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Motivation
● Trans-Neptunian objects (TNOs) are key to understanding the outer Solar 

System’s formation and evolution.
● Size and albedo are fundamental physical properties for characterizing trans-

Neptunian objects and Centaurs.
● Because these objects are distant and faint, they are challenging to observe.
● Thermal observations from the Herschel, Spitzer, and WISE space telescopes 

have yielded size and albedo estimates for approximately 180 TNOs and 
Centaurs. The majority of these, around 130 objects, were observed as part of 
the Herschel "TNOs are Cool" program.

● With an increasing number of successful observed stellar occultations we are 
now able to systematically compare the results provided by both techniques in 
order to benchmark the radiometric derived sizes.
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Thermal models
STM and NEATM

Simplification:
- spherical, equilibrium etc.
- surfaces

Restrictions / errors sources: 
- simplifications
- satellite contribution
- beaming factor η (empirical)
- highly oblated shapes

Thermophysical models
- needs spin information
- +...

Herschel key program 

~ 130 TNOs
 > 20 paper

85 cm, 24/70/160 µm 

TNOs:
Avg. surface temp. ~35 K 
Peak wavelength 83 µm

3.5 m, 70/100/160 µm

Spitzer 2003-2020 Herschel 2009-2013

No new data 
in near future
(except JWST)
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Orange line: y=x
Blue line: linear fit

Dashed lines: +/- 10%

Comparison between 
effective diameters obtained 
using the radiometric 
technique (Drad, x-axis) and 
those obtained from stellar 
occultations (Docc, y-axis)



  

Orange line: y=x
Blue line: linear fit

Dashed lines: +/- 10%

Occultation-derived 
(effective) diameters (Docc) 
vs radiometric (effective) 
diameters (Drad). 

Close-up of previous 
figure.



  

Orange line: y=x
Blue line: linear fit

Dashed lines: +/- 10%

Relative differences 
between radiometric and 
occultation diameters, 
(Drad − Docc)/Drad

The dashed lines indicate 
a ±10% relative deviation 
in diameter

?



  

Metric: mean weighted normalized orthogonal distance (MWNOD)

If occultation diameters are considered exact, this value suggest an average uncertainty
for radiometric diameters in the range of  10% − 15%. ∼

This observation is in agreement with previous findings for thermally derived diameters of 
asteroids from AKARI, IRAS, and WISE/NEOWISE.



  

Comparison of geometric 
albedos derived from 
radiometry (prad) and stellar 
occultation data (pocc). 

Orange line: y=x
Blue line: linear fit

Dashed lines: +/- 10%



  

Propagation of uncertainty in albedo: the magnitude of the relative change in geometric albedo, |Δ / | (expressed in %), 𝑝 𝑝
plotted against the magnitude of the change in absolute magnitude, |Δ | (in mag). Each curve illustrates a different fixed 𝐻
magnitude of the relative change in diameter, |Δ / | (expressed in %). 𝐷 𝐷



  

Conclusions
● Stellar occultation and radiometric methods show good overall agreement in 

diameter estimates, with a mean weighted normalized orthogonal distance 
(MWNOD) of 11.8%.

● Simple thermal models (NEATM), despite lacking corrections for multiplicity or 
non-sphericity, are sufficient to produce consistent diameters in most cases.

● Outliers with (Drad − Docc)/Drad  +(10 − 12)% may be linked to unresolved ≳
companions and/or ring systems contributing excess thermal flux.

● Significant radiometric underestimates, as seen for Haumea and 2005 RO43, 
highlight cases where thermal models may fall short, particularly for complex or 
highly elongated objects.



  

Conclusions
● Uncertainties in absolute magnitude H are a major source of error in 

geometric albedo determination, significantly affecting thermal model results 
and contributing to discrepancies between methods.

● Reliable albedo comparisons between techniques require consistent and 
accurate H values, highlighting the need for standardized and 
contemporaneous photometric measurements.

Stellar occultations remain a critical tool for validating and refining thermal models,
especially for non-spherical or complex bodies.
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