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Abstract

Active small bodies in extrasolar systems, the extrasolar analogues of Solar System comets,
provide insights into the orbital evolution and physical processes shaping planetary systems.
Since the discovery of exocomets around β Pictoris, these small, icy bodies have shown the
potential to become key probes for understanding planetary formation and migration. This
review presents an overview of current observational techniques used to detect exocomets,
focusing on individual systems and large-scale searches. We discuss photometric methods
that identify exocomet transits through asymmetric light curves and spectroscopic tech-
niques revealing cometary gases via time-variable absorption lines. Despite progress, sig-
nificant open questions remain regarding the physical properties, occurrence rates, and sim-
ilarities between exocomets and their Solar System counterparts. This review explores fu-
ture opportunities in observational exocomet research, highlighting advancements required
to further our understanding of these active small bodies and their role in the context of
planetary system evolution.

Keywords Exocomets · Photometry · Spectroscopy

1 Introduction

Active small bodies in extrasolar systems, often referred to as exocomets, are evolving and
intriguing objects that offer unique insights into the processes occurring in other planetary
systems. The term exocomet is used here following the precise definition proposed by Igle-
sias et al. (2025, this collection), referring to minor bodies orbiting stars other than the Sun
that show signs of sublimation, together with their surrounding tails or comae composed of
escaping dust and gas. This definition builds on earlier works (such as Kiefer et al. 2014a,b;
Strøm et al. 2020) that first introduced and applied the term exocomet to describe sublimat-
ing, comet-like analogues in extrasolar systems. As these exocometary bodies approach their
host stars, sublimation processes can produce prominent tails and comae that render them
observable. Since the discovery of the first exocomets around β Pictoris through variable
absorption features in its spectrum (Ferlet et al. 1987), exocomets have emerged as valuable
tracers of planetary formation and the orbital evolution of planetary systems.

This review focuses on the current direct observational techniques used to detect exo-
comets, their application to individual systems and large-scale searches, and the future pos-
sibilities for observational exocomet research. While circumstellar material, polluted white
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dwarfs, and the material around white dwarfs have been covered extensively in other reviews
(e.g., Wyatt 2008; Strøm et al. 2020; Veras et al. 2024), this work focuses specifically on the
distinct exocometary bodies themselves rather than the source population (i.e. debris discs).
It is crucial to differentiate between the cometary bodies and the circumstellar material they
produce, as this distinction underlies our understanding of their activity and detectability
(see Iglesias et al. 2025, for more details). This review does not include interstellar objects
in its scope. Unlike exocomets, interstellar objects are macroscopic planetesimals originat-
ing from other stellar systems, passing through the solar system along hyperbolic paths.
To date, three such objects have been identified: largely inactive 1I/‘Oumuamua in 2017
(Meech et al. 2017; Williams et al. 2017) and actively outgassing 2I/Borisov in 2019 (e.g.,
Fitzsimmons et al. 2019; Cordiner et al. 2020), and active 3I/ATLAS in 2025 (Seligman
et al. 2025). These objects hold great promise for our future understanding of extrasolar
planetesimals and exocomets (Jewitt and Seligman 2023; Fitzsimmons et al. 2024).

Exocometary material may also be detected through observations of gas and dust released
from planetesimals in collisions or other disruptive or erosional processes (e.g. Kral et al.
2016). Whether the parent bodies responsible for such material qualify as exocomets de-
pends on whether their observed activity can be attributed to sublimation-driven processes,
as opposed to collisional or dynamical disruption, following the definition proposed by Igle-
sias et al. (2025). For instance, some studies focus on the composition of planetesimals by
analysing gas and dust released in collisions or activity events (e.g. Blum et al. 2017), pro-
viding indirect insights into the nature of exocometary material. Other investigations address
exocomets more directly, exploring the dynamical processes that drive small bodies to short
periastron distances (e.g. Kennedy et al. 2019) or their thermal evolution along eccentric
orbits (e.g. Beust et al. 1990). Together, these complementary approaches contribute to a
broader understanding of exocomet populations, their origins, and how cometary material
traces and participates in the evolution of planetary systems. With these distinctions in mind,
this review concentrates on the observational detection of active small bodies, exocomets, in
both photometric and spectroscopic data, and on how such observations can be used to infer
their occurrence, composition, and dynamical role within planetary systems.

The detection of exocometary bodies is largely facilitated by two main methods: pho-
tometry and spectroscopy. In photometric observations, exocomets are identified through
asymmetric broadband transit light curves, which are thought to be caused by the dust coma
and tail passing in front of the host star, temporarily dimming its light (Lecavelier Des
Etangs et al. 1999; Rappaport et al. 2018). Because the absorption is caused by dust, it can
in principle be wavelength dependent, producing a reddening effect where shorter wave-
lengths are absorbed or scattered more efficiently than longer ones. Measuring such colour
dependence provides a diagnostic of dust composition and grain size. This approach is ef-
fective in studying what is assumed to be the dusty components of the comet. Spectroscopic
observations, on the other hand, focus on the gaseous atomic components of the exocomet
(e.g. Lagrange et al. 1987; Grinin et al. 1996; Grady et al. 1997), through absorption lines
in the stellar spectrum that change over time as the cometary material moves along its orbit.
While the technique itself has been established for decades, detecting such features remains
challenging because they are typically weak, transient, and can be difficult to distinguish
from intrinsic stellar variability or other circumstellar gas signatures. Nevertheless, when
successfully identified, these observations provide valuable information about the composi-
tion, structure, and orbital behaviour of the exocometary material.

One important aspect of cometary activity, both in our Solar System and presumably
for exocomets, is that while comet nuclei in the Solar System can sometimes be observed
directly even when inactive, exocomets are currently detectable only during phases of ac-
tivity. The activity is triggered as comets approach their host star, causing the release of gas
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and dust, which forms a tail and a coma. The drivers of cometary activity and the com-
position of the coma are heavily dependent on the distance of the comet from its host
star. For Solar System comets, distant comae (≥ 5 au) are typically dominated by dust
and by hypervolatile species such as CO and CO2 (e.g., Meech et al. 2009; Jewitt et al.
2017), as recently confirmed by detections of CO-driven activity in comet C/2014 UN271
(Bernardinelli–Bernstein) at 16.6 au (Roth et al. 2025) and CO2-driven activity in comet
C/2024 E1 (Wierzchos) at 7 au (Snodgrass et al. 2025). Closer to the Sun, H2O sublimation
becomes the main driver of activity, while at very small heliocentric distances, enhanced so-
lar insolation leads to increased atomic and ionised species (Zhang et al. 2023) and volatile
release through thermal degradation of grains and macromolecular material (Dello Russo
et al. 2016). However, while CO, CO2, and H2O are generally assumed to be the primary
drivers of sublimation in exocomets, as for Solar System comets, this remains uncertain. Un-
derstanding which materials are likely present in a cometary or exocometary coma at a given
stellocentric distance is crucial for correctly interpreting observational signatures and infer-
ring the composition of these bodies. During a transit, exocomets need to be close enough
to the host star for signs of activity to be detectable, making their observation highly depen-
dent on orbital geometry and proximity to the star. Because of this, only a small fraction of
exocomets with favorable orbital alignments can be observed. As a result, deriving true oc-
currence rates or population statistics is challenging and has not yet been attempted in detail.
Most studies to date therefore focus on individual detections rather than on population-level
analyses.

Exocomets are of particular interest because they can help us understand the environ-
ments and processes that contribute to the formation and evolution of planetary systems.
They likely originate from the same primordial material that formed planets and smaller
bodies, and their observation can reveal the diversity of planetesimals produced at different
distances from their host stars and in discs with varying compositions and structures. Study-
ing their activity and dynamics can also provide clues about the distribution of volatiles, the
presence of debris discs, and the dynamical processes that influence small-body populations,
including the migration of massive planets and external perturbations such as Galactic tides
or stellar fly-bys that can reshape comet reservoirs and trigger enhanced comet delivery to-
ward the inner system, sometimes described as multiple falling evaporating bodies (Beust
et al. 1996). Moreover, the study of exocomet populations around different types of stars, in-
cluding A-type stars like β Pictoris, allows researchers to explore how stellar characteristics
influence cometary activity and stability.

Despite the progress made in detecting and studying exocomets, many open questions
remain. The physical properties of their dust and gas, their frequency of occurrence in plan-
etary systems, and their similarities and differences with Solar System comets are still not
well understood. For example, aside from the unusual system KIC 8462852 (Boyajian et al.
2018), there is not yet colour-dependent evidence that confirms that the photometric transits
are caused by dust. Crucially, only a few tens of exocomet candidate systems have been
identified, and none are on a par with β Pictoris in terms of the techniques that can be ap-
plied.

