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ARTICLE INFO ABSTRACT

Keywords: We present here a dynamical and observational study of the comet C/2017 U7
comets, photometry, spectroscopy, (PANSTARRS). This comet was discovered in 2017 and found to have a hyper-
dynamics bolic orbit. Our dynamical analysis shows that the object has probably originated

in the Oort cloud, however an interstellar origin can not be discarded. The ob-
servations were obtained in 2018 and 2019 using the Goodman High Throughput
Spectrograph (GHTS) at the SOAR telescope. We obtained visible spectra cov-
ering the wavelength range of 0.5 — 0.9um and also images in the SDSS filters
system. Both the low-resolution reflectance spectrum and the reflectance spectra
derived from the SDSS filters show an atypical band at ~ 0.595um. We conducted
a comparative study of the colors and reflectance spectra of different small body
populations (e.g., comets, Centaurs, and trans-Neptunian objects ) from
the literature and concluded that the spectra and the colors of this comet are atyp-
ical, showing only some overlap with those of some known members of the TNOs
and Centaurs, within the large uncertainties of the measurements of

. It is found that the feature and overall spectral shape can be reproduced by
laboratory spectra of kerite, a template for aliphatic-rich hydrocarbons that has
been previously identified in NIR cometary spectra absorptions. It is tentatively
proposed that the unusual spectral shape is the result of a particle size distribution
of dust grains in the coma or on the surface that has arisen due to a low grain
ejection velocity from the surface and large nucleus size.

1. Introduction

The small bodies of the solar system can be considered the most pristine objects in our planetary system.
Specifically, comets are believed to hold volatile content and are capable of providing information about the
protoplanetary disk formation and evolution (Bauer et al., 2017; Hui, 2018).

It is generally assumed that comets have sources in the trans-Neptunian belt (short-period comets) and
the Oort cloud (long-period comets), see Jewitt (2015). Many of these comets can enter the inner solar

system, but in some cases they show high perihelion distances, q. Some even follow weakly hyperbolic

4 marcalsantana@on.br (M. Evangelista-Santana); carvano@on.br (J.M. Carvano); mariondepra@gmail.com (M. De Pra)
ORCID(8): 0000-0003-0670-639X (J.M. Carvano)
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Comet C/2017 U7

trajectories. Although the mechanism of activation is fairly well understood for the comets that have closer
approaches to the Sun, there is a gap of knowledge regarding the objects with high perihelion distance (g
>5 au). Activity in this region is most likely mainly driven by crystallization of amorphous ice and/or
sublimation of hyper volatile species (Everhart, 1982; Weissman, 1982; Fernandez et al., 2004).

This scenario reflects a possible bias in the sample of observed comets, where most of the
objects are Jupiter-Family comets (JFCs), originating at the trans-Neptunian belt, and few are long-period
comets, originating at the Oort cloud. To overcome this bias and to more thoroughly understand the current
structure of the solar system, and how it formed and evolved, it is critical to characterize the compositions,
activity mechanisms and other physical properties among the different comet populations.

In particular, the Oort cloud is a spherically distributed reservoir of small icy bodies that, according to
indirect observational evidence, surrounds the outskirts of the solar system and may have formed nearly 4.6
Gyr ago. Studies of objects that have a probable origin in this region have revealed a heterogeneous nature
(e.g., Oort, 1950; Stern and Weissman, 2001; Fernéndez et al., 2004; Meech et al., 2016) and suggest that
part of the material in the Oort cloud could have an extrasolar origin, containing materials captured from
the protoplanetary discs of other stars while still forming within its nascent star cluster
Portegies Zwart et al. 2021). However, little is still known about the existence, extent and dominant physical
properties of objects from this region.

In this context, A/2017 U7 was discovered on October 29, 2017, when it was at 7.8 au from the Sun and
moving towards perihelion at 6.4 au, by the 1.8 m Pan-STARRS 1 Ritchey-Chretien telescope at Haleakala
(Bressi et al., 2018) observing for the Panoramic Survey Telescope and Rapid Response System (Pan-
STARRS, Kaiser 2004; Denneau et al. 2013). The object was initially regarded as asteroidal, A /2017 U7,
therefore the initial prefiz A/, but it was eventually confirmed to be a comet, C/2017 U7 (PANSTARRS)
(Bressi et al., 2020). Initial orbit determinations placed this object among the group of hyperbolic asteroids
(orbital eccentricity, e > 1) and later among the hyperbolic comets. The solution available on March 4,

2018, when the discovery was announced, gave a value of the heliocentric eccentricity of 1.00176+0.00012.

