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Are there Spectral Features in the MIRI/LRS Transmission Spectrum of K2-18b?
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ABSTRACT

Determining the composition of an exoplanet atmosphere relies on the presence of detectable spectral

features. The strongest spectral features, including DMS, look approximately Gaussian. Here, I

perform a suite of Gaussian feature analyses to find any statistically significant spectral features in the

recently published MIRI/LRS spectrum of K2-18b (N. Madhusudhan et al. 2025). In N. Madhusudhan

et al. (2025), they claim a 3.4-σ detection of spectral features compared to a flat line. In 5 out of 6

tests, I find the data preferred a flat line over a Gaussian model, with a χ2
ν of 1.06. When centering

the Gaussian where the absorptions for DMS and DMDS peak, I find ln(B) = 1.21 in favour of the

Gaussian model, with a χ2
ν of 0.99. With only ∼2-σ in favour of Gaussian features, I conclude no

strong statistical evidence for spectral features.

1. INTRODUCTION

The search for signs of life is a key goal of the exo-

planet community. The James Webb Space Telescope

(JWST) has improved our ability to study the atmo-

spheres of temperate worlds. Recent theoretical and ob-

servational work have determined H2-rich sub-Neptunes

could be our current best opportunity to find life else-

where in the universe (S. Seager et al. 2025). One hy-

pothesised class of sub-Neptune is “Hycean” worlds (N.

Madhusudhan et al. 2025), defined by a H2 rich atmo-

sphere above a global liquid water ocean.

The planet K2-18b (Teq = 254.9 ± 3.9 K, Rp = 2.610

± 0.087 R⊕, Mp = 8.63 ± 1.35 M⊕ (R. Cloutier et al.

2019; B. Benneke et al. 2019)) has been extensively

studied, with competing hypotheses on whether it is

a Hycean world (N. Madhusudhan et al. 2025), mini-
Neptune (N. F. Wogan et al. 2024), or a gas dwarf

with a surface magma ocean (O. Shorttle et al. 2024).

K2-18b has now been observed in transmission using

3 instrument modes of JWST: NIRISS/SOSS, NIR-

Spec/G395H, and MIRI/LRS. The initial near-infrared

observations suggested the presence of dimethyl sul-

phide (DMS) (N. Madhusudhan et al. 2023), but this

molecule was not confirmed in a re-analysis of the same

data (S. P. Schmidt et al. 2025). Recently, mid-infrared

observations of K2-18b suggested the presence of DMS

and/or dimethyl disulphide (DMDS) at 3-σ significance

(N. Madhusudhan et al. 2025). The potential presence

of DMS or DMDS has been raised as evidence for a bio-
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sphere on K2-18b, given that these molecules are pro-

duced by phytoplankton in Earth’s oceans.

N. Madhusudhan et al. (2025) claims to reject a flat

line at 3.4-σ significance. They compare a 16-parameter

“canonical” model to a 1-parameter flat line model.

However, this is not a nested analysis, as their flat line

model is not a subset of their “canonical” model. It

is possible to compare the Bayesian evidence of these

models to determine whether one is favoured over the

other, however, careful consideration of the prior ranges

need to be taken, as the prior space can greatly impact

the Bayesian evidence (R. Trotta 2008). The authors

do observe this behaviour; they comment that when in-

creasing the prior range for their flat line model, they

achieve a stronger significance. When using their 32-

parameter “maximal” model2, they find they can only

reject a flat line at 3-σ, the significance has gone down

because the prior space between the “maximal” and

“canonical” models are different.

The 3-σ detection of DMS/DMDS claimed by N.

Madhusudhan et al. (2025) was established using a cu-

rated “canonical” model as opposed to their “maximal”

model. However, the “canonical” model neglects opacity

contributions from other potential molecules, which con-

sequently boosts the detection significance by neglecting

alternative species in the Bayesian evidence. They per-

formed the same tests with their ”maximal” model and

find they can only reject a flat line model compared to

2 These models are being used to fit 29 data points. One should
generally avoid fitting data with more free parameters than
data points to avoid overfitting the data.
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their atmosphere models without DMS/DMDS at less

than the 2-σ level. Furthermore, the authors postu-

late that the abundance of DMS/DMDS they obtain

are consistent with ∼20× Earth’s biogenic flux, as pre-

dicted by S.-M. Tsai et al. (2024). However, in S.-M.

Tsai et al. (2024) they show that ethane (C2H6) would

be more readily detectable with this level of biogenic

flux compared to DMS, yet no ethane is seen in the

MIRI/LRS observations. These concerns motivate a

careful reassessment of the reliability of the claimed de-

tection of DMS and/or DMDS in K2-18b’s atmosphere.

In this research note, I explore whether a flat line can

be rejected by the K2-18b MIRI transmission spectrum,

and therefore determine if an atmospheric signal can be

claimed.

