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ABSTRACT

We studied C/2025 D1 (Groeller), a long-period comet with an unprecedented perihelion distance of 14.1 au, using archival observa-
tions. The data reveal that it had been active at inbound heliocentric distances rH ≳ 20 au. Initially, the comet intrinsically brightened
at rH ≳ 16 au, with brightening parameters comparable to those of other long-period comets. However, observations after late 2023
showed a gradual decay, despite the inbound trajectory of the comet. To our knowledge such behaviours have not been observed for
other long-period comets at similar heliocentric distances. We speculate that this might be linked to the onset of CO2 sublimation
and/or crystallisation processes. Alternatively, the activity source might have been exhausted. The surface brightness profile of the
coma indicates a steady-state mass loss, implying supervolatile sublimation as the primary driver of the observed activity. Despite
changes in the orbital plane angle, the circularly symmetric coma persisted throughout the observation, indicative of the dominance
of large grains in the coma. Assuming the activity trend is independent of bandpass, we find that the comet was redder than many
other comets in the Solar System. Our model-dependent constraint estimates the radius of the nucleus to be ≳0.4 km. We performed
astrometric measurements, refined the orbital solution, and derived the original and future orbits of the comet. Our N-body integration,
which accounts for the Galactic tide, strongly favours the comet being dynamically new, with its previous perihelion at ≳60 au from
the Sun ≳6 Myr ago. It is highly likely that the comet will be lost from our solar system after the current apparition.

Key words. methods: data analysis – methods: numerical – methods: observational – Oort Cloud –
comets: individual: C/2025 D1 (Groeller)

1. Introduction

Comets are volatile-rich relics that formed and survived from
the violent and chaotic stages of the early Solar System approx-
imately 4.5 Gyr ago. The present-day Solar System hosts two
primary cometary reservoirs—the Kuiper Belt and the Oort
Cloud—which supply short- and long-period comets, respec-
tively. In general, short-period comets have heliocentric orbits
with modest eccentricities and inclinations with respect to the
ecliptic, whereas long-period comets travel on nearly parabolic
trajectories from isotropic directions.

Compared to short-period comets, the long-period counter-
parts may be even more pristine, as they have resided predomi-
nantly in a deep-freeze environment with an ambient temperature
of ∼10 K since their implantation in the Oort Cloud, even though
both types of comets were largely formed in a massive primor-
dial trans-Neptunian disc, with a small fraction born closer to
the Sun (e.g. Nesvorný et al. 2017; Vokrouhlický et al. 2019).
Long-period comets can be classified as dynamically new or old,
depending on whether they have previously entered the planetary
region (<∼15 au; Królikowska & Dybczyński 2010). Although
long-period comets – particularly dynamically new ones – are
considered among the most pristine small Solar System bodies,
they are not immune to thermal processes, as evidenced by their

⋆ Corresponding author: mthui@shao.ac.cn; manto@hawaii.edu

mass-loss activity. While most comets exhibit activity due to
water-ice sublimation within heliocentric distances <∼5 au (e.g.
Whipple 1950), others can be active at 10 <∼ rH <∼ 16 au, due to
the crystallisation of amorphous ice (Guilbert-Lepoutre 2012),
or supervolatile (e.g. CO, CO2) sublimation at even greater
heliocentric distances (e.g. Jewitt et al. 2021). Even objects as
far out as in the Oort Cloud may undergo substantial thermo-
physical processing due to cosmic ray bombardment (Gronoff
et al. 2020; Maggiolo et al. 2020), which may trigger cometary
outbursts therein (Belousov & Pavlov 2024). Despite these pro-
cesses, long-period comets, especially dynamically new ones
with large perihelion distances, remain scientifically significant
for understanding the evolutionary pathways of the Solar System.

Comet C/2025 D1 (Groeller) was discovered on 20 Febru-
ary 2025 at an inbound heliocentric distance of rH = 15.1 au.
Serendipitous pre-discovery observations, dating back to as early
as 2018, were identified, facilitating robust orbit determination
(Woodward et al. 2025). According to the JPL Horizons orbital
solution, C/2025 D1 has a perihelion distance of q = 14.1 au,
the largest known among comets. With a slightly hyperbolic
heliocentric eccentricity (e = 1.003) on the inbound leg of the
trajectory, due to perturbations of the giant planets, and an
orbital inclination nearly orthogonal to the ecliptic (i = 84.◦5),
the perihelion passage of the comet will occur in May 2028. In
this paper, we analyse archival observations to examine comet
C/2025 D1 on the inbound leg of its trajectory.
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Fig. 1. Selected archival observations of comet C/2025 D1 (Groeller). In some of the panels where the comet appears faint, a dotted white circle
marks its location. The white and magenta scale bars represent an angular distance of 10′′ and a linear distance of 105 km projected at the observer-
centric distance of the comet, respectively. J2000 equatorial north is up, and east is to the left. In each panel the antisolar direction (yellow arrow)
and the projected negative heliocentric velocity of the comet in the observer’s sky plane (dark orange arrow) are also indicated.

2. Observations

We used the Solar System Object Search tool (Gwyn et al.
2012) at the Canadian Astronomy Data Centre (CADC)1 to
obtain archival observations of comet C/2025 D1. After visually
inspecting the downloaded data, we robustly identified the comet
in images from three facilities: the 2.3 m Bok telescope with a
four 4032 × 4096 chip charge-coupled device (CCD) at the Kitt
Peak National Observatory, the 3.6 m Canada-France-Hawaii
Telescope (CFHT) with MegaCam (Aune et al. 2003), and the
8.4 m Subaru telescope with Hyper Suprime-Cam (HSC; Takada
2010), both located at the summit of Mauna Kea, Hawai‘i. The
image pixel scales of these facilities are 0.′′453, 0.′′187, and 0.′′166,
respectively, all in unbinned mode. In addition to the CADC
query, we searched for data taken from the two 1.8 m Pan-
STARRS survey telescopes (PS1 and PS2; Chambers et al. 2016)
at Haleakalā, Hawai‘i, with an image scale of 0.′′25 pixel−1, and
successfully identified the comet therein. The observing infor-
mation and the viewing geometry of the comet are summarised
in Table A.1, and Figure 1 displays selected images of the comet
from the archival data.

Except for the CFHT data, the world coordinate system
(WCS) header information of the archival data was created or
updated using astrometry.net (Lang et al. 2010) in combina-
tion with the Gaia data release 2 (DR2; Gaia Collaboration 2018)
and Tycho-2 (Høg et al. 2000) catalogues, as catalogued sources
were noticed to be visually offset from the observed field sources
in SAOImage DS9 (Joye & Mandel 2003). The WCS header
information updated by astrometry.net served as a prelim-
inary astrometric calibration for subsequent procedures. All
images queried from the CADC, except for a single HSC image
(see Table A.1), were further astrometrically calibrated with Gaia

1 https://www.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/en/
ssois/

DR3 (Gaia Collaboration 2023) in Astrometrica (Raab 2012),
yielding the astrometry and associated measurement uncertain-
ties for the comet. Affected by significant vignetting from an
edge shadow even after standard calibration, the HSC image
exhibited substantial field distortion as a result of diffraction.
This baffled Astrometrica. Therefore, we followed the detailed
methodology described in Hung et al. (2023) in combination
with AstroMagic2 to visualise pattern matching while account-
ing for the field distortion coefficients specific to the HSC CCD
chip. This approach enabled the successful measurement of the
comet’s astrometry and associated error in this HSC image.
Using the same technique applied in Hui et al. (2024a) and Hui
et al. (2024b), we measured the astrometry of the comet in the PS
images, which were already astrometrically and photometrically
calibrated (Waters et al. 2020).