A recent orbit determination (see Table 1), gives that is a moderate value of e among
those of known hyperbolic comets; the orbit determination in Table 1 is based on observations for
a data-arc of days. A/2017 U7 was first observed only 10 days after the discovery of 1I/2017 Ul

(‘Oumuamua), the first known interstellar object (see for example the review in Hainaut et al. 2018). When
first announced, A /2017 U7 was regarded as a candidate for being an interstellar object, albeit with very low

hyperbolic excess velocity with respect to the barycenter of the solar system. This was our initial motivation

'https://www.minorplanetcenter.net/mpec/K20/K20F58.html
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for studying C/2017 U7 (PANSTARRS).

We present here a study of the spectroscopic, photometric and dynamical properties of the hyperbolic
comet, C/2017 U7 (PANSTARRS). An exploration of the orbital evolution of the object is shown in section 2.
The observations and reduction techniques are described in section 3, and the analysis of the observational
data is presented in section 4. Finally, we present a discussion of these results and draw our conclusions in

section 5.

2. Comet C/2017 U7 (PANSTARRS): past, present and future dynamical
evolution

In order to study the dynamical evolution of C/2017 U7 (PANSTARRS), we use data —heliocentric
and barycentric orbital elements and their uncertainties, common for both— provided by Jet Propulsion
Laboratory’s Solar System Dynamics Group Small-Body Database (JPL’s SSDG SBDB, Giorgini 2015)? and
based on JPL’s Planetary and Lunar Ephemerides DEJJ0 and DEJJ1 (Park et al., 2021), and full N-body
calculations carried out with software written by Aarseth (2003)° that implements the Hermite integration
scheme described by Makino (1991). These numerical simulations do not include non-gravitational forces;
the physical model and additional details are described in de la Fuente Marcos and de la Fuente Marcos
(2012). The effects of Galactic tides and stellar perturbations on the calculations as discussed by Krélikowska
and Dybczyniski (2018) have been neglected as they appear to be relatively unimportant for short integrations
like ours —compare the results for C/2017 K2 (PANSTARRS) in Krélikowska and Dybczyniski (2018) and
de la Fuente Marcos and de la Fuente Marcos (2018). Such effects cannot be ignored when much longer
integrations are attempted as the orbital period of the solar system around the center of the Galaxy is close
to 250 Myr (our longest integrations span just 6 Myr). Cartesian state vectors were obtained from JPL’s
HORIZONS? (also based on DFEJJ0/DFE//1) or computed using the Monte Carlo Covariance Matrix (MCCM)
method described by de la Fuente Marcos and de la Fuente Marcos (2015) with covariance matrices obtained
from HORIZONS that is also the source of other input data necessary to carry out the calculations such as
barycentric Cartesian state vectors for planets and other bodies. The approach applied here has been
previously used in de la Fuente Marcos and de la Fuente Marcos (2018, 2019), Licandro et al. (2019), de la

Fuente Marcos et al. (2019), and de Ledn et al. (2020).

?https://ssd.jpl.nasa.gov/sbdb.cgi
Shttp://www.ast.cam.ac.uk/ sverre/web/pages/nbody.htm
4https://ssd.jpl.nasa.gov/?horizons
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Table 1
Heliocentric and barycentric orbital elements and 1o uncertainties of C/2017 U7
(PANSTARRS). The orbit determination has been computed at epoch JD that

corresponds to 00:00:00.000 TDB, Barycentric Dynamical Time, on ,
J2000.0 ecliptic and equinox. Source: JPL's SSDG SBDB (solution date,
PDT).

Orbital parameter Heliocentric Barycentric

Perihelion distance, ¢ (au) =
Eccentricity, e

Inclination, i (°)
Longitude of the ascending node, Q (°)

Argument of perihelion, w (°)
Mean anomaly, M (°)
Absolute magnitude, H (mag) = 8.8+0.9

Table 2
Barycentric Cartesian state vector of C/2017 U7 (PANSTARRS): components and associated 1o uncertainties.
. Source: JPL’s SBDB.

