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Abstract

Aims. We aim to study the near-infrared variability of the T8 dwarfs 2MASS J09393548-2448279 and EQ J1959-3338 by analyzing their J-band photometric signal, which can provide new insights into the atmospheric dynamics of cold brown dwarfs.

Methods. We used FLAMINGOS-2 on the Gemini South telescope to perform J-band differential photometry continuously over 4 h for each target. The resulting light curves have a cadence of 20 s and a photometric uncertainty of 2–4 mmag.

Results. We detect periodic variability in both T8 dwarfs, with an amplitude of 16.6 ± 0.9 mmag and a period of 1.364 ± 0.012 h for EQ J1959-3338, which we attribute to rotational modulation. For 2MASS J09393548-2448279, we observe an amplitude of 4.6 ± 0.4 mmag and a period of 1.733 ± 0.040 h, though this periodicity could represent a fraction of a longer period.

Conclusions. With the detection of variability in 2MASS J09393548-2448279 and EQ J1959-3338, the number of known variable T8 dwarfs has doubled, making them prime candidates for infrared space-based monitoring and radio observations to investigate atmospheric dynamics and the influence of the magnetic field in very cool atmospheres.
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1. Introduction
Photometric and spectroscopic monitoring of late M, L, and T dwarfs has revealed rotationally modulated variability, traditionally associated with patchy atmospheres containing clouds of silicates (e.g., Artigau et al. 2009; Radigan et al. 2012; Metchev et al. 2015). Different multiwavelength variability studies using space facilities such as the Hubble Space Telescope (HST) or, more recently, the James Webb Space Telescope (JWST) have revealed more complex atmospheric dynamics, including multiple cloud layers, disequilibrium chemistry processes, and rapid rotational weather patterns (e.g., Buenzli et al. 2012; Apai et al. 2017; Biller et al. 2024).
For cooler brown dwarfs at the T-to-Y transition, theory predicts a new sequence of sulfide, salt, and water clouds (Morley et al. 2012). These condensates are also supposed to drive rotationally-modulated photometric variability at infrared wavelengths, and, in particular, in the J band, where the emergent dwarf’s flux is expected to be more sensitive to the presence of condensates (Morley et al. 2014). Similarly to warmer spectral types, other mechanisms such as chemical disequilibrum (Tremblin et al. 2020) and auroral emission (Helling & Rimmer 2019) are also expected to lead to infrared variability at specific wavelength ranges. Thus, the identification of new photometrically variable dwarfs at the T-to-Y transition and their characterization at different wavelengths will allow us to study the interplay of these mechanisms in very cold atmospheres, ultimately informing models of giant exoplanets with similar temperatures.
However, late-T and Y dwarfs are themselves so intrinsically faint that they have remained relatively unexplored for variability to date as they emit most of their flux at wavelengths greater than 3 μm, whereas most variability searches have explored bluer wavelengths. For example, J-band variations have so far been reported only in the young T8 dwarf Ross 458C (Manjavacas et al. 2019), and marginally in one T7.5 (Littlefair et al. 2017) and one Y0 dwarf (Leggett et al. 2016a). In this Letter, we present the photometric monitoring of two T8 dwarfs, 2MASS J09393548-2448279 and EQ J1959-3338, for which we find J-band periodic variability compatible with rotation.
2. Targets
EQ J1959-3338 (J = 16.87 ± 0.15 mag) has a trigonometric parallax of 85.3 ± 2.2 mas (11.7 ± 0.3 pc, Kirkpatrick et al. 2019) and a bolometric luminosity of log(Lbol/L⊙) = − 5.558 ± 0.021 (Beiler et al. 2024). Since there are no age constraints for EQ J1959-3338, Beiler et al. (2024) used evolutionary models (Marley et al. 2021) to derive a radius of 0.8–0.9 Rjup and an effective temperature of [image: equation] K for a field age of 1–10 Gyr. This is in good agreement with the Teff derived by modeling low-resolution near-infrared spectra of the object taken from the ground (Zhang et al. 2021; Zalesky et al. 2022) and from space (Tu et al. 2024). These physical parameters and evolutionary models point to a likely mass in the range 0.03–0.05 M⊙. Huélamo et al. (2015) observed this target using adaptive optics in the near-infrared and found that EQ J1959-3338 appears to be single, with no detected companions down to H = 20.7 mag at a 3σ confidence level for separations ≥0[image: equation]5. No photometric monitoring for this target is available in the literature.
