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ABSTRACT

The possible presence of dimethyl sulfide (DMS) in the atmosphere of the exoplanet K2-18b—an ocean-bearing
Hycean world candidate—has intensified the interest in its potential habitability. This sulfur compound, primarily
produced by marine life on Earth, is considered a potential biosignature. We investigate whether the observed at-
mospheric DMS levels could plausibly originate from biological activity, assuming Earth-like metabolic pathways.
Through energy budget modeling, this study estimates the DMS production capacity of a hypothetical biosphere on
K2-18b and finding that, even under optimistic assumptions, biogenic DMS levels would fall several orders of mag-
nitude short of those inferred from James Webb Space Telescope (JWST) observations. Additionally, we examine
DMS atmospheric lifetimes under K2-18b’s environmental conditions. The results suggest that, while the presence
of DMS cannot be conclusively attributed to biological activity, its detection remains inconclusive as a biosigna-
ture due to possible non-biological production mechanisms and uncertainties in spectral retrieval procedures. We
conclude that current evidence does not support the presence of life on K2-18b and emphasize the need for more
refined observational data and atmospheric models.
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1. Introduction

K2-18bis an exoplanet orbiting an M-type star with
an orbital period of approximately 33 days. Based on re-
vised datal'?], the planet’s mass is 8.63 + 1.35 Mg, and
its radius is 2.61 * 0.09 Rg. The orbit of K2-18b poten-
tially places it within the habitable zone (HZ) of its host
star, provided that sufficient atmospheric pressure ex-
ists to sustain liquid water on its surface 351,

The planet’s bulk properties suggest a layered in-
ternal structure comprising a silicate core, an ice-rich
mantle likely containing condensed volatiles such as am-
monia, carbon dioxide, and methane, and a primitive at-
mosphere dominated by hydrogen and helium. An ocean
may also expected to exist at the surface. This configura-
tion is consistent with what has been termed a “Hycean”
world—a class of planets characterized by a hydrogen-
rich atmosphere and a liquid-water ocean (“Hy” for hy-
drogen and “cean” for ocean). Hycean planets are re-
garded as promising candidates for hosting life [°].

However, counterarguments exist regarding the
Hycean-world hypothesis. A global surface ocean re-
quires atmospheric pressures below approximately 10
bar. In a hydrogen-rich atmosphere, pressures exceed-
ing this threshold could lead to extremely high surface
temperatures due to an enhanced greenhouse effect, po-
tentially causing ocean water to evaporate and generat-

ing a steam-dominated atmosphere!”.

Conversely, in-
creased atmospheric albedo—arising from vapor clouds
or scattering hazes—could mitigate this effect by re-
ducing the amount of stellar radiation absorbed by the
planet[®,

K2-18b has been observed using the James Webb
Space Telescope (JWST) with the Near Infrared Imager
and Slitless Spectrograph (NIRISS) and the Near Infrared
Spectrograph (NIRSpec), covering the spectral range of
0.9-5.2 um[°l, Atmospheric models fitted to these data
suggest the presence of methane (CH4) and carbon diox-
ide (CO2), but not ammonia (NH3) or water vapor (H50).
According to these models, methane and carbon dioxide
are present at approximately 1-2% by volume relative
to molecular hydrogen (Hs).

However, photochemical and climate models'?]

predict significantly lower abundances of these gases

if K2-18b is an abiotic Hycean world. To reconcile the
high methane and carbon dioxide levels inferred in previ-
ous studies[°l, a methane-producing biosphere—similar
to that which existed on Earth 3 billion years ago—
would be required. Alternatively, K2-18b could be a gas-
rich mini-Neptune [1%], where CH, and CO, are generated
thermochemically in deep atmosphericlayers and subse-
quently transported upward via mixing processes. How-
ever, this scenario would only be consistent with JWST
data if the planet’s atmospheric metallicity exceeds that
of the Sun.

Recent observations by the James Webb Space Tele-
scope (JWST) in the 6-12 pm range have suggested the
possible presence of dimethyl sulfide (CH3-S-CH3) in
the atmosphere of K2-18b['!l. The significance of this
finding lies in the fact that, on Earth, dimethyl sulfide
(DMS), a sulfur-containing compound, is primarily pro-
duced by marine phytoplankton, specifically unicellular
algae. As such, its detection could be indicative of poten-
tial biological activity on K2-18b.

