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Abstract
We present the most comprehensive spectral energy distribution (SED) of a young brown dwarf at the L/T transition by combining new Spitzer mid-infrared spectra and
photometry with previous observations of HN Peg B. We use this SED to evaluate the performance of various atmospheric models and find that models with condensates and
using non-equilibrium chemistry reproduce better the data. However, these models face challenges in reproducing the observed methane and carbon monoxide absorption
strengths mainly over the 3–5 µm region. By using the assembled SED and the Gaia EDR3 parallax of the host star, we derive accurate fundamental parameters of HN Peg
B. We find that, on average, young early-T dwarfs are ≈100 K cooler and have a ≈ 20% larger radius compared to field-aged dwarfs with similar spectral types, but they
have consistent bolometric luminosities. A comparison among moderate-dispersion near-infrared spectra of HN Peg B and other young and old dwarfs with similar spectral
types shows that the J -band potassium line strengths are mostly insensitive to surface gravity in early-T dwarfs.

Introduction
The transition between L and T spectral types is an in-
teresting phase in the evolution of brown dwarfs (BDs)
because, at this transition:

I BD atmospheres undergo a cloud clearing process due
to the settling of dust condensates.

I CH4 replaces CO as the dominant carbon-bearing ab-
sorber in BD atmospheres.

I It is surface gravity dependant i.e. it happens
at cooler temperatures for younger or lower grav-
ity L/T-transition dwarfs (e.g. Metchev+2006, Luh-
man+2007).

I Directly imaged giant extrasolar planets have the ap-
pearance of BDs at this transition.

HN Peg B
An ideal target to study the atmosphere and physical prop-
erties at play at this transition is HN Peg B, a T2.5 dwarf
companion of a solar-type star (Luhman+2007).
HN Peg B is a moderately young dwarf (≈ 300 Myr) just
18.13± 0.01 pc away and well-separated from its host star
(43”) to allow integrated-light studies (Luhman+2007).
We aim to study the role of surface gravity in the sed-
imentation of dust and emergence of CH4 absorption in
substellar atmospheres through the analysis of optical to
mid-infrared spectrophotometry of HN Peg B.

Data

This spectrophotometry encompasses 98% of
the bolometric luminosity of HN Peg B.
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Alkali lines strengthen with surface gravity of late-M and
L dwarfs (McGovern+2004, Miles-Páez+2017).
For late-T dwarfs the effect is the opposite (Knapp+2004).
We find that the J-band KI doublet is largely
insensitive to surface gravity of early-T dwarfs.

Model Comparisons

Comparisons of the HN Peg B’s spectral energy distribu-
tion (SED) to atmospheric models with clouds (Saumon
& Marley 2008; SM08, and Allard+2012; BT-Settl).
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Models using chemical equilibrium (SM08) over-predict
the CH4, mainly at 3.3 and 8.0 µm, and under-predict
the CO at 4.6 µm.
Models with non-equilibrium chemistry due to vertical
mixing (BT-Settl) fit better the CH4, but slightly over-
predict the CO at 4.6 µm.
Similar comparisons to cloudless atmospheric models
(Marley+2018; Sonora 2018, and Phillips+2020; ATMO
2020) do not produce as good predictions of the data as
cloudy models.
Overall, models with clouds using non-
equilibrium chemistry reproduce better the
SED of the early-T dwarf HN Peg B.

Fundamental Parameters

Both model families produce consistent values, but there
are some systematic differences.
Semi-empirical Teff and evolutionary model-based log g are
more accurate than those from the photospheric fits.
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Overall, young and old early-T dwarfs have con-
sistent bolometric luminosities, but the young
sources have an average temperature ≈ 100
K cooler than and an average radius ≈ 20%
larger than old field dwarfs with similar spec-
tral types.

Conclusions

I We present the most comprehensive SED of an
intermediate-gravity L/T-transition dwarf, which con-
tains about 98% of the HN Peg B’s bolometric lumi-
nosity.

I We find that the KI doublet at the J -band is not a
good surface gravity indicator for early-T dwarfs as it
is for late-M and L dwarfs.

I Atmospheric models with clouds (SM08 and BT-
Settl) reproduce better the SED of an early-T dwarf
than more recent cloud-free models (Sonora 2018 and
ATMO 2020).

I Models face challenges in reproducing the CH4 and/or
CO absorptions of HN Peg B, but the predictions im-
prove when models use non-equilibrium chemistry due
to vertical mixing.

I We find that, on average, young and old early-T
dwarfs have consistent luminosities.

I On average, young early-T dwarfs are ≈100 K cooler
and have a ≈20% larger radius compared to old field
early-T dwarfs.
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