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Abstract

We present the 0.6-12 pm spectrum of Cha 1107-7626, a 610 Jupiter-mass free-floating object in the ~2 Myr-
old Chamaeleon-I star-forming region, from observations with the NIRSpec and MIRI instruments on board the
James Webb Space Telescope. We confirm that Cha 1107-7626 is one of the lowest-mass objects known to harbor
a dusty disk with infrared excess emission at wavelengths beyond 4 ym. Our NIRSpec data and prior ground-
based observations provide strong evidence for ongoing accretion through hydrogen recombination lines. In the
mid-infrared spectrum, we detect unambiguously emission lines caused by methane (CH,4) and ethylene (C,Hy) in
its circumsubstellar disk. Our findings mean that Cha 1107-7626 is by far the lowest-mass object with
hydrocarbons observed in its disk. The spectrum of the disk looks remarkably similar to that of ISO-Chal 147, a
very low-mass star with a carbon-rich disk that is 10-20 times more massive than Cha 1107-7626. The
hydrocarbon lines can be accounted for with a model assuming gas temperatures of a few hundred kelvin in the
inner disk. The obvious similarities between the spectra of a low-mass star and a planetary-mass object indicate
that the conditions in the inner disks can be similar across a wide range of central object masses.
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1. Introduction

Planets are born in disks around young stars. These
protoplanetary disks have been identified for central objects
across the entire range of stellar and substellar masses,
including some that have masses comparable to giant planets
(A. Natta & L. Testi 2001; R. Jayawardhana et al. 2003a;
K. L. Luhman et al. 2006). Until very recently, most of the
work on substellar disks has been focused on the dust
component, by necessity, since its thermal emission is
straightforward to detect as infrared excess. The suite of
instruments on board the James Webb Space Telescope
(JWST; J. Rigby et al. 2023) now provide us with an excellent
opportunity to study the gas in the inner disks of young stars
and brown dwarfs.

Here we present the first detection of mid-infrared emission
lines originating in the inner disk around a young free-floating
planetary-mass object. Our target, Cha 1107-7626, has an
estimated mass of 6-10 Mjy,,, and is one of the lowest mass
objects known to have infrared excess emission from a
circumsubstellar disk as well as evidence of gas accretion
(K. L. Luhman et al. 2008; V. Almendros-Abad et al. 2022). In
the JWST/MIRI spectrum, we find strong emission from the
hydrocarbons methane and ethylene, molecules that have
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previously been identified in disks around stars down to
masses of ~0.1 M., (B. Tabone et al. 2023; A. M. Arabhavi
et al. 2024). Thus, for the first time, we have the opportunity to
probe the physical conditions of the warm molecular gas in a
disk around an object with a >10 times lower mass and a
>100 times lower luminosity than known so far.

2. Background on Cha 1107-7626

Cha J11070768-7626326 (hereafter Cha 1107-7626) was
identified by K. L. Luhman et al. (2008). In the discovery
paper, the authors show evidence of infrared excess from
Spitzer photometry and of accretion from Ha emission in an
optical spectrum. A recent compilation of young brown dwarf
spectra by V. Almendros-Abad et al. (2022) included a near-
infrared Very Large Telescope/SINFONI spectrum of our
target, with a resolution of 1500-2000.

K. L. Luhman et al. (2008) classified the object as LO £ 1,
with T of 2200K and a bolometric luminosity of 3.3 x
107* L.. Based on those figures, they estimated a mass of
0.004-0.01 M. In this paper, we confirm and refine the
estimates for the substellar parameters.

The object is located in the northern part of the 1-3 Myr old
Chamaeleon-I star-forming region. According to the most
recent estimates based on Gaia DR2, this region is at ~190 pc
(V. Almendros-Abad et al. 2024), but earlier studies typically
adopted a distance closer by 20-30pc (V. Roccatagliata
et al. 2018).
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Figure 1. Top: the JWST spectrum of Cha 1107-7626 taken with NIRSpec-PRISM (green) and MIRI-LRS (blue). Overplotted are the ISPI and Spitzer photometric
points from K. L. Luhman et al. (2008). Bottom: the spectral data plotted above, zoomed-in on two spectral features in the mid-infrared, which we identify as

methane and ethylene (see Section 5).

