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A B S T R A C T

Comet Interceptor is an ESA science mission with payload contributions from ESA Member States and with an 
international participation by JAXA. It is the first mission that is being designed, built, and potentially launched 
before its target is known. This approach will enable the spacecraft to perform the first mission to a Long Period 
Comet from the Oort Cloud, as these comets have fleeting visits to the inner Solar System lasting only months to 
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years from first discovery, too short for the usual process of mission development to be followed. In this paper we 
describe a number of factors that need to be considered in selecting a target for the mission, including scientific, 
orbital, spacecraft and instrument constraints, and discussion of different prioritisation strategies. We find that, 
in the case where we have a choice of targets, our decisions will mostly be driven by orbital information, which 
we will have relatively early on, with information on the activity level of the comet an important but secondary 
consideration. As cometary activity levels are notoriously hard to predict based on early observations alone, this 
prioritisation / decision approach based more on orbits gives us confidence that a good comet that is compatible 
with the spacecraft constraints will be selectable with sufficient warning time to allow the mission to intercept it.

1. Introduction

Comets are often considered as the best source of information 
regarding how planets formed in the protoplanetary disc (Blum et al., 
2017; Filacchione et al., 2024). However, comets are not all born equal: 
the established classification scheme (Levison, 1996) of comets distin
guishes between Ecliptic Comets (ECs), which have a quasi- 
correspondence with the group of Short Period Comets (SPCs), and 
Nearly Isotropic Comets (NICs), comprised of both the Halley-type 
comets and the Long Period Comets (LPCs). Among the latter, there 
are the subset of Dynamically New Comets (DNCs), typically with 
semimajor axis a > 104 au (also including comets on hyperbolic orbits), 
which are likely to be on their first passage into the inner Solar System. 
Since 2017, another class of cometary objects has been identified: the 
Interstellar Objects (ISOs), visitors coming from extrasolar planetary 
systems (Jewitt and Seligman, 2023). 1I/`Oumuamua, 2I/Borisov, and 
3I/ATLAS are the only members of this brand-new class identified to 
date. DNCs that are traveling towards the Sun for the first time are 
thought to be some of the most pristine remnants of planet formation 
that we can observe directly at present, having experienced no Solar 
heating since they were originally scattered into the Oort cloud as the 
planets formed. As such, they are a fundamental linkage between 
planetary systems, such as the Solar System, and our understanding of 
how protoplanetary discs form and evolve.

Only a handful of comets has been visited in-situ by space missions 
up to now (Snodgrass et al., 2024), and they are all SPCs (and all ECs 
apart from 1P/Halley, which still has a relatively short orbital period P 
of ~76 years): 26P/Grigg-Skjellerup (P ~ 5.3 years), 19P/Borrelly (P ~ 
6.9 years), 9P/Tempel 1 (P ~ 5.6 years), 81P/Wild 2 (P ~ 6.4 years), 
103P/Hartley 2 (P ~ 6.5 years), and 67P/Churyumov-Gerasimenko (P 
~ 6.4 years), the target of the highly successful Rosetta mission. The 
repeated passages through the inner Solar System, at close heliocentric 
distances, and therefore the repeated exposures to the “ageing” action of 
the Sun, make all these comets processed targets to some extent, more 
than essentially pristine bodies. The next step in the field of cometary 
science will be the new European Space Agency (ESA) (in cooperation 
with the Japan Aerospace Exploration Agency (JAXA)) cometary 
mission Comet Interceptor (CI) (Jones et al., 2024), which aims to 
investigate in situ, for the first time, the nucleus and environment of a 
LPC, preferably a DNC, or even an ISO, thus a surely less evolved object 
than SPCs.

LPCs have historically been identified from a few years to a few 
months prior to their perihelion, too short a period to enable a mission to 
be planned and launched. Therefore, another novel element of the CI 
mission will be that it is being designed, realised and will potentially be 
launched before its target is discovered. CI could wait in a parking orbit 
around the Sun-Earth L2 point, where it can station-keep with very little 
fuel, until a newly-discovered reachable comet is selected. The space
craft will depart L2 to encounter the comet at a distance from the Sun of 
~1 au, with a cruise phase of up to 3 years. The intercept will involve a 
close-approach flyby scenario using three elements: a mother spacecraft, 
spacecraft A, and smaller probes named B1 and B2 that are carried as 
payloads until shortly before the flyby and delivered to different flyby 
trajectories. This will allow the gathering of remote and in situ multi- 
point observations of the comet and its coma.

Within this general mission scenario, the target comet must still be 
discovered inbound at a relatively large distance, to give sufficient time 
to characterise its orbit and activity levels, and for the spacecraft to 
reach the encounter position. This would have been impossible a decade 
ago, when LPCs were typically discovered only a few au from the Sun, 
less than a year from their perihelion passage. Now and in the near 
future, powerful sky surveys, such as the Legacy Survey of Space and 
Time (LSST) of the Vera C. Rubin Observatory, will be able to detect and 
identify comets at relatively large distances (beyond 10 au) from the 
Sun. It is therefore possible that multiple potential targets may be 
discovered. In that case, in order to maximise the success of the mission, 
the different targets must be evaluated considering the mission’s sci
entific and technical requirements, derived both from spacecraft and 
instrument constraints. To prepare for this process, it is necessary to 
define criteria for assessing the relative merit of different candidates (if 
more than one is available).

In this paper, we present an example of the “decision process”, per
formed in order to identify a prioritisation strategy aimed at selecting 
the best possible target for the CI mission. In section 2, we describe the 
general criteria for target selection, including the constraints given by 
the mission goals, and by measurement requirements of the probes and 
instruments onboard CI. In section 3, we present the database of his
torical comets we used to exercise the selection process. Section 4 de
scribes two possible approaches to downsize the historical database and 
to identify “virtual targets” that could have been selected for a putative 
CI mission, if it had been already operating when these comets were 
accessible. The purpose of this paper is not to advocate for either of these 
prioritisation strategies, but to describe the approaches followed and the 
different results obtained by each strategy, as these illuminate the 
various trade-offs to be considered in selecting a real target. In section 5
we discuss the output of the exercise, highlighting the target parameters 
that were found to be the most important for decision making, and 
identifying the main scientific work that needs to be done in preparation 
for the actual target selection.

2. General criteria for optimal selection of the CI target

CI will encounter a comet close to 1 au from the Sun, likely at (or 
close to) its perihelion. To enable spacecraft design, a reference scenario 
was adopted by ESA for the operational phase at ~1 au, defined by a 
target with a comet activity (dust and gas production) similar to 1P/ 
Halley and nucleus diameter of 10 km, with the main probe passing at 
1000 km distance from the nucleus and probes B1 and B2 targeted to 
850 km and 400 km respectively (Kidger, 2023; Jones et al., 2024). This 
should be technically feasible (e.g. in terms of the necessary dust 
shielding to protect the spacecraft) as ESA achieved a successful flyby of 
Halley with the Giotto mission at a heliocentric distance rh = 0.89 au in 
1986 (e.g. Keller et al., 1987). As Halley is a relatively active comet (i.e. 
produces a lot of dust), and has a retrograde orbit that means a high 
encounter velocity v ~ 70 km/s, this is seen as a ‘worst case’ from an 
engineering point of view, with many high-speed dust impacts on the 
spacecraft. The real target is unlikely to be so challenging, ensuring a 
technically feasible encounter if the spacecraft is built to withstand a 
Halley-like comet. The final close approach distances for the spacecraft 
and probes could be adapted depending on the activity level of the real 
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comet (De Keyser et al., 2024a), and an ‘Engineering Dust Coma Model’ 
was constructed by the mission science team to inform scaling of flyby 
distances depending on comet activity levels and encounter velocity 
(Marschall et al., 2022). The spacecraft design therefore provides a 
limiting case for target selection – a close and high-speed flyby of a 
higher activity comet, e.g. comparable in activity level to Hale-Bopp, is 
ruled out. As such ‘great comets’ appear to be rare, this is unlikely to be 
constraining on target selection.

