Are these planets or brown dwarts?

Elemental abundances 1n atmospheres ot substellar companions
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Substellar companions from direct imaging

HR 8799
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Credit: Jason Wang, Christian Marois
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Demographic statistics indicate distinct formation mechanisms

Define giant planets (m<13 Mj,p) and
brown dwarts (m>13 Myy,).

1) Giant planets tend to have smaller
orbital semi-major axis

2) Giant planets have higher occurrence

rates from 10-100 AU

3) Giant planets preterentially exist
around higher-mass stars (M>1.5 M)
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Probability density

Orbital architectures indicate distinct formation mechanisms

Eccentricity distribution functions

Orbital axis

Giant planets Stellar spin axis
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Eccentricities: Bowler+2020; see also Nagpal+2023
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T'he emerging picture from previous studies

m 2 10-15M,,, a 2100 AU Conversely;

Cloud fragmentation or disk Core accretion 1n
fragmentation in protostellar disk? protoplanetary disk?



Key question: do their elemental abundances point to similar
ditferences as orbit and demographic studies?

Likely similar compositions to their host A range of possibilities depending on
stars, as observed for stellar binaries formation location and migration



T'he Keck Planet Imager and Characterizer K%C

Enabling high-resolution spectroscopy of high-contrast companions
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Phase I: 2019-2021
Phase II: 2022-2023 VoW WYY Kband (1.9-2.5 um)
Phase I1I: 2024- f R~35.000

Instrument papers: Mawet+2017, Delorme+2021 >\




Atmospheric survey of young, intermediate-mass companions

KPIC detections of 1maged planets and brown dwarfs
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T'he atmospheric retrieval framework I use

Forward model of
the spectrum

— KPIC spectra
Full Model

Companion Model
Star Model
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Including telluric and
istrumental response,

speckle light

Wang+2021, Xuan+2022

Radiative
transier code

RADTRANS

Upgraded opacity data
from new line lists (DACLE)

Molliere+2019, 2020
Grimm+2021

Parameter
estimation with
nested sampling

Pressure-temperature profile,
C/70, [C/H], isotopic

ratios, cloud parameters

Speagle 2020



(/0 tor most of the sample 1s similar to the Sun

Solar C/O (Asplund+2021) Benchmark BDs J
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|C/H] 1s also consistent with solar across the sample

Solar ¢+ Hot Jupiters
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Young stars 1n the same associations are found
to have [G/H]|~0, [O/H]|~0, [Fe/H]|~0 etc.

Santos+2008, D’Orazi+2011, Biazzo+2017,
Reggiani+2023

T'heretore, these ~10-30 M,

companions are likely chemically
stmilar to their host stars.



Isotopologue ratios such as '*CO/!>CO are a new observable for
substellar companions
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We measure '*CO/!'°CO in 3/8 of the companions studied so far

I T 0.12
B GQ Lup b
_ 0.10
- 10%F . ¢ sun T =
= - [.ocal ISM 0.08
= R &S -§
S DH Tau b <
< 0.06 /
S =
¥ 0.04
—_0.02
O
0 100 200 300 400

Proj. Separation / Semi-major axis [AU]

Xuan+ in prep. 2024



Summary
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Companion mass (Jupiter masses)

We studied a sample of widely separated, T'he sample has roughly solar composition,

intermediate-mass companions and likely stellar composition
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These companions are likely consistent with a star-like formation

Future work: measure host star C and O abundances, including *CO/!>CO
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Isotopologue ratios such as '“CO/">CO are a new observable for
substellar companions
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P'l' profile parametrization
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P'l' profile parametrization

Wavelength (microns)
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[Fe/H]

[Si/Fe]
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Retrievals with mass & radius priors to get more rehiable [G/H]
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Throughput in Phase Il is consistently better
than in Phase |
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What is KPIC? K/c

Goal: Characterization of high-contrast
companions at high spectral resolution (R~35,000) l N,RSPEC
in K (2.0-2.5 um) and L (3.4-4.1 um) bands.
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