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Jovian	  Trojans:	  DiagnosHcs	  of	  	  
Solar	  System	  FormaHon	  

•  ~	  5500	  Trojans:	  in	  situ	  
formaHon	  or	  implantaHon?	  

•  ~	  3900	  Hildas	  
•  Similarity	  between	  Trojan	  
clouds	  à	  Jupiter	  migraHon	  

•  Similarity	  to	  other	  small	  body	  
populaHons	  à	  supply	  rate	  and	  
formaHon	  locaHon	  

•  Dominant	  binary	  formaHon	  
mechanism?	  à	  dynamic	  and	  
collisional	  evoluHon	  



WISE	  observaHons	  of	  Trojans	  &	  Hildas	  
•  All-‐sky	  Infrared	  Survey	  
•  Simultaneous	  4-‐band	  imaging:	  	  
3.4,	  4.6,	  12,	  and	  22	  μm	  

•  3.4	  &	  4.6	  μm:	  reflected	  
sunlight	  &	  thermal	  emission	  

•  12	  &	  22	  μm:	  thermal	  emission	  

•  Albedos	  &	  Diameters	  of	  	  
~1800	  Trojans,	  ~1000	  Hildas	  

•  ~12	  thermal	  measurements	  per	  
object	  over	  36	  hours	  à	  lightcurve	  
most	  likely	  defined	  by	  shape	  



Shapes	  &	  Binarity	  through	  Lightcurves	  
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lightcurve amplitude was 0.28 6 0.02 mag in 1993 (from
the three low phase angle curves in December) and
0.27 6 0.02 mag in 1995 (from the four low phase angle
curves in February). OISCA was observed by De Sanctis

et al. (1994), their lightcurve indicated a rotation period
.16 h and an amplitude of .0.22 mag.

3923 Radzievskij. Radzievskij was observed during two
consecutive nights in February 1994 with the JKT on La
Palma. The lightcurves indicate a long rotation period and
a large lightcurve amplitude. A probable rotation period
of 39 6 4 h could be estimated from the data (Fig. 57). A
lower limit of the amplitude (0.61 mag) could be estimated
from the February 4 data. Reflectance spectroscopy in Pa-
per II indicates surface variegation on Radzievskij as they
obtained significantly different spectral slopes of spectra
taken on different nights. The two reflectance spectra were
obtained about 24 h apart, at relative rotational phase of
0.0 and 0.6 6 0.1 of Radzievskij, using the estimated period,
and the rotation period therefore supports the surface var-
iegation result, and vice versa.

4196 Shuya. Shuya was observed for three nights in
October and two nights in November during the 1989 appa-
rition, respectively, from Loiano and ESO (Figs. 58 and
59). We also observed Shuya during one night in February
1993 (Fig. 58). The lightcurve obtained in 1993 shows a
shallow minimum, from which the rotation period could
be somewhat constrained to $20 h and a lower limit of
the amplitude was .0.07 mag. It was not possible to esti-
mate the rotation period from the 1989 data, but the 1989
data points toward a long rotation period, consistent with
the 1993 lightcurve. The 1989 lightcurves give an amplitude
.0.07 mag.

FIG. 55. Composite lightcurve of 3843 OISCA during the 1993–
1994 apparition.

FIG. 56. Composite lightcurve of 3843 OISCA during the 1994–
1995 apparition. FIG. 57. Composite lightcurve of 3923 Radzievskij.

shows strong spatial albedo variations which account for its large
light-curve amplitude. However, Iapetus’s synchronous rotation
about Saturn plays a large role in producing the dichotomous
behavior of the satellite (Cook & Franklin 1970), and this cir-
cumstance is not relevant in the context of the Trojan asteroids.
Among previously studied asteroids, double-peaked light curves
are almost always caused by rotational variations in the projected
area and reflect the elongated shapes of the bodies. While albedo
contrasts cannot be formally ruled out, we feel that they are an
unlikely cause of the observed brightness variations.

Increasing evidence suggests asteroids have little or no in-
ternal strength, probably as a result of impacts that disrupt but do
not disperse the object (Farinella et al. 1981; Pravec et al. 2002).
The Trojan asteroids have undergone a collisional history that is
either similar to that of the main-belt asteroids (Marzari et al.
1997) or perhaps even more intense (Davis et al. 2002; Barucci
et al. 2002), making it highly probable that they, too, are gravity-
dominated ‘‘rubble piles,’’ strengthless or nearly so in tension
(Farinella et al. 1981). Studies have found that only the smallest

