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OPTICAL SPECTRA OF L-DWARFS
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ABSTRACT. Thecrertical spectra of L-dwarfs
(Taz < 2200 K} were computed for a grid of the
7 dusty” C-model abmospheres of Tsuji (1998). To fit
the cbserved spectra of L-dwarfs we used two addi-
tional (evristic) suggections:

o molecular densities of TiO and YO governed the
visible spectra of M-dwarfs are reduced due to the
ertra depletion of ¥ and Ti aboms inbo grains in
atmospheres of Tog <7 2200 K;

» There are (a few) addibional opacity & sources in
L-dwarf abmospheres;

A fewr kinds of k=f{A) dependences were uszed to get
"the better fit” of observed spectra of L-dwarfz. We
ghowr

* We may fit the observed sequence of L-dwarf spec-
tra using in the frame of our simple model

o Observad sequence of the L-dwarf spectra iz the
temperature sequence.

o At firt time, the region of 860 nm contained Cril
bands is well fitted.

# There are & few possibilities to get the reliable fits
to the observed speckra

e In the frame of our approah we have found the
solution even for the case of G1220E.

Key words: late brown dwarfs, stellar spectra,
Lithum abundances.

In this paper we intend to provide an interpre-
tation of the optical (6400-9100 A) spectra of the
very cool dwarfs recently discovered.  Using T'suji's
(1998} "dusty” model abmespheres in LTE (C-models,
ie computed for the " dust-gas” segregation phase).
Chemical equilibrium is computed for more than 100
molerular species.  Opaciby sources included in our
computations are described in Pavlenlo et al. (1035,
1933}, Pavlenlo (1998). MNote: at first time, CrH band
feabure at 860 nm has been well fitked in all Tr-dwarf
spectra. Furthemcore, we show, that additionsl opacity
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Figure 1: Comparison of the observed spectrum of

ERI 00210213 with computations adopting Tsuji’s
maodel atmospheres of Tef = 2200 I and log g = b.
We notice that the discrepancy between the observed
and the computed spectra is minimized by implement-
ing additional opacity with o = 0.1.

gources have to be incorporated in the spectral syn-
thesis procedure in order to fit the overall shape of our
data for objects cooler than M8, Thisextra opacity can
be described as a potential law of the form a, (bt} ™.
Mote, it may be caused by dust scattering andfor ab-
sorphion. In contrary to Pavlenko et al. (1398) paper
{in which B-modds of Tsuji (1996) models were used)
we found that the bether fit for the C-modes may be
found forIM = 1- 4, i.e. scabbering by aeroscl. For same
cases (for example, BRI0021-024, see Fig. 1) we gat
"the betber fits™ for IT=1. Still o be here in the frame
of selfronsistentey we show results obtained meainly for
the =1 (see Fig.2 for Kelul).

Addibionally, we find that the deplebion factors for
with TiQ and VO molecular densities excesd thab pro-
vided by their own gas-dust transition phase (Pavlenko
1988}, Only assuming astrong Tiand ¥V (EXTRA) de-
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Figure 2: Comparizon of the cbserved spectrum of WG"I-"E‘l'Eﬂg'th (ﬂm]

Kelu 1 with synthetic spectra adopting Tenji’s C-model
atmospheres of Teff = 2000 I, log g = 5. Dotbed line
sbands for a computation with complete depletion of
Ti and ¥V into grains. MNote the poor fit on the spec-
tra. Bolid line denotes a computation incorporaking an
opacity source {8y = 0.03) and different depletion fac-
tors R for molecules with respect to chemical molecolar
equilibrium.
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Figure 3: Comparizon of the observed spectrum of
DED J1228-1547 with synthetic spectra adopting
Teuji’s C-mode atmosphieres of Teff = 1600 I, log g
= 8. Dotted line stands for a computation with com-
plete depletion of Ti and ¥ into grains. Mote the poar
fit on the spectra.  Bolid line denotes a compubation
incorporating an opacity souree | ag = 0.03) and differ-
ent depletion factors R for meolecules with respect to
chemical molecular equilibrinm.

Figure 1. Comparison of the observed spectrum of
Gl220E (Oppenhaimer et al.  1297) with synthetic
spectra adopting Tsuji’s model abmospheres of TET =
1000K, log g =5. Dotbed linestands for a compubation
with didderent AdO parameters. We remarl that the
slope of the overall shape of the obeserved daba is well
reproduced. Only Cs I lines are visible ab wavelengbhs
bluer than 300 am.
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Figure & Fit computed for different o, Li I resonance
doublet profiles (A 670.8 nm) to Kelu 1 spectrum. We
got the better fit for log IT{ Li}=3.0.
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pletion into grains we can reasonably fit the shape of
the observed spectra. :

The most striking features in the spectra {pseudo-
equivalent widths of roughly several hundreths to more
than 1000 A) are well fitted in our computations (Figs
2 and 3) and it can he undoubtly attributed to the KI
+ Na I resonance doublets. Furthemore, both blue and
red wings of the KI lines can only be modeled when the
extra opacity is considered in the computations.

Our approach allows to find the solution even for the
extreme case of H-dwarf' G1229B (Fig. 4).

Other alkaline absorptions (from Li, Rb and Cs) are
also present. We have investigated the impact of the
additional opacity on the formation of the absorption
lines of alkalies. In particular, lithium is severely af-
fected by any extra source of opacity. The larger the
opacity, the more veiled the lithtum line becorues (Fig.
5). Therefore, weak lithium lines in the coolest brown
dwarfs do not necessarily imply a depletion of this light
element.

Finally, we claim that the observed sequence of the
L-dwarf spectra is the temperature sequence:

Object Teft log g
BRI0021-024 2200 5.0
Kelul 2000 5.0
DBD J1228-1547 1600 5.0
DBD J0205 1159 1400 5.0
(G1229B 10007  >5.0777
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1H-dwarfa occupy the intermediate mass region between L-
dwarfs and gint planeis



