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A B S T R A C T 

We present spatially resolved spectroscopic observations of the planetary nebula NGC 6720, the Ring Nebula, taken during the 
science verification phase of WEAVE, a new instrument mounted on the William Herschel Telescope on La Palma. We use the 
instrument’s Large Integral Field Unit (LIFU) to obtain spectra of the Ring Nebula, covering its entire optically bright inner 
regions as well as parts of its much fainter outer molecular halo. We report the discovery of emission from [Fe V ] and [Fe VI ] 
confined to a narrow ‘bar’ extending across the central regions of the nebula. No lines of other elements share this morphology 

or, at the spectral resolving power used ( R ∼ 2500), the same radial velocity. The extent to which iron in this bar is depleted is 
presently unclear; comparison with JWST -detected dust continuum emission suggests that some dust grain destruction may be 
occurring in the region, but there is currently no observational evidence for the > 50 km s−1 shock waves or T > 106 K X-ray 

emitting gas needed to enable this. Where the bar is located along the line of sight through the nebula, and how it was created, 
are new puzzles to be solved for this iconic planetary nebula. 

Key words: techniques: imaging spectroscopy – stars: evolution – planetary nebulae: general – planetary nebulae: individual: 
NGC 6720. 
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 I N T RO D U C T I O N  

lanetary nebulae (PNe) represent an important point in the evolution 
f low- and intermediate-mass stars, just as their ejecta begin to 
nrich the interstellar medium. Spectroscopic observations of PNe 
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re a critical step towards a full understanding of their structure
nd composition. So far, few have been observed spectroscopically 
sing integral field units capable of capturing their full extent. 
ere, we present the first such optical panchromatic observations 
f NGC 6720, the Ring Nebula, obtained using the William Herschel
elescope (WHT) during science verification of the WEAVE Large 
ntegral Field Unit (LIFU). WEAVE is the recently installed WHT 

nhanced Area Radial Velocity Explorer (G. Dalton et al. 2016 ;
is is an Open Access article distributed under the terms of the Creative
h permits unrestricted reuse, distribution, and reproduction in any medium,

http://orcid.org/0000-0002-4000-4394
http://orcid.org/0000-0003-1192-7082
http://orcid.org/0000-0002-3875-1171
http://orcid.org/0000-0002-6138-1869
http://orcid.org/0000-0003-3947-5946
http://orcid.org/0000-0002-2839-2144
http://orcid.org/0000-0002-9174-5491
http://orcid.org/0000-0002-7077-308X
http://orcid.org/0000-0002-2733-0670
http://orcid.org/0000-0002-2761-3005
http://orcid.org/0000-0002-4824-8430
http://orcid.org/0000-0002-9090-9191
mailto:rw@nebulousresearch.org
https://creativecommons.org/licenses/by/4.0/


2 R. Wesson et al.

M

S  

o  

a  

i  

N  

i  

o
 

o  

f  

r  

a  

M  

2  

s  

i
 

o  

s  

–  

d  

p  

t  

o  

o  

p

2

T  

M  

d  

a  

t  

b  

w  

9
 

c  

m  

t  

d  

o  

g
 

u  

C  

O  

c  

h  

t  

s  

c  

m  

m  

w  

t  

1

t
2

Figure 1. Colour composite image of the Ring Nebula, reconstructed from 

WEAVE LIFU emission line maps of [O I ] 6300 Å (red), H β 4861 Å (green), 
and He II 4686 Å (blue). Gaps in the reconstructed image arise from LIFU 

fibres which were not operational at the time of the observations. 
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. Jin et al. 2024 ), and the LIFU is its first-commissioned mode
f operation (M. I. Arnaudova et al. 2024 ). This follows on from
nother recent instance of observations of the Ring Nebula with new
nstrumentation—those on board the JWST (R. Wesson et al. 2024 ;
. Clark et al. 2025 ; R. Sahai et al. 2025 ). Broad-band JWST infrared

mages are used here to complement the new spatially resolved
ptical spectroscopy of this object. 
NGC 6720 has long served as a benchmark object for the study

f planetary nebulae, owing to its proximity 1 , brightness, and nearly
ace-on orientation. Its detailed morphology – including the bright
ing, outer halo, and inner cavity – has been extensively analysed
cross the electromagnetic spectrum (e.g. M. A. Guerrero, A.
anchado & Y. H. Chu 1997 ; C. R. O’Dell et al. 2013a , 2013b ,

013c ; X. Fang et al. 2018 ; R. Wesson et al. 2024 ). Despite this,
everal key questions remain about its three-dimensional structure,
onization stratification, and internal kinematics. 

