arXiv:2505.15806v1 [astro-ph.EP] 21 May 2025

DRAFT VERSION MAY 22, 2025
Typeset using IATEX twocolumn style in AASTeX7

Discovery of a dwarf planet candidate in an extremely wide orbit: 2017 OF201

SiHAo CHENG (42 &%)

1% JIAXUAN L1 (F&4F)

,> AND ERITAS YANG (#H) @3

1 Institute for Advanced Study, Princeton, NJ 08540, USA
2 Perimeter Institute, Waterloo, N2L 2Y5, Canada,
3 Department of Astrophysical Sciences, 4 Ivy Lane, Princeton University, Princeton, NJ 08540, USA

Abstract

We report the discovery of a dwarf planet candidate, 2017 OF201, currently located at a distance
of 90.5 au. Its orbit is extremely wide and extends to the inner Oort cloud, with a semi-major axis of
838 au and a perihelion of 44.9 au precisely determined from 19 observations over seven years. Assuming
a typical albedo of 0.15, we estimate a diameter ~700 km, making it the second-largest known object
in this dynamical population and a likely dwarf planet. Its high eccentricity suggests that it is part of a
broader, unseen population of similar objects totaling ~1% of Earth’s mass. Notably, the longitude of
perihelion of 2017 OF201 lies well outside the clustering observed in extreme trans-Neptunian objects,
which has been proposed as dynamical evidence for a distant, undetected planet.
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1. INTRODUCTION

While the asteroid belt contains only ~0.04% of the
Earth’s mass (Mg ), the Kuiper Belt — home to Pluto
and numerous icy bodies — harbors significantly more
material, with an estimated total mass of 2% Mg, (Fraser
et al. 2014; Pitjeva & Pitjev 2018). Even greater mass is
believed to reside beyond the classic Kuiper Belt, in the
scattering disk and Oort Cloud, which may together con-
tain up to several Mg (Gladman & Volk 2021). These
distant reservoirs of comets, small bodies, minor planets
and possibly undetected massive planets holds essential
clues to the formation and evolution of the solar system.

After 30 years of the discovery of the first trans-
Neptunian objects (TNOs) (Jewitt & Luu 1993) other
than Pluto, various survey programs have been con-
ducted to explore the vast region of outer solar system,
and more than 5,000 TNOs have been discovered so far.
Although the census of large TNOs near the ecliptic
plane is nearly complete, it remains highly incomplete in
regions that are beyond ~ 60 au or at high latitude, due
to the challenging scaling relation that the brightness of
reflected light drops steeply with distance as r—¢. Many
dedicated solar-system surveys are thus either shallower
wide-field surveys covering ~10,000 deg? (e.g., Trujillo
& Brown 2003; Schwamb et al. 2010) or deeper but more
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focused surveys near the ecliptic plane or pencil-beam
regions covering hundreds to a few thousand deg? (e.g.,
Elliot et al. 2005; Petit et al. 2011; Bannister et al. 2018;
Sheppard & Trujillo 2016; Sheppard et al. 2019).

Fortunately, recent cosmological imaging programs,
though not dedicated to solar-system science, offer a
promising solution to this limitation. These surveys typ-
ically provide wide sky coverage, deep photometry, and
multiple epochs that are well-suited for the detection
of faint solar system objects. A prime example is the
Dark Energy Survey (Dark Energy Survey Collabora-
tion et al. 2016), whose main scientific goal lies in weak
lensing cosmology but has already led to the discovery
of ~ 800 TNOs (Bernardinelli et al. 2022).

In this letter, we report the discovery of a large and
exotic TNO, 2017 OF201*, from a systematic search in
the archival data of another extra-galactic survey sim-
ilar to DES. This survey is called the Dark Energy
Camera Legacy Survey® (DECaLS; Dey et al. 2019),
which is a wide-field optical imaging survey covering
mostly —15° < Dec < +32° in the grz-bands using the
Dark Energy Camera (DECam) on the 4-meter Blanco
telescope (Flaugher et al. 2015). To our knowledge,
this dataset has not been previously searched for solar-

4 https://www.minorplanetcenter.net /mpec/K25/K25K47. html
5 https://www.legacysurvey.org/
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system objects, possibly due to its sparse and irregular
epoch sampling.

We shall describe the discovery of 2017 OF201 in Sec-
tion 2, present its large size and wide orbit in Section 3,
explore its possible migration history in Section 4, and
finally discuss its interesting implications for the Planet
X / Planet 9 hypothesis.

2. DISCOVERY

We performed our search in a similar way to Bernar-
dinelli et al. (2020, 2022) and optimized it for the sparse
epoch sampling of DECaLS. Details of the search al-
gorithm will be described in a future paper. So far,
2017 OF201 is the most interesting object found in our
search, with the largest distance and widest orbit.

After identifying ten detections of 2017 OF201 in three
bands (g, r, z) of DECaLS span from 2014 to 2018 and
connecting them with a tentative orbit, it became rather
clear that they correspond to a single moving object that
has an extremely wide and eccentric orbit. In addition,
with an apparent magnitude r ~ 22.6 mag at a distance
of 85 au at the observation epochs, 2017 OF201 has the
second brightest absolute magnitude among 411 known
TNOs with wide orbits (¢ > 80 au) in the JPL Small-
Body Database®.

