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To distinguish between atmospheric type:

The Atmosphere of Small Exoplanets

® The atmospheric evolution over time

® The chemical composition
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Population Study of Sub-Neptunes
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t  K2-18b NIRISS-NIRSpec-MIRI  gchmigt et al. 2025, Mascolo et al. in prep.
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1 Edwards et al. 2023, Kempton et al. 2023, Schlawin et al. 2024
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Project Goal:
Build a population study by analyzing
four sub-Neptunes in pairs, then jointly,
to identify common characteristics and
evolutionary patterns.
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Focus on Planet K2-18b

Discovered in 2015, K2 mission

K2-18b orbits an M-dwarf star with only 2.53% of the Sun’s
luminosity, yet it receives a stellar flux of 1368 W/m?, very close to
Earth’s ~1361 W/m?
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Atmospheric Evolution of K2-18b

We modeled the structure and evolution of Gravitational contraction

K2-18b’s atmosphere over time, accounting for:

Stellar XUV-driven photoevaporation
Current age - 2.4 Gyr Early age - 10 Myr

Earth-like core: 67% rock, 33% ice
~8.4 Mo, ~1.7R®

Envelope: ~2x larger but only

10% more massive
Envelope: 2.25% mass Gravitational contraction, not

~0.19 Mo, ~0.8 R® loss from photoevaporation

Envelope
Envelope

Photoevaporation had little effect on atmospheric mass — Composition is likely primordial



What Molecules in K2-18b ?

hyl Sulfide ?

hane ?
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arbon

Ammoniz: g
onoxide ?

 cyanide T



. . Chemical model: Free Profile
Atmospheric Analysis of K2-18b | Active molecules: H,0, CH,,NH,, CO,, CO, HCN
Active biomolecules: DMS DMDS

Inert molecules: H,, He, N,
Retrieval framework: TauREx3 (Al-Refaie+2021,2022)

T-P profile: Isothermal vs. 4-point profile

1 NIRISS/SOSS (0.85-2.9 um)
| > Reduced by Schmidt et al. (2025) using the exoTEDRF pipeline
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| NIRSpec/G395H (2.7-5.2 um)
> Reduced by Schmidt et al. (2025) using Eureka!

| MIRI/LRS (4.8-12 pm)
1 > Reduced by #s using Eureka!
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Free chemistry K2-18b

Posterior distributions
of K2-18b
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Temperature-Pressure Profile

Compatible to isothermal within 1o
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Statistical Comparison

Atmospheric Detectability Index (ADI),

a positively defined Bayes factor calibrated on the Jeffreys’ scale

ADI:{log(BFl)—log(BFz), if log(BF,) > log(BF)

0, otherwise

ADI >3 — Significant atmospheric detection at 3¢
e ADI <3 — Unable to favour a model

no N2 iso - with N2 iso: 1.27
no N2 4p - no N2 iso: 0.24
no N2 iso - with N2 4p: 1.59
no N2 4p - with N2 iso: 1.51
with N2 iso - with N2 4p: 0.31
no N2 4p - with N2 4p: 1.83

Occam’s Razor — no N2iso



Planet K2-18b

Conclusions and Future Directions
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“Therefore, innumerable are
the worlds and infinite the
earths that orbit around
those suns as we see

the seven orbiting

our Sun”

Giordano Bruno
(1548-1600)



