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Fig. 3. Same as Fig. 1 but for the K band (1.955–2.45 µm).

updated solar abundances are expected to reduce the water-band
strength for a given Teff and log g.

Finally, we analysed the TWA 22 A and B spectra using an
extended BT-SETTL10 grid (with 1500 K ≤ Teff ≤ 3500 K and
similar log g) and the GAIA-COND library (Brott & Hauschildt
2005).

3.2.2. Fitting results

We applied for each empirical de-redenned spectrum the
weighted least square method described in Mohanty et al. (2007)
to find the best matching synthetic spectrum over the J, H+K,
and JHK bands. Fits were checked visually. The best Teff and log
g values are reported in Table 5 and in Table 6 for TWA 22. The
corresponding fits are plotted in Fig 12, 13, 14, and 15. Bellow
2000 K, the least squares solution does not reflect the true best
BT-SETTL10 fitting spectrum. This is due to several lines that
appear only in these models and that are not reproduced empir-
ically. We believe these lines to results from forests of narrow
molecular absorptions (McLean et al. 2007; Rice et al. 2010)
that are not Niquist-sampled on the chosen wavelength grid. This
problem should be solved with the future and definitive version
of the BT-SETTL grid (Allard et al; 2012, unpublished).

BT-SETTL10 and DRIFT-PHOENIX models show several
major improvements over the previous generation of models
(AMES-DUSTY00, BT-SETTL08) we used for the analysis of
the AB Pic b spectra (Bonnefoy et al. 2010). The slope of the
pseudo-continuum in the J band is now self-consistently repro-
duced with the depth of the water absorption at 1.32 µm, the K I
doublets at 1.169/1.177 µm and 1.243/1.253 µm. The triangular
H-band shape typical of young objects is also better matched to-
gether with the K-band water absorptions and the CO overtones
longward 2.3 µm. The temperatures inferred from the J and H+K

Fig. 4. Comparison of the J band SINFONI spectra (red) of
2M0141 (L0), OTS44 (M9.5), and KPNO Tau 4 (M9.5) to
R∼2000 templates (black) of M9.5–L1 field dwarfs (BRI B0021-
0214, C05; 2M0345, ML03; 2MASS J14392836+1929149,
C05) classified in the optical, and to the spectrum of a very late
type giant (IO Virginis, R09). The flux ratio inside the gray zones
(a) and (b) defines the Na index defined by A07 and used in part
3.1.2. The flux ratio of gray zones (c) and (d) defined by G03
measures the depth of the water band longward 1.3 µm. It can
be used to classify young M dwarfs but appears slightly age-
dependant at the M–L transition.

band fit are not necessarily the same. But the differences do not
exceed 200 K.

Moreover, the JHK band spectra of Cha 1109, OTS 44, and
KPNO Tau 4 are very well reproduced by a single synthetic spec-
tra. We found several alternative best fitting solutions for some
objects (AB Pic b, 2M0141, Gl 417 B, and 2M1207 A). But the
corresponding spectra have too much blue slopes when consid-
ering the JHK band.

We note that the Teff=1700–1800 K derived for AB Pic b
is now in agreement with that derived from the Lyon’s group
evolutionary models and from the JHK colors fit of Mohanty
et al. (2007). Teff estimates for TWA 5B and 2M1207 A are in-
between the values found by Rice et al. (2010) fitting medium
and high-resolution J-band spectra of these sources.

DRIFT-PHOENIX gives slightly higher surface gravities (∼
0.5 dex) compared to BT-SETTL10. The detailed structure and
depth of the H2O band from 1.32 to 1.35 µm are better repro-
duced by the BT-SETTL10 models. These differences are re-
lated to the revised oxygen abundances (50%) and molecular
broadening damping constants in the BT-SETTL10 models and
to differences in the greenhouse effects predicted by the two dif-
ferent cloud model approaches. Finally, both models still lack
FeH bands around 1.2 µm (Leggett et al. 2001; Rice et al. 2010).
Missing FeH absorptions could also be – at least partialy – re-
sponsible for the non reproducibility of the H-band shape of
evolved objects such as 2M0345 and Gl 417 B. The atmospheric
parameters derived for these later objects are then still uncertain.
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TEFF, MASS, AGE, AND SURFACE GRAVITY
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NIR SPETRA OF YOUNG OBJECTS

Figure 4. (a). Observed H-bandpass spectra of Trapezium sources, with dereddened spectra overplotted as the upper line for each source when extinction is

non-zero. Masses derived from the BM97 1-Myr isochrone are indicated. The noise is indicated by the pixel-to-pixel variations, since no narrow spectral

features are detected in the H bandpass.

700 P. W. Lucas et al.

q 2001 RAS, MNRAS 326, 695–721

Lucas et al. 2001

4 Barman et al.

Fig. 3.— OSIRIS H and K-band fluxes of HR8799b (scaled to 10 parsecs) plotted with 1-! uncertainties. The location of prominent
water, CH4, and CO absorption bands are indicated. The fluxes extracted without the speckle suppression algorithm are shown as dotted
lines. The bottom two curves are the mean residuals of fake planets with flat spectra extracted from the same data cubes (see text for
details). The Kn3 spectrum of Bowler et al. (2010) is shown as green pluses (scaled arbitrarily down) over plotted with the broad-band
spectrum (black points) interpolated onto the Bowler et al. Kn3 wavelength points. The mean 1-! uncertainties across the Kn3 range are
shown at either end for each data set. The larger red filled symbols are the NICI CH4 short/long (boxes), NIRC2 narrow (circles), and
NIRC2 broad-band (stars) photometry taken from Table ??. Blue symbols are the corresponding photometry derived from the OSIRIS
spectra.

Table 2. OSIRIS H and K Spectra (scaled to 10 parsecs)

" F! (mJy) error (1-!) " F! (mJy) error (1-!)

