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A recipe for large scale population studies

1. Exoplanet spectra should be simultaneously recorded
across the broadest possible wavelength range to
mitigate the difficulties of observations taken at different

epochs. JWST

. Active stellar host
. Atmospheric variability ——

2. Planetary atmospheres should be observed by a single
instrument or by combining multiple well calibrated
instruments mounted on the same telescope.

. Instrumental offsets

3. A single pipeline to analyse homogeneously all data sets, — Iraclis
minimising biases.

4, Robust statistical tools should be adopted to allow

D ) . . — TauREx 3.1
quantltatlve comparisons and data mterpretatlon.




Planet Mass [M]

The sample of planets and stellar hosts

Research Approach:

. Combine repeated observations from publicly available HST data sets.

. Sample: 20 different exoplanets around various stellar types.

Obijectives:

. Determine the origin of distinct spectral signatures.

. Analyse the impact of stellar contamination, leveraging the optical coverage from STIS.
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Data analysis and spectral modelling
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Bayes factor In(Bgg)

Strength of Evidence:
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Model Preference from a Bayesian perspective:

- Bayes factor is defined as the ratio of stellar
contamination model evidence to quiet star
model evidence given the observed data.

Strength of Evidence: 25

- Colour-coded according to the Jeffreys’ scale b
(Jeffreys 1998; Trotta 2008). g |
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preference for the active star model. K X o

- Only one planet strongly favours the quiet
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unocculted stellar spots and faculae in optical
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Stellar Activity Distance metric (SAD)

New Metrics for Stellar Contamination:

Stellar Activity Distance metric (SAD) to
guantify if an active star model fits
observational data better than a quiet star
model.

SAD Results:

High SAD value indicates a stronger
preference for the stellar activity model.

SAD below 1: base model best describes the
data.

SAD equal to 1: either model explains the
data adequately.
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Stellar Activity Temporal metric (SAT)

New Metrics for Stellar Contamination:

Stellar Activity Temporal metric (SAT)
repeatability and consistency of observations.

Compared data sets acquired with the same STIS grating
for each individual planet.

Stellar activity is likely responsible for spectra divergence
at different epochs.

assesses

Reversal in optical slope observed, among other planets, for:

>

WASP-6 b, WASP-17 b, WASP-80 b.
Indicates that the host star is transitioning between spot-
dominated and faculae-dominated regimes.

SAT Results:

Revealed a bimodal distribution which indicates that
spectral variations in the visible regime within this limited
planet sample are either minimal or moderately
significant.

Stellar Activity Temporal metric (SAT)
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Stellar contamination across the population

Stellar activity has a predominant influence on exoplanet spectra at a population level

Consistency and Ranking:

Standard competition-style ranking for 15
planets with consistent observations.

Colour Coding:

Green: Unanimous or nearly unanimous
indications of significant activity.

Uncertain outcomes; mixed
indications of stellar activity.
Red: Predominant preference for an
inactive star.

Purpose:

Not a definitive assessment of stellar
contamination.
Highlights systems for which activity-
oriented photometric monitoring should
be conducted.
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Summary & Conclusions

* The largest sample of hydrogen-rich exoplanets observed from near-Uv
to near-IR.
Link to the paper:

[m]
2

* A uniform analysis and interpretation across the whole population.

|
atmospheres. -

* Significant differences in the optical wavelengths suggest time-varying

stellar surface heterogeneities imprinted in the exoplanetary spectra. .

* Multiple observations allowed to study temporal variability in exoplanet E

» Statistical metrics to assess the extent of stellar activity contamination:
Bayes factor, SAD, SAT

* Stellar contamination plays a significant role in exoplanet spectra.

e We invite the community to consider stellar contamination in transit
studies, perform long term stellar monitoring and to further investigate
this catalogue of potentially active stars.




® Provider of space science data

® Fleet of small satellites

® High heritage approach

® Focuson in-demand science cases



Mauve - a time domain opportunity MAUVE

Small sat conceived for monitoring stars

UV - Visible spectrophotometry (200 - 700nm) at
low spectral resolution R~20-65

3-year collaborative survey programme
1000's of yearly observation hours

Science team seats for early joiners
111 GEFA:E-G

m by Thpjth ved funding from the European Union’s Hori
@ e . search and in h n programme under grant agre emetN 101082738




Continuous monitoring of flaring stars MAUVE

epsilon Eridani, K2V, Vinag=3.7, texposure=50 5

Quiescent phase
Flaring stage: 0.76% flux increase
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