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ABSTRACT

Context. LHS 1070 is a nearby multiple system of low mass stars. It isrgoortant source of information for probing the low mass
end of the main sequence, down to the hydrogen-burning.lifhi¢ primary of the system is a mid-M dwarf and two components
are late-M to early L dwarfs, at the star-brown dwarf transitHence LHS 1070 is a valuable object to understand thetafslust

formation in cool stellar atmospheres.

Aims. This work aims at determining the fundamental stellar patens of LHS 1070 and to test recent model atmospheres: BiyPu
BT-Settl, DRIFT, and MARCS models.

Methods. Unlike in previous studies, we have performeg?aminimization comparing well calibrated optical and infrd spectra
with recent cool star synthetic spectra leading to the detetion of the physical stellar paramet@ig, radius, and log for each of

the three components of LHS 1070.

Results. With exception of the MARCS models which do notinclude dosirfation, the models are able to reproduce the observations
and describe the main features of the visible to IR spectna i§ consistent with the fact that dust formation prevailthe B and

C component atmospheres. The parameters obtained withRINeTDmodels confirm the values determined in earlier studes
important diferences between models are observed, where the MARCS nsadel bright in theH andK bands, and the BT-Settl
and BT-Dusty models systematically yield up to 100K higfigr in the case of the B and C components. This confirms a trend
for models without, or with lessficient cloud formation, to predict highi,z than models richer in dust (DRIFT). Even models
including cloud physics however still produce slightly tdght J band flux, showing as too blug— K colors. The onset of dust
formation remains therefore a particularly challengingjmee to understand.
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1. Introduction tant role in understanding the formation of brown dwarfs and

The lower end of the Hertzsprung-Russel diagram has mLfc):It?nets'

importance as the vast majority of stars in the Galaxy are low Despite their large number in the Galaxy, little is known
mass stars. In the Galaxy, 70% of the stars are M dwarihout low mass stars because of theiclilty (i) to get a ho-
They contribute over 40% of the total stellar mass conteftogeneous sample with respect to the age and metallicity due
(Gould et al. 1996, Mera etlal. 1996; Henry 1998). These k@ their intrinsic faintness, and (ii) to disentangle thegaeter
dwarfs have a mass that ranges frorN), to the hydrogen space (es, l0gg, and metallicity). Indeed a number of studies
burning limit of about 0.075 to .085M, depending on the have shown that a change in temperature or gravity can com-
metallicity (Chabrier & Barfie [2000). These stars are foundensate for a change in metallicity to some degree. An addi-
in any population, from young metal rich M-dwarfs in opeiional difficulty is the complexity of their atmospheres: convec-
clusters(Reid_1993; Leggett et al. 1994) to the severabhill tion in optically thin regimes, molecules, and dust cloudifa-
years old metal poor dwarfs in the galactic halo (Green atign for the later types. Water vapor and CO bands dominate
Morgan 1994) and in the globular clusters (Cool et al. 1998)¢ Rayleigh-Jeans branch of the spectral energy disibut
Renzini et al. 1996). Such low mass stars are an importabepr@t infrared wavelengths>(1.3um), while TiO, VO, and metal

for our Galaxy as they carry fundamental information regartiydrides govern the corresponding visual 4000A) to near-

ing the stellar physics, galactic structure and formatand its infrared « 1.3um) spectral energy distribution. Convection
dynamics. In addition, the existence of brown dwarfs or etan reaches out to the optically thin (as far as to an opticaltuept
being discovered and confirmed around M-dwarfs (Butlerlet 410-%) portion of the atmospheres, flattening the temperature gra
2004 Bonfils et al. 2011,and references therein) plays @oim dient of the atmosphere (Allard etlal. 1997). Ludwig et a2,
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2006) have determined the mixing length based on a compaii. Photometry

son of the mixing length theory used in 1D static model atmo-

spheres and Radiation Hydrodynamic simulations. In M dsvarfhe J, H, K, and L' photometry presented in Table 1 for
later than M6 the outermost temperatures fall below the cobHS 1070 ABC refers to_Leggett etial. (1998). We obtained
densation temperatures of silicate grains, which leadsaddr- M-band photometry with the UIST instrument on UKIRT on
mation of dust clouds (see e.g. Tsuji et al. 1996a,b; Allamlle November 9, 2002, as well as N-band photometry with the
1997; Ruiz et al. 1997; Allard & Hauschildt 1998; Allard ez alMAX camera (Robberto & Herbst 1998) on the same telescope
1998). These processes complicate the understanding ¢ then August 27, 1996. The brightnesses of the individual com-
cool atmospheres. ponents were then derived from the brightness ratios oddain
One approach to study the physics at the low end of the maiith NACO (Rousset et al. 2003; Lenzen et al. 2003) for J, H, K
sequence is to compare observed spectra with synthetitrapean December 12, 2003, for L' and M on December 6, 2001. The
from various authors and modelling techniques. The deteami MAX observations in N-band yielded separate brightnessss o
tion of the physical parametersfiective temperature, gravity, for component A and the sun+ of the other two components.

metallicity, radius) is obtained by spectral synthests yi? min- The M band data were obtained in the Mauna Kea

imization. . %bservatory Near-Infrared SysteMcdnrar = 4.7um, 50%-

; A X vidth= 0.23um) in service mode. -
covered by Le_mert et al. (1994), with visual magnitude 1%s | plied to the&pl)ip)eline-reducedog:taég’izulilebgu%tgw;g}r/nvé/;; 32
located at a_dlstanqe of 7.#0.15 pc from the Sun (Costa ef al.a standard filter.enyal = 10.47um, 5%-width= 4.65.m). After
2005) and is considered as a member of the disk populat standard processing steps ,(bad pixel correction, anbi
with a probable age of around 1 Gyr (Reiners et al. 2007b). T En of individual chop cycles after shift-and-add) we ;m'enhed
spectral types for the A, B, and C components were found Igo,re photometry. The absolute calibration at L0lied on

be M5.5-M6, M8.5, and M9-M9.5, respectively (Leinert et aIthe HR 6464 spectrophotometric standard model, producé&d by
2000). A fourth component was suspected very close 1o the Qlj; ymersley using the procedure describéd in Hammerslay et a
mary by Henry et al. (1999) from HST Fine Guidance observ11998) and made available on the 1SO web page for ISO stan-
tions, but this detection is no longer considered to be real ards. HR 6464 has the same spectral type MOIIl as the stan-
Henry, private communication). The latest orbit determion 5.4 HR 400 actually observed, and the flux ratio of the two was
has been performed by Kohler et al. (2012), with semi majQgermined from their fluxes in the IRAS }2n band. Strictly
axes of 0.458” for the close pair BC and 1.112" for the wid eaking, the result is a narrow-band (0;28) brightness at

orbit of BC around component A. E.g., on December 12, 2008 4 ;

