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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 sKstematlcally compare the results provided by both techniques in
order to benchmark the radiometric derived sizes.
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Thermal models

STM and NEATM
Spitzer 2003-2020 Herschel 2009-2013 Herschel key program

Simplification:
- spherical, equilibrium etc.
- surfaces

Restrictions / errors sources:
- simplifications

- satellite contribution

- beaming factor n (empirical)

- highly oblated shapes 85 cm, 24/70/160 pm 3.5 m. 70/L00/160 um 130 TNOS
ooyt > 20 paper
Thermophysical models + .
- needs spin information 7
-+ o No new data
in near future
o (except JWST)

TNOs:
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Object | DC | SR | D(ThM) | D (Occ) | Hy (ThM) | pv (ThM) | pv (Occ) | pj (Oce)
Eris SDO | S | 242041% | 2326 +12 | -1.12+0.03 | 86.7*23 96+ |91.7x27
Haumea Hau | SR | 124078 | 1392+26 | 043+0.01 | 80.4%§2 51+2 | 61424
Huya Plu | S | 406+16 | 413+03 | 504+0.03 | 83+04 | 78+02 | 10.0+03
Makemake | Cub | S | 1420+60 | 1428 +10 | 0.14+0.05 | 84+6 8172 | 763+37
Quaoar Cub | SR | 1074+38 | 1110+5 | 2.73+0.06 | 12.7+1 | 7.9+04 | 11.6+07
Varda Cub | S | 79223 | 740+14 | 3.61+£0.05 | 10237 | 99+02 | 11.6+0.7
2002KX14 | TNO 455+27 | 389+9 | 4.86+0.10 | 9747 [11.9+07 | 133+14
2002 MS4 Cub 934+47 | 796+24 | 40x06 51138 |100+25| 7.0+39
2002 TC302 | 25 584%:0¢ | 500410 | 417+0.10 | 115%37 (14705 | 15215
2002YW134 | 38 | S | 43758 | 377+6 | 4.65+0.06 | 13377° [172+1.1|172+1.1
2003AZ84 | Plu | S | 727*% | 772+12 | 3.74+0.08 | 10772 9.7:09 | 95+08
2003 VS2 Plu 523'3 | 545+13 | 4.11+038 | 147757 |134+1.0 | 13.6+48
2005 UQ513 | Cub 49853 | 550 +na | 3.87+0.14 | 20277 | 166+2.1 | 166+2.1
2007 OC10 | SDO 309+37 | 330°% | 543+010 | 12792 ([ 11.2'27 | 10926
2007 UK126 | SDO | S | 599+77 | 621+7 | 3.69+0.10 | 16738 |150+1.6 | 15315
Bienor Cen 1992 149+4 | 757+034 | 4175 | 65+05 | 7.6+24
Chariklo Cen | R | 241% 250160 | 7.30+020 | 3.7%09 - 3406
Chiron Cen | R | 210%; | 178432 | 592+020 | 17.2%32 | 7.6+26 | 23.9+9.7
2002 GZ32 | Cen 237+8 | 218+12 | 737+0.10 | 3.7+04 | 43+07 | 42+06
2005 RO43 | Cen 194+10 | 233+9 | 7.34+051 | 56:3¢ | 38+18 | 3.8+18
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(Drad - DOCC)/Drad (%)
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Metric: mean weighted normalized orthogonal distance (MWNOD)
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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.
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Propagation of uncertainty in albedo: the magnitude of the relative change in geometric albedo, |Ap/p| (expressed in %),
plotted against the magnitude of the change in absolute magnitude, |AH]| (in mag). Each curve illustrates a different fixed
magnitude of the relative change in diameter, |AD/D| (expressed in %).
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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 (Drag = Docc)/Drag = +(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 ROA43,
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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