main-belt asteroids, with diameters less than 0.15 km, have suf-
ficient internal strength to overcome gravity (Pravec et al. 2002).
Figure 5 from Pravec et al. (2002) shows observations of de-
creasing maximum spin rate with increasing light-curve am-
plitude (a proxy for elongation) of near-Earth asteroids. This
observation indicates a lack of fast-rotating elongated bodies,
which implies that asteroids larger than !0.15 km are struc-
turally weak and lack the tensile strength to withstand high
rotation rates without becoming unstable and flying apart. Also
evident in Figure 5 of Pravec et al. (2002) is the tendency of fast ro-
tators to have spheroidal shapes, an indicator of gravity-dominated
bodieswhich do not possess the internal strength to resist gravity.
Collectively, the observations point to asteroids being bodies of
negligible strength, whose shapes are dominated by rotation and
gravity.
Rotation rates must lie between four and six rotations per day

in order for rotational elongation of a structurally weak body to
be maintained. This is the range for which Jacobi ellipsoids are
possible figures of equilibrium (Leone et al. 1984; Farinella &
Zappalà 1997). If the rotation rate were much higher than six

Fig. 8.—Absolute magnitude (see eq. [1]) of Trojan asteroid (29314) in 2005
April. Data are phased to a double-peaked light-curve period of 15.04 hr. The
best-fit Roche binary equilibrium model is overplotted.

Fig. 9.—Absolute magnitude (see eq. [1]) of Trojan asteroid (17365) in 2005
April. Data are phased to a double-peaked light-curve period of 12.67 hr. The
best-fit Roche binary equilibrium model is overplotted.

Fig. 10.—Absolute magnitude (see eq. [1]) of Trojan asteroid (29314) be-
tween 2006 February and May. Data are phased to a single-peaked light-curve
period of 7.52 hr.

Fig. 11.—Absolute magnitude (see eq. [1]) of Trojan asteroid (29314) be-
tween 2006 February and May. Data are phased to a double-peaked light-curve
period of 15.04 hr. The best-fit Roche binary equilibrium model is overplotted.
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Binary	  Results	  before	  Debiasing	  
Popula8on	   #	  candidates	   Diameter	  range	  

of	  candidates	  
Sample	  
Size	  

Crude	  binary	  
frac8on	  

L4	  Trojans	   21	  	  	  	  (1	  known)	   13	  –	  150	  km	   503	   14	  –	  25%	  

L5	  Trojans	   16	  	  	  	  (2	  known)	   13	  –	  45	  km	   446	   12	  –	  21%	  	  

All	  Trojans	   37	  	  	  	  (3	  known)	   13	  –	  150	  km	   953	   14	  –	  23%	  

Hildas	   48	   4	  –	  36	  km	   554	   30	  –	  51%	  

•  Previous	  Trojan	  binary	  fracHon:	  6	  –	  10%	  (Mann	  et	  al.	  2007)	  
•  Binary	  fracHons	  include	  potenHal	  false	  posiHves	  
•  Trojan	  sample	  ≥	  12	  km	  
•  Hilda	  sample	  ≥	  4	  km	  
•  These	  results	  in	  Sonne)	  et	  al.	  (2015)	  



The	  Full	  Debiasing	  Process	  

•  How	  likely	  are	  we	  to	  observe	  the	  true	  
lightcurve	  amplitude	  given	  our	  photometric	  
uncertainHes	  and	  observing	  cadence?	  

•  How	  likely	  are	  we	  to	  see	  a	  large	  amplitude	  
lightcurve	  given	  the	  orientaHon	  of	  the	  system?	  

•  How	  likely	  is	  this	  sample	  to	  be	  representaHve	  
of	  the	  intrinsic	  binary	  fracHon	  that	  should	  
arise?	  



QuesHons	  for	  Modelers	  

•  At	  what	  size	  regime	  are	  we	  more	  likely	  to	  see	  
elongated	  monoliths,	  not	  elongated	  rubble	  
piles?	  

	  
•  What	  is	  the	  binary	  survival	  fracHon	  for	  
different	  planetary	  migraHon	  models?	  



Conclusions	  
	  
•  Our	  binary	  search	  algorithm	  flagged	  all	  known	  Trojan	  contact	  binaries	  

•  Dense	  lightcurve	  follow-‐up	  needed	  to	  confirm	  binarity	  

•  Upcoming	  debiased	  fracHons	  will	  take	  into	  account	  observing	  
circumstances,	  object	  orientaHon,	  and	  Poisson	  staHsHcs	  

•  Analyzing	  full	  sample	  amer	  debiasing	  should	  allow	  for	  invesHgaHon	  of	  
axis	  raHo	  distribuHons	  and	  comparisons	  between	  binary	  fracHons	  of	  
subpopulaHons	  like:	  

	  
-‐-‐	  	  D-‐	  vs.	  C-‐/P-‐type	  Hildas	  and	  Trojans	  
-‐-‐	  	  Trojans	  vs.	  TNOs	  
-‐-‐	  	  Large	  vs.	  Small	  Hildas	  and	  Trojans	  