Component valuetlo uncertainty
X (au)
Y (au)

Z (au)
Vx (au dfl)
Vy (au dfl)
Vo (au dfl)

2.1. Current orbital status

Although the heliocentric orbit determination in Table 1 is hyperbolic at the level, the barycentric
one is not hyperbolic at the level. Therefore, C/2017 U7 (PANSTARRS) is at the moment gravi-
tationally bound to the solar system, even if weakly. On the other hand, on May 18, 2020, C/2017 U7
(PANSTARRS) experienced a close approach to Jupiter at about 1.66 au from its center. This flyby took
place at a relative velocity 28 km s~!, which is relatively so its long-term dynamical effects
might not have been negligible. Long-term calculations (see below) may show the true effects of such an

encounter. 1

2.2. Past orbital evolution
In order to investigate the orbital evolution of C/2017 U7 (PANSTARRS) over the past few Myr, we have

. Our results are shown in Fig. 1 and they picture a
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rather chaotic orbital evolution into the past. Close encounters with Jupiter make the reconstruction of the
dynamical past of this comet difficult when considering times older than about 700 kyr and a probabilistic
approach should be applied in order to arrive at reliable conclusions. At least of the relevant orbits
( ) may lead to an ejection or, more properly, to a capture from interstellar
space as we are considering an integration backwards in time. Such an evolution may be compatible with
an origin in the Oort cloud as discussed by de la Fuente Marcos et al. (2018).

In order to understand better its possible origin, we have performed integrations backwards in time using
MCCM to generate control orbits and find that the probability of this comet having been captured from
interstellar space during the last
Figure 2 shows results from these simulations. Most control orbits lead to barycentric distances with values
below the aphelion distance that defines the domain of dynamically old Oort cloud comets (see Krolikowska
and Dybczynski 2017) as seen in the left panel. The most straightforward interpretation of these results is
that C/2017 U7 (PANSTARRS) almost certainly did not arrive from interstellar space: It is a dynamically
old object instead, with a likely origin in the solar system. This conclusion was also found by Hui (2018),
using one of the earliest orbit determinations of C/2017 U7 (PANSTARRS), the solution available on March

4, 2018 pointed out above.

2.3. Future orbital evolution

Although the likely past orbital evolution of C/2017 U7 (PANSTARRS) as characterized by Figs. 1 and 2
was rather chaotic, the future orbital evolution is far more predictable. After the flyby with Jupiter on May
18, 2020, the comet seems to have received just enough impulse to leave the solar system. All the control
orbits appear to lead to the same outcome (see Fig. 1). Our integrations shown in Fig. 2, right panel,
indicate that its probability of escaping the solar system during the next and this value
is likely to increase if we consider longer calculations. Its future evolution is similar to the one of C/2018 V1
(Machholz-Fujikawa-Iwamoto) as described by de la Fuente Marcos and de la Fuente Marcos (2019),

. Numerical simulations carried out by Hui (2018) with an orbit

determination based on 87 observations spanning a data-arc of 176 days, indicated that this comet has a
60% chance of escaping the solar system during the next 1.5 Myr after its perihelion passage. This result is
consistent with our own findings based on an improved orbit determination.

Comets that eventually leave the solar system as a result of close encounters with Jupiter are not
uncommon. Comet C/1980 E1 (Bowell), with a current value of the heliocentric orbital eccentricity of

and a barycentric one of , is currently listed as the
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Figure 1: Evolution of the barycentric distance to the comet C/2017 U7 (PANSTARRS) as computed from the orbit
determination in Table 1 (nominal in black) and relevant control orbits with Cartesian vectors separated +3c (in green),
—30 (in cyan), +90 (in red), and —90 (in orange) from the nominal values in Table 2.

The zero time instant corresponds to epoch JD TDB.

and its current path was the result of a close encounter

with Jupiter on December 9, 1980 (see for example Buffoni et al. 1982; Branham 2013).

3. Observations and Data Reduction

We used the 4.1 m SOAR telescope at Cerro Pachon (Chile) to observe C/2017 U7 (PANSTARRS) on
two nights: August 13th, 2018 and September 18th, 2019. On the first night, we used the Goodman High
Throughput Spectrograph (GHTS) to acquire the object’s visible spectrum and images. The spectrum was
acquired using the GHTS Red Camera, with the grating of 400 1/mm (mode M2) and the 1.5" slit with no
binning positioned along parallatic angle. This setup provided the visible spectra of the comet covering the
wavelength range of 0.5-0.9 pm. The same setup was used to acquire the spectra of solar analog stars at an

air mass similar to that of the object’s observation. On the second night, we used the GHTS Red camera