In this letter, we highlight the discovery of a peculiar feature
f NGC 6720: we find a linear feature lying across the central
tar that presently appears to emit only in strongly ionized iron

specifically, [Fe V ] 4227 Å and some weaker [Fe VI ] lines. The
etection of a ‘bar’ of highly ionized iron emission introduces a
reviously unreported structural component, with implications for
he nebula’s excitation mechanisms and, potentially, for the history
f mass-loss from the progenitor star. A full analysis of the whole
ptical nebula, as observed with WEAVE, will follow in a separate
aper (Wesson et al., in preparation). 

 OBSERVATION S  A N D  DATA  PROCESSING  

he Ring Nebula was observed using the WEAVE LIFU mode in
ay and June 2023. The LIFU has 547 fibres, each 2.6 arcsec in

iameter, covering a hexagonal 78 × 90 arcsec2 field of view with
 filling factor of 0.55. The lower-resolution gratings were used for
he observations, delivering a spectral resolution of R ∼ 2500 to
oth the blue and red arms of the spectrograph. The blue arm covers
avelengths from 3600 to 5955 Å, while the red covers 5800 to
490 Å. 
Observations were obtained at three pointings, with the field

entres set such that the bright ring is completely covered by the
osaicked field (Fig. 1 ). At each position, the nebula was observed

wice, with each observation consisting of three 17-min exposures,
ithered in a three-point pattern to ensure complete spatial coverage
f the field of view. A list of the observations used in this study is
iven in Table 1 . 
Data extraction and wavelength calibration were carried out

sing the WEAVE core processing system, operated by CASU in
ambridge. This results in the production of a data cube for each
B, in which the three dithers are resampled onto an equatorial

oordinate grid to form a cube, with wavelengths corrected to the
eliocentric reference frame. The two cubes at each pointing were
hen combined. We have opted to work with the data without pipeline
ky subtraction, preferring to remove sky lines later as part of the
ustomized nebular analysis. More detail on the LIFU processing
ay be found in M. I. Arnaudova et al. ( 2024 ). Finally, the three
erged cubes were mosaicked to form a single data cube 2 , from
hich Fig. 1 and other images in this paper have been produced. As

hese data were obtained in the early stages of WEAVE’s operation,
NRAS 546, 1–8 (2026)

 The central star’s Gaia EDR3 good-quality parallax (Gaia Collabora- 
ion 2021 ) inverts to give a distance of 787+ 29 

−26 pc. 
 using the PYTHON package REPROJECT ( https://reproject.readthedocs.io/). 

p

3

here was no systematic collection of calibration observations and the
nstrument configuration was subject to change. This resulted in there
eing no relevant contemporaneous flux calibration data. However,
he central star of the Ring Nebula, a very hot white dwarf 3 , is bright
nd well exposed, permitting its use as a flux calibrator. We compare
he observed central-star spectral energy distribution (SED) with a
heoretical SED (A. Csukai et al. 2025 ), which fits the observed SED
resented by R. Sahai et al. ( 2025 ), to obtain a corrected sensitivity
unction that is then applied across the nebula. The theoretical SED
ses a non-LTE TMAP model, optimized for PN central stars, with
eff = 130 kK and log g = 7 (K. Werner et al. 2003 ), reddened to
( B − V ) = 0 . 05 (A. Csukai et al. 2025 ; R. Sahai et al. 2025 ) using

he extinction law of E. L. Fitzpatrick ( 1999 ). 

 EMISSION  LI NE  MAPS  

e measured both sky and nebular emission line fluxes in the data
ube using ALFA , the Automated Line Fitting Algorithm (R. Wesson
016 ). This publicly available code measures emission line fluxes by
rst subtracting an estimate of the nebular continuum. Then, on the
ontinuum-subtracted spectrum, the code generates a population of
0 synthetic spectra with arbitrary emission line fluxes. It applies a
enetic algorithm to optimize the parameters of the emission lines to
chieve a good fit to the observed spectrum. 

