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Summary

. Not-so-brief review about the Jupiter-Trojans

. Motivations and objectives

. Model for evolution of the surface - Relevant
timescales

. Rotation properties - Physical density estimates

. Discussion
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The Trojan Asteroids

Characteristics:

. Combined mass: � 10 � 4 M � :

. Number of objects larger than 1km: � 0 : 6 times 10 5

(L4), 0 : 3 � : 4 � 10 5 (L5). (Jewitt et al. 2000, Szab ó. 2007,
Yoshida & Nakamura 2005, Nakamura & Yoshida 2008).

. Composition and Physical properties.

Densities: (617) Patroclus: 0 : 8 g cm � 3 � , (624) Hektor =

2 : 5 g cm � 3 (Marchis et al. 2006).
Sizes:� 5km(p= 10% ) - 200 km

Albedos: 4% -10% (Tedesco et al. 2002, Fern ández et al.

2003, Fernández et al. 2009)

Peculiarities:

. Long-term habitation close to the snowline .

. Peculiar properties of water-ice at � 120o K.

. The lack of detection of w-i on the surface of the Trojans at
present.

. Only 2 values of density known implying both porpous-icy

and rocky-metallic bodies.
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Origin

. Marzari, F. and Scholl, H. 1998.
Capture of Trojans by a Growing
Proto-Jupiter Icarus .

. Morbidelli, A., Levison, H. F., Tsiga-
nis, K. and Gomes, R. 2005. Chaotic
capture of Jupiter's Trojan asteroids
in the early Solar System Nature .
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Cometary Analogs?

Jewitt, David C., Luu, Jane X. 1990. CCD spectra
of asteroids. II - The Trojans as spectral analogs of
cometary nuclei. Astronomical Journal .
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Relation with other SS populations

Lamy, P., Toth, I. (2009). The colors of cometary nuclei Comp arison with

other primitive bodies of the Solar System and implications for their origin.
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Color and absolute magnitude
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Melita et al. 2008. Physical properties and or-
bital stability of the Trojan asteroids. Icarus .
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Correlations in the SDSS dataset I

Roig et al. 2008. Taxonomy of asteroid families among the Jup iter Trojans: compari-

son between spectroscopic data and the Sloan Digital Sky Sur vey colors. A&A.
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Correlations in the SDSS dataset II
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Surface properties and Families
(Where is the ice?)

. Bendjoya.,P, Cellino, A, Di Martino, M. and Saba, L. 2004. S pectroscopic
observations of Jupiter Trojans. Icarus , 168, 2, 374-384.

. Cruikshank, D. P., Dalle Ore, C. M., Roush, T. L., Geballe, T . R., Owen, T. C., de
Bergh, C., Cash, M. D.; Hartmann, W. K. 2001. Constraints on t he Composition
of Trojan Asteroid 624 Hektor. Icarus .

. Dotto, E., Fornasier, S., Barucci, M. A., Licandro, J., Boe hnhardt, H., Hainaut,
O., Marzari, F., De Bergh, C., De Luise, F. 2006. The surface c omposition of
Jupiter Trojans: Visible and Infrared survey of dynamical F amilies. Icarus .

. Emery, J. P. and Brown, R. H. 2003. Constraints on the surfac e composition of
Trojan asteroids from near-infrared (0.8-4.0 �m ) spectroscopy Icarus .

. Emery, J. P. and Brown, R. H. 2004. The surface composition o f Trojan asteroids:
constraints set by scattering theory. Icarus .

. Emery J.P., Cruikshank D.P. and Van Cleve J. 2006. Thermal e mission
spectroscopy (5.2-38 �m ) of three Trojan asteroids with the Spitzer Space
Telescope: Detection of �ne-grained silicates. Icarus .

. Fornasier, S. and Dotto, E. and Marzari, F. and Barucci, M. A . and Boehnhardt,
H. and Hainaut, O. and de Bergh, C., 2004, Visible spectrosco pic and
photometric survey of L5 Trojans: investigation of dynamic al families, Icarus .
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Icy bodies?

