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Abstract

Context. A rich population of low-mass brown dwarfs and isolated planetary mass objects has been reported in the Upper Scorpius and Ophiuchus star-forming complex.

Aims. We investigate the membership, nature, and properties of 17 of these isolated planetary mass candidates using low-resolution near-infrared spectra.

Methods. We investigated the membership by looking for evidence of their youth using four diagnostics: the slope of the continuum between the J and Ks band, the Hcont, and the TLI-g gravity-sensitive indices. In addition, we compared the spectra to young and field (old) M and L-dwarf standards.

Results. All the targets but one are confirmed as young ultracool objects, with spectral types between L0 and L6 and masses in the range 0.004–0.013 M⊙, according to evolutionary models. The status of the last target is unclear at this point.

Conclusions. Only one possible contaminant has been identified among the 17 targets, suggesting that the contamination level of the original sample must be low (≲6%).
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1. Introduction
Free-floating planets are planetary-mass objects that do not orbit a star, but roam the galaxy in isolation instead. Apart from micro-lensing detections, only a few tens of directly imaged free-floating planet candidates are known to date (e.g., Tamura et al. 1998; Lucas & Roche 2000; Zapatero Osorio et al. 2000; Luhman et al. 2005; Peña Ramírez et al. 2012; Suárez et al. 2019; Lodieu et al. 2018; Luhman & Hapich 2020, and references therein) and only a small fraction have been confirmed so far. Because of the degeneracy in the mass–luminosity relationship for these ultracool objects, it is indeed impossible to distinguish a low-mass brown dwarf from a planetary mass object when the age and distance are unknown. This deadlock can be overcome by studying free-floating planets members of young associations where the age and distance are precisely known. In the context of the COSMIC-DANCE1 survey Miret-Roig et al. (2022) obtained deep optical and near-infrared photometry and measured accurate proper motions 5 mag beyond Gaia’s limit in the nearby Upper Scorpius OB association (USco) and ρ-Ophiuchus (Oph) molecular clouds. They identified over 3500 members, including between 70 and 170 planetary mass objects, depending on the age assumed. This large number of planetary mass object candidates in a young association has important implications for the theories and models of star, brown dwarf, and planet formation. In order to confirm this important discovery, we performed follow-up spectroscopic observations of 18 free-floating planet candidates to confirm their nature and membership to the association and validate Miret-Roig et al. (2022) analysis. In the following, we describe the observations and the processing of the data obtained at the Grantecan and Subaru telescopes. We discuss the membership to the association by looking for spectral features characteristic of young ultracool objects. Finally, we estimate the spectral types of the objects and derive effective temperature and mass estimates, as well as a contamination rate in Miret-Roig et al. (2022) sample.
2. Observations
2.1. Targets
We selected 18 targets within Miret-Roig et al. (2022) sample, after discarding objects already observed spectroscopically in the literature (e.g., Lodieu et al. 2018; Luhman & Esplin 2022). A total of 18 objects were randomly selected in the range between 17.3 < J < 19.2 mag, corresponding to masses between 7 ≲ M ≲ 10 MJup and effective temperatures between 1500 ≲ M ≲ 1900 K, according to Baraffe et al. (2002) evolutionary models for an age of 5 Myr and a distance of 145 pc. One brighter target (DANCe J16064553−2121595 = 3355, J = 16.19 mag) was added during the course of the observations as clouds were degrading the sensitivity and preventing us from observing our original targets. Figure 1 shows a (MJ, J − Ks) color-magnitude diagram of the sample and Fig. 2 shows the location of the targets in Upper Scorpius and Ophiuchus. Two sources (3213 and 3214) are separated by only 120″.
	[image: thumbnail]	Fig. 1. (MJ, J − Ks) colour–magnitude diagram of our targets (red stars), with low-gravity (blue squares), and field gravity (grey dots) ultracool dwarfs from the literature (Burgasser 2014, and references therein). An arrow represents a AV = 2 mag extinction vector.



	[image: thumbnail]	Fig. 2. Position of our targets in Upper Scorpius and Ophiuchus. Background photograph credit: Mario Cogo (galaxlux.com).