In this work, we review the current state of observational exocomet research, with a
particular focus on detection methods and their application to both individual systems and
large-scale searches. We summarise the progress achieved through photometric and spec-
troscopic techniques, discuss the challenges inherent in interpreting these observations, and
highlight key results from recent searches. By consolidating these observational efforts, this
review aims to provide a comprehensive overview of the detection landscape and to identify
promising directions for future studies that will further our understanding of active small
bodies in planetary systems.
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Fig. 1 Illustration of an exocomet transit

2 Observation Techniques

This section reviews the techniques used to detect individual exocomets transiting a parent
stars. The general picture is given by Fig. 1; an orbiting planetesimal with an orbit inclined
relative to the plane of the sky will transit the parent star from our perspective, blocking
some of the stellar flux. It is expected that the cometary nucleus itself is far too small to be
detected, and it is the coma and tail that provide sufficient cross-sectional area.

Pictured as a transit in broadband light, the event is similar to a planetary transit, but
differs in key ways: exocomet transits are typically asymmetric due to the presence and ori-
entation of the dust tail, which extends away from the nucleus and can be optically thin, spa-
tially extended relative to the stellar disc, and composed of small dust grains. This geometric
requirement of course implies that as for transiting planets, most systems with exocomets
will not be detected because their exocomets do not transit.

In spectroscopy, the underlying geometry of the transit is the same as in photometry, but
the signal manifests as variable absorption in specific atomic lines rather than as a broadband
flux decrease. The available data are typically not of sufficient quality or duration to create a
spectroscopic time-series. Asymmetric time series from the spectroscopic observations are,
however, not necessarily expected since the dynamics of atoms/ions are not necessarily the
same as for dust (Beust et al. 1990), though a wavelength-based time asymmetry could be
introduced by the Rossiter-McLaughlin effect (Holt 1893; Beust and Lissauer 1994).

The typical observational features of photometric and spectroscopic exocomet transit
detections are illustrated in Fig. 2. Transits in photometry are presented as light curves (top
row), while spectroscopic detections are presented by showing that one or more of multiple
spectra show some variation relative to some reference where no comets are thought to be
present (bottom row).
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Fig. 2 Examples of exocomet transit detections using photometry (top) and spectroscopy (bottom). The lower
plots also show deep narrow absorption from stable circumstellar gas, which indicates the systemic velocity
(20 km s−1). The plots on the left are adapted from Lecavelier Des Etangs et al. (1999) and Beust et al. (1990),
showing the model predictions for both observation techniques. The plots on the right show exocomet detec-
tions using real data, agreeing with the model predictions. Top-right: grey lines are superimposed Transiting
Exoplanet Survey Satellite (TESS; Ricker et al. 2015) data showing two exocomet detections in photometry
with different depths from Lecavelier des Etangs et al. (2022). Bottom-right: the plot is adapted from Kiefer
et al. (2014b) showing superimposed High Accuracy Radial velocity Planet Searcher (HARPS; Mayor et al.
2003) spectra focused on the Ca II K line in grey and a reference spectrum i.e. free of any exocomet features
in red. Any variable absorption features are attributed to exocomet transits

2.1 Photometry

Exocomets have been detected transiting stars via photometry, where an object orbiting a
star causes a measurable decrease in the star’s brightness as it passes between the observer
and the star (Rappaport et al. 2018; Kennedy et al. 2019; Zieba et al. 2019). This absorption
is broadband and expected to be caused by dust particles, so is analogous to, and thought to
behave like, the dust tail of a Solar system comet.

A key characteristic used in identifying exocomets is the asymmetry of their transit light
curves, caused by the cometary tail only crossing the line of sight after the coma (Fig. 1).
As an exocomet transits its host star, the stellar flux decreases sharply due to the coma, the
cloud of gas and dust surrounding the comet’s nucleus, entering the line of sight. This is
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followed by an exponential increase back to full flux levels as the optically thinner dust tail
continues to obscure the star (Lecavelier Des Etangs et al. 1999).

The shape of an exocomet’s transit depends on several factors, including the properties
of the host star, the comet’s orbital geometry and size, and the effects of radiation pressure,
which influence the morphology and evolution of the dust tail and coma (Strøm 2026).
Stellar winds may also influence the evolution of cometary tails, but at the time of writing
there is no observational evidence of its effects on exocomets (see Vrignaud et al. 2026,
this collection). Importantly, symmetric exocomet transits are also possible when the comet
dust tail is aligned along the line of sight because the cometary motion during transit has
a significant radial component. This typically occurs for eccentric orbits whose periastron
lies roughly perpendicular to the observer’s line of sight, as illustrated in the symmetric
case of Lecavelier Des Etangs et al. (1999, their Fig. 2). These symmetric transits are nearly
indistinguishable from symmetric transits caused by binary stars or exoplanets. Therefore,
the asymmetry in the transit profile is a crucial diagnostic feature for exocomet detection,
but will not necessarily reveal all transiting exocomets.

Estimating the physical parameters of exocomet bodies from transit light curves is chal-
lenging, as these events are rare and have been based only on a few observations. However,
various modelling approaches have been developed to characterise some physical param-
eters of transiting exocomets, both numerically and analytically (see Strøm 2026, for an
overview of the methods). Early numerical models by Lecavelier Des Etangs et al. (1999)
simulated photometric variations caused by dust distributions around exocomets, while more
recent studies have expanded this to multi-wavelength analyses (Kálmán et al. 2024) and
Monte Carlo techniques (Luk’yanyk et al. 2024). Such models generally require detailed
knowledge of the host system, including stellar parameters and viewing geometry. They
typically rely on assumptions about the size and composition of dust grains, the dust pro-
duction rate, the optical depth of the tail, and the orbital configuration of the comet, all of
which remain uncertain and can strongly influence the modelled transit shape and depth.

A simpler empirical alternative focuses on the key characteristic of known exocomet
transits: their asymmetric profile. Empirical models have been developed to fit transit light
curves, which is beneficial for initial detections before attempting detailed physical parame-
ter estimations. For example, Zieba et al. (2019) developed a simple exponential tail model
that fits well to the first β Pictoris detection. Lecavelier des Etangs et al. (2022) followed this
up with a two-component exponential model to measure the transit depths and estimate the
exocomet size distribution for the system. Kennedy et al. (2019) introduced a half-Gaussian,
half-exponential model representing the comet tail, suitable for large-scale searches due to
its simplicity. Norazman et al. (2025) used a skewed Gaussian model, providing continuous
fits to the data. These empirical models do not yield many physical parameters, but with
certain assumptions, they can yield a lower limit on the transverse orbital velocity (Kennedy
et al. 2017; Zieba et al. 2019), which is valuable for constraining the orbit.

Somewhat similar asymmetric transits have been detected around white dwarfs and are
interpreted as minor bodies disintegrating around these stars (e.g., Vanderburg et al. 2015;
Vanderbosch et al. 2020). These detections challenge the strict definition of an exocomet, as
the observed signals arise primarily from dust and gas produced by tidal disruption of the
bodies themselves, rather than from sublimation-driven activity of intact cometary nuclei di-
rectly observed in transit. This contrasts with other exocomet systems around main-sequence
stars, where the transit signatures are interpreted as dust tails generated by enhanced subli-
mation from surviving remnants of disrupted bodies. While periodicity has been established
for some systems, many do not exhibit any (Bhattacharjee et al. 2025).
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2.1.1 Searching for Exocomets in Photometry

Searches for exocomets in photometry have been conducted with two main goals: long-term
monitoring of specific systems known from spectroscopy (most notably β Pictoris), and
wide-field transit surveys aimed to build their demographics and statistics. Both approaches
face the challenge of identifying the very shallow, asymmetric signals characteristic of exo-
comet transits.

The first dedicated photometric searches were conducted for β Pictoris between 1975
and 1992 (Lecavelier Des Etangs et al. 1995, 1997c; Lamers et al. 1997), which included a
dimming event in 1981 later interpreted as evidence of exocometary activity. These efforts
represented the first targeted attempt to detect photometric variability consistent with comet-
like behaviour around another star. However, typical ground-based precision at the time
(∼0.3-1%) was insufficient to detect the shallow ∼0.1% asymmetric transits predicted by
models Lecavelier Des Etangs et al. (1999).