However, the possibility of abiotic production can-

DMS has been detected in comet
[12]

not be ruled out.
67P/Churyumov-Gerasimenko and in the interstel-
lar molecular cloud G+0.693-0.027, located toward
Notably, the DMS-to-dimethyl
ether (CH3-0-CHj3) abundance ratio measured in comet
67P (1.3 x 107?) is comparable to that estimated for
G+0.693-0.027 (1.7 x 10~3), suggesting similar chemi-
cal pathways in both environments.

Although the chemistry of DMS beyond Earth re-

mains poorly understood, these findings provide com-

the Galactic center[3],

pelling evidence for efficient abiotic synthesis in the in-
terstellar medium. This, in turn, raises important ques-
tions about the reliability of DMS as a definitive atmo-
spheric biosignature.

The potential detection of DMS in the atmosphere
of K2-18b is based primarily on comparisons between
observational data and atmospheric models. However,
these models incorporate only a limited set of chemical

(14 Notably, their analysis demonstrated that

species
the inclusion of propyne (C3H,) can produce spectral fits
that are comparable to, or even better than, those ob-
tained with DMS. Further analyses['®] reprocessing the

JWST data, and using two independent retrieval frame-
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works, support this conclusion. These new results indi-
cate that the evidence for DMS is not statistically robust,
as other molecules containing methyl functional groups
can yield fits of equivalent quality to the observed spec-
trum.

In light of the considerations outlined above, it is
not possible to definitively assert the detection of a posi-
tive biosignature in the atmosphere of the exoplanet K2-
18b. Several factors contribute to this uncertainty. First,
dimethyl sulfide (DMS) can be produced through abiotic
processes, as evidenced by its detection in comets and
the interstellar medium. Second, current spectral mod-
els do not account for all potential molecules that could
explain the infrared features observed in the planet’s
spectrum. Third, recent reanalyses of JWST data have
not found compelling evidence for the presence of DMS,
as other compounds can yield spectral fits of comparable
or greater statistical significance.

Despite the ongoing controversy, the possibility of
DMS detection in the atmosphere of K2-18b cannot be
entirely dismissed. In this context, the potential for mi-
crobial life on K2-18b has been investigated, as well as
its dependence on the planet’s physical environment!°],
Building on this, the present study examines the ener-
getic requirements for biotic DMS production on K2-
18b, assuming general metabolic pathways analogous to
those found on Earth. Under these assumptions, the re-
sulting DMS abundance in the planet’s atmosphere is es-
timated to be several orders of magnitude lower than
the values recently reported based on JWST observa-
tions!*. These findings support the conclusion that
there is currently no robust evidence for the presence
of a biosignature on K2-18b. This paper is organized as
follows: in Section 2, the DMS production pathway on
Earth is revisited and an estimate of the molecule life-
time in the atmosphere is performed. Based on simple
models, the energy required to maintain the observed
DMS production rate in oceans is estimated. Section 3
applies terrestrial DMS chemistry to K2-18b in order to
estimate the expected production rate and atmospheric

concentration. Section 4 presents the main conclusions.

2. DMS Production on Earth

On Earth, dimethyl sulfide (DMS) is produced
as a metabolic byproduct and is not directly driven
by sunlight or external chemical inputs. Its formation
is indirectly linked to photosynthesis through the
biosynthesis of dimethylsulfoniopropionate (DMSP),
a compound synthesized by certain marine algae—
particularly dinoflagellates and haptophytes—as an os-
molyte and cryoprotectant. DMSP production requires
energy in the form of ATP and reducing equivalents like
NADPH (nicotinamide adenine dinucleotide phosphate),
both derived from photosynthetic processes. Carbon is
fixed from CO,, while sulfur is assimilated from sulfate
(SOi_), drawing indirectly on solar energy via the Calvin
cycle and sulfur metabolism.

The enzymatic cleavage of DMSP into DMS is cat-
alyzed by lyase enzymes and does not consume ATP.
This reaction is often triggered by environmental stres-
sors such as oxidative stress or grazing by zooplank-
ton, possibly serving defensive or osmoregulatory func-
tions. Thus, while the biosynthesis of DMSP is light-
dependent, the release of DMS itself is not directly pow-
ered by light. This distinction is crucial when assessing
the plausibility of DMS as a biosignature on exoplanets
like K2-18b, where the environmental conditions and
ecological interactions necessary for DMS release may
differ markedly from those on Earth. Given this context,
the mere detection of DMS—if confirmed—should not
be interpreted as definitive evidence of life. High atmo-
spheric DMS concentrations would imply not only the ex-
istence of DMSP-producing organisms but also environ-
mental or ecological conditions conducive to their enzy-
matic cleavage. Without additional constraints on the
planet’s biosphere or stress-inducing factors, the inter-
pretation of DMS as a reliable biosignature remains un-
certain.