The following sections describe the constraints in addition to 
spacecraft survival that should be considered to make a decision be
tween multiple possible comets, should a number of ‘survivable’ ones be 
discovered at the same time. The criteria we discuss could in principle be 
quantified and weighted according to a scheme along the lines suggested 
by Vigren et al. (2023), who also considered the evolution of the se
lection criteria as the remaining mission time decreases. We here 
concentrate on the criteria themselves, leaving implementation of such 
or similar procedures for later consideration.

2.1. Operational constraints from the spacecraft

CI is expected to be launched in 2029, by an Ariane 62, in shared 
launch configuration with M4 ARIEL as prime payload. It will be 
commissioned into an injection free transfer towards a large amplitude 
quasi-halo orbit near the Sun-Earth L2 point. Halo orbits are unstable 
orbit configurations in the vicinity of the Earth, where CI can remain as 
long as necessary (at the cost of small station-keeping manoeuvres), but 
also allow for rapid departures to intercept a comet, when the oppor
tunity arises. Nevertheless, to limit operational costs, the mission life
time is limited to 6 years (CI Project Team, 2020; Jones et al., 2024), 
including launch, commissioning and insertion into the Sun-Earth L2 
orbit (2–3 months), as well as 6-months of post flyby spacecraft A op
erations for science data downlink.

CI will be equipped with a chemical propulsion system able to pro
vide a propulsive Δv of at least 600 m/s for the heliocentric transfer 
phase (Jones et al., 2024). By timing the departure from the L2 Halo 
orbit correctly, this is expected to give a total effective Δv of around 1.5 
km/s to intercept the comet (Sánchez et al., 2021). It follows from this 
Δv constraint, as well as given the costs associated with reaching out of 
the ecliptic plane, that the ascending or descending node of the 
incoming target are the most advantageous locations to intercept the 
comet (Perry, 2019). Moreover, during the cruise the spacecraft trajec
tory must remain within 0.85 < rh < 1.2 au and the interception point 
(the comet’s ascending/descending node) must be within the range 0.9 
to 1.2 au, due to both the Δv constraint (Sánchez et al., 2021, 2024) and 
thermal design limits (ESTEC Concurrent Design Facility, 2019). Further 
to Δv limits and thermal constraints, the intersection must avoid supe
rior solar conjunction with less than 10 degrees of the Sun-Earth-target 
angle or 5 degrees for inferior solar conjunctions to prevent communi
cation issues during the encounter (CI Project Team, 2020). CI will be 
capable of performing a comet flyby at distances from Earth of up to 2 
au. Beyond constraints on the encounter location, there are also re
quirements on the relative characteristics of it, particularly velocity and 
direction. These include a relative velocity that must be between 10 and 
70 km/s and a solar aspect angle (i.e., angle between the target to sun 
vector and the flyby relative velocity) between 45 and 135 degrees. 
These were selected to provide limits for spacecraft design while 
encompassing the majority of possible encounters with LPC-like orbits 
near 1 au from the Sun (Jones et al., 2024). These parameters are con
straints primarily for engineering reasons (design of dust shields to cope 
with an expected range of impact energies, and constraints on solar 
panel orientation for power), but do also have some general science 
influence: as described in the next section, a slower encounter is 
generally preferable for science, as it increases the time for data 
collection within a given distance. There is also a preference for 
approach angles from the day side to maximise the nucleus illumination 
for the lower-risk pre-CA measurements. These spacecraft constraints on 

trajectories, and therefore target choice, are summarized in Table 1.
Finally, there is a preference for encounters that are as close to Earth 

as possible. This means a higher data downlink rate after the encounter, 
as well as (typically) a shorter cruise phase and/or lower Δv, giving 
more margin. A comet closer to Earth will also normally be better placed 
for supporting ground-based observations, which can enhance the 
mission by providing contextual studies (e.g., Snodgrass et al., 2017). 
Observability during the encounter by Earth-based telescopes was 
considered during the prioritisation exercise but not used as a reason to 
select or de-select comets.

2.2. Operational, scientific and performance constraints from instruments 
on board

To fulfil the mission Science Objectives, a suite of 10 instruments 
have been selected to compose the CI payload: 4 onboard spacecraft A, 3 
onboard probe B1, 3 onboard probe B2 (for details, see Jones et al., 
2024). This section describes preferences and constraints from the in
struments, from both a performance and an operability point of view, to 
assure the best science return from a hypothetical target candidate. The 
high-level input from each instrument team is summarized in Table 2. 
More detailed reasoning for these preferences is given below for some of 
the instruments and sensors:

The Mass Analyzer for Neutrals in a Coma (MANiaC) instrument on 
spacecraft A will measure the composition of the gas coma. For target 
selection it provides a constraint on gas production rate Q: the higher the 
Q, the better for the instrument performance, as the better signal-to- 
noise ratio it will achieve in the available measuring time. A gas pro
duction rate (irrespective of the gas) of Q = 1026 molecules/s will be 
barely detectable even for the most dominant species, providing a lower 
limit for the preferred activity level of the target comet. To measure the 
D/H isotopic ratio, a water production rate QH2O of at least a few times 
1028 molecules/s will be required. This instrument will also get better 
results with a lower speed flyby, preferably below 50 km/s and ideally 
below 40 km/s.

The Cometary Plasma Light Instrument (COMPLIMENT) within the 
Dust, Field and Plasma (DFP) suite on spacecraft A measures the electric 
field, sub-micrometer cometary dust, and plasma environment around 
the comet and has preferences on (i) the outgassing rate, (ii) the flyby 
velocity, (iii) the cometary dust flux and (iv) heliocentric distance at the 
time of the encounter: (i) To improve signal-to-noise, the outgassing rate 
should be as large as possible (De Keyser et al., 2024b). (ii) To improve 
scientific return and reduce risks, the cometary flyby speed should be as 
low as possible. A lower speed increases the measurement spatial reso
lution for the given fixed time resolution of the instrument, decreases the 
risk that cometary dust impacts damage the COMPLIMENT sensors, and 
decreases the risk that secondary electron emission from cometary 
neutral impact on the spacecraft generates a spurious electron cloud 
around the spacecraft thus blinding COMPLIMENT and other plasma 
instruments (Bergman et al., 2023). (iii) To ensure integrity of the sen
sors, the cometary dust flux shall be small enough to avoid destructive 

Table 1 
Spacecraft constraints on trajectories and comet activity level that limit target 
choice.