Emission lines to be fitted by ALFA are taken from an input
atalogue of wavelengths. When operating on non-sky-subtracted
pectra, it first fits sky emission lines using a catalogue of sky line
avelengths from R. W. Hanuschik ( 2003 ), fixing their line-of-sight
elocity to zero. After fitting and subtracting sky emission, fits to the
ebular emission lines are computed in a second pass. We used an
nput catalogue containing 168 emission lines to fit the full data cube.
 full analysis of the spatially resolved emission-line spectra will be
ublished in a forthcoming paper (Wesson et al., in preparation). 
 Gaia DR3 2090486618786534784: G = 15.64, BP = 15.59, RP = 16.13. 

https://reproject.readthedocs.io/
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Table 1. List of WEAVE science verification observations of the Ring Nebula. 

OB ID Date Arm RA Dec Airmass Seeing (arcsec) 

4876 2023-05-19 Blue 18:53:33.23 + 33:07:11.79 1.06 1.02 
2023-05-19 Red 18:53:33.23 + 33:07:11.79 1.06 1.02 

4875 2023-05-19 Blue 18:53:36.03 + 33:08:17.19 1.01 0.81 
2023-05-19 Red 18:53:36.03 + 33:08:17.19 1.01 0.81 

4874 2023-05-19 Blue 18:53:36.03 + 33:08:17.19 1.01 0.81 
2023-05-19 Red 18:53:36.03 + 33:08:17.19 1.01 0.81 

4872 2023-05-20 Blue 18:53:39.13 + 33:07:14.44 1.15 0.65 
2023-05-20 Red 18:53:39.13 + 33:07:14.44 1.15 0.65 

4873 2023-05-20 Blue 18:53:39.13 + 33:07:14.44 1.07 0.60 
2023-05-20 Red 18:53:39.13 + 33:07:14.44 1.07 0.60 

5233 2023-06-24 Blue 18:53:33.23 + 33:07:11.79 1.03 1.07 
2023-06-24 Red 18:53:33.23 + 33:07:11.79 1.03 0.86 

Figure 2. (left) [Fe V ] 4227 Å emission line map, (right) summed emission of [Fe VI ] emission lines at 5147, 5177, 5425, and 5678 Å. White crosshairs indicate 
the position of the central star. Apparent emission in the outer regions of the right-hand panel is an artefact of the low signal-to-noise ratio of the [Fe VI ] lines. 
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 T H E  I RO N  BA R  

rom the spatially resolved emission line flux measurements, we 
onstructed maps of the nebula in each emission line. An unexpected 
esult revealed by these line maps is the presence of a narrow ‘bar’ of
mission at 4227 Å (Fig. 2 ). We identify this line as [Fe V ] 4227.20 Å.
he ‘bar’ has a length of about 50 arcsec and lies along the major axis
f the nebula, at a position angle measured east from north of about
0◦. The morphology of this region is clearly distinct from that traced
y other emission lines (Fig. 3 ). Previous spectroscopic studies of the
ing which employed long-slit spectroscopy (e.g. D. R. Garnett & 

. L. Dinerstein 2001 ) would not have been able to detect this
mission line if the slit was not aligned with the bar. This highlights
he significant advantages of spatially resolved spectroscopy using 
nstruments such as WEAVE to study extended objects. 

Although several other lines of [Fe V ] are theoretically detectable 
n optical spectra, they are all weaker than the 4227 Å line, with the
ext strongest lines predicted to have fluxes of only ∼ 0 . 2 × the flux
f the 4227 Å line (as shown in Fig. 4 ). Furthermore, many of them
ie close to much brighter nebular emission lines. To confirm the 
dentification as [Fe V ], we searched for other lines of highly ionized
e. We detected several [Fe VI ] lines (Fig. 4 , bottom panels), but
o [Fe VII ] lines. The [Fe VI ] lines give abundances that are broadly
onsistent with each other (Section 4.2 ), and also fall within the same
bar’ as the [Fe V ] line (Fig. 2 ), thus confirming the identification of

he bar’s lines as iron. 
Fig. 3 shows a selection of WEAVE emission line maps, arranged
n order of the ionization potentials (IPs) of the species being traced,
ith contours derived from the [Fe V ] 4227 Å image superposed. To

onize Fe3 + to Fe4 + requires an IP of 54.8 eV. To further ionize to
e5 + requires an IP of 75.0 eV, while Fe5 + has an IP of 100 eV. So

ogether, the two iron ions detected require photons with energies of
4.8–100 eV to form. The distributions of the recombination lines 
 II 4267 Å (from C2 + , IP range = 24.4–47.9 eV) and O II 4649 Å

