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“Why I killed Pluto and 
Why It Had It Coming”
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Batygin & Brown 2016: Let the hype begin

Clusterings in argument of 
perihelion and longitude of 
ascending node

=> Distant KBOs cross 
the ecliptic at a similar 
phase

Pure chance? p = 0.007% 

Where is Planet Nine?

ω = 318 ± 8 deg
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Reproduction of clustering effects for ...

A ~ 700 au
e ~ 0.6
r ~ 280 au … 1120 au
i ~ 30°

M ~ 10-20 M
Earth
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Any chances to find and see P9?

Wikipedia: Planet Nine
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A new approach
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Why not WISE?
● ~1010 objects, multiple exposures of every sky 

region
=> Moving object detection (but...)

● Limits (Luhmann et al. 2014):

W1: 16.8 mag W3: 11.3 mag
W2: 15.6 mag W4: 8.0 mag

Wikipedia: Wide-Field Infrared Survey Explorer

UranusUranus:
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Step 1: Chunking
● (RA, DEC, W1, W2, W3, W4, MJD)

● Divide sky into chunks of 
2 deg x 2 deg

● Two overlapping grids to not lose 
objects at grid borders
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Step 2: Clustering
● Correlate objects that could be part of a SSO trajectory 
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Step 3: Linearization and selection

R² << 1
@ x au

R² = 0.999...
@ x au

Helio- and 
geocentric 
distance
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How to deal with contaminations?

Subgroup 
decomposition 

and linearization

Best-fit 
distance 

histogram
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WISE data plus SSO @ 530 au

ΔT = 0.73 d

Datapoints match WISE 
observing plan
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Detected clusters

ΔT = 0.73 d
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Candidate selection 

ΔT = 0.73 d
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Histogram of best-fit distances
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Probability of finding P9

  X
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Probability of finding P9
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Probability of finding P9

Why not use Why not use 
that???that???
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Towards a transient data monster

✔ Very distant and small objects detectable
✔ Almost now selection effects
✔ All wavelengths can be used

WISE

2MASS

TRANSIENT 
CATALOG

GAIA

KEPLER

SDSS...
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What's next?
● Final code and pipeline refinements
● Best search parameters?
● Crunch the entire catalog and other 

catalogs
● Perdelwitz, Völschow, Müller (in prep.)

LONG TERM:
Establishing a working pipeline to find distant 

KBO objects via transients
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Thank you for your attention!
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