Parameter Minimum Maximum Units

Heliocentric distance at encounter 0.9 1.2 au
Heliocentric distance during cruise 0.85 1.2 au
Geocentric distance at encounter – 2 au
Sun-Earth-Comet angle at encounter 5–10 – degrees
Solar aspect angle at encounter 45 135 degrees
Relative velocity at encounter 10 70 km/s
Total effective Δv (including L2 Halo orbit 

departure)
– ~1.5 km/s

Comet dust environment – Halley- 
like

–
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impacts on the sensors during the flyby. (iv) All other things being equal, 
a further selection criterion would be the heliocentric distance of the 
encounter. For COMPLIMENT and other plasma instruments, it is 
important to intercept the comet as close to the Sun as possible (within 
the range accessible by CI) since (a) the gas production rate then tends to 
be higher, and (b) the ionization rate is larger, thus enlarging the comet 
magnetosphere and enhancing the science return.

The Comet Camera (CoCa – the high resolution imaging instrument 
on spacecraft A) has a preference on the flyby encounter velocity v: the 
slower the v, the better for the instrument performance, as this gives 
more time to collect images and will allow individual exposure times to 
be longer without smearing.

The B1 probe and its instrument suite (provided by JAXA) provided a 
merged list of preferences, covering spacecraft navigation and survival 
as well as instrument measurements, that could influence target selec
tion strategy: the selected comet should have a total gas production rate 
Qgas > 1028 molecules/s, and preferably QH2O > 1028 molecules/s for the 
Hydrogen Imager (HI) instrument; the flyby velocity should ideally be 
slower than v = 50 km/s; there should be no evidence that the comet is 
going to disrupt; to avoid an unexpectedly harsh dust environment there 
should be no evidence of frequent outbursts during the inbound orbit 
and the comet should not be too “dusty” – the latter is defined as a 
limiting dust-to-gas ratio of log(Afρ[cm]/QH2O [molecules/s]) < − 25; 
for on-board navigation, the total apparent magnitude of the target as 
seen by the spacecraft after B1 separation should be brighter than 5th 
magnitude. This also translates into a preference for larger and/or more 
active comets.

The FluxGate Magnetometer on probe B2 (FGM–B2), part of the 
Dust, Field and Plasma (DFP) suite, has a preference on the encounter 
speed which depends on the gas production rate. One key science goal is 
to identify the location of the bow shock (formed for high enough out
gassing (Koenders et al., 2013)). This requires that probe B2 is released 
before the inbound crossing of the bow shock. For an activity level 
similar to the Giotto flyby of 1P/Halley (Qgas = 7 × 1029 molecules/s), 
the bow shock would be encountered at B2 deployment (currently ex
pected to be 20 h before Closest Approach (CA)) for v = 16 km/s. FGM- 
B2 has 3 h-calibration planned in the solar wind, hence upstream of the 
bow shock. Including this calibration period after B2 release would 
require v > 20 km/s. The lower limit for v depends on Qgas, decreasing/ 
increasing for lower/higher Qgas (De Keyser et al., 2024b). The operation 
requirement would relax if the period from B2 deployment to CA is 
increased.

Another FGM-B2 science goal is to detect the diamagnetic cavity. Its 
highly variable outer boundary was detected by Rosetta at comet
ocentric distances between 200 and 400 km at Qgas = (3–5)x1028 mol
ecules/s in the terminator plane (Goetz et al., 2016). Its detection by 
FGM–B2, onboard B2 whose CA is currently planned at 400 km, would 

require Qgas > 5 × 1028 molecules/s. This value would decrease for 
reduced CA distances of B2. If this is not fulfilled, FGM-B2 may lose the 
detection of the diamagnetic cavity (assuming the outgassing is high 
enough to have it formed), but would still be able to provide key mea
surements for the other regions.

One of the important features of CI is its ability to perform multi- 
point measurements, to disentangle spatial and temporal variations. 
This is particularly valuable for the study of the interaction between the 
Sun, its solar wind, and the target comet. In addition to FGM-B2 there 
are magnetometers on spacecraft A (FGM-A) and on probe B1 (MAG). B1 
will be released from spacecraft A first, followed by B2. B2 will make the 
closest approach to the nucleus, followed by B1, and spacecraft A will 
have the most distant flyby. A comet with a large outgassing rate would 
ensure crossing both the bow shock and the diamagnetic cavity with 
spacecraft A (Edberg et al., 2024). In the case of a low flyby velocity, it is 
very unlikely that probe B1 is released downstream of the bow shock, 
even if probe B2 is (De Keyser et al., 2024b), so that at least two-point 
measurements are likely ensured. In the case of a target comet with a 
high outgassing rate, probabilities for probe B2 of crossing the 
diamagnetic cavity are substantial.

2.3. Dynamical constraints

The mission goal is to encounter a LPC, preferably a DNC, or an ISO. 
The latter is expected to be unlikely, given the relative rarity of ISOs 
passing within a reachable range for the spacecraft and the likely short 
warning time, but even the remote possibility of encountering a body 
from another star system is scientifically exciting. The timescales 
whereby the objects of highest interest, ISOs and DNCs, can be identified 
as such are likely very different. For the first ISO discovered in our solar 
system (1I/’Oumuamua), observations on an orbital arc of about 2 
weeks were sufficient to unambiguously verify a strongly hyperbolic 
trajectory and a high relative velocity with respect to the Solar System, 
giving solid evidence of its interstellar origin (Meech et al., 2017). The 
interstellar nature of the second and third ISOs was recognised even 
quicker than this (only a few nights of observation; Guzik et al., 2019; 
Seligman et al., 2025).

On the other side, once a new LPC is discovered, timescales to 
discriminate, based on astrometry, between being dynamically “new” (i. 
e., on its first passage inside our Solar System, directly coming from the 
Oort cloud) or “returning” are much longer. An accuracy of the order of 
10− 5 is needed on its eccentricity for this. This typically translates into 
needing a ~ 1 year of arc to have an indication, and ~ 2–3 years of arc to 
be reasonably sure, consistent with the findings of Krolikowska and 
Dybczynski (2020). A comet’s activity pattern could also indicate the 
likelihood of a comet being a DNC (Holt et al., 2024; Lacerda et al., 
2025), but this would also take months to years of observations.

Table 2 
Summary of preferences for target selection from all instruments (listed by spacecraft/probe). Numeric values given where possible, or ‘high/low’ when there is a 
preference but no limiting value provided.

Instrument Type Max. v  
km/s

Min. Qgas 

molec./s
Min. QH2O 

molec./s1
Dust/ 
gas 
Afρ/ 
QH2O

Other preferences

A CoCa Vis. camera low – – low Flyby distance needs to be compatible with phase angle coverage.
A MANiaC Neutral mass spectrometer 40–50 1028 - 1029 1028 – Flyby as close as possible.
A MIRMIS IR Camera & spectrograph low 5 × 1028 – – –
A/B2 DFP Dust, fields & plasma 

package
50 1028 - 1029 – low Flyby on the sunward side. rh low. Min. v and max. Flyby distance 

depend on Qgas.

B1 PS Magnetometer & ion mass 
spec.

