Atmospheric Modeling of the Brown
Dwarf/Planetary Companions to

Collaborators:

GJ 758 and HR 8799

- No Clouds log(g)=4.0
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Needed: Context for Atmospheres of Massive
Planets/Very Low-Mass Brown Dwarfs

Cloudy (30— & 100-um particles): )

g = 10" em ¥ GE
g = 10 om s
M dwarfs

g = 10°° em ot

Cloud—free:
g = 104® em 57"
g = 10°° cm s*
g = 10" cm st

(Burrows et al. 2006)




1. GJ 758 -- L’ band Imaging

GJ 758B (lower circle)
detected at SNR ~ 6.4
L’=15.97

“GJ 758C” possible
detection (SNR ~3);
but prob. residual
speckle 2 no
evidence for being a
bound companion

(Currie et al. 2010a, ApJ, 721, 177L)




GJ 758B Temperature and Luminosity
(standard L/T brown dwarf model comp.)
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Teff ~ 560 K (470 —710)

ST~ T8.5—T9
log(L/Lsun) ~ -6.1




GJ 758B Temperature and Luminosity
(standard L/T brown dwarf model comp. )
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Metal—Rich vs. Solar Metals
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Caution w/ Atmospheric Modeling:
- GJ 758 = metal-rich star; clouds,
problems with models?




GJ 758B: A Low-Mass Brown Dwarf Companion, Not a Planet

California Planet Survey (CPS) Keck/HIRES
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GJ 758B: A Low-Mass Brown Dwarf Companion, Not a Planet
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Rotation/Activity Age: ~5—10 Gyr (cf. Mamajek & Hillenbrand 2008)
Most isochronal ages ~ 5--10 Gyr
(Nordstroem et al. 2004; Holmberg et al. 2009)
Takeda et al. (2007) is the outlier




2. New Data for HR 8799 (currie et al. 2010b)

Y band (Subaru/IRCS); [3.3], L', M (MMT/Clio); Ks (VLT/NaCO)
- 1—5 Micron coverage
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(L’/3.8 microns; MMT, 11/21/2008, Currie et al. 2010b;
see also Hinz et al. 2010)




2. New Data for HR 8799 (currie et al. 2010b)

Y band (Subaru/IRCS); [3.3], L', M (MMT/Clio); Ks (VLT/NaCO)
- 1—5 Micron coverage

-all three planets
detected at
> 10-sigma

L’ (HR 8799b) = 15.66
L’ (HR 8799c) = 14.81

L’ (HR 8799d) = 14.48

(L’/3.8 microns; MMT, 11/21/2008, Currie et al. 2010b;
see also Hinz et al. 2010)




The HR 8799 Planets: Fainter at [3.3], *Much* Fainter at Y
r
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HR 8799 b and c detected at
[3.3] but not d (different
result than Hinz et al. 2010)
Fainter at [3.3] than Kor L




The HR 8799 Planets: Fainter at [3.3], *Much* Fainter at Y
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HR 8799 b and c detected at
[3.3] but not d (different
result than Hinz et al. 2010)
Fainter at [3.3] than Kor L




The HR 8799 Planets: Fainter at [3.3], *Much* Fainter at Y

Weak detection of HR 8799b at Y
band (SNR ~ 4) *extremely* faint
(Y ~21.20 +/- 0.3)

Non-detections for c and d




The HR 8799 Planets: Fainter at [3.3], *Much* Fainter at Y

Weak detection of HR 8799b at Y
band (SNR ~ 4) *extremely* faint
(Y ~21.20 +/- 0.3)

Non-detections for c and d




The HR 8799 Planets
and L/T Class Brown Dwarfs: Very Different

X—XK hbO/neq_d4f2_g45_c100
X — — =X hb0/neq_d4f2_clr
S— bsh06_g45_solar

X bsh06_gS_solar
+ — — —+ bsh06_g45_3x

Currie et al. 2010b (cf. Hubeny & Burrows 2007; Burrows et al. 2006)



The HR 8799 Planets
and L/T Class Brown Dwarfs: Very Different
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Currie et al. 2010b (cf. Hubeny & Burrows 2007; Burrows et al. 2006)



Atmospheric “Modeling” of HR 8799bcd
(Currie et al. 2010b; see also Bowler et al. 2010 for b planet)
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Thicker clouds for Planets (not in Brown Dwarfs)
= Huge difference

— o —a - No Clouds
Weak Clouds (Cloud Deck)
Strong Clouds (Thick Cloud Layer)
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From Atmosphere Models in Currie et al. (2011)




HR 8799b w/ thick clouds

A100.900.cloud.g4.0.21
scale factor = 0.85
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T ~ 900 K, in agreement with evo. models




Flux Density (mdJy)

Young Gas Giant Planets

have Thick Clouds
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Currie et al. (2011)
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T (b,c,d) ~ 900, 1000, 1000K; log(g) = 4—4.5;

M ~ 6—7, 7—9, 7—9 M;




Young Gas Giant Planets
have Thick Clouds

T=900K, log(g)=4
T=900K, log(g)=4
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Currie et al. (20

"M ~ 6—7, 7—9, 7—9 Mj
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Evalutionary tracks of "brown dwarfs"

Evaolutionary tracks of "planets”

Isochrones in log,,(yr)
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Take-Home Messages
Atmospheric Modeling:

- GJ 758B: Ultra-cool Brown Dwarf
Companion to Sun-like Star,
probably Not a Planet

- HR 8799bcd: massive versions
of Jupiter; very cloudy/dusty
atmospheres, unlike brown dwarfs
of similar temperatures




The Future: Atmospheric Modeling with GPI

—— i —— - No Clouds
Weak Clouds (Cloud Deck)
Strong Clouds (Thick Cloud Layer)
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The Future: Atmospheric Modeling with GPI

Cloudy (30— & 100—um particles): =1
g = 10*® em o* .
g = 10 ¢om %
g = 10 em gt

Cloud—{ree:
-g = 10*® ¢m p7¥
g = 10 cm s®
g = 10A% cm w2
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