IP range 35.1–54.9 eV) are anticorrelated with that of [Fe V ], with
aps, mid-nebula, just where the [Fe V ] emission is located. Ar4 + ions
pan an IP range of 59.8–75.4 eV, similar to that of the Fe4 + ions, yet
he [Ar V ] 7005 Å image in Fig. 3 , which is centrally concentrated
s expected for such a highly ionized species, shows a gap in the
iddle, at the position of the [Fe V ] 4227 Å emission. The He II 4686
image (IP range 54.4–∞ eV) also does not resemble the [Fe V ] and

Fe VI ] images. We conclude that degree of ionization alone does not
etermine the observed distributions of the observed Fe4 + and Fe5 + 

mission. 

.1 Physical conditions 

o investigate the nature of the iron ‘bar’, we extracted a spectrum
rom a rectangular region of our mosaicked data cube, capturing the
ron emission. This was centred on the central star, with dimensions
8 × 6.4 arcsec2 and a position angle (measured east from north) of
MNRAS 546, 1–8 (2026)
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M

Figure 3. Selected WEAVE emission-line maps, ordered by the minimum photon energy required to create the species being traced: the relevant ion is the 
detected ion in the case of collisionally excited lines, and the recombining ion in the case of recombination lines. The emitting species and the associated creation 
energy are indicated on each map. Contours derived from the [Fe V ] map are overlaid in each panel. [Fe V ] is produced by collisional excitation of Fe4 + (54.8 eV 

ionization potential). All images are displayed on a linear surface brightness scale with cuts at intensity percentiles of 0.1 per cent and 99.9 per cent. 
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2◦. We determine the physical conditions and chemical abundances
ithin the bar region using the code NEAT (R. Wesson, D. J. Stock &

. Scicluna 2012 ). These are given in Table 2 . We measure the
xtinction using the four brightest hydrogen Balmer lines. The ratios
f H α/H β, H γ /H β and H δ/H β are all close to their expected Case
 values 4 , pointing to low interstellar extinction. Previous studies
ave also found low interstellar extinction; R. Sahai et al. ( 2025 ) find
v = 0.15 mag, corresponding to a logarithmic extinction at H β,

(H β), of ∼0.07. We proceed assuming that c(H β) = 0.0, but if
e were to adopt a value of c(H β) = 0.1, the effect on our results
ould be small: the electron temperature Te ([O III ]) would be ∼100 K
igher, and our derived Fe abundances would be about 2–3 per cent
ower. 

Electron densities and temperatures are measured from a number
f standard diagnostic lines. The results are shown in Table 2 . The
lectron densities from different diagnostics are in good agreement
ith each other, and we take 460 cm−3 , the error-weighted mean of

he three measurements, to use in abundance determinations. 
The temperatures calculated from [O II ] and [S II ] line ratios are
uch higher than other diagnostics. In both cases, the diagnostic

ines are split between the red and blue spectral arms, and so their
atios may be more subject to systematic uncertainties. Additionally,
n the latter case, the diagnostic lines at 4068 and 4076 Å are
lended with several O II recombination lines, making the derived
emperature unreliable. The other diagnostics are in much better
greement. The average of the four reliably determined temperature
NRAS 546, 1–8 (2026)

 As defined by J. G. Baker & D. H. Menzel ( 1938 ), in Case B, the nebular 
as is optically thick to Ly α but optically thin in all other transitions. 

f
 

Å  

t  
iagnostics, weighted by their estimated uncertainties, is 10 300 K,
ut for calculating abundances, we use the [O III ] line value only,
s it is measured from well-detected lines which are all in the same
pectrograph arm, and recombination of O3 + to O2 + , which could
nhance the flux of the λ4363 line, should be less significant than
ecombination to singly ionized species. 

.2 Iron abundance 

able 3 presents a list of the iron lines detected in the extracted
bar’ spectrum and the abundances derived from them. We calculate
bundances using an electron temperature of 11 300 K and a density
f 460 cm−3 , as determined in Section 4.1 and set out in Table 2 . In
he absence of diagnostic ratios directly pertaining to the iron bar,
his is the necessary choice at this time. For [Fe V ], we use collision
trengths from C. P. Ballance, D. C. Griffin & B. M. McLaughlin
 2007 ) and transition probabilities from S. N. Nahar et al. ( 2000 ).
or [Fe VI ], we use collision strengths from C. P. Ballance & D. C.
riffin ( 2008 ) and transition probabilities from G. X. Chen & A. K.
radhan ( 2000 ). 
The abundances we measure for Fe4 + and Fe5 + are 7.3 ×10−8 and

.4 ×10−8 , respectively, giving an Fe/H abundance of > 1 . 3 × 10−7 

rom these two ions. This is a factor of ∼250 below the solar value of
.24 ×10−5 (K. Lodders et al. 2025 ). This depletion factor represents
n upper limit, due to (i) the unobserved lower ionization stages, and
ii) the likelihood that the hydrogen line emitting volume extends
urther along the line of sight than the iron-emitting volume. 