Decades later, the advent of high-precision space missions dedicated to exoplanet transit
surveys such as the COnvection, ROtation and planetary Transits (CoRoT; Auvergne et al.
2009), Kepler (Borucki et al. 2010), K2 (Howell et al. 2014), and Transiting Exoplanet Sur-
vey Satellite (TESS; Ricker et al. 2015) revolutionised this field and motivated large-scale
searches for exocomets. The first detections of likely exocomet transits around KIC 3542116
and KIC 11048727 were discovered in the Kepler data by manual visual inspection of light
curves (Rappaport et al. 2018). Prior studies of KIC 8462852 (Tabby’s Star) had also pro-
posed that families or strings of comets could explain its irregular dimming behaviour (Boy-
ajian et al. 2016; Bodman and Quillen 2016; Kiefer et al. 2017). These works suggested that
the breakup of larger bodies could reproduce the observed asymmetric and multi-structured
transit patterns, providing some of the first tentative photometric evidence for exocomets
beyond β Pictoris.

Building on these initial findings, automated approaches were then developed to process
larger datasets efficiently, reduce human error, and increase efficiency in processing the large
data volumes (Kennedy et al. 2019). Automated approaches also allow for the exploration of
different hypotheses that would be difficult to implement manually, such as testing different
detrending methods, empirical comet models, and applying different parameter thresholds
to narrow down candidates. These automated searches, adapted from exoplanet transit detec-
tion, focus on single, non-periodic events. As exocomets are unlikely to transit repeatedly
within a mission’s lifetime, the detection criterion is based mainly on transit shape. The
asymmetry of an exocomet transit is typically quantified by fitting simple empirical mod-
els such as skewed or half-Gaussian profiles (Kennedy et al. 2019; Norazman et al. 2025).
These models are computationally efficient compared to numerical models while preserving
the essential transit morphology.

More recent studies have explored machine-learning (ML) methods, such as Random
Forest classifiers (Dobrycheva et al. 2023) and Neural Networks (Dumond et al. 2025),
trained on synthetic exocomet light curves to distinguish comet-like events from false posi-
tives due to the rarity of real photometric detections. As datasets continue to grow with new
TESS sectors and upcoming missions like the PLAnetary Transits and Oscillations of stars
(PLATO; Rauer et al. 2025) mission and the Nancy Grace Roman Space Telescope (Roman;
Spergel et al. 2015; Akeson et al. 2019), ML approaches will be increasingly useful for iden-
tifying diverse and rare transit morphologies. Nevertheless, all automated searches produce
candidate lists that require careful manual vetting.

A key step in any photometric search is removing intrinsic stellar variability that can
obscure shallow cometary transits. Many stars display periodic or quasi-periodic variations,
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such as δ Scuti pulsations, that must be modelled and subtracted. For instance, β Pictoris,
exhibits δ Scuti-like oscillations that were removed to clean the light curves, revealing the
exocomet transits seen in Zieba et al. (2019), Pavlenko et al. (2022), Lecavelier des Etangs
et al. (2022). Similar detrending has been applied to CHaracterising ExOPlanet Satellite
(CHEOPS; Benz et al. 2021) observations of HD 172555 (Kiefer et al. 2023). For large-scale
searches, individual modelling is impractical, and more generalised detrending is favoured
using frequency-based filtering such as Lomb–Scargle periodograms (Kennedy et al. 2019)
or median-based time-domain methods (Norazman et al. 2025). These techniques efficiently
remove stellar signals while preserving the asymmetric transit shapes characteristic of exo-
comets.

Large photometric datasets inevitably contain instrumental and astrophysical sources
of false positives. Step-like instrumental systematics in Kepler and TESS light curves can
mimic asymmetric transits after detrending, and have to be accounted for in these search
pipelines. Astrophysical false positives include rotational modulation, young stars with cir-
cumstellar discs showing irregular “dipper” behaviour (Ansdell et al. 2016, 2019; Hedges
et al. 2018), disintegrating planets (Brogi et al. 2012; Rappaport et al. 2012; Hon et al. 2025),
and heartbeat binaries showing periastron-related variability (Thompson et al. 2012). As a
result, distinguishing true exocomets from these false positives requires careful inspection
of the candidates and their host stars.

White dwarfs offer particularly stable photometric conditions for detecting disintegrating
material, as most non-pulsating single white dwarfs vary by less than 1% (Hermes et al.
2017). Despite their faintness and short transit durations, more than a dozen systems now
exhibit transiting or disintegrating debris, identifiable through characteristic von Neumann
statistics and Pearson skewness signatures (Vanderburg et al. 2015; Vanderbosch et al. 2020,
2021; Farihi et al. 2022; Bhattacharjee et al. 2025; Hermes et al. 2025).

2.2 Spectroscopy

As noted earlier, spectroscopic transits share the same geometric principle as photometric
ones, with material passing in front of the stellar disc. However, rather than broad-band dim-
ming, the signal manifests as transient, typically Doppler-shifted absorption lines produced
by gas in the exocomet’s coma (Ferlet et al. 1987; Lagrange et al. 1987). By analogy with
Solar System comets, the observed species trace the coma and ion tail of the exocomet. The
ion-tail analogy is particularly relevant, as the ion tail of a comet points away from the Sun,
and it is likely that the same geometry applies to exocomets (Beust and Tagger 1993). In
the case of β Pictoris, radiation pressure rather than a stellar wind is thought to be the dom-
inant force driving the ions away from the star. Because spectroscopic detections trace gas
absorption rather than dust extinction, they do not necessarily produce asymmetric transit
profiles, and thus transit asymmetry is not a defining criterion for identifying spectroscopic
exocomet events. In any case, for β Pictoris it is thought that the absorption is primarily
from material in the coma of the comet, as the ions in the tail are quickly driven to high
velocity, and consequently, the tail is much less dense than the coma and harder to detect
(Beust et al. 1989, 1990, 1991b).

When the cometary coma transits the star, additional absorption features appear super-
imposed on the stellar spectrum. As the comet moves radially relative to the star, these lines
are Doppler-shifted according to the velocity difference between the gas and the stellar rest
frame (Beust et al. 1990; Beust and Tagger 1993). A cometary body moving toward the star
absorbs stellar photons that are slightly blueshifted compared to their absorption wavelength
in the stellar frame; therefore, the resulting feature appears redshifted in the stellar spectrum.
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Consequently, a redshifted absorption feature indicates material moving toward the star and
away from the observer, while a blueshifted feature corresponds to material moving toward
the observer and away from the star, consistent with the conventional Doppler interpreta-
tion of red and blue shifts. These shifts provide direct information about the kinematics of
the transiting gas and the mechanisms governing its motion (Beust et al. 1991a; Beust and
Tagger 1993; Beust and Morbidelli 1996; Beust et al. 2024).

Sporadic, short-lived absorption features are the hallmark of exocomet detections. Be-
cause the gas is only observed while transiting in front of the star, features vary in both
depth and velocity over timescales of minutes to hours, sometimes appearing to accelerate
during transit (Kennedy 2018). The duration of an absorption feature depends on the gas ve-
locity: faster-moving material produces briefer events, while slower gas yields longer-lived
signatures (Lagrange et al. 1996; Beust et al. 1998). For β Pictoris, for instance, absorp-
tions corresponding to velocities of 30 kms−1 or 300 kms−1 are expected to last roughly 6
hours or 30 min, respectively (Beust et al. 1996). In practice, complete transits are rarely
observed, except in intensive monitoring campaigns such as those of β Pictoris, in the 1990s
(e.g., Lagrange-Henri et al. 1988, 1992; Deleuil et al. 1993; Vidal-Madjar et al. 1994) and
radial velocity planet search campaign (Kiefer et al. 2014b; Lagrange et al. 2019), where
hundreds of spectra per night were taken.

A variety of ions have been detected in spectroscopic exocomet transits, with the main
events typically identified in the Ca II H & K lines. Ultraviolet (UV) spectroscopy has also
revealed additional variability around species with higher ionisation potentials such as Fe II,
Mg II, and C II, offering a complementary probe of the physical and chemical conditions in
exocometary gas.

