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Abstract

Studying materials released from Jupiter-family comets (JFCs)—as seen in their inner comae, the envelope of gas
and dust that forms as the comet approaches the Sun—improves the understanding of their origin and evolutionary
history. As part of a coordinated, multiwavelength observing campaign, we observed comet 45P/Honda–Mrkos–
Pajdušáková during its close approach to Earth in 2017 February. Narrowband observations were taken using the
Bok 90″ telescope at Kitt Peak National Observatory on February 16 and 17 UT, revealing gas and dust structures.
We observed different jet directions for different volatile species, implying source region heterogeneity, consistent
with other ground-based and in situ observations of other comet nuclei. A repeating feature visible in CN and C2

images on February 16 was also observed on February 17 with an interval of 7.6± 0.1 hr, consistent with the
rotation period of the comet derived from Arecibo Observatory radar observations. The repeating feature’s
projected gas velocity away from the nucleus is 0.8 km s−1, with an outflow velocity of 0.5 km s−1. A bright
compact spot adjacent to the nucleus provides a lower limit of the amount of material released in one cycle of ∼9.2
kg, depending on composition—a quantity small enough to be produced by repeated exposure of nucleus ices to
sunlight. This repeating CN jet, forming within 400 km of the nucleus, may be typical of inner-coma behavior in
JFCs; however, similar features could be obscured by other processes and daughter product species when viewed
from distances further than the scale length of CN molecules.

Unified Astronomy Thesaurus concepts: Comets (280); Coma dust (2159); Comae (271)

1. Introduction

As comets approach the Sun, gases sublimate from ices and
form a gas-rich coma. Processes occurring in the inner coma
provide information about volatile production from the
nucleus, as well as information about photochemical evolution
of short-lived species in the coma. We define the inner coma as
the region where collisions between gas molecules occur,
affecting the velocities of other particles. Outside of the inner
coma, particle velocities are not affected by collisions. Inner-
coma processes occur quickly and/or on small spatial scales
and generally can be neither temporally nor spatially resolved
with ground-based telescopes. These processes are often
blocked from view by other photodissociation product species
in the outer coma. Short of in situ exploration, our best
opportunity to study inner-coma processes is for a comet to
experience a close approach to Earth, as outer coma daughter
species obscure short-lived inner-coma species.

Jupiter-family comet 45P/Honda–Mrkos–Pajdušáková (45P
hereafter) passed within 0.14 au of Earth between 2016 and 2017,
providing excellent circumstances for observing its inner coma
with ground-based telescopes. Jupiter-family comets (JFCs) have
orbital periods less than 20 yr; they originate as trans-Neptunian
objects that evolve into Centaurs and eventually migrate into the
inner solar system (Duncan & Levison 1997; Tiscareno &
Malhotra 2003; Di Sisto & Brunini 2007; Duncan et al. 2004;
Dones et al. 2015; Sarid et al. 2019; Steckloff et al. 2020).

Because of their trans-Neptunian origin, studying JFCs can
provide insight into solar system evolutionary processes.
Visible-wavelength observations of 45P during its close

approach were conducted as part of a multiwavelength, global,
coordinated observing campaign (Harris et al. 2017). Obser-
ving 45P in 2016–2017 was one of the last opportunities for
close study of inner-coma processes in JFCs for the next
several decades. The goals of the campaign were to use ground-
based observations in visible, infrared, radar, and radio
wavelengths to obtain holistic, multiwavelength understandings
of the behavior of inner-coma gas and dust species and their
interactions with the comet nucleus.

