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1 Introduction

Modeling the evolution of large- and mid-size
TransNeptunian Objects (TNOs) is a challenging task.
Indeed, models developed so far (Hussmann et al.
2006 [1], Prialnik and Merk 2008 [2], Desch et al.
2009 [3], Desch and Neveu 2017 [4], Shchuko et al.
2014 [5], Bierson et al. 2018 [6]) have highlighted the
strong dependence of modeling outputs on the thermo-
physical and structural parameters involved. Most of
them are poorly constrained for the vast majority of
currently known TNOs. Therefore for a given object,
current models can predict evolutionnary tracks going
from maintaining a fully pristine interior, to significant
processing involving differentiation, the formation of
a subsurface ocean or cryovolcanism.

2 Observational motivation

The detection of crystalline water ice at the surface
of several TNOs (e.g. Brown and Calvin 2000 [7],
Jewitt and Luu 2004 [8], Barkume et al. 2008 [9],
Guilbert et al. 2009 [10]), and the presence of am-
monia or ammonia hydrates at the surface of a few of
them (e.g. Brown and Calvin 2000 [7], Delsanti et
al. 2010 [11]) have been first interpreted as signs of
past cryovolcanism. They have thus prompted stud-
ies of the past thermal processing of TNOs. We are
now aware that alternate explanations (like molecular
diffusion through the icy matrix) may exist for under-
standing the presence of these compounds at the sur-
face of these objects (Holler et al. 2017 [12], Cruik-
shank et al. 2015 [13]). However, the recent obser-
vations performed by the New Horizons probe of both
Pluto and Charon (Stern et al. 2015 [14]) do show
important hints that differentiation, subsurface oceans
and possibly cryovolcanism, did play an active role in
the evolution of these objects (Stern et al. 2015 [14],
Trilling [15] 2016). Hence, key questions remain:

* are those processes ubiquitous amongst TNOs,
and what is their role in shaping objects as we
see them today?

* is knowing the bulk and surface properties
of TNOs enough to understand their thermo-
physical evolution?

3 New model for TNOs formation
and thermal evolution

In this work, we present preliminary results from a
new model developed to address those key questions.

* The code solves the heat equation in a 1D sphere,

e It uses a finite volume method with a boundary
constant temperature at surface,

* It includes decay of short- and long-lived ra-
dionuclides,

« It begins with the accretion thanks to an adapta-
tive grid,

* It includes the possibility of phase change from
ice to liquid and the assiociated differenciation.

The results presented are applied to a range of mid-
sized TNOs for which the evolution is widely unclear.

Ackowledgements

This project has received funding from the European
Research Council (ERC) under the European Unions
Horizon 2020 research and innovation programme
(grant agreements 802699 and 716429).



References

[1] Hussmann, H. et al.: Subsurface oceans and deep in-
teriors of medium-sized outer planet satellites and large
trans-neptunian objects, Icarus, Vol. 185, p. 258-273,
2006.

[2] Prialnik, D. and Merk, R.: Growth and evolution of
small porous icy bodies with an adaptive-grid thermal
evolution code. I. Application to Kuiper belt objects and
Enceladus, Icarus, Vol. 197, p. 211-220, 2008.

[3] Desch, S.J. et al.: Thermal evolution of Kuiper belt ob-
jects, with implications for cryovolcanism, Icarus, Vol.
202, p. 694-714, 20009.

[4] Desch, S.J. and Neveu, M.: Differentiation and cryovol-
canism on Charon: A view before and after New Hori-
zons, Icarus, Vol. 287, p. 175-186, 2017.

[5] Shchuko, O.B. et al.: Conditions for liquid or icy core
existence in KBO objects: Numerical simulations for Or-
cus and Quaoar, Planetary and Space Science, Vol. 104,
p- 147-155, 2014.

[6] Bierson, C.J. et al.: Implications of the observed Pluto-
Charon density contrast, Icarus, Vol. 309, p. 207-219,
2018.

[7] Brown, M.E. and Calvin, W.M.: Evidence for Crys-
talline Water and Ammonia Ices on Pluto’s Satellite
Charon, Science, Vol. 287, p. 107-109, 2000.

[8] Jewitt, D.C. and Luu, J.: Crystalline water ice on the
Kuiper belt object (50000) Quaoar, Nature, Vol. 432, p.
731-733, 2004.

[9] Barkume, K.M. et al.: Near-Infrared Spectra of Cen-
taurs and Kuiper Belt Objects, The Astronomical Journal,
Vol.135, p. 55-67, 2001.

[10] Guilbert, A. et al.: ESO-Large Program on TNOs:
Near-infrared spectroscopy with SINFONI, Icarus, Vol.
201, p. 272-283, 20009.

[11] Delsanti, A. et al.: Methane, ammonia, and their ir-
radiation products at the surface of an intermediate-size
KBO? A portrait of Plutino (90482) Orcus, Astronomy
and Astrophysics, Vol. 520, 15 p., 2010.

[12] Holler, B.J. et al.: Measuring temperature and ammo-
nia hydrate ice on Charon in 2015 from Keck/OSIRIS
spectra, Icarus, Vol. 284, p. 394-406, 2017.

[13] Cruikshank, D.P. et al.: The surface compositions of
Pluto and Charon, Icarus, Vol. 246, p. 82-92, 2015.

[14] Stern, S.A. et al.: The Pluto system: Initial results
from its exploration by New Horizons, Science, Vol. 350,
2015.

[15] Trilling, D.E.: The Surface Age of Sputnik Planum,
Pluto, Must Be Less than 10 Million Years, PLOS ONE,
Vol. 11, 2016.