Authors et al.: Preprint submitted to Elsevier Page 6 of 27
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Figure 2: Values of the barycentric distance as a function of the velocity parameter into the past (left panel) and

future (right panel) for 1000 control orbits of C/2017 U7 (PANSTARRS) generated using the MCCM approach. The
velocity parameter is the difference between the barycentric and escape velocities at the computed barycentric distance in
units of the escape velocity. Positive values of the velocity parameter are associated with control orbits that could be the
result of capture (left panel) or lead to escape (right panel). The thick black line corresponds to the aphelion distance
—a (1 +e), limiting case e = 1— that defines the domain of dynamically old comets with a™! > 2.5 x 107% au™" (see
Krélikowska and Dybczynski 2017); the thick red line signals the radius of the Hill sphere of the solar system (see for
instance Chebotarev 1965).

in imaging mode with the g-, 7- , i-, and 2-band filters in the Sloan Digital Sky Survey (SDSS) system. We
used a 1 x 1 bin mode, the effective circular field of view was 7.2 arcmin (diameter) and the image scale was
0.15 arcsec pixel~!. All observing circumstances surrounding the observations carried out with the SOAR
telescope are shown in Table 3, and Table 4 lists the solar analogs used in the reduction of the spectroscopic
observations.

C/2017 U7 (PANSTARRS) was also serendipitously observed by the Dark Energy Survey (Flaugher

Authors et al.: Preprint submitted to Elsevier Page 7 of 27
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et al., 2015) seven times on five nights between October 2017 and October 2018. These observations were
made using the 4 m Victor M. Blanco at the Cerro Tololo Inter-American Observatory (CTIO) and the Dark
Energy Camera (DECam) that has a field of view of diameter 2.2° with filters in the SDSS system. The
observing circumstances are shown in Table 5. These retrieved archive DES images had been previously

corrected using bias and master dome flats.

Table 3
All observations obtained with SOAR of comet C/2017 U7 (PANSTARRS). A : geocentric
distance, r: heliocentric distance, and a: phase angle.

UT time Airmass Data type Filter/spectral range (um) Exp. time (s) A(au) r(au) «
2018-08-13T02:57 1.67 Spectrum 0.5-0.9 3 x 600 6.162 6.943 5.6
2019-09-19T00:38 1.03 Image g-band 4 x 300 5.888 6.417 8.0
2019-09-19T00:20 1.04 Image r-band 4 % 150 5.888 6.417 8.0
2019-09-19T01:16 1.02 Image i-band 4 x 150 5.888 6.417 8.0
2019-09-19T01:33 1.03 Image z-band 4 % 150 5.888 6.417 8.0

Table 4

Solar analogs - Observing circumstances on 2018-08-13

Star UT time Airmass Exp. time (s)

Landolt 107-998 23:05:59 1.16 3x90

Landolt 107-998 01:19:22 1.44 3x90

Landolt 107-684 23:18:56 1.16 3 %90

Landolt 110-361 23:37:57 1.44 3 x 120

Landolt 110-361 01:46:30 1.14 3 x 120

Table 5

All observations obtained of DES for comet C/2017 U7 (PANSTARRS). A : geocentric
distance, r: heliocentric distance, and a: phase angle.

UT time Airmass Data type Filter/spectral range (um) Exp. time (s) A(au) r(au) o
2017-10-18T05:25  1.06 Image g-band 1 x90 7.217 7.902 55
2017-10-19T05:35  1.08 Image g-band 1 x 90 7220 7.898 5.5
2017-10-30T04:11  1.04 Image i-band 1 x90 7.274 7.857 6.1
2017-10-30T04:13  1.05 Image z-band 1 x90 7.274 7.857 6.1
2017-11-10T02:11  1.01 Image r-band 1 x90 7.356 7.816 6.6
2017-11-10T02:13  1.01 Image g-band 1 x90 7.356 7.816 6.6
2018-09-15T06:02  1.10 Image r-band 1 x 90 6.094 6.862 5.7

The spectroscopic and imaging data were reduced using the Image Reduction and Analysis Facility
(IRAF)®. The GHTS spectral images were first corrected for bias and then divided by a normalized flat field

image. In sequence, we extracted the 2D spectra of C/2017 U7 (PANSTARRS) and those of the solar analogs

STRAF is distributed by the National Optical Astronomy Observatories, which are operated by the Association of Universities
for Research in Astronomy, Inc., under cooperative agreement with the National Science Foundation.
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using the IRAF APALL task, centering the comet optocenter at the middle of the aperture. The background
sky was measured (and subsequently subtracted) in a region close to the comet, free of coma, tail, and/or
background stars. The final spectra was obtained by averaging the individual spectra of each target and
calibrating the wavelength using HgArNe lamps. We divided the object’s spectrum by each solar analogs
spectra observed in the same night. This procedure allows for the investigation of possible systematic errors
and also estimates of the uncertainty in the spectral slope. Finally, the spectra of C/2017 U7 (PANSTARRS)
was produced by averaging all the object’s spectra that had been divided the solar analog spectrum.