; o .4um under the assumption of an MOIll type spectrum. The
component Ig\;vas Sgpbar%ti(ixronlésby 1.77"atposition &8d  gpecira) slopes in this wavelength region are smooth aratell
component € from B by 0.41" at representing Rayleigh-Jeans tail emission. Uncertaimésult-

Leinert et al. (1998, 2000) have deriveffeetive tempera- i, from the diference in s
- pectral type between MOIIl and our
tures of 2950K, 2400 K and 2300K for the components based gffe o therefore are not important. To be conservativersif

spectral analysis, and found that B and C showed clear siggmat | ¢ mJdy,+ 4 mJy, anct 3mJy are taken for the fluxes of the

of dust in their spectra. They presented photometric méss es, 1 pined svstem. of component A. and the sum of componen
mates ranging from 0.109 ta@ 9V, for the three stars basedg 5nq ¢ regpecti\,/ely. P ' components

on theoretical isochrones, thus reaching right down to thg-m i ) o
mum hydrogen burning mass. This mass range makes LHS 10700ur NACO observations were used in determining the rela-
avaluable system for understanding the formation of duspat  tive brightnesses of the three components of LHS 1070, Isecau
atmospheres and the processes that occur at therstan dwarf Of the superior spatial resolution of this instrument. Afiean-
transition. LHS 1070 is therefore a testbed to validate afihd dard reduction (flat fielding, bad pixel correction), apegtpho-
further developments of both atmospheric and interior rroddometry was applied. The NACO bandpasses closely match the
at the lower end of the main sequence. We assume the sameMg&-NIR system for the J, H, K, L' bands. The mairfigrence
and composition for the three components of this systerirfor s iS I the N band (4.gm for NACO versus 4.Zm at Mauna Kea,
plicity. 20% width of 0.64um for NACO versus 50% width of 0.2@m

In this paper, we present the spectral synthesis of tARkMaunaKea). In this wavelength range, the slopes of the com
components A, B, and C. We determine their physical pRonent spectra are very similar. Therefore the NACO-meakur
rameters by comparing the well-calibrated HST spectra Rightness ratios were applied to extract the componeghbri
the optical (from FOS) and in near and mid-IR (fronf€sses from the MKO-NIR based total brightnesses.

HST/NICMOS and ISOPHOT-S) with synthetic spectra com- | HS1070 was observed with ISOCAM_(Cesarsky ét al.
puted from recent stellar atmosphere models: BT-Dusty amggé) on the ISO satellite in the LW2 (6.M) and LW3 (14.3
BT-Settl (Allard & Homeielr 2012), MARCS (Gustafsson et a'Mm) filters on November 28, 1996 (P| H. Zinnecker)_ Near-
2008), and DRIFTL(Witte et dl. 2009). Observations and deta linfrared narrow and medium-band photometry from Q80to
duction are described in Ség. 2. Selc. 3 presents the atnresphel5,m was obtained with the NIC1 and NIC2 cameras of the
models used in the analysis. In Selc. 4 we give the deterrnimatHST NICMOS instrument on Jan. 2, 1998. For the analysis we
of the stellar parameters and show the comparison between @§ed pipeline reduced images. On each frame the system was
served and modeled spectra. Discussion and conclusi@wollglearly resolved, and it was possible to obtain separatéopho
in Sect[5. metric measurements for the three stars. Before perforapeg

ture photometry for a given star, we removed the images of the
other two objects by subtracting a scaled PSFPSF temptate, ¢
structed from component A and shifted to the known cooréinat
Regarding the optical photometry and spectroscopy, thidereaof the stars. An aperture correction, taken from the NICMOS
is referred to_Leinert et al. (2000). The new input concehes tData Handbook, was applied, and photometric calibratios wa
infrared data. performed via multiplying by a conversion factor betweea th

2. Observations and data reduction
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Table 1.Photometric data. Fluxes, are in log10(ergs cnf s tA-1).

Wavelength Filter Component A Component B Component C ComponertBAC
um log10(F,) 10g10(F,) original notation
0.900 NIC1 FO90M -13347+0.010 -14122+0.016 -14.289+0.017 156+ 2 mJy
0.953 NIC1 FO95N -13213+ 0031 -13870+0.03 -14.056+ 0.036 253+ 8 mJy
0.970 NIC1 FO97N -13251+0.031 -13943+0.027 -14.092+0.028 237+ 7 mJy
1.083 NIC1 F108N -13229+0.024 -13831+0.017 -13953+0.017 332+ 7 mJy
1.100 NIC1 F110M -13292+0.006 -13887+0.007 -14.037+0.009 295+ 2 mJy
1.130 NIC3 F113N -13267+0.022 -13809+0.073 -13965+0.097 343+ 15 mJy
1.130 NIC1 F113N -13249+0.020 -13796+0.019 -13962+0.022 355+ 7 mJy
1.25 J —-13350+ 0.017 -13904+0.028 -14036+0.028 -13189+0.012 914+ 0.03 mag
1.450 NIC1 F145M13494+0.005 -14.077+0.005 -14.218+0.005 326+ 2 mJy
1.640 NIC1 F165M -13517+0.004 -14026+0.004 -14163+0.004 419+ 2 mJy
1.65 H -13535+-0.018 -14.061+0.028 -14195+0.031 -13367+0.013 851+ 0.03 mag
1.660 NIC3 F166N -13492+0.013 -13930+0.084 -14130+0.133 472+ 29 mJy
1.800 NIC2 F180M -13677+0.006 -14197+0.008 -14.333+0.009 346+ 2 mJy
1.900 NIC1 F190N -13751+0.014 -14276+0.007 -14415+0.008 324+ 4 mJy
2.040 NIC2 F204M -13833+0.006 -14343+0.004 -14.474+0.004 314+ 2 mJy
2.150 NIC2 F215N -13825+0.013 -14273+0.005 -14.400+ 0.006 378+ 5 mJy
2.2 K -13860+ 0.018 -14339+0.018 -14468+0.024 -13674+0.014 814+0.03 mag
2.300 NIC2 F222M -13844+0.004 -14301+0.003 -14.429+0.003 378+ 2 mJy
2.375 NIC2 F237M -13973+0.005 -14447+0.003 -14579+0.003 317+ 2 mJy
3.8 L —-14.604+ 0.013 -14990+0.013 -15097+0.014 -14377+0.012 763+ 0.06 mag
4.78 M -15008+ 0.019 -15449+0.028 -15536+0.041 -14806+0.017 772+ 0.04 mag
6.7 Lw2 -15.349+ 0.019 70+ 3 mJy
104 N —-16.190+ 0.053 -16.378+ 0.079 -15973+0.035 384 + 3mly
14.3 LW3 —16.555+ 0.043 21+ 2 mJy

1 M: medium-band filter 41 = 0.1 — 0.2um), N: narrow-band filter4A = 0.02 — 0.04um)
2 these values are the sum of the values measured directlydfandividual components

counts and Fas stated in the Handbook. The results are give864Grism3H, and S27Grism3K, respectively. The slit width

in Table 1. was 86 milli-arcsec in all three bands. After subtracting sky
from the raw data, a flat normalized along the dispersiorcdire
tion was applied. The spectra were then traced and extracted
Finally, the individual exposures were averaged. This @doice