With the ephemeris derived from DECam detections,
we were able to quickly search for additional detec-
tions in the data archives of other telescopes to fur-
ther improve the precision of the orbital fit and pho-
tometric measurements. We found nine additional -
band images from the data archive of the 3.6 m Canada-
France-Hawaii Telescope (CFHT), in which 2017 OF201
is found exactly at the predicted positions. These im-
ages were taken in 2011 and 2012, increasing the obser-
vation arc to seven years. We have also searched the
data archive of the Subaru telescope and Gemini-North
telescope, but unfortunately found no coverage.

3. PROPERTIES OF 2017 OF201

We performed precise astrometric and photometric
measurements (see Appendix A) on each of the 19 detec-
tion images to determine the orbit, color, and absolute
magnitude of 2017 OF201. A summary of the derived
properties is listed in Table 1.

Figure 1 illustrates the trajectory of 2017 OF201 on
the sky, marked with detection dates and example detec-
tion images from DECam and CFHT. The combination
of motion patterns from parallax (elliptic) and proper
motion (straight) is recognizable. In fact, 2017 OF201
is quickly moving away from us and its parallax shrank

6 https://ssd.jpl.nasa.gov/tools/sbdb_query.html

Table 1. Barycentric orbital elements and photo-
metric information of 2017 OF201.

Parameters Value
a (au) 838.3 £ 6.8
e 0.94643 £ 0.00045
i (deg) 16.20509 =+ 0.00009
Q (deg) 328.59148 + 0.0007
w (deg) 337.73091 £ 0.0016
@ (deg) 306.32238 + 0.0023
perihelion ¢ (au) 44.9093 £ 0.0086
aphelion @ (au) 1632 + 14
period (yrs) 24256
arc length (days) 2618

56932.524451
(2014-10-02)
distance at to (au) 83.83309 £ 0.00049
radial velocity at to (au/yr) 0.6355 £+ 0.0002

reference epoch to (MJD)

V mag at @ 22.8

Hy? 3.5

g—r 0.77 £ 0.11
r—z 0.80 £+ 0.07
B-vb 0.99 + 0.11

®Computed using the Find_Orb software.

@Converted from g—r using the SDSS transformation
formula from Smith et al. (2002).

by 5% over the 7-year observation arc, enabling a pre-
cise determination of radial velocity and therefore the
full set of orbital parameters.

The last time 2017 OF201 passed close to us was in
November of 1930, and it will come back again in about
25,000 years. Interestingly, this last perihelion was in
the same year of Pluto’s discovery (Feb 1930), when
2017 OF201 reached its maximum brightness of V' =
20.1 mag, about 4 magnitudes fainter than Pluto”.

3.1. Orbit

The orbit of 2017 OF201 is determined using the
online version of the Find_Orb software®, which im-
plements a least-squares fitting of the orbital elements
to the astrometric measurements of the 19 detections.
The best-fit values and uncertainty of orbital elements

7 Coincidentally, it was also in the same year of the establishment
of the Institute for Advanced Study, where the first author of
this paper is based.

8 https://www.projectpluto.com /fo.htm
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Figure 1. Trajectory of 2017 OF201 on the sky from 2011 to 2018. Individual detections from 13 nights are shown on top of
the predicted trajectory based on the best-fit orbit, which describes the detections very well with a scatter of 0.13 (DECam)

and 0.03 (CFHT) arcsec in each component, consistent with the estimated astrometric error. The insets show example images
from DECam (r-band on 2017-09-17) and CFHT (r-band on 2011-08-31).

are listed in Table 1. Thanks to the long observa-
tion arc from 2011 to 2018, the orbit of 2017 OF201 is
precisely determined, with an undoubtedly wide semi-
major axis (@ = 838 4+ 7 au), moderate perihelion dis-
tance (¢ = 44.9 au), and low inclination (i = 16.2°), lo-
cated at the boundary between the scattering disk and
inner Oort cloud.

The left panel of Figure 2 shows the plan view projec-
tion of the orbit of 2017 OF201 onto the ecliptic plane,
together with some other TNOs with extremely wide
and eccentric orbits (termed “extreme TNOs”) for com-
parison. Its orbit is most similar to that of 2013 SY99
in terms of the semi-major axis and eccentricity (Ban-
nister et al. 2017). With such a large aphelion distance
(~ 1600 au), the Galactic tide will start to affect the
orbital evolution. We will discuss its orbital dynamics
in Section 4.

A notable characteristic of the orbit of 2017 OF201
is its longitude of perihelion of w = 306°, which signif-
icantly deviates from the apparent clustering observed
among other extreme TNOs first noticed by Trujillo &
Sheppard (2014). The right panel of Figure 2 illus-
trates the distribution of longitude of perihelia o and
semi-major axes a for known extreme TNOs. Objects
with @ > 200 au are predominantly clustered around
w &~ 60°, which has been suggested as evidence for
an undetected super-Earth beyond several hundred au
(e.g., Trujillo & Sheppard 2014; Brown & Batygin 2016;
Batygin & Brown 2016; Sheppard et al. 2019; Siraj et al.
2025). We shall explore later in Section 4.2 the impli-

cations of the fact that 2017 OF201 is an outlier to this
clustering.