2.2. SWIMS at Subaru
A total of six objects were observed with the Simultaneous-color Wide-field Infrared Multi-object Spectrograph (SWIMS, Motohara et al. 2014, 2016; Konishi et al. 2018, 2020) mounted on the Subaru Telescope in May 2021 (Program S21A-047, PI: M. Tamura). SWIMS was used in long-slit mode with its simultaneous zJ (700 < R < 1200) and HK (600 < R < 1000) grisms. The 300 s individual exposures were acquired following a standard ABBA procedure to efficiently remove the sky emission. The seeing was generally very good (between [image: equation] and [image: equation]) but clouds were hindering the observations at times. A slit of [image: equation] or [image: equation] was used depending on the seeing. Table 1 gives the list of targets observed with SWIMS and the corresponding number of exposures and individual exposure times. Three B stars of the Upper Scorpius associations were observed (HIP81145, HIP82133 and HIP78702) to be used as telluric standards.
Table 1. 
Targets observed.

The raw data were processed following standard procedures for infrared spectroscopy using a combination of custom made Python code using the astropy and specutils libraries (Astropy Collaboration 2018; Earl et al. 2022) and IRAF/PyRAF’s apall package for the spectra extraction and telluric correction. The closest-in-time B stars spectrum was used to remove the telluric contamination in each of our targets spectra. Because the B stars belong to Upper Scorpius as well, the typical airmass differences with the target were less than 0.2 ∼ 0.3.
2.3. EMIR at GTC
A total of 13 objects were observed with Espectrógrafo Multiobjeto Infra-Rojo (EMIR, Garzón et al. 2014) mounted on the Grantecan telescope (Program GTC2-21A, PI: D. Barrado) in May 2021. EMIR was used in long-slit mode with its HK grism and a slit of [image: equation] chosen to match the ambient seeing during the observations, and leading to an effective resolution of R ∼ 500. The weather was mostly clear during the observations. Table 1 gives the list of targets observed with EMIR and the corresponding number of exposures and exposure times. The 200 s individual exposures were acquired following a standard ABBA procedure to efficiently remove the sky emission.
The data were reduced using RedEmIR, a new GTC pipeline written in Python; RedEmIR eliminates the contribution of the sky background in the near infrared using the consecutive A–B pairs. The sky-subtracted images are subsequently flat-fielded, calibrated in wavelength and average combined to obtain the final spectrum. The telluric correction is achieved using a customized version of Xtellcor (Vacca et al. 2003) adjusted to the atmospheric conditions of the La Palma observatory (Ramos Almeida et al. 2009). The spectra are then divided by the spectrum of an A0 star spectrum obtained after or before the targets to remove telluric contamination.
3. Evidence of youth
Young ultra-cool dwarfs such as the ones targeted in the present study have not yet contracted into their final configurations and their gravity is significantly lower than their older field counterparts. At the resolution of our spectroscopic observations, gravity will affect mostly four features:
J to Ks continuum slope: A J − Ks color redder than that of field brown dwarfs has been systematically reported for young brown dwarfs (e.g. Kirkpatrick et al. 2008; Delorme et al. 2017a) as well as for some young planets and brown dwarf companions to stars (e.g., Barman et al. 2011; Delorme et al. 2017b, and Fig. 1). The lower gravity leads to more clouds in the upper layers of the atmosphere, which reduce the amount of emergent flux at shorter wavelengths and lead to fainter absolute J-band magnitudes and redder J − Ks colors. Additionally, the lower density (associated with lower gravity) results in reduced collision-induced H2 and FeH absorption which in turn leads to less suppression of the K-band flux and therefore a redder J − Ks color (Mohanty et al. 2007; Faherty et al. 2013).
Triangular H-band continuum: Only part of the H-band flux is affected by this reduced collision-induced FeH and H2 absorption, producing an H-band continuum with a characteristic triangular shape (Lucas et al. 2001) which can be quantified and measured using the Hcont index proposed by Allers & Liu (2013). It is insensitive to reddening but the presence of dust in the upper layer of the atmosphere can mimic the effect of low-gravity on the H-band shape. For this reason, Allers & Liu (2013) recommends to complement the Hcont index with other diagnostics to test the youth of ultracool objects.
Gravity-sensitive absorption lines: Collision-induced pressure broadening depends on both the temperature and gravity (through the density) in the ultracool dwarf atmosphere. For a given effective temperature, an older ultracool dwarf with a higher gravity will therefore have more prominent absorption lines than a younger (lower gravity) counterpart (Martin et al. 1996; Gorlova et al. 2003; Allers & Liu 2013). At the resolution of our observations, the 1.244 and 1.253 μm K I lines are the most gravity sensitive lines detectable in the SWIMS spectra. Unfortunately, the relatively low signal-to-noise ratio (S/N) of our SWIMS spectra in the J-band results in large uncertainties and inconclusive values of the KIJ index of Allers & Liu (2013).
TLI-g gravity sensitive index: Taking advantage of the growing number of near-infrared spectra available in the literature and in various databases, Almendros-Abad et al. (2022) recently used machine learning techniques to define a new gravity sensitive index. Their TLI-g index is designed to separate young objects from older field objects with a performance superior to other indices from the literature. It seems to be particularly less sensitive to the presence of dust in the upper layer of the atmosphere, but it is, however, sensitive to extinction.
In the following, we discuss the J − Ks color, Hcont and TLI-g indices of our targets and compare their spectra to young and field M and L-dwarf standards.
3.1. J − K s colours