Near-infrared spectra of the individual components of LI9g@ Was also applied to the telluric standards. All telluricnstards
were taken with grisms G096, G141 and G206 and the NI@§e Of spectral type G2V, which allows a proper modelling
camera of the HST NICMOS instrument on January 2, 19 their intrinsic spectrum with that of the Sun. The Solar
for the J, H, and K bands. In a first step we removed from tfRP€Crum was constructed using the data and scripts pvide
four spectra we had for each grism the short wavelength a¥jMaiolino et al. (1996). Wavelength calibration was obéal
long wavelength ends. For grism G096 this left the range BY &'¢ lamp exposures. The additiondioet to guarantee the

0.80-1.085:m or 0.8-1.15:m, depending on the local noise@bsolute flux calibration was not taken, so only the relative
level. Similarly, G141 covered the range of 1.10-1,68 or shape of the spectrum was determined in each band. For each

1.10-1.85um. G206 ranged from 1.6Gm to 2.45um. For Ccomponent, we used one scaling factor for each band to bring
each wavelength pixel, all spectra covering that wavehengthe spectra to the absolute level as resulting from the NIGMO
were averaged using a weighted average, where the weigtR§ervations. The errors, taken as the formal uncertaiofithe
came from the formal uncertainties of the spectra (typjcalPVeraging process, typically range from 5-10%. The number o
from 2% to 5%). The reduction was based on the NICMOSIodl€!S per resolution element in the J, H, and K band is about
IDL-based data reduction package. For the extraction of tRe 1-5, and 3. Because of the missing independent absolute
spectra, the 'no weighting’ option was used. The result fier t calibration, the NACO spectra are us_ed prl_marlly for thelgtof

A component was slightly scaled (by a few percent) to fit thepectral features. However, comparison with the NICMO$spe

NICMOS photometry. The extraction procedure also gave tH&- like in Figuré1, gives confidence also in their specthaipe.

combined spectrum of components B and C (separated only
0.4” on the detector), which was decomposed into the spectra Spectra for the system from 2ufn to 11.7um were obtained
of the individual components on basis of the brightnes®oratiith the ISOPHOT-S spectrometer on board the ISO satellite
as a function of wavelength as determined from the narrogn November 23, 1996 (PI: T. Tsuji) with an exposure time
and medium band photometry. The spectral resolution of tbe 4096 s. ISOPHOT-S was the spectroscopic sub-instrument
NICMOS spectra iR = /A1 = 200. of ISOPHOT (Lemke et al. 1996). It had an entrance aperture
of 24"x24”, covering simultaneously the 2.5 to 4.9 and 5.9
Higher resolution spectra witR = 400 1500 and1400 in to 11.7 um ranges. The spectral resolution of both channels
the J, H, and K bands, respectively, were taken with the VIiBinged between 65 and 130. We processed the ISOPHOT-S
NACO instrument/(Rousset etlal. 2003; Lenzen et al. 2003) observations using thehot Interactive Analysis (PIA)
telescope UT4 of the VLT for the individual components o¥10.0 (Gabriel et all 1997) following the standard data reduc-
LHS 1070. The camergrismyfilter settings were S2Grism4J, tion scheme. The measurements were further reduced folgpwi

2.2. Spectroscopic observations
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Fig. 1. Comparison between NICMOS and NACO spectra of the three oaegs.

our self-developed processing scheme (Kospal et al. gubnlike properties|(Allard et al. 1997). The discovery of the-fo
ted), correcting for the slightfbcentre positioning of the source.mation of dust clouds in M and L dwarfs makes it even more
challenging to understand their spectral properties. face
tive temperature of 2600K and below isfBciently low to
) give rise to enough silicate dust formation in the photosighe
2.3. Spectroscopic features layers to &ect the spectral properties of late type M dwarfs.

Figure[2 shows the optical spectra of all the three companent€se grains produce a “veiling” in the optical by dust satt
with expected atomic and molecular features in the optimage N9 @and an important greenhousteet (redistribution of flux
between 5000 to 8500A. The most important ones are molec rthe mfra_red) Wh.'.Ch strongly influence the infrared spec-
bands of TiO, CaH, and VO, and atomic lines like Cal, Nal, arig¢! PropertiesLTsuji etal. (1999); Allard et al. (2001pated

KI. The TiO bands get weaker towards lower temperature, frofie dust formation in the low-mass stars in pure Chemical
component A to C, due to condensation into dust species. quilibrium (hereafter CE). CE yields the formation of con-

hydride CaH at 6380 A and 6880 A decreases in strength w hsates from zirconium dioxide and silicates g8i§,) to re-

) ctory ceramics (CaTig) Al,03), salts (CsCl, RbCI, NacCl),
decreasing temperature. The KI doublet at 7665 and 76994 ices (HO, NHs, NHsSHs) depending on the tempera-
is very strong and is useful for gravity determination. Th& Ny .o of the at’mosp'here from M through T and Y spectral
doublet at 8183 A and 8195A is strong in all the componentgpes (Allard et al. 2001; Lodders & Fegley 20G6). Hellingabt
whereas Cal at 6103 A is weak at all temperatures. (20084,b)| Allard & Homeiér (2012) explored the propertiés

the formation of the dust clouds in low-mass stars by determi
Figuré3 shows the near-IR spectra obtained with NICMGOifig the radial distribution and average size of the grains.
on HST for the three components as well as the thermal in- \We compared the flux- calibrated spectroscopic data of
frared spectrum of the unresolved systemBA-C taken with | 451070 with synthetic spectra computed from three recent a
ISOPHOT on ISO. Photometric results are superimposed gysphere models for cool stars. These models are descibed b
these spectra. low. In order to match the observed spectra, the synthetictsp
Figure[4 shows the NACO spectra obtained at the VLT ®fave been scaled by the dilution factoyqR whered is the dis-
the three individual components in tigupper panel)H (mid-  tance of the system from Costa et al. (2005) and the stetiarsa
dle panel), anK (lower panel) band for components A, B, angis a free parameter ranging from 0.0R6to 0.142R at a step
C (from left to right). The main expected features are alst>-in of 0.002. The radius resulting from the fits can then be coetpar
cated. The Paschen Beta and Cal lines can be seenJadaed  to predictions from stellar evolutionary models.
spectra with “equivalent widths” of 2-2.5A and 1.5-2 A, resp
tively. TheH-band spectra contain many relatively weak absorp-
tion features, which defy definite identifications, with pitde 3.1. BT-Dusty and BT-Settl
exception of Mg (1.71%m), OH (1.689um), and Al (1.675
um). H,O bands define the shape of theandH band peaks.

