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Trans-Neptunian Objects - TNOs



FAIR PRINCIPLES OF MODERN RESEARCH DATA 
MANAGEMENT

Wilkinson et al. (2016) – Scientific Data 3, 160018

Findable Accessible

Interoperable Reusable „Are they even serious, 
should I publish PBs of

data?“

„I have to get my paper
out, not my data for
others to scoop me.“

„I have no time for this
nonsense, I 

need to work.“

Large simulations collaborations sometimes fulfil these
criteria already, but often you hear:  



TRANS-NEPTUNIAN OBJECTS: WITNESSES OF PAST

• TNOs most pristine objects 

Most TNOs on eccentric, inclined orbits 

Research focused on TNOs being scattered 
outwards from inner solar system.



• TNOs most pristine objects 

Most TNOs on eccentric, inclined orbits 

Unexplained:
TNOs at extremely large distance (rp > 60 au) 

— Sedna-like objects 

TNOs orbiting in opposite direction as planets 
— retrograde TNOs

Primary Objective:  
Identify the cause able to explain all TNOs' orbits. 

TRANS-NEPTUNIAN OBJECTS: WITNESSES OF PAST

External force as reason for Sedna-like objects

• Planet Nine
• Stellar flyby



• TNOs most pristine objects 

Most TNOs on eccentric, inclined orbits 

Unexplained:
TNOs at extremely large distance (rp > 60 au) 

— Sedna-like objects 

TNOs orbiting in opposite direction as planets 
— retrograde TNOs

Primary Objective:  
Identify the cause able to explain all TNOs' orbits. 

TRANS-NEPTUNIAN OBJECTS: WITNESSES OF PAST

External force as reason for Sedna-like objects

• Planet Nine
• Stellar flyby



POTENTIAL FLYBY TO THE SUN

EUROPEAN ASTRONOMICAL SOCIETY ANNUAL MEETING

S.Pfalzner, A Govind, S. Portegies Zwart (Nature Astronomy, online)



ALTERNATIVE: FLYBY AS STAND-ALONE CAUSE

• Extensive parameter study:
• 6000 simulations
• Varying periastron distance, mass of

perturber, inclination and angle of
periastron

• Looking for the perfect match to
observed TNO

• Perturber mass: 0.8 Msun

• Perihelion distance: 110 au 

S. Pfalzner, A. Govind, S. Portegies Zwart, Nature Astronomy,  online



SPECIFIC FLYBY PRODUCES
All TNO families are recovered
• Hot Kuiper belt
• Cold Kuiper belt
• Sedna-like objects
• Retrograde TNOs

Quantitative match to observed
populations

S. Pfalzner, A. Govind, S. Portegies Zwart, Nature Astronomy,  online



TNO orgin can be traced back to
position in disc

Fate of TNOs complex

Region inside Neptune unperturbed

Eventually, properties and 
composition of the primordial solar 
system can be determined

S.Pfalzner et al. ApJ, 2018
S.Pfalzner, A Govind, S. Portegies Zwart (Nature Astronomy published online)

ORIGIN OF THE DYNAMIC GROUPS   



Code

Results

Diagnostics
Metadata

Enrichment
& PIDs

Visualisation

FAIRNESS IN THE „DATA LIFECYCLE“ – ASPECTS AND 
STATUS
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& PIDs

Visualisation

Post-processing &
visualisation scripts
public & documented

Newest code
public, documented
and versioned

Published data and codes
have standardised metadata
& persistent IDs (e.g. DOIs)

Raw and processed
result data are made
public

Publication of post-
processing & data-analysis
scripts enhances transparency
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DESTINY DATABASE AS EXAMPLE https://destiny.fz-juelich.de/
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PUNCH4NFDI   |  [Occasion]    |   [date]   |  [initials]

https://destiny.fz-juelich.de/



DESTINY DATABASE AS EXAMPLE

PUNCH4NFDI   |  [Occasion]    |   [date]   |  [initials]

Student project
6h/week
6 month

https://destiny.fz-juelich.de/



SUMMARY
A specific stellar flyby can produce

1. Hot Kuiper belt
2. Cold Kuiper belt
3. Sedna-like objects
4. retrograde TNOs

in the right quantities at the right places.

It is equally important to make simulations FAIRer
1. Open access to codes is only first step
2. True FAIRness includes results and 

diagnostics
3. Examples for doing it on a small budget

From codes we have learnt, open access
promotes own work massively

https://www.punch4nfdi.de

https://youtu.be/fOel5aWCRJs





TECHNICALLY, IT IS POSSIBLE…
Proposed Metadata-Enrichment and Data-Publication Workflow in InHPC-DE/GCS

Geteilte Daten
(siehe Datentransfer)

Sidecar
Files

 
(z.B. Dataset
Creator)

 

 

Link zu Daten
oder Datenersteller

manual
metadata
input

„sidecar“
metadata
files

shared data
(e.g. via Globus Sharing)

metadata
store

data searchable
via portals

automatized
metadata

input

DOIs

link to data

Concept from GCS/InHPC-DE project, funded by the German Federal Ministry of Education and Research (Förderkennzeichen 16HPC02)
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