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How do we distinguish a massive 
planet from a brown dwarf?
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Fortney (2018) 2



Can we relate the 
atmospheric features to 
a formation process?
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Probably yes, through the study of their composition 
⁄𝑪 𝑶, [ ⁄𝑭𝒆

𝑯], … 



Brewer & Fisher (2016)

What is the C/O ratio of stars in general?

4Chiappini et al. (2003)
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Exoplanets

Gravitational Instabilities (GI)

Brown Dwarfs

Gravoturbulent 
Fragmentation

Migration

Type I

Type II

Type III

Planet-Planet 
Scattering 
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Core (Pebble) 
Accretion



Cieza et al. (2016)𝐻!𝑂 𝑖𝑛 𝑖𝑐𝑒
𝐻!𝑂 𝑖𝑛 𝑔𝑎𝑠

Snow Lines
& ⁄𝑪 𝑶
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Madhusudhan (2019)



𝐻!𝑂 𝑖𝑛 𝑖𝑐𝑒
𝐻!𝑂 𝑖𝑛 𝑔𝑎𝑠

Snow Lines
& ⁄𝑪 𝑶
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Madhusudhan (2019)

Cieza et al. (2016)



What is expected?

8Brewer & Fisher (2016)



SINFONI

9ESO Chile

VLT (UT4)

Integral Field Spectrograph

AO Mode: NGS/ NoAO

K-band (1.95 – 2.45 µm)

Resolution of 4000

Platescales of 0.25”/ 0.1”/ 0.025”



2M0103ABb AB Pic b CAHA TAU 1 CD-35 2722B DH Tau b FU Tau B

GSC 06214 b HIP 78530b HR 7329 B KPNO TAU 1 KPNO Tau 4 KPNO TAU 6

PZ Tel B RXS 1609 B Usco 1606-2219 Usco 1606-2230 Usco 1606-2335 Usco 1607-2239

Usco 1608-2232 Usco 1608-2335 Usco 1610-2239 Usco 1612-2156 Usco 1613-2124 Usco CTIO 108 AB
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!"#

73𝑀
!"#

11Models from Chabrier et al. (2000)



Model exploration
with ForMoSA
BT-SETTL 2013 Allard (2013)

Exo-REM Charnay et al. (2018)

ATMO 2021 Phillips et al. (2020)
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Petru et al. (2020)



AB Pic b
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Atmospheric model: BT-SETTL 2013



𝑇&'' = 1671 ± 10 𝐾
log 𝑔 = 3.56 ± 0.04 𝑑𝑒𝑥

.𝐶 𝑂 = 0.73 ± 0.02
𝑅 = 1.868 ± 0.005 𝑅()*

𝑅𝑉 = 30 ± 2 .𝑘𝑚 𝑠

𝑣𝑠𝑖𝑛 𝑖 > 48 ⁄+, -

limbdark

14

⁄𝑐 𝑜⨀ = 0.54

AB Pic b Solutions



Can we trust these results?
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𝑇!"" = 1700 ± 1 𝐾

𝑇!"" = 1875 ± 29 𝐾 𝑇!"" = 1671 ± 10 𝐾

log 𝑔 = 4.5 ± 0.01

log 𝑔 = 3.83 ± 0.2 𝐶/𝑂 = 0.73 ± 0.02

𝐶/𝑂 = 0.54 ± 0.01

KI

CO



Brewer & Fisher (2016)

Whow does AB Pic b compare with the stars?
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• ⁄𝐂 𝐎 and [ ⁄𝐅𝐞 𝐇] can trace the origin of formation
• Precise spectral analysis is challenging

• We have to be sure that 𝐓𝐞𝐟𝐟 − 𝐥𝐨𝐠 𝐠 − ⁄𝐂 𝐎− ⁄𝐅𝐞 𝐇 are not 
biased before getting any conclusions.

• This is the start of a systematic analysis to fill ⁄𝐂 𝐎 and [ ⁄𝐅𝐞 𝐇]
histograms which will serve as a reference for exoplanets. 


