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We present results of modelling the bulk of the spectral energy distribution (0.45–5μm) for GJ406
(M6V). Synthetic spectra were calculated using the NextGen model atmospheres of Hauschildt
et al. [6] and the incorporate line lists for H2O, TiO, CrH, FeH, CO, MgH molecules as well as
the VALD line list of atomic lines. The computed water partition function is in a good agreement
with the one obtained by Vidler & Tennyson [14]. A comparison of synthetic and observed spectra
gives Teff = 2900 ± 100 K for this late M-dwarf.

INTRODUCTION

The spectral energy distributions for several model atmospheres with effective temperatures around 3000 K
were computed and compared with the observed fluxes of GJ406. Using this procedure we pursue several
goals. First, we test the quality of the existing molecular and atomic line lists. Second, we investigate
the possibility for the use of the NextGen model atmospheres to compute the spectral energy distribution of
late type dwarfs.

OBSERVATIONS

Table 1 lists the information on observational spectra used for our investigations. The observed fluxes are shown
in Fig. 1.

Table 1. Observational data

Waverange, μm Instrument (configuration) Telescope Date

0.35 – 0.56 ISIS (blue arm) WHT 2001 Jan 29
0.55 – 0.80 ISIS (red arm) WHT 2001 Jan 29
0.79 – 1.20 NICMOS (G096) HST 1998 June 19
1.05 – 1.95 NICMOS (G141) HST 1998 June 19
1.3 – 2.59 NICMOS (G206) HST 1998 June 19

2.48 – 2.60 SWS (06 1A) ISO 1996 June 26
2.60 – 2.75 SWS (06 1A) ISO 1996 June 26
2.74 – 2.90 SWS (06 1A) ISO 1996 June 26
2.88 – 3.02 SWS (06 1B) ISO 1996 June 26
3.03 – 3.23 CGS4 (150 l/mm) UKIRT 1993 April 20
3.21 – 3.40 CGS4 (150 l/mm) UKIRT 1993 April 20
3.36 – 3.75 CGS4 (75 l/mm) UKIRT 1992 May 7
3.76 – 4.15 CGS4 (75 l/mm) UKIRT 1992 May 7
4.51 – 4.90 CGS4 (75 l/mm) UKIRT 1992 October 26
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a) ISIS (blue arm) on WHT at 2001 Jan 29
b) ISIS (red arm) on WHT at 2001 Jan 29

c) NICMOS (G096) on HST at 1998 June 19
d) NICMOS (G141) on HST at 1998 June 19
e) NICMOS (G206) on HST at 1998 June 19

f) SWS (06 1A) on ISO at 1996 June 26 
g) ibid
h) ibid

i) SWS (06 1B) on ISO at 1996 June 26
j) CGS4 (150 l/mm) on UKIRT at 1993 20 April

k) ibid
l) CGS4 (75 l/mm) at 1992 May 7

m) ibid
n) CGS4 (75 l/mm) 1992 October 26

Figure 1. Observational data used for our analysis. The wavelength coverage of various instruments is shown
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Figure 2. Contribution of different molecules to the formation of spectrum of GJ406

PROCEDURE

Synthetic spectra were computed for the NextGen model atmospheres [6] with the following parameters: effective
temperatures Teff = 2600–3600 K, log g = 5.0, solar metallicity [1] and microturbulent velocity vt = 2 km/s.
Calculations of synthetic spectra were carried out by using the program WITA6 [10] assuming LTE, hydrostatic
equilibrium for an one-dimensional model atmosphere and absence of sources and sinks of energy. The equations
of the ionization-dissociation equilibrium were solved for media consisting of atoms, ions, and molecules. We
took into account about 100 components [10]. The constants for equations of the chemical balance were taken
from [13].

Molecular line data were taken from various sources. The 1H16
2 O lines were calculated using the AMES

database [9]. The partition functions of H2O were also calculated from these data (see [11]). The 12C16O and
13C16O line lists were calculated by Goorvitch [4]. The CO partition functions were taken from [5], a TiO line
list – from [12]. CN lines were taken from CDROM 18 by Kurucz [8], CrH and FeH lines – from [2] and [3],
respectively. An atomic line list was taken from VALD [7].

The relative importance of the different opacities contributing to our synthetic spectra is shown in Fig. 2.
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Figure 3. Fits of the GJ406 spectra to the theoretical spectra computed for the NextGen model atmospheres
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RESULTS

Dependence of fits on input parameters

We computed synthetic spectra using various input parameters such as effective temperatures, gravities, metal-
licities, microturbulent velocities. And we found that temperature has a relatively greater effect on the spectra
than metallicity and gravity. A temperature change of 200 K is roughly equivalent to a change in metallicity of
0.5 dex or a gravity of log g = 1.

Fits to GJ406 spectra

Fits of our synthetic spectra, which were computed for the NextGen model atmospheres with different Teff ,
to the GJ406 spectrum are shown in Fig. 3. Previous studies have considered GJ406 as a typical M6 dwarf,
therefore, log g = 5.0 was adopted. From our comparison of computed and observed spectra we assumed
Teff = 2900 ± 100 K.
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