50 1028

–

< 10− 25 A larger nucleus is better.B1 HI UV camera 1028

B1 NAC/ 
WAC

Vis. cameras –

B2 OPIC Vis. camera – high – – Close flyby. A larger nucleus is better.
B2 EnVisS Polarimeter – – – high –
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2.4. Predictability of comets

The main difficulty for an optimal target selection is connecting what 
is known about comets’ properties when they are at rh ~ 10 au (dis
covery distance) to what the comets properties will be at rh ~ 1 au (CI 
encounter distance). In general, at large heliocentric distance the first 
parameter that gives some hints on a comet’s properties is its appearance 
– as a bare nucleus, or with a compact but detectable coma, or with 
extended coma and tail(s). The detection of activity in comets at rh ~ 10 
au and beyond is currently quite rare (e.g., Mazzotta et al., 2010; Jewitt 
et al., 2019a, 2019b; Hui et al., 2019; Farnham, 2021), and it is even 
rarer to have monitoring of a comet’s activity, both for dust and gas, 
over large heliocentric distance ranges. The total brightness of distant 
cometary targets is measurable only with the largest telescopes, and 
recent works (e.g., Holt et al., 2024) confirm that real comets do not 
necessarily follow a simple brightening law with a single slope at all 
distances, and that one should be very careful in making a prediction 
based on, e.g., 6-months of data at large heliocentric distance. Just 
extrapolating the activity index (Whipple, 1992) from the measurements 
at large heliocentric distance to perihelion, might be misleading: e.g., 
the DNC C/2020 R7 (ATLAS) was monitored starting around rh ~ 7 au 
pre-perihelion and first exhibited an activity increase while approaching 
the Sun, then plateaued at ~5 au (Lister et al., 2022). Therefore, it is 
quite difficult to make reliable predictions on how a putative target, 
ideally selected beyond 10 au, will behave at the time of CI encounter: 
the mechanisms driving stalling, disintegration (see e.g. Jewitt, 2022), 
colour changes, and outbursts (and the possible differences among 
returning and dynamically new comets) are still poorly known. Holt and 
Snodgrass (2025) introduced an empirical description of the non-linear 
brightening of LPCs at large distances, which can give a better statistical 
prediction but is still limited when considering the behaviour of an in
dividual comet. Full thermophysical models (e.g., Meech and Svoren, 
2004; Bufanda et al., 2023) can predict activity levels but require as
sumptions on many parameters that will not be known for a newly 
discovered comet. The “probabilistic tail model” of Fulle et al. (2022)
that was applied to the interstellar comet 2I/Borisov (Cremonese et al., 
2020) can, in principle, be used to investigate how comets evolve before 
the onset of water-driven activity, but also has its own built-in as
sumptions on how comets work. The difficulties in predicting cometary 
activity translate into a strong preference for a pre-perihelion encounter 
for CI. As well as lower uncertainty in the extrapolation of activity levels, 
this also minimises uncertainties in the spacecraft trajectory (and Δv 
needed to make corrections on approach) due to unknown non- 
gravitational forces changing the comet’s orbit, and the risk that the 
comet may disintegrate before CI arrives.

For the purposes of performing a prioritisation exercise, we collected 
a list of historic comets and all known information on all of them, but we 
note that most of the observed parameters (e.g. composition, activity 
levels) were measured as they passed through the inner Solar System, 
and would not have been known in advance. This was a deliberate 
choice for the exercise of prioritisation – to decide which comets we 
would have preferred with the benefit of hindsight, and then to think 
about how we could have made such a decision with the information 
that would have been available at the time the comets were discovered.

3. List of historical comets

As a starting point to learn how to draw an informed decision on the 
best target to select, we compiled a list of historical comets that would 
have passed within the space potentially accessible to CI, had it been 
operating at the time: if all these comets were to arrive at once in the 
2030s, which would be the best to choose, given all the possible scien
tific, operational, and instrumental constraints above?

The list started with definition of the criteria listed in Table 3 to 
select known historical comets from the JPL Horizons database (https 
://ssd.jpl.nasa.gov/horizons/), where orbit fit quality codes range 

from 0 for most constrained orbits to 9 for the least constrained orbits, 
and the node crossing distance was calculated from the orbital elements 
available in the database. The limits on perihelion distance and node 
crossing were deliberately chosen to be a bit broader than the real 
mission limits of 0.9 < rh < 1.2 au at comet flyby, in order to increase the 
number of targets considered, and to avoid missing any interesting cases 
that could have been just outside of the nominal limits but perhaps 
possible following more detailed analysis. The result was a list of 132 
comets, the earliest being comet C/1898 F1 (Perrine) and the most 
recent being comet C/2023 R2 (PANSTARRS). The majority in the list 
were discovered in the past couple of decades, in the era of large sky 
surveys (Fig. 1). These comets make up the “historical database”.

For each comet in the historical database the following information 
was collected: 

A. (for all comets) orbit information from JPL Horizons; in partic
ular, eccentricity e, perihelion distance q, inclination i, longitude 
of the ascending node, argument of perihelion, aphelion distance 
(where defined), time of perihelion, number of observations used. 
We also included the calculated heliocentric distance of the 
ascending and descending nodes in the database;

B. (for all comets) JPL fits to brightness evolution (absolute 
magnitude M1 and magnitude slope parameter K1); the use of the 
M1 magnitude as a proxy for the total brightness of the comet at 1 
au is approximate, but generally OK as mostly these historic 
comets have been observed near 1 au. As stated above, extrapo
lation from early data for a comet discovered at a larger distance 
is riskier since real comets do not necessarily follow a simple 
brightening law with a single slope at all distances.

C. (for all comets) re-analysis of MPC data on magnitude and slope 
parameter and comparison with JPL Horizon data, separating 
inbound and outbound arcs and removing outliers. This more 
robust treatment confirms some trends and highlights limitations 
from the analysis from point B (Lacerda et al., 2025).

D. (for all comets) retrieval of the 1/a0 parameter (taken from the 
Nakano notes website: https://www.oaa.gr.jp/~oaacs/nk.htm1), 
where a0 is the original semimajor axis prior to gravitational in
teractions in the inner solar system, to derive the level of “nov
elty” of a comet’s passage in the Solar System. We used 1/a0 to 
estimate that the comets had orbits that were “hyperbolic/un
bound” (1/a0 < 0, 15 comets), dynamically new (0 < 1/a0 < 10− 4 

au− 1, 21 comets), “intermediate” (10− 4 au− 1 < 1/a0 < 0.002 
au− 1, 21 comets), and returning (1/a0 > 0.002 au− 1, 35 comets).

E. (for 24 comets) nucleus size, as derived by photometry, light
curves, or estimates based on gas production rates (Groussin 

Table 3 
Parameters used to select suitable comets from the JPL Horizons database.

Parameter Minimum Maximum Units

Perihelion distance – 1.5 au
Aphelion distance 100 (or undefined) – au
Data-arc span 30 – days
Total number of observations 30 – –
Orbit fit quality code – 5 –
Comet absolute magnitude (M1) defined – mag.
Comet total magnitude slope (K1) defined – –
Node crossing heliocentric distance 0.7 1.5 au

1 1/a0 values are available from three places: MPC, Nakano Notes, and the 
CODE Catalog (Krolikowska and Dybczynski, 2020). The CODE Catalog has the 
most robust dataset, but is available for many fewer objects since it requires 
long orbital arcs (typically at least 2 years). In order to get 1/a0 values for as 
many of our objects as possible under the same system, we elected to use 
Nakano Notes, which Holt et al., 2024 found to better replicate the CODE 
Catalog than the MPC.
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et al., 2010; Lis et al., 2019; Lamy et al., 2004; Bauer et al., 2017; 
Betzler et al., 2020; Jewitt, 2022).