Although the non-PS images were photometrically calibrated
by Astrometrica during the astrometric reduction, the results
were preliminary, necessitating refined photometric calibration.
To improve the calibration, we measured fluxes of field stars
using a circular aperture with a radius equal to twice the mean
seeing full-width half maximum value of field stars and esti-
mated the sky background from a concentric annulus with inner
and outer radii of twice and four times the photometric aperture
radius, respectively. Referencing ATLAS Refcat2 (Tonry et al.
2018), we determined the zero-point (and the colour term, if
statistically significant) for each image, best fitted using MPFIT
(Markwardt 2009), as done in our previous work (e.g. Hui et al.
2024a). To minimise potential effects from the varying observing
geometry of C/2025 D1, we performed photometry of the comet
using circular apertures with fixed linear radii projected at its
observer-centric distance, ranging from 2.5×104 to 4×104 km in
increments of 5000 km. The sky background was estimated from

2 http://www.astromagic.it/eng/astromagic.html
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(a) (b)

Fig. 2. Temporal evolution of (a) apparent magnitude and (b) absolute magnitude of comet C/2025 D1 (Groeller), measured using a 3 × 104 km
radius aperture. The upper axes in panels (a) and (b) mark time with respect to the perihelion passage and heliocentric distance, respectively.
Data from different facilities are plotted with distinct symbols, with colours corresponding to the bands to which the photometric reduction was
calibrated (see the legends). The dotted lines in panel (b) represent the best-fit linear models to derive the colour indices and activity trends of the
comet.

a concentric annulus with inner and outer radii equal to twice
and four times, respectively, the angular radius of the largest
circular aperture used for comet photometry. Photometry of the
comet in the PS data was more straightforward, as there was no
need to estimate the sky background, and we adopted the same
fixed apertures using the method described in Hui et al. (2024a).
For non-PS images photometric uncertainties were propagated
from errors in the photometric recalibration and flux measure-
ment uncertainties, assuming Poisson statistics. However, for
the PS data, which were sky-subtracted, Poisson statistics were
inapplicable. Fortunately, most PS-observed epochs had multi-
ple measurements in the same filter from the same night (see
Table A.1), allowing us to use the standard deviation of repeated
measurements as the measurement error. The few PS measure-
ment singletons were discarded.

3. Results

3.1. Brightness

In Figure 2a, we plot the apparent magnitude of comet C/2025
D1, measured using a 3 × 104 km radius aperture, against time.
As the secular apparent light curves are highly similar across
different apertures, results from other apertures are not included
to avoid clutter. We note that the comet appeared to brighten
more rapidly at earlier times, followed by a slowdown in its
brightening after approximately late 2023. However, this does
not necessarily reflect the intrinsic trend of the comet owing to
the varying observing geometry. To examine the intrinsic trend,
we computed the absolute magnitude, defined as the magni-
tude of the comet at heliocentric and observer-centric distances
rH = ∆ = 1 au and a phase angle of α = 0◦, related to the
apparent magnitude by

Hλ = mλ − 5 log (rH∆) − βαα. (1)

Here, Hλ and mλ are the absolute and apparent magni-
tudes of the comet, respectively, reduced to bandpass λ. We
assumed a linear phase function with a phase coefficient of

βα = 0.03 ± 0.01 mag degree−1 typical for comets (Meech &
Jewitt 1987). The results, shown in Figure 2b, reveal distinct
brightening trends before and after approximately late 2023 – the
comet intrinsically brightened up to around late 2023 but began
to fade thereafter, despite still approaching perihelion.

To quantify the intrinsic brightening trend, we fitted a linear
model to the absolute magnitude of the comet in the time domain
using MPFIT. Only the g- and r-band data points at epochs ear-
lier than 2023 were used to best fit the intrinsic brightening trend
simultaneously. By contrast, the fading trend was fitted with the
r- and i-band data points from late 2023 onward, as the times-
pan covered by the i-band data points was not compatible with
the other two bands before 2023. Including the i-band data in
the fitting would have introduced an extra free parameter in the
model, which we preferred not to do, given the quality of these
data points. We defined the goodness of the fit as

χ2 (
Θ,C1,2

)
=

∑
i

(
H1,i −H1 (ti;Θ)

σ1,i

)2

+
∑

j

H2, j −H1

(
t j;Θ

)
+C1,2

σ2, j


2

,

(2)

where H denotes the linear model as a function of Θ, the
2D parameter (slope and intercept), and time t, expressed in
years relative to J2000. The subscripts 1 and 2 denote the two
simultaneously fitted bandpasses. C1,2 = H1 −H2 is the colour
index between the two bandpasses, and σ is the uncertainty
of the absolute magnitude. These parameters were obtained by
minimising Equation (2) using MPFIT, i.e.

∂χ2

∂
(
Θ,C1,2

) = 0. (3)

In Table 1, we tabulate the best-fit parameters (excluding the
intercept, as it is of little interest) for different photometric
apertures. The best-fit linear models for the 3 × 104 km radius
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Table 1. Best-fitted linear models for the brightening trend.

Time range Aperture radius (104 km) Colour index C Slope S (mag yr−1) χ2 Degree of freedom

<2023 2.5 g − r = +0.75 ± 0.07 −0.17 ± 0.04 0.34 5
3.0 +0.72 ± 0.07 −0.15 ± 0.04 0.46
3.5 +0.73 ± 0.07 −0.14 ± 0.04 0.55
4.0 +0.76 ± 0.07 −0.14 ± 0.03 0.68

>2023 2.5 r − i = +0.33 ± 0.06 +0.24 ± 0.08 10.01 21
3.0 +0.32 ± 0.06 +0.17 ± 0.06 14.16
3.5 +0.37 ± 0.08 +0.22 ± 0.08 19.87
4.0 +0.43 ± 0.08 +0.24 ± 0.08 25.18

Mean ± standard deviation g − r = +0.74 ± 0.02 −0.15 ± 0.01 – –
r − i = +0.35 ± 0.05 +0.21 ± 0.04 – –

Notes. The intercepts of the best-fitted linear models are not presented, as they are of little interest. The reported errors are 1σ formal uncertainties,
properly propagated from the uncertainties in the absolute magnitude, while the errors on the weighted mean values are the weighted standard
deviations of the best-fit parameters across multiple apertures. For comparison, the Sun has a colour of g− r = +0.46±0.03 and r− i = +0.12±0.03
(Willmer 2018), and the median colour of comets reported by Solontoi et al. (2012) is g − r = +0.57 ± 0.05 and r − i = +0.22 ± 0.07.

aperture are also plotted as dotted lines in Figure 2b. Given the
uncertainties the best fits across different photometric apertures
are consistent with each other. Therefore, we also present their
weighted means and standard deviations in Table 1.

