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Variations in the volatile-driven activity of comet C/2017 K2 (PanSTARRS)
revealed by long-term multiwavelength observations
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C/2017 K2 (Pan STARRS)

Comet C/2017 K2 (PanSTARRS) is a dynamically new Oort cloud comet
and one of the most remarkable cases of distant cometary activity
ever observed. Discovered at 16.1 au from the Sun (Wainscoat et al,
20717), it was later found to have been active as far as 23.8 au (Jewitt et
al, 2017; Meech et al,, 2017), making it the second most distant active
comet ever detected. Sub-millimeter observations revealed a CO-rich
coma (Yang et al, 2071), and its brightness steadily increased as it
approached perihelion. Its extraordinary activity at such large
heliocentric distances and its pristine, dynamically fresh nature make
K2 an ideal laboratory for probing volatile-driven processes across an
unprecedented range of solar distances.

Here, we present a comprehensive analysis of K2's long-term activity
and chemical composition, drawing on nearly eight years of
photometric observations (152 au pre-perihelion to 85 au post-
perihelion) and spectroscopic data from two instruments at ESONV/LT.
Our results shed light on volatile competition, dust coma properties,
and the compositional classification of this exceptional comet
(Hmiddouch et al,, 2025).

TRAPPIST monitoring

TRAPPIST (TRANsiting Planets and Planetesimals Small Telescope) is a
project led by the University of Liége, in Belgium. It is made of two 60-
cm robotic telescopes dewvoted to the detection and characterization
of exoplanets using the transit method and to the study of comets
and other small bodiesin our Solar System (Je hin et al. 20T1).
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The TRAPPIST monitoring campaign yielded a total of 2204 broad-
band and 174 narow-band images across 271 observing nights
spanning nearly eight years. Exposure times were adjusted to track
the comet's evolving brightness, ranging from 30-240s in broad-band
and 300-1500 s in narrow-band filters. Together, this extensive and
homogeneous dataset represents one of the most complete long-
term optical monitoring programs ever conducted for a dynamically
new comet at large helioce ntricdistances.
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The A(O)fp param eter of comet C/2017 K2 from the broad- and narmw-band fiters as a function of the heliocertric
disiance.

The figure below shows the heliocentric evolution of production rates
for five volatile species — OH, NH, CN, C3, and Cs, in comet K2. OH,
production rates are scaled down by a factor of ten for clarity. The
logarithmic scale facilitates direct comparison across species with
vastly different absolute abundances, while highlighting temporal
variationsin activity with helioce ntric distance.

Production rate ratios relative to CN and OH, along with the dust-to-

gas ratio, were derived to characterize the com positional nature of K2.

The value log [A(0)fp/Q(OH)] = —24.75 + 0.43 places K2 in the dust-rich

category when compared to the typical cometary values of A'Hearn et

al. (1995a)
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Logariti mic poGuET on rates 0 OH, NH, CN, C2, and C3 of comet C/2017 K2 from TRAPPIST phetom etry as 3 function
oftime and thehdioce rtricdisance.

The figure below traces the temporal evolution of the log C»/CN ratio
as a function of both time relative to perihelion and heliocentric
distance. Following the taxonomic scheme of A'Hearn et al. (1995a), K2

is classified as a ‘'typical" comet, exhibiting standard relative
abundances of C; and Cs with respect to CN and OH.
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To investigate the volatile composition of comet K2 in the optical
domain and track its evolution through perihelion, we conducted a
dedicated spectroscopic program using the Ultraviolet-Visual Echelle
Spectrograph (UVES) on Unit Telescope 2 (Kueyen) of the ESONLT at
Paranal Observatory. High-resolution optical spectra were acquired at
three distinct epochs (Table), ssmpling heliocentric distances both
inside and outside the water sublimation zone (~3 au). This strategy
was designed to capture potential shifts in the relative abundances of
gaseous species linked to the transition from hypervolatile-driven to
water-driven activity.

At the first epoch (May 9, 2022; r_h = 323 au), only CN, C3, and C; emission

bands were detected, consistent with TRAPPIST imaging.

By the second epoch (July 5,2022;

Table Gas production mtes of cometC/20T7 K2from U VES cbsevations

Date (2022) OH ON

May 09 3.96 4 0.79 = 10 7.57 & 1.51 = 10°° 2.88 & 0.58 = 10%°
Jul 05 (a) 1.23 4+ 0.12 = 10%%  1.07 + 0.11 = 10%%  7.03 & 1.41 = 10%%
Jul 05 (b) 1.51 4 0,16 = 10* 1,15 4 0.12 x 10°°  5.86 = 1.17 = 10°"
Sept 21 5.23 4 0.51 x 107 115 % 0.12 x 100 1.01 % 0.20 = 10%¢
Sept 22 5.50 &£ 0.57 > 10%%  1.18 4 0.11 » 10?%  0.50 £ 1.92 = 102"

Integrated fluxes and the green-to-red [Ol] ratio (G/R; Cochran &
Cochran, 2001) were measured at each epoch. The G/R ratio shows a clear
heliocentric dependence, declining from ~025 beyond the water
sublimation boundary (~3 au; Crovisier & Encrenaz, 2000) to ~0.1 near 2
au, in excellent agreement with values reported for a wide range of
comets by Decock et al. (2013), Opitom et al. (2019), Cambianica et al

— - 5 (2021, 2023), Kwon et al. (2023), and Aravind et al. (2024) (see figure below).
r_h =273 au), the onset of water- Date 2022 1 (au) rA(l?u) 7a (km/5) 00— - . 1
driven activity was signaled by May 9 328 266 -31.7 E : . 1
the appearance of OH alongside July 5 273 1.82 -6.65 033 3 '
NH, CH,and NH;. Sept 21 212 232 15.98 030f 3 - oo @ . 1
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Spectral regions ofinterest of cometC/20T7 K2acquired withUVES
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CRIRES+U

High-resolution NIR spectra were acquired using CRIRES+ (ESONLT),

upgraded now toa cross-dispersed spectrometer. Two settings, L3377

and M4318, were sufficient to sample the majority of primary volatiles

(e.g., H20, CO, C2H6, CH4, HCN, NH3, ..) and to study their evolution as

the comet is approaching the Sun.
23

The CRyogenic high-resolition Infia Red Echelle Spectmgr ph (CRIRES+) mounted on theVLT UTS.
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Despite K2's pronounced activity at large
heliocentric distances, infrared observations
reveal a contrasting picture: a weak dust
continuum and faint emission from parent
species. The infrared dust signal combines
reflected solar radiation and thermal emission.
Key species detected optically, including H20,
C3Hs,and HCN, were only marginally detected
even during periods of heightened optical
activity. Rotational temperatures, production
rates, mixing ratios, and upper limits from
CRIRES+ observations are summarized in the
following table.

Date  Molecule e
110 mol/s]
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Compared to other comets, K2 appears
enriched in most volatile species, with

com positional similarities to C/1999 T1, C/2009
Pl, and C/2013 Rl (see figure below). This
enrichment may reflect formation in a cold,
organic-rich environment where high CO
abundances and efficient hydrogenation on
icy grains enhanced molecules such as
methanol, ethane, and methane. As a
dynamically new comet, K2 has lkely

preserved much of its primordial com position
during its long residence in the Oort cloud,
consistent with the strong hypervolatile-
driven activity observed beyond 20 au.

Comparison ofK2 with other com
and C20I3R] thecom

percertiles, and whiske's thesth-S5th percertiles G2009
and C20B Rl areshown asa gmysauare, adiamond, and a




	Slide 1