The global marine sulfur production on Earth is
variable, with early estimates ranging from Qs = 13-37
teragrams (Tg) of sulfur per year1®l, More recent assess-

ments suggest a value closer to 27 Tg S/yr 7], which can
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be converted to an estimated dimethyl sulfide (DMS)
production rate of approximately Qpms = 52 Tg/yr.
Satellite-based measurements of chlorophyll-a (Chl-
a) are a fundamental tool for estimating oceanic phyto-
plankton biomass. When combined with in situ obser-
vations at various depths—gathered by autonomous pro-
filing robots—these data allow for an estimation of total
phytoplankton biomass at approximately 314 Tg of car-
bon 18],
Phytoplankton species vary widely in size and cel-
lular composition '], but typical values include a carbon
content of about 10% of wet mass and a cellular mass
of approximately 10719 g (i.e., 100 pg wet mass). Using
these assumptions, the global DMS productivity per unit
of biomass is estimated as:

P = 17 mg DMS/g biomass/yr (9]
while the productivity per individual cell is
P. = 1.7 pg DMS/cell/yr (2)

These productivity values provide a quantitative
benchmark for assessing the potential scale of DMS
production on exoplanets such as K2-18b, assuming
the presence of Earth-like microbial biospheres and
metabolic pathways.

2.1. DMS Lifetime in the Earth’s Atmosphere

In Earth’s atmosphere, DMS is primarily removed
through reactions with atmospheric radicals, most no-
tably hydroxyl radicals (OH) during the daytime and ni-
trate radicals (NO3) at night. Another relevant destruc-
tion pathway is photolysis, as DMS can absorb ultraviolet
photons with wavelengths shorter than 250 nm, initiat-

ing dissociation reactions:

DMS + hv — photoproducts (3)

To estimate the average atmospheric lifetime of
DMS, a simple global box model is used, based on the
steady-state balance between production and loss. Un-
der these conditions, the lifetime 7 of DMS molecules is:

_ (HDMS) < Moy )
T = c
Hat Qpums

(4)

where ppms = 62 and o = 28.97 are respectively
the molecular weight of DMS and air molecules, My =
5.14 x 102! g is the mass of the atmosphere, Qpys = 52
Tg DMS/yr is the total DMS production rate by oceans
and cis the atmospheric concentration of DMS. Observed
DMS concentrations vary seasonally and spatially, espe-
cially during phytoplankton blooms, ranging from 10 to

20-22] - Notice

100 pptv (parts per trillion by volume)!
that (uncertain) retrieval values estimated from atmo-
spheric models for K2-18b are several orders of magni-
tude higher, that is varying from 130 ppbv (parts per bil-
lion by volume)® up to 295 ppmv (parts per million by

volume) [11]

. For the present calculation, a representa-
tive average value of c = 50 pptv is adopted. Substituting
these values into Equation (4) yields an average atmo-
spheric lifetime of 3.9 days. It should be mentioned that
this estimate is based on a zero-dimensional, globally
averaged model that does not account for atmospheric
layering or transport processes, which can locally affect

DMS lifetime.

2.2. Energetics of DMS Formation

In this section, we estimate the energy required
to produce one mole of DMS. As noted earlier, DMS is
not directly synthesized using light or external chemi-
cal energy; rather, it is a metabolic byproduct indirectly
powered by photosynthesis. Specifically, phytoplankton
synthesize DMSP, which is subsequently cleaved to form
DMS.

The biosynthetic pathway can be divided into two
main steps: (1) Synthesis of DMSP - This step requires
energy in the form of ATP and reducing equivalents
(mainly NADPH), both of which are produced via pho-
tosynthesis. The process involves carbon fixation from
CO5 and sulfur assimilation from environmental sulfate
(SOi_) through biochemical pathways such as the Calvin
cycle. This energy-intensive step is indirectly powered
by sunlight; (2) Cleavage of DMSP into DMS—This reac-
tion is catalyzed by DMSP lyase enzymes and does not
require ATP input. It typically occurs in response to cel-
lular stress (e.g., oxidative stress or grazing) and may
serve physiological functions such as osmotic regulation
or chemical defense.