For all imaging data of C/2017 U7 (PANSTARRS), we applied an aperture photometry technique with
radii varying between 1 and 50 pixels, using the task DIGIPHOT from the APPHOT package included in
IRAF. However, in this particular case, specifically for active comets is necessary to consider the effects caused
by seeing variations during each night, mainly for small apertures (Licandro et al., 2000). For each imaging
sequence, the images were convolved with synthetic profiles in order to downgrade the seeing of each so as to
match the worst seeing in each sequence (Licandro et al., 2000). Aperture photometry was then performed
using radii between 1 and 50 pixels. Also, we used isolated stars for photometric calibrations that allowed
for the use of larger apertures which minimized the effects of seeing variability. Photometric calibration for
the SOAR observations on 2019-11-19 and for the DES observations were obtained by searching field stars
with calibrated magnitudes listed in the SkyMapper Southern Sky Survey (Keller et al., 2007), using curve

of growth (Howell, 1990) to determine the appropriate aperture.

4. Analysis and Results

4.1. Evolution of the coma

In order to measure the evolution of the coma within the time range of the observations gathered in this
work, we initially performed a direct comparison of the radial profile of the comet with the profiles of field
stars (Luu and Jewitt, 1992; Martino et al., 2019; De Pra et al., 2020), using three image sets: the DES
images on 2017-10-18 and 2017-10-19 (g filter), the DES image on 2018-09-15 (r filter) with scale of 0.263
arcsec pizel ' and the 4 SOAR images on 2019-09-19 (r filter) with scale of 0.15 arcsec pizel . The radial
profiles of the comet and those of the stars were obtained using the PRADPROF task of the IRAF package.
The radial profiles displayed in Figure 3 show the temporal evolution of the coma. The images that were
obtained by DES in October 2017 show a radial profile with no detected coma , although our data are not
conclusive about the non-existence of activity at that time. On the images obtained by DES in September
2018 and SOAR in September 2019, on the other hand, the distinction between the profile of the stars and

that of the comet can be clearly seen. Therefore, the DES observations in October 2017 can be used to
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characterize the nucleus if it is assumed that all flux received is from a bare nucleus.

In order to estimate the diameter of C/2017 U7’s nucleus we first derived the absolute nuclear magnitude
using the DES observations of 2017-11-10 in the g and r bands. From these observations, we calculated the
V band magnitude through the relations given by Juri¢ et al. (2002). We assumed a constant value for the
linear phase coefficient 8 = 0.11 mag deg=! (Alvarez-Candal et al., 2016), obtaining a value for the absolute
magnitude of the nucleus of H = 10.87 4+ 0.06 mag. Using albedos in the range 0.02-0.06, we obtained a
diameter between 64 km and 37 km, and for an albedo of 0.04, typical of a comet nucleus, (Fernandez et al.,
2013) we obtained a diameter of ~ 45 km.

The evolution of the dust production rate of the comet was estimated using the Afp parameter. This
parameter was initialy defined by A’Hearn et al. (1984) on observations of the comet Bowell. As a general
rule, it is assumed that larger Afp values indicate higher dust production rates. Also, this parameter would
be independent of the size of the aperture if the surface brightness profile falls with the inverse of the
aperture, which would correspond to an isotropic emission and steady-state coma.

Figure 4 shows the Afp values as a function of the cometocentric distance calculated for the g, r, i and
z bands for the SOAR observations of September 2019. For all filters, there is a steep increase of Afp with
aperture followed by a gentler decline. The steep increase of Afp for smaller aperture radii is the result of
the coma’s flux being spread out due to the seeing of the observation, while the slow decrease at larger radii
may be associated with a non-steady-state dust emission, the effects of solar radiation pressure, possible dust
grain fragmentation, or combinations of such mechanisms. The behavior for the z and i bands are similar,
but for the g and r band the peak value is shifted to larger apertures and presents a less steep decline. Also,
the peak value for the r» band reaches a smaller value than for the other filters.

The Afp values for the comet C/2017 U7 (PANSTARRS) derived for filters in the SDSS system, are
listed in Table 6, with the maximum and the relative aperture radius. Comparing the values obtained from
the r-filter in the DES observations in September 2018 with the values from the SOAR data on September
2019, is possible to identify a clear increase in the dust production.