2MASS J09393548-2448279 (J = 15.98 ± 0.11 mag) has a trigonometric parallax of 187.3 ± 4.6 mas (5.34 ± 0.13 pc, Kirkpatrick et al. 2019) and a bolometric luminosity of [image: equation] (Zhang et al. 2021). The modeling of its near-infrared spectra by Line et al. (2017) and Zalesky et al. (2022) points to a cooler Teff (611–632 K) and a radius slightly larger (1.01–1.22 Rjup) than those of EQ J1959-3338. It has been suggested that 2MASS J09393548-2448279 is likely an unresolved equal-mass binary, with a mass range of 0.01–0.05 M⊙ between the ages of 0.4 and 12 Gyr (Burgasser et al. 2008). Line et al. (2017) report that the source remains unresolved down to 0[image: equation]07. Radigan et al. (2014) obtained J-band differential photometry over 5.92 h using the WIRC instrument on the Du Pont 2.5 m telescope and did not find any variability down to 0.016 mag. Khandrika et al. (2013) also monitored this target in the K band over 2 h and reported a marginal detection of photometric variability at the level of 0.3 mag, but could not derive any rotation period.
According to the literature (Zalesky et al. 2022), both dwarfs have an iron abundance compatible with solar levels, and their spectra do not significantly deviate from the sequence of known field late-T dwarfs (Zhang et al. 2021). We investigated whether our targets could be members of any known young moving groups (e.g., Zuckerman & Song 2004; Gagné et al. 2018). To this end, we calculated their UVW motions by combining trigonometric parallax and proper motions with the radial velocities reported in Zhang et al. (2021): −47 ± 207 km s−1 for EQ J1959-3338 and [image: equation] km s−1 for 2MASS J09393548-2448279. Given the large uncertainties, neither target appears to belong to any young moving group for any plausible radial velocity within this range. The Hyades (≈600–800 Myr, Brandt & Huang 2015) is the oldest group we considered, suggesting that the kinematic age of our targets is likely greater than 600–800 Myr.
3. Observations and data analysis
We observed EQ J1959-3338 and 2MASS J09393548-2448279 using the J-band filter on FLAMINGOS-2 (Eikenberry et al. 2004) at Gemini South, collecting nearly 4 hours of imaging per target in staring mode, with individual exposure times of 20 s. To facilitate sky subtraction, a five-point dither pattern was applied every 20 minutes. The observations took place on May 1 and May 10, 2019, under clear skies, with seeing between 0[image: equation]6 and 1[image: equation]2. This strategy yielded 340 and 352 images per target. Standard reduction steps–including sky subtraction, flat-fielding, and alignment–were performed using IRAF (Tody 1986).
Differential photometry was applied to construct the light curves by selecting bright stars with stable flux as comparison, and by using an aperture of 1.5× the average Full-Width at Half Maximum (FWHM) computed for each image. This aperture minimized the sky noise contribution in our targets. The final light curves achieve median precisions of 2 mmag for 2MASS J09393548-2448279 and 4 mmag for EQ J1959-3338, and are shown in Fig. 1 (left). Both targets exhibit clear photometric modulations, unlike their stable comparison stars. We investigated potential systematic effects due to the object’s centroid position, airmass, or FWHM using the Pearson’s r correlation coefficient and find no significant trends. The full observational details and systematics analysis are provided in Appendices A and B.
	[image: thumbnail]	Fig. 1. Left: J-band differential photometry of EQ J1959-3338 (top) and 2MASS J09393548-2448279 (bottom). Gray points represent 20 s photometric measurements, with symbol size indicating uncertainty. Comparison stars (brown symbols) are also shown. Data are vertically shifted for clarity. Best fits using a first-order truncated Fourier series (blue line) and a second-order series (red dashed line) are overlaid. Middle: Lomb-Scargle periodogram of the left-panel time series. Targets (orange line) show strong periodicity at 1.4–1.9 h with 99.9% confidence (green line), while comparison stars (gray line) show no significant periodicity. Right: Phase-folded light curves of the targets, covering 2.9 (EQ J1959-3338) and 2.3 (2MASS J09393548-2448279) rotation cycles. Different colors (blue, orange, and red) represent separate cycles. Open circles show data binned every 15 points (≈5 min).