3. Observation and Data

We observed Cha 1107-7626 with JWST on 2024 August 21
using NIRSpec-PRISM and MIRI-LRS (low-resolution spectro-
meter); see MAST doi:10.17909/jnt4-qg74. The instruments
achieve a resolution of R ~ 100. These observations were part
of the GO cycle 3 program 4583 (PI: A. Scholz). The JWST
spectra were reduced with pipeline version 1.15.1 (H. Bushouse
et al. 2024) using the default settings with the exception that we
chose to use pixel_replace. The NIRSpec and MIRI spectra
match each other at a wavelength of 5 yum; they also match the
available photometry within the errorbars, indicating that
the calibration is robust. The errorbars are directly from the
pipeline, and thus only include random noise and not the several
percent uncertainty in absolute flux calibration. We removed
outliers that differed by more than 5% from both neighboring
points and replaced those values with the average of the two
neighboring pixels; this only affected two data points at
wavelengths short of 12 um. The full dataset is shown in
Figure 1. In the near-infrared, the spectrum shows the molecular
absorption bands typical of young late-type objects. In the mid-
infrared, the spectrum is flat within +20% with notable
emission features at 7.7 and 10.5 ym at signal-to-noise ratios
of 90 and 13.8 above the continuum, respectively. We show
plots zoomed-in on those features in the bottom half of Figure 1.
We note that the spectrum is affected by excessive noise beyond
A = 12 um. We do not use this part of the spectrum in the
following. As seen in Figure 1, there may be another spectral
feature between 12 and 12.5 um (see Section 5.1). An emission
spike at 12.8 pm is the result of a single pixel with excess flux in
only one of the two dithers; we thus believe it is caused by
cosmic-ray contamination.

4. The Central Object
4.1. Basic Parameters

We remeasured the spectral type (SpT) using the NIRSpec
data by comparing with spectral templates of young objects.

We followed a procedure very similar to that of A. B. Lange-
veld et al. (2024). In short, we fit a set of templates to our
spectrum, with SpT and extinction as free parameters,
normalizing the template at a wavelength of 1.66 ym. Here
we use the extinction law by S. Wang & X. Chen (2019). We
find that templates in the M9-L1 range provide a good fit (see
Figure 2, top), confirming the previously determined SpT. The
extinction for these types would be Ay = 0.4-2.8 mag.

We also compare BT-Settl models (F. Allard et al. 2012) to
the NIRSpec spectrum between 0.7 and 4.0 pm. A model with
Terr=1900 £ 100K, logg = 3.5, and reddened by A, ~
1 mag provides a good match and minimizes the . In general,
the model spectra for 1800-2000 K fit well (Figure 2, bottom),
with the exception of the peak at ~4 um. The comparison also
reveals the presence of significant excess emission above the
photosphere for wavelengths beyond 4 pm.

With an apparent J-band magnitude of 17.61, extinction of
Ay =1, and a distance of 190 pc, the absolute magnitude is
M,;=10.97. Comparing the temperature and absolute magni-
tude to the ATMO2020 model isochrones (M. W. Phillips
et al. 2020) with ages of 1-5 Myr yields a mass between 6 and
10 Jupiter masses, again in agreement with previous estimates.
Our findings on the object are summarized in Table 1.

4.2. Accretion Rate

The available ground-based optical (K. L. Luhman et al.
2008) and infrared (V. Almendros-Abad et al. 2022) spectra
show strong Ha and Paf emission, both clear signs of
accretion (C. F. Manara et al. 2017). The Ha emission has a
10% full width of 374 kms~', well over the typical 200 km s~
accretion cutoff in brown dwarfs (R. Jayawardhana et al.
2003b). The Ha line is also visible in our new NIRSpec data,
albeit at much lower resolution. Here, we derive the mass
accretion rates from these lines. We flux calibrated the optical
spectrum from K. L. Luhman et al. (2008) by comparing it to
the NIRSpec spectrum for A < 850 nm, avoiding regions of
strong telluric absorption and the Ha line itself. The available
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Figure 2. Top: empirical spectral templates in comparison with the NIRSpec
data. Templates between M9 and L1 match our data best. At earlier SpTs
(<MB8.5), the slope of the H band between 1.5 and 1.8 um is too flat,
indicating that the source is a later type. Whereas at later SpTs (>L2), the
templates overestimate the flux in the J band, presenting an overall worse fit
than in the M9-L1 range. Bottom: BT-Settl model spectra matched to the
NIRSpec data. Models with T.¢ between 1800 and 2000 K provide a good fit
to the data.