1.1. Comet 45P Overview

Comet 45P is approximately 0.6–0.65 km in diameter, with a
7.6± 0.5 hr rotation period (as reported by DiSanti et al.
2017a). It has low H2O production rates compared to similar
JFCs and is depleted with respect to H2O in some volatile
species, including CN and H2O (Fink 2009).
Other observations taken during the 2017 apparition of 45P

on January 6–8, shortly after perihelion on 2017 December 31,
show volatile species preferentially released from one section
of the nucleus and processing of nucleus ices before being
incorporated into the broader coma (DiSanti et al. 2017b).
Moulane et al. (2018), observing from 2017 February 10 to
March 30, confirmed low gas and dust activity, did not detect
any outbursts, and confirmed that 45P, like 41P, has a carbon-
bearing species composition typical of comets. Observations by
Dello Russo et al. (2020), taken on 2017 February 13 and 19,
indicated “a relatively symmetric and uniform coma [...]with
small spatial differences noted between some volatile species.”
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Observations from previous as well as the 2017 apparitions
measuring C2 and CN production rates, as well as C2H2 and
HCN abundances, appear consistent with HCN being the
primary parent of CN. Dello Russo et al. (2020) noted that the
dust-to-gas ratio increased from February 13 to 19.

In this paper we present observations in filters targeting
volatile species and dust of comet 45P. In Section 2 we provide
an overview of CN, C2, OH, and dust observations taken at Kitt
Peak National Observatory. Specifics of the standard reduction
and image analysis techniques used are reported in Section 3.
Section 4 describes a repeating, discontinuous CN feature, as
well as features seen in other wavelengths. We discuss in
Section 5 possible causes of the repeating feature, radar
observations of 45P, and comparison of these 45P observations
to those taken of other comets. We summarize the results from
this campaign and for observations of future close approaches
of JFCs to Earth in Section 6.

2. Observations

Observations were conducted using the Bok 90″/2.3 m
telescope at Kitt Peak National Observatory outside of Sells,
Arizona, USA, on 2017 February 16 and 17 UT (Table 1).
Observations were also obtained at the Kuiper Telescope,
Large Binocular Telescope, MMT Observatory, Arecibo
Observatory, and Arizona Radio Observatory as part of a
coordinated, multiwavelength campaign to characterize three
Jupiter-family comets (Harris et al. 2017). Comet 45P was
observed 1.5 months after perihelion and 5–6 days after perigee
to identify any changes in the rotation of the nucleus and coma
evolution (e.g., Howell et al. 2018; Schleicher et al. 2019).

Narrowband filters (CN, C2, OH, and blue continuum (BC))
originally designed for the comet Hale-Bopp (C/1995 O1)
observational campaign (Farnham et al. 2000) were used to
ensure consistency of data across observing sites and
telescopes. Both BC and broadband Sloan Digital Sky Survey
r¢ were used as a proxy for dust. The BC images show the same
features as the r¢ images; however, the r¢ exposures have more
temporal coverage and better signal-to-noise ratios with shorter
exposure times (and thus shorter star trails) with r¢ than BC
images. We limit the analysis presented here to r¢-filter images,
as the images are otherwise indistinguishable. Although r¢ is a
broadband filter and has some gas contamination, unless the
comet is very dust-poor, the flux in r¢ images is dominated by
scattered dust, not by gas. Using r¢ as a proxy for dust is a
reliable method for comets with a moderate to high dust-to-gas
ratio (Farnham et al. 2000), such as 45P (Fink 2009), and has
been successfully used for other comets (e.g., Mueller et al.
2013; Knight et al. 2021).

Over the course of two nights, 19 science images were taken:
16 on February 16, and only 3 on February 17 owing to
weather. The close approach of comet 45P to Earth allowed for
plate scales of ∼40 km pixel−1, or resolutions of ∼80
kmarcsecond−1.

3. Image Reduction and Analysis

Standard techniques were followed for bias subtraction and
flat-fielding using dome flats. Measured efficiencies of the
filters and the color gradient from ¢r to BC were used to
determine appropriate subtraction scaling. Dust contamination
is an issue with C2 images. To remove dust contamination,
scaled ¢r images taken as close as possible in time to the C2

images were photometrically scaled using methods outlined in
Farnham et al. (2000) and subtracted from C2 images. Both CN
and OH filters have a minimal, low-contrast contribution from
dust: this does not affect the analysis of the images presented
here. CN integration times were 900–1200 s; BC, 1200 s; C2,
1200; and ¢r , 180. The CN image exposure times are different
as a result of optimizing the signal-to-noise ratio of the images.
Images obtained on the first night were taken under