2.2.1 Searching for Exocomets in Spectroscopy

Spectroscopic searches identify exocomets by detecting transient absorption features that
vary between observations. Compared with photometry, the spectral dimension is rich, while
the time coverage is sparse. Thus, searches are performed by comparing spectra as illustrated
in the bottom row of Fig. 2. Common to all spectroscopic searches, a reference spectrum,
free of any exocometary features, is needed to help identify transient absorption features that
could be potential exocomet detections. This reference spectrum consists of the stellar pho-
tosphere combined with stable spectroscopic features (e.g., interstellar gas or circumstellar
gas absorption, Hobbs et al. 1985; Iglesias et al. 2018; Rebollido et al. 2020). In practice,
multiple spectra are essential, since an accurate reference spectrum should not capture any
variable features. For most stars, this reference is obtained as the median of all spectra,
though for β Pictoris, a tailored approach is necessary because no spectrum is entirely free
of exocomet absorption (Kiefer et al. 2014b).

Two broad search strategies exist. The first involves detailed inspection of individual tar-
gets such as for β Pictoris, HD 172555 and 49 Ceti (Kiefer et al. 2014a; Miles et al. 2016) or
small samples of stars (e.g., Lecavelier Des Etangs et al. 1997b,a; Montgomery and Welsh
2012; Iglesias et al. 2018; Rebollido et al. 2018), while the second uses semi-automated
methods applied to many targets (Bendahan-West et al. 2025). In all cases, genuine exo-
cometary events are expected to manifest as transient, often weak absorption features, either
red- or blueshifted, with variable widths and depths. Ideally, such features appear coher-
ently in multiple lines (e.g. Ca II, Na I, Fe II, Mg II, and C II) with variable depths depending
on differences in oscillator strengths and optical thickness of the gas (Beust et al. 1990;
Lagrange-Henri et al. 1992; Lecavelier Des Etangs et al. 1997a; Kiefer et al. 2014b). The
signal-to-noise ratio in spectra can sometimes be poor, which is why quantifying detection
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Fig. 3 Example of gas absorptions in HD 110058 observed under different resolutions. The spectrum shows
the wide rotationally broadened stellar absorption signature, a narrow and deep circumstellar disc absorption,
and a slightly wider interstellar absorption just blueward of the circumstellar disc line. Left: HARPS observa-
tion, R ≈ 115000, absorptions are resolved. Middle: FEROS observation, R ≈ 48000, absorptions are fairly
resolved and detected at lower intensity. Right: X-Shooter observation, R ≈ 5500, absorptions are no longer
resolved and detection is difficult

significance against the background noise is essential. Bendahan-West et al. (2025) proposed
an attempt at a formalised approach that estimates spectral noise and the uncertainty on the
reference spectrum, providing the first step toward standardised detection metrics. Although
less sensitive to weaker variations that are easier for experts to identify by-eye analysis,
such quantification enables reproducible, large-scale searches. Future improvements will
likely involve more sophisticated modelling of exocomet-free reference spectra, better char-
acterisation of stellar noise, and the application of machine-learning algorithms to enhance
sensitivity and reduce false positives.

Spectroscopic detection is complicated by telluric absorption from Earth’s atmosphere,
which can mimic or obscure genuine exocometary features. Observations, therefore, focus
on spectral regions less affected by tellurics. Ultraviolet observations from space-based in-
struments such as the Hubble Space Telescope have revealed strong absorption from metal
ions (e.g. Fe II, Mg II, and C II), where many of the first FEB-related absorptions were de-
tected (Lagrange et al. 1986, 1987). From the ground, most searches target the Ca II H&K
lines, which are less impacted by telluric absorption and historically the main diagnostic
of Falling Evaporating Bodies (Ferlet et al. 1987; Lagrange-Henri et al. 1992; Kiefer et al.
2014a). Other lines such as Na I have been used successfully (e.g., Kiefer et al. 2014b; Igle-
sias et al. 2018; Rebollido et al. 2020; Hoeijmakers et al. 2025), though careful modelling
of telluric contamination is essential.

High spectral resolution is crucial to isolate exocometary absorption from circumstel-
lar and interstellar features. Instruments such as the High Accuracy Radial velocity Planet
Searcher (HARPS; λ ∈ (380–690) nm, R ≈ 110,000, ≈ 3 km s−1; Mayor et al. 2003) can
achieve signal-to-noise ratio (SNR) >250:1, allowing subtle variations to be detected (see
left panel in Fig. 3). Medium-resolution instruments like EsPaDOnS (λ ∈ (370–1050) nm,
R ≈ 65,000, ≈ 4.6 km s−1; Donati et al. 2006) can achieve typical SNR of around 200:1
(Welsh and Montgomery 2015). The Fiber-fed Extended Range Optical Spectrograph
(FEROS; λ ∈ (360–920) nm, R ≈ 48,000, ≈ 6.2 km s−1; Kaufer et al. 1999), with a lower
resolution, is still sufficient to detect exocomets, though absorptions are now blended (see
the middle panel in Fig. 3). In contrast, low/medium-resolution measurements such as X-
shooter (R ≈ 5500, ∼50 km s−1, Vernet et al. 2011, see the right panel in Fig. 3) lack the
sensitivity to detect absorption features additional to the main stellar spectrum, making it
challenging to identify deep circumstellar disc absorption or any more subtle variations pro-
duced by exocomets.
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As with photometric searches, candidate detections require careful vetting for false posi-
tives. Instrumental artefacts, including detector response variations, wavelength-calibration
drifts, and imperfect continuum normalisation, can produce or hide spurious signals. As-
trophysical sources of confusion include variable stellar activity, pulsations, binarity, and
quasi-stable circumstellar or interstellar absorption that may appear transient due to noise or
sparse sampling. Notable false positives include HR 10, originally interpreted as hosting ex-
ocomets (Lagrange-Henri et al. 1990a; Lecavelier Des Etangs et al. 1997a) but later shown
to be a binary system with circumstellar envelopes (Montesinos et al. 2019), and ϕ Leo,
where the variability was traced to δ Scuti pulsations (Eiroa et al. 2021). Most ground-based
searches have so far focused on the Ca II doublet, although for late-type stars this region
can vary strongly due to stellar magnetic activity. Such perturbations are easily identified
as emission features but difficult to remove, reducing sensitivity to absorption features and
limiting confident exocomet detection around active stars.

3 Observational Results

This section summarises the observational outcomes of exocomet searches using the tech-
niques described in Sect. 2. Although the detection principles are fundamentally similar,
identifying transient absorption in spectroscopy (Sect. 2.2) or asymmetric broadband dim-
ming in photometry (Sect. 2.1), the practical results obtained so far differ substantially be-
tween the two methods.

To date, there has been no exocomet transit that has been detected in both spectroscopy
and photometry simultaneously. This absence of joint detections likely reflects both observa-
tional and physical factors: spectroscopic and photometric monitoring campaigns are rarely
coordinated to observe the same target simultaneously, and as discussed in Sect. 2, the two
techniques may probe different radial distances that favour either gas ionisation (for spec-
troscopy) or dust production (for photometry). Identifying and characterising exocomets
with multi-method techniques is therefore a key future goal, and we return to this topic in
Sect. 4.

3.1 Spectroscopy

Detections in spectroscopy have a long history, preceding the detection of exoplanets (Ferlet
et al. 1987). These have generally followed the methods outlined in Sect. 2.2, and the two
main wavelength regimes used are the optical, primarily the Ca II K line at 3933.7 Å, and
the UV, which probes heavier atoms such as Fe, Al, Mg. The first detections prompted
theoretical efforts to understand the physics of the coma and tail (e.g Beust et al. 1989,
1990, 1991b; Beust and Tagger 1993), which showed that a “falling evaporating body” (i.e.
an exocomet) was consistent with the observed signatures.

Since the first discovery of exocomets in β Pictoris, many spectroscopic searches have
followed, looking for analogues around other stars (e.g. Lagrange-Henri et al. 1990b;
Lecavelier Des Etangs et al. 1997b; Welsh et al. 1998). Initial efforts concentrated on a
few “shell stars”, objects suspected to host circumstellar gaseous envelopes. Later, searches
expanded to stars with debris discs, λ Bootis stars, and stars with previous detections of cir-
cumstellar gas at mm wavelengths (e.g. Montgomery and Welsh 2012; Iglesias et al. 2018;
Rebollido et al. 2018, 2020). Most of these searches focused on A-type stars, a bias that
likely arose from the early success with β Pictoris. A-type stars are not only younger and
more likely to host detectable debris discs than later-type stars, but their rapid rotation also
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broadens stellar absorption lines, producing a smoother continuum that facilitates the iden-
tification of narrow exocometary absorption features.