3.2. Colour

We first examine the derived colours of C/2025 D1. The colour
indices g− r and r− i were obtained using observations spanning
different time periods, before and after late 2023, respectively.
However, Holt et al. (2024) showed that no long-period comets
in their sample exhibited colour variations with heliocentric dis-
tance unless at rH <∼ 3 au. Although the ultra-distant comet
C/2010 U3 (Boattini) was reported to display colour variation,
this did not occur until it reached the crystallisation zone at
rH <∼ 10 au (Hui et al. 2019). We therefore consider our assump-
tion that the colour of C/2025 D1 remains unchanged at the
observed heliocentric distances rH >∼ 15 au is likely valid.

Given that the results from different apertures are consis-
tent with each other within their uncertainties, we selected those
from the 3 × 104 km radius aperture as representative. Our
best-fit colour indices for the comet, g − r = +0.72 ± 0.07 and
r − i = +0.32 ± 0.06, are redder than the solar colours (g − r =
+0.46±0.03 and r− i = +0.12±0.03; Willmer 2018) at 3.4σ and
3.0σ significance, respectively. Compared to the median colours
of comets, reported as g− r+0.57±0.05 and r− i = +0.22±0.07
by Solontoi et al. (2012), C/2025 D1 is redder at a 1.7σ signif-
icance in g − r and 1.1σ in r − i. For a direct comparison, we
plot the colour of the comet alongside those of various small
Solar System body populations and the Sun in Figure 3. We
can notice that the comet lies closely to the reddening line (cor-
responding to linear reflectivity gradients) in the colour-colour
diagram, as observed for most small bodies in the outer Solar
System (Hainaut & Delsanti 2002). This in turn lends additional
support to our assumption that the comet does not vary in colour.
Although C/2025 D1 is redder than typical comets, including
other long-period comets, it is not the reddest ever measured,
given the uncertainties arising from the suboptimal quality of
the archival data. The finding that C/2025 D1 is likely not ultra-
red, despite being at heliocentric distances much greater than
some of the ultra-red Centaurs, may support the hypothesis that
the ultra-red matter disappears as cometary activity onsets (e.g.
Jewitt 2015).

Fig. 3. Colour of C/2025 D1, measured using a 3 × 104 km radius
photometric aperture, compared with various small Solar System body
populations (Dandy et al. 2003; Szabó et al. 2007; Solontoi et al. 2012;
Jewitt 2015; Markwardt et al. 2023, and citations therein) and the Sun
(Willmer 2018). The colours reported in non-SDSS systems are trans-
formed to the SDSS system following Jordi et al. (2006). The open
circles with letters at their centres represent main-belt asteroids of spe-
cific taxonomic types. The objects with linear reflectivity gradients in
the g − i spectral interval form the reddening line, drawn as the dashed
grey curve.

For completeness we also calculated the normalised reflec-
tivity gradient (A’Hearn et al. 1984; Jewitt & Meech 1986):

S ′1,2 = −
(

2
∆λ1,2

)
100.4∆C1,2 − 1
100.4∆C1,2 + 1

, (4)

where ∆λ1,2 = λ1 − λ2 is the central wavelength difference
between two bandpasses and ∆C1,2 is the colour index difference
relative to the Sun. The normalisation is chosen at the mid-
point of the covered spectral interval. Using the results from the
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3×104 km radius aperture, Equation (4) yields S ′g,r = (16 ± 5) %
per 103 Å and S ′r,i = (14 ± 5) % per 103 Å in the g − r and r − i
spectral intervals, respectively. These values are comparable to
those of other long-period comets at large heliocentric distances
(Kulyk et al. 2018). A slightly different definition of the nor-
malised reflectivity gradient S′1,2 was introduced by Hainaut &
Delsanti (2002), which is instead normalised at the V-band cen-
tral wavelength. The relationship between the two normalised
reflectivity gradients is

S′1,2 =
S ′1,2

1 + S ′1,2
(
λV − λ̄1,2

) , (5)

where λ̄1,2 = (λ1 + λ2) /2 is the mean wavelength of the spectral
interval. The corresponding normalised reflectivity gradients we
obtained are S′g,r = (16 ± 5) % per 103 Å in the g− r interval and
S′r,i = (17 ± 7) % per 103 Å in the r − i interval, reinforcing that
the reflectivity gradient of the comet is statistically linear over
the g − i spectral interval.

3.3. Activity

Now we focus on the derived brightening slope of comet C/2025
D1, using results from the 3× 104 km radius aperture. According
to our best-fit linear models to the available observations, comet
C/2025 D1 intrinsically brightened at a rate of S = −0.15 ±
0.04 mag yr−1 until approximately late 2023 at a heliocentric
distance of rH ≈ 16 au. Subsequently, however, it began to fade
at a rate of 0.17±0.06 mag yr−1 towards the present. In the litera-
ture cometary activity is more often characterised by the activity
parameter k, defined as the slope of the heliocentric magnitude
(normalised to observer-centric distance ∆ = 1 au and phase
angle α = 0◦) with respect to log rH. Instead of refitting the linear
model in the log rH domain, we estimated the activity parameter
using the chain rule as

k = 5 +
dH

d
(
log rH

)
≈ 5 +

(
∆H
∆t

)
rH

ṙH
ln 10

≈ 5 − ST ln 10. (6)

Here,

T ≜ −
rH

ṙH

= −
rH

e sin ν

√
q (1 + e)
µ⊙

≈
r2

H√
2µ⊙ (rH − q)

(7)

is an auxiliary timescale, simplified by approximating the
comet’s pre-perihelion heliocentric trajectory as a parabola in the
two-body problem, given eccentricity e ≈ 1. Here, q and ν are the
perihelion distance and true anomaly of the comet, respectively,
and µ⊙ = 2.96 × 10−4 au3 d−2 is the mass parameter of the Sun.
Substitution into Equation (6) yields k = 12 ± 2 for the brighten-
ing phase before approximately late 2023, comparable to values
for other long-period comets, whether dynamically new or old,

as reported by Holt et al. (2024) and Lacerda et al. (2025). How-
ever, from approximately late 2023 onwards, the comet faded
with an activity parameter of k = −4 ± 3.