Water absorption is most obvious in tieband at 1.3am and Setl . ) P ;
strengthens through the later types: the flux ratio betwaen €ances have been published in a review by Allard & Homeier

peak and the minimum of the absorption band increases fré#§12), and those grids distributed via #HOENIX web simula-
1.09:0.01 for component A to 1.260.01 and 1.320.01 for the (©F (Nitpj/phoenix.ens-lyon.fGridgBT-SetfAGSS2009). For
cooler components. THe-band spectra of the three component&!iS Paper, we have developed a revision to these BT-Dusty an

show strong CO bands and more or less pronounced atomic ﬁg:sem models based on the & et al. [(2011) solar abun-
tures. The Nal lines weaken from the hotter component A to tRg"Ces using slightly revised atomic and molecular ogecis
cooler components B and C as dust forms. vyell as cloud physms. Their detqlled publication is in ep

tion. We summarize below theftérences between the current
version of the models and the published versions of Allatllet
(2001); Allard & Homeierl(2012).

The BT appellation stands for the Barber and Tennyson so-
The atmospheres of low-mass stars are mostly composedcalled BT2 water vapor line list (Barber et al. 2006). The mod
molecular hydrogen and CO, and their spectra charactebigedels are provided in several versions addressirfgdint limit-
strong TiO bands in the optical, water vapor bands in the img treatment of the cloud physics. The Dusty and Cond appel-
frared, chromospheric activity, flares, magnetic spotd,danet lation, as defined by Allard et al. (2001), refer to a CE treat-

Recently, the preliminary results of the BT-Cgbdsty and BT-
models based on the Asplund et al. (2009) solar abun-

3. Model atmospheres
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Fig. 2. Optical Spectra of the components of LHS 1070 obtained wigHRaint Object Spectrograph (FOS) on HST. The atomic and
molecular features visible in all three components are shiowhe upper panel.

ment of dust formation where dust opacities (assuming sphkar values at the cloud base. The BT-Settl models do not eafor
ical grains with interstellar grain size distribution) agmored grains to be in equilibrium with the gas phase as is the case of
in the Cond models. The BT-Dusty and BT-Cond models réhe Dusty and Cond models. However, the gas phase opacities
produce the color properties of the 2001 AMES Dusty améflects the depletion of elements from the gas phase caysed b
Cond models in the brown dwarf regime, with minoffdi- grain growth. The numerical solving on-the-fly of the gasggha
ences relating to revised opacities fos® TiO (Plez 1998), CE in the BT-Settl models (unlike what is often done by other
VO and most of the hydrides, detailed damping profiles fauthors) costs computing time but allows to account for td-c

the alkali lines [(Allard et al. 2007), the damping constaoits ing history of the atmospheric layers.

molecular lines/(Homeier 2005), new line lists for £¢STDS, For the current BT-Settl model version, we have addition-
Homeier! 2005), C@ (CDSD, | Tashkun etal. 2004), and ClAg|ly explored the fects of nucleation in our cloud model by
(Borysow et al. 2001; Abel et al. 2011) to mention the most inyssuming a constant nucleation rate of T#nThis acts as a
portantchanges). We reserve the NextGen appellations®oh |imiting factor to the creation, sedimentation and depletof

for thelHauschildt et all (1999) models, for correspondintep grains and thus leads to the persistence of grains highen up i
gas phase models. the atmospheric structure than assuming unlimited grain pr

The BT-Settl models described by Allard & Homeier (2012)duct|0n. We are using in general atomic damping constants ac

. o . .2~ cording ta_ Unsold (1968) with a correction factor to the vhem
on the other hand, include gravitational setting whichgs i Vgaals widths of 2.5 (Valenti & Piskunov 1996), van der Waals

nored in Dusty models, and which involves a cloud model. Trbroadening of molecular lines with generic widths accogdim

growth of the grains is governed by the supersaturation rxti : :
the gas and is triggered by the actual collision rates betwﬁomeler et al.[(2003). More accurate broadening data farakeu

s and s mdeces and, hereor,depens on e Y /OSENCOlsion b Bk il (2000) e ocr et
surface. A breakthrough was therefore achieved, compare dc P i

earlier versions_(Allard et al. 2003, 2007; Reiners et aD720 aran . arresonance fines. .

Helling et al. 2008c), by calculating locally the supersation Grains are assumed here to be spherical and non-porous,
instead of assuming the fixed conservative value proposed3jf their Rayleigh to Mie scattering and absorptive progert
Rossow/(1978). The cloud model used in the BT-Settl modelsage considered for 55 types of material including the specie
based oh Rossow (1978) and accounts for nucleation, coadef@entioned above and presentedlin_Allard et al. (2001) and
tion, supersaturation, gravitational settling or seditatian, and [Ferguson etal. (2005), plus Mn§@nd NaOsSk,. The grain
advective mixing. The latter includes convective mixingdd OPacities are computed in each layer for pure sphericahgrai
on the mixing length theory in the convection zone, an expeneising the radius determined by the cloud model (assuming it
tial overshoot according o Ludwig etlal. (2006), and thevgra'ePresents an average radius of the grains in each layethand
ity waves according to Freytag ef al. (2010). The latter dwtei  Material density as measured in the laboratory. The opesity

the mixing in the uppermost atmosphere layers, i. e. thensgi tributions of the various grain species present in eactr lage
where clouds first begin to form in late M dwarfs. The graires afinally summed.

still considered spherical but the grain sizes (a unique eam The model atmospheres and synthetic spectra are com-
value per atmospheric layer) and grain number densitiedeare puted with thePHOENIX radiative transfer code (Allard 1990;
termined by the comparison of thefidirent timescales, and thusAllard & Hauschildt 1995; Allard et al. 2001) using hydrasta
vary with depth to reach grain sizes of a few times the ingérst equilibrium, convection based on the mixing length theaorg a
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Fig. 3. Near-IR spectra (solid line) and photometry (solid cirrleistained with NICMOS on HST for components A (upper left),
B (upper right), and C (lower left). The ISOPHOT thermal arfed spectra of the unresolved system is shown on the logler ri
panel, again with photometric measurements overplotted.

mixing length which varies from 2.2 to 1.6 from brown dwarf®pacity sampling at approximately 100 000 wavelength [goint
to the Sun according to results of radiation hydrodynansitat  over the wavelength range 1300 A-20.
ulations (Ludwig et al. 1999, 2002, 2006), spherically sygtm  The code used for calculating the synthetic spectra is
ric radiative transfer using radii provided by publishedlev BSYN v. 7.12 which is based on routines from the MARCS
tion models, micro-turbulence velocities from radiatiordfo-  code. The atomic line list used in our calculations is com-
dynamical simulations (Freytag et/al. 2010), and the |aelstr piled from the VALD | databasé (Kupka & Ryabchikdva 1099)
abundances by @au et al.|((2011). updated according to_Gustafsson ét al. (2008). The molecula
The synthetic spectra are provided over the entire spectigk lists include CO, SiO, TiO, ZrO, VO, OH, 4D, CN, G,
range of interest at a spectral resolution of 0.05 Ain thécapt NH, CH, AlH, SiH, CaH (see references lin_Gustafsson et al.
and 0.1 Ain the near-IR. For this paper, we explored theseaino2008), MgH (Skory et al. 2003), Fel (Dulick et al. 2003), and
grids with parameters described as follows: CrH (Burrows et al. 2002). Up-to-date dissociation enesgied
partition functions are used. The basic chemical compmsiti
— Tes from 2000K to 3100 K with 100K step, as expected foadopted is that of the Sun as listed lby Grevessel et al. (2007).

