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C/0 ratio

Linking atmosphere with planet formation
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The limitation of C/0 and O/H
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12C/13C

Carbon isotope ratio and planet formation
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Carbon isotope ratio observation: current
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Strategy

) Where CarbOn frOm? Noted: hypothesized with simplified model
CO gas at CO iceline vs. Other gas / planetesimal

Outside (> CO2 snowline) Inside (<CO, iceline)
Inside the CO iceline: 13C-rich No fractionation
Outside: 13C-poor due to the high temperature
Low [M/H] High [M/H]
WASP-77A b like ISM like
12C/13C~20 (?) 12C/13C~70 (?)
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KELT-2 A b: a high metallicity HJ ?

| M, (M;) = 1.524 +0.088
P Ry (Ry) = 129025055

L Teq(K) = 1712153
P (day) = 4.114 Beatty et al. 2012

C/O

[L Counter part of WASP-77A b!
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log 2 c/0 ¢ Piskorz et al. 2018
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Observation: IGRINS-2/Gemini-N

-D=8.1m

-R~45k

- H+K simultaneously
—H,0, CO lines

—Resolve isotopologue lines 0
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- High Throughput (>6%)

Through Subaru/Gemini Time exchange Program
PID: S25A-069N/GN-2025-Q-212 (PI: Y. Hayashi)

Observed in Feb — Mar, 2025
~10 hrs observation in total .
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Exoplanet Atmosphere with High Spectral Resolution
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Analysis: Atmospheric Retrieval
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- Compare forward models with observed spectrum
- Bayesian inference
— constrain model parameters with error bars

(Abundance, Temperature --*)
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Results: Chemical Abundances and Temperature

Retrieved T-P Profiles Retrieved Volume Mixing Ratios
10_6‘ ! T T
20 (95%) Em H; (EQ)
I 10 (68%) B He (EQ)
10-51 = Median 3 H,0 (EQ)
12co (EQ)
13¢co (EQ)
10+ log(13C0O)~-3.7 o raoien
.%. /@ 1%CO (free)
2 1031 13¢o (free)
g f ° !
@ 19-2 —eo——
g 107] log(12CO)~-B
a
log(H,0)~-3.8
og(H,0)~-3.
100_
10!

500 1000 1500 2000 2500 3000 05 10-4 10-3 10-2 10-1 100

Temperature [K] VMRs

Median Spectrum

0.0005

0.0004

0.0003

Fp/Fs

0.0002

0.0001

0.0000

Waveleng;th [Mm] j : .I 1 1/1 5




Results: Isotope ratio

12C0/13CO = 5.4*1%

log(12C0O/13C0O) = 0.73+38
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13C-enriched, like WASP-77 Ab
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Results: Derived elemental Ratio
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Discussion: Formation History

- 13C-enriched

— Accreted gas around CO snow line
(Excludes interior to the soot line)

- super stellar C/0 (0.8~0.9)
- stellar ~ super stellar [C/H], [O/H]
—Pebble drift & CO sublimination
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K-band High-Res is necessary !!!

Y ) H K
Metals / TiO OH CO
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Please expand the time exchange (or TSHIRT?)
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Summary

- Isotope ratio can be a new constraint for planet formation

- KELT-2A b is unexpectedly 13C-enriched
with a super-stellar C/0 and hint for a high [(C+0)/H]

- KELT-2A b may accreted its gas around CO snow line
- Population level survey is needed to interpret 12C/13C

- K-band High-Res is needed for exoplanet atmosphere
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