Table 6

Afp values for comet C 2017 U7 (PANSTARRS), derived for SDSS filter system with reference optical aperture
of p = 10" km and centred on the optocentre.

Date Filter Afp (cm) Afpmaz Pmaz (km)
(p = 10* km)

2018-09-15 r-band 1607 1662 14320

2019-09-09 g-band 2509 2555 12815

2019-09-09 r-band 2398 2331 12174

2019-09-09 i-band 2716 2724 10893

2019-09-09 z-band 2686 2691 10893

Authors et al.: Preprint submitted to Elsevier Page 10 of 27
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Figure 4: Afp trend versus cometocentric distance measured for comet C/2017 (PANSTARRS) in g-, r-, i-, z-band filters
in SDSS system for observations of September 2019. The dashed line represents the size from HWHM
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4.2. Colors and Spectral properties

The primary source of information about the spectral behavior of the comet is the low-resolution spectrum
obtained on 2018-08-13 and the photometry on the g-,r-,i-,z2-bands from the observations on 2019-09-19,
which can be used to derive colors as well as a reflectance spectrum. The former set of observations was
obtained within an interval of ~ 5 minutes and therefore is not severely affected by temporal variations in
the coma. The latter set of i — 2z and g — r colors of the nucleus were obtained from the DES observations
on 2017-10-30 and 2017-11-10.

Figure 5 shows the low-resolution reflectance spectra of the comet along with reflectance spectra obtained
from the SDSS magnitudes (Fukugita et al., 1996), using apertures 0.45, 1.95, and 7.2 arcsec. The low-
resolution spectrum is peculiar because it presents an absorption band centered around ~ 0.596 um, which
is not commonly seen on spectra of comets or asteroids. We used the CANA tool (De Pra et al., 2018) to
characterize the center of the band at ~ 0.596 pm and its depth at 7.7+£0.5%. The continuum was measured
in the regions close to 0.52 and 0.65 um. The feature is also present in the reflectance spectra obtained from
the SDSS colors taken nearly a year after the spectrum when the comet was more active. Because of the
presence of this band, we chose to normalize all reflectance spectra to 0.748 um, which corresponds to the
central wavelength of the SDSS i-band filter. Both the overall slope of the spectra and the contrast of the
band vary with the aperture used to compute the magnitudes, and the low-resolution spectrum is better
matched with an aperture of 1.95 arcsec. Figure 6 presents the color gradient in g —r and r —+¢ as a function
of the aperture and clearly shows that there is a marked change in the r — ¢ color that is consistent with the
brightness in the r—band changing more slowly with the aperture than that of the i-band. This behavior is
also consistent with how the Afp measurements vary with photometry aperture.

In order to compare C/2017 U7 (PANSTARRS) with other populations, we estimated the object’s SDSS
nucleus colors from the DES images (when the comet was not displaying a conspicuous coma) and the
SDSS spectrophotometric data obtained during the 2019 run (when the object was closer to perihelion and
displaying a dust coma) using an aperture of 1.95 arcseconds. In Figure 7, the colors of the comet C/2017 U7
(PANSTARRS) are compared with the distribution of SDSS colors of active comets (Solontoi et al., 2012),
Centaurs (Ofek, 2012; Peixinho et al., 2015) and trans-Neptunian objects or TNOs (Terai et al., 2018). It
is of note that the colors obtained from (Peixinho et al., 2015) were taken using the BV RI filters, and we
transformed to g — 7, r — ¢ and ¢ — 2. As seen in the figure, this comet has unusual colors when compared
with other comets and also to Centaurs, having some overlap only with TNOs and Centaurs. The main
difference between this comet and other objects is due to its ¢ — z and g — r colors, which were also peculiar

on the DES observations of 2017-10-30 and 2017-11-10, when there was no discernible coma. This color is

Authors et al.: Preprint submitted to Elsevier Page 12 of 27



Comet C/2017 U7

1.1
()
()
5 H\i ﬂ ““ '
©
t‘)l.O L]Hi I \“‘ il 1 “ L
2 g F | ” s
=
o J
2 |
°
@ 0.9
N
© f
€
— Al
S Wi
Z08 [
— C/2017 U7 (PANSTARRS)
@ (/2017 U7 (PANSTARRS) (aperture of 0.45 arcsec)
® (/2017 U7 (PANSTARRS) (aperture of 1.95 arcsec)
0.7 @  C/2017U7 (PANSTARRS) (aperture of 7.20 arcsec)