mid-M to L dwarfs, The synthetic spectra were calculated in plane parallehsgm
— logg = 4.5,5.0, and 5.5 dex, try. A constant micro-turbulence velocity of 2 kri'ss assumed.
— [M/H] = -1.5,-1.0,-0.5, 0.0, +0.3, and+0.5 dex, The most important dierences to the BT models are the dif-

ferent opacities sources, the solar abundances, and thehéac
3.2 cs MARCS is a pure gas phase model with no dust formation.

2. MAR Synthetic spectra are calculated for the wavelength regfion
The MARCS codel (Gustafsson etlal. 2008) assumes hydrost@tf0— 2.53um, with a resolution oR = 600000. We used a grid
equilibrium, Local Thermodynamic Equilibrium (LTE), chém of MARCS model atmosphere which spans the parameters as
cal equilibrium, homogeneous plane-parallel stratifaratiand follows:
the conservation of the total flux (radiative plus conveztihe
convective flux being computed using the local mixing length- Tt from 2500 K to 3100 K with 100K step (lower tempera-
recipe). The radiation field used in the model generatiorais ¢ tures are not available),
culated by assuming absorption from atoms and molecules by logg = 4.5,5.0, and 5.5 dex,
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Fig. 4. VLT (NACO) spectra of all the components i) H andK bands with atomic and molecular lines indicated.

— [M/H] from —0.5 to 0.25 dex with 0.25 dex step. 2000). The resulting absorption and scattering propecfi¢se
grains are therefore flerent than those of the BT-Settl mod-
els, possibly producing more opaque clouds. However, ghee

3.3. DRIFT opacities are dominated by atomic and molecular opacities o

The DRIFT-PHOENTX model atmosphere code has been devell0St of the spectral distribution in this spectral type &ripe
oped by Dehn et all (2007); Helling et al. (2008b); Witte ét aimpact of those dferences are dlicult to identify. The largest

(2009). Both the DRIFT code By Helling et dl. (2008a) and tHdferences between the BT-Dusty, BT-Settl and DRIFT models
BT-Settl code return a consistent dust cloud structure edgin  2r€ the diferences in the local number density, the size of dust
responding opacities and the altitude-dependent depletim  9r2ins, as well as their mean composition, which are thectlire
redistribution of gas phase abundances, which feed backttn p'esults of the cloud model approach.

the thermodynamical structures and the radiation field. tAn i~ The DRIFT model also considers only seven of the most im-
eration of these methods allows the determination of statip portant solids (TiG, Al,Os, Fe, SiQ, MgO, MgSiQ;, Mg,SiOy)
atmosphere and dust cloud properties and yields the régpecinade of six diferent elements, found to form below an ef-
synthetic spectra. But solely in the case of the DRIFT cdue, tfective temperature of 2800K. Note that the CE, which de-
dust formation takes place via the formation of seed padicltermines the composition of the solid species included in
and their subsequent growth or evaporation, solving frqmt®o the BT-Settl model, does not give the same list. Among the
bottom of the atmosphere. The BT-Settl models in contrdgesomost important species, forming in the BT-Settl model below
the timescale equations to calculate the depletion of cifrg T = 2900 K, are additionally Zrg) CaTiGz, CaSiQ, CaSiOy,
elements from bottom to top. CaAl,Si0;, CaMgSi,0;, CaMgSp0Og, Tio0s, TisO7, Fe, Ni,

As in the BT-Settl model, the DRIFT model assumes dirtyO, V,03, MgTiO3, MgTi»Os, MgAIl,04, Al;SiO13. The
grains mixed according to the composition of each atmospheDRIFT model includes, similarly to the BT-Settl model, mix-
layer. While the BT-Settl model assumes dirty grains in theg by convection and overshooting by assuming an exponen-
timescales equations to calculate the growth and settlinigeo tial decrease in mass exchange frequency in the radiative zo
grains, it only sums the opacity contributions of each sg®ai (Woitke & Helling [2004). However it neglects the contritarti
each layer as for an ensemble of pure grains. The DRIFT modé&the gravity waves included in the BT-Settl model. The mode
instead uses composite optical constants calculateffént'ye code DRIFT-PHOENIX has been discussed in more detail by
mean theory from the composition of the grains (Bosch let Alitte et al. (2009).
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We used a grid of DRIFT model atmosphere which spans therresponding spectral types are given in Table 3. The oédai

parameters as follows: spectral classification for components B and C is one subclas
higher as compared 1o _Leinert et al. (2000). The spectragyp
— Teg from 2200K to 3100 K with 100K step, obtained in the K-band ffers from the optical indices by up to
— logg = 4.5,5.0, and 5.5 dex, two subclasses showing inconsistency on the spectral tgpe v
— [M/H] from —0.5 to 0.5 with 0.5 dex step. sus spectral index relations defined from the optical and-Hea

spectra. Here we adopt the spectral type obtained fromaiptic

. L spectral indices.
4. Physical parameters determination and results

The first analysis of LHS 1070 by spectral synthesis was ma?z?ole 3. Spectral index values and derived spectral type com-

by |Leinert et al. [(1998) using the FOS _spectra and the p ted from TiO and CaH band-strengths for component A and
gas phase NextGen model atmospheres (Allardetal.|19 m the PC3 index for components B and C

Hauschildt et al. 1999). But the quality of the fits, even foe t

A component was disappointing, especially below20um, Band Indices  Spectraltype
anql theTer of the B and C components were strongly over- Component A
estimated (2700K) mainly due to the absence of dust forma- TiOs 0.211 NG5
tion.|Leinert et al.[(2000) have therefore used the AMES#pus CaH 0.281 M5.5
models|(Allard et al. 2001) to re-analyse the LHS 1070 system CaH; 0.557 M6
However if the quality of the fits and precision of thg; for H20-K 0.829 M6.5
the B and C components were clearly improved, this was still Adopted value M5.5
clearly not the case of the M dwarf primary. The stellar param Component B
eters obtained with the assumption of a distance of 8.8 pc are PG 2.305 M9.5
summarized: H,O-K 0.791 M8.5
Adopted value M9.5
— Component AT = 2950K, logg = 5.3+0.2,[M/H] = 0.0 Component C
— Component BT = 2400K, logg = 5.5+0.5, [M/H] = 0.0 Hfng gggg Ib%
— Component CT¢r = 2300K, logg = 5.5+0.5, [M/H] = 0.0 Adopted value L0