1.48 0.25 0.08 1.97 0.47 0.10
1.49 0.44 0.04 1.99 0.52 0.07
1.50 0.42 0.06 2.00 0.69 0.12
1.52 0.36 0.03 2.02 0.69 0.11
1.53 0.33 0.08 2.04 0.83 0.10
1.54 0.47 0.05 2.05 1.15 0.12
1.56 0.53 0.08 2.07 1.32 0.13
1.57 0.57 0.06 2.08 1.31 0.12
1.58 0.63 0.06 2.10 1.39 0.12
1.59 0.73 0.04 2.12 1.49 0.13
1.61 0.76 0.04 2.13 1.60 0.15
1.62 0.83 0.05 2.15 1.66 0.15
1.63 0.89 0.03 2.16 1.69 0.15
1.65 0.85 0.05 2.18 1.58 0.15
1.66 0.85 0.07 2.20 1.42 0.14
1.67 0.90 0.04 2.21 1.48 0.14
1.68 1.05 0.04 2.23 1.42 0.14
1.70 1.02 0.06 2.24 1.31 0.13
1.71 1.00 0.04 2.26 1.25 0.12
1.72 0.89 0.04 2.28 1.33 0.12
1.74 0.74 0.04 2.29 1.00 0.10
1.75 0.60 0.06 2.31 0.83 0.08
1.76 0.58 0.05 2.32 0.58 0.06
1.77 0.43 0.05 2.34 0.67 0.08
1.79 0.37 0.05 2.36 0.60 0.07

obtained with the Near Infrared Coronagraphic Imager
(NICI; Toomey et al. 2003 ) on Gemini South. The NICI
CH4 short/long filters more optimally probe the strength
of CH4 absorption than the NIRC2 CH4 short/long fil-
ters. The former are narrower, have less overlap, and
have central wavelengths that correspond well to the min
and max fluxes seen in H-band spectra of mid to late
T dwarfs. A comparison between these new photomet-
ric data and equivalent band-integrated flux points from
the OSIRIS spectrum is shown in Fig. 3. Here again the
CH4 short/long slope is in excellent agreement with the
OSIRIS spectrum.
Since the discovery of the HR8799 planetary system

more broad-band observations have been published and
improvements have been made in the LOCI (Lafrenière
et al. 2007) and ADI algorithms (at least those used by
this group). For the analysis presented here, the H-band
photometry of Metchev et al. (2009) has been adopted.
Also, Ks data taken in 2010 have been analyzed and a
new Ks magnitude (MKs = 14.15 ±0.1) has been ob-
tained. See Table ?? for a full list of the NIRC2 and
NICI photometry used in this study.

2.3. Comparison to Kn3 spectrum

On June 21st (UT) 2009, Bowler et al. (2010) observed
HR8799b using the OSIRIS Kn3 narrow-band filter. A

Barman et al. 2011b

Lack of high quality NIR spectra of young objects
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Sample: ♣ 11 objects with low log g features or members of clusters/young nearby associations
♣ 1 L0 field dwarf (for comparison)
♣ 1 giant star spectrum (IO Virginis; for comparison)
♣ 5 companions | 1 binary | 5 isolated objets

Instrument:  SINFONI at VLT 

♣ Integral field spectrograph functioning in the near-
infrared with an adaptive-optics module (MACAO)

Produces datacubes (2 spatial + 1 spectral 
dimension) from 2D raw data

♣ Medium resolution: 2000 (J band), 1500 (H+K band) 
spectra

Reduces differential flux losses

TARGET SAMPLE & DATA REDUCTION
SAMPLE & INSTRUMENTAL SETUP

See also the talk of Christophe Dumas
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DATA PROCESSING & EXTRACTION

M. Bonnefoy: AO-characterization of Z CMa 3

Table 1. Observing log.

UT Date Name Instr. Filter (Grism) Camera Exp. Time Sr-2.2µm Airmass Comment

2009-01-31 Z CMa NACO J, H, Ks, L
� S13, L27 90s (32%) 1.19

HD54335 NACO J, H, Ks, L
� S13, L27 90s 22% 1.25 psf-ref

2009-02-06 Z CMa SINFONI J, H, K S25 240s 22. 1.1
HIP032454 SINFONI J S25 telluric
HIP039483 SINFONI H S25 telluric
HIP034281 SINFONI K S25 telluric

2009-02-26 Z CMa NACO J, H, Ks, L
� S13, L27 90s (42%) 1.06

HD54335 NACO J, H, Ks, L
� S13, L27 90s 41% 1.11 psf-ref

2009-03-11 Z CMa NACO J, H, Ks, L
� S13, L27 90s (41%) 1.02

HD54335 NACO J, H, Ks, L
� S13, L27 90s 34% 1.04 psf-ref

2009-12-07 Z CMa NIRC2 Jcont, Hcont, Kcont 9.96mas/pix 8.6s - 1.29
HIP33998 NIRC2 Jcont, Hcont, Kcont 9.96mas/pix 8.6s 45% 1.51 psf-ref

Fig. 1. Left: VLT/NACO Ks-band image of Z CMa in
Januray 31st 2009. Right: Keck/NIRC2 Kcont image in
December 7th 2009.

(Kcont), respectively. The corresponding set-up are also re-
ported in Table 1. Both components were easily resolved to
determine the relative flux and position (see Fig. 1, Right).

2.3. VLT/SINFONI

We used the SINFONI instrument (Spectrograph for
INfrared Field Observations, see Eisenhauer et al. 2003a;
Bonnet et al. 2004), located at the Cassegrain focus of the
VLT UT4 Yepun to observe Z CMa during the outburst
phase in February 6th 2009. The instrument provides AO-
assisted integral field spectroscopy. It uses a modified ver-
sion of the Multi-Applications Curvature Adaptive Optics
system (MACAO, see Bonnet et al. 2003) designed to fed
the SPectrograph for Infrared Faint Field Imaging (SPIFFI,
Eisenhauer et al. 2003b). SPIFFI pre-slit optics where chose
as to provide a spatial pixel scale of 12.5 mas per pixels nec-
essary to niquist-sample the tight system. Thee different
gratings were used to cover the J (1.1–1.4 µm), H (1.45–
1.85 µm), and K-band (1.95–2.45 µm) at medium resolving
powers (2000, 3000, and 4000 respectively).

The instrument was rotated to orientate the binary hor-
izontally in the Field of view (FoV) (see Fig. 2). Sky expo-
sures were recorded following a ABBA pattern. Additional
offsets on the object were choosed to increase the field of
view to 850 × 860 mas in the J band, 850 × 900 mas in
the H band, and 950 × 900 mas in the K band. This also
enabled to artificially double the vertical spatial sampling.
The source was bright enough at optical wavelenghts to be

Fig. 2. Illustration of the spectral de-blending process at
1.65 µm. Upper-Left: The initial Z CMa datacube where the
two components are resolved. Upper-Right. During the ob-
servation, the adaptive-optic corrected PSF were suffering
from a strong astigmatism. To achieve a proper extraction
of the spectra of the Z CMa components, we duplicated
the HBe star profile to create a PSF model. Lower-left:
The position and the flux of the individual sources were
then retrieved using a modified version of the CLEAN algo-
rithm. Lower-right: The extraction error is estimated from
the residuals.

used as guide probe for the wavefront sensing. Hipparcos
standard stars were also acquired soon after Z CMa to cor-
rect the spectra from telluric features (see Table 1).