Based on metabolic energy requirements, it is esti-
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mated that approximately 45 moles of ATP are needed
to synthesize one mole of DMSP. Assuming a 1:1 conver-
sion from DMSP to DMS, which represents an idealized,
maximally efficient scenario, the energy cost to produce
one mole of DMS is equivalent to the energy needed for
generating 45 mol of ATP.

Given that the formation of one mole of ATP re-

[23

quires roughly 35 k] 23], the energy required to produce

one mole of DMS is:

Epms ~ 45 x 35 k] = 1575 kj/mol (5)

At the observed DMS production rate (see Section
2), this translates into a total energy rate Rpms = Qpus ¥
Epms of approximately 4.2 x 10'° W to sustain the ob-
served DMS production. If solar radiation is considered
the ultimate energy source for this process, then DMS
production would require only a tiny fraction f of the in-

cident stellar energy, estimated as
Rpms
f = —-—

a \* Rpus
=4 — 6
Eq (R@> Lg ()

where a is the Earth-Sun distance, Rg is the Earth’s

radius and L is the solar luminosity. Numerically, one
obtains f =2 x 1077,

3. DMS Production in K2-18b

If life has emerged in the ocean of K2-18b and pro-
duces DMS, it would likely rely on energy-harvesting mech-
anisms similar to photosynthesis, although chemosynthe-
sis based on redox gradients—such as those exploited by
certain Earth microbes—cannot be entirely ruled out. Re-
gardless of the energy source, the surrounding environ-
ment must provide accessible sources of both carbon and
reduced sulfur.

The detection of methane (CH4) and carbon dioxide
(CO2) in the planet’s atmosphere, as suggested by JWST
observations!?! indicates a plausible reservoir of carbon.
Both gases are soluble in water and could serve as key
carbon sources for microbial life. Sulfur, on the other
hand, is likely present as hydrogen sulfide (H-S), a com-
mon product of reducing, anoxic environments. Upon
dissolution in water, HyS forms bisulfide (HS™) and sul-
fide (S27) ions, forms that are readily assimilated by mi-
crobial sulfur metabolism.

The lifetime of DMS in the atmosphere of K2-18b
is expected to be significantly longer than on Earth, pri-
marily due to the presumed scarcity of hydroxyl (OH)
radicals, which are the major DMS-destroying agents in
Earth’s atmosphere. However, in a hydrogen-rich and
photochemically active environment, methane photoly-
sis can generate reactive radicals such as CH3 and He,
which may still contribute to DMS degradation. Although
these reactions proceed more slowly than OH-mediated
reactions, they are nonetheless viable under reducing
conditions. In addition, DMS can be photodissociated by
stellar UV radiation at wavelengths shorter than 250 nm,
as described by Equation (3).

It is important to note that M-dwarf stars, like K2-
18, have a distinct UV emission spectrum compared to
the Sun, largely shaped by chromospheric activity. The
likely active nature of K2-18 means that stellar flares
and high-energy particle emissions could sporadically
enhance the production of reactive species, thereby in-
creasing DMS breakdown rates. However, due to the
overall lower steady-state UV flux and reduced radical
abundance in the planet’s hydrogen-rich atmosphere,
these destruction processes are expected to be relatively
inefficient.

Based on these considerations, the average atmo-
spheric lifetime of DMS on K2-18b is likely to exceed
that on Earth by at least an order of magnitude - poten-
tially greater than 40 days, enhancing the molecule’s de-
tectability.

Using the previous approximate approach, the en-
ergy (rate) available from star at the ocean surface used
for DMS production can be derived from Equation (6),

that is
2
/ (R) L. )
4 \ ap

Rpyrs = =

where now parameters refer to the K2-18 system,
listed in Table 1, according to data given in reference 2.
The first three columns give respectively the luminosity,
the radius and the mass in solar units, the fourth column
gives the effective temperature and the last column gives
the metallicity (in dex) with respect to the solar value
taken from the Hypatia catalog. Using these data and the
observed orbital period, the distance of the planet to star
is a, = 23.85 x 10° km.

16



Earth and Planetary Science | Volume 04 | Issue 02 | October 2025

Table 1. Stellar parameters of K2-18.

