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Abstract

This is a work focus on the study of the surface compo-
sition of TNOs using photometric measurements be-
yond 2.2 um. We used the Spitzer Space Telescope
which has to broad-band filters centered at 3.6 and 4.5
pm. Combining these data with ground-based obser-
vations, we studied the surface composition of a sam-
ple of 141 objects. Around 80% of our sample has
water ice detected on their surfaces.

1. Introduction

Trans-Neptunian objects (TNOs) form the most pris-
tine population in the solar system and yield important
information on the composition of the proto-planetary
disk from which the solar system was assembled.
These objects were formed beyond the "frost lines" of
many volatile molecules (HoO, CO2, NH3, Ns...) that
may have been directly accreted into them. As a con-
sequence, and akin to comets, TNOs are expected to
be mainly composed of a mixture of silicates (derived
from dust grains in the nebula) and these molecular
ices, with water dominating the ice component; later,
irradiation processing of those ices creates heavier or-
ganic and hydrocarbon compounds ranging from, e.g.,
CH4 to mixtures of high molecular mass substances
commonly referred to as “tholins” (e.g., [1, 2]).

2 Data sample

We have observed 141 TNOs during different Spitzer
observational cycles, from 2005 to 2016. Our sample
is composed of classical objects (those with stable and
relatively low eccentricity and inclination orbits), res-
onant objects (those in mean-motion resonance with
Neptune), and detached objects (those with perihelia
well outside the orbit of Neptune), see [3].
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Figure 1: Synthetic reflectance of pure materials typ-
ically found on the surfaces of TNOs. The parti-
cle size used to build these models is 10 ym. Verti-
cal violet and brown shaded bars indicate VNIR and
IRAC/Spitzer filter bands, as labeled on the top z
axis. Each material displays a different behavior as
a function of the wavelengths in which it is observed.
Dots represent the spectrophotometric measurements
as given by the convolution of each synthetic material
with the set of filters.

3. Methods

We have carried out photometric observations beyond
2.2 pm (where the above-mentioned materials have
their fundamental absorption bands, see figure 1) on
a sample of 141 objects. We have used the Near In-
frared Camera at Spitzer Space Telescope to obtain



photometric measurements at 3.6 and 4.5 um. Com-
bining these measurements with ground-based obser-
vations, we have built different color-color diagrams
in order to study their capacity of diagnosing the sur-
face composition of TNOs. The one that produces the
lowest degeneracy is the K — 3.6 yum versus 3.6 — 4.5
pm diagram (see figure 2), which is especially suit-
able to detect dust mantles, small amounts of water
ice not detectable using NIR classical spectroscopy or
photometry, and to show surfaces candidate to contain
methanol ice such as 2014 MUgg [4, 5].
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Figure 2: Color-color diagram for K — 3.6 um versus
3.6 — 4.5 pm. Different colors and shape points show
different pure materials of synthetic models. Each ma-
terial is represented using different particle sizes (10,
20, 30, 40, 50, 70, 90 and 100 pim), being the smallest
size the closest one to the center of the diagram. As it
can be seen, materials are spread out over the diagram,
filling each of them a different region.

4. Results

We have found that ~ 80% of our sample is composed
with a certain amount of water ice, being the most
common composition a mixture of water ice, amor-
phous silicates, and complex organics. Only ~ 15%
could include other ices such as carbon monoxide, car-
bon dioxide, methane or methanol and only small ob-
jects seem to have surfaces dominated by silicates. We
will discuss these results and also how, using new tech-
nology, as the James Webb Space Telescope, we will
be able to incorporate to our sample extremely faint
objects (> 23 mag in V-band), thus increasing our
knowledge about this primitive population.

Acknowledgements

This work is based on observations made with the
Spitzer Space Telescope, which is operated by the
Jet Propulsion Laboratory, California Institute of
Technology under a contract with NASA. Estela
Fernandez-Valenzuela acknowledges UCF 2017 Pre-
eminent Postdoctoral Program (P3).

References

[1] Khare, B. N., Sagan, C., Arakawa, E. T., et al. 1984,
Icarus, 60, 127

[2] Imanaka, H., Cruikshank, D. P., Khare, B. N., & McKay,
C. P. 2012, Icarus, 218, 247

[3] Gladman, B., Marsden, B.G., and Vanlaerhoven, C.:
2008, The Solar System Beyond Neptune, 43.

[4] Cook, J.C., Dalle Ore, C.M., Scipioni, F., Cruikshank,
D.P., Grundy, W.M., Protopapa, S., Binzel, R.P., Britt,
D.T., Earle, A.M., Gabasova, L., Howett, C., Jennings,
D.J., Kavalaars, J.J., and, ...: 2019, Lunar and Planetary
Science Conference , 2818.

[5] Weaver, H.A., Stern, S.A., Britt, D.T., Buratti, B.J.,
Cheng, A.F, Lisse, C.M., Grundy, W., McKinnon, W.B.,
Parker, J.W., Protopapa, S., Robbins, S.J., Schenk, P.M.,
Singer, K.N., and, ...: 2019, Lunar and Planetary Science
Conference , 2982.