• Basic steps done with a reduction pipeline

• Results checked using trending parameters

• Custom routines to correct for detector noises

• Dedicated extraction algorithms

Data reduction analysis

Mickaël Bonnefoy

PhD Defence

LAOG

October 22, 2010

Characterization of young low mass objects
The SINFONI spectral library
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Carefull reduction using the ESO instrument pipeline + custom routines

Custom routines for :

♣ Correction of bad lines (due to hot pixels in the 4 first/last columns of the detector)
♣ Correction & flagging of electronic cross-talk on slitlet 25 + other slitlets
♣ Correction of detector mean level variations
♣ Correction of refraction (not handle correctly by the pipeline)
♣ Correction of residual bad pixels
♣ Filtering of skyline residuals

Developments of 2 spectral extraction algorithms for TWA 22, DH Tau b, TWA 5b, and GSC8047 B

TARGET SAMPLE & DATA REDUCTION

Method similar to that presented by Tobias Schmidt
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M. Bonnefoy et al.: A library of near-infrared integral field spectra of young M-L dwarfs

Fig. 1. J band spectra (1.1–1.35 µm) of the young M6–L4.5 ob-
jects observed with SINFONI. Molecular absorptions are indi-
cated in green and atomic features are reported in blue.

Table 4. Near-infrared spectral types

Object Continuum Indexes Adopted
2M1207 A M8.5±0.5 M8.5±2 M8.5±0.5
OTS 44 M9.5±0.5 L0±2 M9.5±0.5
KPNO Tau 4 M9.5±0.5 L1±2 M9.5±0.5
2M0141 L0±1 L0.5±2 L0±1
TWA 5B M8.5±0.5 M8.25±2 M8.5±0.5
Cha 1109 L0±1 L0.5±2 L0±1
Gl 417 B L3.5±0.5 L4.5±2 L4.5±2
AB Pic b L0±1 L0±2 L0±1
DH Tau b M9.25±0.25 M9.25±2 M9.25±0.25
GSC8047 B M9.5±0.5 M9±2 M9.5±0.5
TWA 22A M5±1 M5±2 M5±1
TWA 22B M5.5±1 M5.5±2 M5.5±1
2M0345 L0±1 M9.5±2 L0±1

KPNO Tau 4 and OTS 44 have lower indexes values. It confirms
that this index, jointly used with water band indexes, is a valu-
able tool to identify new 1–3 Myr clusters members.

Finally, we used our spectra smoothed at R∼1700 to derive
the equivalent widths (EW) of Na I and K I lines in the J band fol-
lowing the method of Sembach & Savage (1992). As expected,
the young objects have lower EW than in field dwarfs (Fig. 11).

3.2. Comparison to synthetic spectra

3.2.1. The libraries

We compared our spectra to those of the recent DRIFT-
PHOENIX (Helling et al. 2008b) and BT-SETTL106 (Allard

6 http://phoenix.ens-lyon.fr/Grids/BT-Settl/SPECTRA/

Fig. 2. Same as Fig. 1 but for the H band (1.47–1.80 µm).

et al. 2010, Allard et al. 2011, Philosophy A, in press) librairies
of synthetic spectra generated for 1500 K ≤ Teff ≤ 3000 K, 3.5
dex ≤ log g ≤ 5.5 dex with 100 K and 0.5 dex increments respec-
tively. We made the assumption that the objects have solar abun-
dances. This is likely the case regarding recent metallicity mea-
surments in Chameleon I (James et al. 2006; Santos et al. 2008),
Taurus (Santos et al. 2008), Ursa Major group (Ammler-von Eiff
& Guenther 2009), and young associations (Viana Almeida et al.
2009).

Both libraries couple the general-purpose atmosphere code
PHOENIX (Hauschildt & Baron 1999) to a detailed cloud model
that account for the formation and the evolution of dust grains.
The DRIFT-PHOENIX cloud model follows the trajectory of an
ensemble of grains which form in the upper atmospheric layers,
grow to macroscopic size, continue growing as they drift through
the cloud, settle in phase non-equilibrium, and finally evaporate
at deeper hotter layers (Woitke & Helling 2003, 2004; Helling
& Woitke 2006; Helling et al. 2008c). On the contrary, the
BT-SETTL10 models compute iteratively the dust grain num-
ber density and the size distribution in equilibrium with the gaz
phase at each layer in the atmosphere, from the bottom to the top,
comparing the timescales for condensation, growth, gravitation-
nal settling, and turbulent mixing. Grains that have settled are
then removed from the medium and do not enter into account in
the chemical equilibrium and radiative transfert computation any
longer. DRIFT-PHOENIX and BT-SETTL models are compared
in more details in Helling et al. (2008a) (hereafter H08). We note
that the most recent BT-SETTL10 models (with respect to the
BT-SETTL08 models used in H08) rely on the solar abundances
of Asplund et al. (2009) and Caffau et al. (2010), on an accurate
computation of the supersaturation (BT-SETTL08 were relying
on an approximation), and uses the hydrodynamical simulations
of Freytag et al. (2010) to derive the radial mixing timescale. The

6
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M. Bonnefoy et al.: A library of near-infrared integral field spectra of young M-L dwarfs

Fig. 3. Same as Fig. 1 but for the K band (1.955–2.45 µm).

updated solar abundances are expected to reduce the water-band
strength for a given Teff and log g.

Finally, we analysed the TWA 22 A and B spectra using an
extended BT-SETTL10 grid (with 1500 K ≤ Teff ≤ 3500 K and
similar log g) and the GAIA-COND library (Brott & Hauschildt
2005).

3.2.2. Fitting results

We applied for each empirical de-redenned spectrum the
weighted least square method described in Mohanty et al. (2007)
to find the best matching synthetic spectrum over the J, H+K,
and JHK bands. Fits were checked visually. The best Teff and log
g values are reported in Table 5 and in Table 6 for TWA 22. The
corresponding fits are plotted in Fig 12, 13, 14, and 15. Bellow
2000 K, the least squares solution does not reflect the true best
BT-SETTL10 fitting spectrum. This is due to several lines that
appear only in these models and that are not reproduced empir-
ically. We believe these lines to results from forests of narrow
molecular absorptions (McLean et al. 2007; Rice et al. 2010)
that are not Niquist-sampled on the chosen wavelength grid. This
problem should be solved with the future and definitive version
of the BT-SETTL grid (Allard et al; 2012, unpublished).