4. Search for periodicity
We searched for periodic variability in the light curves of EQ J1959-3338 and 2MASS J09393548-2448279 using a Lomb-Scargle (LS) periodogram (Lomb 1976; Scargle 1982, Fig. 1, middle). Each periodogram sampled 104 frequencies corresponding to periods between 0.5–40 hours, a range typically expected for ultra-cool dwarfs (Tannock et al. 2021). A 0.1% false-alarm probability (FAP) threshold was determined from 105 randomizations as in Miles-Páez et al. (2017a). Strong peaks were found close to ≈1.40 h for EQ J1959-3338 and ≈1.70 h for 2MASS J09393548-2448279, both well above the 0.1% FAP and uncorrelated with window function artifacts. No significant periodicity was found in the comparison stars, confirming that the observed variability is intrinsic to the targets, likely due to rotation.
To estimate the variability properties, we fitted a sinusoidal model to the light curves using a Markov chain Monte Carlo (MCMC) approach with emcee (Goodman & Weare 2010; Foreman-Mackey et al. 2013). The best-fit solutions yielded rotation periods and variability amplitudes of 1.364 ± 0.012 h and 16.6 ± 0.9 mmag for EQ J1959-3338, and 1.733 ± 0.040 h and 4.6 ± 0.4 mmag for 2MASS J09393548-2448279. These models are shown as a blue solid curve in Fig. 1 (left). The phase-folded light curves corresponding to these rotation periods are shown in the right panels of Fig. 1.
While EQ J1959-3338 displays a well-defined periodic signal, the light curve of 2MASS J09393548-2448279 shows nonidentical minima in consecutive cycles, suggesting either an evolving atmospheric pattern, as seen in some L and early-T dwarfs (e.g., Artigau et al. 2009; Miles-Páez et al. 2017a), or a longer true period. To explore deviations from a simple sine wave, we fitted a second-order truncated Fourier series, which better captures changes in amplitude by including an additional harmonic component (dashed red line in the left panels of Fig. 1). However, this model provided rotation periods consistent with the sinusoidal fit, and the Bayesian information criterion (BIC) slightly favored the simpler sine model (ΔBIC = 3 − 5).
We further tested Gaussian processes (GP) by fitting our data to a sine function combined with a Matérn-3/2 kernel (e.g., Miles-Páez 2021) and to the Rotation kernel (Foreman-Mackey et al. 2017) – which is commonly used for highly variable stars and brown dwarfs – to account for correlated noise (e.g., Littlefair et al. 2017; Vos et al. 2022). These advanced models also returned rotation periods consistent with our sinusoidal fits. Therefore, we adopted the sinusoidal model as our primary period estimate for EQ J1959-3338 and provisionally for 2MASS J09393548-2448279, which may require additional data to fully constrain its period. We note that period and amplitude uncertainties are purely statistical and do not include systematic errors arising from the sinusoidal assumption, which appear to be small based on tests with more complex models.
5. Discussion and conclusion
