
Observing Molecular Gas in a Planetary Nebula  
Science Aim:   To map the structure of molecular gas (CO) in a Plane-
tary Nebula 
In Planetary Nebulae (PNe) molecular gas is often observed in a torus 
surrounding a core of ionized gas.  The detailed structure of molecular 
gas in PNe, however, is of great interest since it contains information on 
the physical processes that created the nebulae.  High resolution obser-
vations of a few PNe show that this molecular gas is characterized by a 
high degree of fragmentation.  For example, the Helix Nebula has been 
found to be made of thousands of small (Diameter < 1"), dense (n ~ 105 
cm-3),  quiescent  (∆V < 1  km/s FWHM),  and faint  (peak TA*  <  5  K) 
clumps that are slowly evaporating in the radiation field of the central 
white dwarf.  The origin of these tiny clumps is still debated and until 
ALMA began science observing the highest angular resolution millime-
ter molecular line observations had beam sizes greater than 3" (see Hug-
gins et al. 2002, ApJ, 573, L55).
Receiver(s): Band 6 (230.538 GHz)  For this project we choose to observe 
the CO (2-1) line.
Angular Resolution & LAS:  0.3"  Taking the Helix Nebula results as a 
starting point, the angular resolution desired should be below the frag-
mentation scale of ~1" (which we set as the LAS). We attempt to gain a 
factor of one hundred in angular resolution over previous observations.
Mosaic Required:   The Helix is quite large (diameter ~ 25’) and highly 
fragmented.  However, the diameter of the primary beam at 1.3 mm is 
only about 27". It would take an enormous mosaic of pointings to map 
the entire Helix and thus in this proposal one pointing each toward the 
SE and NW portion of the nebula are chosen.  
Spectral Resolution:  The spectral resolution is chosen to match the ex-
pected line profiles (~0.8 km/s FWHM) within the Helix Nebula.  We 
choose the 117 MHz bandwidth spectral mode and spectral averaging 
factor 4 to give a resolution of 0.158 km/s.
Channel (Line) Sensitivity:  0.5K.  The fragments observed in the Helix 
Nebula are quite faint, with peak < 5 K. In this scenario, a moderate sen-
sitivity is desired (S/N ~ 5), which would detect the brighter Helix Neb-
ula fragments.  
Observing Time:   For Band 6, the ALMA sensitivity calculator, assuming 43 antennas, 0.3” angular resolution, 

and an effective 0.16 km/s spectral resolution predicts 3.6 hours 
to reach 0.5 K (or 6.6h including calibration and overheads). The 
two separate pointings will require about 13 hours of ALMA ob-
serving time.
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Figure 23: (left) HST image and (right) ALMA image of an ex-
panding spherical shell and spiral wind emanating from the evolved 
star R Sculptoris.  Recent modelling suggests that the bifurcation of 
the spiral-shell pattern (indicated by a white box) results from a highly 
elliptical binary system.  (Credit:  ESA/NASA & R. Sahai. (Right) 
ALMA image  of  LL Pegasi.  Credit:  ALMA (ESO/NAOJ/NRAO) / 
Kim et al., 2016, NatAs, 1, 60)

Figure  22:  The  first  unambiguous 
detection of a radioactive molecule was 
made using ALMA at Band 6.  Shown 
is a composite image of CY Vulpeculae, 
a  star  which  is  suspected,  based  on 
ALMA  observations  (Eyres  et  al., 
2018, MNRAS, 481, 4931), of under-
going  a  collision  between  a  white 
dwarf and a brown dwarf. In this im-
age, orange represents the emission of 
radioactive 26AlF detected by ALMA, 
red  is  dust  emission  (also  from 
ALMA), and blue is optical hydrogen 
emission.  (Credit:  ALMA  (ESO/
NAOJ/NRAO); Kamiński et al., 2018, 
NatAs,  2,  778;  Gemini,  NOAO/
AURA/NSF;  NRAO/AUI/NSF,  B. 
Saxton)