In NGC 6720’s bright ring, we detect the [Fe III ] line at 4658.10
. This lies very close to C IV 4658.64 Å. Maps of this line show

wo spatial components, with emission interior to the bright ring



WEAVE observations of the Ring Nebula 5

Figure 4. (top) Spectrum of the bar region, showing the clear detection of [Fe V ] 4227 Å near the upper wavelength limit of the top panel. The spectrum of 
[Fe V ] predicted for a temperature of 10 000 K and an electron density of 1000 cm−3 is shown in black. [Fe V ] 4227 Å is by far the strongest [Fe V ] line in the 
wavelength region observed, and a number of the already much fainter transitions lie close to other strong emission lines. (bottom) Detections of [Fe VI ] lines. 

Table 2. Electron densities and temperatures measured in the bar 
region of the Ring Nebula. Atomic data references can be found in R. 
Wesson et al. ( 2012 ). a These diagnostics are affected by line blends 
and recombination excitation of otherwise collisionally excited lines. 

Density (cm−3 ) 

[O II ] 480 ± 180 
[S II ] 380 ± 30 
[Ar IV ] 480 ± 100 

Temperature (K) 
[O II ]a 17 400 ± 1500 
[S II ]a 19 500 ± 5100 
[N II ] 10 100 ± 100 
[O III ] 11 300 ± 100 
[Ar III ] 9100 ± 610 
[S III ] 8500 ± 260 
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∼
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o

Table 3. Iron line intensities and ionic abundances (expressed by number) in 
the bar region. The observed H β line flux in the bar region is (4.96 ±0 . 09) ×
10−11 erg cm−2 s−1 . The solar Fe/H abundance is taken from K. Lodders, M. 
Bergemann & H. Palme ( 2025 ). 

Species Wavelength (Å) Iλ (IHβ = 100) Xi+ /H+ 

Fe4 + 4227.20 0.25 ± 0.02 (7.3 ± 0.6) ×10−8 

Fe5 + 5147.18 0.13 ± 0.03 (5.7 ± 1.4) ×10−8 

Fe5 + 5177.48 0.02 ± 0.01 (1.2 ± 0.5) ×10−8 

Fe5 + 5425.73 0.02 ± 0.01 (2.0 ± 0.8) ×10−8 

Fe5 + 5678.53 0.08 ± 0.03 (7.1 ± 2.5) ×10−8 

Fe5 + average (5.4 ± 2.5) ×10−8 

Fe4 + + Fe5 + (1.3 ± 0.3) ×10−7 

Solar Fe/H 3.2 ×10−5 
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aving a similar spatial pattern to He II emission, and emission in the
right ring resembling low-ionization emission lines. Attributing the 
mission interior to the bright ring to [C IV ] and emission in the bright
ing to [Fe III ], we derive Fe2 + /H+ = (3.3 ± 0.3) ×10−8 , a factor of
1000 below the solar Fe/H abundance. The lower depletion in the 

ar region relative to the bright ring may suggest that iron in the bar
egion has been released back into the gas phase by dust destruction.
he total mass of iron ions detected in the Ring Nebula’s iron bar is
.5 × 1026 g (56 per cent Fe4 + ; 44 per cent Fe5 + ), equivalent to 0.14
f an Earth mass. 
.3 Kinematics 

he ‘bar’ of Fe emission is brightest on the east side of the central star,
ut is also clearly present on the west side. Kinematic information
ay constrain the nature of the emission. Although our observations 
ere taken using the LIFU’s low resolution mode, we are able to
btain some useful kinematic information. 
We fit Gaussian profiles to a number of emission lines across the