photometric conditions. Observations of standard star HD
30246 were used for calibrating all comet images. Sky
background values were separated from the coma background
by extending a radial profile until it becomes indistinguishable
from flat sky at the signal-to-noise ratio of the background
levels. This may result in slight excess of background signal
subtraction; however, this amount is less than the variation in
sky flat signal (1%–2%). Due to the large area of the detector,
we were able to measure background signal levels sufficiently
far away from the comet to eliminate coma contamination.
Inner-coma structures are only a few percent above back-

ground coma signal levels, so image enhancement techniques
are required for monitoring evolution of these structures,
determining the periodicity of features, and measuring outflow
velocities of species. Because the original, reduced science
images are dominated by background comet flux for the species
concerned, we used radial-profile-based enhancement methods
described in Samarasinha & Larson (2014). Sky background
values were separated from the coma background by creating a
median pixel value radial profile centered on the nucleus until it
became indistinguishable from flat sky at the signal-to-noise
ratio of the background levels. Science images were then
divided by the median image radial profile to enhance coma
features (Figure 1). This may result in slightly too much
background signal subtraction, but by less than the variation in
sky flat signal (1%–2%). Owing to the large area of the
detector, we were able to measure background signal levels
sufficiently far away from the comet to eliminate coma
contamination.

4. Results

Preliminary inspection of the raw, unenhanced images
revealed a bright compact spot adjacent to the nucleus
(Section 4.1). Enhanced images show a repeating feature in
CN associated with the bright compact spot not seen in other
filters (Section 4.2). C2 and dust images show jets in the same
direction as the repeating CN feature, but there is no detection
of repeating features (Sections 4.3 and 4.4).

Table 1
Observing Circumstances for Comet 45P on UT 2017 February 16 and 17 from the 90″ Bok telescope on Kitt Peak, Arizona, USA

Date UT Days from Days from R Δ Elong. Phase
Start–End Perihelion Perigee (au) (au) (deg) (deg)

16 Feb 07:04–12:35 47 5 1.05 0.11 124–126 50
17 Feb 07:55–08:20 48 6 1.07 0.11 130–131 44
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4.1. A Bright Compact Release of Material

A bright compact spot is visible in an unenhanced image
(Figure 2). Preliminary inspection of the raw, unenhanced
images revealed a bright compact spot with a projected area
visible above the background coma of 7.8× 104 km2

immediately to the west of the nucleus in the final CN image
of the night before dawn taken on February 16 12:42 UTC
(Figure 2). The area of the bright compact spot was measured
by counting pixels with signal above the background in the
reduced, unenhanced image. Measuring signal obscured by the
coma would affect photometric accuracy; thus, this measure-
ment is a lower bound on the area of the bright compact spot.

Possible explanations of the bright compact spot include
jitter, optical ghosts, and stars or other background objects: all
of these would have resulted in trailing visible in the image.
Careful alignment of the nucleus during image enhancement
reveals a halo of emission around the bright compact spot
separate from the nucleus position (Figure 2), implying
cometary-like behavior of the bright compact spot, which
would be unlikely if it were a background asteroid or other
astronomical object. It is likely that this bright compact spot
would have been visible in a C2 image; however, our observing
strategy close to sunrise prioritized CN and r¢ images.

We calculated the production rate of material in the bright
compact spot (Figure 2) as approximately 3.7× 1024 molecules
s−1, consistent with the overall flux for the inner coma of 2.2× 1024

molecules per second measured by Moulane et al. (2018),

using fluorescent efficiencies for CN at R= 1.05 au (Schlei-
cher 2010).5 Our calculated production rate is likely an
underestimate because we only measured signal detectable
above background levels.
Using the production rate of the bright compact feature, we

calculated 4.4 kg as a lower limit of the total CN mass ejected
from the nucleus.