F. (for 31 comets) water production rate, in some cases measured 
both at perihelion and at ascending or descending node, from 
observations of H Lyman-α (Combi et al., 2019, 2021), OH in the 
UV (e.g., Schleicher and Osip, 2002; Schleicher et al., 2002; 
Opitom et al., 2015a, 2015b; Bair et al., 2018;) or radio (Crovisier 
et al., 2002), or H2O directly in the infra-red (Dello Russo et al., 
2016; Lippi et al., 2020, 2021, 2023) or sub-mm (Lecacheux 
et al., 2003; Biver et al., 2007, 2009, 2016, 2024).

G. (for 50 comets) information on coma abundances and composi
tion, such as e.g. molecular ratios HCN/H2O, CO/H2O, CH3OH/ 
H2O, C2/CN, C3/CN… (mostly taken from Robinson et al., 2024, 
collating literature values from Opitom et al., 2016, Bodewits 
et al., 2011, Dello Russo et al., 2016, Cochran et al., 2012, Fink, 
2009, Langland-Shula and Smith, 2011, Lippi et al., 2021, Har
rington-Pinto et al., 2022).

H. (for the 84 comets discovered from 2000 only, due to availability 
of suitably formatted orbit data) “feasibility study” for CI mission. 
A Δv < 1.5 km/s is considered feasible, based on the minimum 
fuel anticipated and the correct timing of departure from the 
parking orbit (Sánchez et al., 2024). For feasible comets (35), the 
latest departure date and the relative flyby velocity has been 
computed, the latter being mostly dependent on orbital inclina
tion: retrograde comets have faster encounter velocity. The he
liocentric distance and the predicted JPL magnitude (the comets’ 

predicted apparent visual total magnitude from simple extrapo
lation of the JPL M1/K1 fit to larger distances) at the latest de
parture date and 6 months before departure have also been 
considered for “feasible comets”.

I. (for 11 comets) information on whether or not the comet survived 
perihelion passage (mostly from Sekanina, 2019, with a handful 
of other comets known to have disrupted noted). Comet disrup
tion is generally unpredictable, but is observed to be more likely 
in comets with small perihelion distance and high M1, i.e., faint 
and, presumably, small ones (Bortle, 1991). Jewitt (2022) also 
found that smaller comets were more likely to disrupt.

Figs. 2 and 3 illustrate some parameters for the historical comets 
described above, derived from the JPL Horizon database. The absolute 
magnitude distributions in Fig. 2 show a skew towards brighter comets, 
which is likely due to discovery biases, but it is notable that this persists 
when only considering comets found in the modern (post-2000) survey 
era. This implies that when restricting our analysis to only those comets 
with feasibility analysis (i.e., the post-2000 ones) we do not sample a 
very different population. With a couple of notable exceptions (C/1995 
O1 (Hale-Bopp) and C/2007 E2 (Lovejoy)), the distribution of mea
surements of Afρ/QH2O, i.e. the measured dust-to-gas ratio in the coma, 
is tightly clustered around the median 1.37 × 10− 26. This means that the 
vast majority of these comets are compatible with the B1 probe’s pref
erence to avoid a very dust-rich comet (see section 2.2), although it is 
worth noting that some of the brightest comets observed are outliers.

Fig. 1. Year of discovery of the 132 comets of the “historical database”.

Fig. 2. Distribution of absolute magnitudes M1 (as derived from JPL Horizon database) for all comets in the historical database (left) and for the subset of recent 
discoveries, i.e. since the year 2000 (right).
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4. Criteria for target selection

The primary goal of CI is to study a new(er) comet, i.e., a body which 
is (more) pristine compared to an object that passed through the inner 
solar system several times. Reaching this goal (based essentially on an 
optimal target selection) will enormously increase the scientific output 
of the mission and will give breakthrough results in comet science. 
Following this primary goal, on the basis of the “historical database” 
described above, we defined two alternative approaches on the selection 
criteria for the purposes of our exercise: 

• “science first” approach: following this idea, the historical database 
was screened on the basis of the known properties of each comet, and 
on what could have been extrapolated at the time of encounter, to 
leave a shortlist of preferred comets that could then be investigated 
as feasible/not feasible targets for the mission.

• “feasibility first” approach: following this idea, the historical data
base was screened first on the basis of “feasibility” to consider only 
comets that could be reached by CI, based on a simplified mission 
analysis (see point H in the description of the database above), and 
only after that on “scientific” priorities. It should be noted that this 

simple analysis of feasibility does not guarantee (or rule out) the 
possibility that the real mission could have reached these comets, but 
is a useful approximation. For real targets being considered, ESA will 
perform a detailed mission analysis as a prerequisite to the final 
target selection.

Both strategies allowed us to narrow down the historical database by 
removing targets that were considered less favourable, giving a shortlist 
to be considered in more detail. It should be noted that both approaches 
actually mix both scientific and operational constraints to make the 
selection, but the broad descriptions of “science first” vs “feasibility 
first” are used as helpful shorthand to label them. “Scientific” constraints 
include information on the orbital parameters of the comet, which will 
be known at least approximately at discovery, and on the physical pa
rameters, which will very likely require further characterisation obser
vations after the discovery. The real mission target selection will be done 
by considering any potential target individually, rather than following 
either of these strategies: the point of this exercise was to identify the 
most critical parameters to consider and the effects of making different 
cuts to our initial database.

4.1. Approach 1 – science first

Starting from the list of 132 historical comets, the following subse
quent steps have been undertaken: 

1) Cut everything that is not dynamically new / unbound or is un
known. 47 comets left.

2) Filter away everything for which the encounter is outbound (only 
comets with encounter before perihelion are kept). 37 comets left.

3) Filter by inclination of the orbit, to remove everything that is 
retrograde (i > 90◦) and therefore has a higher encounter velocity. 23 
comets left. As the inclination distribution of new comets is not more 
isotropic than that of intermediate or old comets (Lacerda et al., 
2025), this criterion does not impact the odds of picking a DNC.

4) Filter on brightness, as a proxy for total activity level (assuming 
similar dust/gas ratios, and that brighter comets have more of both), 
with brighter (more active) comets preferred for in situ measure
ments. The important question in this step is which is the best 
parameter for brightness, i.e. if the M1 parameter from JPL could be 
considered a reliable proxy of intrinsic brightness. Lacerda et al. 

Fig. 3. Information on the observed dust-to-gas ratio available for comets in 
the historical database.

Fig. 4. For comet C/2003 T4 (LINEAR), position on its orbital arc (black continuous line) with some vertical lines showing notable dates: perihelion date (red 
dotted), discovery date (yellow continuous), latest departure date (Ldd) as derived by means of the feasibility study (black short-dashed), and some critical dates 
before the latter: 6 months (green dot-short-dashed), 1 (light blue long-dashed), 2 (blue dot-long-dashed), and 3 years (purple double-dot-long-dashed) before Ldd. 
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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(2025)’s recalculations based on MPC data were used to provide 
different levels of “goodness” based on the quality of data used to 
retrieve the value. This step demonstrates a crucial, still open ques
tion on how accurately we can predict a comet’s brightness, and 
consequently how reliably we can set a brightness-based selection 
criterion. The adopted criterion was to remove comets which are 
fainter than JPL M1 = 10 mag (the exact value for the cut could be 
refined in future studies). 9 comets left. It is worth mentioning that 
with this criterion C/2004 Q2 (Machholz) and C/2013 R1 (Lovejoy) 
were removed from the list despite being quite active with known 
(high) gas production rate, but faint M1, demonstrating a weakness 
in the assumption of equal dust/gas ratios.

