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Abstract

We present panchromatic optical near-infrared (NIR) mid-infrared (MIR) observations of the intermediate-
luminosity Type Iax supernova (SN Iax) 2024pxl and the extremely low-luminosity SN Iax 2024vjm. JWST
observations provide unprecedented MIR spectroscopy of SN Iax, spanning from 11 to 42 day past maximum light.
We detect forbidden emission lines in the MIR at these early times while the optical and NIR are dominated by
permitted lines with an absorption component. Panchromatic spectra at early times can thus simultaneously show
nebular and photospheric lines, probing both inner and outer layers of the ejecta. We identify spectral lines not seen
before in SN Iax, including [Mg II] 4.76 m, [Mg II] 9.71 m, [Ne II] 12.81 m, and isolated O I 2.76 m that traces
unburned material. Forbidden emission lines of all species are centrally peaked with similar kinematic distributions,
indicating that the ejecta are well mixed in both SN 2024pxl and SN 2024vjm, a hallmark of pure deflagration
explosion models. Radiative transfer modeling of SN 2024pxl shows good agreement with a weak deflagration of a
near-Chandrasekhar-mass white dwarf, but additional IR flux is needed to match the observations, potentially
attributable to a surviving remnant. Similarly, we find SN 2024vjm is also best explained by a weak deflagration
model, despite the large difference in luminosity between the two supernovae. Future modeling should push to even
weaker explosions and include the contribution of a bound remnant. Our observations demonstrate the diagnostic
power of panchromatic spectroscopy for unveiling explosion physics in thermonuclear supernovae.

Unified Astronomy Thesaurus concepts: Supernovae (1668); Type Ia supernovae (1728); White dwarf stars (1799)

1. Introduction

Type Iax supernovae (SN Iax; R. J. Foley et al. 2013), also

known as 02cx-like SN Ia after the class prototype SN 2002cx

(A. V. Filippenko 2003; W. Li et al. 2003), are a peculiar

subclass of thermonuclear SN that are characterized by lower

kinetic energies, luminosities, and velocities than the “normal”

Type Ia supernovae (SN Ia) used in cosmological analyses (see

S. W. Jha 2017, for a review). SN Iax exhibit a greater

diversity in observational properties than normal SN Ia, with

luminosities spanning over a factor of 100 range in brightness,

from Mr 12.7 mag for SN 2021fcg (V. R. Karambelkar

et al. 2021) to MB 18.3 mag for SN 2012Z (M. D. Stritzi-

nger et al. 2015), and line velocities at peak ranging from

2000 to 7000 km s 1
(e.g., S. W. Jha 2017).

A leading explosion model for SN Iax is the weak

deflagration of a white dwarf (WD) with a near-Chandrasekhar

mass (MCh), where the explosion is not powerful enough to

fully unbind the star, and a remnant is left behind (D. Branch

et al. 2004; G. C. Jordan et al. 2012; M. Kromer et al. 2013;

M. Fink et al. 2014). These models have been shown to match

the observed light curves and spectroscopic evolution of
relatively high-luminosity SN Iax quite well (e.g., M. R. Magee
et al. 2016; Y. Camacho-Neves et al. 2023; K. Maguire et al.
2023). SN 2012Z, a SN Iax for which a He star companion was
detected in preexplosion imaging (C. McCully et al. 2014),
remains visible with a flux excess above the preexplosion flux
over 2500 days later (C. McCully et al. 2022; M. Schwab et al.
2025), potentially signifying continuing emission from a bound
remnant. Furthermore, K. Maeda & M. Kawabata (2022) found
evidence in the 500 day spectrum of the intermediate-
luminosity SN Iax 2019muj for an Fe-rich innermost ejecta
component that may have been ejected from the remnant via
energy input from radioactive decay of iron-group elements
(IGEs; similar to the remnant-driven wind theory from
K. J. Shen & J. Schwab 2017).
However, it is unclear whether deflagration models and He-star