Figure 1 shows that all our targets have J − Ks colors redder than older field counterparts from the literature and similar to known young low-gravity ultracool dwarfs. Both the multiplicity and extinction can shift objects in this diagram and mimic the effect of youth. The presence of an unresolved companion can indeed shift the position mostly vertically in a colour–magnitude diagram and by at most 0.75 mag2. While we cannot rule out the presence of unresolved companions, Fig. 1 shows that our targets remain redder than most field L-dwarfs even when adding 0.75 mag to their luminosity. Any unresolved pair would therefore be made of individual components redder than the older field sequence. Extinction is unlikely to have shifted the objects given that the cumulative line-of-sight reddening towards our objects is low in most cases (see Table 1) and still places them on the redder low-gravity sequence even in the worst cases of 3293 and 3144. While it is not a conclusive proof, the very red J − Ks color certainly adds to the list of evidence indicating youth and, hence, membership to USco or Oph.
3.2. Comparison with young and old M and L standards
To further assess the youth of our targets and at the same time derive their spectral type, we performed an empirical comparison with spectra of young and old ultracool objects from the literature. The comparison was made using The SpeX Prism Library Analysis Toolkit (SPLAT, Burgasser & Splat Development Team 2017). A number of spectral libraries of young ultracool dwarfs have been presented in the literature and we chose to use the very-low gravity spectral standards included in SPLAT (see Table B.2 and Burgasser & Splat Development Team 2017). The field-gravity (older) standards chosen for the comparison are presented in Table B.3.
The degeneracy between extinction and spectral type can affect and compromise the comparison (see e.g., Luhman et al. 2017). To partially lift this degeneracy and explore the effect of extinction on the results of our analysis, we performed the comparison after dereddening our spectra by the cumulative extinction in the line of sight of each target up to 250 pc reported in the 3D extinction map of Green et al. (2019). Assuming that all our targets belong to USco, this should represent a worst-case scenario in terms of reddening and provide an estimate of the lower limit on the spectral type. USco is indeed located at approximately 145 pc and Oph at 125 pc, although possibly extending up to ∼200 pc (Damiani et al. 2019). The value of 250 pc was therefore chosen to be conservative and be sure to include the entire depth of the clouds associated with these two regions.
SPLAT was first used to scale the instrumental fluxes to physical units using the target H-band photometry reported in Miret-Roig et al. (2022) as reference. The closest match in each of the two libraries of standards is found using a standard χ2-minimization. Figures A.1–A.3 show the results, with the original spectra on the left and the dereddened spectra on the right. As expected the spectral types obtained using the high-gravity (older) field standards are systematically later than those obtained with the low-gravity (young) standards.
Figures A.1–A.3 show that 3210, 3200, 3314, 3091, 3326, 3214, 3355, 3144, 3299, and 3345 are clearly better matched by a young spectral standard than by an old spectral standard independently of the reddening.
Among the rest of the sample, we can see that 3378 and 3213 have K-band fluxes significantly higher than the best-match field standards which is clearly pointing towards a young age. The best matches for 3244, 3421, 3231 and 3404 are obtained with a young standard but the χ2 difference is only marginal and inconclusive. 3293 has a marginally better fit with an old standard but the χ2 difference is only marginal as well. 3324 displays a very peculiar spectral energy distribution that cannot be matched by any of our old or young standards. While we cannot rule out that the peculiar continuum emission is related to variability, we note that 3324 was observed during degraded ambient conditions and the discrepancy is probably due to telluric clouds absorption, as suggested by the discrepancy between the H − Ks = 1.15 mag photometry reported by Miret-Roig et al. (2022) and the synthetic H − Ks = 0.8 mag computed from the spectral data. This spectrum is therefore considered as dubious and discarded for the rest of the analysis.
3.3. Sharp H-band continuum
As mentioned earlier in this paper, the shape of the H-band continuum varies from a typical triangular shape at young ages to a flatter continuum at more advanced ages as gravity increases. The Hcont index defined by Allers & Liu (2013) is commonly used to quantify the sharpness of the H-band continuum and look for evidence of youth.
We measured the Hcont index in all our spectra, as well as in the 891 spectra from the SPEX Ultracool dwarfs library with a good level of quality (QUALITY_FLAG=OK and MEDIAN_SNR ≥ 50) and a resolution of R ≥ 120. The uncertainty was estimated by simply propagating the standard errors of the means used in the Hcont index formula. We derived near-infrared spectral types for each spectrum from the SPEX Ultracool dwarfs library based on the Kirkpatrick et al. (2010) L-dwarf classification scheme and a gravity classification between very-low (VL-G), intermediate (INT-G) and field (FLD-G) gravity using Allers & Liu (2013) classification scheme. Figure 3 shows the results in the form of a violin graph, using the spectral types presented in Sect. 4 for our targets. The index measurement, spectral type, and gravity classification for the 891 spectra are available in electronic form in Table B.4.
	[image: thumbnail]	Fig. 3. Hcont gravity index from Allers & Liu (2013) for our targets (red dots) over-plotted over a violin graph of the distributions for ultracool dwarfs with very-low gravity (red), intermediate gravity (blue) and field-gravity (cyan) from the SPEX library of ultracool dwarfs. Our targets are shifted randomly horizontally for clarity.