Assuming that the brightness of the comet is dominated by
scattering by dust grains surrounding the nucleus in its coma
at such heliocentric distances, we evaluated the evolution of its
effective scattering cross-section,

Ξe =
πr2
⊕

pr
100.4(m⊙,r−Hr), (8)

where pr = 0.05 is the nominal r-band geometric albedo of
cometary dust, r⊕ = 1 au, m⊙,r = −26.93 is the apparent r-band
magnitude of the Sun (Willmer 2018), and Hr is the absolute
r-band magnitude of the comet. Assuming the effective cross-
section follows a power-law function of heliocentric distance, i.e.
Ξe ∝ rγH, we found the power-law index:

γ =
rH

Ξe

(
dΞe

drH

)
≈

2
5
ST ln 10. (9)

Using the 3 × 104 km radius aperture, Equation (9) yields γ =
−2.6 ± 0.7 and 4 ± 1 for the time periods before and after
around late 2023, respectively. The power-law index during the
brightening phase is potentially steeper than those measured for
ultra-distant comets C/2017 K2 (PANSTARRS) and C/2019 E3
(ATLAS) (γ ≈ −1; Jewitt et al. 2021; Hui et al. 2024a), but the
large uncertainty of our results does not preclude the possibil-
ity that these comets exhibit a resemblance in their brightening
behaviour. Additionally, the power-law index from the brighten-
ing period aligns with expectations for CO-driven sublimation
activity at similar heliocentric distances (−2.4 ≤ γ ≤ −2.2;
Kelley et al. 2022).

We estimated the rate of change in the effective cross-section
of the cometary dust by using the power-law index γ and again
applying the chain rule as

Ξ̇e =
dΞe

drH
ṙH

= −γ
Ξe

T

≈ −
2
5
SΞe ln 10, (10)

yielding a time-averaged rate of change of ¯̇Ξe = (8 ± 3) ×
102 km2 yr−1 for the effective cross-section of dust during the
brightening phase of the comet and (−8 ± 3)× 102 km2 yr−1 dur-
ing the fading phase. Assuming a bulk density of ρd = 1 g cm−3

(see Engrand et al. 2024, and citations therein) and a minimum
grain radius of 1 mm (see Section 3.4), we constrained the mass
loss of the comet C/2025 D1 to be >∼ (3 ± 1) × 104 g s−1 dur-
ing its intrinsic brightening phase before late 2023. We did not
attempt to constrain the mass loss during the fading phase, as
the decrease in the effective cross-section of dust likely resulted
from an inefficient supply of newly ejected dust relative to the
dust lost from the photometric aperture.

Based on the available observations, the activity of C/2025
D1 prior to late 2023 was consistent with CO-driven sublimation
and did not exhibit peculiar behaviour. However, it subsequently
started to fade over a year-long timescale. To our knowledge no
other long-period comet has exhibited similar fading at such
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large heliocentric distances while on the inbound leg of its
orbit. While it is well known that dynamically new comets
often exhibit a slowdown in brightening at rH ≈ 3 au (Lacerda
et al. 2025, and citations therein), this is inconsistent with our
observations for C/2025 D1.

The decline in intrinsic brightness of the comet resem-
bled that of post-outburst comets. However, the observed fad-
ing rate was likely too shallow. For instance, Kelley et al.
(2022) reported that the ultra-distant comet C/2014 UN271
(Bernardinelli-Bernstein) faded at a rate of ∼0.01 mag day−1,
dominating its post-discovery brightness. The post-outburst
Jupiter-family comets 17P/Holmes and 332P/Ikeya-Murakami
faded at similar rates of <∼ 0.1 mag day−1 (Ishiguro et al. 2014).
Although interstellar object 2I/Borisov exhibited a comparable
fading rate of ¯̇Ξe = −3 km2 day−1 on the outbound leg of its
orbit (Jewitt et al. 2020), the brightening of C/2025 D1 occurred
over a timescale orders of magnitude longer than the typical
cometary outbursts, which last no more than a few days. The
comet’s decline appeared to be overly prolonged compared to
the typical post-outburst fading timescales of comets.

The declining behaviour is nevertheless reminiscent of
cometary disintegration. Arguing against this hypothesis, the
photocentre of C/2025 D1 remained solid in high signal-to-
noise ratio (S/N) observations throughout the fading phase (see
Figure 1), and its motion is well described by a pure-gravity
orbital solution (see Section 3.5). Both pieces of evidence are
inconsistent with a disintegration scenario.

Thus, we disfavour the hypotheses that C/2025 D1 under-
went an outburst or is in the process of disintegrating. Instead,
we propose that the decrease in the effective cross-section of
the cometary dust might result from sublimation of volatiles
previously stored in solid state. Applying the simplistic free sub-
limation model of Cowan & A’Hearn (1979) neglecting heat
conduction towards the nucleus interior, with updated physical
parameters updated from Fray & Schmitt (2009), we find that
the onset of CO2 would occur at 10 <∼ rH <∼ 20 au. In addition,
numerical simulations by Guilbert-Lepoutre (2012) suggest that
the crystallisation of amorphous water ice can be triggered at
rH = 16 au, which is approximately the distance where the fad-
ing of C/2025 D1 began. We therefore speculate that the onset
of CO2 activity and/or crystallisation caused the observed fad-
ing of the comet starting from around late 2023, whereby the
intensified activity in turn reduced the total effective scatter-
ing cross-section of cometary dust grains as their CO2 and/or
H2O ices underwent phase transition. This is analogous to the
fact that many dynamically new comets slow down in brighten-
ing when approaching the Sun within rH ≲ 3 au (e.g. Lacerda
et al. 2025). The perihelion distance of the comet close to the
transition boundary may have amplified the behaviour.

Alternatively, it is possible that the observed fading of
C/2025 D1 resulted from the exhaustion of its supervolatiles.
Here, we estimated the thickness of its CO ice layer using the
same simplistic sublimation model in an order-of-magnitude
manner, finding a CO mass flux of fs ≈ 3 × 10−6 kg m−2 for an
isothermal nucleus during the brightening phase of the comet,
which lasted for at least ∆t ≈ 5 yr. Assuming a bulk density
of ρn = 0.5 g cm−3 for the cometary nucleus (e.g. Guilbert-
Lepoutre et al. 2024, and citations therein), we obtain an erosion
of the comet of fs∆t/ρn ≳ 1 m in thickness during this period
solely due to CO sublimation. Thus, if the CO ice layer was not
much thicker, we would expect the sublimation activity of the
comet to be exhausted. Unfortunately, with the available data,
we are unable to verify the aforementioned possibilities. Further

observations are needed to better understand the specific cause
of the observed fading of the comet. We expect new sky surveys,
such as the Vera C. Rubin Observatory Legacy Survey of Space
and Time, to discover more distant comets exhibiting similar fad-
ing behaviour, provided the fading is caused by activity transition
and their perihelion distances lie just inside the transition zone.