companions can account for the heterogeneity of SN Iax.
Y. Camacho-Neves et al. (2023) find that TARDIS radiative
transfer models based on the lowest-energy deflagration model
from M. Fink et al. (2014) match observations of SN 2014dt very
well over the course of hundreds of days. However, SN 2014dt is
a fairly luminous SN Iax, making it problematic to explain
extremely low-luminosity SN Iax such as SN 2008ha (R. J. Foley
et al. 2009; S. Valenti et al. 2009), SN 2010ae (M. D. Stritzinger
et al. 2014), SN 2019gsc (L. Tomasella et al. 2020), SN 2020kyg
(S. Srivastav et al. 2022; M. Singh et al. 2023), and SN 2021fcg
(V. R. Karambelkar et al. 2021). F. Lach et al. (2022) explore a
wide parameter space with their models, extending the brightness
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range somewhat lower, but not enough to explain the faintest
objects. M. Kromer et al. (2015) proposed the deflagration of a
hybrid C O Ne WD (X. Meng & P. Podsiadlowski 2014) as a
method of producing extremely low-luminosity SN Iax. This
model creates a transient with a similar luminosity to SN 2008ha,
but its light-curve evolution is too rapid. C. Feldman et al. (2023)

discuss that simulating low-luminosity SN Iax events is difficult
due to their sparse, slow, and cool ejecta, which are highly
sensitive to the simulation parameters used.
Recently, F. P. Callan et al. (2024) introduced the effects of a

luminous central source (i.e., a remnant polluted by 56Ni
deflagration ashes; K. J. Shen & J. Schwab 2017) into radiative
transfer calculations of model light curves and spectroscopy. They
found that the contribution of the remnant emission produces a
slower post maximum light-curve decline and enhanced spectral
continuum flux, improving the agreement between models and the
data, especially for intermediate- and low-luminosity models.
SN Iax exhibit the unique characteristic that their optical

spectra remain dominated by permitted line transitions displaying
a P-Cygni profile (for 500 days in SN 2014dt; Y. Camacho-N-
eves et al. 2023), indicating that densities stay high, and an
optically thick photosphere persists to very late times (S. Jha
et al. 2006; S. W. Jha 2017). Y. Camacho-Neves et al. (2023)

suggest that these permitted lines at late times may arise from a
remnant-driven optically thick wind (K. J. Shen &
J. Schwab 2017). Forbidden-line emission, which signifies the
onset of the nebular phase in normal SN Ia at around 100 day post
maximum in the optical, do emerge in SN Iax over time;
however, they coexist with permitted lines, whereas the permitted
lines disappear in normal SN Ia. In low-luminosity SN Iax, where
the ejecta masses are lower and the ejecta turn optically thin more
quickly, forbidden lines emerge very early (at 30 day post
maximum in SN 2020kyg; M. Singh et al. 2023).
Traditionally, supernovae (SN) are observed over time to

probe the SN ejecta structure from outer to interior layers as the
photosphere gradually recedes in the ejecta comoving frame,
eventually becoming optically thin in all layers in the nebular
phase (although we note that some ultraviolet (UV) transitions
remain optically thick even at late epochs). Panchromatic spectra
over a large wavelength range (e.g., UV to IR), however, can
reveal different layers of the ejecta at the same time because
the optical depth is frequency dependent (P. A. Pinto &
R. G. Eastman 2000). At mid-infrared (MIR) wavelengths,
spectra are expected to become optically thin much earlier,
allowing us to probe the interior layers in the MIR while the
optical flux still emerges from higher-velocity outer layers.
Recent JWST observations in the MIR of both normal and

peculiar SN Ia provide a new probe of progenitor and explosion
models (N. M. Chen et al. 2023; J. M. DerKacy et al. 2023, 2024;
L. A. Kwok et al. 2023, 2024; C. Ashall et al. 2024; M. R. Siebert
et al. 2024). Spectral lines in the near-infrared (NIR) and MIR are
more isolated, making the contribution from individual lines
easier to distinguish (e.g., P. A. Pinto & R. G. Eastman 2000;
C. L. Gerardy et al. 2007; L. A. Kwok et al. 2023). Furthermore,
while the optical and ground-based NIR wavelengths are
dominated by emission lines from various ionization states of
mainly Fe, longer wavelengths ( 2.5 m) host strong lines of
Ni and Co ions, as well as intermediate-mass elements (IMEs)
such as Ne, S, Ar, and Ca.
Here, we present the first MIR spectra of SN Iax, with JWST

observations of the intermediate-luminosity SN Iax 2024pxl
and the extremely low-luminosity SN Iax 2024vjm. These

spectra are also the earliest MIR spectra of any thermonuclear
SN published to date, with phases ranging from 11 to
42 day post maximum light. SN 2024pxl and SN 2024vjm