The following criteria for further reduction were considered but not 
applied: 

1) Gas production rate (or better, the availability of gas production rate 
information). However, this information will not be available for 
many (if any) comets at the distance/time of decision. In particular, 
no water production rates will be known at rh ~ 10 au when the 
decision could be expected to be taken, assuming a choice between 
comets with many years warning time pre-encounter.

2) Composition, where there is no clear preference for one type or 
another, so this isn’t a very helpful criterion. It is also important to 
remember here that very likely no comparable composition infor
mation will be available when the actual selection decision shall be 
done. The expectation is that there will be a minimum of 6 months 
between discovery and departure. This should give some time to 
make observations at large telescopes to acquire information about 
composition and outbursts at large heliocentric distance (which is 
more a safety than a science requirement).

3) Feasibility, meaning that this comet could be reached by CI accord
ing to a simplified mission analysis, based on the minimum available 
Δv, calculated using the approach described by Sánchez et al., 2021. 
Unfortunately this analysis was not available for all the remaining 
comets. Incidentally, for 5 out of the 9 remaining comets that have 
been investigated in this sense, only one is feasible.

It is worthwhile to underline that the first cuts were done on orbit 
parameters, and then cuts had to be done on observables (e.g. M1 
magnitude), with the problem that it is still not clearly established which 
of those measured parameters are reliable and which are not. The first 
three cuts, on orbit parameters alone, are based on information that will 
be likely known soon after discovery (with the caveat that the question 
of new/returning may take longer to assess, as discussed in Section 2.3).

The remaining 9 comets flagged after this approach were sorted on 
brightness. Table 4 summarises their main orbital parameters and, when 
available, some information on physical properties and feasibility. The 
brightest comet in the sample is C/2011 Q2 (McNaught), a comet flag
ged as dynamically “unbound”, which on the other hand has no 

information available on physical properties (nucleus size and compo
sition) and gas production rate, and moreover is flagged as “unfeasible” 
from the mission point of view, due to its node crossing being almost 1.5 
au, well outside the nominal 1.2 au limit reachable with conservative 
estimates about the available fuel. By chance, most of the 9 comets have 
relatively large node crossing distances (Table 4) and are not feasible for 
this reason. For less than half of the comets in the sample there is some 
physical information available, and the only “feasible” comet – C/2003 
T4 (LINEAR) – is not among them. This latter comet is an “intermediate” 
target (1/a0 = 3.4 × 10− 4 au), which was discovered on 15-Oct-2003 
when it was at rh = 6.5 au on its inbound orbital branch (McGaha 
et al., 2003).

4.2. Approach 2 – feasibility first

Starting from the list of 132 historical comets, the following subse
quent steps have been undertaken: 

1) cut on feasibility: remove all comets that are either not feasible or 
those whose feasibility had not been tested (as they were discovered 
before the year 2000). 28 comets left.

2) cut on class: remove all comets that are not dynamically new (or for 
which this parameter is unknown). 17 comets left.

3) Cut on orbit: among the remaining comets, the preference is for “new 
+ unbound” rather than “intermediate”. 6 comets left.

4) Cut on brightness. The same criterion of strategy 1 has been adopted 
to remove comets which are fainter than 10 mag based on M1 from 
JPL (the exact value for the cut shall be refined). 3 comets left.

The remaining 3 comets flagged after this approach are therefore 
sorted on brightness. Table 5 summarises their main orbital parameters 
and, when available, some information on physical properties and 
feasibility. The M1 parameter is rather faint (~8) for all the 3 comets, 
quite comparable to the M1 value for the only feasible comet obtained as 
output from approach 1; the brightest target of the sample – C/2001 Q4 
(NEAT) – is a new comet (1/a0 = 6.0 × 10− 5 au), which was discovered 
on 24-Aug-2001 when it was at rh = 10.1 au on its inbound orbital 
branch (Pravdo et al., 2001). The other two comets – C/2008 A1 
(McNaught) and C/2013 US10 (Catalina) – are also new comets (1/a0 =

1.0 × 10− 4 au and 1/a0 = 5.23 × 10− 5 au, respectively). They were 
discovered on 2008-Jan-01 at rh = 3.74 au on its inbound orbital branch 
(McNaught et al., 2008) and on 2013-Oct-31 at rh = 8.31 au on its in
bound orbital branch (Honkova et al., 2013), respectively.

The two approaches do not come to the same conclusions on the best 
comets as the ‘best’ ones from the ‘science first’ approach were mostly 
not feasible, so were rejected at step 1 of the ‘feasibility first’ approach. 
This was a result of our deliberate choice to consider a wider range of 
node distances (and therefore more real comets) for this exercise than 
are feasible for the nominal fuel load of the real mission. The three best 
ones from the second approach were rejected at steps 2 and 3 of the 

Table 4 
Summary of the main orbital parameters and, when available, information on physical properties and “feasibility” (based on a simplified analysis) of the 9 comets that 
were identified using approach 1 for the target selection criterion, sorted by JPL M1 absolute magnitude.

Comet e q 
[au]

Oort group i 
[◦]

Node rh 

[au]
M1 Info on composition Feasibility

C/2011 Q2 (McNaught) 1.0001 1.35 UNBOUND 36.87 1.48 4.7 Not feasible, node out of range
C/1978 H1 (Meier) 1.0008 1.137 New 43.76 1.40 5.1 Yes Not tested, but likely not feasible, node out of range
C/1915 C1 (Mellish) 1.0003 1.005 Intermediate 54.79 1.46 7.6 Not tested, but likely not feasible, node out of range
C/2021 S3 (PANSTARRS) 0.9999 1.32 New 58.53 1.32 8.1 Not feasible, node out of range
C/1985 R1 (Hartley-Good) 0.9999 0.695 Intermediate 79.93 1.32 8.5 Yes Not tested, but likely not feasible, node out of range
C/2014 Q2 (Lovejoy) 0.9978 1.29 Intermediate 80.3 1.31 9.1 Yes Not feasible, node out of range
C/2003 T4 (LINEAR) 1.0005 0.85 Intermediate 86.76 0.85 9.2 Feasible, v = 55 km/s 

(but rh too low)
C/2014 Q1 (PANSTARRS) 0.9997 0.315 Intermediate 43.11 1.26 9.7 Not feasible, node out of range
C/1995 Y1 (Hyakutake) 1.0003 1.055 UNBOUND 54.47 1.25 9.9 Yes Not tested, but likely not feasible, node out of range
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‘science first’ approach, because they were either post-perihelion en
counters (C/2008 A1) or retrograde orbits (C/2001 Q4 and C/2013 
US10). It is worth noting that C/2013 US10, while ‘feasible’ in terms of 
being reachable within the Δv and time-of-flight limits of the simplified 
analysis, would have an encounter velocity (76 km/s) outside the 
spacecraft limits (70 km/s). Both C/2013 US10 and C/2003 T4 (the 
‘feasible’ comet from the ‘science first’ approach) have node crossings 
(and therefore encounters) at rh = 0.85 au, closer than the expected 0.9 
au limit. Whether or not these comets could actually be reachable by CI 
would need to be studied carefully by ESA. This illustrates the impor
tance of considering each of the parameters we used in the two ap
proaches individually for any real potential target; few comets are likely 
to have ideal values in all categories and trade-offs will have to be made. 
The point of this exercise was to identify what these key parameters and 
trade-offs are.