4.2. Repeating, Discontinuous CN Feature

Image enhancement revealed that the bright compact spot is
part of a larger CN cloud, roughly elliptical in shape, retreating
from the nucleus (Figure 1). We see CN material brightening at
the nucleus and then retreating as a large cloud of material
originating from the nucleus. The cloud brightness ramps up
rapidly, and the material moving away from the nucleus has a
discontinuity in its morphology: the material does not move as
one continuous jet emission from the nucleus along the
northwest direction. A plume of material is initially visible in
the first images taken on February 16 (Figure 1(a)), which
eventually detaches from the nucleus as a 24,000 km× 16,000
km bean-shaped cloud with the short axis aligned toward the
nucleus (Figure 1(b)). A second plume forms (Figure 1(c)),
visible as a bright mass of CN gas detaches from the nucleus

Figure 1. Four enhanced images of 45P taken in the CN filter on 2017 February 16 UT. Integration times are 900 s for panel (a) and 1200 s for panels (b) to (d). North
is up, east is to the left; 104 km scale bars are in the lower left; midpoints of exposure times in UT hours are at bottom right. These images are color enhanced to show
contrast. Different CN exposure integration times were used to optimize the signal-to-noise ratios of the images. The Sun position angle of 262° is shown in the upper
left corner of panel (a). Star trails are visible as bright, straight, parallel lines. The images are color enhanced to show contrast, with purple corresponding to lower
fluxes and light blue corresponding to higher fluxes.

Figure 2. The final 900 s CN exposure of February 16 with a exposure midpoint of 12:42 UTC. The first two images (panels (a) and (b)) are reduced but unenhanced.
The final image (panel (c)) has been enhanced by azimuthal subtraction. The bright nucleus is visible (panel (a)), and closer inspection (panel (b)) reveals a second
bright spot detached and to the west of the nucleus. The enhanced image (panel (c)) shows the detached bright spot signal as part of a larger bright, discontinuous
feature moving away from the nucleus toward the northwest.

5 A calculator for comet fluorescence efficiencies/g-factors for common
comet volatile species based on Schleicher (2010) is available at https://
asteroid.lowell.edu/comet/cover_gfactor.html.
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(Figures 1(d), 2). Ultimately, three separate clouds of CN gas
are visible moving away from the nucleus.

The duration of the observations on the first night (5.8 hr) is
less than one full nucleus rotation (7.6± 0.5 hr; E. S. Howell,
personal communication). We fortuitously have CN images
from the first and second nights taken 22.8 hr or approximately
three rotation cycles apart (Figures 4, 5). The repeating feature
is visible in the same position in both images. This periodicity
is consistent with a repeating event releasing material from the
nucleus into the inner coma.

We measured radial profiles (Figure 5) of the material
moving to the northwest of the nucleus, averaging over a
wedge of 5° to reduce signal from star trails. The radial profiles
show a two-peaked mass of material moving away from the
nucleus into the coma. Subsequent observations show the
peaks broadening and dissipating as the cloud of material
retreats from the nucleus. Despite coverage gaps in the imaging
sequence, a second emission of CN gas becomes visible and
leads to the bright signal visible in raw images (Figure 2).

Unwrapping the enhanced images into projected position
angle–radial distance space allows for improved tracking of
material moving radially and thus visibility of the three discrete
clouds of material expanding away from the nucleus (Figure 3).
Three discrete clouds of material are visible moving away from
the nucleus. Because of the discontinuities in emission intensity
visible in the cloud radial profiles, it is possible to measure the
expansion velocity of retreating CN gas. We measured the
center of the expanding cloud moving at a projected velocity of
∼0.8 km s−1, approximately the velocity of gas expansion at
1 au (Budzien et al. 1994). The sky-plane-projected velocity
would be nearly the same as the actual outflow velocity for
broad features (e.g., Samarasinha 2000). The cloud itself has an
outflow velocity of ∼0.5 km s−1.