3.2. Color and variability

2017 OF201 has a color index of g — r = 0.77 +
0.11 mag, similar to Sedna (¢ — r = 0.85) and much
redder than the Sun (g —r = 0.44; Willmer 2018). Com-
pared with the color distribution of the TNO population
in Sheppard (2010), 2017 OF201 has a color consistent
with other TNOs in the scattering disk and detached or-
bits, but is on the redder side. Given the depth and time
sampling of the DECam and CFHT data, we do not de-
tect any variability over 0.1 mag, which means the shape
of 2017 OF201 is likely close to spherical. Deeper imag-
ing with higher cadence is needed to probe the short-
time variability due to rotation or satellite transit.

3.3. Size and mass estimate

The size of solar system bodies can be estimated
from the observed brightness, distance, and an assumed
albedo. We first obtain the V-band absolute magnitude
Hy = 3.5 using the Find Orb software based on our
photometric measurements and the H, G phase curve’.
Then, the diameter is estimated through the relation

9 In the H,G magnitude system (Bowell et al. 1989; Muinonen
et al. 2010) adopted by the International Astronomi-
cal Union in 1985 for asteroids, the absolute magni-
tude H is derived from observations as H=H (o)+2.5lg[(1-
G)op1(a)+Go2()], where H(a)=m-5lg(rA) is the reduced
magnitude, m the apparent magnitude, r 1is the he-
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Figure 2. Left: Plan view of the orbits of TNOs with extremely wide orbits, including our newly discovered 2017 OF201,
which has a distinct orbit is an outlier to the apsidal clustering of the others. For reference, the most probable orbit of Planet
X from Siraj et al. (2025) is shown in black. Right: Distribution of longitude of perihelion @ of TNOs from Siraj et al. (2025).
The purple shaded region indicates the clustering of @ around 60°. Objects with (meta)stable orbits are shown as solid (open)
symbols. The newly discovered 2017 OF201, highlighted in red, does not belong to the apsidal clustering.

D =2 au x 10°2(mo=H) / /5 where my, is the solar ap-
parent magnitude (Willmer 2018) and p the geometric
albedo. Given that the albedo of scattering disk objects
correlates tightly with their size'®, we find an estimate
of py=0.15 and D=700 km fits well the relation, indi-
cating that 2017 OF201 is highly likely large enough to
achieve hydrostatic equilibrium'!' and thus qualify as a
dwarf planet. Future observations of thermal emission
from ALMA will allow for simultaneous determination
of size and albedo without the need to rely on the as-
sumed correlation (e.g., Gerdes et al. 2017).

The discovery of such a large object with a high orbital
eccentricity has interesting implications for the popula-
tion of objects in the trans-Neptunian space. Through-
out the orbit of 2017 OF201, it is detectable in DECaLS
for only ~0.5% of the period around perihelion. This
limited visibility window strongly suggests that a sub-
stantial population of similar objects — with large sizes,
wide orbits, and high eccentricities — should exist but be
difficult to detect due to their extremely large distance.

liocentric distance, A is the geocentric distance, « is
the phase angle in degrees, ¢1(a)=exp[—3.33tan®-63(0.5a)],
¢2(a)=exp[—1.87tan'22(0.5a)], and G is set to 0.15, which
is the average value for main-belt asteroids.

10 See the first figure in https://www.johnstonsarchive.net/astro/

tnodiam.html

11 As argued by Mike Brown (https://web.gps.caltech.edu/
~mbrown/dps.html), icy bodies larger than 600 km is “highly
likely” a dwarf planet. For reference, the smallest icy body
known to be nearly round and thus in hydrostatic equilibrium
is Saturn’s satellite Mimas, which has a diameter of about 400
km.

The mass of 2017 OF201 is estimated to be 3x10%°
kg = 1/20,000 Mg when assuming a typical density of
1.7 gecm™2 and a diameter of 700 km. Therefore, the
whole population behind 2017 OF201 would add up 200
times to 1% Mg (about the Moon’s mass). For compari-
son, the total mass of the classic Kuiper belt is estimated
to be 1-2% Mg from object counting (Bernstein et al.
2004; Fraser et al. 2014) and dynamical estimates (Pit-

jeva & Pitjev 2018), and that of the scattering disk is 1-

10% Mg (Gladman et al. 2008; Volk & Malhotra 2008).
Discovery of large TNOs with extremely elongated or-
bits such as 2017 OF201 and Sedna (Brown et al. 2004)
thus reveals significant amount of mass in the outer solar
system.

4. ORBITAL DYNAMICS

We investigate the long-term dynamical evolution of
2017 OF201 using N-body simulations with the ias15
integrator (Rein & Spiegel 2015) in REBOUND'? (Rein &
Liu 2012). Only the outer two giant planets (Uranus,
Neptune) are included explicitly, while the combined
influence of the inner giants (Jupiter, Saturn) is mod-
eled as a static solar oblateness (.Jz), following Batygin
& Brown (2016) and Gerdes et al. (2017)'3. Due to
2017 OF201’s large aphelion distance (~ 1600 au), its
orbit may be perturbed by the Galactic tide. We imple-

12 https://rebound.readthedocs.io/

13 For validation purposes, we also run computationally intensive
simulations that directly integrated 2017 OF201 with Jupiter,
Saturn, Uranus, Neptune, and Galactic tide. These simula-
tions yielded results that are qualitatively consistent with our
simplified model.
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ment the Galactic tidal model from Levison et al. (2001)
using the add_force module in REBOUNDx'* (Tamayo
et al. 2020).

