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e Planetary atmosg

(e.g Watson+1981, Lammer+20@r )

(e.g. Giidel+ 2002, Segura+2010) )<

e . Stellar XUV raéiratlon catalyzes | jotic chemis_;tryv

(e.g- Ranjan& Sasselov201§)

e X-rays trace magnetic structure (magnetosphere)

(e.g. Branduardi-Raymont 2018, Guo+2021,Waish 2024) > check out LEXI mission

IACHEC, May. 2025 K2-18 | Rukdee et al. %



High Energy Environment
of Rocky Exoplanets
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netection 0' Molecules in o

Exoplanet Atmospheres

Why featureless?
" Cloud and Haze

= |nstrument limit/sensitivity
= Stellar Effect

IACHEC, May. 2025
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Long-term %nitoring (Swift, eROSITA-DE, Chandra)
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K2-18D

Super-Earth around M star




EXOPLANET K2-18 b

ATMOSPHERE COMPOSITION

Madhusudhan+ 2023, 2025
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K2-18 W

Super Earths around M star '
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Observations .

Rukdee 2025b in prep. ALl @ g @ *
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PGA-based background models

Machine Learning Approach:
= Simmonds et al. (2018) applied PCA to build empirical
background models.

Simmonds+ 2018

Enhanced Low-Count Analysis:
» Models leverage bin correlations and instrument
behavior to extract more from low-count data.

PCA Modeling:

» Trained in logio(counts + 1) space, PCA operates on
detector channels without using response files.

Adaptive Model Refinement:
= Gaussian lines are added at residual peaks, with

complexity guided by the AIC 050 075 1.00 125 150 1.75 2.00 225 250
Energy (keV)

IACHEC, May. 2025 K2-18 | Rukdee . 13



o /
y - Buchner+ 2014
: L]
Rukdee+ 2024 | .

BXA connects the X-ray spectral analysis environments

Xspec/Sherpa to the nested sampling algorithm UItraNest
Bayesian Parameter Estimation
Model comparison

BXA-plasma conmnects BXA with multi-plasma models
e.g. APEC

L] ) L]
https://github.com/SurangkhanaRukdee/BXA-Plasma

®
IACHEC, May. 2025 K2-18 | Rukdee et al. * . 14



Plasma Temperature

Robrade & Schmitt 2005

» Study 4 active M-stars: M3.5 — M4.5

» Temperature Grid: the 3 —T and the 6 /T model
lead to fully consistent results’ on abundance

[
Rukdee+ 2024
/ Log-Gaussian Temperature Distribution
* » Capture the behavior of the plasma temp.
béetter than a single point (kT1 or kT2)
= Approximated by summing many single
temperature component > increase sampling
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TEMPERATURE 5215 DISTRIBUTIONS
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SPECTRAL FITTING

" Rukdee 2025b in prep.
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High Energy Flux .

Rukdee 2025b in prep.
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INTERPRETATION &

Envelope Mass (Mg)

Semi-Major Axis (AU)

IACHEC, May. 2025
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/ planets around FGK stars

 What do we learn? /\

PRECISE X-RAY FLUX CONSTRAINTS PROVIDE
e Understanding of planetary atmospheres

e Refine habitability criteria

e Improving exoplanet evolution mqdels.

We are undergoing the joint XMM-VLT pilot program for small
NEWATHENA will play a crucial role in studying star-planet

interactions and chemical abundances in both stellar and planetary
atmospheres. :

T hank 9o /ﬂgﬁ’fg /ﬂﬁ your oa//mm/( work, and &/(a//?/(; serence/
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