The observed J-band variability in Fig. 1 shows that the atmospheric heterogeneities seen in warmer spectral types persist even in very cold T dwarfs. In earlier-type brown dwarfs, rotational modulation is often attributed to patchy clouds or temperature variations (Littlefair et al. 2008; Radigan et al. 2012; Miles-Páez et al. 2017b). As these atmospheric inhomogeneities rotate in and out of view, they modulate the observed flux, leading to periodic variability. To put our findings in context, we show in Fig. 2 the sample of young (green) and mature (pink) L, T, and Y dwarfs reported to exhibit J-band variability. The amplitudes of variability of EQ J1959-3338 and 2MASS J09393548-2448279 are similar to those seen in earlier field L and T dwarfs, with the exception of those at the L/T transition, which typically exhibit larger amplitudes–likely due to the disruption processes of silicate clouds taking place. Given the low Teff of EQ J1959-3338 and 2MASS J09393548-2448279, their variability at 1.2 μm is likely linked to high-altitude condensate clouds composed of Na2S or KCl as well as the likely presence of haze layers, which are predicted to appear in the cool atmospheres of late-T and Y dwarfs (Morley et al. 2012; Line et al. 2017) and even giant exoplanets (Hamill et al. 2024). Hot spots (Morley et al. 2014) resulting, for example, from auroral activity (Helling & Rimmer 2019; Pineda et al. 2024; Faherty et al. 2024) could also explain some of the observed variability in our targets. McCarthy et al. (2025) recently presented JWST spectroscopic time series for the T2 dwarf SIMP J013656.5+093347.3 and showed that the relative contribution of different emission mechanisms to the observed variability depends on the observation wavelength. Thus, identifying photometrically-variable dwarfs at later spectral types, such as EQ J1959-3338 and 2MASS J09393548-2448279, is crucial to study the relative contribution of different physical processes to the atmospheric dynamics and observed flux of objects at the colder T-to-Y transition.
	[image: thumbnail]	Fig. 2. Spectral type as a function of J − Ks color for known L, T, and Y dwarfs from the compilation presented in Best et al. (2024, gray symbols). Objects with a detection of J-band photometric variability are plotted in green for those thought to be young and magenta for those considered to have field ages. Their symbol size is proportional to the measured peak-to-peak amplitude. EQ J1959-3338 and 2MASS J09393548-2448279 are plotted with blue symbols. The open orange circle denotes the upper limit detection of the Y0 dwarf WISEP J173835.52+273258.9 (Leggett et al. 2016b). The different detections of J-band variability are taken from Clarke et al. (2008), Artigau et al. (2009), Radigan et al. (2014, 2014), Buenzli et al. (2015), Lew et al. (2016, 2020), Croll et al. (2016), Biller et al. (2018), Manjavacas et al. (2019), Vos et al. (2019), Miles-Páez et al. (2019), Eriksson et al. (2019), Bowler et al. (2020), Liu et al. (2024).