5. Discussion

The two different approaches described in the previous section gave 
as output four comets (one from approach 1 and three from approach 2), 
which we defined as “preferred historical targets”. This doesn’t mean 
that only 4 comets in 40 years would have been available for a mission 
like CI, but that these are the best ones for the mission that resulted from 
a prioritisation exercise based on our chosen criteria, from the subset of 
those which have enough historical observations to apply our criteria to 
filter. The goal of the exercise was not to get the statistics of how many 
potential targets have been observed but rather to study the criteria 
needed to make the CI target decision.

For each of the four comets, we can compare their measured prop
erties with the mission and instrument requirements and preferences 
listed in Tables 1 and 2. The compatibility with the mission rh and v 
requirements was discussed above. Only C/2008 A1 satisfies the desired 
v < 50 km/s limit from the instrument teams, although C/2003 T4 and 

C/2001 Q4 were not far beyond it (55 and 57 km/s, respectively). Water 
production rates were measured near rh = 1 au for all four and range 
from 1028 to 2.4 × 1029 molecules s− 1, meeting the requirements for in 
situ observations, with C/2001 Q4 having the highest rate. Only C/2001 
Q4 has a measured dust-to-gas ratio, with Afρ/QH2O = 1.3 × 10− 26 (Fink, 
2009), compatible with the limits on this parameter. This ratio and gas 
production imply an Afρ ~ 3000 cm, or an order of magnitude lower 
dust production than Halley, suggesting that a closer than nominal flyby 
would have been possible for this comet; this would likely be limited by 
the maximum angular rate of the tracking mirrors rather than concerns 
about dust impacts. Nucleus radii were estimated from observations for 
C/2008 A1 (~4 km; Bauer et al., 2017) or from models for C/2001 Q4 
and C/2013 US10 (2.7 and 2 km, respectively; Jewitt, 2022). For the 
nominal flyby distances of the three spacecraft and probes, these would 
give images at closest approach with at least 500, 250, 64, 22 and 15 
pixels across the nucleus for CoCA, NAC, OPIC and the short and long 
wavelength channels of MIRMIS, respectively.

Regarding feasibility of a mission to these targets, Figures 4, 5, 6 and 
7 summarise data on each comet’s position on its orbital arc at discovery 
date, latest departure date (Ldd) and some critical dates before the 
latter: 6 months, 1, 2, and 3 years before Ldd. This is needed to derive 
where (and with which brightness) the comets should have been 
discovered and from when they should have been characterised, in 
anticipation of an encounter, to have enough time to discriminate its 
nature (interstellar, new, or returning), derive its main characteristics, 
and make reliable predictions on their evolution until the encounter.

It is notable that given the typical cruise durations of 1–3 years, the 
comets are often still at large distance from the Sun at the Ldd. Three of 
the four preferred historical targets would require a departure when the 
comet was still well beyond the water ice sublimation region, and the 
fourth was still at 4 au so barely in this region, so it would be impossible 
to measure QH2O directly before a decision would have had to be made. 
While high gas production rate is a clear preference for most science 

Table 5 
Summary of the main orbital parameters and, when available, information on physical properties and “feasibility” (based on a simplified analysis) of the 3 comets that 
were identified using approach 2 for the target selection criterion, sorted by JPL M1 absolute magnitude.

Comet e q 
[au]

Oort group i 
[◦]

Node rh 

[au]
M1 Info on composition Feasibility

C/2001 Q4 (NEAT) 1.0007 0.962 New 99.64 0.96 8 Yes Feasible, v = 57 km/s
C/2008 A1 (McNaught) 1.0002 1.073 New 82.55 1.08 8.1 Feasible, v = 46 km/s
C/2013 US10 (Catalina) 1.0003 0.823 New 148.88 0.85 8.4 Yes Feasible, v = 76 km/s  

(but too fast, and rh too low)

Fig. 5. Same as Fig. 4, for comet C/2001 Q4 (NEAT).
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measurements by the mission, we will only (possibly) have detections of 
more volatile species like CO and CO2, and will need to use models to 
extrapolate to total (water dominated) gas production rate at the loca
tion of the encounter, near rh = 1 au. Direct observation of primary 
volatiles in comets at large distance is now possible with JWST, but the 
example of C/2024 E1 (Wierchzos), discovered at 8 au after our exercise 
was conducted, and observed by JWST as a “CI-like” comet that will 
reach a perihelion inside 1 au, shows that water production was not 
detected at rh = 7 au (Snodgrass et al., 2025). Typically, a decision on a 
target would need to be made with the comet further away than that. 
Our historical cases show that the brightness evolution (characterised by 
predicted M1 magnitude) does not always predict the water production 
rate well, although on average these do correlate (Jorda et al., 2008).

We also note that the use of the JPL M1 magnitude to represent total 
magnitude at 1 au is a simplification. Lacerda et al. (2025) showed that, 
for well observed comets in the modern survey era, reliable predictions 
can be found from the diverse photometry submitted to the Minor 
Planets Center, but there are significant outliers, and the automatic JPL 
fit to this photometry does not perform the careful selection and 
weighting that is required. The value of the M1 parameter listed in Ta
bles 4 and 5, taken from the JPL database, does not always accurately 

reflect the total brightness of the comet. It should be noted that this 
discrepancy does not affect the discussion on the criteria to be used for 
selecting the target. A different parameter to describe the expected 
brightness of the comet (e.g. the heliocentric average total magnitude 
measured at 1 au) might be more suitable and more reliable but was not 
available for all comets in our historic database. The predicted / 
extrapolated JPL magnitudes at critical dates defined above are sum
marized in Table 6 but are subject to the same caveats. Using the 

Fig. 6. Same as Fig. 4, for comet C/2008 A1 (McNaught).

Fig. 7. Same as Fig. 4, for comet C/2013 US10 (Catalina).

Table 6 
Heliocentric distances and JPL visual magnitude of the “preferred historical 
targets” at critical dates: at discovery, at the latest departure date given by 
feasibility analysis (Ldd), at Ldd minus 6 months, minus 1, 2, and 3 years before 
Ldd.

C/2003T4 C/2001 Q4 C/2008 A1 C/2013 US10

Discovery 6.5 au, 18.7 10.1 au, 19.7 3.7 au, 16.3 8.3 au, 18.8
Ldd 6.3 au, 18.4 4.2 au, 15.4 7.9 au, 21.6 8.7 au, 18.9
Ldd – 6 months 7.8 au, 19.9 6.0 au, 17.2 9.3 au, 22.7 10.1 au, 20.1
Ldd – 1 year 9.3 au, 20.4 7.6 au, 18.4 10.7 au, 23.5 11.4 au, 20.3
Ldd – 2 years 11.9 au, 21.7 10.4 au, 20.0 13.1 au, 24.9 13.8 au, 21.3
Ldd – 3 years 14.3 au, 22.7 12.9 au, 21.1 15.4 au, 25.9 16.0 au, 22.1
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approach of Inno et al. (2025), which takes these extrapolations at face 
value, all of these comets would have been detected by LSST (which has 
a limiting magnitude of 24.5) at least a year before Ldd and would 
therefore be feasible from the point of view of being discovered in time 
to consider them.