BT-SETTL10 and DRIFT-PHOENIX models show several
major improvements over the previous generation of models
(AMES-DUSTY00, BT-SETTL08) we used for the analysis of
the AB Pic b spectra (Bonnefoy et al. 2010). The slope of the
pseudo-continuum in the J band is now self-consistently repro-
duced with the depth of the water absorption at 1.32 µm, the K I
doublets at 1.169/1.177 µm and 1.243/1.253 µm. The triangular
H-band shape typical of young objects is also better matched to-
gether with the K-band water absorptions and the CO overtones
longward 2.3 µm. The temperatures inferred from the J and H+K

Fig. 4. Comparison of the J band SINFONI spectra (red) of
2M0141 (L0), OTS44 (M9.5), and KPNO Tau 4 (M9.5) to
R∼2000 templates (black) of M9.5–L1 field dwarfs (BRI B0021-
0214, C05; 2M0345, ML03; 2MASS J14392836+1929149,
C05) classified in the optical, and to the spectrum of a very late
type giant (IO Virginis, R09). The flux ratio inside the gray zones
(a) and (b) defines the Na index defined by A07 and used in part
3.1.2. The flux ratio of gray zones (c) and (d) defined by G03
measures the depth of the water band longward 1.3 µm. It can
be used to classify young M dwarfs but appears slightly age-
dependant at the M–L transition.

band fit are not necessarily the same. But the differences do not
exceed 200 K.

Moreover, the JHK band spectra of Cha 1109, OTS 44, and
KPNO Tau 4 are very well reproduced by a single synthetic spec-
tra. We found several alternative best fitting solutions for some
objects (AB Pic b, 2M0141, Gl 417 B, and 2M1207 A). But the
corresponding spectra have too much blue slopes when consid-
ering the JHK band.

We note that the Teff=1700–1800 K derived for AB Pic b
is now in agreement with that derived from the Lyon’s group
evolutionary models and from the JHK colors fit of Mohanty
et al. (2007). Teff estimates for TWA 5B and 2M1207 A are in-
between the values found by Rice et al. (2010) fitting medium
and high-resolution J-band spectra of these sources.

DRIFT-PHOENIX gives slightly higher surface gravities (∼
0.5 dex) compared to BT-SETTL10. The detailed structure and
depth of the H2O band from 1.32 to 1.35 µm are better repro-
duced by the BT-SETTL10 models. These differences are re-
lated to the revised oxygen abundances (50%) and molecular
broadening damping constants in the BT-SETTL10 models and
to differences in the greenhouse effects predicted by the two dif-
ferent cloud model approaches. Finally, both models still lack
FeH bands around 1.2 µm (Leggett et al. 2001; Rice et al. 2010).
Missing FeH absorptions could also be – at least partialy – re-
sponsible for the non reproducibility of the H-band shape of
evolved objects such as 2M0345 and Gl 417 B. The atmospheric
parameters derived for these later objects are then still uncertain.

7

SNR (apart for GSC8047 B):
• 30-150 in the J-band
• 30-80 in the H+K band

1.1-2-5 µm flux calibrated spectra reconstructed  using 
the JHK band photometry when avaliable and reliable. 

THE LIBRARY

EMPIRICAL ANALYSIS
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SPECTRAL CLASSIFICATION

Method 1: comparison to template spectra of young objects classified in the optical (Luhman et al. 2004)

No outlier!

De-reddened spectrum of DH Tau b intermediate 
between spectrum of young M9 and M9.5

GSC0847 B  has features caracteristics of low log g

EMPIRICAL ANALYSIS

Method 2: Selection and use of 3 spectral indexes slightly + 1 extremely sensitive to the age

M. Bonnefoy et al.: A library of near-infrared integral field spectra of young M-L dwarfs

Table 3. Spectral indexes and equivalent widths. Spectral types associated to the indexes are re-

ported in brakets. Values of 5 and 10 correspond to spectral types M5 and L0 respectively.

Object H2O H2O H2O 2 Na EW (Na I) EW(K I) EW(K I) EW(K I) EW(K I)

1.3 µm 1.5 µm 1.138 µm 1.169 µm 1.177 µm 1.243 µm 1.253 µm

(Å) (Å) (Å) (Å) (Å)

2M1207 A 0.73 (9.07) 1.08 (8.53) 0.93 (7.94) 1.07 5.08±0.20 1.36±0.11 2.44±0.11 1.67±0.06 0.92±0.09

OTS 44 0.69 (10.40) 1.11 (9.70) 0.86 (9.59) 1.12 3.74±0.51 0.53±0.19 2.83±0.19 1.99±0.11 0.59±0.19

KPNO Tau 4 0.64 (12.14) 1.11 (10.03) 0.83 (10.41) 1.10 2.88±0.29 0.30±0.23 1.54±0.24 1.71±0.13 -0.49±0.19

2M0141 0.67 (11.02) 1.13 (10.62) 0.83 (10.44) 1.19 3.47±0.57 2.62±0.26 5.19±0.25 1.78±0.20 1.88±0.23

TWA 5B 0.74 (8.70) 1.06 (7.72) 0.92 (8.13) 1.09 4.40±0.28 0.85±0.16 2.44±0.20 1.70±0.10 1.12±0.11

Cha 1109 0.68 (10.46) 1.14 (11.25) 0.85 (10.07) – 1.38±0.80 0.28±0.58 3.57±0.26 1.95±0.16 2.28±0.29

Gl 417 B 0.55 (15.09) 1.21 (13.84) 0.76 (–) 1.30 – 7.03±0.40 11.02±0.23 4.85±0.23 7.64±0.33

ABPic b 0.67 (11.05) 1.10 (9.38) 0.89 (8.96) 1.20 3.46±0.75 2.84±0.30 4.74±0.35 3.00±0.19 1.50±0.25

DH Tau b 0.71 (9.73) 1.10 (9.35) 0.91 (8.32) – 3.38±0.76 1.33±0.24 3.54±0.25 2.17±0.13 0.85±0.20