More recently, the spectral-type coverage has been expanded using the HARPS archive
(Bendahan-West et al. 2025), which is dominated by FGKM stars as they are relatively eas-
ier targets for detecting planets through radial velocity methods. Although this broadened
the target sample, no spectroscopic exocomet detections have yet been identified among
these later-type stars. Since there is clear evidence for photometric exocomet detections in
F-type stars (Rappaport et al. 2018; Kennedy et al. 2019), and given that our own G-type Sun
hosts comets, the lack of spectroscopic detections among FGK stars is very likely the result
of observational bias rather than a true absence of exocomets. As described in Sect. 2.2,
detecting exocomet absorption in the Ca II doublet becomes increasingly difficult for later-
type stars because chromospheric activity introduces variable emission or absorption in the
same lines, strongly masking or mimicking the narrow, transient features expected from ex-
ocomets. In addition, the detection of exocometary gas absorption requires very high SNR
(≳ 100), which is more difficult to obtain for intrinsically fainter FGKM stars within rea-
sonable exposure times. Ultraviolet spectroscopy, which is less affected by these issues and
sensitive to multiple atomic species, remains sparse due to cost and limited availability, so
only a small number of stars have been observed in the UV.

Nevertheless, individual detections outside β Pictoris have been reported, including
HD 172555 (Kiefer et al. 2014a, 2023), and 49 Ceti (Miles et al. 2016). Because exo-
comet transits are intrinsically rare, most published spectroscopic detections originate from
searches intentionally targeting stars already known to host circumstellar gas such as shell
stars, debris-disc systems, and stars with millimetre detections of gas (e.g., Lagrange-Henri
et al. 1990a; Lecavelier Des Etangs et al. 1997a; Montgomery and Welsh 2012; Welsh and
Montgomery 2015; Eiroa et al. 2016; Welsh and Montgomery 2018; Rebollido et al. 2020).
For a complete list of detections in spectroscopy, see Table 1 in Iglesias et al. (2025).

Although β Pictoris provides the only system where detailed compositional information
has been obtained for multiple exocomets, virtually nothing is known about the chemical
composition of exocomets beyond this archetypal case. While multiple species have been
detected for β Pictoris, and a few for 49 Ceti and 51 Oph (Miles et al. 2016; Roberge et al.
2002, respectively), most systems are either detected only in Ca II or broadband photom-
etry, providing little compositional information. The planetesimals that probably represent
the source regions of exocomets, observed as debris discs, are thought to outgas CO (e.g.
Zuckerman et al. 1995; Moór et al. 2011; Dent et al. 2014), but no other cometary species
have yet been detected (aside from the atomic products C and O). This stands in stark con-
trast to metal-polluted white dwarfs, where in many cases only composition is known, yet
the dynamical context is largely inaccessible.

Recent efforts to analyse archival UV spectra of β Pictoris’ exocomets have nevertheless
begun to open a path forward. Studies by Vrignaud et al. (2024) and Vrignaud and Lecave-
lier des Etangs (2024) have revealed Solar-like abundances of Ni+/Fe+ and Cr+/Fe+ in
these exocomets. Extending similar analysis to other systems, like 49 Ceti or new candidate
systems, could broaden our understanding of exocomet compositions beyond β Pictoris and
placing exocomet compositions into a broader comparative context.

We refer the reader to Vrignaud et al. (2026, this collection) for a detailed review of the
processes governing ion populations in exocometary comae. A key challenge for future sim-
ulation efforts is determining the density and temperature profiles expected for exocomets.
Promising progress has been made by Vrignaud et al. (2024), who demonstrated how Fe II

column densities in exocomets around β Pictoris can be used to constrain these conditions.
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3.2 Photometry

Thanks to the rapid advancement in exoplanet science over the past few decades, a sizeable
volume of high-precision photometric data has been searched for exocomets. As described
in Sect. 2.1, photometric detections rely on identifying shallow, asymmetric transit signa-
tures produced by dust in the coma and tail. Ground-based precision is so far still insuf-
ficient to detect the predicted ∼0.1% events (Lecavelier Des Etangs et al. 1999), and the
first confirmed photometric detections appeared with the advent of the space-based Kepler

mission. Rappaport et al. (2018) performed a visual search of Kepler light curves and identi-
fied two candidates, KIC 3542116 and KIC 11084727, likely hosting transiting exocomets.
Kennedy et al. (2019) subsequently carried out an automated search and confirmed these
events, adding a third candidate (KIC 8027456). All occurred around A/F-type stars, consis-
tent with the spectroscopic detection bias described in Sect. 2.2. More recently, a machine
learning approach across the full Kepler dataset has also uncovered an additional 10 new
candidate events (Dumond et al. 2025). The spectral-types for the candidates in this work
are more varied than Rappaport et al. (2018) and Kennedy et al. (2019), with detections
around later-types, which may suggest photometric detections can probe detections around
later-types easier than spectroscopic methods. However, as with all exocomet candidates,
characterising these detections in detail along with multi-method observations will be nec-
essary.

The successor mission of Kepler, TESS, provided the first photometric detections of ex-
ocomets around β Pictoris itself (Zieba et al. 2019; Pavlenko et al. 2022; Lecavelier des
Etangs et al. 2022), making it the first system to have detections in both photometry and
spectroscopy (though not simultaneously). Multiple transits in its 8 TESS sectors of obser-
vation enabled the first empirical estimate of the exocomet size distribution in this system
(Lecavelier des Etangs et al. 2022). The exocomet size distribution in β Pictoris is consis-
tent with that observed for comets in the Solar System, supporting physical models in which
collisional fragmentation can shape the size distributions of exocomets in young planetary
systems (Dohnanyi 1969; O’Brien and Greenberg 2005). A similar size distribution was in-
ferred for exocomets transiting the extreme debris disc system RZ Psc (Gibson et al. 2025),
supporting this interpretation.

Large-scale automated photometric searches have also been attempted using TESS. No-
razman et al. (2025) searched the data from TESS primary’s mission and reported five new
candidates: three around main-sequence stars (two A/F-type, one likely G-type) and two
around giants. These results indicate that photometric exocomet detections remain rare but
are not restricted solely to early-type hosts. The results for the automated searches in Kepler

and TESS effectively conclude that photometric observations of exocomets are rare, and that
more detections are needed to build a significant sample for exocomet demographics. Other
current photometric surveys include CHEOPS, where transits around HD 172555 provides
compelling evidence as the second with detections in both spectroscopy and photometry
(Kiefer et al. 2023). TESS is continuing to observe the night sky, and with PLATO nearing
launch, future searches for exocomets with upcoming datasets are well-motivated. A list of
published photometric detections is provided in Table 2 of Iglesias et al. (2025).

It is also important to emphasise exocomet searches that have resulted in null detec-
tions. For instance, Rebollido et al. (2023) observed the star 5 Vul with CHEOPS, despite
its known spectroscopic exocomet activity (Montgomery and Welsh 2012; Rebollido et al.
2020), but identified no photometric transits. The detection frequency of exocomet features
can therefore vary widely between spectroscopic and photometric observations. For exam-
ple, β Pictoris shows spectroscopic transits on a daily basis, whereas photometric transits
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are observed far less frequently. One explanation is that the two techniques are likely sen-
sitive to different regions of the system. The photometric exocomet detected by Zieba et al.
(2019) was inferred to orbit at roughly 3 au from the star, while spectroscopic detections
typically trace gas located much closer in, at distances ranging from a few to a few tens
of stellar radii, depending on the atomic species observed (Beust et al. 1990, 1998). These
radial scales correspond to the different physical environments: at larger distances, dust can
survive and produce observable detections in photometry, whereas closer to the star, high
temperatures and strong radiation fields cause dust to completely sublimate and atoms to
become ionised, producing variable absorption lines in spectroscopy (Rebollido et al. 2023;
Heller 2024; Vrignaud et al. 2026, this collection).

Photometric surveys have their own limitations, which are mostly driven by the details of
the mission in question. Kepler provided excellent precision but observed a limited stellar
population dominated by later-type stars, whereas most previous spectroscopic exocomet
detections were around early-type stars. TESS offers near all-sky coverage, reducing host-
star bias, but its 27-day observing windows and lower per-point precision limit sensitivity
to rare and shallow events, especially around faint stars. A combination of future missions
with Kepler-like precision and wide-field coverage, such as PLATO, Earth 2.0, and Roman,
will likely be essential to build a statistically meaningful sample of photometric exocomet
detections.