4.1. Possible origin of 2017 OF201

The semi-major axis of 2017 OF201 can evolve
through chaotic diffusion driven by interactions with
Neptune. However, the diffusion timescale T' increases
steeply with perihelion distance. Following Hadden &
Tremaine (2024), it is approximately

T 2~ 0.2 Myr x exp {7.4 <aq)] ~ 100 yr, (1)
N

where ay is the semi-major axis of Neptune and g is the
perihelion distance of 2017 OF201. This implies that
2017 OF201 cannot reach its current large semi-major
axis through perturbations from Neptune alone given
the age of the solar system. Instead, its high-q, large-a
orbit likely reflects the influence of external torques from
stellar encounters or the Galactic tide, which act during
or after an initial scattering event(Duncan et al. 1987;
Bannister et al. 2017; Gladman & Volk 2021; Batygin
et al. 2021).

2017 OF201 may have first been scattered outward
by Neptune while retaining a low perihelion. Once at
large a, the Galactic tide becomes dynamically impor-
tant, gradually increasing ¢ and detaching the orbit from
Neptune. As the perihelion rises into a region where
planetary perturbations are weak, the object undergoes
slow angular momentum oscillation and reaches a con-
figuration like that observed today (see Figure 6 for a
schematic illustration).

To qualitatively test the plausibility of this migra-
tion scenario, we perform backward N-body integrations
over a 3.5 Gyr timescale. We simulate 100 realizations of
the system, each initializes 2017 OF201 with orbital pa-
rameters drawn from a multivariate normal distribution
based on the best-fit values and uncertainties in Table 1.

Figure 3 shows a representative backward evolution
of 2017 OF201’s orbit, illustrating the final stage of the
migration pathway discussed above. Once 2017 OF201
resides on a high-q, large-a orbit, the Galactic tide grad-
ually reduces its angular momentum, J x /a(l — e?),
leading to a slow decrease in ¢ (Heisler & Tremaine
1986). Once the perihelion enters the planetary region,
weak perturbations — primarily from Neptune — scatter
2017 OF201 into a more tightly bound orbit. While not
definitive, this outcome supports the dynamical viability
of a distant scattering-disk origin followed by perihelion
lifting and subsequent inward migration.

14 https://reboundx.readthedocs.io/
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Figure 3. A representative backward integration of
2017 OF201’s orbit over 3.5 Gyr, showing the semi-major
axis a (top) and perihelion distance g (bottom) as functions
of time. The gradual decrease in the orbital angular momen-
tum driven by the Galactic tide leads to a slow lowering of q.
At later times, 2017 OF201’s perihelion enters the planetary
region, where weak interactions scatter it inward.

4.2. Implications for the hypothetical Planet X

As shown in Figure 2, the longitude of perihelion
of 2017 OF201, w = 306°, lies outside the clustering
region near w ~ 60° observed among other extreme
TNOs. This distinction raises the question of whether
2017 OF201 is dynamically consistent with the Planet X
hypothesis, which suggests that a distant massive planet
shepherds TNOs into clustered orbital configurations.

Siraj et al. (2025) computed the most probable or-
bit for a hypothetical Planet X by requiring that it
both reproduces the observed clustering in the orbits
of extreme TNOs and preserves the long-term stability
of those TNOs that are already stable in the absence
of Planet X. To assess how such a planet would affect
2017 OF201, we perform forward N-body integrations
including a planet with mass m,, = 4.1, Mg, semi-major
axis a, = 296 au, eccentricity e, = 0.339, inclination
ip, = 4.27°, and longitude of perihelion w, = 242° (Siraj
et al. 2025). We compare this to a control simulation
that excludes Planet X.

Figure 4 shows that, in the absence of Planet X,
2017 OF201 remains on a stable orbit for at least 1 Gyr
under the influence of the known giant planets and the
Galactic tide. In contrast, when Planet X is included,
gravitational interactions lead to close encounters with
Neptune that eject 2017 OF201 from the solar system
in ~0.1 Gyr.

These results suggest that the existence of 2017 OF201
may be difficult to reconcile with this particular instan-
tiation of the Planet X hypothesis. While not definitive,
2017 OF201 provides an additional constraint that com-
plements other challenges to the Planet X scenario, such
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Figure 4. Forward dynamical evolution of 2017 OF201
with (red) and without (blue) the influence of a hypothetical
Planet X with orbital parameters from Siraj et al. (2025).
Without Planet X, the orbit of 2017 OF201 remains stable
for more than 1 Gyr under the influence of the known giant
planets and the Galactic tide. In contrast, in the presence
of Planet X, 2017 OF201 experiences close encounters with
Neptune and is ejected from the solar system in ~0.1 Gyr.

as observational selection effects and the statistical ro-
bustness of the observed clustering.