share significant NIR and MIR spectral similarities to each
other, and distinct differences from the MIR spectra of other
SN Ia (SN 2021aefx, normal Ia, J. M. DerKacy et al. 2023;
L. A. Kwok et al. 2023; C. Ashall et al. 2024; SN 2022xkq,
91bg-like, J. M. DerKacy et al. 2024; SN 2022pul, 03fg-like,
M. R. Siebert et al. 2023; L. A. Kwok et al. 2024). These
unique MIR spectral features may point to distinct differences
in the way the WD explosion proceeds. For details on the
discovery, photometric evolution, and ground-based optical
NIR spectral evolution of SN 2024pxl, see M. Singh et al.

(2025) and W. B. Hoogendam et al. (2025), and for
SN 2024vjm, see E. Zimmerman et al. (2025, in preparation).
In this work, we analyze the early panchromatic (optical NIR
MIR) evolution of SN 2024pxl and SN 2024vjm with an

emphasis on MIR wavelengths (hereafter 2.5 m).

2. Observations

2.1. JWST Data

The JWST data presented in this Letter were obtained through
three JWST programs.63 Three epochs of NIR MIR spectra of
SN 2024pxl were collected as part of JWST GO 5232 (PI
L. A. Kwok) using the medium resolution Near-Infrared
Spectrograph (NIRSpec) with the fixed slit (FS) G395M
grating and the Mid-Infrared Instrument (MIRI) with the Low
Resolution Spectrograph (LRS) slit mode. These spectra were
obtained on 2024 August 13, 2024 August 23, and 2024
September 13, corresponding to 11, 21, and 42 day post-
B-band maximum light, respectively. One NIR MIR spec-
trum of SN 2024pxl was collected through JWST GO 6850 (PI
S. W. Jha) using the NIRSpec FS G235M G395M gratings
and the MIRI Medium Resolution Spectrograph (MRS) on
2024 September 8 at 37 day post-B-band maximum light.
Our JWST observation of SN 2024vjm was executed

through JWSTDD 6811 (PI L. A. Kwok) on 2024 October 1
at 12 day post-B-band maximum light using the NIRSpec
G140M G235M G395M gratings and MIRI-MRS.
All NIRSpec grating data (G140M, G235M, and G395M)

were reduced using the standard automatic JWST pipeline as
obtained on the Mikulski Archive for Space Telescopes
(MAST). Similarly, all MIRI LRS data were reduced through
the automatic, standard JWST pipeline (available on MAST).
However, in comparing our LRS data of SN 2024pxl (at
11, 21, and 42 days), to the MRS data of SN 2024pxl (at
37 days), we find discrepancies between the wavelengths of

features 7.5 m. The LRS wavelength calibration has been
known to be inaccurate at the shortest wavelengths, and efforts
have been made to address this issue; however, we find that the
wavelength solution is still not precise and suggest future
calibration observations of sources with clear spectral features
at 7.5 m be taken contemporaneously with MRS and LRS
in order to correct the LRS wavelength calibration to the MRS
wavelength calibration.
In this work, we calibrate our 42 day LRS spectrum to the
37 day MRS spectrum of SN 2024pxl, as there is minimal

velocity evolution of the SN emission lines within these 5 days.
We then apply this correction to the 11 and 21 day spectra of

63
All JWST data are publicly available on MAST at doi:10.17909

vbq2-sg84.
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SN 2024pxl. Additional details of our LRS wavelength calibration
correction are given in Appendix A.
The MIRI MRS observations of SN 2024pxl and SN 2024vjm

were reduced through the same procedure, as follows. First, we
reprocess the stage2 files through the JWST
pipeline to produce a single aligned data cube containing Channels
1 2 3 4, using Section 3 of a Github notebook developed by
M. Shahbandeh.64 Next, instead of proceeding to the back-
ground subtraction section of this notebook, we use the Github
AstroBkgInterp notebook developed by B. Nickson.65 This

background subtraction notebook is optimal for interpolating
around the background of a point source and subtracting it off.
Fortunately, SN 2024pxl and SN 2024vjm do not have
complicated MRS backgrounds, and this routine works very
well to isolate the SN flux. We choose to truncate the MRS
spectra of these faint objects at 20 m, as the noise in MRS
Channel 4 becomes too large for weak emission lines at these
longest wavelengths to be detected.

