.~ Atmosphere I\/Iodels for C@ol Brown Dwarfs and
Glant Exop\anets ‘

Mark Phillips, Isabelle Baraffe, ™, . . #+ .. % 0 . . -Spectroscopy of Exoplanets
~ Pascal Tremblin, Gilles Chabrier, =~ . . I R i ¥ LTINS
“Eric Hebrard, Adam Burgasser : - |

~UNIVERSITY OF _ e\ Lot Sl !
E ETER ' e ' | ' % Science & Technolog

Facilities Council

- Contact: mp537@exeter.ac.uk -



Brown Dwarf Evolution

4000

3500 —

3000 —/—=—= = e ——

N

+ 2000 —
Q
= 1500

1000

500 -

0— | | IIIIIII I I lllllll I I IIIIIII

103 102 101
Data from Baraffe et al. (2003, 2015) Age [Gyr]

10°

L

101

0.5M/M o
0.4M/M o
0.3M/M o
0.2M/M o
0.15M/M¢
0.13M/Mo
0.11IM/M¢
0.1M/Mo
0.09M/M o
0.08M/M o
0.075M/M o
0.07M/M o
0.06M/M o
0.05M/M o
0.04M/M o
0.03M/M ¢
0.02M/M o
0.012M/M o
0.01IM/M¢
0.005M/M o
0.001M/M o



Brown Dwarf Evolution

4000

3500 —

3000 —/———==

N

e

+ 2000 —

Q
= 1500
1000
500 -

0 ] T

WASP 12b

HD 209458b

S

103
Data from Baraffe et al. (2003, 2015)

101

I lllllll I I IIIIIII

1072

0.5M/M o
0.4M/M o
0.3M/M o
0.2M/M o
0.15M/M¢
0.13M/Mo
0.11IM/M¢
0.1M/Mo
0.09M/M o
0.08M/M o
0.075M/M o
0.07M/M o
0.06M/M o
0.05M/M o
0.04M/M o
0.03M/M ¢
0.02M/M o
0.012M/M o
0.01IM/M¢
0.005M/M o
0.001M/M o



Spectral Types
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ATMO — radiative-convective forward model
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Potassium in brown dwarfs
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Potassium Opacity
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Model Comparisons

Ter=800K, log(g)=4.0

70000 10
Allard et al. (2007)
60000 — Alkali Broadening
K—H, Burrows & Voloboyev (2003) 12 -
'_T 50000 — Alkali Broadening
S
< 40000 - 141
S
< 30000 - 16
x > L
s 20000 — @) o
. < 1
10000 | | S
0 ,/’/ \MM' \\ . w../'.”' AN A “\j/\ _
| | | | | | | 20 -
-0 Y J K
§ .08 y"’j\4 -
29 - Y Allard et al. (2007)
9o . Alkali Broadening
v =20.4; | Burrows & Volobuyev
© 1 24 (2003) Alkali Broadening
S V0 ST
0.0 . . ; . . . . -2 -1 0 1 2 3 4 5
0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 Y_K

Wavelength (um)
Photometry from the Database of Ultracool

Phillips et al. in pre
P prep Parallaxes maintained by Trent Dupuy



Early T dwarts

le—-15 le—-15
—— HNPegB-T2.5 7 —— SIMPJ0136 - T2.5

1.75-
i 1.50 6
& | o
3 125
N
'E 1.00 4
% 0.75 - 5=
e
'35 0.50- o
L

0.25- =

0.00 I I I I I l I 0 I l I I I I I

0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
Wavelength (um) Wavelength (um)

NIR spectra from Luhman et al. (2007), Burgasser et al. (2008)
Models with modified thermal structures following Tremblin et al. (2015, 2016, 2017)

Phillips et al. in prep



Early T dwarfs
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Mid-Late T dwarfs
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Mid-Late T dwarfs
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Mid-Late T dwarfs
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