5. CONCLUSION

We report the discovery of an exotic trans-Neptunian
object 2017 OF201 from the archival data of DECaLS.
Its orbit is extremely wide and eccentric (a = 838 au,
q=44.9 au, i = 16.2°). It is currently located at a dis-
tance of 90.5 au and is among the top ten most distant
solar-system objects observed in the optical. Further-
more, it has the second brightest absolute magnitude
Hy = 3.5 among known TNOs with wide orbits (a >
80 au). When assuming a typical albedo of 0.15, the di-
ameter of 2017 OF201 is estimated to be 700 km, large
enough to qualify as a dwarf planet.

The discovery of 2017 OF201 suggests a population
behind it with hundreds of objects possessing similar
properties, because the probability for 2017 OF201 to be
close enough and detectable is only 0.5% given its wide
and eccentric orbit. Estimated from the large size of
2017 OF201, the total mass of that population is poten-
tially 1% of Earth’s mass, which is a significant fraction
of the scattering disk.

We show that the orbit of 2017 OF201 is shaped by
both Neptune’s scattering and the Galactic tide at Gyr
timescale (Figures 3 and 6), thus its orbit represents an
overlap between the scattering disk and the inner Oort
cloud.

The orbit of 2017 OF201 also presents an intrigu-
ing challenge to the Planet X / Planet 9 hypothesis.
Previous discoveries of TNOs with extremely wide and
elongated orbits suggest an apparent clustering in the
longitude of perihelia w = 60°, motivating the idea
that an undetected planet may be shepherding the ex-
treme TNOs. However, with @ = 306°, the orbit of
2017 OF201 is an outlier of that clustering (Figure 2)
and likely unstable to gravitational influence from this
hypothesized planet. Our N-body simulations suggest
that the presence of the Planet X / Planet 9 that pro-
duces the clustering will cause ejection of 2017 OF201
in a short timescale around 0.1 Gyr (Figure 4). Never-
theless, more investigation is required to decisively rule
out that hypothesis.

Facilities: Blanco (DECam), CFHT (MegaCam)

Software:  astropy (Astropy Collaboration et al.
2013), matplotlib (Hunter 2007), scipy (Jones et al.
2001), SExtractor (Bertin & Arnouts 1996), PSFEx
(Bertin 2011), SCAMP (Bertin 2006), astrometry.net
(Lang et al. 2010).

APPENDIX

A. ASTROMETRY AND PHOTOMETRY

We perform astrometric and photometric measurements of the object using both CFHT/MegaCam and DECam
imaging data. Cutouts of those images with 2017 OF201 centered are shown in Figure 5.

For the detections in CFHT, we retrieve the single-epoch images from the Canada-France-Hawaii Telescope
(CFHT)/MegaCam data archive'®. These images are all in the r-band with 0.5-0.9 arcsec seeing. The instrument
signatures (bias, dark, and flat) have been removed in these images, but they do not yet have astrometric solutions and
photometric calibrations. We implement a two-step astrometric calibration process: first obtaining an initial solution
using astrometry.net (Lang et al. 2010), followed by fine-tuning against Gaia DR3 reference stars (Gaia Collaboration

15 https://www.cadc-ceda.hia-iha.nre-cnre.ge.ca/
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Figure 5. Cutout images of all 19 detections from both CFHT and DECam. Each image is 20 arcsec on a side. The detection
time corresponds to the middle of each exposure. CFHT data are deeper and have a much better seeing than the DECam data.
Our detection spans a long time baseline from Aug 2011 to Oct 2018, enabling precise determination of its orbit.

et al. 2021) using SCAMP (Bertin 2006). This procedure yields a final astrometric solution with an average positional
uncertainty of 0.1”. For photometric calibration, we first remove the sky background using SExtractor (Bertin &
Arnouts 1996) with a mesh size of 60”. We then construct a point spread function (PSF) model using PSFEx (Bertin
2011) from non-saturated point sources in each image, and perform PSF-fitting photometry using SExtractor. The
photometric zeropoint is thus determined by comparing the instrumental magnitudes of non-saturated stars with their
Pan-STARRS1 PSF magnitudes. Our object has an average r-band magnitude of r = 22.61 mag in the CFHT data
from 2011 to 2012.

The DECam single-epoch images are downloaded from the Legacy Surveys'®, which are reduced using the DECam
Community Pipeline!”. These images are photometrically calibrated using Pan-STARRS1 (Chambers et al. 2016) and
have a preliminary astrometric solution. To ensure consistency with our CFHT analysis, we refine the astrometric
calibration using SCAMP against the Gaia DR3 catalog. Similar to the CFHT data above, for each DECam image, we
subtract the sky background with a mesh size of 60", generate the PSF model, and perform PSF-fitting photometry.
The resulting photometric results have higher uncertainties since the DECam images are shallower and have poorer
seeing conditions (0.8-2.0 arcsec) than the CFHT images.

