
Continuum High Resolution Imaging of the Asteroid 3 Juno  
Science Aim:   To observe the 1.3 mm continuum emission on the Asteroid 3 Juno: 
Submillimeter  wavelengths  are  well-matched  as  probes  of  the  thermal  response  of  asteroid  surfaces. 
ALMA can resolve thermal emission from an asteroid's surface to measure the temperature distribution 
across  the  surface  and  estimate  the  regolith  thickness  and 
composition.  Tracking  the  asteroid  over  time  will  reveal  its 
rotational period and 3D shape.
Receiver(s): Bands 6:   (233 GHz or 1.3 mm)
Angular  Resolution  &  LAS:    Near-infrared  adaptive  optics 
imaging  combined  with  modelling  puts  the  size  of  Juno  at 
~240 km.  To obtain at  least  eight  resolution elements  across 
the asteroid, a resolution of ~29 km is required which trans-
lates  to 20 mas at  the distance to Juno of  1.97 AU. Multiple 
resolution elements  will  reveal  variations in brightness  tem-
perature over the surface of the asteroid.  With an angular size 
of  ~0.17”,  Juno  is  smaller  than  the  Maximum  Recoverable 
Scale of 0.21” with the most extended configuration available 
in Cycle 7 (see ALMA Technical Handbook, Chapter 7), and so 
all relevant size-scales will be recovered.
Continuum Sensitivity:  Juno has a single-dish flux density of 
240 mJy at 250 GHz. At a resolution of 20 mas, there are ~64 
synthesized  ALMA beams  across  the  240  km  (i.e.  168  mas) 
wide  asteroid.  Thus  the  flux  density  per  beam  will  be  240 
mJy / 64 beams = 3.8 mJy/beam. The sensitivity required to 
reach a signal-to-noise ratio of 100 is then 3.8 mJy/beam /100 
~ 38 µJy/beam.  With a bandwidth of 7.5 GHz, dual polariza-
tion, and 43 antennas,  this can be achieved in 11 minutes of 
on-source  integration  time  (but  with  approximately  37  min-
utes of overhead).  
Observing Time:    Juno’s  known rotation  period is  approxi-
mately 7.2 hours.  Sampling at least 10 epochs of the orbital 
period should allow a detailed model of the 3D shape of the 
asteroid.  These 10 epochs do not necessarily need to be ob-
served  contiguously,  and  indeed  contiguous  observations 
longer  than  2-3  hours  are  not  permitted  in  Cycle  7  (see  the 
Proposer’s Guide Appendix A.10), and can be scheduled over 
several days using the Time Constraint feature in the OT.  
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Figure 24: Asteroid 3 Juno was observed in 
October 2014 during the commissioning pe-
riod  of  the  ALMA long  baseline  campaign.  
Over  the  course  of  the  observations,  the 
achieved resolution varied from 32 x 24 mas 
to  42  x  36  mas,  differing  mostly  due  to 
changes in phase stability as the observations 
spanned  the  transition  from  night  through 
dawn and into daytime. The baselines used to 
achieve this resolution ranged from 26 m to 
13 km.  The observations spanned 10 epochs, 
covering  60%  of  the  7.2h  rotation  period. 
(Credit:   ALMA  Partnership  et  al.,  2015, 
ApJ, 808, L2)

Figure 25: These Band 6 images of Jupiter’s moon, Europa, reveal the first spatially resolved thermal data set with complete cov-
erage of Europa's surface, with a typical linear resolution of about 200 km.  The temperature range is roughly 50-90 K. (Credit:  
ALMA (ESO/NAOJ/NRAO), S. Trumbo et al., 2018, AJ, 156, 161)