Lo/Lg R+/Ro

M./Mg

Tetr (K) [Fe/H]

0.02512 0.4445

0.4951

3457 -0.02

We further assume that the fraction f of the stel-
lar radiation used in the process is the same as that es-
timated for Earth. This is certainly not true because
terrestrial algae absorb radiation selectively, mainly in
the UV around 430-440 nm and secondarily in a peak
around 660 nm 24251,

an adaptation of the chlorophylls to optimize the absorp-

This behavior reflects probably

tion of the solar radiation. The analogous forms of life
that would presentin K2-18b probably have also evolved
in order to optimize the absorption of radiation from the
M-star, which emits more infrared radiation than the Sun.
Since we are interested mainly in order of magnitude
estimates, we adopt the same value of f derived above.
In this case, one obtains from Equation (7), Rpuys+ =
2.43 x 10! W. Notice that this value is about a factor of
six higher than the terrestrial rate estimated previously,
despite the lower luminosity of the M-star. This is ex-
plained by the much smaller distance between the planet
and the star. From this result, the production rate of DMS
in the atmosphere of K2-18b can be estimated as

Qpms- = Rpus+/Epus =

(8)
1.54 x 10°mol DM S /s

where we have used Equation (5) to derive the nu-
merical value.

The expected concentration of the DMS molecule

-10.0

can be computed now from Equation (4). The mass of
the K2-18b atmosphere was estimated from an isother-

mal model, that is

P
Mgy = 4wR,—* = 2.8 x 10"

P,
k
9p ( lbm’) g

Notice that in this approach, the final result de-

)

pends only on the surface atmospheric pressure (F,).
Combining Equations (4), (8) and (9), one obtains

1lbar
=6.6x 10" [ ——
¢=6.6x 10 (May)(Pa)

Figure 1 illustrates the expected atmospheric con-
centration of dimethyl sulfide (DMS) on K2-18b as a
function of the molecule’s atmospheric lifetime, across

(10)

a range of surface pressures. It is important to note
that atmospheric pressure is related not only to the to-
tal atmospheric mass but also to the climate conditions
necessary to sustain a surface ocean, as previously dis-
cussed. In addition, the atmospheric mass can influence
the planet’s rotational dynamics. Thermal tides in dense

26] and ac-

atmospheres influence spin-orbit coupling!
cording to these models, K2-18b is likely to be in syn-
chronous rotation if the surface pressure lies between
1 and 10 bar, while lower pressures may lead to asyn-

chronous rotation.

-10.5

-11.0

-11.5

log ¢y

P_=5 bar

-12.0

P_=1 bar

P,= 10 bar

-12.5 T T T T
0 20 40

T
60 80 100

lifetime (days)
Figure 1. Estimated DMS concentration in the atmosphere of K2-18b as a function of the molecule lifetime, and for several

values of the surface pressure.
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A straightforward analysis of Figure 1 reveals
that the expected atmospheric concentrations of DMS—
assuming biogenic production pathways—are several
orders of magnitude lower than the values inferred
from JWST infrared spectroscopic data reported in refer-
encel®l. Even under highly favorable assumptions, such
as increasing the efficiency of stellar energy conversion
into biochemical output by two to three orders of magni-
tude, the predicted DMS levels remain inconsistent with
those retrieved from spectral model fits. These findings
imply that, if DMS is indeed present in the atmosphere
of K2-18b at concentrations on the order of c~107%,
this may point to a non-biological (abiotic) origin of the

molecule.

4. Conclusions

In this study, we investigated the potential biologi-
cal origin of dimethyl sulfide (DMS) in the atmosphere of
the exoplanet K2-18b by modeling its production based
on known terrestrial biochemical pathways. Assuming
Earth-like microbial processes, we estimated that the en-
ergy required to synthesize one mole of DMS is approxi-
mately 1575 K]. Using the observed global oceanic DMS
production rate as a benchmark, and supposing that ATP
generation is powered by stellar radiation, we estimated
that only a small fraction—about 2 x 10~"—of the in-
cident stellar energy would be required to sustain such
biosynthesis under Earth-like terms.

