Band 3 data would be observed in a more extended con-
figuration.  If necessary, we can fine-tune the angular resolution achieved in each 
band by applying a uv taper during the data analysis.  It should be noted however 
that  such a taper suppresses the contribution from the longest  baselines and 
changes the sensitivity.  For this experiment, a configuration which gives an angu-
lar resolution of 0.4” (see Technical Handbook Chapter 7) will have recoverable 
angular scales of about 3”, so most likely all emission will be recovered.
Spectral Resolution:  These are continuum observations, so this is not relevant. 
Sensitivity and Observing Time:  We calculate the expected brightness of a typi-
cal disk assuming a disk mass of 0.01 M⨀, an average dust temperature of 20 K, a 
plausible dust emissivity, and a distance of 125 pc.  The flux densities we expect are 5.2, 20, 65, and 255 mJy for Bands 
3, 5, 7, & 9, respectively.  We plan our observations with the consideration that the angular size of the disks is ~3 times 
the size of the synthesized beam at Band 3 (and thus the average flux density per beam is 1/9 the values quoted 
above) and that the edges of the disk are ~10% of the average flux density.  For a 3σ detection of the disk edges, we aim 

for continuum sensitivities of 0.019, 0.074, 0.24, and 0.94 mJy/beam for the 
seven bands respectively.  Using the ALMA sensitivity calculator with 43 
main array antennas (12 m diameter) and 7.5 GHz of bandwidth, we find 
that these sensitivities can be achieved in 21 minutes per disk (Band 3), 2.4 
minutes per disk (Band 5), 40 seconds per disk (Band 7), and 2.6 minutes 
(Band 9) for each science target, or 3.4h/30m/21m/39m respectively includ-
ing calibrations and overheads.  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Figure 19:   An ALMA image of the center of the Milky Way galaxy revealing 11 young 
protostars within about 3 light-years of our galaxy’s supermassive black hole. The lines 
indicate the direction of the bipolar lobes created by high-velocity jets from the protostars. 
The star indicates the location of Sagittarius A*, the 4 million solar mass supermassive 
black hole at the center of our galaxy. (Credit: ALMA (ESO/NAOJ/NRAO), Yusef-Zadeh 
et al. 2017, ApJ, 850, L30; B. Saxton (NRAO/AUI/NSF))

Figure 18:   ALMA Band 6 ob-
servations  have  detected  table 
salt, NaCl, along with KCl and 
their isotopologues in the dusty 
disk  around  the  Orion  proplyd 
SrcI.  This is the first time these 
molecules  have  been  discovered 
in  the  ISM  outside  of  evolved 
stellar envelopes.  Here the NaCl 
emission is shown as an inset on 
a  Gemini  image.  (Credits:  
ALMA  (NRAO/ESO/NAOJ); 
NRAO/AUI/NSF;  Gemini  Ob-
servatory/AURA;  Ginsburg  et 
al., 2019, ApJ, 872, 54)