0.5 0.6 0.8 0.9

0.7
Wavelength (um)

Figure 5: Reflectance spectra of C/2017 U7 (PANSTARRS) from low-resolution spectroscopy and SDSS colors. All spectra
were normalized at 0.748 um, the spectrum was obtained in August 2018 and the reflectance spectra derived from the
SDSS filters were obtained in September 2019.
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Figure 6: The g — r and r — i color as a functions of projected aperture radius of comet C/2017 U7 (PANSTARRS) for
observations of September 2019.

the most affected by the presence of the 0.595 um feature. Figures 8 and 9 compare the SDSS reflectance
spectrum of C/2017 U7 (PANSTARRS) with reflectance spectra of comets, TNOs and Centaurs. Again,

some similarity is seen only with the spectra of some TNOs and Centaurs.

4.3. Search for spectral analogs
The observed spectrum of a comet in the presence of the coma can differ from the spectrum of the

nucleus due to the size distribution of the dust (Rondén-Bricenio et al., 2017). However, for the C/2017 U7
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(PANSTARRS) the g — r and ¢ — z colors obtained on two different nights shows the object has a blue slope
and is similar to what was seen in the DES observations (Figure 7) and this suggests that this band could
be a characteristic of the material of the nucleus, but unfortunately, we do not have the r-i color to confirm
the observed absorption in the DES data.

In order to identify materials that could produce a similar feature, we conducted a search in the latest
release (December 2019) of the RELAB spectral library (RELAB, 2019). A total of 8962 VNIR spectra
covering at least the 0.5 — 0.8 um range were inspected for the presence of a feature around 0.595 pum. This
sample includes 28 spectra of organic samples, 1840 spectra of meteorite material, 2770 spectra of terrestrial
rocks and 4324 spectra of Earth minerals.

The spectra with a feature centered around 0.595 pum were then visually compared with the comet
spectrum. This exercise in curve-matching has a limited capacity as a diagnostic of the composition, since
the measured spectra are also affected by grain size, sample texture and the experimental geometry. It
does however allow one to pinpoint possible candidates. In general, the bands detected in the RELAB
spectra were either too shallow or too deep compared with the feature observed in the comet’s spectrum,
or were present alongside other spectral features not seen in the spectrum of the comet. Figure 10 shows
comparisons of the comet’s spectrum with some selected RELAB spectra. Some very shallow features were
present in several meteorite spectra, but none display a feature that matches the comet’s band. This is the
case for the samples of the unusual CI Tagish Lake and of the Iron meteorite DRP78007, as well of some
mineral and rock samples. On the other hand, the spectrum of the Mesosiderite Barea matches the band,
but shows several other features that are not detected in the comet’s spectrum. The overall best match is

with a spectrum of kerite, an organic kerogen-like material.

5. Summary and Discussion

Comet C/2017 U7 (PANSTARRS), as discussed in section 2, is most likely a dynamically old object
from the outer Oort cloud, although the possibility of it being captured from interstellar space cannot be
excluded. The propagation of the comet’s orbit into the past shows that it may have had at least one but
perhaps several perihelion passages in the last , with the most recent happening around 700,000 years
ago, with perihelion distances always close to the present one, ¢ = 6.417 au. Our integrations also indicate
that this comet has a high probability of being ejected from the solar system after its most recent perihelion
passage. Comet C/2017 U7 (PANSTARRS) became active shortly before our first run at SOAR on 2018-
08-13, when its distance to the Sun was r = 6.943 au, and its Afp values increased from Afp = 1662 cm in
2018-09-15 (at r = 6.827 au) to Afp = 2398.15 cm in 2019-09-19 (at » = 6.417 au). Therefore, the activity
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started before perihelion and the dust production rates increased as the comet approached its perihelion.
The fact that the activity started at r» &~ 7 au suggests that the main mechanism responsible for the dust
production is the transition from amorphous to crystaline water ice, and the measured values of Afp are
consistent with values reported for other comets that became active at large perihelion distances (Meech
et al., 2009).
wo—tndication—of-activity The absolute magnitude of H = 10.87 mag as representative of the region for the
nucleus, derived from observations with no detected activity, places comet C/2017 U7 (PANSTARRS) among

the largest long-period comets observed so far (Fernandez and Sosa, 2012).