Within the relatively large error bars, a number of our targets seem to have an Hcont favoring low or intermediate gravity and hence a young age. These include 3210, 3200, 3314, 3091, 3326, 3214, 3355, 3144, 3299, and 3345. Two objects have Hcont values more consistent with high-gravity older objects: 3404 and 3293; however, the broad uncertainties also make them consistent with intermediate gravity objects. Objects 3244, 3421, and 3231 have Hcont values that are consistent with intermediate or low gravity, while 3378 and 3213 have inconclusive Hcont indices compatible within the uncertainties either with high or intermediate gravity objects.
3.4. TLI-g index
The TLI-g index was invented recently by Almendros-Abad et al. (2022) using machine learning techniques to specifically distinguish low and field gravity ultracool objects. We measured the TLI-g index in all our spectra, as well as in the 891 spectra from the SPEX library mentioned in the previous section (see Table B.4). Figure 4 shows the results in the form of a violin graph.
	[image: thumbnail]	Fig. 4. TLI-g gravity index from Almendros-Abad et al. (2022) for our targets (red dots) over-plotted over a violin graph of the distributions for ultracool dwarfs with very-low gravity (red), intermediate gravity (blue) and field-gravity (cyan) from the SPEX library of ultracool dwarfs. Our targets are shifted randomly horizontally for clarity.



Within the error bars we can see that all our targets have a TLI-g index favoring low or intermediate gravity and hence a young age except in the case of:

	
3144 with a TLI-g index favoring a field gravity and hence an older age;



	
3378 and 3404 have such large uncertainties that the TLI-g index is inconclusive.




Although Almendros-Abad et al. (2022) defined the TLI-g index using a sample of M0–L3 ultracool dwarfs, we can see in Fig. 4 that it seems to work equally well on the L4 and L6 dwarfs of our sample.
3.5. Final youth status
Table 2 gives a summary of the four youth diagnostics as well as the final status for each target. Among the 17 targets, there are 9 that have the four diagnostics indicating a young age, and are therefore firmly confirmed as young ultracool dwarfs members of the USco and Oph associations. Another 5 have inconclusive Hcont indices within the broad uncertainties or an inconclusive comparison with standards – however, all of them have other diagnostics indicating low-gravity and are therefore confirmed as young ultracool dwarfs with a high level of confidence as well.
Table 2. 
Diagnostics of youth.