4.3. C2 and OH Features

The expanding cloud appears to be present in the C2 images, as
well as the southeast jet structure, though the greater continuum
background in the C2 images makes detection by visual inspection
more difficult (Figure 6(a)). C2 has a broader spatial distribution
than CN, which is consistent with CN being primarily a daughter
(second-generation) product, whereas C2 is primarily a grand-
daughter (third-generation) product and thus has more opportunity
to retreat from the nucleus and increase its spread.
The bright compact feature that we observed in an unenhanced

CN image (Figure 2) does not appear in the unenhanced C2

images, making it difficult to constrain the mass of C2 released.
Moulane et al. (2018) measured the C2/CN production rate as
0.04± 0.003; we therefore estimate that C2 adds 5%–10% of the
mass of CN to the total amount of mass ejected (∼4.6–4.8 kg).
Two jet structures are visible in the OH image (Figure 6c): a

strong jet pointing approximately 350°, and a fainter jet pointing
in the southeast direction (∼100°). The latter jet corresponds in
position angle to the southeast jet in the CN images. There is no
evidence for an OH cloud in the northwest direction that would
correspond to jets seen in either the carbon or dust filters.
Although the jet features visible in the ¢r , BC, C2, and CN

images are in similar positions to the southeast and northwest of
the nucleus, there is only a faint structure at a similar position angle
for the OH jet. Indeed, the stronger OH jet pointing N and carbon
species emission to the E are offset by 110° as projected into the
image plane.
The curvature of the southeast jet seen in C2, CN, and

particularly OH suggests that the positive angular momentum
vector is toward the viewer in the northwest quadrant of these
images, as OH is constantly produced while in sunlight.
The northwest dust jet appears continuous, without evidence of

the discontinuous clouds seen in CN (Figure 6). The larger

Figure 3. Enhanced image of 45P inner coma taken at 11:39 UT on 2017 February 16, with the angular region from 220° to 360° position angle highlighted (panel (a))
and a portion of the image unwrapped and projected into position angle–radial distance space from 220° to 360° (panel (b)). Three separate CN emission events are
labeled; event 1 is closest to the nucleus.
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outflow velocity of CN compared to dust could obscure potential
discontinuous emission of dust.

4.4. Dust Production

Two jets are visible in the filters representing dust (r¢ and
BC): one to the southeast (120°) and a second, stronger jet
toward the northwest (280°; Figure 6). The dust, CN, and C2

jets are oriented in the same directions.
We, however, do not see evidence for a large fragment or

other repeating feature in dust wavelengths. Thus, the process
producing the repeating CN feature is creating material only
observable in the CN wavelengths. We therefore conclude that
this repeating feature consists primarily of CN. It may contain
some C2 gas, despite images of the latter lacking evidence for
the discontinuities seen in the CN wavelengths.

However, as the BC images show the same features as the r¢
images, we limit the analysis presented here to r¢-filter images,
which have more temporal coverage and better signal-to-noise
ratios with shorter exposure times. Although r¢ is a broadband
filter and has some gas contamination, the flux in the r¢ images
is dominated by scattered dust, not by gas, unless the comet is
very dust-poor. The narrowband BC filter was designed to
measure the continuum (i.e., by the dust). The use of r¢ as a
proxy for dust has been successfully established for other
comets (e.g., Mueller et al. 2013; Knight et al. 2021). Images
taken in r¢ require shorter integration times than BC to achieve
high signal-to-noise ratio, and they also have shorter star trails
than BC. Otherwise, the images are indistinguishable.

5. Discussion

5.1. Possible Causes of the Repeating Jet Feature

The repeating CN feature to the northwest represents a short-
duration release of a small quantity of material. If an icy parent
molecule, including but not limited to HCN, is emitted from the
nucleus that photodissociates to CN, the mass of the parent
molecules could be substantially larger, depending on the time of

parent molecule release. Considering that an unseen parent such
as HCN could be the majority of the mass in this feature, but we
cannot detect HCN in our filter set, 4.4 kg is the lower limit of the
mass required to form this visible repeating cloud feature.
Regardless of whether the CN is emitted directly from the
nucleus in gaseous form or photodissociates from a icy parent
molecule, the rapid conversion of this material from ice to gas
results in a high production rate for the periodic emission of CN.
Given the small quantity of CN and C2 (∼9.2 kg; Section 4.1)

