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One Slide Summary

This research is an update of: MNRAS 527, L110–L114 (2024)

2σ significant gap
Assumed Kuiper Cliff location



March 30, 1930: Pluto Is Discovered



August 30, 1992: 15760 Albion (1992 QB1) Is Discovered
SIXTY-TWO YEARS LATER:



February 6, 2000: 148209 (2000 CR105) Is Discovered



November 14, 2003: 
90377 Sedna (2003 VB12) Is Discovered



What is out there in the outskirts 
of known extrasolar planetary systems?



Extended Exo-Kuiper Belts
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Extended Exo-Kuiper Belts
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Distant worlds

HD 106906
F5V

Exoplanet at 730 au
Belt out to 550 au



Candidates Here?
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Candidates Here?

Unveiling the inert Oort cloud: 
Follow-up observations of ACT 
candidates with GTC/OSIRIS

Ongoing data analysis but so far null results

Pencil-beam survey at various locations



Breaking the 100 au Barrier

𝑟 (au)    𝑟 (km/s)  
2018 AG37:     132.5,    -0.11       (Subaru, Sheppard et al.)
2018 VG18:     123.8,     0.27       (Subaru, Sheppard et al.)
2020 BE102:    110.6,    -0.67       (Subaru, Sheppard et al.)
2020 MK53:    159.8,    -0.04       (Subaru, Peltier et al. 2022; Fraser et al. 2023)

* The Solar System beyond 100 au from the Sun has only been studied using data provided by interplanetary 
probes like Voyager 1 and 2. 

* The heliopause is located at about 120 au from the Sun and it is the region where the Solar wind meets the 
interstellar medium.

* Distant trans-Neptunian objects (TNOs) are discovered by their proper motion that is mostly due to parallax.

2018 VG18, Sheppard, S. S. et al., 2018, Minor Planet Electronic Circulars, 2018-Y14
2018 AG37, Sheppard, S. S. et al., 2021, Minor Planet Electronic Circulars, 2021-C187
2020 BE102, Sheppard, S. S. et al., 2022, Minor Planet Electronic Circulars, 2022-K172



Breaking the 100 au Barrier
Distances can be computed from the rate of motion that at opposition is:

𝜇opp =
3547.2

𝑠 + 𝑠
arcsec per day



Breaking the 100 au Barrier
* The orbit determinations of distant objects based on data arcs shorter than about a year 
are very unreliable and their associated uncertainties could be very large.

* However, their geocentric, heliocentric or barycentric distances estimated for an epoch 
chosen between the dates of their first and last observation could be uncertain by a few 
percent.

𝜇opp =
3547.2

𝑠 + 𝑠
arcsec per day

When discovered, the only reliable 
parameters of the distant object candidates 
are their range (𝑟) and range-rate (  𝑟). 
Low values of the range-rate signal 
perihelion/aphelion.



Informal Citizen Science

Large numbers of public, undocumented archive images exist on-line. 
Most successful precoveries are carried out by amateur sleuths (in some 
cases pre-teens or teenagers).

* The orbit determinations of distant objects can only be improved by increasing the 
data-arc span, but distant objects have orbital periods of thousands of years.

* Precoveries are observations of known objects that pre-date the discovery date. 
Finding precoveries helps improving orbit determinations without having to wait for 
decades to get more data.



Data Mining for TNOs
The values of the range and range-rate of newly discovered TNOs are reliable, but their 
orbits are not. These values of range and range-rate and their uncertainties can be 
obtained via the astroquery Python package from JPL’s Horizons.



The Kuiper Cliff is often 
placed at the 1:2 mean-
motion resonance with 
Neptune at 47.8 au



Using the values of the range 
of the TNOs instead of their 
orbits was first considered by 
Trujillo & Brown (2001)



Sample size: 4474

MNRAS 527, L110–L114 (2024)



NEW ANALYSIS: DATA AS OF MAY 14, 2024, SAMPLE SIZE 4759
OUTER MAIN ASTEROID BELTKUIPER BELT

Histograms use a bin width computed by applying the Freedman–Diaconis rule (Freedman & Diaconis 1981)

The location of the 1:1 mean-motion resonance with Neptune at 30.0 au is displayed as a green solid vertical line, the 
2:3 resonance at 39.4 au as blue dashed, and the 1:2 resonance at 47.8 au as red dot–dashed. 



NEW ANALYSIS: DATA AS OF MAY 14, 2024, SAMPLE SIZE 4759

The location of the 1:1 mean-motion resonance with Neptune at 30.0 au is displayed as a green solid vertical line, the 
2:3 resonance at 39.4 au as blue dashed, and the 1:2 resonance at 47.8 au as red dot–dashed. 
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Origin of the Observed Substructure
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Origin of the Observed Substructure
Close mutual nodal distances could be the result 
of binary disruption. High binary fraction for TNOs.