SINFONI spectrum is flux calibrated by comparison with JHK
photometry (V. Almendros-Abad et al. 2022). We show the
hydrogen emission lines in Figure 3.

We estimate the Ha and Pag line fluxes from the published
spectra with the same method used in V. Almendros-Abad
et al. (2024). We converted to line luminosities using a
distance of 190 pc. To derive accretion luminosities, we used
the J. M. Alcald et al. (2017) relationships. In these steps, all
uncertainties are propagated through. We derived accretion
luminosities of logL,.c = —3.8 £ 0.6 L, from Paf and
—4.6 + 03L, from Ha. Lastly, we estimated the mass
accretion rate assuming a truncation radius of 5R, and an
object radius of 0.21 R, using M. = 1.25 - L. R/ (GMy).
We find logM. = —9.7 £ 0.8 M, yr ' using Paf, and
—10.6 + 0.4 M., yr ' using Ha. The Pag accretion estimate
is larger than using He, but the two values are consistent with
each other within the errors.

As far as we are aware, Cha 1107-7626 is the lowest mass
isolated object with confirmed gas accretion observed in
optical and near-infrared emission lines. Measurements of
accretion rates in sources of similar mass (SpT > M?9) are
typically <107'°-107'°>M_ yr~' (S. Mohanty et al. 2005;
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Table 1

The Physical Parameters Measured for the Cha 1107-7626 System
Parameter Value
Mass 6-10 My,
Effective Temperature 1900 + 100 K
Spectral Type LO£1
V-band Extinction ~1 mag
Log Accretion Luminosity —46 +03 L,

—9.7 log (M, yr™h)
—10.6 log (M, yr™Y)

Log Accretion Rate Paj
Log Accretion Rate Ha

G. J. Herczeg & L. A. Hillenbrand 2008; V. Joergens et al.
2013; S. Petrus et al. 2020; V. Almendros-Abad et al. 2024).
Similarly, G. Viswanath et al. (2024) report an accretion rate
of 1.4 - 107" M. yr' for a young L2 brown dwarf with a
mass straddling the deuterium-burning limit.

Compared to these values, our target is quite strongly
accreting for its mass, and this is especially significant in the
case of the measurement derived from Pag (Figure 4). A
similar case may be OTS 44, a M9.5 member of Cha-I
V. Joergens et al. (2013) estimated accretion rates of OTS 44
and find that the value from Paf is about 2 orders of
magnitudes larger than the one from Ha. They concluded that
Pa( emission may have an origin different from accretion, but
do not specify an alternative. The measurements OTS 44 and
Cha 1107-7626 may indicate that the empirical methodology
to determine accretion rates may need to be reconsidered for
the planetary-mass domain.

Recently, J. Hashimoto & Y. Aoyama (2025) have found
that the hydrogen lines of a nonnegligible fraction of free-
floating substellar objects are better reproduced by ‘“accretion
shock” models, rather than “accretion flow” models developed
for accreting stars. Y. Aoyama et al. (2021) developed
relationships between line and accretion luminosities in the
context of an “accretion-shock” model. Using these relations,
we estimate a mass accretion rate log My = —9.1 & 0.3 M,
yr ! using Pag, and —9.7 &= 0.3 M., yr ' using Ha. Thus,
these models predict an accretion rate 0.6-0.9 dex larger than
from the conventional procedure and would make it even more
discrepant from the trends found in the stellar regime.

5. The Disk Emission
5.1. Overview

In Figure 5, upper panel, we show our MIRI mid-infrared
spectrum for Cha 1107-7626 (black) in comparison with a
photospheric model (bright blue, see Section 4.1). As can be
appreciated from this figure, the object shows substantial
excess emission in the infrared, indicating the presence of a
disk. At wavelengths >8 yum, the emission from the disk
dominates over the photosphere.