Finally, we estimated the nucleus size of C/2025 D1. The
brightness of the comet is primarily due to dust particles ejected
from the nucleus, hindering effective constraints on the nucleus
size using the secular light curve. Instead, we continued to
use the simplistic CO sublimation model, assuming a conser-
vative dust-to-gas mass production ratio of 5 following Jewitt
et al. (2019). The model predicted a maximum mass flux of
∼10−5 kg m−2 s−1 during the brightening phase of the comet. To
sustain the observed activity, a minimum active surface area of
(6 ± 2)×105 m2 is required, corresponding to a lower limit on the
radius of a circular active patch of (4.2 ± 0.8)× 102 m. The phys-
ical parameters of the comet estimated from other photometric
apertures are not statistically different from those obtained with
the 3 × 104 km radius aperture. Our constraint on the nucleus
size here is likely no better than an order-of-magnitude estimate,
because the model oversimplifies the actual complexity of the
cometary activity in C/2025 D1.

3.4. Morphology

The physical properties of the dust environment of C/2025
D1 can be inferred from its morphology, which is domi-
nated by ejected dust grains. Unfortunately, the faintness of
the comet precluded effective constraints on its dust environ-
ment through modelling of the dust morphology (e.g. Moreno
2022). Visual inspection reveals that the comet maintained a
largely circularly symmetric appearance throughout the observed
period, irrespective of the orbital plane angle (see Figure 1 and
Table A.1). Notably, the CFHT observation was acquired when
Earth happened to be in the orbital plane of the comet, a con-
figuration in which many comets exhibit a linear morphology
centred on the projected orbital plane. This is because the in-
orbit dispersion of small dust particles (primarily caused by
solar radiation pressure) is much greater than the out-of-plane
dispersion (primarily due to the initial dust ejection speed).
The fact that the comet did not exhibit an increasingly diffuse
appearance in observations from the fading phase further argues
against the disintegration possibility. The morphology of C/2025
D1 closely resembles that of ultra-distant comets C/2017 K2
(PANSTARRS) and C/2019 E3 (ATLAS), whose comae were
reported to be optically dominated by large dust grains (at least
submillimetre- to millimetre-scaled; Hui et al. 2024a; Jewitt et al.
2019). Accordingly, we postulate that the dust environment of
C/2025 D1 is similarly dominated by large dust particles, as a
possible consequence of supervolatile sublimation at large helio-
centric distances. Future observations are needed to investigate
the physical parameters of the dust environment of the comet.

We attempted to infer the activity mechanism of the comet
from its surface brightness profile. The highest S/N archival
observations of the comet were obtained on 2 February 2022
from CFHT and 30 May 2022 from HSC. To compute the sur-
face brightness profile, we used a series of circular apertures
with radii ranging from 1 pixel to 4′′ in increments of 1 pixel,
centred on the photocentre of the comet, to obtain the enclosed
total brightness. The sky background and associated uncertainty
were determined as described in Section 2. The surface bright-
ness was then calculated by differentiating the total brightness
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(a) (b)

Fig. 4. Radial surface brightness profiles of comet C/2025 D1 on (a) 2 February 2022 from CFHT and (b) 30 May 2022 from HSC. These images
have higher S/N for the comet than any other observations we collected. The azimuthally averaged surface brightness is plotted in olive green. The
best-fit radial surface brightness model is shown as a dashed red line, with the derived logarithmic surface brightness slope indicated in the lower
left corner. The boundaries of the fitted region are marked by the two vertical dashed blue lines.

with respect to the aperture area. We plot the surface bright-
ness profiles of the comet as functions of radial distance from
the photocentre of the comet for the aforementioned two epochs
in Figure 4, normalised to the peak surface brightness. As evi-
dent the low S/N causes the signal of the coma to quickly fade
into the sky background beyond >∼3′′ from the photocentre. How-
ever, the profile within ∼1′′ from the photocentre are distorted by
convolution with the seeing and optical system. Therefore, we
fitted a power-law model using MPFIT to the profiles in an annu-
lus from 1′′ to 3′′ of the photocentre, which we consider more
representative of the true profile. This yields the logarithmic sur-
face brightness slope, which is the power-law index of the model,
to be −1.1 ± 0.4 and −1.3 ± 0.4 for the CFHT and HSC obser-
vations, respectively, both in agreement with a coma in steady
state given the uncertainties. These results lend support to the
interpretation that the observed activity of the comet is driven
by sublimation of supervolatiles, such as CO and/or CO2.

3.5. Orbit

In addition to our own astrometric measurements, we obtained
more recent astrometry of comet C/2025 D1 using the Minor
Planet Center (MPC) Observations application programming
interface (API) tool3. The observations were de-biased according
to star catalogues following Eggl et al. (2020), weighted using
the measurement uncertainties or, for MPC observations with-
out reported uncertainties, following Vereš et al. (2017), and best
fitted with a gravity-only model (Keplerian orbital elements as
the six free parameters) in Find_Orb4, which utilised the plane-
tary and lunar ephemeris DE441 (Park et al. 2021) and accounted
for gravitational perturbations from the eight major planets, the
Moon, Pluto, and the 16 most massive main-belt asteroids. For

3 https://minorplanetcenter.net/mpcops/documentation/
observations-api/
4 https://www.projectpluto.com/find_orb.htm

Table 2. Best-fit orbital solution for C/2025 D1 (Groeller).

Quantity Value

Perihelion distance (au) q 14.119662(58)
Eccentricity e 1.003053(12)
Inclination (◦) i 84.466759(26)
Argument of perihelion (◦) ω 185.88487(38)
Longitude of ascending node (◦) Ω 312.897549(19)
Time of perihelion passage (TDB)† tp 2028 May 19.789(12)

# observations used (discarded) 122 (28)
Observed arc 2018 June 6–2025 May 2
Residual rms (′′) 0.435
Normalised residual rms 1.038

Notes. †The uncertainty is in days. The Keplerian orbital elements
are referred to the heliocentric J2000 ecliptic reference frame at an
osculating epoch of TDB 2025 May 2.0, with 1σ formal uncertainties
expressed in the parenthesis notation.

completeness the oblateness of the Sun and the Earth, as well
as post-Newtonian corrections, were incorporated, although they
had negligible effects on the orbital determination. The pre-
liminary gravity-only solution yielded no noticeable systematic
trends in the observed-minus-calculated (O − C) residuals but
showed outliers beyond 3σ. We rejected these measurements,
including 16 of the 81 PS measurements and 12 of the 59
measurements downloaded from the MPC. The rejected PS mea-
surements are all from extremely low S/N images. We performed
a test by including the rejected PS data points and inflating their
uncertainties to a common value of 0.′′5 based on their O − C
residuals, rather than discarding them. The resulting gravity-only
orbital solution remained statistically consistent, indicating the
robustness of the solution. Table 2 lists the best-fit Keplerian
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Table 3. Original and future orbits of C/2025 D1 (Groeller).

