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Introduction/Background
Planetary nebulae (PNe) represent the end stages of mass loss from low- to intermediate-mass stars. For some PNe, significant quantities

of dense molecular gas and dust remain present in their stellar ejecta. Photodissociation and photoionization by UV and (in some objects)
X-ray emission from the central stellar remnant drive the chemical evolution. PNe with well-defined geometries and irradiation hence make
ideal testbeds for models of radiation-driven heating and chemistry of molecular gas.

We report a new finding from recent mm-wave molecular line surveys of a dozen nearby PNe. We have obtained IRAM 30 m radio
telescope observations of 9 PNe [2], along with targeted molecular regions in the Helix Nebula with 30 m/ALMA, and with literature sources.

HNC/HCN: A Molecular Tracer
• Molecules HCN and HNC form mainly from the dissociative

recombination of HCNH+. Early studies of the molecular ratio
identified HNC/HCN as a temperature probe for cold molec-
ular clouds [4, 7], and more recently stellar evolution [3, 5, 6].

• HNC/HCN has been found between unity and ∼0.03 [2] in
astronomical sources

• A correlation between HNC/HCN and central star UV
luminosity was recently discovered in PNe for the first time
[2]. Further studies find this is indicative of a more robust
trend with UV flux (Fig. 1).

• Selective photodissociation could be favorably converting
HNC into HCN [1] through greater UV exposure, thus PNe
with greater UV flux have a lower HNC/HCN ratio.

• Analysis of this molecular line ratio could increase our under-
standing of chemical pathways in PNe and other PDRs.

HNC/HCN vs CSPN UV Flux

Figure 1: HNC/HCN line intensity ratio vs CSPN UV flux for the Helix
Nebula and previous PNe survey sources. Linear regression fits to Helix survey
data (blue) and entire data set (red) are displayed with 1σ errors shaded.

The Helix Nebula
• At 0.20 kpc away, the Helix Nebula is a very nearby and mas-

sive object in the sky (400′′ wide). It contains numerous dense,
molecule-rich globules within its ionized region, as well as an
extended envelope of colder gas and dust. These features, and
its hot central star, make it an ideal testbed for studying
UV radiation effects on molecular chemistry of PNe.

• Our survey observed 6 positions of the Helix (Fig. 2): the
inner globules A, B, and C; distant envelope positions East
and West; and an intermediate position at the inner Rim.

Figure 2: Left: HST optical image of the Helix Nebula, with positions of our
line survey observations circled. Right: archival ALMA CO (2-1) moment 0
image of Globule C and recent HCO+ (1-0) moment 0 image of Globule B.

Modeling
Sample RADEX

calculations of HCN
and HNC interactions
reveal the kinetic tem-
perature and density
ranges for a model
globule. Loci of den-
sity and temperatures
contours are plotted
using J=1→0 and
J=3→2 HCN and
HNC line intensities obtained from Globule B (1σ uncertainties).
The regions correlate well at temperatures of 40-60 K, while H2

density remains degenerate.

PDR modeling was per-
formed using the Meudon code
for a slab of gas with fixed pres-
sure P=107 K cm−3. Estimates
of molecular densities along the
globule confirm a drop in H and
molecular ion abundance, as
well as sub-unity HNC/HCN,
at increased depth of the model
globule. This is consistent with
our predicted trend.

However, a noted increase in
[HCN] at greatest depth of the
slab (lowest UV penetration) is
contradictory to expectation.

Summary
We report the first detection of an anticorrelation between HNC/HCN
line intensity ratio and UV flux from CSPNe.

• Central star UV radiation driving the HNC/HCN ratio
• Heightened HCN through direct heating or possibly selective pho-

todissociation of HNC
• Models with RADEX/Meudon PDR provide globule properties

Analysis of the trend will help us understand the chemical pathways
in PNe, and could be used in reverse: to predict molecular abun-
dances based on CSPN temperature/UV emission.
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