Figure 3 shows the rotation periods currently known for all dwarfs with spectral types later than M7. Our targets occupy a sparsely populated region of parameter space, owing to the intrinsic faintness of these spectral types in the optical and infrared bands typically used to search for photometric variability in very low-mass stars and brown dwarfs. In fact, the periodicity of three out of the four T8-Y0 dwarfs shown in Fig. 3 was detected via infrared observations with the Spitzer Space Telescope and HST. The fourth object, the T8 dwarf WISE J062309.94-045624.6, had its rotation period identified through radio observations (Prot = 1.912 ± 0.005 h, Rose et al. 2023), and currently lacks variability studies at other wavelengths. Thus, EQ J1959-3338 and 2MASS J09393548-2448279 are only the third and fourth T8 dwarfs reported to exhibit variability.
	[image: thumbnail]	Fig. 3. Rotation period as a function of spectral type for all periodically variable M7-Y0 dwarfs known as of this writing. EQ J1959-3338 and 2MASS J09393548-2448279 are indicated by a red star. The position of the other two periodically variable T8 dwarfs (WISE J062309.94-045624.6 and Ross 458C) is also indicated. Literature values are taken from Tannock et al. (2021), Vos et al. (2022), Miles-Páez et al. (2023), Rose et al. (2023).



The rotation periods of EQ J1959-3338 and 2MASS J09393548-2448279 are among the shortest observed for dwarfs of comparable mass. Figure 4 shows the rotation periods as a function of age for the mass range 18–45 Mjup (Cody & Hillenbrand 2010; Crossfield 2014; Scholz et al. 2018; Tannock et al. 2021; Vos et al. 2022; Hsu et al. 2024; Liu et al. 2024), alongside models of angular momentum conservation computed following Zapatero Osorio et al. (2006) and using the substellar evolutionary tracks of Chabrier et al. (2023). Despite the scatter at a given age, the observations suggest that the spin of these brown dwarfs increases over time, implying that any angular momentum loss must be moderate or small. This contrasts with solar-type stars, which become slow rotators by the age of 600–800 Myr (Stauffer et al. 1997).
	[image: thumbnail]	Fig. 4. Angular momentum evolution of 18–45 Mjup brown dwarfs. Our targets (red stars) and literature data (blue circles, see text) are shown. The solid and dashed lines represent angular momentum conservation models for two masses, using the radius evolution from Chabrier et al. (2023). The models start from the extreme rotation periods observed in the youngest objects.



Different studies also show that rapidly-rotating T dwarfs may exhibit detectable radio emission by processes related to the electron cyclotron maser instability (Williams & Berger 2015; Pineda et al. 2017; Kao et al. 2019), including the late-T radio-burst emitter WISEP J062309.94-045624.6. The detection of photometric variability and fast rotation in EQ J1959-3338 and 2MASS J09393548-2448279 makes them excellent targets for dedicated deep radio surveys aimed at searching for radio-aurorae. Such observations can help determine how common these emissions are and their dependence on rotation, magnetic field strength, and atmospheric conditions.
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Appendix A:  Observations
We used the J-band filter and FLAMINGOS-2 (Eikenberry et al. 2004) on the Gemini South telescope to monitor each target for nearly 4 h in service mode. FLAMINGOS-2 has a 2048×2048-pixel HAWAII-2 detector for the 0.9 to 2.5 μm range. Its pixel scale is 0[image: equation]18, which yields a circular field-of-view with a diameter of 6[image: equation]2. Observations were carried out on May 1, 2019, for 2MASS J09393548-2448279 and on May 10, 2019, for EQ J1959-3338 with air mass ranges of 1.01-1.85 and 2.05-1.07, respectively. The sky was clear and the seeing was typically 0[image: equation]6-1[image: equation]2 in both epochs.
We designed one-hour-long observing blocks (OBs) to collect imaging data in staring mode with individual exposure times of 20 s. The stare position was alternated with a five-point dither pattern every 20 min for sky subtraction with x- and y-offsets of 10″. Four OBs were obtained consecutively for each target, yielding a total of 340 and 352 images for EQ J1959-3338 and 2MASS J09393548-2448279, respectively. Observations at the end of the third OB of EQ J1959-3338 were interrupted for approximately 22 minutes due to a tracking issue but later resumed normally, creating a gap in the object’s light curve (Fig. 1, left). All data frames were sky-subtracted, flat-fielded using coeval dome flat images, and aligned using standard data reduction recipes and the Image Reduction and Analysis Facility (IRAF; Tody 1986).