In a second step, we applied a simplified atmo-
spheric model to K2-18b, assuming hypothetical photo-
synthetic organisms capable of utilizing the energy spec-
trum of its M-dwarf host star. While the exact adapta-
tion of such pigments remains speculative, we adopted
an efficiency comparable to that of terrestrial photosyn-
thesis as a baseline. Our calculations indicate that, un-
der plausible surface pressures (1-10 bar) and assum-
ing DMS atmosphericlifetimes between 10 and 100 days,
the resulting DMS concentration would be on the order
of 10~ !! by volume—about seven orders of magnitude
lower than the concentration suggested in reference°],
based on JWST spectroscopic retrievals.

Photochemical models for Hycean planets with ti-

dally locked rotation and surface pressures around 1
bar suggest that DMS destruction lifetimes are simi-
lar on both the day and night sides, owing to efficient
global atmospheric circulation?”). At higher altitudes,
corresponding to pressures of approximately 10~ bar,
representative of the upper troposphere, the average
DMS lifetime has been estimated to be as long as 15.8
years. This is significantly longer than the several-week
timescale adopted in our own calculations. Under these
conditions, the peak DMS mixing ratio reaches 5 x 107,
which is comparable to the present global average esti-
mates given by Equation (10). However, it is important
to note that these models assume atmospheric metallici-
ties two orders of magnitude greater than solar. Accord-
ing to those authors, detectable levels of biogenic sulfur
gases in Hycean atmospheres would only be expected if
the global biosulfur flux exceeds Earth’s present value
by at least a factor of 20.

Even allowing for optimistic assumptions about bi-
ological efficiency—up to two or three orders of magni-
tude greater than Earth’s—the predicted DMS levels re-
main incompatible with the reported values. This signif-
icant discrepancy implies that, if high atmospheric DMS
concentrations are confirmed by future independent ob-
servations, an abiotic origin must be considered more
likely.

Given these findings, and the current uncertainties
surrounding spectral retrievals and molecular species
identification, we conclude that there is, at present, no
robust evidence supporting the presence of a biosigna-
ture in the atmosphere of K2-18b. Future observations
with higher signal-to-noise ratios, improved retrieval
models, and tighter constraints on atmospheric chem-

istry will be essential for resolving this question.

Funding

This work received no external funding.

Institutional Review Board State-
ment

Not applicable.

18



Earth and Planetary Science | Volume 04 | Issue 02 | October 2025

Informed Consent Statement

Not applicable.

Data Availability Statement

No new data created.

Conflicts of Interest

The author declares no conflict of interest.

References

[1]

[2]

[4]

[6]

[7]

Cloutier, R., Astudillo-Defru, N., Doyon, R, et al,
2019. Confirmation of the radial velocity super-
Earth K2-18c with HARPS and CARMENES. Astron-
omy & Astrophysics. 621, A49. DOI: https://doi.or
g/10.1051/0004-6361/201833995

Benneke, B., Wong, 1., Piaulet, C, et al., 2019. Wa-
ter Vapor and Clouds on the Habitable-zone Sub-
Neptune Exoplanet K2-18b. Astrophysical Journal
Letters. 887, L14. DOI: https://doi.org/10.3847/
2041-8213/ab59dc

Montet, B.T.,, Morton, T.D., Foreman-Mackey, D., et
al, 2015. Stellar and planetary properties of K2
campaign candidates and validation of 17 planets,
including a planet receiving Earth-like insolation.
Astrophysical Journal. 809, 25. DOI: https://doi.or
g/10.1088/0004-637X/809/1/25

Cloutier, R., Astudillo-Defru, N., Doyon, R, et
al., 2017. Characterization of the K2-18 multi-
planetary system with HARPS. Astronomy & Astro-
physics. 608, A35. DOI: https://doi.org/10.1051/
0004-6361/201731558

Sarkis, P, Henning, T, Kiirster, M., et al,, 2018.
The CARMENES Search for Exoplanets around M
Dwarfs: A Low-mass Planet in the Temperate Zone
of the Nearby K2-18. Astronomical Journal. 155,
257. DOI: https://doi.org/10.3847/1538-388
1/aac108

Mitchell, E.G., Madhusudhan, N., 2025. Prospects
for biological evolution on Hycean worlds. Monthly
Notices of the Royal Astronomical Society. 538,
1653-1662. DOI: https://doi.org/10.1093/mn
ras/staf094

Innes, H., Tsai, S.-M., Pierrehumbert, R.T,, 2023. The
Runaway Greenhouse Effect on Hycean Worlds. As-
trophysical Journal. 953, 168. DOI: https://doi.or
g/10.3847/1538-4357 /ace346