In the following, we derive the stellar parameters usingenor
recent atmosphere models and spectroscopic informatmns c
ering both the optical and IR ranges. Metallicity and gnavit
are determined from peculiar spectral features, wherastwe 4.2. Metallicity
temperature and radius are constrained from the overalksbia _ .
the spectra, following the fierent steps: (i) a firsg2 minimiza- [N order to estimate the metallicity of the system, we looked
tion is performed on the overall spectra considerifigative SPecial features in the spectra that are mainly sensitivédo
temperature, radius, metallicity, and gravity as free patars. r_netalhuty. The main indicator of m_etaII|C|ty is the VO alrp-

It gives a first guess for the parameter space of each compon#@in band at 7300 A - 7600 A. It is well reproduced at solar
(ii) we looked for peculiar spectral features that are magein- Metallicity for all components, and shown in Fig. 5 for the pr
sitive to meta|||c|ty (See Sedﬂ_Z) or gravity (See S) 4o maryWIth the BT-Settl mOdel. We checked that the Same_ metal-
refine these two parameters, (iii) we fixed these parameterdigity is found when changing the other parameters. Thisrsol
perform anotheg? minimization and deriveféective tempera- Metallicity can also be inferred from the Nal, Cal, ang0Hea-
ture and radius (see Selct.4.4). At each step we checkedthatteres in the K-band of the primary using the calibration dete
resulting value is not sensitive to changes on the value ef tfiined by Rojas-Ayala et al. (2010). In the following, we atiop
other parameters. this [M/H] = 0 dex value.

Age is estimated from kinematics and rotation. Before en-
tering the details of our study, we also summarize our resalt , 5
Table[2. Note that these values have been obtained by aggumin
a distance of 7.72 pc¢_(Costa etlal. 2005) whereas Leiner: etBhe surface gravity can be estimated by analyzing the witith o
(2000) used the higher value of 8.8 pc. atomic lines such as the K1 and Nal D doublets, as well as the
relative strength of metal hydrides bands such as those ldf Ca
The K1 doublet at 7665 A and 7699 A is a particular useful grav-
ity discriminant for M stars. Figuid 6 (left panel) shows tav-

A well-defined spectral classification for the M dwarfs helps ity effects on the strength and pressure broadening of the Kl
the calibration of the temperature of the late type starsfand lines as modeled by thRHOENIX BT-atmospheres. The over-
the definition of the end of the main sequence on the HR diall line strength (central depth and equivalent width) éases
gram. We have derived spectral indices and spectral tyges ¥dth gravity as the decreasing ionisation ratio due to tlghar

all three components. For the early M-dwarf, i.e. the primarelectron pressure leaves more neutral potassium in theedatp
we used the classification scheme based on the TiO and QaHsphere. The width of the damping wings in addition incesas
band-strengths, as defined by Reid etlal. (1995). For the lsl¢e to the stronger pressure broadening, mainly pyH¢ and
M-dwarfs, we also used the Bhdex defined by Lépine et al. H1 collisions.

(2003); Hawley et all (2002); Martin etlal. (1999). We hawme Figure[® (right panel) shows the determination of gravity
puted the spectral indexJ-K in the near IR K-band defined for the component A from the K| doublet using the BT-Settl,
by |Covey et al.|(2010) and used the spectral-type vs index MARCS, and DRIFT models. The determined log g values are
lation from|Rojas-Avala et all (2010). The spectral indieesl given in Tabld 2. The best agreement is obtained withgleg

. Gravity

4.1. Spectral type
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Table 2. Derived parameters for the LHS 1070 system. The lumindsisycomputed from the radius and thi@eetive temperature.

Component A
Model Terr logg Radius logl)
(K) (cms?) (Ro) (Lo)

BT-Dusty  290Q@-100 5.0 0.1340.005 -2.93:0.090
BT-Settl 290@-100 5.0 0.1340.005 -2.93:0.090
MARCS 290100 5.0 0.1380.005 -2.92:0.090
DRIFT 2900100 5.0 0.13€0.005 -2.92+0.031

isochrones 2953 5.2 0.140 -2.88

Component B
Model Ter logg Radius logl)
(K (cms?) Rs) (Lo)

BT-Dusty  250Q@-100 5.0 0.1020.004 —-3.43:t0.105
BT-Settl 250@:100 5.0 0.1020.004 -3.43:t0.105
MARCS 260@:100 5.0 0.0980.002 —-3.39:0.086

DRIFT 240@:100 5.0 0.1060.005 -3.46:0.044

isochrones 2432 5.3 0.104 -3.48
Component C
Model Ter logg Radius logl)
(K) (cms?) (Ro) (Lo)

BT-Dusty  240@100 5.0 0.0980.002 -3.53:0.090
BT-Settl 240@:100 5.0 0.0980.002 -3.53:0.090
MARCS  2506+100 5.0 0.1080.002 -3.44+0.090
DRIFT 2300:100 5.0 0.1020.005 -3.57+0.034
isochrones 2234 5.3 0.098 -3.68
@ Note that this value might be meaningless as there is noicagdélable model.

and radius by performing g minimization technique. For this

—12.50 ‘ ] purpose, our approach was to first convolve the synthetic-spe
i [oEee o ] trum with a Gaussian kernel at the observed resolution agml th
—13.0} et . rebin the outcome with the observation. For each of the obser

spectra we have calculated the redugédialue by comparing
these spectra, taking into account their uncertaintiematgd
from the reduction procedures (see SEcil 2.2), with thesgrid
synthetic spectra in the wavelength range between 4500 A to
2.4um. We have excluded the spectral region below 4500 A due
o f ] to the lowS/N ratio of the observed spectra. The number of data
~145F . points used for thg? computation is thus 1487 in the optical
r ] and 204 in the infrared.

—135)

10G1aFa

—14.0f

1500 ‘ ‘ ] In a second step, a reducgd map has been obtained for
7200 7400 7600 7800 each component in the optical and in the infrared as a fumctio
Wavelength (A) of temperature and radius. Such a map is shown in[Fig. 8 for
the primary using the BT-Dusty model. Tlé minimum value

Fig. 5.VO band observed in the primary (black) compared to tf& given on the left part of the colour bar. The parameter spac

BT-Settl model at 2900 K, log = 5.0, R = 0.134R, for different Which gives an acceptable solution around the mininydral-
metallicities. ley is within the white contour, defined by visual inspecti®he

x? value at this significance level is indicated along the white
contour. Error bars are derived from this contour.
5.0 dex for all the atmospheric models. This value is confirmed We have identified on the contour maps the possible solu-
by the CaH molecular bands (Figure 7). We checked that thiens in the optical and IR. The adopted values fbéetive tem-
same metallicity in found when changing the other pararsetgrerature and radius are the common intersection betweeothe
and adopt the value lag= 5.0 dex in the following. For com- lutions found in the optical and IR.
parison, the gravities inferred from the masses found fleent  The solutions were finally inspected by comparing it with the
orbits of the system (Seifahrt et al. 2008) are also listeuickv  observed spectra. The same procedure has been used with BT-
are also in good agreement with the values found by fitting. Settl, MARCS and DRIFT model grids. Dérences of 100K to
200K in theTer determination (see Tablé 2) are found for the
B and C components depending on the model used, whereas all
models agree on thefective temperature of the primary.