Quantity Original Future

Pericentric distance (au) q 14.108802(53) 14.108838(68)
Eccentricity e 0.999607(12) 1.000022(12)
Reciprocal of semi-major axis (10−5 au−1) a−1 2.783(87) –0.155(88)
Inclination (◦) i 84.505187(27) 84.496934(75)
Argument of periapsis (◦) ω 186.05861(38) 186.04463(37)
Longitude of ascending node (◦) Ω 312.910794(20) 312.908494(34)
Time of periapsis (TDB)† tp 2028 May 25.831(13) 2028 May 25.8670(82)

Epoch (TDB)† 1707 Aug. 23.4 ± 4.1 2348 Oct. 8.6 ± 4.1

Notes. †The uncertainties are in days. The Keplerian orbital elements of the original and future orbits are both referred to the Solar System
barycentric J2000 ecliptic reference frame at the osculating epochs when the comet is at pre- and post-perihelion heliocentric distances rH =
250 au, respectively. The values and their uncertainties (indicated in parentheses) were computed from the means and standard deviations of the
1001 Monte Carlo clones.

orbital elements of the comet from the version without error
inflation.

Although the best-fit osculating heliocentric orbit of comet
C/2025 D1 at the referenced epoch is slightly hyperbolic, this
does not necessarily imply an extrasolar origin. We studied the
orbital evolution of comet C/2025 D1 by integrating the nominal
orbit and 1000 Monte Carlo massless clones, generated accord-
ing to the nominal orbit and its full covariance matrix, backwards
in time. The covariance matrix was properly propagated from the
uncertainties in the astrometric observations. While time con-
suming the Monte Carlo approach provides a straightforward
and reliable method to map uncertainties. We first derived the
‘original’ orbit of the comet, defined as its Solar System barycen-
tric osculating orbit at a pre-perihelion heliocentric distance of
rH = 250 au (Dybczyński 2001). Since this moment falls within
the time coverage of DE441, we still employed Find_Orb with
the same configuration as in the orbit determination to perform
the N-body integration for the 1001 test particles. We recorded
the epochs when the test particles reached pre-perihelion rH =
250 au and obtained their corresponding heliocentric states
through interpolation with relevant tools by JPL’s Navigation
and Ancillary Information Facility (NAIF; Acton 1996; Acton
et al. 2018). We then computed the Solar System barycentric
states by shifting the origin from the Sun to the Solar System
barycentre with DE441 and converted the results to Keplerian
orbital elements. The distribution of each orbital element was
well described by a Gaussian, and therefore, we calculated the
mean and standard deviation, as shown in Table 3. The Solar
System barycentric eccentricity e < 1 and semi-major axis a =
(3.6 ± 0.1) × 104 au unequivocally indicate that C/2025 D1 is
a long-period comet from the Oort Cloud on the outskirts of
our Solar System. Using Kepler’s third law, we estimate that the
previous apparition of the comet occurred ∼7 Myr ago.

To investigate the previous return, we must take into account
at least the influence of the Galactic tide, which becomes pro-
nounced at the Oort Cloud heliocentric distances (e.g. Heisler
& Tremaine 1986). However, this effect is not included in
Find_Orb, and the previous perihelion occurs well beyond the
time coverage of DE441. We therefore employed mercury6,
modified from the original version by Chambers (1999) to
include the Galactic tide and post-Newtonian corrections, to
study the previous perihelion return of C/2025 D1 using the
same 1001 test particles. For consistency we used the states
of planetary systems from DE441 and the best-fit orbital ele-
ments of C/2025 D1 as initial conditions for the N-body

integration in mercury6. The same gravitational perturbations
were included, although the Earth-Moon system was represented
by their barycentre rather than separately as in the orbit determi-
nation. To model the Galactic tide, we adopted a nominal mass
density in the solar neighbourhood of ρ∗ = 0.185 M⊙ pc−3 (M⊙
is the solar mass; Bahcall 1984) in the integration. Using perti-
nent NAIF routines, we monitored and recorded the perihelion
passages of the nominal orbit and its Monte Carlo clones by
searching for local minima in their heliocentric distances prior to
the current apparition. Test particles reaching beyond rH = 106

au were considered lost from the Solar System, and ten such
test particles were dropped from our backward integration. Our
results for the remaining 990 clones and the nominal orbit reveal
that the previous perihelion of C/2025 D1 occurred between
∼5.9 and 7.6 Myr ago, at a heliocentric distance between ∼60 and
200 au (see Figure 5), suggesting that the comet is dynamically
new. We acknowledge the limitation that our N-body integra-
tion did not incorporate perturbations from random passing stars,
which can influence the motion of long-period comets. Such
close stellar encounters are possibly not rare, occurring at a
rate of ∼20 Myr−1 within 1 pc of the Sun (Bailer-Jones et al.
2018). Subsequent to our numerical integration, Dybczyński &
Królikowska (2025) updated the Catalogue of Cometary Orbits
and their Dynamical Evolution (CODE catalogue), including
C/2025 D1. While their result without stellar perturbations yields
a previous perihelion distance of the comet largely consistent
with ours, the model taking into account stellar perturbations
suggests a much further perihelion distance of q >∼ 103 au. There-
fore, we are confident that C/2025 D1 is a dynamically new
comet.

We also studied the future orbital evolution of the comet.
Using Find_Orb we first determined the ‘future’ orbit at a
post-perihelion heliocentric distance of rH = 250 au for the nom-
inal orbit and its 1000 Monte Carlo clones. Table 3 presents
the mean orbital elements and their uncertainties of the future
orbit, as their uncertainty distributions closely follow Gaus-
sian distributions. Our findings indicate that, due to planetary
perturbations, the future orbit of the comet possibly becomes
hyperbolic, implying its escape from the Solar System. Although
this result is not statistically significant (1.8σ), we argue that the
comet will likely be lost from the Solar System, as the 46 test
particles with Solar System barycentric eccentricity <1 (a 4.6%
fraction of the total) all have semi-major axes >∼106 au for their
future orbits, comparable to the distances of the nearest stars to
the Solar System. This finding aligns with the predictions in the
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Fig. 5. Orbit of C/2025 D1 at its previous perihelion, derived from the Monte Carlo clones. Left panel: orbital uncertainty in the space of perihelion
time and distance. Right two panels: corresponding probability density distributions for each element. The nominal orbit is highlighted in orange.
For the N-body integration, we adopted a local mass density in the solar neighbourhood of ρ∗ = 0.185 M⊙ pc−3 (Bahcall 1984).

CODE catalogue by Dybczyński & Królikowska (2025), which
incorporates the Galactic tide (and stellar perturbations) and esti-
mates a 0.1% probability of the comet remaining bound to the
Solar System after the current perihelion passage.

We acknowledge that the above analysis does not account
for non-gravitational effects, which are commonly observed
in comets due to anisotropic activity and/or splitting (e.g.
Boehnhardt 2004; Yeomans et al. 2004). To investigate whether
the observed decline in intrinsic brightness of comet C/2025
D1 could result from disintegration, we refitted the astromet-
ric measurements in Find_Orb using a non-gravitational model
that included the area-to-mass ratio (AMR) as an additional free
parameter to account for solar radiation pressure. Our findings
indicate that the best-fit AMR, (6 ± 9)× 10−2 m2 kg−1, is not sta-
tistically significant and that the normalised residual rms showed
negligible improvement. Therefore, given also the multi-year
observed arc, we conclude with confidence that there is no astro-
metric evidence of disintegration in comet C/2025 D1, and that
the gravity-only analysis remains robust.