Piette, A.A.A., Madhusudhan, N., 2020. On the Tem-
perature Profiles and Emission Spectra of Mini-
Neptune Atmospheres. Astrophysical Journal. 904,

19

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

154. DOI: https://doi.org/10.3847/1538-4357/
abbfb1

Madhusudhan, N., Sarkar, S., Constantinou, S., et
al,, 2023. Carbon-bearing Molecules in a Possible
Hycean Atmosphere. Astrophysical Journal Letters.
956, L13. DOI: https://doi.org/10.3847/2041-8
213 /acf577

Wogan, N.F, Batalha, N.E., Zahnle, K], et al., 2024.
JWST Observations of K2-18b Can Be Explained
by a Gas-rich Mini-Neptune with No Habitable Sur-
face. Astrophysical Journal Letters. 963, L7. DOLI:
https://doi.org/10.3847/2041-8213 /ad2616
Madhusudhan, N., Constantinou, S., Holmberg, M.,
et al,, 2025. New Constraints on DMS and DMDS
in the Atmosphere of K2-18 b from JWST MIRI. As-
trophysical Journal Letters. 983, L40. DOI: https:
//doi.org/10.3847/2041-8213 /adc1c8

Hanni, N., Altwegg, K., Combi, M., et al,, 2024. Ev-
idence for Abiotic Dimethyl Sulfide in Cometary
Matter. Astrophysical Journal. 976, 74. DOI: https:
//doi.org/10.3847/1538-4357 /ad8565
Sanz-Novo, M., Rivilla, V.M., Endres, C.P, etal., 2025.
On the Abiotic Origin of Dimethyl Sulfide: Discov-
ery of Dimethyl Sulfide in the Interstellar Medium.
Astrophysical Journal Letters. 980, L37. DOI: https:
//doi.org/10.3847/2041-8213 /adafa7

Welbanks, L., Nixon, M.C., McGill], P, et al., 2025.
The Challenges of Detecting Gases in Exoplanet At-
mospheres. arXiv Preprint. DOI: https://doi.org/
10.48550/arXiv.2504.21788

Luque, R, Piaulet-Ghorayeb, Radica, C.M,, et al,
2025. Insufficient evidence for DMS and DMDS in
the atmosphere of K2-18b. From a joint analysis
of JWST NIRISS, NIRSpec, and MIRI observations.
arXiv Preprint. DOI: https://doi.org/10.48550/a
rXiv.2505.13407

Ksionzek, K.B., Lechtenfeld, 0.J., McCallister, S.L.,
et al,, 2016. Dissolved organic sulfur in the ocean:
Biogeochemistry of a petagram inventory. Science.
354, 456-459.

Hulswar, S., Simd, R., Gali, M., et al.,, 2022. Third
revision of the global surface seawater dimethyl
sulfide climatology (DMS-Rev3). Earth System Sci-
ence Data. 14, 2963-2987. DOI: https://doi.org/
10.5194/essd-14-2963-2022

Stoer, A.C., Fennel, K, 2024. Carbon-centric dy-
namics of Earth’s marine phytoplankton. Proceed-
ings of the National Academy of Sciences. 121,
e2405354121. DOI: https://doi.org/10.1073/pn
as.2405354121

Hillebrand, H., Acevedo-Trejos, E., Moorthi, S.D., et
al,, 2022. Cell size as driver and sentinel of phy-
toplankton community structure and functioning.
Functional Ecology. 36, 276-293. DOI: https://doi.
org/10.1111/1365-2435.13986