GSC8047 B 0.73 (9.05) – – – – 2.01±0.53 2.75±0.52 3.19±0.39 3.14±0.48

TWA 22A 0.83 (5.60) 0.98 (4.37) 1.08 (4.05) 1.06 3.73±0.30 0.88±0.15 1.88±0.17 0.97±0.04 0.95±0.07

TWA 22B 0.83 (5.68) 1.01 (5.83) 1.04 (5.10) 1.07 4.37±0.27 1.17±0.15 2.08±0.16 0.81±0.10 1.13±0.09

2M0345 0.69 (10.16) 1.08 (8.72) 0.85 (9.94) 1.17 9.67±0.57 6.09±0.22 8.67±0.17 4.59±0.20 7.02±0.27

Table 4. Near-infrared spectral types

Object Continuum Indexes Adopted

2M1207 A M8.5±0.5 M8.5±2 M8.5±0.5

OTS 44 M9.5±0.5 L0±2 M9.5±0.5

KPNO Tau 4 M9.5±0.5 L1±2 M9.5±0.5

2M0141 L0±1 L0.5±2 L0±1

TWA 5B M8.5±0.5 M8.25±2 M8.5±0.5

Cha 1109 L0±1 L0.5±2 L0±1

Gl 417 B L3.5±0.5 L4.5±2 L4.5±2

AB Pic b L0±1 L0±2 L0±1

DH Tau b M9.25±0.25 M9.25±2 M9.25±0.25

GSC8047 B M9.5±0.5 M9±2 M9.5±0.5

TWA 22A M5±1 M5±2 M5±1

TWA 22B M5.5±1 M5.5±2 M5.5±1

2M0345 L0±1 M9.5±2 L0±1
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Choice of the 2 most advanced atmospheric models with associated dust cloud models:

DRIFT-PHOENIX: ♣ Use a cloud model with dust grains formed in phase non equilibrium 
from seeds that grow, and evaporate while settling
♣ Grains fraction and size distribution computed from top to bottom
♣ Equilibrium chemistry only
♣ Takes into account the supersaturation

BT-SETTL10: ♣ Computes fraction + mean size of grains + effects of depletions, from bottom 
to the top of the photosphere, comparing timescales for condensation and 
growth, gravitational settling, and turbulent mixing
♣ More grains species than DRIFT-PHOENIX (55 vs 7)
♣ Use detailed calculation of the supersaturation
♣ Takes into account non-equilibrium chemistry (N2, NH3, CO, CO2 & CH4)
♣ Based on updated solar abundances (Asplund et al. 2009, Caffau et al. 2010)
♣ No hypothesis on the chemical equilibrium between grains and the gaz phase

+ Grainless (pure gaz phase-equilibrium chemistry) models GAIA-COND for  early-type 
objects (Teff > 2000 K)

PHYSICAL PROPERTIES
CHOICE OF ATMOSPHERIC MODELS GRIDS
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M. Bonnefoy et al.: A library of near-infrared integral field spectra of young M-L dwarfs

Fig. 14. Same as Fig 12 but for cooler objects. Alternative fitting
solutions are overlaid in blue.

temperature of AB pic b and the one predicted by evolutionary
tracks of (Chabrier et al. 2000) for the measured absolute
near-infrared magnitudes

We ultimately decided to performed additional tests to esti-
mate the robustness the models using complementary material
found in the literature, the results presented above, and the two
synthetic spectral libraries:

1. We plotted the BT-SETTL10 spectra over the 1.1-2.5 µm
range around Teff = 1600 − 2000 K and confirmed that the
spectral slope vary rapidly with the temperature and the sur-
face gravity between 1600 K and 2000 K. In this wavelength
range, the computation of the mean fraction and the size dis-
tribution of grains inside the cloud require a large number
of iterations. For some of the spectra, the models could have
failed to converge and could then explain this rapid change.
But, we also note that the conclusions derived by Witte et al.
(2011) certainly apply to the BT-SETTL10 too.

2. The photospheric layer where the flux can emerge in the at-
mosphere of late-M and L dwarfs depends on the consid-
ered wavelength. We then chose to adjust the BT-SETTL10
and DRIFT-PHOENIX models on the SED of KPNO Tau
4 and AB Pic b to see whether the models were correctly
describing the structure of the photosphere. We decided to
use broad-band photometry in the near-infrared and in the
optical rather than available spectra in order to be less af-
fected by local non-reproducibilities in the models. The pro-

Fig. 15. Same as Fig 13 but for cooler objects. Alternative fitting
solutions are overlaid in blue.

cedure involved finding the scaling factor (R2/d2. R is the
object radius and d the distance to the Earth) that made
the synthetized photometry (expressed as a surfacic flux)
best matching the observed values (found together with the
best Teff and log g). Fitting solutions are shown in Figure
16. Models successfully reproduce the Spitzer fluxes, the
near-infrared photometry (2MASS), and the optical fluxes of
KPNO Tau 4 for Teff=1700-1800K and log g =3.5-4.5 dex.
Synthetic SEDs at Teff=2200-2300 K can not reproduce si-
multaneously the Spitzer fluxes and the photometry short-
ward 1.5 µm. The best fitted dilution factor at these Teff
corresponds to non physical radii (R< 1 RJup). The JHKL’
photometry of AB Pic b is best matched for Teff =1600-
1700 K and log g=3.5. We find corresponding radii of
7.11 ± 0.03 RJup for KPNO Tau 4 and 1.77 ± 0.25 RJup for
AB pic b. The temperature are in good agreement with those
reported in Table 5. These radii are however systematically
higher than the mean values reported in Table 3.3. This can
be interpreted as an overestimation of the scaling parame-
ter (due possibly to a slight under-estimation of the effective
temperature) or of the empirical luminosity.

3. We repeated the procedure on the 2MASS+Spitzer col-
ors of typical young M9-L0 dwarfs reported in Luhman
et al. (2010). The fit appears visually of good quality but
the χ2 are less constraining for M9. We then evaluate
Teff = 1800 − 2300K for M9 and Teff = 1700K for L0.