3.3 Occurrence Rates

Most exocomet searches in the literature are highly biased to increase detection chances,
making it challenging to accurately assess exocomet occurrence rates. Spectroscopic de-
tections are predominantly observed around A-type stars, with a few detected around F
and B-type stars. The main source of bias is target pre-selection: previous searches focused
on stars already known to exhibit spectral variability or circumstellar gas (e.g., Lecavelier
Des Etangs et al. 1997a; Eiroa et al. 2016; Rebollido et al. 2020), inflating detection rates
to 10 − 20% (Iglesias et al. 2018; Welsh and Montgomery 2018; Rebollido et al. 2020).
However, spectroscopic observations are typically limited to the brightest targets, restricting
sample sizes and skewing detection statistics.

Correcting for these pre-selection biases is not trivial. The ≈10% detection rate of Igle-
sias et al. (2018), can be de-biased for the lower frequency of gaseous edge-on debris discs,
yielding 0.17% (Bendahan-West et al. 2025, Sect. 1.2). Since most debris discs lack ob-
servable circumstellar gas and also involve later spectral types, the true rate is likely lower.
Addressing the sample size and spectral type limitations, Bendahan-West et al. (2025) ex-
plored the entire HARPS archive of 6100 stars, finding a 0.1% detection rate overall, broadly
consistent with the de-biased estimate. However, this rises to 0.4% when considering only
A-type stars, with both main detections (β Pictoris and HD 172555) being young systems
already known to host exocomets. The large age range among the observed A-type stars in
HARPS suggests youth enhances detectability of Ca II absorption variability.

Beyond pre-selection and sample biases, traditional spectroscopic detection rates suffer
from a methodological flaw. The detection rate is computed as the number of detections
divided by the number of targets searched, but this approach does not take into account dif-
ferences in observational cadence or the widely varying transit frequencies across systems.
While β Pictoris shows transits on any given night, HD 172555 does not, making the latter
likely more representative of typical systems where longer monitoring increases detection
probability. Properly accounting for the typical number of nights per target, Bendahan-West
et al. (2025) derive 1.4 × 10−4 detections in Ca II per star per night, or 0.05 per star per year.
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Given the compounding observational biases (pre-selection of favourable targets, brighter
stars, and inconsistent monitoring), current exocomet occurrence rates in spectroscopy re-
main highly uncertain.

In contrast, photometric surveys benefit from observing strategies that reduce target-
selection bias. For instance, TESS’ all-sky strategy provides a magnitude-limited sam-
ple that includes many later-type stars, though it is still not volume-limited. The Kepler

searches by Rappaport et al. (2018) and Kennedy et al. (2019) identified three systems with
exocomet-like events among ∼150,000 stars observed for four years. This corresponds to
roughly 600,000 star-years, yielding a detection rate of one event per 200,000 star-years
(i.e. ∼ 7 × 10−6 per star per year). The TESS-based search by Norazman et al. (2025) finds
a slightly higher rate of ∼ 3 × 10−4 per star per year, but both values are much lower than
spectroscopic occurrence rates. At present, no definitive explanation has been proposed, al-
though geometric factors may contribute: if photometric transits originate from exocomets
at larger radial distances than those probed in spectroscopy, the decrease in transit probabil-
ity with orbital distance could naturally produce lower detection rates (Winn 2010; Heller
2024).

3.4 Outlook for Extant Data

A major opportunity for progress lies in exploiting the vast amount of existing photometric
and spectroscopic data that has not yet been systematically searched for exocomets. While
targeted studies and small-sample searches have identified the first examples, the volume of
archival data now available far exceeds what has been analysed to date. Large, homogeneous
searches, potentially assisted by machine-learning methods, are therefore the logical next
step toward building an unbiased census of exocomet activity.

Spectroscopic studies to date span many decades and a variety of instruments, but nearly
all have been based on relatively small, biased, or pre-selected samples. Early searches fo-
cused on stars already known to show circumstellar variability (e.g. Lagrange-Henri et al.
1992; Vidal-Madjar et al. 1994; Lecavelier Des Etangs et al. 1997b) or debris-disc hosts
(e.g. Montgomery and Welsh 2012; Welsh and Montgomery 2018; Rebollido et al. 2020).
More recent work has begun mining larger archives (e.g. HARPS), but these datasets remain
limited in wavelength coverage and dominated by later-type stars not optimally suited for
detecting Ca II variability.

A comprehensive, cross-instrument archival search, for example across HARPS, UVES,
HIRES, ESPaDOnS, FEROS, and other high-resolution spectrographs, would vastly expand
the explored parameter space. Such an effort would require consistent calibration across in-
struments with different resolutions, wavelength ranges, and SNR characteristics, but would
open the door to the first truly unbiased assessment of time-variable absorption across a
wide range of stellar types and ages. As with photometry, machine-learning tools may ulti-
mately aid in building improved reference spectra, identifying subtle variable features, and
quantifying detection significance in a reproducible way.

Space-based missions such as Kepler, K2, and TESS provide millions of high-precision
light curves that contain far more information than has been extracted so far. Existing
searches (e.g. those by Rappaport et al. 2018; Kennedy et al. 2019, and Norazman et al.
2025) demonstrate that exocomet transits can be identified, but it remains unclear whether
the approaches used so far recover are the most effective, and revisiting these datasets with
alternative techniques may yield more detections. Machine-learning approaches are partic-
ularly promising. Random Forest classifiers trained on statistical light-curve features (Do-
brycheva et al. 2023) and neural networks trained on synthetic transits (Dumond et al. 2025)
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have already shown potential for improving sensitivity to non-periodic, asymmetric events.
Applying and refining such methods to the full Kepler and K2 and ongoing TESS datasets
could reveal a significantly larger population of exocomet candidates, while establishing
more robust detection thresholds and false-positive controls.

4 Open Questions

Exocomet research faces numerous open questions, with the most fundamental currently be-
ing one of detection. Despite growing interest, the number of known exocometary systems
remains relatively small. Many of these systems are considered candidates based on lim-
ited observations. For spectroscopic data, candidate systems are often derived from biased
samples designed to maximise detection rates, and where biases are less, detection is signif-
icantly harder for later type stars (e.g. activity in Ca II, lower UV flux). While photometric
detections lack such biases, they are exceedingly rare. Both spectroscopic and photometric
studies indicate that young, early-type stars are overrepresented among exocomet candidate
systems (e.g., Strøm et al. 2020; Iglesias et al. 2025). This may align with expectations
that younger and more luminous stars are more likely to host detectable exocomets. Biases
complicate this picture, but it may nonetheless reflect a genuine trend (Kennedy et al. 2019;
Bendahan-West et al. 2025). These biases, combined with the scarcity of known exocomet
systems, add uncertainty to the currently understood exocomet detection rates and ultimately
affect in-depth study of the phenomenon.

Beyond the challenge of detection, there is a broader ambition to achieve a deeper un-
derstanding of exocomets, akin to what has been achieved for Solar System comets. While
such an understanding is ambitious—especially given the direct exploration of Solar System
comets—the discovery of interstellar visitors like 1I/’Oumuamua, 2I/Borisov, and 3I/AT-
LAS suggests a link between these objects and the bodies observed as transiting exocomets.
Future missions to explore such visitors could provide valuable insights. For exocometary
systems around other stars, β Pictoris stands out as an exemplary testbed. This system likely
represents the best-case scenario for advancing in-situ exocomet science and serves as a
foundation for developing techniques that might be applicable to other systems, if similar
systems were found.

Below, we outline several key areas where progress is critically needed to advance our
understanding of exocomets.

4.1 How Common Are Exocomets?

Understanding the frequency and distribution of exocomet activity across planetary systems
is fundamental to constraining their dynamical and compositional evolution. Their preva-
lence provides insight into the stability and architecture of planetesimal reservoirs, the ef-
ficiency of dynamical processes that perturb small bodies toward the inner system, and the
overall frequency of active minor bodies in different stellar environments. As noted above,
exocometary science is severely limited by a lack of systems with robust and repeated de-
tections. Aside from the conclusion based on photometry that transiting exocomets are seen
for of order 1:100,000 stars per year of observation (Kennedy et al. 2019), and the possi-
bility that they are more prevalent for young early-type stars, little is known. However, to
improve our understanding of their occurrence rates, greater precision and observations of
larger numbers of stars are required, both in photometry and spectroscopy.
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4.1.1 Photometry

The upcoming PLATO mission is one of the most anticipated missions this decade and will
play an important role for potential exocomet detections. Scheduled for launch at the end of
2026, PLATO will be a large-scale space-based photometric survey with substantial advan-
tages over previous missions. Its key strengths are high photometric precision and a wide
field of view. For bright stars, PLATO can achieve a precision of ∼7 ppm (Tmag = 4) in two
hours using its 26 cameras working together (Matuszewski et al. 2023; Eschen et al. 2024).
This design increases both reliability and allows for cross-verification of signals: astrophys-
ical phenomena will be detected by multiple cameras, while single-camera detections can
be attributed to instrumental errors.