The MIRI spectrum also shows two notable spectral features
at approximately 7.7 and 10.5 um (highlighted in Figure 1).
Compared with the literature on molecular emission in disks
around young stars, these features can be clearly identified as
methane (CH,) and ethylene (C,H,) emission from the disk
(A. M. Arabhavi et al. 2024). There is a hint of emission at
12-12.5 pm that could be due to C,Hg (ethane), but the low
signal-to-noise prevents a definitive detection at this time. We
see no evidence of CO, H,0, or C,H,.
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Figure 3. Zoom to the region around the Ha and Paf emission lines in our NIRSpec data, as well as the LDSS-3 and SINFONI spectra of Cha 1107-7626,
respectively. Note that in the NIRSpec data, the width of the line is due to the low-resolution of the instrument. Originally the spectra in the middle and right panel
were published in K. L. Luhman et al. (2008) and V. Almendros-Abad et al. (2022).
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Figure 4. Relationship between M, and M, for Cha 1107-7626 (blue
symbols; this work), OTS 44 (cyan symbols; V. Joergens et al. 2013),
remaining Cha-I members with accretion estimate available (orange circles;
C. F. Manara et al. 2023; V. Almendros-Abad et al. 2024), and other FFPMOs
(S. K. Betti et al. 2023; V. Almendros-Abad et al. 2024). The solid orange line
represents the correlation between these parameters found for Cha-I members
in V. Almendros-Abad et al. (2024). Cha 1107-7626 has an unusually high
accretion rate given its mass in comparison with other low-mass stars and
brown dwarfs. Additionally, the rate measured from Pa/3 is higher than that
from Hou

In Figure 5 we also show the MIRI/MRS spectrum of ISO-
Chal 147 published by A. M. Arabhavi et al. (2024), scaled by a
constant factor chosen to match the flux levels in our spectrum
for Cha 1107-7626. ISO-Chal 147 also shows the same two
emission features in its mid-infrared spectrum. ISO-Chal 147 is
a classical T Tauri star with a mass of 0.11 M., (I. Pascucci
et al. 2016), about 10-20 times more massive than our target,
and about 2 orders of magnitude more luminous. Despite these
differences, the spectra match remarkably well, both in the
continuum and in the emission features. This illustrates that
structure and chemical evolution of the inner disks can be self-
similar, across a wide range of central object masses.

5.2. Modeling the Gas Disk Emission

To further analyze the molecular emission features, we used
slabspec (C. Salyk 2022) to create LTE slab models of CHy

0.5
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Figure 5. Top: the JWST spectrum of Cha 1107-7626 (black), its best-fit
photospheric model (light blue), corrected for extinction. In blue we overplot
the MIRI-MRS spectrum of ISO-Chal 147, scaled by a constant. Bottom: The
MIRI spectrum minus the best-fit photosphere (black), and the best-fit models
for the continuum (dark red), CH,4 (green), and C,H, (blue). Also plotted is the
sum of those models (purple). Data from this figure is available as data behind
the figure.

(The data used to create this figure are available in the online article.)

and C,H, that would reproduce the excess emission, i.e., the
data minus the best-fit photospheric model. To remove the disk
continuum around the methane feature, we matched the
spectrum from 5.5 to 7.0 pum and from 8.5 to 9.0 um with a
linear function. Around the ethylene feature, we subtracted a
third-order polynomial fit to remove the continuum, which
may be contaminated by silicate emission (see the analysis in
B. Damian et al. 2025, in preparation). The fit for the
continuum is shown in Figure 5, bottom panel, in red.

Our model slab spectra were created with a grid ranging in
column densities from 10'¢ to 10%° cmfz, in temperatures from
100 to 1300 K, and emitting areas from 10%° to 10%* cm?. We
used all isotopes with available line lists and fixed the relative
abundances for those isotopes to the ratios from HITRAN
(I. E. Gordon et al. 2022). We then convolved the models with
a Gaussian to match the approximate resolution of each
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section. For each model, we calculate the reduced Xz’
designated as Xi (P. R. Bevington & D. K. Robinson 2003).
The best-fitting models are obtained for a gas temperature of a
few hundred kelvin. An example of the outcomes of the
comparison with the slab models is shown in Figure 5, lower
panel.