16 https://www.legacysurvey.org/rawdata,/
17 https://noirlab.edu/science/data-services/data-reduction-software/csdc-mso-pipelines/pl206


https://www.legacysurvey.org/rawdata/
https://noirlab.edu/science/data-services/data-reduction-software/csdc-mso-pipelines/pl206

more Galactic tide effect

90 60 90
2012 VP13 abs. mag. H
80 o Sedna (proxy of size)| 50 80 1
O OL o
= £
g 70 1 O 4 40 a 70 4 5
g . . 3 2
5 ° 6 g e
S 60 30 3 60 A ®
[] ~. kel
< . . 8 — = 3
5 § detached .- :é g
%0 o2 : . 207 509 sentback | | & 2
. o0 5 8
e ot o 2017 OF 201 chaotic o © g
401,40 . . . (This work) 10 40 4 3
$ - e
(@ > % ° L. N ° giant planet scatterings
|9 2015 BPs1e
30 T 0 30 T
200 300 400 500 1000 2000 3000 200 300 400 500 1000 2000 3000
semi-major axis a [au] semi-major axis a [au]

Figure 6. Left: TNOs with wide orbits (a >150 au), 2017 OF201 has the second largest brightest among this population.
Right: Schematic of a possible migration pathway for 2017 OF201. The object may have been scattered to large semi-major
axis (a) while maintaining a low perihelion distance (g). Galactic tidal torques then slowly increase ¢, detaching the orbit from
Neptune.

ACKNOWLEDGMENTS

We thank Scott Tremaine, Yubo Su, Daniel Tamayo, Amir Siraj, Yen-Ting Lin, Sam Hadden, Kat Volk, and Marla
Geha for useful discussions and suggestions. We thank Mike Alexandersen at the Minor Planet Center for suggesting
a follow-up search in the CFHT archive. SC thanks Siyu Yao for her constant inspiration and encouragement. SC
acknowledges the support of the Martin A. and Helen Chooljian Member Fund and the Fund for Natural Sciences at
the Institute for Advanced Study.

This work is partly based on observations of the Legacy Surveys. The Legacy Surveys consist of three individual and
complementary projects: the Dark Energy Camera Legacy Survey (DECaLS; Proposal ID #2014B-0404; PIs: David
Schlegel and Arjun Dey), the Beijing-Arizona Sky Survey (BASS; NOAO Prop. ID #2015A-0801; PIs: Zhou Xu
and Xiaohui Fan), and the Mayall z-band Legacy Survey (MzLS; Prop. ID #2016A-0453; PI: Arjun Dey). DECaLS,
BASS and MzLS together include data obtained, respectively, at the Blanco telescope, Cerro Tololo Inter-American
Observatory, NSF* s NOIRLab; the Bok telescope, Steward Observatory, University of Arizona; and the Mayall
telescope, Kitt Peak National Observatory, NOIRLab. Pipeline processing and analyses of the data were supported
by NOIRLab and the Lawrence Berkeley National Laboratory (LBNL). The Legacy Surveys project is honored to be
permitted to conduct astronomical research on Iolkam Du’ ag (Kitt Peak), a mountain with particular significance to
the Tohono O’ odham Nation.

The Legacy Surveys imaging of the DESI footprint is supported by the Director, Office of Science, Office of High
Energy Physics of the U.S. Department of Energy under Contract No. DE-AC02-05CH1123, by the National Energy
Research Scientific Computing Center, a DOE Office of Science User Facility under the same contract; and by the U.S.
National Science Foundation, Division of Astronomical Sciences under Contract No. AST-0950945 to NOAO.

This work is partly based on observations obtained with MegaPrime/MegaCam, a joint project of CFHT and
CEA/DAPNIA, at the Canada-France-Hawaii Telescope (CFHT) which is operated by the National Research Council
(NRC) of Canada, the Institut National des Science de 'Univers of the Centre National de la Recherche Scientifique
(CNRS) of France, and the University of Hawaii. The observations at the Canada-France-Hawaii Telescope were
performed with care and respect from the summit of Maunakea which is a significant cultural and historic site.

This research used resources of the National Energy Research Scientific Computing Center (NERSC), a Department
of Energy Office of Science User Facility using NERSC award HEP-ERCAP0030970.

The authors are pleased to acknowledge that the work reported in this paper was substantially performed using
the Princeton Research Computing resources at Princeton University, a consortium of groups led by the Princeton
Institute for Computational Science and Engineering (PICSciE) and the Office of Information Technology’s Research
Computing.



References

Astropy Collaboration, Robitaille, T. P., Tollerud, E. J.,
et al. 2013, A&A, 558, A33

Bannister, M. T., Shankman, C., Volk, K., et al. 2017, AJ,
153, 262

Bannister, M. T., Gladman, B. J., Kavelaars, J. J., et al.
2018, ApJS, 236, 18

Batygin, K., & Brown, M. E. 2016, AJ, 151, 22

Batygin, K., Mardling, R. A., & Nesvorny, D. 2021, ApJ,
920, 148

Bernardinelli, P. H., Bernstein, G. M., Sako, M., et al.
2020, ApJS, 247, 32

. 2022, ApJS, 258, 41

Bernstein, G. M., Trilling, D. E., Allen, R. L., et al. 2004,
AJ, 128, 1364

Bertin, E. 2006, in Astronomical Society of the Pacific
Conference Series, Vol. 351, Astronomical Data Analysis
Software and Systems XV, ed. C. Gabriel, C. Arviset,
D. Ponz, & S. Enrique, 112

Bertin, E. 2011, in Astronomical Society of the Pacific
Conference Series, Vol. 442, Astronomical Data Analysis
Software and Systems XX, ed. I. N. Evans,
A. Accomazzi, D. J. Mink, & A. H. Rots, 435