“ . . . The view that Trojans are primarily composed of H 2 O with some silicate impurities

is unsubstantiated and probably not correct. Even if ice is p resent, it is almost certainly

not the dominant material. And there is, as yet, no observati onal proof that ice is even

present, except as suggested from the low density of Patrocl us. . . “ (reviewer)
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Our goals

. Determine the characteristics oldest members, if they sti ll “exist” at present.
Binzel et al. 2003. Interiors of small bodies: foundations a nd perspectives.
2003. Planetary and Space Science .
D'Eĺ�a et al. 2007. Collisional and dynamical evolution of the L4 Trojan
asteroids. Icarus .

. Understand the evolution of the surfaces under the physica l conditions of the
Trojans (Melita et al. 2009, Icarus ).

. Understand posible relations with other Solar-System pop ulations: TNO's,
Centaurs, Comets, Asteroids, Icy (irregular) satellites, etc. (Lamy & Toth, 2009,
Icarus )

. Solve questions about the origin of the SS.

. Fit in the Nice model ?
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Ageing mechanisms for an icy surface in the S.S.

. Cosmic Radiation (Atomic collisions)

. Sublimation - Release of trapped volatiles

. Cratering (Physical Collisions)
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Timescale of �attening of the spectral slope by ir-
radiation

. Solar wind ions � 1 keV/amu, �( R) = � 108 protons cm � 2s� 1 = R(AU )2 , (slow
solar wind, e.g. Gosling 2007).

. At 5 AU from the Sun an exposed surface will suffer about 10 8 � 2.2/25= 9 �
106 C-displacements cm � 2sec � 1 . Thus the time necessary to reproduce the
effects observed in the laboratory is: 0.4 � 1018 /9 � 106= 5.5� 1010 sec i.e.
about 2 � 103 yrs (Number of displaced atoms in asphaltite: 1.5 for 1 keV
protons and 20 for 4 keV alpha particles, using the TRIM code Z iegler et al.
1996).

. It has been found that objects orbiting at 5-35 AU accumulat e in about 10 9

yrs an irradiation damage suf�cient to be fully chemically a ltered down to
depth of the order of 1 meter (Hudson et al. 2008).

. In summary, the uppermost layers (100 �m ) of an object orbiting at the
Jupiter distance can be weathered in about 10 3 yrs . If its surface is an
organic material spectrally similar to bitumens, its red sl oped spectrum is
�attened on that time scale. Deeper layers are weathered in l onger times: at
a depths of the order of 1 meter the target is fully altered in a bout 10 9 yrs.
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Timescale of sublimation of amorphous water-ice

The timescale for sublimation-mantle growth, � M , is:

� M (L ) = � L
f M dm=dt ;

where
L is the depth of the sublimated material
� is the mass density of the asteroid
f M is the that cannot be ejected
dm=dt is the drag mass-loss rate per unit area.

Tef f (p = 0 :04) = � 120o K , (fast rotator aprox.)
dm=dt � 3 10� 11 kg m � 2 s� 1 (Sack and Baraggiola 1993 extrapolated)
� M (100 �m ) � 200yr

Tef f (p = 0 :04) = � 168o K , (stationary approx.)

dm=dt � 3 10� 4 kg m � 2 s� 1 (Sack and Baraggiola 1993)

� M (100 �m ) � 3days
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Timescale of collisional re-surfacing

We follow Gil-Hutton, R. 2002. Color diversity among Kuiper belt objects: The collisional
resurfacing model revisited. Planetary and Space Science and Richardson, J.E., Melosh, H.J.,
Lisse, C.M., Carcich, B. 2007. A ballistics analysis of the D eep Impact ejecta plume:
Determining Comet Tempel 1's gravity, mass, and density. Icarus .
� CR = 1

_S r
Time to cover the entire surface with debris extracted from b elow the surface by the action
of physical collisions, where
_Sr = _S=(4 �R 2 ) ,

fraction of the surface that is covered by material excavate d by collisions per year
_S, total area covered by collisional ejecta each year
_S =

Rr max

r min

_N (r ) A E ( r ) dr

where
_N (r ) number of collisions per unit time

A E ( r ) is the area covered by the ejecta produced when projectiles o f radii r collide with an
object of radius R , at a typical encounter velocity v.
A E = l � A c (R; r; v ) ,
A c = � d 2 , where d is the diameter of an idealized crater.