2.2. Ground-based Optical and NIR Data

All five epochs of JWST spectroscopy presented here are
greatly enhanced by contemporaneous ground-based optical
and NIR observations, allowing us to construct panchromatic
optical NIR MIR spectra (see Table 1). Figure 1 shows

Table 1
Data Used to Create the Panchromatic Spectra in Figure 1

Date MJD Phase Telescope Instrument Wavelength Range Program PI

(days)

SN 2024pxl Epoch 1

2024-08-13 60535.4 11.3 JWST NIRSpec G395M 2.9–5 m JWST-GO-5232 L. A. Kwok

2024-08-13 60535.4 11.3 JWST MIRI LRS 5–14 m JWST-GO-5232 L. A. Kwok

2024-08-13 60535.6 11.5 HCT HFOSC 3900–9000 Å HCT-2024-C3-P22 D. K. Sahu

2024-08-14 60537.3 12.7 SALT RSS 3500–9000 Å 2024-1-MLT-004 L. A. Kwok

2024-08-14 60537.4 12.8 NOT ALFOSC 3500–9000 Å 68-501 J. Sollerman

2024-08-14 60537.3 12.2 FTN FLOYDS 3500–9300 Å Global Supernova Project D. A. Howell

2024-08-14 60537.4 12.8 Lick Kast 3500–9300 Å 5474 A. V. Filippenko

2024-08-12 60534.9 10.3 IRTF SpeX 0.92–2.4 m 2024B078 A. P. Ravi

SN 2024pxl Epoch 2

2024-08-23 60545.0 20.9 JWST NIRSpec G395M 2.9–5 m JWST-GO-5232 L. A. Kwok

2024-08-23 60544.9 20.8 JWST MIRI LRS 5–14 m JWST-GO-5232 L. A. Kwok

2024-08-26 59548.0 23.4 SOAR TripleSpec 0.9–2.5 m SOAR2024B-006 A. P. Ravi

2024-08-23 60545.8 21.2 FTN FLOYDS 3500–9300 Å Global Supernova Project D. A. Howell

2023-08-23 60546.4 21.8 NOT ALFOSC 3500–9000 Å 68-501 J. Sollerman

2024-08-23 60545.9 21.8 SALT RSS 3500–9000 Å 2024-1-MLT-004 L. A. Kwok

2024-08-23 60546.1 21.49 HCT HFOSC 3900–9000 Å HCT-2024-C3-P22 D. K. Sahu

SN 2024pxl Epoch 3

2024-09-08 60561.4 37.3 JWST NIRSpec G235M 1.7–2.9 m JWST-GO-6580 S. W. Jha

2024-09-08 60561.4 37.3 JWST NIRSpec G395M 2.9–5 m JWST-GO-6580 S. W. Jha

2024-09-08 60561.2 37.1 JWST MIRI MRS 5–28 m JWST-GO-6580 S. W. Jha

2024-09-05 60558.0 33.9 VLT XSHOOTER 0.3 –2.5 m 114.27JL.001 S. Blondin

2024-09-08 60562.5 37.0 MMT Binospec 3500–9000 Å UAO-G200-24B A. A. Miller

2024-09-08 60561.7 37.1 Lick Kast 3500–9300 Å 2024B-S022 R. J. Foley

SN 2024pxl Epoch 4

2024-09-13 60566.3 42.2 JWST NIRSpec G395M 2.9–5 m JWST-GO-5232 L. A. Kwok

2024-09-13 60566.3 42.2 JWST MIRI LRS 5–14 m JWST-GO-5232 L. A. Kwok

2024-09-13 60566.6 42.5 GTC EMIR YJ HK 0.93–2.4 m GTCMULTIPLE2A-24B L. Galbany

2024-09-13 60566.7 42.6 Lick Kast 3500–9300 Å 2024B-S022 R. J. Foley

2024-09-14 60567.3 43.2 FTN FLOYDS 3500–9300 Å Global Supernova Project D. A. Howell

2024-09-14 60567.4 43.3 ANU WiFeS 3500–9300 Å Australian Supernova Alliance

SN 2024vjm

2024-10-01 60584.6 12 JWST NIRSpec G140M 0.97–1.7 m DD 6811 L. A. Kwok

2024-10-01 60584.6 12 JWST NIRSpec G235M 1.7–2.9 m DD 6811 L. A. Kwok

2024-10-01 60584.6 12 JWST NIRSpec G395M 2.9–5 m DD 6811 L. A. Kwok

2024-10-02 60585.0 12 JWST MIRI MRS 5–28 m DD 6811 L. A. Kwok

2024-10-01 60584.8 12 SALT RSS 3500–8000 Å 2024-1-MLT-004 L. A. Kwok

2024-10-05 60588.8 16 SALT RSS 8000–9300 Å 2024-1-MLT-004 L. A. Kwok

Note.