2. METHODS

When using the Bayesian evidence to compute

whether one model is favoured by a set of data com-

pared to another model (e.g. an atmospheric model

compared to a flat line), one model should ideally be a

subset (‘nested’) of the other model with the same priors

on the common parameters. In this section, I perform

a nested approach to determine if a Gaussian model is

statistically preferred relative to a flat line.

Following previous work (e.g. E. M. May et al. 2023), I

search for spectral features, while remaining agnostic to

the particular gas causing the feature, with a Gaussian

function:

δλ(A,µ, σm, c) = A exp

(
− (λ− µ)2)

2σ2
m

)
+ c (1)

where δλ is the model transit depth, and µ, σm, and

A are the centre, standard deviation, and amplitude

of the Gaussian, respectively, and c is a vertical offset.

Given that the spectral shapes of DMS and DMDS are

Gaussian-like (see Figure 3 of N. Madhusudhan et al.

(2025)), this is a reasonable approximation. I fit for the

flat line using the following form:

δλ(c) = c. (2)

For the analysis, I only consider the observations ob-

tained with the JexoRes pipeline, which is the same data

shown in Figure 2 of N. Madhusudhan et al. (2025). I

performed the same analysis with the JexoPipe data,

finding a similar conclusion. 3

I perform 3 different Gaussian feature tests: 1) the

standard form (4 free parameters), 2) a negative Gaus-

sian (4 free parameters), 3) a combination of the two

3 Data obtained from N. Madhusudhan (2025).

(7 free parameters). For each of these tests, I perform

an additional analysis where I make informed choices

of where the spectral features should be (motivated by

Figure 6 of N. Madhusudhan et al. (2025), which shows

that features at ∼ 7µm and ∼ 8.8µm drive the claimed

detections), which therefore fixes the µ parameter. I

plot the results in Figure 1 with the corresponding χ2,

degrees of freedom, reduced χ2, and the ln Bayesian ev-

idence obtained using MultiNest (F. Feroz et al. 2009).

3. RESULTS

I find that all the tested models have similar ln-

Bayesian evidences, indicating that a Gaussian model is

not statistically preferred over a flat line. Since the dif-

ference in the ln-Evidence of a Gaussian model and the

flat line model is the ln Bayes Factor (ln(B)), one can

assess which model can best describe the observations

using the Jeffrey’s scale 4, which defines ‘no evidence’

(ln(B) < 1), ‘weak evidence’ (1 ≤ ln(B) < 2.5), ‘mod-

erate evidence’ (2.5 ≤ ln(B) < 5), and ‘strong evidence’

(ln(B) ≥ 5). Ultimately, 5 out of 6 of the Gaussian

model tests fall into the ‘no evidence’ category accord-

ing to the Jeffrey’s scale, with the models with the best

ln-Evidences having a Gaussian fixed to specific wave-

lengths. The only model marginally preferred over a

flat line is the combination of a positive and negative

Gaussian fixed at 7µm and 8.8µm, respectively, with

ln(B) = 1.21. However, even in this case, the Gaussians

are only in the ‘weak evidence’ category. When using

‘equivalent sigma’ values (e.g. R. Trotta 2008), as com-

monly done in the exoplanet retrieval literature (and in

N. Madhusudhan et al. (2025)), this would be a ‘2-σ de-

tection’ compared to the flat line model, even though

there is little statistical evidence favouring the two fixed

Gaussians over a flat line.

Further, when inspecting the fitted models in Fig-

ure 1, one can see that the models that agnostically

search for Gaussian features result in flat spectra. Only

when fixing the Gaussians to specific wavelengths do I

see any deviation from a flat line. This test suggests

that only considering a limited set of absorbers at fixed

wavelengths, as done in N. Madhusudhan et al. (2025)’s

“canonical” model, inflates the statistical evidence for

an atmospheric detection.

4. CONCLUSIONS

I perform an independent analysis of the MIRI/LRS

observations of K2-18b recently published by N. Mad-

husudhan et al. (2025). The specific question of this

research note was to determine if there were any de-

4 Table 1 and 2 in R. Trotta (2008)
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Figure 1. Model fits to the MIRI/LRS observations of K2-18b from N. Madhusudhan et al. (2025). The median, 1-σ and 2-σ
credible region envelopes for each model fit are overlaid. The χ2, degrees of freedom, reduced χ2, and the ln Bayesian evidence
values are annotated.
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tectable features within the data itself, or whether the

data is consistent with a flat line. I performed a Gaus-

sian feature analysis with varying levels of complexity,

as opposed to a complete atmospheric retrieval. Despite

the claim of a 3.4-σ deviation from a flat line in N. Mad-

husudhan et al. (2025), I find a flat line is an acceptable

fit.

Of the tested models, only one, where I use two Gaus-

sians centred on fixed wavelengths, results in weak evi-

dence over a flat line (ln(B) = 1.21, Bayes factor = 3.35).

Therefore, there is no strong evidence for detected spec-

tral features in K2-18b’s MIRI transmission spectrum.
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