We assume the same crater/debris area scaling as in the Deep - impact event, i.e. l = 25 .
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Other parameters of the model

The volume of the crater in the gravity dominated cratering r egime is estimated
as (Richardson et al. 2007, Holsapple 1993):

Vg = K 1

�
m
�

� �
r g ( R )

v 2

� � 3 �
2+ � ;

where
g(R) is the surface gravity of the target
m is the mass of the impactor,
v = 5 km s � 1 its impact velocity (Dell'Oro et. al 1998),
� density
The scaling constants K 1 = 0 :24 and � = 41 , correspond to a loosely bound
material such as sand, which gave a good agreement with the si ze of the crater
produced in the Deep impact mission (Richardson et al. 2007) .
_N as,

_N = Pi (R + r )2 dN (r );

where
Pi � 6:5 10� 18 km � 2 yrs � 1 is the intrinsic probability of collisions (Dell'Oro et. al
(1998)

dN (r ) = 1 :5 106
�

1 km
r

� 3
is the number of objects with radii r (Jewitt et al. 2000).
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Results
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Discussion I

. The surface properties of a Trojan asteroid are determined by the interplay of three different mechanisms: Cosmic
Radiation, Sublimation and collisional resurfacing.

. Cosmic Radiation Timescale to convert from red to neutral a 100�m layer: 10 3 yr .

. The surfaces of most Trojans are red, but some neutral objec ts exists, therefore, it is suggested that the irradiation r esurfacing
timescale is similar, but not much shorter, than the collisi onal one (cut-off radius 1mm and slope � 3 ). If the contribution of
ejecta is taken into account, a cut-off size of 1m is needed.

. Therefore, the surfaces of the large Trojans are most probably covered b y unirradiated dust .

. According to recent studies, smaller objects tend be more n eutral (Roig et al. 2008) and to posses larger albedos
(Fernández et al. 2009), suggesting younger surfaces.

. The model presented here can be seen as an exercise to illust rate a scenario of collisional and radiation balance to

understand the distribution of spectral slopes in the Troja n swarms. Naturally, re�nements are needed to represent bet ter

reality and understand posible trends between color, incli nation , size and (family) age.

Melita. 5 o TCP. FCAyG. La Plata. Febrero 2010 – p. 20



Lightcurves
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Periods and amplitudes
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Preliminar statistics
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Discussion II

A barrier that preclude objects to spin faster than 1 revolut ion every � 5hr is suggested. At present, there is only one Trojan
asteroid, (2363) Cebriones, with a smaller rotation period of only 3 : 8hr (Binzel and Sauter 1992). We have not found any rotating
faster than this but we found one at 5 : 72 hours that is fairly close to the barrier.
The critical limit of rotation period, P c , can be estimated by equating the acceleration of gravity at the surface with the
centrifugal acceleration at the equator. If the body is a pro late spheroid, one can devive an aproximate realation betwe en P c ,
the mass density, � , and the full range amplitude of the lightcurve variation, A , (Pravec and Harris 2000),

P c � 3 : 3h

q
1 + A

�
;

where � must be expressed in gcm � 3 .
An estimated value of P c � 5h gives an estimated mean density of

� = 0 : 36 � (1 + A ) :

Given the typical amplitudes of the lightcurves of the Troja ns, the value of density implied, suggests that they are poro us (and

probably icy) objects much like (617) Patroclus with a known density of 0 : 8 g cm � 3 , unlike the case of (624) Hektor, the other

Trojan asteroid with a known satellite, where the density ha s been determined to be of much higher value, 2 : 5 g cm � 3

(Marchis et al. 2006).

The spin rates presented here are similar to the ones found in MBA's with diameters larger than 40 km (Pravec and Harris 200 0,

Pravec et al. 2002). Fast rotators with frequencies larger t han 4 revolutions per day start to occur at diameter smaller t han 40 km,

and they are very abundant at diameters smaller than 10 km. Th us, the paucity of fast rotators among Trojans in the studied

sample is entirely consistent with the �nding for main-belt asteroids.
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Anuncio de Beca

Beca de Doctorado
ANPCyT: PICT 218/07
Estudio Teórico y Observacional de los Asteroides Troyanos
Licenciados en Astronom�́a o F�́sica
Menores de 35 a ños
Interesados: Enviar C.V. a melita@iafe.uba.ar
Fecha de vencimiento: 1 de Abril de 2010
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FIN

Gracias!!
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