4.4. Effective temperature and radius

We performed a second minimization by adopting the metal-
licity and gravity derived in Seck. 4.2 afd ¥.3 and refined the
effective temperature and the radius by comparing the overal
shape of the observed and synthetic spectra. As opposed towfith its high velocity component aiV = 43 knys perpendicular
studies mentioned previously in which the best fit was found lto the galactic plane based lon Basri & Marcy (1995), LHS1070
trial and error, in this paper we derive thffextive temperature has been considered as part of the old disk population with an

F. Age and mass
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Fig.8. Left: ¥ map computed for component A using the optical spectrum hedT-Dusty model. Right: same using the IR
spectrum. All values inside the white contour give an acaelptfit (checked by eye). The adopted common solution to pbth
maps isiTer = 2900 K and a radius of 0.134,.

age of several Gyrs. Reiners et al. (2007b) refined this estim4.6. Results
to about 1 Gyr based on measured rotation velocities of its-co
ponents using a modified Skumanich braking law_(Skumaniétigures™® and10 show the best fit model superimposed to the
1972). They do not exclude however that the braking law majpserved optical (FOS) and IR (NICMOS) spectra for all the
also have to be changed in its absolute time scale, whictdcothiree components using the BT-Settl, BT-Dusty, MARCS, and
increase this estimate. DRIFT models. Note that the observed NICMOS spectra of all
. i - three components plunge down away from the model predition
By an orbital fit,| Leinert et al.| (2001) have computed thSe.Iow O.85¢pzm (seepFigI%I)), Wherea)s/ the observed ng spectra
combined mass of the components B and C and showed that teil’ . rectly represented by the models in the same waéleng
gnoaosjz;sgr\:aeerr);]g:]qcsﬁitftmenﬁggsrgg%? g%g‘c')n&g}lmg‘#énonﬁsgs’r%ge (see Fid.]9). This deviation is due tdfidulties with the

. 4 @ .
to 0.080M, derived byl Leinert et al.l (2000) from theoretica{\“CNIOS data at the ver_y que_Of the wavelength range.
mass-luminosity relationd_(Bafe et al. 1998] Chabrier etlal. The FOS spectral distribution is better reproduced by the

2000) [ Seifahrt et al[ (2008) constrained the combined raassmodels for the primary than for the cooler components B and
B and C toMg + Mc = 0.157 + 0.009M, which is higher C- The revised opacities and oxygen abundance (among other
than[Leinert et 21.[(2001) because of the refined distance B{ments) used in the current BT-Settl models allow a signifi
Costa et al.[(2005). Recently, an improved fit for the orbit gfant improvement compared to the AMES-Dusty and NextGen
LHS 1070 B and C around each other, and an estimate for the B}2dels used in previous analysis (Leinert €t al. 1998, 2000
bit of B and C around A have been performed. The masses of f{gP€ Of the spectra is now reproduced over the complete FOS
three components are found to Mg = 0.13 to Q16M, Mg = spectral distribution, and the strength of molecular basas-
0.077 + 0.005M,, andMc = 0.071+ 0.004M,, (Kohler etal. Produced in average quite well. However some problems re-
2012). Here, the values for the primary are uncertain, keethe Main which are probably due to uncertain and missing opacity
wide orbit of this triple system has could notyet been deeeah  Sources. Hence, the MgH feature at around 5200 A'is too strong
with sufficient accuracy. Finally, Seifahrt et dl. (2008) have ndn all the models while the CaOH band at 5500 A is missing in
measured individual masses for the B and C components, hiltmodels. The Nal doublet at around 5900 A is far too strang i
using the mass ratiMc/Mg = 0.923 from (Kohler et al. 2012), the models as well as the CaH band at 7000 A. Largest discrep-
their masses for A, B, C becomel@5+ 0.01, 0082+ 0.01 and  ancies are found around 6000-6400 A for all models. The TiO
0.075+ 0.01Me. bands around 7055 A as well as the CaH band around 6900 A
The interpolations of the NextGen (B#ietal.[199g) are too strong in all the models. The VO band around 7334 A
isochrone for the primary, and of the AMES-Dust also visible and is quite well matched by the BT-Settl mode
(Chabrier et al. 2000) isochrone for the B and C comp ‘he BT-Settl models also fier from the DRIFT models by the

nents, assuming an age of 1 Gyr for the dynamical masse<SHEngth of atomic lines which are deeper in the DRIFT models
Seifahrt et al.[(2008) are shown in Talile 2. For masses aboveln the IR NICMOS range, the BT-Settl models fit slightly
the hydrogen burning limit these values do not change mubktter the primary than the DRIFT models. The MARCS model
for larger ages, since in the stellar regime only show smaiverestimates the flux over most of the spectral range ab8ve 1
evolution dfects are seen after the age of 1 Gyr. No evolutiggm while the DRIFT model shows a slightlyfi#rent shape of
models have yet been calculated using the BT-Settl moddlse H band peak which is shared by the BT-Settl models in the
However, only negligible changes are expected with thesiewi case of the B and C components. But all the models appear over
of the evolution calculations. Such revision of the interiduminous in the J and H bands in the case of the B and C com-
and evolution models is currently being prepared (I. Bata ponents for the selected radius afiietive temperature. This is
Exceter, private communication). also apparent in Figute1l1 which shows the comparison of high
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proaches explain the fiierences between the DRIFT, BT-Dusty
and BT-Settl models. The DRIFT models appear as dusty as the
2001 AMES-Dusty models with similarffiective temperatures
and surface gravities for B and C than derived by Leinert.et al
(2000). The BT models tends to attribute slightly hottfee

tive temperaturesH{100K) and lower gravities+0.5 dex) to

-14.0

10G1aFa

—14.2

Tlaar \ ] these objects, while the dust-free MARCS models would at-
a6k ‘ ‘ ] tribute them the highest valuesZ00 K). But judging from the
7600 7650 7700 7750 overall fits obtained to the NICMOS spectra it appears that ne
Wavelength (A) ther of the models are yet dusty enough to explain the IR sglect

distribution of B and C. Indeed the over-luminosity of thedno

Fig. 6. Right: BT-Settl and BT-Dusty models for arffective els in theJ band could be attributed to missing or to weak veiling

temperature of 2900 K and varying IggThe dfect of gravity PY dust scattering.