Comet C/2001 Q4 (NEAT) is the only preferred historical target for 
which a CI-like mission could have been possible without benefiting 
from today’s observing facilities: it was discovered when it was beyond 
10 au, on its inbound orbital branch towards its perihelion q that would 
have occurred 2.75 years after, on 2004-May-15, at 0.96 au. With a 
latest departure date on 2003-Jul-15, ~2 years would have been avail
able to make an informed decision on a “go/no go” option.

The dynamical nature of the comet, as a “new target” coming from 
the Oort cloud and probably on its first passage within the inner Solar 
System, was secured a few months after discovery (Marsden, 2002) and 
confirmed following longer-term monitoring of its orbit and calculation 
of the original 1/a0 (Marsden, 2004). Physical characterisation (imaging 
and spectroscopy) started in mid-March 2002, when the comet was at 
8.6 au (7 months after discovery, 1.3 years before Ldd) (Tozzi et al., 
2003). Its close perihelion passage with good observing conditions from 
Earth (geocentric distance Δ ~ 0.4 au and solar elongation ε ~ 70◦) 
allowed to study in detail its coma composition (Wooden et al., 2004; 
Kawakita et al., 2005, 2006; Friedel et al., 2005; Remijan et al., 2006; 
Milam et al., 2006; Biver et al., 2009; Shinnaka et al., 2012; Rousselot 
et al., 2012; Ivanova et al., 2013; de Val-Borro et al., 2013; Lim et al., 
2014) and morphology (Vasundhara et al., 2007) by means of both on- 
ground and space observations. This comet was cut from the “science 
first” approach list due to its retrograde orbit (i = 99.6◦), but as it is only 
slightly retrograde it would have an encounter velocity close to the 
middle of the range of possible values for CI, and should not be rejected 
on that basis. This again illustrates that in the real target selection we 
must consider all available information about a comet.

6. Conclusions and future perspectives

The exercise performed on the “historical database” and the case 
study of comet C/2001 Q4 (NEAT) allows us to highlight which elements 
will be pivotal to investigate and characterise the putative mission target 
(s), and make decisions on priorities, in the case where there are mul
tiple comets that CI could reach. The requirements of the mission are 
complex, which is demonstrated by the fact that different approaches to 
shortlisting result in different preferred targets, but essentially boil 
down to a preference for the most pristine comet we can reach, expected 
to be a DNC rather than a returning LPC, and a higher activity body if 
possible.

The two approaches of the prioritisation exercise do help us identify 
critical parameters for choosing a target for CI. In practice, real target 
selection will begin by studying whether or not newly discovered comets 
are approximately feasible, and those that cannot be reached will not be 
considered further. The feasibility of individual comets will depend on 
the final amount of Δv available to the mission, which will be known 
after launch, commissioning, and insertion into the L2 halo orbit (un
certainties on the available launch mass mean that the CI fuel tanks are 
over-sized for the 600 m/s minimum, with the expectation that any 
remaining mass margin at launch will be used to top up fuel and 
maximise Δv). The exercise revealed a clear preference for more pristine 
types, so any newly discovered comet with early indication of being a 
DNC would be a strong contender. While slower encounters are gener
ally preferred, ruling out all retrograde comets removes many otherwise 
feasible targets, especially those that are not strongly retrograde. It 
would be better, when considering only feasible targets, to use the actual 
encounter velocity to highlight particularly favourable (or unfav
ourable) targets, which will be known as soon as possible intercept 
trajectories are calculated.

We will have sufficient characterisation of the orbit soon after dis
covery to select more pristine dynamical classes, in case a rapid decision 

is needed, and a more reliable DNC/returning assessment after about a 
year. We are unlikely to have a direct measurement of gas production 
rates before a decision would need to be made, and even in the case that 
we have detected CO or CO2, models will be required to extrapolate to 
total (probably water dominated) gas production at the encounter near 1 
au. We will likely have to rely on the (reasonable) assumption that in 
most cases water production rate correlates with total brightness, and a 
brighter comet will have a higher gas production rate, and on extrapo
lation of early brightness evolution to lower heliocentric distance. A 
better understanding of typical comet behaviours (brightness evolution 
and any clues about which comets are more likely to have atypical dust- 
to-gas ratios) will clearly benefit the process by giving us more confi
dence in these assumptions; this motivates further study of the evolution 
of distant comets in the years before CI’s launch. The prioritisation ex
ercise identified the following measurements and activities that should 
be made to enable good decisions to be made: 

• Early detection. The further (in heliocentric distance) the discovery, 
the more time is available for astrometric, photometric and physical 
characterisation. LSST will be pivotal for this. Initial orbit fits from 
discovery observations will be good enough to reveal potentially 
interesting targets, and discern between prograde and retrograde 
orbits, for example. Any potential interstellar target will be flagged 
upon discovery – this will immediately give the start for astrometric 
and possibly physical observations while the possibility of reaching 
such a target is considered (this is unlikely for typical warning times 
and CI’s available fuel; see Sánchez and Snodgrass, 2025). For more 
likely Solar System comet targets a ~ 1-year arc of observations is 
then needed to evaluate if a LPC coming from the Oort cloud is “new” 
or “returning”.

• Characterise the nucleus’ properties at large distances. Since the visual 
magnitude beyond ~10 au is expected to be quite high, the largest 
telescopes will be needed to try to obtain data on its nucleus, in 
particular:

o Nucleus size: Larger comets tend to have higher activity levels (due 
to their larger surface area). The smallest comets are also more prone 
to disrupt. Size is prone to degeneracy with active surface area, 
therefore needs to be deeply investigated taking into account that 
reliable information on nucleus size is difficult to obtain solely from 
ground-based observations when a coma is already present.

o Nucleus rotation: Comets that are rotating fast are more likely to split 
due to spin-up beyond the point that self-gravity and centrifugal 
forces balance (Jewitt, 2022).

• Monitor the coma (dust and gas composition and production), starting as 
soon as possible. A regular and continuous monitoring will be needed, 
to obtain data on early evolution of coma properties, in particular:

o Evolution of dust production rate.
o Evolution of gas production rate, where possible.
• Model the brightness evolution to infer data on the expected comet’s 

activity at 1 au (close to the encounter). It will be important to find 
out, e.g., if and at what heliocentric distance jumps/discontinuities 
might take place. It will be necessary to understand and constrain the 
activity drivers, which is not so easy. Several authors started to tackle 
this question, e.g. Gkotsinas et al. (2024) suggest that drivers may be 
different between JFCs and LPCs, in particular new comets are more 
likely to be CO2 driven and returning comets are CO driven instead, 
which seem to agree with A’Hearn et al. (1995), Harrington-Pinto 
et al. (2022) and Lacerda et al. (2025).

Following the successful first light of the Vera C. Rubin observatory, 
and with the imminent start of the LSST, we can soon expect to discover 
comets at large heliocentric distances with some regularity. Whether or 
not comets are typically active enough for discovery already beyond 10 
au, and the true rate of discovery of such comets by LSST, will soon be 
known. These are perhaps the most fundamental parameters that will 
drive target selection for CI: if the discovery of comets beyond 10 au 
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remains a rarity in the LSST era then it is perhaps unlikely that the CI 
mission will have a lot of choices in target selection and will have to 
simply pick the first possible comet. If LSST finds many distant comets, 
the exercise described in this paper has given us an insight into the key 
parameters we need to measure in order to make an optimal choice.
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