Appendix B:  Data analysis
We carried out differential photometry to obtain the light curves of EQ J1959-3338 and 2MASS J09393548-2448279 following Miles-Páez et al. (2017a, 2023). After identifying all sources with signal-to-noise ratio (S/N) greater than 30 in the field of view of each target, we performed circular aperture photometry on these by using an aperture of 1.5× the average FWHM computed for each image. This aperture minimized the sky noise contribution in our targets. The photometry was sky-subtracted by computing the median value of the sky in an annulus with inner radius 3.5×FWHM and a width of 2×FWHM. Lastly, the differential light curves of our targets were built by dividing their fluxes by the sum of those in a set of 5 comparison stars, achieving a median photometric precision of 2 mmag for 2MASS J09393548-2448279 and 4 mmag for EQ J1959-3338. The comparison stars were chosen among those stars brighter (≈0.5 − 2 mag) than our targets, but far from the nonlinear regime of the detector. The light curves of the comparison stars show the smallest standard deviation among all the stars in their fields of view. We visually inspected these light curves for variability to ensure that any detection of variability in EQ J1959-3338 and 2MASS J09393548-2448279 was not spuriously created.
The light curves of our targets are shown in Fig. 1 (left), in which we also plot the light curve of one of the comparison stars. There is an obvious modulation in the light curves of EQ J1959-3338 and 2MASS J09393548-2448279 compared to the relatively flat light curves of their comparison stars. In Figs. B.1 and B.2, we plot the differential photometry of our targets as a function of their pixel position in both the x- and y-axes, the airmass, and the FWHM to search for the presence of residual systematics that can mimic photometric variability. We used the Pearson’s r correlation coefficient to test for linear correlation attributable to any residual systematic. However, as we find no obvious correlation, we note that residual systematics are unlikely to contribute significantly to the observed photometric variability in the left panels of Fig. 1.
	[image: thumbnail]	Fig. B.1. Differential photometry of EQ J1959-3338 as a function of air mass, FWHM, and X and Y centroid position. The dashed, light blue lines indicate the median value of each variable. The Pearson’s r coefficient of linear correlation is also indicated for each pair.



	[image: thumbnail]	Fig. B.2. Differential photometry of 2MASS J09393548-2448279 as a function of air mass, FWHM, and X and Y centroid position. The dashed, light blue lines indicate the median value of each variable. The Pearson’s r coefficient of linear correlation is also indicated for each pair.
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	[image: thumbnail]	Fig. 1. Left: J-band differential photometry of EQ J1959-3338 (top) and 2MASS J09393548-2448279 (bottom). Gray points represent 20 s photometric measurements, with symbol size indicating uncertainty. Comparison stars (brown symbols) are also shown. Data are vertically shifted for clarity. Best fits using a first-order truncated Fourier series (blue line) and a second-order series (red dashed line) are overlaid. Middle: Lomb-Scargle periodogram of the left-panel time series. Targets (orange line) show strong periodicity at 1.4–1.9 h with 99.9% confidence (green line), while comparison stars (gray line) show no significant periodicity. Right: Phase-folded light curves of the targets, covering 2.9 (EQ J1959-3338) and 2.3 (2MASS J09393548-2448279) rotation cycles. Different colors (blue, orange, and red) represent separate cycles. Open circles show data binned every 15 points (≈5 min).
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	[image: thumbnail]	Fig. 2. Spectral type as a function of J − Ks color for known L, T, and Y dwarfs from the compilation presented in Best et al. (2024, gray symbols). Objects with a detection of J-band photometric variability are plotted in green for those thought to be young and magenta for those considered to have field ages. Their symbol size is proportional to the measured peak-to-peak amplitude. EQ J1959-3338 and 2MASS J09393548-2448279 are plotted with blue symbols. The open orange circle denotes the upper limit detection of the Y0 dwarf WISEP J173835.52+273258.9 (Leggett et al. 2016b). The different detections of J-band variability are taken from Clarke et al. (2008), Artigau et al. (2009), Radigan et al. (2014, 2014), Buenzli et al. (2015), Lew et al. (2016, 2020), Croll et al. (2016), Biller et al. (2018), Manjavacas et al. (2019), Vos et al. (2019), Miles-Páez et al. (2019), Eriksson et al. (2019), Bowler et al. (2020), Liu et al. (2024).
In the text



	[image: thumbnail]	Fig. 3. Rotation period as a function of spectral type for all periodically variable M7-Y0 dwarfs known as of this writing. EQ J1959-3338 and 2MASS J09393548-2448279 are indicated by a red star. The position of the other two periodically variable T8 dwarfs (WISE J062309.94-045624.6 and Ross 458C) is also indicated. Literature values are taken from Tannock et al. (2021), Vos et al. (2022), Miles-Páez et al. (2023), Rose et al. (2023).
In the text