The remaining cases are discussed here:

	
3144 is classified as young from the J − Ks color, the comparison with spectral standards, and the Hcont index, but as old from the TLI-g index. Extinction can affect the TLI-g measurement, but would move the object down in the diagram and make it look younger. Instead, we find that 3144 has a higher TLI-g value. Its value is still consistent with intermediate gravity object within the uncertainties and given that all the other diagnostics favor a young age, we classified 3144 as a young ultracool dwarf as well;



	
3404 is classified as young using two diagnostics and is only classified as possibly old using the Hcont index, while the TLI-g index is inconclusive because of the large uncertainties. Given that the large uncertainties on the Hcont index make it fully compatible with intermediate and low gravity objects as well, we classified 3404 as young as well;



	
3293 has a marginally better fit with an old standard and has a Hcont index clearly favoring a high-gravity older object. But the J − Ks color and TLI-g index are favoring a young object. The integrated line-of-sight extinction at 250 pc is relatively large (AV = 2.99 mag) and its J − Ks color and TLI-g index might therefore be affected by reddening. With the current data it is difficult to draw any conclusions about the youth of 3293.




In conclusion, 16 of the 17 targets have multiple pieces of evidence to support their youth and one (3293) is inconclusive. In total we therefore firmly confirm the youth of 16 candidates out of 17 as young L-dwarfs members of the USco and Oph associations, or 94%.
4. Spectral types, effective temperature and masses
We then use Figs. A.1–A.3 to estimate the spectral types of the 16 targets with evidence of youth identified in the previous section. With the question of their youth settled, we are left to decide whether extinction affects the spectrum of the targets. By using the integrated line-of-sight extinction towards each target until 250 pc, we can partially break the degeneracy between spectral type and reddening and check the worst-case scenario in which the target eventually lies at the far edge of the association.
Figures A.1–A.3 show that extinction does not affect the result of the comparison for 3091, 3200, 3231, 3244, 3299, 3324, 3326, 3421, and 3345. All indeed have fairly small integrated extinction (see Table 1). The match is significantly better without extinction in the cases of 3213 (L2), 3314 (L0), 3210 (L0), and 3144 (L4), especially in the K-band. Finally, the match is equally good with or without dereddening for 3404 (L3–L4), 3378 (L2–L4), 3355 (L1–L3), 3214 (L2–L4). We note that the difference is always smaller than two subclasses and we adopted the corresponding ranges as final spectral type. These results show that reddening does not affect our target substantially, which is in agreement with the integrated line-of-sight extinction at 250 pc and confirm that they are most likely not reddened background contaminants.
These spectral types are translated into effective temperatures using the empirical relationship for young L-dwarfs reported in Faherty et al. (2016), which in turn are translated into masses using the Saumon & Marley (2008) models for 3, 6, and 10 Myr. Given their location in the Scorpius OB2 complex, most of our targets are expected to belong to Upper Scorpius and have ages in the range of 6–10 Myr. Three of them (3421, 3293, 3144; see Fig. 2) are nevertheless located on top of the ρ−Ophiuchus molecular clouds and probably belong to the young (1 ∼ 3 Myr) association. Uncertainties on the spectral types (1 to 2 subclasses) translate into uncertainties of the order of 250 K for the effective temperatures and 0.002 M⊙ for the masses at a given age. Table 3 gives the results and shows that all the candidates seem to have masses in the planetary domain, the least massive having a mass of only 0.004–0.006 M⊙ depending on the age. These objects will cool steadily over time, dissolve in the galactic field population and become field T and Y-dwarfs within the next 50 ∼ 100 Myr, as illustrated in Fig. 5.
	[image: thumbnail]	Fig. 5. Effective temperature vs. age between 1 Myr and 15 Gyr according to the Marley et al. (2021) evolutionary models. The targets are represented as well assuming an age between 1 and 10 Myr.



Table 3. 
Adopted spectral types and estimated effective temperatures and masses for the confirmed members.

5. Objects of interest
In the following we discuss a couple of objects of interest: the coolest of our targets and an ultra-wide pair of planetary mass objects.
5.1. The coolest target: DANCe J16081299-2304316 (3345)
In this section and in Figs. 6 and 7, we compare the spectrum of the coolest of our targets, the L6 DANCe J16081299−2304316 (3345) with the spectra of exoplanets and free-floating planets with similar ages and spectral types from the literature.
	[image: thumbnail]	Fig. 6. Smoothed spectrum of DANCe J16081299−2304316 (red) and the planetary mass companion 2MASS J12073346−3932539b and HR8799c from Greenbaum et al. (2018).