IRTF: Infrared Telescope Facility, GTC: Gran Telescopio Canarias, FTN: Faulkes Telescope North, HCT: Himalayan Chandra Telescope, ANU: Australian National

University, RSS: Robert Stobie Spectrograph, NOT: Nordic Optical Telescope
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https: github.com shahbandeh MIRI_MRS blob main MRS_

reductions.ipynb
65
https: github.com brynickson AstroBkgInterp
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JWST-DD-9321, PI E. Baron; S. W. Jha et al. 2024; E. Baron
et al. 2025) when the [Ne II] is fully nebular and SN 2024pxl and
SN 2024vjm are in more similar stages of their evolution. The
N5def_hybrid simulation creates a transient with
MV 14.2mag, similar in luminosity to faint transients such
as SN 2008ha and SN 2010ae; however, the total ejecta mass
produced is too small for these objects by roughly a factor of 10
(0.014M ), and so, the simulated transient evolves too quickly.
As noted by V. R. Karambelkar et al. (2021), fewer ignition

points could help reduce the production of 56Ni, but the
resulting transient would evolve even more rapidly. V. R. Kar-
ambelkar et al. (2021) therefore favor a merger of the kind
described by R. Kashyap et al. (2018) to explain SN 2021fcg;
however, their argument leans on photometric behavior.
A. Ritter et al. (2021) and F. Lykou et al. (2023) also favor
a double-degenerate merger scenario for SN Iax based on
analysis of the historical SN 1181 and its likely remnant Pa 30.
It is unknown if such a merger can produce spectra similar to
our observations, and future modeling should investigate this
possibility.
Current models appear inconsistent with the observed

properties of extremely low-luminosity SN Iax, but we
encourage future modeling efforts that combine the deflagra-
tion mechanism and the effects of a remnant to attempt to
produce transients with luminosity and duration akin to
SN 2024vjm. In particular, reevaluation of the N5def_hybrid
model (M. Kromer et al. 2015) with inclusion of remnant
effects may be a promising avenue. Owing to the spectroscopic
similarity to SN 2024pxl, as well as to our radiative transfer
N5def_hybrid model, across optical NIR MIR wavelengths,
we favor a weak failed deflagration leaving behind a remnant
as the origin of SN 2024vjm, but we acknowledge that current
deflagration models do not explain the lowest-luminosity
objects well.
The panchromatic data set presented here, accompanied by

thorough ground-based photometric and spectroscopic follow-
up observations of SN 2024pxl presented by M. Singh et al.
(2025) and W. B. Hoogendam et al. (2025), is unparalleled for
SN Iax to date. We encourage the use of this data set in
additional analyses and for comparison to future modeling
including the effects of a remnant.
These panchromatic spectra are also novel as multilayer

probes of the ejecta structure, displaying photospheric P-Cygni
profiles from outer layers in the optical and NIR as well as
forbidden emission from interior layers in the MIR. Further
detailed spectral modeling of the data might be able to
stringently constrain densities, temperatures, ionization states,
and composition of the ejecta, as well as distinguish between
radioactive and stable Ni. Our observations highlight the
power of JWST combined with ground-based facilities to
advance our understanding of the astrophysical origins of SN.
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Appendix A
MIRI/LRS Wavelength Calibration