ed and blue spectral arms, both east and west of the central star. If
he ‘bar’ represented some kind of collimated bipolar outflow, one 
ould expect to find red-shifted emission on one side of the star and
lue-shifted emission on the other, unless it were to lie close to the
lane of the sky. 
Fig. 5 shows the radial velocities derived by fitting Gaussian 
MNRAS 546, 1–8 (2026)
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Figure 5. Heliocentric radial velocities measured from individual spectral lines in the blue spectral region, for the bar regions east (left panel) and west (right) 
of the central star. The [Fe V ] 4227 Å and [Fe VI ] 5679 Å lines (plotted in orange) stand out as redshifted with respect to the median of the other lines. 
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rofiles to a number of isolated and well-detected emission lines
n the blue spectra. Although there is considerable scatter, most
mission lines have broadly consistent radial velocities. Two outliers
re apparent; these are [Fe V ] 4227 Å and [Fe VI ] 5678 Å, which
re redshifted relative to other emission lines by ∼20 km s−1 and
50 km s−1 , respectively. While the average velocity of emission

ines excluding Fe lines differs by about 10 km s−1 between the east
nd west sides of the central star, the Fe line velocities are the same
o within their uncertainties on both sides. These observations are
ot consistent with a scenario in which the most-ionized Fe emission
rises from a bipolar outflow. 

.4 Comparison with JWST imagery 

e compare the WEAVE map of [Fe V ] 4227 Å emission with broad-
and images of the Ring Nebula obtained with James Webb Space
elescope ( JWST ) and presented in R. Wesson et al. ( 2024 ). Fig. 6
hows four of the JWST images, representative of the NIR/MIR
orphologies present, with [Fe V ] emission contours superposed. 
The JWST images show two sets of features which correlate with

he optical iron emission. First, a number of filters show emission on
ither side of a dark lane coinciding with the optical iron emission.
ilters showing this pattern are F335W and F560W (shown in Fig. 6 )
s well as F770W, F1130W, F1280W, and F1500W (not shown).
hese filters all contain emission from H2 (R. Wesson et al. 2024 ),
nd so the linear features on either side of the iron bar appear to be
2 emission. 
Secondly, in filters F1000W and F1800W (shown in Fig. 6 ) as

ell as F2100W (not shown), a dark lane spatially coinciding with
he optical iron emission is apparent. This is clearest in the F1000W
mage. R. Wesson et al. ( 2024 ) estimated that this filter contains
6 per cent continuum emission, with emission-line contributions
rom [S IV ] (26 per cent) and [Ar III ] (14 per cent). However, these
stimates are based on JWST spectroscopy of small regions close
o the bright ring. WEAVE image maps show [Ar III ] emission to
e much brighter in the main ring than interior to it, and the smooth
istribution of emission interior to the ring in the F1000W image also
uggests that, in the central region, it predominantly traces continuum
mission. The anticorrelation of dust continuum emission with iron
mission suggests that the iron is being released into the gas phase
s dust is destroyed. 
NRAS 546, 1–8 (2026)
 DI SCUSSI ON  

he nature of the iron ‘bar’ in the Ring Nebula is unclear. While fast
ollimated outflows are commonly seen in planetary nebulae, and the
ar appears jet-like in projection, the kinematic information shows
hat it is not a jet. 

The only similar structure in another planetary nebula, to the best
f our knowledge, is a recently reported detection of highly ionized
e in spatially resolved spectroscopic observations of NGC 6818
ith MUSE (Monreal-Ibero et al., in preparation 5 ). However, in that

ase, the kinematic information appears to be consistent with a jet
rigin for the highly ionized gas. 
The central star of the Ring does not bisect the iron bar, but is

ffset southeast of bar centre by a few arcsec (Fig. 2 ). R. Wesson
t al. ( 2024 ) find that the central star is itself offset from the centre
f the visual cavity by about 2 arcsec in the northwest direction. J.
. Kastner et al. ( 2025 ) have shown that the star is at the centre
f the outer, molecular nebula, and so it is only offset within the
isual cavity. The bar, on the other hand, is more nearly on the visual
avity’s geometric central axis, and is likely to be associated with the
entral regions of the nebula. 