. : .. ThelKohler et al.[(2012) mass estimate for the primary re-
and the pressure broadening of the K| doublet is clearly visi . N :
ble. The details of the dust treatment only cause negligitie quires a 150 to 300K higherffective temperature and up to

ferences at thid . Left: K| doublet as observed for the pri_30% larger radius than using the revised Seifahrtlet al. §200

mary (black) compared to the BT-Dusty (red), BT-Settl (giee mass, resulting in an over-prediction of the luminosity @f u

- to one magnitude. In the case of the B and C components, the
DRIFT (blue), and MARCS (brown) models with Igg= 5.0. Kohler et al. [(20112) mass estimates correspondfexve tem-

peratures which are 100 to 200 K cooler than obtained in s p

resolution IR spectra (NACO) with the best fit of all the fouPer using the DRIFT models, and in correspondingly larger di
models. The change in the Nal and Cal strength as the tempé&fgpancies with the BT-Settl fits. On the other hand, thelt®su
ture decreases (K-band) is quite well reproduced by the &I.S obtained in this paper for all three components are comiste
BT-Dusty and DRIFT models. with the isochrone interpolation for the revised Seifatgle
As an additional check on théfective temperature determi-(2008) masses of the A, B and C components of LHS 1070 (see
nation, we also compared the spectrum of the unresolved sy8blel2), and there is no evidence that the components may hav
tem in the 3— 14 um range with the BT-Dusty, BT-Settl andbeen influenced by their binary nature.
DRIFT models (MARCS models are not available in this wave-
length range). The synthetic spectra of the unresolveeésyate ;
computed by adding the individual best fit synthetic spedthe 5. Conclusions
comparison is shown in Fif. 112, where the ISOPHOT spectruhhis paper presents the results from spectral synthesigsima
is in black, the BT-Dusty model in red, the BT-Settl model ifior the LHS 1070 triple system. This system has been exten-
green, and the DRIFT model in blue. Star symbols indicates thively observed from the optical to the IR, and dynamicalseas
photometry obtained in the IR bands. The overall agreensenhiave been determined (Leinert etlal. 2001; Seifahrtiet &I8R0
good except for the observed spectrum abover8, where it Therefore, it constitutes a testbed of model atmospheriesvof
gets quite noisy. mass stars. Band strength indices are used to measure THD, Ca
Relatively small diferences distinguish the MARCS, DRIFTand PC3 features to classify their spectral type. The compisn
and BT models in the IR spectral range for the primary. In thege classified as M5.5, M9.5, and LO dwarfs, and their atmo-
case of the B and C components, the MARCS modeftesu spheres lie in a temperature range where dust starts to Yoem.
clearly of the lack of dust grain scattering which tends t¢- flahave determined the physical paramefegs logg, metallicity,
ten out or veil the spectral features in this spectra ranpés Tand radius for the three components of the LHS 1070 system
effect is observed in the DRIFT, BT-Settl and BT-Dusty modelsy comparing the observed spectra with the synthetic spectr
whichinclude dust formation. Eerences in the cloud model ap-computed with the most recent atmospheric models: BT-Dusty
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Fig. 9. Optical spectra of all three components. Comparison witkehpredictions. Black: observed FOS spectra. Green: lest fi
BT-Settl model. Blue: best fit DRIFT model. Brown: best fit MBS model. The parameters that give the best fit are given in
Table 2.

Asplund et al. [(2009) and @au et al. [(2011) yield significant
improvements of the BT-Settl fits to the primary compared to
earlier studies based on the larger values of the solar oxyge
abundance of Grevesse & Sauval (1998). These improvements
are described in Allard & Homeier (2012). The even lower abun
dances of Grevesse el al. (2007) used in the MARCS models
lead to an excess of near-IR flux due to weaker water vapor ab-
sorption.

The DRIFT and BT-Settl models fiier mainly in their nu-
merical approach in solving the equations for grain growséul-
imentation and opacities: the DRIFT model solves them from
the top to the bottom of the atmosphere, while the BT-Settl
model solves them from the bottom to the top of the atmo-
L sphere. This causes the BT-Settl model to tend to have atdsfici
2 4 6 8 10 12 grains in the upper atmospheric layers compared to the DRIFT

Wavelength (um) model despite an adequate account in both models of supersat

Fig. 12. Black: ISOPHOT thermal infrared spectra of the ynration éfects. Despite these fundamentafeliences, the result-

resolved system, with photometric measurements oveqnlot{ng grain sizes obtained by the models are quite similar. The

(stars). Red: best fit BT-Dusty model. Green: best fit BTJSegver-lu_mir)osity shared by the models in tidandpass could
model. Blue'. best fit DRIET model ' ' e indicative of grains of larger sizes goadmore numerous in

the LHS1070 B and C component atmospheres. The results con-
firm thelAllard & Homeier ((2012) findings based dig-color

constraints.
BT-Settl, MARCS, and DRIFT. All the models agree for a so-

lar metallicity for the system. The derived gravity is 5.&dad TheTer values found with the DRIFT atmospheres for com-
agrees within the uncertainties with the values derivethfile ponents B and C agree with the Leinert €t al. (2000) findings.
dynamical mass (Seifahrt et al. 2008). Except for the MARCS models which do not include dust treat-

We found the same value fdi for the primary from all ment, the models are able to reproduce the observations and
models while diferences of 100K and 200K are found fodescribe the main features of the visible to IR spectra fbr al
components B and C depending on the dust density contentlaiee components. This raises the confidence level in the dus
the model atmosphere used. The revised oxygen abundancenoylelling approach.
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However, the calculation of opacities for composite grainslard, F., Alexander, D. R., & Hauschildt, P. H. 1998, in Astomical Society

relies on relatively simple approximations and also dog¢sane

count for possible distributions of grain shapes and stinest

such as porosity. Both models rely on results of radiaticirby

dynamical simulations that provide the mixing and oversimgp

of the Pacific Conference Series, Vol. 154, Cool Stars, 8t&8{stems, and
the Sun, ed. R. A. Donahue & J. A. Bookbinder, 63—

Allard, F., Allard, N. F., Homeier, D., et al. 2007, A&A, 47421

Allard, F., Guillot, T., Ludwig, H.-G., et al. 2003, in IAU Syposium, Vol. 211,
Brown Dwarfs, ed. E. Martin, 325—

which compensates sedimentatidfeets. One problem is cer- Allard, F. & Hauschildt, P. H. 1995, ApJ, 445, 433

tainly that the translation of the resulting radial velgditeld

into a ditusion codicient is currently uncertain. It is also possi-

Allard, F. & Hauschildt, P. H. 1998, in Astronomical Society the Pacific
Conference Series, Vol. 134, Brown Dwarfs and Extrasolanéts, ed.
Rebolo, R. and Martin, E. L. and Zapatero-Osorio, M. R. -Z82

ble that the mixing ffects are being currently underestimated byjiard, F., Hauschildt, P. H., Alexander, D. R., & StarrfieB. 1997, ARAGA,

local 2D simulations, and that additional mixing is prowddsy
other phenomena on larger scales such as global rotafecte
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