There is a known issue with the MIRI LRS wavelength
calibration that has gone through several iterations of improve-
ment. In comparing the LRS spectra of SN 2024pxl to its MRS
spectrum, for which the wavelength solution is accurate, we find
a clear discrepancy at wavelengths 8 m. Our MRS
spectrum was taken only 5 days before our final LRS spectrum
for SN 2024pxl, at 37 and 42 days, respectively. At this
phase, the forbidden MIR lines at wavelengths 8 m agree
very closely with minimal velocity evolution between these
epochs. Therefore, to correct the wavelength solution of our LRS
spectra, we match the peaks of each clear SN emission line
between 5 and 12.5 m between the MRS spectrum and the
42 day LRS spectrum. To do so, we measure the centroid of the

peaks near 5.7, 6.3, 6.6, 7.0, 7.4, 8.5, 10.5, and 12.0 m in both
the MRS and final LRS spectrum with a bootstrapping method.
We then fit a linear correction to the difference in the wavelength
of the peaks between the LRS and MRS spectra, weighted by the
uncertainties. We correct all LRS spectra by this fit, with the
equation given below

µ= 0.00376 0.0431 mLRS

where LRS MRS.
We then take our wavelength correction and apply it to the

earlier LRS epochs. While there is still some uncertainty in this
correction due to the changing velocities of the SN ejecta over
time, this is likely within the uncertainty from the LRS resolution.
Figures 15 and 16 show our wavelength correction. We suggest
that additional calibration between LRS and MRS should be
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Table 3
SN 2024pxl Forbidden-line Velocities

Epoch 1 ( 11 days) Epoch 2 ( 21 days) Epoch 3 ( 37 days) Epoch 4 ( 42 days)

Ion FWHM vphot FWHM vphot FWHM vphot FWHM vphot
(km s 1

) (km s 1
) (km s 1

) (km s 1
) (km s 1

) (km s 1
) (km s 1

) (km s 1
)

[Co II] 8800 500 600 200 8600 200 900 100 6880 50 360 20 7500 200 700 100

[Ni II] 9300 700 200 300 8400 300 400 100 6030 20 290 10 7900 200 200 100

[Ar II] 8500 600 1300 200 8400 600 800 300 9450 120 170 50 7400 1000 200 400

[Ar III] 9300 1300 3200 600 8000 2900 2500 1400 1550 420 8300 3400 2200 1600

[Ni III] 10,200 200 1500 100 9100 200 1300 100 7860 40 780 10 8300 300 800 100

[Co III] 8400 400 1400 200 7600 200 1100 100 8180 70 680 30 8000 200 400 100

[Ni IV] 2000 500 600 800 480 120 8500 2200 1000 700

[Mg II] 6800 300 100 100 6000 1000 600 300 12,000 0 630 280 4700 4000 100 1400

[Ne II] 9260 440 690 80 7500 300 1000 100

[Co IV] 6210 300 1130 170

Table 4
SN 2024vjm Forbidden-line Velocities

Line FWHM vphot
( m) (km s 1

) (km s 1
)

[Mg II] 4.76 2700 200 20 60

[Ni II] 6.64 3300 100 380 20

[Ar II] 6.98 4200 200 220 30

[Ni III] 7.35 3400 400 80 150

[Mg II]? 7.45 5200 300 450 100

[Co II] 10.52 3100 300 400 70

[Ni II] 10.68 3700 800 130 550

[Co III] 11.89 5800 300 350 90

[Mg II]? 12.3 4300 300 520 80

[Ne II] 12.81 4300 200 180 60

[Co II] 14.74, 15.46 3000 100 560 20

Table 5
SN 2024pxl Forbidden-line Peak Flux

Peak F (mJy)

Line ( m) Epoch 1 ( 11 days) Epoch 2 ( 21 days) Epoch 3 ( 37 days) Epoch 4 ( 42 days)

[Ni II] 6.64 0.064 0.002 0.175 0.003 0.406 0.005 0.326 0.006

[Ar II] 6.98 0.076 0.003 0.079 0.003 0.118 0.006 0.092 0.006

[Ni III] 7.35 0.126 0.002 0.174 0.003 0.289 0.005 0.261 0.006

[Ni IV] 8.05 0.024 0.002 0.031 0.004 0.058 0.015 0.044 0.006

[Ar III] 8.98 0.016 0.002 0.015 0.003 0.021 0.004

[Mg II] 9.71 0.056 0.002 0.04 0.004 0.017 0.004

[Co II] 10.5 0.045 0.002 0.129 0.003 0.238 0.005 0.271 0.006

[Ni III] 11.0 0.037 0.002 0.064 0.002 0.104 0.008 0.104 0.004

[Co III] 12.0 0.054 0.009 0.119 0.003 0.179 0.011 0.274 0.006
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