https://doi.org/10.1051/0004-6361/201833995
https://doi.org/10.1051/0004-6361/201833995
https://doi.org/10.3847/2041-8213/ab59dc
https://doi.org/10.3847/2041-8213/ab59dc
https://doi.org/10.1088/0004-637X/809/1/25
https://doi.org/10.1088/0004-637X/809/1/25
https://doi.org/10.1051/0004-6361/201731558
https://doi.org/10.1051/0004-6361/201731558
https://doi.org/10.3847/1538-3881/aac108
https://doi.org/10.3847/1538-3881/aac108
https://doi.org/10.1093/mnras/staf094
https://doi.org/10.1093/mnras/staf094
https://doi.org/10.3847/1538-4357/ace346
https://doi.org/10.3847/1538-4357/ace346
https://doi.org/10.3847/1538-4357/abbfb1
https://doi.org/10.3847/1538-4357/abbfb1
https://doi.org/10.3847/2041-8213/acf577
https://doi.org/10.3847/2041-8213/acf577
https://doi.org/10.3847/2041-8213/ad2616
https://doi.org/10.3847/2041-8213/adc1c8
https://doi.org/10.3847/2041-8213/adc1c8
https://doi.org/10.3847/1538-4357/ad8565
https://doi.org/10.3847/1538-4357/ad8565
https://doi.org/10.3847/2041-8213/adafa7
https://doi.org/10.3847/2041-8213/adafa7
https://doi.org/10.48550/arXiv.2504.21788
https://doi.org/10.48550/arXiv.2504.21788
https://doi.org/10.48550/arXiv.2505.13407
https://doi.org/10.48550/arXiv.2505.13407
https://doi.org/10.5194/essd-14-2963-2022
https://doi.org/10.5194/essd-14-2963-2022
https://doi.org/10.1073/pnas.2405354121
https://doi.org/10.1073/pnas.2405354121
https://doi.org/10.1111/1365-2435.13986
https://doi.org/10.1111/1365-2435.13986

Earth and Planetary Science | Volume 04 | Issue 02 | October 2025

[20]

[21]

[22]

[23]

[24]

Charlson, R.J., Lovelock, ]J.E., Andreae, M.O., et
al,, 1987. Oceanic phytoplankton, atmospheric sul-
phur, cloud albedo and climate. Nature. 326, 655-
661. DOI: https://doi.org/10.1038/326655a0
Andreae, M.0., Raemdonck, H., 1983. Dimethyl sul-
fide in the surface ocean and the marine atmo-
sphere: a global view. Science. 221, 744-747. DOI:
https://doi.org/10.1126/science.221.4612.744
Lana, A., Bell, T.G., Simo, R, et al,, 2011. An up-
dated climatology of surface dimethyl sulfide con-
centrations and emission fluxes in the global ocean.
Global Biogeochemical Cycles. 25, 1004. DOI: https:
//doi.org/10.1029/2010GB003850
Ortega-Arzola, E., Higgins, PM., Cockell, C.S., 2024.
The minimum energy required to build a cell. Na-
ture Scientific Reports. 14, 5267. DOI: https://doi.
org/10.1038/s41598-024-54303-6

Haxo, ET, Blinks, L.R., 1950. Photosynthetic action

[25]

[26]

[27]

20

spectra of marine algae. Journal of General Physiol-
ogy. 33, 389-442. DOI: https://doi.org/10.1085/
jgp.33.4.389

McCree, K.J., 1972. The action spectrum, absorp-
tance and quantum yield of photosynthesis in crop
plants. Agricultural Meteorology. 9, 191-216. DOI:
https://doi.org/10.1016/0002-1571(71)90022
-7

Leconte, J.,, Wu, H.,, Menou, K, et al,, 2015. Asyn-
chronous rotation of Earth-mass planets in the hab-
itable zone of lower-mass stars. Science. 347, 632-
635. DOI: https://doi.org/10.1126/science.1258
686

Tsai, S.-M., Innes, H., Wogan, N.F, et al.,, 2024. Bio-
genic Sulfur Gases as Biosignatures on Temperate
Sub-Neptune Waterworlds. Astrophysical Journal
Letters. 966, L24. DOI: https://doi.org/10.3847/
2041-8213/ad3801


https://doi.org/10.1038/326655a0
https://doi.org/10.1126/science.221.4612.744
https://doi.org/10.1029/2010GB003850
https://doi.org/10.1029/2010GB003850
https://doi.org/10.1038/s41598-024-54303-6
https://doi.org/10.1038/s41598-024-54303-6
https://doi.org/10.1085/jgp.33.4.389
https://doi.org/10.1085/jgp.33.4.389
https://doi.org/10.1016/0002-1571(71)90022-7
https://doi.org/10.1016/0002-1571(71)90022-7
https://doi.org/10.1126/science.1258686
https://doi.org/10.1126/science.1258686
https://doi.org/10.3847/2041-8213/ad3801
https://doi.org/10.3847/2041-8213/ad3801

	Introduction
	DMS Production on Earth
	LetterSpace=-2.0DMS Lifetime in the Earth's Atmosphere
	Energetics of DMS Formation

	DMS Production in K2-18b
	Conclusions