	[image: thumbnail]	Fig. 7. Smoothed spectrum of DANCe J16081299−2304316 (red) compared to the TW Hydra L7γ free-floating planets WISEA J114724.10−204021.3 (Schneider et al. 2016) and 2MASS J11193254−1137466AB (Kellogg et al. 2016), the young L7pec free-floating planet WISE J174102.78−464225.5 (Schneider et al. 2014), and the β-Pic L7γ free-floating planet PSO J318.5338−22.8603 (Liu et al. 2013).



The H-band is generally well matched by all these young exoplanet and free-floating planet spectra, but the overall slope of DANCe J16081299−2304316 is shallower than that of all these objects and the higher J-band flux must be due to the slightly earlier spectral type. The 2.3 μm CO overtone is well matched in most free-floating planet spectra but is not as pronounced in the exoplanet spectra. On the other hand the drop observed in DANCe J16081299−2304316 at wavelengths greater than 2.3 μm is observed in HR8799c spectrum only, making it a good free-floating analog of this directly imaged young gas-giant planet. Overall, the spectrum of DANCe J16081299−2304316 appears most similar to that of HR8799c, and both objects have near-infrared spectral types of L6.
5.2. DANCe J16135217−2443562 and DANCe J16134589−2442310: a possible ultra-wide pair
DANCe J16135217−2443562 (3213) and DANCe J16134589−2442310 (3214) form a wide visual pair with a separation on 120″corresponding to a projected separation of ∼17 400 AU at a distance of 145 pc (as shown in Fig. 8). Such a wide separation for such low-mass objects suggests that it is probably a coincidence rather than a bound physical pair; on the other hand, the very low spatial density of free-floating planets reported in Miret-Roig et al. (2022), of between 0.4 and 1 FFP per square degree, suggests that such a coincidence is highly unlikely and calls for follow-up observations of this intriguing pair. Improved proper motions measurements, along with parallaxes and radial velocities, would help us understand and eventually confirm their common origin. Such a pair could indeed also be a remnant of an extreme case of ultra-wide multiple system such as the ones reported in Taurus (Joncour et al. 2017) or the result of a simultaneous dynamical ejection of two planets in a planetary system.
	[image: thumbnail]	Fig. 8. Three-color image (r, Y, Ks as blue, green, red) of the field around DANCe J16135217−2443562 and DANCe J16134589−2442310. Both are indicated by a square.



6. Conclusions
We obtained near-infrared spectra of 18 ultracool candidate members of Upper Scorpius and Ophiuchus discovered by Miret-Roig et al. (2022) using SWIMS at the Subaru telescope and EMIR at the Grantecan telescope. One of the spectra was affected by the poor ambient conditions (clouds) and we discarded it in the analysis.
The spectra allow us to confirm the low gravity and, hence, youth, using four diagnostics: (i) the shape of their H-band continuum measured by the Hcont index; (ii) their J − Ks color redder than field counterparts; (iii) by comparison with near-infrared spectra of young L-dwarf standards; (iv) using the TLI-g gravity sensitive index. Among the 17 targets, 16 have multiple pieces of evidence supporting their youth and one (3293) is inconclusive. In total we therefore firmly confirm the youth of 16 candidates out of 17 as young L-dwarfs members of the USco or Ophiuchus association, corresponding to a contamination rate of only ≲6% and indicating that the methodology devised by Bouy et al. (2013) and Sarro et al. (2014) and used by Miret-Roig et al. (2022) is very reliable.
The spectral types of the targets are estimated via comparisons with young L-dwarf standards, ranging between L0 and L6. Using the Faherty et al. (2016) empirical relationship for young L-dwarfs, we transformed these spectral types into effective temperatures and found that the objects have temperatures in the range between 1220 and 2060 K, corresponding to masses in the range 0.004–0.013 M⊙, according to the models of Saumon & Marley (2008) for ages between 3 and 10 Myr, consistent with the Miret-Roig et al. (2022) estimate that is based on the photometry only. Interestingly, even the brightest target (DANCe J16064553−2121595 = 3355) is an early L-dwarf, suggesting that many objects fainter than MJ ≳ 10.5 mag must indeed have masses in the planetary mass domain.