Bertin, E., & Arnouts, S. 1996, A&AS, 117, 393

Bowell, E., Hapke, B., Domingue, D., et al. 1989, in
Asteroids II, ed. R. P. Binzel, T. Gehrels, & M. S.
Matthews, 524

Brown, M. E., & Batygin, K. 2016, ApJL, 824, 1.23

Brown, M. E., Trujillo, C., & Rabinowitz, D. 2004, ApJ,
617, 645

Chambers, K. C., Magnier, E. A., Metcalfe, N., et al. 2016,
arXiv e-prints, arXiv:1612.05560

Dark Energy Survey Collaboration, Abbott, T., Abdalla,
F. B., et al. 2016, MNRAS, 460, 1270

Dey, A., Schlegel, D. J., Lang, D., et al. 2019, AJ, 157, 168

Duncan, M., Quinn, T., & Tremaine, S. 1987, AJ, 94, 1330

Elliot, J. L., Kern, S. D., Clancy, K. B., et al. 2005, AJ,
129, 1117

Flaugher, B., Diehl, H. T., Honscheid, K., et al. 2015, AJ,
150, 150

Fraser, W. C., Brown, M. E., Morbidelli, A., Parker, A., &
Batygin, K. 2014, ApJ, 782, 100

Gaia Collaboration, Brown, A. G. A., Vallenari, A., et al.
2021, A&LA, 649, Al

Gerdes, D. W., Sako, M., Hamilton, S., et al. 2017, ApJL,
839, L15

Gladman, B., Marsden, B. G., & Vanlaerhoven, C. 2008,
Nomenclature in the Outer Solar System, ed. M. A.
Barucci, H. Boehnhardt, D. P. Cruikshank,
A. Morbidelli, & R. Dotson, 43

Gladman, B.; & Volk, K. 2021, ARA&A, 59, 203

Hadden, S., & Tremaine, S. 2024, MNRAS, 527, 3054

Heisler, J., & Tremaine, S. 1986, Icarus, 65, 13

Hunter, J. D. 2007, Computing in Science Engineering, 9,
90

Jewitt, D., & Luu, J. 1993, Nature, 362, 730

Jones, E., Oliphant, T., Peterson, P., et al. 2001, SciPy:
Open source scientific tools for Python

Lang, D., Hogg, D. W., Mierle, K., Blanton, M., & Roweis,
S. 2010, AJ, 139, 1782

Levison, H. F.; Dones, L., & Duncan, M. J. 2001, AJ, 121,
2253

Muinonen, K., Belskaya, I. N., Cellino, A., et al. 2010,
Icarus, 209, 542

Petit, J. M., Kavelaars, J. J., Gladman, B. J., et al. 2011,

AJ, 142,131
Pitjeva, E. V., & Pitjev, N. P. 2018, Astronomy Letters, 44,
554

Rein, H., & Liu, S. F. 2012, A&A, 537, A128

Rein, H., & Spiegel, D. S. 2015, MNRAS, 446, 1424

Schwamb, M. E., Brown, M. E., Rabinowitz, D. L., &
Ragozzine, D. 2010, ApJ, 720, 1691