The other main advantage of PLATO is its observing time. PLATO will provide two
main options for its observing strategy: the Long-Duration Observation Phase (LOP), which
would observe targets for up to three years, and the Step-and-Stare Phase (SOP) that ob-
serves targets up to one year. Both strategies surpass the observing durations of TESS and
are more comparable with Kepler. Furthermore, PLATO’s focus on bright stars (Vmag ≤ 8.5
for its brightest targets, with its main sample between 8 and 11 magnitudes) should enable
detection rates higher than those of TESS, CHEOPS or Kepler (Rauer et al. 2025). By ob-
serving over 245,000 FGK-stars (Matuszewski et al. 2023), PLATO is uniquely positioned
to expand our understanding of the prevalence of exocomets and uncover how common
these objects truly are. The high precision and long observation durations should yield high-
quality data with new exocomet detections and valuable statistics.

The Roman Telescope is another instrument that may yield exocomet detections with a
different perspective. Roman is set to launch in 2027 and is a wide-field, space-based sur-
vey, observing targets in the near-infrared (NIR). While Roman’s NIR sensitivity will be
less responsive to the smallest dust grains of an exocometary tail, it will be sensitive to the
larger grains. This wavelength-dependent response means that exocomet transits observed
by Roman would likely appear shallower than observations in the optical, but the combi-
nation of optical and NIR observations can provide powerful constraints on dust grain size
distributions (Kálmán et al. 2024; Gibson et al. 2025). Therefore, observations with Roman
introduce multi-wavelength photometric coverage of exocomets, allowing for complemen-
tary science alongside PLATO and TESS.

Finally, Earth 2.0 (Ge et al. 2022) is a mission concept currently planned for launch
around 2027, and may also be an interesting avenue for exocomet detections. It aims to
follow the legacy of Kepler, discovering Earth-like planets around Sun-like stars using high-
precision space-based photometry. Earth 2.0 aims to continuously monitor a region that
strongly overlaps with the original Kepler field, and is expected to complement the original
Kepler planets as well as new detections. The Earth 2.0 cameras are also predicted to have
even better photometric precision compared to Kepler and potentially PLATO, and so any
data products available could be particularly valuable for exocomet observations.

4.1.2 Spectroscopy

Spectroscopic searches also hold significant potential for advancing exocomet research. As
noted above a critical step forward would be a comprehensive search of archival optical
spectra to quantify the exocomet detection rate, e.g. in Ca II. A more ambitious way for-
ward would be a major effort at UV wavelengths where atomic species are more readily
detectable. The primary challenge with UV observations lies in securing sufficient observa-
tion time on HST to observe a stellar sample of sufficient size and diversity to draw valuable
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conclusions. A systematic search could target early- and mid-spectral-type stars in nearby
young moving groups, with multi-epoch observations providing valuable insights. Such a
search might, for example, aim for multi-epoch observations of early and mid-spectral type
stars in each of the nearby young moving groups. Given the expense and pressure of HST,
such a sample might be geometrically biased in favour of detection, but in a way that should
not be correlated with exocomet existence, by favouring stars more likely to be edge-on
rotators.

Looking ahead, the upcoming Ariel mission (Tinetti et al. 2022) may provide an oppor-
tunity for exocomet characterisation through multi-band observations. Primarily designed
to study exoplanet atmospheres, Ariel provides a combination of synchronous visual and in-
frared photometry alongside low-resolution NIR spectroscopy (up to 7.8μm), which could
enable confirmation of dusty transits while constraining their chemical composition, pro-
viding important parameters for exocomet modelling and confirming the nature of these
exocomet bodies.

4.2 What Physical Dust Properties CouldWe Potentially Observe?

Here we will primarily focus on dust properties, which are currently completely uncon-
strained. This limitation arises because to date all space-based transit surveys are monochro-
matic, meaning that there is in fact no empirical evidence that the dimming seen during pho-
tometric transits is actually dust. Based on our understanding of the Solar system comets
dust is a likely cause, and confirmation might be provided with simultaneous observations
in two filters. Such an observation is however extremely challenging; obtaining 0.1% level
photometry is possible, but difficult, and would be made even more complicated by attempts
to observe a bright V = 3.9 mag star. Nonetheless, attempting to constrain or measure the
colour dependence of exocomet transits to learn about dust properties is a clear priority, with
PLATO’s “fast” cameras being an obvious candidate instrument (Rauer et al. 2025).

4.2.1 Polarimetry

Polarimetry provides a powerful method to study the characteristics of scattered light by par-
ticles, offering insight into their microphysical properties. This technique is highly sensitive
to the physical parameters of scatterers, meaning that even slight changes in these properties
can significantly affect the observed degree of linear polarisation.

The phase-angle dependence of the linear polarisation degree has a specific wave-shaped
form with so-called negative and positive branches (see Fig. 4). Its parameters can be used to
estimate some characteristics of dust grains. For instance, the polarisation maximum (Pmax)
is related to albedo (Umow 1905) and, likewise, to grain size (Dollfus 1989); the slope
(h) is connected to albedo and indicates a very low albedo with a high own value (Dollfus
1989). The microstructure of grains is correlated with the inversion angle (αinv); the fluffier
structures produce the largest αinv, while compact powders reduce αinv (Dollfus 1989). How-
ever, these relations are challenging because they require individual phase-angle dependence
across the entire angle range, which is almost impossible for a single object. Therefore, one
usually uses measurements for several objects. Furthermore, dust characteristics, including
refractive index or chemical composition, could be reproduced using different models. The
main idea of these methods is to simulate the scattering properties of dust, including linear
polarisation degree, using materials with varying refractive indices, grain shapes, porosities,
and sizes. In this case, the observed measurements are used for validating the modeled val-
ues. For more details, we refer readers to, for example, Kiselev et al. (2015), Kolokolova
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Fig. 4 Synthetic phase-angle
dependence of the linear
polarisation degree in a form
suggested by Lumme and
Muinonen (1993)

et al. (2004), Kwon et al. (2024), Shubina et al. (2024a), Zubko et al. (2011), and references
therein.

In the Solar System, a complete phase-angle dependence is often required to obtain pre-
cise physical parameters from cometary polarisation measurements. However, achieving
such a coverage is challenging because most comets cannot be observed across the full
0◦–180◦ phase-angle range. Similar geometric limitations are expected for exocomets. For
transiting systems in particular, small phase angles, when the comet is behind the star, are
entirely inaccessible, and the observable phase-angle range is restricted by the orbital incli-
nation and the system viewing geometry.

To date, polarimetry of exocomets remains a challenging task, especially for transiting
events where the expected signal is extremely faint. Even for Solar System comets, a single
polarimetric measurement is insufficient to derive robust physical properties, and repeated
observations across multiple phase angles are generally required. For exocomets, individual
transits will therefore not provide enough phase-angle coverage for full physical characteri-
sation, but polarimetric measurements can still serve as a valuable additional diagnostic.

Whether a transiting exocomet is observable in polarimetry depends strongly on the sys-
tem configuration. In face-on debris-disc systems, detectable exocomets are most likely
those with orbital inclinations close to the disc plane (near 0◦ or 180◦). In edge-on systems,
exocomets with significantly inclined orbits are more favourable, as their scattered-light po-
larisation signal is more easily separated from the stellar contribution and from the bulk disc
emission.

In practice, the most promising current strategy is not time-resolved polarimetry of in-
dividual transits, but rather imaging polarimetry of the disc environment after an exocomet
candidate has been identified. Instruments such as SPHERE/ZIMPOL on the VLT (Beuzit
et al. 2019) offer the necessary sensitivity and spatial resolution to reveal localised enhance-
ments in polarised intensity. Such “clumps” in polarisation maps may correspond to dust
released by an exocometary body, providing an opportunity to detect exocomet-related struc-
tures and study their scattering properties.

In an ideal scenario, an exocomet would first be detected through photometric or spectro-
scopic variability, its orbit estimated, and targeted polarimetric observations obtained sub-
sequently to search for excess polarised flux at the expected orbital location. Future high-
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contrast polarimeters on ELTs will greatly improve the achievable signal-to-noise ratio and
may enable direct detection and characterisation of transient exocometary dust clouds.