required to produce the repeating feature, the mechanisms
responsible may be simple. Whatever the source for the repeating
jet feature seen during these observations, it remains the same
during the the time span of the observations and does not show
appreciable depletion during the multiple rotational cycles in
which the inner coma was observed. Thus, a single one-time event
on the comet nucleus is unlikely to cause the repeating feature.
The shape of the nucleus of 45P in Arecibo Observatory

planetary radar system observations (S band, 12.6 cm) shows
varied near-surface topography at the 100 m scale (Figure 7; E.
S. Howell 2021, personal communication). The existence of cliffs,
pits, or crevasses would be consistent with the delay-Doppler data
taken of this comet during the same time frame as the visible-
wavelength observations presented here. Exposed ices on nucleus
topography would sublimate when exposed to the Sun, potentially
producing the repeating northwest-oriented CN feature.
The source region receives enough solar insolation to produce

sufficient CN to create this repeating feature. Formation of the
feature may occur either by heating a high- to medium-thermal
inertia region all day or by near-instantaneous heating of the
source region after being shadowed for the rest of the rotation
period. The all-day scenario requires more topographic relief in
the source region, such as pits or cliffs, than instantaneous release
of CN-bearing material.
The ∼3.31× 105 km scale length of CN molecules at 1.05 au

(Cochran 1985) is larger than the radial distances from the
nucleus to the edges of our images (∼3× 104 km; e.g.,
Figure 1). Either the parent molecule of CN has a short lifetime,
or CN originating directly from the nucleus (Hänni et al. 2020)

Figure 4. Side-by-side comparison of images from 2017 February 16 and 17 taken 22.8 hr apart. The February 16 image is a 1200 s exposure; the February 17 image
is a 900 s exposure. The signal-to-noise ratio is lower in the February 17 image than the February 16 image owing to nonphotometric conditions and the shorter
exposure time.

5

The Planetary Science Journal, 3:15 (9pp), 2022 January Springmann et al.



could explain the repeating jet and other CN features so close
to the optocenters of the images.

The detection of this repeating feature in CN and C2 but not in
other wavelengths may be consistent with heterogeneities in source
regions of volatile species, as has been observed by space missions
at other comets. The EPOXI mission at comet 103P/Hartley 2
observed different source locations for several volatile species on
the nucleus (A’Hearn et al. 2011; Dello Russo et al. 2011).

Although we do not observe a periodic, repetitive release of dust
from 45P, we do see a fan of dust extending in the direction of the
northwest feature seen in CN and C2 wavelengths. This implies a
possible relationship between the periodic CN emission and the
constant jet of dust. This could be consistent with larger dust grains

drifting at a slower velocity than the smaller CN and C2 molecules:
diurnal variation would effectively “smear” the dust.
For Hartley 2, Knight & Schleicher (2013) detected similar

source regions for CN and other carbon species, as well as OH
and NH, but concluded that the latter were likely derived from
smaller grains affected by radiation pressure. Moretto et al.
(2017) observed changes at 9P/Tempel 1 in CO2 abundance
while H2O remained constant, as well as a correlation between
the CO2 and dust distributions; a similar mechanism could be at
work for 45P.
The Rosetta mission to comet 67P/Churyumov–Gerasi-

menko observed that gas emission and volatile source regions
are distributed nonuniformly over the nucleus surface

Figure 5. Radial profiles of the repeating CN feature in the northwest quadrant of the images taken on (a) February 16 and (b) February 17. Profiles are created by
averaging signal over an azimuthal arc of 5° centered on the nucleus to reduce signal from star trails and other noise. The sole profile measured on February 17 (black;
panel (b)) matches up with a profile taken the previous night (yellow), approximately three rotation periods of 7.6 ± 0.1 hr later. There is no shifting of the 09:19
February 16 profiles superimposed over the February 17 profile. Vertical separation along the y-axis between profiles is exaggerated to emphasize details in both plots.
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(Hässig et al. 2015; Bockelée-Morvan et al. 2015; Migliorini
et al. 2016; Fink et al. 2016; Fougere et al. 2016). Further,
Rosetta observations showed that jet formation corresponds to
active pits (Vincent et al. 2015) and dust and gas emission
varies with temperature conditions (solar illumination; Alí-
Lagoa et al. 2015; Lara et al. 2015). The spacecraft also
detected gas-only outbursts from 67P (Feldman et al. 2016).