	[image: thumbnail]	Fig. 4. Angular momentum evolution of 18–45 Mjup brown dwarfs. Our targets (red stars) and literature data (blue circles, see text) are shown. The solid and dashed lines represent angular momentum conservation models for two masses, using the radius evolution from Chabrier et al. (2023). The models start from the extreme rotation periods observed in the youngest objects.
In the text



	[image: thumbnail]	Fig. B.1. Differential photometry of EQ J1959-3338 as a function of air mass, FWHM, and X and Y centroid position. The dashed, light blue lines indicate the median value of each variable. The Pearson’s r coefficient of linear correlation is also indicated for each pair.
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	[image: thumbnail]	Fig. B.2. Differential photometry of 2MASS J09393548-2448279 as a function of air mass, FWHM, and X and Y centroid position. The dashed, light blue lines indicate the median value of each variable. The Pearson’s r coefficient of linear correlation is also indicated for each pair.
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        Left: J-band differential photometry of EQ J1959-3338 (top) and 2MASS J09393548-2448279 (bottom). Gray points represent 20 s photometric measurements, with symbol size indicating uncertainty. Comparison stars (brown symbols) are also shown. Data are vertically shifted for clarity. Best fits using a first-order truncated Fourier series (blue line) and a second-order series (red dashed line) are overlaid. Middle: Lomb-Scargle periodogram of the left-panel time series. Targets (orange line) show strong periodicity at 1.4–1.9 h with 99.9% confidence (green line), while comparison stars (gray line) show no significant periodicity. Right: Phase-folded light curves of the targets, covering 2.9 (EQ J1959-3338) and 2.3 (2MASS J09393548-2448279) rotation cycles. Different colors (blue, orange, and red) represent separate cycles. Open circles show data binned every 15 points (≈5 min).
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        Spectral type as a function of J − Ks color for known L, T, and Y dwarfs from the compilation presented in Best et al. (2024, gray symbols). Objects with a detection of J-band photometric variability are plotted in green for those thought to be young and magenta for those considered to have field ages. Their symbol size is proportional to the measured peak-to-peak amplitude. EQ J1959-3338 and 2MASS J09393548-2448279 are plotted with blue symbols. The open orange circle denotes the upper limit detection of the Y0 dwarf WISEP J173835.52+273258.9 (Leggett et al. 2016b). The different detections of J-band variability are taken from Clarke et al. (2008), Artigau et al. (2009), Radigan et al. (2014, 2014), Buenzli et al. (2015), Lew et al. (2016, 2020), Croll et al. (2016), Biller et al. (2018), Manjavacas et al. (2019), Vos et al. (2019), Miles-Páez et al. (2019), Eriksson et al. (2019), Bowler et al. (2020), Liu et al. (2024).
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        Rotation period as a function of spectral type for all periodically variable M7-Y0 dwarfs known as of this writing. EQ J1959-3338 and 2MASS J09393548-2448279 are indicated by a red star. The position of the other two periodically variable T8 dwarfs (WISE J062309.94-045624.6 and Ross 458C) is also indicated. Literature values are taken from Tannock et al. (2021), Vos et al. (2022), Miles-Páez et al. (2023), Rose et al. (2023).
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        Angular momentum evolution of 18–45 Mjup brown dwarfs. Our targets (red stars) and literature data (blue circles, see text) are shown. The solid and dashed lines represent angular momentum conservation models for two masses, using the radius evolution from Chabrier et al. (2023). The models start from the extreme rotation periods observed in the youngest objects.

      

    

  
    
      Fig. B.1. 

      
        [image: thumbnail]
      

      
        Differential photometry of EQ J1959-3338 as a function of air mass, FWHM, and X and Y centroid position. The dashed, light blue lines indicate the median value of each variable. The Pearson’s r coefficient of linear correlation is also indicated for each pair.
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        Differential photometry of 2MASS J09393548-2448279 as a function of air mass, FWHM, and X and Y centroid position. The dashed, light blue lines indicate the median value of each variable. The Pearson’s r coefficient of linear correlation is also indicated for each pair.
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