The (Fe4 + + Fe5 + )/H+ abundance ratio of (1.3 ±0 . 3) × 10−7 in
able 3 corresponds to an iron depletion factor of 250 relative to the
olar value, consistent with dust formation effects: this indicates that
verall, the gas in the nebula derives from the asymptotic giant branch
AGB) wind and not from the central star wind, which does not form
ust. However, the hydrogen and other non-iron lines present in the
ron bar spectra may very well arise mainly from a different spatial
omponent, in front of or behind the iron emitting gas. Any line
omponents of other species forming in the iron bar region with
imilar radial velocity offsets of + (15–25) km s−1 (Fig. 5 ) are
urrently lost against the bright emission from the rest of the nebula.
his prevents the true depletion in the iron bar component from being
easured. A much higher spectral resolving power of at least 20 000

s needed to separate and detect what would be weak line components
f other lines, in the extreme case in which the iron in the bar is
ndepleted, or nearly so. In this context, we note that the R ∼ 40 000
ong-slit spectroscopy presented by C. R. O’Dell, F. Sabbadin & W.
. Henney ( 2007 ) did provide evidence that there is some He II

edshifted emission at comparable velocity (see their fig. 2). 

https://www.youtube.com/watch?v=0JA2FY29zIM\&t=2355s


WEAVE observations of the Ring Nebula 7

Figure 6. Top row: JWST NIRCam F335W and MIRI F560W. Bottom: MIRI F1000W, MIRI F1800W. Contours derived from the WEAVE map of [Fe V ] 
4227 Å are displayed, except on the top right panel where they are omitted to better show the H2 emission on either side of the dark lane crossing the centre. 
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Radiative transfer models computed using CLOUDY (C. M. Gu- 
asekera et al. 2025 ) predict that H γ 4340 Å in undepleted gas should
e approximately as bright as [Fe V ] 4227 Å. Simply multiplying the
227/H β line flux ratio of 2.5 ×10−3 from Table 3 by the nominal
ron depletion factor of 250 gives a similar result, in that a 4227/H β

ine flux ratio of 62 per cent is implied for undepleted gas. 
How a component with a low or even zero gas-phase depletion 

f iron could be formed in the Ring Nebula is not clear. The
puttering of iron grains or iron-rich silicate grains by shock 
aves or by very hot gas cannot be invoked: for shock-wave 
estruction to occur, shock velocities significantly in excess of those 
aterials’ sputtering threshold velocity of ∼50 km s−1 are needed 

A. P. Jones et al. 1994 , their figs 5 and 7). J. H. Kastner et al.
 2025 , their fig. 8) have detected compact CO emission components
n NGC 6720 at redshifted and blueshifted radial velocities of 

45–50 km s−1 relative to systemic, which seem too low to cause 
ignificant grain destruction. Similarly, significant thermal sputtering 
f such grains requires gas temperatures of 106 K or larger (A. 
. G. M. Tielens et al. 1994 , their fig. 12) – and yet, no X-ray

mission has ever been reported from this low-interstellar-extinction 
ebula. 
At present, there seem to be no obvious explanations that can 

ccount for the presence of the narrow ‘bar’ of [Fe V ] and [Fe VI ]
mission seen in our WEAVE spectra to extend across the central 
egions of the Ring Nebula. Fresh observations of this newly 
ncovered feature at much higher spectral resolution seem essential 
o make progress. 
C K N OW L E D G E M E N T S  

ased on observations made with the William Herschel Telescope 
perated on the island of La Palma by the Isaac Newton Group of
elescopes in the Spanish Observatorio del Roque de los Muchachos 
f the Instituto de Astrofı́sica de Canarias. 
Funding for the WEAVE facility has been provided by UKRI 

TFC, the University of Oxford, NOVA, NWO, Instituto de As- 
rofı́sica de Canarias (IAC), the Isaac Newton Group partners (STFC, 
WO, and Spain, led by the IAC), CNRS-INSU, the Observatoire 
e Paris, Région ˆ Ile-de-France, CONACYT through INAOE, the 
inistry of Education, Science and Sports of the Republic of 

ithuania, Konkoly Observatory (CSFK), Max-Planck-Institut für 
stronomie (MPIA Heidelberg), Lund University, the Leibniz Insti- 

ute for Astrophysics Potsdam (AIP), the Swedish Research Council, 
he European Commission, and the University of Pennsylvania. The 

EAVE Survey Consortium consists of the ING, its three partners, 
epresented by UKRI STFC, NWO, and the IAC, NOVA, INAF, 
EPI, INAOE, Vilnius University, FTMC – Center for Physical 
ciences and Technology (Vilnius), and individual WEAVE Partici- 
ants. Please see the relevant footnotes for the WEAVE website 6 and
or the full list of granting agencies and grants supporting WEAVE 

7 .
MNRAS 546, 1–8 (2026)
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