C/2017 U7 (PANSTARRS) is also peculiar when compared to most other comets regarding its g—r color:
observations of the nucleus have values of g — r smaller than what is observed for comets and centaurs, and
the value of this color observed with the presence of the coma is even smaller. Both observations are
only compatible with the g — r colors of some TNOs and Centaurs. The low-resolution spectrum and the
spectrophotometry in the SDSS system, obtained when the comet was active, show the presence of a large
spectral feature similar to an absorption band centered around 0.595 pm, which again is only similar to
the spectra obtained from SDSS colors of some TNOs. The fact that the g — r color of the nucleus is also
peculiar suggests that this feature is possibly related to the composition of the material in the dust, rather
than a product of the size distribution of the dust in the coma, and the lower values of Afp obtained in the
r filter could be related to the lower albedo of the dust in the corresponding spectral range.

A search for spectral analogs in the RELAB spectral database (RELAB, 2019) shows that a similar
feature and overall spectral similarities in the visible can be reproduced by some bireflectance spectra of the
organic material kerite. The presence of kerite-like (alongside other kerogen-like materials) on the surface
of minor bodies was proposed by Moroz et al. (1992) as a possible explanation for the reddening in the
visible spectra of P-, D-type asteroids. Also, kerite has been used as a proxy material for aliphatic-rich
hydrocarbons to fit features in the 2.6 — 3.6 um range in the spectra of minor bodies (De Sanctis et al.,
2017), and aliphatic-rich hydrocarbons have been previously detected on comets (Raponi et al., 2020). To
our knowledge, however, the presence of a spectral feature like the 0.595 ym band observed in C/2017 U7
(PANSTARRS) was never used as a proxy for the presence of aliphatic-rich hydrocarbons on asteroids or
comets. Therefore, even if the presence of kerite-like materials is a plausible explanation for the observed
0.595um feature, it still fails to explain why the visible spectrum of C/2017 U7 (PANSTARRS) is peculiar
when compared to the spectra of other comets, which in general present red, featureless spectra in the visible.

A tentative explanation for the unusual spectrum of C/2017 U7 (PANSTARRS) could be proposed

considering three points: 1) the dependence of the spectral properties of kerogen-like material on grain size;

Authors et al.: Preprint submitted to Elsevier Page 15 of 27



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Comet C/2017 U7

2) the low ejection velocity of the assumed dust production mechanism, and 3) the unusually large size of
the nucleus. Moroz et al. (1992) remark that the overall redness of the spectra of kerogen-like materials is
strongly sensitive to particle size, showing as a example the fact that a asphaltite spectrum with particle in
the range 100 — 200 pm is considerably less red than a spectrum of the same material with particles < 100
pm. The dependence of kerite spectra on particle size as judged by the spectra in the RELAB database is not
so clear, however. Out of the nine related spectra in the database, the only one with particles in the range
100 — 200 pm does show both a clear band in the 0.595 um and a neutral spectral inclination in the visible.
However, the reddest spectra have particles < 200 pm, while an additional spectrum with this particle range
presents an intermediate spectral inclination similar to the spectra obtained with particles < 100 ym, among
which it is the best match spectrum shown in Figure 10. This inconsistency however can be attributed to
the processes involved in sample preparation, since while repeated sieving can in principle effectively limit
particle sizes, the contribution of the smaller particles of samples without a defined lower limit depends
on how each sample was grinded. The available samples are consistent with the interpretation that the
reddening of the kerite spectra that masks the presence of the 0.595 ym band is caused by the predominance
of particles < 100 um. If that is so, the peculiar spectra and colors of C/2017 U7 (PANSTARRS) could be
explained if we assume that both its surface and its coma have a higher contribution of larger organic-rich
particles than most comets. This unusual particle size distribution may be a consequence of the fact that
dust particles released due to the transition of amorphous to crystalline water ice tend to have low ejection
velocities, with somewhat lower velocities for larger particles (Meech et al., 2009), and therefore the relatively
larger escape velocity from the nucleus could produce a particle size segregation in the coma, with larger
particles spreading at a slower pace and thus being more densely packed than smaller particles. Also, in
this scenario the larger particles would be more likely to return to or to remain close to the surface, so this
surface particle size segregation resulting from previous perihelion passages could also explain the unusual
colors of the nucleus.

This hypothesis could be tested quantitatively with a model like the one presented by Rondén-Briceno
et al. (2017), but for that it would be necessary to obtain a consistent set of optical constants for kerite, and a
larger time coverage of the expansion of the coma would also be desirable. Work to this end is currently under
way. If this mechanism proves to be viable, it could also provide some insight on the spectral similarities
observed with respect to the TNO population. It is worth noticing that C/2017 U7 (PANSTARRS) has a
probable solar system origin, the unique spectral properties in addition to the non-null possibility of it being

captured from interstellar space, might suggest that this latter scenario could also be plausible.
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