Our modeling conclusively demonstrates that the features we
see are indeed CH4 and C,H,, as shown in Figure 5. However,
the match between observed features and models is poor with
regard to XIZ,. There are several potential reasons for the
mismatch. First, we know for certain that the uncertainties we
use underrepresent the true uncertainty (see Section 3). We also
assume a single temperature slab and a simple nonphysical
model for the continuum flux. Finally, there could be other
species with opacities at the relevant wavelengths that are
contributing to the spectral features we see. For example, the
CH, emission is known to be blended with a C,H, feature. For
these reasons, we cannot put stringent constraints on the
physical properties of the gas.

6. Discussion and Summary

In this paper, we show a complete infrared spectrum from 1
to 12 um for Cha 1107-7626, a young free-floating planetary-
mass object in the Chamaeleon-I star-forming region
(K. L. Luhman et al. 2008). Using our new data, we rederive
the properties of the object, and estimate a temperature of
~1900K and a mass of 6-10 Jupiter masses. In previously
published spectra, as well as our JWST data, the object shows
clear hydrogen recombination emission lines indicating ongoing
accretion. We estimate an accretion rate of 10~ '°~10~"" solar
masses per year, comparable to higher mass brown dwarfs. This
is the lowest mass isolated object with confirmed accretion in
multiple lines in the optical and infrared. The accretion
luminosity is ~8% of the bolometric luminosity.

In the mid-infrared, Cha 1107-7626 exhibits two obvious
emission line features at 7.7 and 10.5 ym, which we attribute
to emission from methane and ethylene, respectively. There is
a hint of possible ethane emission at 12-12.5 ym. Based on a
comparison with slab models, we find that the temperature of
the molecular gas that is causing these lines is likely to be in
the range of a few hundred kelvin. With only two lines, these
constraints are not very restrictive, but they are reasonable in
comparison with more extensive modeling for hydrocarbon
lines seen in disks around more massive stars.

The emission line features present in the infrared spectrum
of Cha 1107-7626 present us with an opportunity to study gas
accretion and the physical conditions in the warm inner
gaseous disk in depth, for the first time for an object with a
mass below 10 times the mass of Jupiter. This makes Cha
1107-7626 a compelling target for follow-up observations.

The mid-infrared spectra of disks around young stars display
great variety, implying substantial diversity in the underlying
physical conditions. The presence of hydrocarbons is indica-
tive of a carbon-rich chemistry and a high C/O ratio in the gas
phase (J. Kanwar et al. 2024). The hydrocarbon features
discussed seem to be common in disks around very low-mass
stars (I. Pascucci et al. 2013; B. Tabone et al. 2023;
A. M. Arabhavi et al. 2024; A. M. Arabhavi et al. 2025),
including one with an age of 30 Myr (F. Long et al. 2025).
Similarly, the lack of oxygen-bearing gas species is indicative
of a high C/O ratio and a low oxygen abundance in the
gaseous component of the disk, similar to what is seen in disks
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around very low-mass stars (e.g., B. Tabone et al. 2023;
A. M. Arabhavi et al. 2024).

The mid-infrared spectrum for Cha 1107-7626 looks
remarkably similar to that of ISO-Chal 147, a very low-mass
star in the same star-forming region (Figure 5). Both the
continuum and the emission lines in the spectrum of Cha 1107-
7626 are well reproduced by simply scaling the spectrum for
ISO-Chal 147 by a constant factor. These comparisons
indicate that disk evolution processes and disk chemistry are
similar across a wide range of stellar/substellar masses and
luminosities.

Numerous studies focused on the dust component have
stressed that brown dwarf disks evolve following an overall
phenomenology that is comparable to disks around stars
(K. L. Luhman 2012). With our new findings, we begin to see
that the same may apply to the gas in the inner parts of the
disks. Disks around planetary-mass objects, with masses less
than 1% the mass of the Sun, can harbor the same array of
molecular line emission that JWST observations have recently
revealed in disks around low-mass stars. In particular, our
object shows clear signs of a carbon-rich chemistry. This is a
further indication that the evolutionary processes in disks are
robust across several orders of magnitude in mass. The disk of
Cha 1107-7626 may present us with clues that isolated
planetary-mass objects can form their own retinues, raising the
prospect of miniature planetary systems in their midst.
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