1 project-dance.com


2 For an equal mass binary the individual fluxes are half the combined flux and the individual magnitudes are 2.5log10(2) = 0.75 mag fainter.
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Appendix A:  Figures
	[image: thumbnail]	Fig. A.1. Comparison of our targets spectra (black) with very-low gravity standards (red) and field-gravity standards (blue). The left panels show the original spectrum, and the right panels show the spectrum derredened by the cumulative line-of-sight extinction indicated in the plot title and in Table 1.



	[image: thumbnail]	Fig. A.2. Comparison of our targets spectra (black) with very-low gravity standards (red) and field-gravity standards (blue). The left panels show the original spectrum, and the right panels show the spectrum derredened by the cumulative line-of-sight extinction indicated in the plot title and in Table 1.



	[image: thumbnail]	Fig. A.3. Comparison of our targets spectra (black) with very-low gravity standards (red) and field-gravity standards (blue). The left panels show the original spectrum, and the right panels show the spectrum derredened by the cumulative line-of-sight extinction indicated in the plot title and in Table 1.
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Gravity sensitive indices measured in 891 spectra of the SPEX library.
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	[image: thumbnail]	Fig. 1. (MJ, J − Ks) colour–magnitude diagram of our targets (red stars), with low-gravity (blue squares), and field gravity (grey dots) ultracool dwarfs from the literature (Burgasser 2014, and references therein). An arrow represents a AV = 2 mag extinction vector.
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	[image: thumbnail]	Fig. 2. Position of our targets in Upper Scorpius and Ophiuchus. Background photograph credit: Mario Cogo (galaxlux.com).
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	[image: thumbnail]	Fig. 3. Hcont gravity index from Allers & Liu (2013) for our targets (red dots) over-plotted over a violin graph of the distributions for ultracool dwarfs with very-low gravity (red), intermediate gravity (blue) and field-gravity (cyan) from the SPEX library of ultracool dwarfs. Our targets are shifted randomly horizontally for clarity.
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	[image: thumbnail]	Fig. 4. TLI-g gravity index from Almendros-Abad et al. (2022) for our targets (red dots) over-plotted over a violin graph of the distributions for ultracool dwarfs with very-low gravity (red), intermediate gravity (blue) and field-gravity (cyan) from the SPEX library of ultracool dwarfs. Our targets are shifted randomly horizontally for clarity.
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	[image: thumbnail]	Fig. 5. Effective temperature vs. age between 1 Myr and 15 Gyr according to the Marley et al. (2021) evolutionary models. The targets are represented as well assuming an age between 1 and 10 Myr.
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	[image: thumbnail]	Fig. 6. Smoothed spectrum of DANCe J16081299−2304316 (red) and the planetary mass companion 2MASS J12073346−3932539b and HR8799c from Greenbaum et al. (2018).
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	[image: thumbnail]	Fig. 7. Smoothed spectrum of DANCe J16081299−2304316 (red) compared to the TW Hydra L7γ free-floating planets WISEA J114724.10−204021.3 (Schneider et al. 2016) and 2MASS J11193254−1137466AB (Kellogg et al. 2016), the young L7pec free-floating planet WISE J174102.78−464225.5 (Schneider et al. 2014), and the β-Pic L7γ free-floating planet PSO J318.5338−22.8603 (Liu et al. 2013).
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	[image: thumbnail]	Fig. 8. Three-color image (r, Y, Ks as blue, green, red) of the field around DANCe J16135217−2443562 and DANCe J16134589−2442310. Both are indicated by a square.
In the text



	[image: thumbnail]	Fig. A.1. Comparison of our targets spectra (black) with very-low gravity standards (red) and field-gravity standards (blue). The left panels show the original spectrum, and the right panels show the spectrum derredened by the cumulative line-of-sight extinction indicated in the plot title and in Table 1.
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	[image: thumbnail]	Fig. A.2. Comparison of our targets spectra (black) with very-low gravity standards (red) and field-gravity standards (blue). The left panels show the original spectrum, and the right panels show the spectrum derredened by the cumulative line-of-sight extinction indicated in the plot title and in Table 1.
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	[image: thumbnail]	Fig. A.3. Comparison of our targets spectra (black) with very-low gravity standards (red) and field-gravity standards (blue). The left panels show the original spectrum, and the right panels show the spectrum derredened by the cumulative line-of-sight extinction indicated in the plot title and in Table 1.
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