Sheppard, S. S. 2010, AJ, 139, 1394

Sheppard, S. S., & Trujillo, C. 2016, AJ, 152, 221

Sheppard, S. S., Trujillo, C. A., Tholen, D. J., & Kaib, N.
2019, AJ, 157, 139

Siraj, A., Chyba, C. F., & Tremaine, S. 2025, ApJ, 978, 139

Smith, J. A., Tucker, D. L., Kent, S., et al. 2002, AJ, 123,
2121

Tamayo, D., Rein, H., Shi, P., & Hernandez, D. M. 2020,
MNRAS, 491, 2885

Trujillo, C. A., & Brown, M. E. 2003, Earth Moon and
Planets, 92, 99

Trujillo, C. A., & Sheppard, S. S. 2014, Nature, 507, 471

Volk, K., & Malhotra, R. 2008, ApJ, 687, 714

Willmer, C. N. A. 2018, ApJS, 236, 47


http://dx.doi.org/10.1051/0004-6361/201322068
https://ui.adsabs.harvard.edu/abs/2013A&A...558A..33A
http://dx.doi.org/10.3847/1538-3881/aa6db5
https://ui.adsabs.harvard.edu/abs/2017AJ....153..262B
http://dx.doi.org/10.3847/1538-4365/aab77a
https://ui.adsabs.harvard.edu/abs/2018ApJS..236...18B
http://dx.doi.org/10.3847/0004-6256/151/2/22
https://ui.adsabs.harvard.edu/abs/2016AJ....151...22B
http://dx.doi.org/10.3847/1538-4357/ac19a4
https://ui.adsabs.harvard.edu/abs/2021ApJ...920..148B
http://dx.doi.org/10.3847/1538-4365/ab6bd8
https://ui.adsabs.harvard.edu/abs/2020ApJS..247...32B
http://dx.doi.org/10.3847/1538-4365/ac3914
https://ui.adsabs.harvard.edu/abs/2022ApJS..258...41B
http://dx.doi.org/10.1086/422919
https://ui.adsabs.harvard.edu/abs/2004AJ....128.1364B
https://ui.adsabs.harvard.edu/abs/2006ASPC..351..112B
https://ui.adsabs.harvard.edu/abs/2011ASPC..442..435B
http://dx.doi.org/10.1051/aas:1996164
https://ui.adsabs.harvard.edu/abs/1996A&AS..117..393B
http://dx.doi.org/10.3847/2041-8205/824/2/L23
https://ui.adsabs.harvard.edu/abs/2016ApJ...824L..23B
http://dx.doi.org/10.1086/422095
https://ui.adsabs.harvard.edu/abs/2004ApJ...617..645B
http://dx.doi.org/10.48550/arXiv.1612.05560
http://dx.doi.org/10.1093/mnras/stw641
https://ui.adsabs.harvard.edu/abs/2016MNRAS.460.1270D
http://dx.doi.org/10.3847/1538-3881/ab089d
https://ui.adsabs.harvard.edu/abs/2019AJ....157..168D
http://dx.doi.org/10.1086/114571
https://ui.adsabs.harvard.edu/abs/1987AJ.....94.1330D
http://dx.doi.org/10.1086/427395
https://ui.adsabs.harvard.edu/abs/2005AJ....129.1117E
http://dx.doi.org/10.1088/0004-6256/150/5/150
https://ui.adsabs.harvard.edu/abs/2015AJ....150..150F
http://dx.doi.org/10.1088/0004-637X/782/2/100
https://ui.adsabs.harvard.edu/abs/2014ApJ...782..100F
http://dx.doi.org/10.1051/0004-6361/202039657
https://ui.adsabs.harvard.edu/abs/2021A&A...649A...1G
http://dx.doi.org/10.3847/2041-8213/aa64d8
https://ui.adsabs.harvard.edu/abs/2017ApJ...839L..15G
http://dx.doi.org/10.1146/annurev-astro-120920-010005
https://ui.adsabs.harvard.edu/abs/2021ARA&A..59..203G
http://dx.doi.org/10.1093/mnras/stad3478
https://ui.adsabs.harvard.edu/abs/2024MNRAS.527.3054H
http://dx.doi.org/https://doi.org/10.1016/0019-1035(86)90060-6
http://dx.doi.org/10.1109/MCSE.2007.55
http://dx.doi.org/10.1038/362730a0
https://ui.adsabs.harvard.edu/abs/1993Natur.362..730J
http://dx.doi.org/10.1088/0004-6256/139/5/1782
https://ui.adsabs.harvard.edu/abs/2010AJ....139.1782L
http://dx.doi.org/10.1086/319943
https://ui.adsabs.harvard.edu/abs/2001AJ....121.2253L
http://dx.doi.org/10.1016/j.icarus.2010.04.003
https://ui.adsabs.harvard.edu/abs/2010Icar..209..542M
http://dx.doi.org/10.1088/0004-6256/142/4/131
https://ui.adsabs.harvard.edu/abs/2011AJ....142..131P
http://dx.doi.org/10.1134/S1063773718090050
https://ui.adsabs.harvard.edu/abs/2018AstL...44..554P
http://dx.doi.org/10.1051/0004-6361/201118085
https://ui.adsabs.harvard.edu/abs/2012A&A...537A.128R
http://dx.doi.org/10.1093/mnras/stu2164
https://ui.adsabs.harvard.edu/abs/2015MNRAS.446.1424R
http://dx.doi.org/10.1088/0004-637X/720/2/1691
https://ui.adsabs.harvard.edu/abs/2010ApJ...720.1691S
http://dx.doi.org/10.1088/0004-6256/139/4/1394
https://ui.adsabs.harvard.edu/abs/2010AJ....139.1394S
http://dx.doi.org/10.3847/1538-3881/152/6/221
https://ui.adsabs.harvard.edu/abs/2016AJ....152..221S
http://dx.doi.org/10.3847/1538-3881/ab0895
https://ui.adsabs.harvard.edu/abs/2019AJ....157..139S
http://dx.doi.org/10.3847/1538-4357/ad98f6
https://ui.adsabs.harvard.edu/abs/2025ApJ...978..139S
http://dx.doi.org/10.1086/339311
https://ui.adsabs.harvard.edu/abs/2002AJ....123.2121S
http://dx.doi.org/10.1093/mnras/stz2870
https://ui.adsabs.harvard.edu/abs/2020MNRAS.491.2885T
http://dx.doi.org/10.1023/B:MOON.0000031929.19729.a1
http://dx.doi.org/10.1023/B:MOON.0000031929.19729.a1
https://ui.adsabs.harvard.edu/abs/2003EM&P...92...99T
http://dx.doi.org/10.1038/nature13156
https://ui.adsabs.harvard.edu/abs/2014Natur.507..471T
http://dx.doi.org/10.1086/591839
https://ui.adsabs.harvard.edu/abs/2008ApJ...687..714V
http://dx.doi.org/10.3847/1538-4365/aabfdf
https://ui.adsabs.harvard.edu/abs/2018ApJS..236...47W

	Introduction
	Discovery
	Properties of 2017 OF201
	Orbit
	Color and variability
	Size and mass estimate

	Orbital dynamics
	Possible origin of 2017 OF201
	Implications for the hypothetical Planet X

	Conclusion
	Astrometry and Photometry