Despite these challenges, valuable estimates can still be made without a complete phase-
angle dependence. Observations of Solar System comets are typically sparse, especially
for long-period comets. By combining these sporadic data points with particle models, the
observed polarisation degree can be reproduced, yielding estimates of physical parameters
such as size, albedo, and porosity (Dlugach et al. 2018; Ivanova et al. 2019, 2021, 2023).
For instance, Solar System comets are often modelled using mixtures of transparent par-
ticles (e.g., silicates) and absorbing particles (e.g., organics). Adjusting the ratio of these
components enables accurate reproduction of polarisation degrees (e.g., Kochergin et al.
2021). Polarimetric modelling has also been used to estimate dust particle characteristics,
including refractive indices, based on their chemical composition (Rosenbush et al. 2020;
Shubina et al. 2024a).

4.2.2 Multi-Wavelength Studies

The combination of polarimetric and multi-wavelength photometric observations can fur-
ther refine these estimates. By incorporating dust colour information, the range of potential
variables in simulations is constrained, allowing for more accurate determinations of phys-
ical parameters, such as the refractive index (Shubina et al. 2024b). Multi-wavelength data
also help identify variations in dust composition and structure across different regions of the
exocometary coma (Lagrange et al. 1996; Lecavelier Des Etangs et al. 1999). For example,
colour indices derived from simultaneous photometric observations can reveal composi-
tional gradients or particle size distributions, providing deeper insights into the physical and
chemical processes shaping exocomets.

Dedicated observational programmes have attempted to detect exocomet signatures, or
related circumplanetary or circumstellar dust structures, using multi-instrument campaigns.
Most notably, the large β Pictoris Hill-sphere transit campaign (Kenworthy et al. 2021;
Zieba et al. 2024) combined bRing, ASTEP, BRITE, HST/STIS, TESS, and ground-based
facilities in a concerted attempt to detect dust or gas associated with β Pictoris b. Although
no circumplanetary material was found, the programme demonstrated the feasibility of co-
ordinated, multi-instrument monitoring for detecting transient dusty or gaseous structures.
Although no programme has yet yielded a confirmed simultaneous exocomet detection, the
field is beginning to benefit from multi-wavelength, multi-instrument observational strate-
gies.

Simultaneous UV to mid-infrared observations have proven especially valuable for char-
acterising the properties of transiting material. Observations of WD1145+017, for instance,
demonstrated that transit depths remain consistent across a wide range of wavelengths, from
UV to 4.5μm, suggesting a lack of small dust particles (≲ 1.5 μm) if the material is opti-
cally thin (Xu et al. 2018). This finding highlights the importance of using broad wavelength
coverage to detect subtle differences in particle size distributions or identify atypical dust
populations.

For exocomets, accumulating multi-wavelength and multi-method observations enables
a more robust characterisation of exocomets, revealing details about particle size, composi-
tion, and orbital behaviour that are inaccessible through single-method studies. Expanding
these datasets will be critical for advancing our understanding of exocometary systems, un-
covering their physical properties, and contextualising their role within planetary systems.
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4.3 What Are the Compositions of Exocomets?

Composition is a fundamental property of planetesimals, reflecting the conditions of their
formation environment and their subsequent history. One key aspect of comets is that they
are typically “pristine”, in that most of their lifetime before becoming sublimating bodies
on eccentric orbits has been spent at large orbital separations. Comets can therefore provide
information about the environment within the protoplanetary disc where the planets formed.
Similarly, the compositions of exocomets could provide comparable insights, although this
requires understanding their formation locations, which might be inferred through dynami-
cal studies.

Polluted white dwarfs, those displaying elements heavier than Helium in the atmosphere,
provide a powerful way to directly constrain the compositions of extrasolar minor bodies,
including exocomets. These systems provide insights into the bulk compositions of accreted
material. Details of this can be found in these review papers (Jura and Young 2014; Xu
et al. 2024). Looking ahead, there are a few ongoing and planned multi-object spectroscopic
surveys, such as SDSS-V, DESI, and 4MOST, that will likely detect many more polluted
white dwarfs and reveal the full range of the compositions of extrasolar minor bodies.

High-resolution optical spectroscopy, combined with photometric monitoring, offers an-
other layer of detail. For WD 1145+017, the circumstellar absorption lines were observed
to weaken during transits, enabling constraints on the geometry of the circumstellar gas and
the structure of the transiting material (Xu et al. 2019). This approach demonstrates how
combining spectroscopic and photometric data can yield a comprehensive picture of the
dynamics and composition of exocometary systems.

Simultaneous spectroscopy and photometry could play a crucial role in resolving key
questions about exocomet compositions. As mentioned above, combined observations might
address whether the exocomets detected through spectroscopy and photometry originate
from the same families or represent distinct populations. Additionally, they could clarify
whether differences in detection rates arise from observing separate gas and dust compo-
nents or reflect intrinsic compositional variations. Such studies will be vital for determining
whether these techniques complement each other or reveal fundamentally different aspects
of exocometary systems.

5 Summary and Outlook

Here we have outlined the history and status of exocomet detection, focussing on individual
transiting bodies. While these are primarily detected around main-sequence stars, some are
also seen in white dwarf systems. Both photometry and spectroscopy are used, with the
latter detecting a variety of species (e.g. Ca, Mg, Al, Fe) at both optical and UV wavelengths.
While it is expected that the photometric transits are due to dust in the tail/coma of the comet,
there is not yet empirical evidence of reddening or polarisation that might be expected.

The techniques used are ultimately all based on time-based differencing, with spec-
troscopy comparing variation in specific absorption lines, and photometry looking for
changes in the flux of a star over time. The major difference in these searches is that spec-
troscopy is so far based on individually targeted observations, while photometry uses large-
scale surveys. Both methods yield a few to a few tens of detections, meaning that the derived
occurrence rates are wildly different; an estimated rate for Ca II in spectroscopy is 0.05 per
star per year, while for photometry it is 5 × 10−6 per star per year. The reason for this
difference is unclear, though both physics and transit probabilities may be at play.



41 Page 22 of 30 J. Korth et al.

Spectroscopic simulations may provide insights into future lines of inquiry for exo-
cometary transit spectra. Simulating transit spectra for an exocomet as seen transiting, for
instance, β Pictoris, could provide expected transition frequencies and relative transit depths
for species beyond Ca and Na by assuming elemental abundances as measured in solar sys-
tem comets (Rubin et al. 2019). Such efforts would require a new combination of tools,
including fluorescence models of cometary ions (e.g., Bromley et al. 2021), a full treatment
of ionisation and recombination processes (including photo- and collisional ionisation) to
compute ion densities along the line of sight, and a radiative transfer engine such as the
NASA Planetary Spectrum Generator (Villanueva et al. 2018, 2022) to compute the transit
spectra. Combining approaches as presented in Vrignaud et al. (2024) with new modelling
and higher-quality UV data will help identify previously unrecognised features in exocomet
spectra and guide the design of future observational programmes.

In any field, it is likely that the most extreme objects are detected first, and that given suf-
ficient interest and subsequent work that others follow. Exocomet science is so far different,
in that β Pictoris’ exocomets were first observed by Ferlet et al. (1987), but no systems that
are remotely comparable have yet been detected. This disconnect does not appear to be due
to a lack of effort, as millions of stars have been searched in photometry and around 5000 in
spectroscopy. One of the major tasks for the future is therefore to find the next highly active
exocomet system.

Addressing all current and future questions requires advancements in observational tech-
niques and a deeper exploration of existing and new datasets. With upcoming missions
and increasingly sophisticated observational methods, the field of exocomet research stands
poised for significant breakthroughs, shedding light on the dynamic processes that shape
planetary systems beyond our own.

Beyond what we have considered here, there are other future possibilities. A mission
tasked with finding Earth-like planets will likely also have the capability to detect other bod-
ies and/or material in the habitable zones of other stars. Indeed, exo-Zodiacal dust, which
might be deposited by exocomets, has been a possible issue for such missions if the in-
creased noise is too high (e.g. Roberge et al. 2012). As suggested by Janson et al. (2023),
such a mission should also be able to image exocomets. Ultimately, exocomets represent a
bridge between planetary formation, debris disc evolution, and the delivery of volatiles to
emerging worlds. Continued progress will rely on combining photometric and spectroscopic
searches, high precision modelling, and next-generation instruments capable of resolving
faint and transient signals. By expanding the sample of known systems and improving our
understanding of their physical and dynamical properties, exocomet research will continue
to play a central role in revealing how planetary systems form, evolve, and sustain the small
body populations that shape them.
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