4. Summary

In this paper, we presented a study of long-period comet C/2025
D1 (Groeller), whose perihelion distance is larger than any other
known comet, using archival observations. The key findings are
as follows:
1. The ultra-distant comet exhibited pre-perihelion activity at

heliocentric distances rH >∼ 20 au. While its activity intensi-
fied, resembling other long-period comets at earlier epochs,
it began to decline starting approximately from late 2023 at
heliocentric distances rH ≈ 16 au. The mechanism for the
fading is unclear, but we disfavour an outburst and disin-
tegration hypotheses. Instead, we conjecture that it may be
related to the onset of CO2 activity and/or crystallisation of
amorphous ice, or that the comet might have exhausted its
supervolatile supply;

2. Assuming the activity trend is not bandpass dependent, we
derived the colour of the comet to be g − r = +0.72 ± 0.07
and r− i = +0.32± 0.06 (measured from a 3× 104 km radius
aperture). This colour is significantly redder than the Sun
and also redder than many Solar System comets. However, it
is likely not the reddest ever measured;

3. By measuring the astrometry of the comet in the archival
data, we improved the orbital solution, based on which we
derived the original and future orbits of the comet in a Monte
Carlo approach. Our N-body numerical integration incorpo-
rating the influence from the Galactic tide reveals that the
comet is highly likely dynamically new from the Oort Cloud.
The previous perihelion occurred >∼6 Myr ago at a distance
of >∼ 60 au from the Sun. However, subsequent to the cur-
rent apparition, it is highly likely that the comet will become
gravitationally unbound to the Solar System due to planetary
perturbations;

4. From the best archival observations, we computed its sur-
face brightness profiles and find them to be consistent with
a coma in steady state, which implies the observed activ-
ity being driven by the sublimation of supervolatiles. The
coma remained largely circularly symmetric throughout the
observed period despite changes in the orbital plane angle.
Therefore, we postulate that the dust environment of the
comet primarily consisted of large dust grains (at least
submillimetre- to millimetre-scaled);

5. Our model-dependent estimate, assuming CO-driven activ-
ity, constrained the nucleus radius to be >∼ 0.4 km in order
to sustain the observed brightening trend in the brightening
phase prior to approximately late 2023.
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Appendix A:

Table A.1: Archival observations and viewing geometry of comet C/2025 D1 (Groeller)

Date Archival Observations Viewing Geometry

(UTC) Facility Filter # images Exposure (s) rH (au)a ∆ (au)b α (◦)c ε (◦)d θ−⊙ (◦)e θ−V (◦) f ψ (◦)g

2018-06-06 Bok g 1 250 21.313 21.637 2.6 70.1 105.1 44.8 +2.3
2018-06-07 Bok g 1† 197 21.309 21.639 2.6 69.8 104.1 44.7 +2.2
2018-06-09 Bok g 1 250 21.303 21.643 2.6 69.2 102.1 44.6 +2.2
2018-06-18 Bok r 1 210 21.276 21.658 2.5 66.7 93.0 44.0 +1.9
2019-01-28 Bok r 1 152 20.594 20.148 2.5 115.6 239.0 53.3 -0.2
2019-02-09 Bok r 1 156 20.557 20.129 2.5 114.5 223.3 51.7 +0.4
2019-02-12 Bok r 1 181 20.549 20.128 2.5 114.0 219.7 51.3 +0.5
2020-12-06 PS1 i 4 45 18.623 18.269 2.9 109.6 281.8 33.9 -2.6
2021-01-02 PS1 i 4 45 18.548 18.014 2.6 121.5 252.1 33.2 -1.6
2021-01-04 PS1 i 4 45 18.542 18.000 2.6 122.2 249.6 33.0 -1.5
2021-01-06 PS1 i 4 45 18.537 17.987 2.6 122.7 247.1 32.9 -1.4
2021-01-07 PS1 i 4 45 18.534 17.980 2.6 123.0 245.7 32.9 -1.3
2021-02-23 PS1 i 6 45 18.405 17.883 2.7 120.5 181.2 28.1 +1.2
2021-02-24 PS1 i 4 45 18.402 17.886 2.7 120.1 179.9 28.0 +1.2
2021-03-21 PS1 i 3 45 18.334 17.995 3.0 108.4 151.3 24.9 +2.3
2021-03-23 PS1 i 4 45 18.329 18.007 3.0 107.4 149.4 24.7 +2.4
2021-03-24 PS1 i 2 45 18.326 18.013 3.0 106.8 148.3 24.6 +2.4
2021-03-25 PS1 i 4 45 18.323 18.020 3.0 106.3 147.3 24.5 +2.5
2021-03-26 PS1 i 4 45 18.320 18.026 3.0 105.6 146.3 24.4 +2.5
2021-04-02 PS1 i 4 45 18.301 18.076 3.1 101.4 139.4 23.7 +2.7
2021-04-20 PS1 i 2 45 18.253 18.213 3.2 90.7 123.9 22.2 +3.1
2021-11-21 PS1 i 4 45 17.680 17.452 3.1 101.8 290.4 27.4 -3.1
2021-11-24 PS2 i 4 45 17.672 17.411 3.1 103.8 288.0 27.4 -3.1
2021-11-26 PS1 w 2 45 17.667 17.384 3.1 105.1 286.4 27.4 -3.0
2022-02-02 CFHT r 1 100 17.492 16.825 2.4 131.4 203.7 24.2 +0.0
2022-05-30 HSC g 1‡ 120 17.197 17.598 3.1 65.2 90.9 17.2 +3.0