Other comets exhibit structures in their gas features,
particularly CN jets that can form Archimedean spirals,
including 1P/Halley (Klavetter & A’Hearn 1992), Hale-Bopp
(Mueller et al. 1997), and 103P/Hartley 2 (Samarasinha et al.
2011). However, the motion of the cloud away from the 45P
nucleus and its expansion do not resemble an Archimedean
spiral. There is precedent for discontinuities in material

emissions into the inner coma: observing on C/1996 B2
(Hyakutake), Harris et al. (1996) reported a “detached sunward
facing plume.” Several jet features could have formed into
spirals or repeating features; the orientation was such that they
would have been difficult to observe from Earth. Further,
Wierzchos & Womack (2020) found that outbursts of CO do
not always correlate with dust.

6. Conclusions and Future Work

We analyzed 19 images of comet 45P taken on 2017
February 16–17 near perigee in the CN, C2, OH, and BC Hale-
Bopp campaign narrowband filters, as well as r′, in conjunction
with a multiwavelength observing campaign. We found the
following:

Figure 6. Four enhanced images of 45P in (a) C2, (b) CN, (c) OH, and (d) dust filters at the same distance scales, all taken on 2017 February 16 UT. North is up, east is
to the left; 104 km scale bars are in the bottom left; midpoints of exposure times in UT hours are at bottom right. These images are color enhanced to show
contrast. The C2 image (panel (a)) shows two features, a strong one in the northwest, and a fainter one in the southeast. The CN image (panel (b)) shows a southeast jet
and a discontinuous northwest jet. The OH image (panel (c)) is dominated by a plume to the north (∼350°) not seen in other filters, as well as a faint east-pointing jet.
The dust image (panel (d)) is dominated by a bright northwest jet and a dimmer southeast jet, which is not the direction of the dust trail.
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1. A bright compact spot adjacent to the nucleus in the CN
filter shows comet-like behavior, indicating a rapid
release of a CN parent product material, with a total
mass of ∼9.2 kg.

2. This small amount of material could be released from
changing solar illumination of surface topology on the
nucleus or via another simple process: due to the low
mass, a complex mechanism need not be responsible for
the bright compact spot.

3. A high-contrast, repeating CN feature associated with the
bright compact spot retreats away from the nucleus at
∼0.8 km s−1, corresponding to the gas expansion
velocity.

4. The time interval between repetition of the feature is
similar to the radar-derived rotation period (7.6± 0.1 hr)
for 45P.

5. Different position angles for jets from different gas and
dust species imply source region heterogeneity on the
nucleus for these species.

The repeating CN feature may represent a process common
on JFCs as they approach the Sun, yet typically obscured from
ground-based observations owing to outer coma species
obscuring gases such as CN, which may originate directly
from the nucleus. Owing to the low spatial resolutions of
ground-based observations, investigation of how common
repeating features such as this one are may prove challenging.

Comets 41P/Tuttle-Giacobini-Kresák (41P) and 46P/Wirta-
nen (46P), two other small JFCs, passed within 0.14 au of Earth
in 2016–2019 and were observed as part of the coordinated,
multiwavelength campaign in which we observed 45P. Image
reduction, enhancement, and analysis of narrowband visible-
wavelength observations of 41P and 46P are ongoing. Never-
theless, we encourage coordinated, multiwavelength campaigns

conducted with medium-sized telescopes for future close
approaches of Jupiter-family or other comets to explore
whether features like the one observed at 45P are characteristic
of comets as they approach perihelion, or whether this behavior
is unique to 45P.
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