4. We fitted the optical spectra (see Figure 18) of 2M0141,
Cha1109, OTS44, and KPNO Tau 4 reported in Cruz et al.

12

BT-SETTL10 BT-SETTL10DRIFT-PHOENIX DRIFT-PHOENIX

COMPARISON TO SYNTHETIC SPECTRA
PHYSICAL PROPERTIES
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Photometry LuminosityDistance
Bolometric corrections

Semi-empirical radii

New mass estimates

L=4πσR2Teff4

Evolutionary tracks
Teff

Luminosity

TEFF, MASS, AND RADII
PHYSICAL PROPERTIES

Evolutionary models:   Teff Mass, Theoretical Radius
Age

Method 1:

Method 1I: use of bolometric corrections of  Todorov et al. 2010 for young M9.5-L0 objets

Conclusions:  AB Pic b, DH Tau b right at the planet/BD boundary
... but semi-empirical radii are 1.4 to 3 times larger than models predictions for 1-3 Myr old 
objects

However, spectroscopic Teff 300-500 K lower than expected from tracks and Teff/spectral 
types conversion scales (Luhman’s paper). 
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Atmospheric models: problems for TiO, VO absorptions in the optical. But the optical+NIR continuum 
is well reproduced simultaneously for Teff=1700-1800 K

But troubles at high log g (field dwarfs), in the H band. Probably a deficit of dust (Witte et al. 2011 ; 
this work). But also missing FeH absorptions in this region. 
Fit of the SED at the same Teff

BIAS - IDENTIFICATION
PHYSICAL PROPERTIES
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Binarity:  possible. But would have to be the case for all our 1-3 Myr old M9.5-L0 targets.

Spectral/photometric variability

Evolutionary models:  Previous results of  Konopacky et al. 2010 for field BD and of Mohanty et al. 
2004 pointing toward the same problems

Could past accretion be responsible (Barrafe et al. 2009) ?

But could also comes from wrong equation of states, heat transport efficiency,...

BIAS - IDENTIFICATION
PHYSICAL PROPERTIES

Degeneracy on initial entropy (or radii; i.e. Spiegel et al. 2012) ?

Redenning/excesses: no for KPNO Tau 4, OTS 44, and AB Pic b. Little influence for Cha1109
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AB Pic b

CONCLUSIONS
Library: 11 medium-resolution near-IR (1.1-2.5 µm) spectra of young objets

Empirical analysis:  DH Tau b spectral type intermediate between young M9.5 and M9 young dwarfs

Atmospheric models: 

♣  Strong improvement wrt past generations: optical+NIR spectra (J, HK, JHK) +SED fitted 
simultaneously for same Teff & log g
♣  But problems for mature field dwarfs: lack of dust at high log g and at optical wavelengths

Evolutionary models predictions: 

♣  AB Pic b and DH Tau b at the planet/brown dwarf boundary
♣  But... semi-empirical radii of 1-3 Myr objects seems under-predicted by models

Possible origins:

NO NO POSSIBLE NO

NOT LIKELY NOT LIKELY NOT LIKELY NOT LIKELY

POSSIBLE POSSIBLE POSSIBLE POSSIBLE

POSSIBLE NO POSSIBLE POSSIBLE

POSSIBLE YES YES POSSIBLE

KPNO Tau 4 OTS 44 Cha1109
Redenning, extinction

Atmospheric models

Binarity

Variability

Evol. model/ t0

Results presented in Bonnefoy et al. 2012 (submitted)
Friday, March 23, 2012



THANK YOU!
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COMMENTS ON PATIENCE ET AL. 2012 RESULTS

Complementary study:

♣  Considered mostly companions spectra,  but used 5 grids of synthetic spectra

♣  Short empirical analysis
♣  Some more companions (GQ Lup b, CT Cha b). No analysis of planetary mass objects spectra 
of OTS 44, Cha1109, KPNO Tau 4

Different conclusions:

♣ Spread on Teff up to 600 K using the 
different models

♣ Different Teff for the fit of J, HK, JHK bands

...but resulting from a different analysis:

♣ Analysis of the JHK band of AB Pic b et 
GSC8047 B is risky!
♣ Comparison of auto-consistent, non 
autoconsistent (Marley), and extreme models 
(Dusty).  

♣  No SED fitting,  and no  JHK+optical fit. No semi-empirical radii using BC. 
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2.5. Optimisation de la réduction 95

Fig. 2.9: Histogrammes de trois darks acquis consécutivement. La valeur moyenne des darks varie au cours

du temps passant de 1.5, 8 et enfin 5.8 ADUs.

2.5 Optimisation de la réduction

2.5.1 Filtrage des pics par seuillage kappa-sigma

Lors de la reconstruction de la mosaïque de cubes, la chaîne de réduction applique un filtrage des

mauvais pixels résiduels à chaque longueur d’onde : une fois le décalage entre les différents cubes connus,

les valeurs des zones d’intersection des cubes individuels sont établies. Dans ces zones, les valeurs des pixels

à la position (x, y) dans chaque cube sont placées dans un vecteur. La déviation standard σ est calculée.

Tous les pixels dont les valeurs dévient de plus de κ × σ (avec κ ∈ N) par rapport à la valeur moyenne

sont détectés et interpolés.

Si κ est faible, trop de mauvais pixels sont détectés et mal corrigés. Cela crée des peignes de pics

que j’ai constaté à de nombreuses reprises dans les cubes finaux (Fig. 2.10). Pour résoudre le problème, il

convient d’augmenter la valeur de κ ou de ne pas activer l’option.

La version 2.05 de la cascade de réduction a résolu le problème depuis.

2.5.2 Filtrage des mauvais pixels

Certains cubes de données présentent quelques mauvais pixels résiduels. Pour les éliminer, j’ai développé

un outil adapté aux observations de sources ponctuelles. Le champ de vue est tout d’abord divisé en zones

limitées azimutalement et radialement. Le flux médian dans chacune des zones est calculé puis soustrait

dans chaque slice du cube. Cela permet ainsi de soustraire une version lissée de la source et de faire ressortir

efficacement les mauvais pixels. Un filtrage kappa-sigma peut ensuite être appliqué pour repérer les mauvais

pixels qui sont remplacés par la valeur du pixel correspondant dans l’image lissée de la source. Le processus

fonctionne correctement et nous a permis d’améliorer la qualité des cubes finaux.

94 Chapitre 2. Traîtement des données SINFONI

Fig. 2.8: Flux négatif observé dans les cubes de AB Pic b (gauche) puis corrigé à partir des images brutes

(milieu). Les décalages en flux entre les différents cubes utilisés pour créer la mosaïque finale sont clairement

visibles dans l’image de gauche alors qu’ils sont absents dans l’image de droite. Les spectres intégrés à

l’intérieur d’une ouverture circulaire (R=30) sont tracés à droite. Le spectre avant correction a une bande

H creusée à 1.6 microns qui n’est pas physique. Au contraire, la bande H du spectre corrigée reproduit la

forme triangulaire des objets jeunes.

s d’intégration (une configuration utilisé pour observer la plupart de nos sources). L’effet est présent dans

toutes les images de plus de 600s. De la même manière, l’amplitude des décalages à l’intérieur d’une même

série augmente avec le temps de pose de 1 à 600 s puis semble décroitre pour les images avec un temps

de pose de 900s.