1 90 17.197 17.598 3.1 65.1 90.8 17.2 +3.0
2022-10-30 PS2 g 1 27 16.824 16.869 3.4 85.7 302.0 22.4 -3.3
2022-10-30 PS2 r 1 27 16.824 16.869 3.4 85.7 302.0 22.4 -3.3
2022-11-02 PS2 g 1 27 16.817 16.823 3.4 87.9 300.1 22.5 -3.4
2022-11-02 PS2 i 1 27 16.817 16.823 3.4 87.9 300.1 22.5 -3.4
2022-11-06 PS2 i 1 27 16.807 16.761 3.4 91.0 297.5 22.5 -3.4
2022-11-06 PS2 r 1 27 16.807 16.761 3.4 91.0 297.5 22.5 -3.4
2022-11-10 PS2 i 4 45 16.798 16.700 3.4 94.0 294.9 22.6 -3.4
2022-11-12 PS1 i 4 45 16.793 16.669 3.4 95.5 293.6 22.6 -3.4
2022-11-12 PS2 i 4 45 16.793 16.669 3.4 95.5 293.6 22.6 -3.4
2022-11-12 PS2 r 1 27 16.793 16.669 3.4 95.5 293.6 22.6 -3.4
2022-11-12 PS2 y 1 27 16.793 16.669 3.4 95.5 293.6 22.6 -3.4
2022-11-14 PS2 i 4 45 16.788 16.639 3.4 97.0 292.3 22.6 -3.4
2022-11-19 PS2 g 1 27 16.776 16.563 3.3 100.8 288.8 22.6 -3.3
2022-11-19 PS2 i 1 27 16.776 16.563 3.3 100.8 288.8 22.6 -3.3
2022-12-02 PS2 g 1 27 16.746 16.375 3.2 110.5 279.1 22.6 -3.1
2022-12-02 PS2 y 1 27 16.746 16.375 3.2 110.5 279.1 22.6 -3.1
2022-12-14 PS1 i 4 45 16.717 16.217 2.9 119.1 268.7 22.3 -2.7
2022-12-14 PS2 i 4 45 16.717 16.217 2.9 119.1 268.7 22.3 -2.7
2023-01-09 PS1 i 4 45 16.657 15.960 2.4 133.9 238.2 21.3 -1.4
2023-03-30 PS1 i 4 45 16.474 16.114 3.3 109.5 131.0 15.9 +2.9
2023-05-02 PS1 i 4 45 16.399 16.467 3.5 84.4 108.6 14.7 +3.5
2023-05-02 PS2 i 4 45 16.399 16.468 3.5 84.3 108.6 14.7 +3.5
2023-11-11 PS2 w 4 45 15.981 15.877 3.5 94.3 291.7 19.0 -3.5
2024-01-01 PS1 i 4 45 15.877 15.168 2.5 134.8 251.1 18.1 -2.0
2024-01-03 PS2 w 4 45 15.873 15.150 2.5 136.1 248.6 18.0 -1.9
2024-01-22 PS1 i 4 45 15.834 15.020 2.1 144.8 218.3 17.1 -0.7
2024-01-23 PS2 i 4 45 15.832 15.016 2.0 145.0 216.4 17.1 -0.7
2024-01-24 PS2 i 4 45 15.830 15.012 2.0 145.2 214.4 17.0 -0.6
2024-03-24 PS1 i 1 45 15.712 15.237 3.2 116.8 129.6 13.8 +2.9
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Table A.1: Continued.

Date Archival Observations Viewing Geometry

(UTC) Facility Filter # images Exposure (s) rH (au)a ∆ (au)b α (◦)c ε (◦)d θ−⊙ (◦)e θ−V (◦) f ψ (◦)g

2024-03-24 PS2 i 1 45 15.712 15.237 3.2 116.8 129.6 13.8 +2.9
2024-03-27 PS2 i 4 45 15.706 15.269 3.3 114.3 127.4 13.7 +3.0
2024-04-19 PS2 i 8 45 15.661 15.539 3.7 95.2 113.4 13.0 +3.6
2024-04-24 PS1 i 4 45 15.651 15.603 3.7 90.9 110.7 12.9 +3.6
2024-04-25 PS2 i 4 45 15.649 15.616 3.7 90.1 110.2 12.9 +3.6
2024-04-26 PS2 i 4 45 15.648 15.628 3.7 89.3 109.7 12.8 +3.7
2024-05-21 PS2 i 4 45 15.600 15.939 3.5 68.7 97.3 12.7 +3.5
2024-11-19 PS2 i 4 45 15.271 15.038 3.6 101.8 285.8 16.3 -3.6
2024-11-27 PS2 z 1 120 15.257 14.904 3.5 109.2 281.8 16.2 -3.5
2024-12-02 PS1 w 4 45 15.248 14.825 3.4 113.7 279.1 16.2 -3.4
2024-12-05 PS1 z 1 120 15.243 14.778 3.3 116.5 277.3 16.1 -3.3
2024-12-05 PS2 z 1 120 15.243 14.778 3.3 116.5 277.3 16.1 -3.3
2024-12-09 PS1 y 1 120 15.237 14.718 3.2 120.2 274.9 16.1 -3.1
2024-12-09 PS1 z 1 120 15.237 14.718 3.2 120.2 274.9 16.1 -3.1
2024-12-14 PS1 i 4 45 15.228 14.648 3.1 124.6 271.5 16.0 -2.9
2024-12-15 PS1 i 4 45 15.226 14.634 3.0 125.5 270.8 15.9 -2.9
2024-12-15 PS2 i 4 45 15.227 14.635 3.0 125.5 270.8 15.9 -2.9
2024-12-17 PS2 i 4 45 15.223 14.608 3.0 127.2 269.4 15.9 -2.8
2024-12-22 PS1 w 8 45 15.215 14.544 2.8 131.6 265.3 15.8 -2.6
2024-12-31 PS2 w 4 45 15.200 14.443 2.4 139.1 256.4 15.5 -2.1
2025-01-07 PS1 w 4 45 15.188 14.378 2.2 144.4 247.5 15.2 -1.7
2025-01-09 PS2 i 4 45 15.185 14.362 2.1 145.8 244.6 15.2 -1.6
2025-01-20 PS1 w 4 45 15.167 14.291 1.7 152.0 224.0 14.7 -0.8
2025-01-29 PS2 w 4 45 15.152 14.260 1.6 154.1 202.6 14.3 -0.2
2025-02-08 PS1 i 4 45 15.136 14.253 1.7 152.7 178.3 13.9 +0.5
2025-02-14 PS1 i 4 45 15.126 14.262 1.9 150.1 165.5 13.6 +0.9
2025-02-14 PS2 i 4 45 15.126 14.262 1.9 150.1 165.5 13.6 +0.9
2025-02-15 PS1 i 4 45 15.125 14.265 1.9 149.5 163.6 13.6 +0.9
2025-02-17 PS2 i 4 45 15.121 14.271 2.0 148.4 160.0 13.5 +1.1
2025-02-22 PS1 w 4 45 15.113 14.291 2.1 145.1 152.0 13.3 +1.4
2025-03-06 PS1 g 1 27 15.094 14.365 2.6 135.9 137.6 12.8 +2.1
2025-03-06 PS1 z 1 27 15.094 14.365 2.6 135.9 137.6 12.8 +2.1
2025-03-16 PS1 r 1 27 15.079 14.452 3.0 127.5 129.1 12.4 +2.7
2025-03-16 PS1 z 1 27 15.078 14.452 3.0 127.5 129.1 12.4 +2.7
2025-03-18 PS1 i 1 27 15.075 14.474 3.1 125.6 127.6 12.3 +2.8
2025-03-18 PS1 r 1 27 15.075 14.474 3.1 125.6 127.6 12.3 +2.8
2025-03-18 PS2 i 4 45 15.075 14.474 3.1 125.6 127.6 12.3 +2.8
aHeliocentric distance.
bObserver-centric distance.
cPhase angle.
dSolar elongation.
ePosition angle of antisolar direction projected in the sky plane of the observer.
f Position angle of comet’s negative heliocentric velocity projected into the sky plane of the observer.
gOrbital plane angle. Negative values means the observer is below the orbital plane of the comet.
†Comet blended with a field star, not included for analyses.
‡Used only for astrometry, because of unremovable strong vignetting from the edge shadow.
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