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Why occultations?

- Extremely precise positional measurements
- Tight constraints upon the sizes of occulting objects

- Multiple chords: rough 2D maps of the occulter
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The Occultation 
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Solid-body 2014 MU69  
occultation chords:  

July 17, 2017

10 km
Adapted from NASA / JHU-APL /  SwRI/ Alex Parker









Gaia precision:  

• On average, 0.25 occultations per asteroid per year 
over the continental United States 

• dx~75 m for one occultation over a V=15 Gaia star 

At semimajor axis a = 5.2 AU:

From 1 occultation: 

∆"
" 	~	9.6	×	10

+,,

At V=10, ω = 7 μas 
At V=15, ω = 12-25 μas 
At V=20, ω = 100-300 μas

From N occultations: 

      Positional uncertainty      
          improves as    !
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The cISP Occultation Network

~2000 small telescopes 
spread across the 

United States 
Rice & Laughlin, 2019 (submitted)
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Planet Nine - A Brief Overview

Parameter Allowed Range

Semimajor axis 400-800 AU

Eccentricity 0.2-0.5

Inclination 15-25°

Mass 5-10M🜨

Adapted from Batygin & 
Brown 2016
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Planet Nine Sun
Jovian 
Trojan

~105 Jovian Trojans with D≥2 km
(e.g. Jewitt et al. 2000, Yoshida & Nakamura 2005, Fernández et al. 2009)



Planet 
Nine

Credits: NASA Lucy mission website/Astronomical 
Institute of CAS/Petr Scheirich  



Over a 5-year time scale, 

For Planet Nine,

Same order of precision to which solar system 
ephemerides are currently predicted
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Planet Nine

Zero Trojan eccentricity

Rice & Laughlin, 2019 (submitted)
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Kuiper Belt

Planet Nine

Zero Trojan eccentricity Nonzero Trojan eccentricity

Rice & Laughlin, 2019 (submitted)



Observe here



cISP Network Overview

cISP occultation network: ~2000 small telescopes 
across the continental United States.

Occultations provide detailed information about 
asteroid sizes, shapes, and positions.

Tracking tidal perturbations of ~105 Jovian Trojans with 
D≥2 km can convincingly confirm the existence or non-
existence of Planet Nine over time span t~5 years.

This network is a novel and timely opportunity in the 
Planet Nine search, drawing from New Horizons, LSST, 
and Gaia.