La variation du niveau moyen des images à l’intérieur d’une même série décroît avec le temps dans les

images de plus de 600 s où de la rémanence est constatée. A l’inverse, plusieurs séries de darks avec des

temps d’intégration de 300s et 120s ont un niveau moyen qui ne varie pas linéairement avec le temps alors

que de la persistance est également constatée. La rémanence ne semble donc pas en mesure d’expliquer

de manière consistante les décalages constatés quelque soit le temps de pose. Pour tenter de comprendre

l’origine du problème, j’ai étudié la variation de la valeur moyenne de l’image en fonction de la température

mesurée à différents endroits du détecteur. Il apparaît une corrélation claire entre la température de la

partie froide de l’instrument et la valeur moyenne du flux sur le détecteur pour des temps de pose de 600s

et 900s. Cette corrélation disparaît à plus faible temps d’intégration.

Lorsque l’objet observé est faible, différentes colonnes du détecteur non illuminées peuvent être utilisées

pour estimer les décalages entre chaque image de science puis les corriger. Bien entendu, il faut vérifier que

la distribution de flux le long des colonnes utilisées n’est pas contaminée par le flux de l’objet. Les nouveaux

cubes de données réduits en utilisant les images corrigées présentent les caractéristiques suivantes :

– Le flux négatif a disparu.

– La dépression à 1.6 µm est résorbée dans les cubes en H+K.

– Les mosaïques de cubes ne présentent pas de décalages de flux visibles auparavant.

– La lueur présente sur la gauche du champ de vue en bande J a disparu.

Cet effet systématique représente une importante limitation pour l’étude des sources faibles étendues

observées avec la préoptique qui offre le meilleur échantillonnage spatial. En effet, dans ce cas le décalage

entre les images ne peut pas être retrouvé avec la méthode proposée ci-dessus.

♣ Consecutive darks with same DIT, but variation of the mean detector level

♣ Appears on 50% of frames series with  DIT ≥ 300s

♣ No clear correlation with the temperature of the cold and 
warm parts of the instrument

NOTES ON THE DATA PROCESSING

Friday, March 23, 2012



M. Bonnefoy et al.: A library of near-infrared integral field spectra of young M-L dwarfs

Fig. 19. Near-infrared spectral variability of the late type giant
IO Virginis.

the parameter space (Teff , log g, clouds, M/H) and to ajust the
scheme (ii) the empirical interpretation of the spectra proposed
by Cruz et al. (2009) should be checked using state-of-the-art
spectral synthesis (attempt under-way ; K. Cruz and M. Marley
priv. com.).

4.4. Remaining observational biases

In previous sections, we found that biases introduced by ex-
cesses and atmospheric models could hardly explained the too
large semi-empirical radii of our late type sources. Among the
remaining source of uncertainties, we could cite unresolved bi-
narity, and variability. These biases were notably proposed by
Jeffries et al. (2011) to explain the spread of ONC members in
the Hertzsprung–Russell diagram. The multiplicity level of the
Taurus and Chameleon targets has not been constrained for the
whole separation/mass range or is even fully unknown. Kraus
et al. (2006) put constraints at large separations ( �20 AU) for
KPNO Tau 4. As far as we know, the radial velocities of this
source has not been monitored over a large temporal baseline
to set additional limits at inner separations yet. No multiplicity
studies has been conducted for the remaining Chameleon I tar-
gets. Then, future radial velocity and AO monitoring are needed.

OTS 44 has been found to be slightly variable (0.093 mag;
Carpenter et al. 2002). However, our luminosity estimates al-
ready account for the K-band variability. The comparison of
the low resolution spectra of KPNO Tau 4 (Levine et al. 2006;
Muench et al. 2007, this work) do not reveal variability of the
spectral lines (once smoothed at a homogeneous spectral resolu-
tion of ∼75). Howevever, the J band of the Levine et al. (2006)
spectrum is shifted to higher fluxes compared to the two the one
of Muench et al. (2007). These two spectra were obtained in the
J and H band simulaneously. Then, photometric and/or spectro-
scopic monitoring is needed to know the variability level of this
source. Variability is also an issue for Cha1109.

4.5. Evolutionary models predictions

The evolutionary models of low mass stars and brown dwarfs
used in section 3.3 are known to be affected by several sources
of uncertainties at very young ages (Baraffe et al. 2002). Their
predictions have only been marginally tested given the difficul-
ties to provide independent measurements of the physical prop-
erties of the objets (radii, masses, atmospheric parameters,...) at
a high accuracy level (see the review of Mathieu et al. (2007)
and Konopacky et al. 2007; Lommen et al. 2008; Bonnefoy et al.
2009).

Mohanty et al. (2004b) proposed a method to derive semi-
empirically masses and radii of several low-mass members be-
longing to Upper Scorpius and Taurus. However, (i) their anal-
ysis strongly relied on the ability of AMES-[DUSTY, COND]
atmospheric models to predict correct surface fluxes in the op-
tical and near-infrared (Mohanty et al. 2004a) (ii) their surface
gravities and effective temperatures were derived using synthetic
spectra in the optical. Comparatively, our method relies on em-

pirical luminosities estimates and atmospheric models have been
proven to represent simultaneously the SED and the NIR spec-
tra of our targets. Nevertheless, they also found that evolutionary
models could underestimate the radii of planetary mass objects.
Interestingly, Konopacky et al. (2010) measured the dynamical
mass of mature low-mass binaries and found that predicted mass
of M-L dwarfs tend to be underestimated by evolutionary mod-
els. They showed that a decrease of the predicted temperature of
these sources of ∼100-300 K or an increase of the radius by a
factor ∼1.3-2.0 could both solve the problem.

Now, the fact that the deviation of semi-empirical radii wrt
predictions is decreasing with age support the idea of a prob-
lem with evolutionary tracks. Among the possible causes, the
choice of the initial conditions appears as the most evident here.
Evolutionary models of Chabrier et al. (2000) suppose the ob-
ject evolution starts from a hot, large, and non adiabatic sphere.
These models do not account for accretion of disk materials.
However, 2M1207 A, Cha1109, OTS 44, and possibly KPNO
Tau 4, are known to be surrounded by disks. The Paβ line found
in the spectrum of OTS 44 is likely tracing accretion (Natta
et al. 2004). KPNO Tau 4 have been reported as a possible ac-
cretor by Mohanty et al. (2005) although some accretion signa-
tures could be of photospheric origin. A broad range of accretion
rates estimates (Ṁ = -10 to <-12 logM⊙ yr

−1) exist for this ob-
ject9 (Muzerolle et al. 2005; Mohanty et al. 2005; Herczeg &
Hillenbrand 2008). Finally, Herczeg et al. (2009) estimated an
accretion rates of -11.9 logM⊙ yr

−1 for 2M1207 A and suggested
this brown-dwarf could experience accretion variability. Baraffe
et al. (2009) recently investigated the effect of accretion on the
evolution of brown dwarfs and low-mass stars. In their models,
a fraction α of the energy produced by non-spherical accretion
can contributes to the object thermal content. They demonstrated
that radii and luminosities depends on the initial accretion steps
as well as the choice of α. Their conclusions have been ex-
tended/discussed by Hosokawa et al. (2011) and Hartmann et al.
(2011) for stars since then. Further theoretical studies of the im-
pact of the accretion steps for Cha1109, OTS 44, and KPNO
Tau 4 are however clearly necessary to deepen this hint. Similar
studies on young late-type objects are also needed to get rid of
potential binary and variability effects.

9 These values could reflect the different method used (Ca II λ8662
Å line flux, Hα, V-band excess). We note that they also rely on im-
proper extinction values and/or make use of the extensions of the Teff-
conversion scales discussed in section 4.2.
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Classification scheme developped fopr M9.5-
L0 by K. Luhman based on spectra of Mira 
that are spectroscopic variables...

COMMENTS ON THE EMPIRICAL 
CLASSIFICATION
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ATMOSPHERIC MODELSBonnefoy et al.: NIR integral-field spectra of the planet/brown dwarf companion AB Pic b 5

Fig. 4. J-band SINFONI spectrum of AB Pic b (red) compared
to the spectrum of a late-type M giant (10 Vir) and to field
dwarf spectra (Cushing et al. 2005) over the 1.1–1.35 µm range.
Atomic features are plotted in blue and molecular absorptions
in green. Our spectrum shows features intermediate between the
dwarfs and the giant. It is best reproduced by the spectrum of
2MASSJ1439+1929 (L1).

Fig 8). This effect does not affect our Teff estimation but could
lead to slightly lower log(g) estimates. Further abundances anal-
ysis of AB Pic b should add new constraints.

In conclusion, both AMES–Dusty00 and SETTL08 libraries
yield Teff = 2000+100

−300 K and log(g) = 4.0 ± 0.5 dex for AB
Pic b, for solar and sub-solar (Fe/H=–0.5) metallicities. In com-
parison, Mohanty et al. (2007) (hereafter M07) fit near-infrared
colors and absolute photometry of AB Pic b with SETTL05
and AMES-DUSTY00 models. They found a good mach for
Teff=1700–1800 K and log(g)=4.25. Similarily, the SETTL08
grid reproduces the observed colors for Teff=1600–1700 K and
log(g)=4.0–4.5. However, the lack of reproducibilities of syn-
thetic spectra in the H and K band revealed here shows that near-
infrared colors and absolute fluxes should be used with care to
infer the properties of young and cool objects.

4. Radius, mass, and luminosity of AB Pic b

4.1. Evolutionary models predictions

Masses of young substellar companions are mostly derived from
evolutionary models predictions (D’Antona & Mazzitelli 1997;
Burrows et al. 1997; Baraffe et al. 1998; Chabrier et al. 2000;
Baraffe et al. 2003; Saumon & Marley 2008). State of the art
models are based on the combination of interior models and at-
mospheric models necessary to link up the luminosities in ob-
served bands to the mass, radius, effective temperatures and sur-
face gravities at different ages and metallicities (tracks). From
the de-reddened magnitudes and colors in the 2MASS pass-
bands, the AMES–Dusty00 evolutionary models (Chabrier et al.
(2000); using AMES–Dusty00 atmospheric models) predict for

Fig. 5. Comparison of the AB Pic b J band spectrum to syn-
thetic spectra of the AMES-Dusty00 and SETTL08 libraries at
log(g)=4.0 dex, [M/H]=0 dex, and Te f f=1700 K, 2000 K and
2100 K.

AB Pic b a mass of 10 MJup � M � 14 MJup. Using Teff de-
rived from our spectral analysis leads to a similar prediction of
11 MJup � M � 14 MJup. Scarce direct mass measurements of
young brown dwarfs and very low mass stars seem to reveal that
models does not achieve a good simultaneous prediction of Teff ,
luminosities, radii and masses of young low mass objects (see
Mathieu et al. 2007). Tracks remain to be calibrated at young
ages and very low masses down to the planetary mass regime
where the formation mechanisms could actually play a key role
(Marley et al. 2007). One can therefore try to use alternative
methods to estimate the mass of substellar companions.

4.2. Alternative estimations

Based on the empirical relations between BCK and spectral
types, the luminosity of the object can be independently deter-
mined from evolutionary tracks. In the case of a L0–L1 spectral
type, we derived a bolometric correction BCK=3.24+0.18

−0.19 mag
from the relations of Golimowski et al. (2004) valid for field
dwarfs. Luminosity, radius and mass can then be deduced based
on Teff and log(g) derived from our spectral analysis (see
Table 3). The estimated mass is in agreement with evolutionary
model predictions but with much larger uncertainties. However,
the assumption of a similar BCK-SpT relation between young
and field dwarfs has never been established and could therefore
add systematic errors that are difficult to quantify.

Bonnefoy et al. 2010

Goals: ♣ Reproducing the chemistry and physics of 
ultracool atmospheres.
♣ Getting rids of the Teff/log g degeneracy

Outputs: Synthetic spectra for Teff, log g, M/H, etc

In the last 5 years,  variety of models:

Below 2600 K:  Need to model the formation and settling 
of dust grains (dust cloud model)

♣ Hubeny and Burrows et al. 2007 (NLCE)
♣ Fortney et al. 2008 (M/H≠0, NLCE)
♣ DRIFT-PHOENIX, (clouds, settling)
♣ BT-SETTL10 (clouds,settling) 
♣ Madhusudhan et al. 2011 (Thick clouds)
♣ Spiegel et al. 2011 (Hybrid clouds)

Need to test the models using young 
& old objects spectra 

MOTIVATIONS
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