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Introduction: The DART impact on Dimorphos, 

the secondary of the (65803) Didymos binary asteroid 
system, changed the asteroid’s momentum resulting in 
a perturbation to the mutual binary orbit [1,2]. Due to 
the close proximity and aspherical shapes of the 
asteroids, their spin states are coupled with the orbit in 
what is known as the full two-body problem (F2BP) [3]. 
Because of this coupling, the spin state of Dimorphos 
was also changed by the impact, and the resulting 
system is in an eccentric orbit with Dimorphos likely 
librating about the synchronous spin rate [2]. 

The perturbed state of Didymos following the 
DART impact is transient and will eventually return to 
a synchronous state due to energy dissipation, mainly 
through tidal torques [4]. The Didymos system, along 
with other similar near-Earth binary asteroids, is 
thought to be a rubble pile, made up of an aggregate of 
particles rather than a monolithic body [2]. Such bodies 
are likely efficient at dissipating energy through friction 
between their constituent particles [5]. This structure, 
combined with the close separation of the two asteroids, 
leads to efficient energy dissipation through tides. We 
will study the possible evolutionary paths Didymos may 
take as it dissipates energy and moves back into a 
synchronous minimum-energy configuration. 

Methods: Typical models of the F2BP only 
consider the rigid body dynamics owing to the 
complexities required by integrating both the attitudes 
and the relative position of the bodies. However, this is 
only appropriate over short time periods, as tidal 
dissipation within the bodies will evolve the dynamics 
on longer timeframes. Classical models of tidal torque 
are insufficient for this task as they are limited to two-
dimensional dynamics. Instead, we turn to the model 
developed in [4] which extends the classical constant  𝑄  
tidal model to calculate a three-dimensional tidal torque 
vector on each asteroid and the resulting torque on their 
mutual orbit. This tidal torque model drives the two 
bodies toward synchronous rotation while conserving 
the system’s total angular momentum. To reduce 
computational costs for long-term studies, it is 
necessary to simplify the problem by assuming the 
primary to be spherical. However, this is not a bad 
simplifying assumption since the rapid rotation of the 
primary tends to decouple its attitude from the rest of 
the system [6]. The secondary, modeled as a triaxial 
ellipsoid, is still strongly coupled to the mutual orbit. 

By incorporating tidal torques in our dynamical 
model we can study the evolution of the libration of 

Dimorphos and the eccentricity of the mutual orbit. In 
the F2BP these two parameters cannot be separated due 
to the coupling, departing from classical tidal theory [4]. 
In previous analyses, the shape of Dimorphos was 
unknown. Since the secondary shape has a large effect 
on the system dynamics [7], those analyses were left 
with a large unknown parameter space. Now, with the 
known shape of Dimorphos [8], we can significantly 
narrow our investigation. Tidal dissipation is driven by 
the parameter 𝑄/𝑘, where 𝑄 is the tidal quality factor 
and 𝑘 is the Love number [9]. There is considerable 
debate over appropriate values for these parameters for 
small bodies and rubble piles. As such, we treat them as 
variables. With a much smaller parameter space, we can 
focus our efforts on the effects of varying the tidal 
parameters. Previously, we have seen the secondary’s 
tidal parameters drive the relaxation rate of the libration 
and eccentricity while the primary’s tidal parameters 
drive the expansion of the semimajor axis [4]. Fig. 1 
shows the libration and eccentricity of Dimorphos for 
three different values of 𝑄/𝑘	 for the secondary, 
highlighting the importance of this unknown ratio along 
with the coupling between libration and eccentricity. 
Using our coupled dynamical model including tides we 
will vary the unknown tidal parameters of both the 
primary and secondary to investigate the possible 
evolutionary paths of Didymos as it returns to a tidally 
locked equilibrium state. 

Discussion: Different combinations of tidal 
parameters between the primary and secondary can lead 
to different evolutionary paths of the system. 
Previously, we tested only a small number of possible 
tidal parameters across different Dimorphos shapes. 
However, now that a Dimorphos shape model exists, we 
can test a much larger solution space of tidal parameters 
for a more thorough understanding of their effect on the 
system’s evolution. 

 Furthermore, the oblate shape of Dimorphos was 
unexpected, and past analyses only focused on prolate 
shapes. Here we focus only on the observed shape of 
Dimorphos, allowing us to compare how an oblate 
shape changes the system’s evolution. 

Owing to the dissipative nature of rubble piles, it is 
possible that the Didymos system may return to a tidally 
locked state within tens of years [4]. With such a rapid 
relaxation rate, it may be possible to observe the 
changes in eccentricity through both ground and space-
based observations. In particular, the ESA mission 
Hera, planned to arrive at Didymos in 2026, may be able  

2105.pdf54th Lunar and Planetary Science Conference 2023 (LPI Contrib. No. 2806)



to observe the dissipation in libration amplitude and 
eccentricity. With large uncertainties surrounding the 
tidal parameters of small bodies, measuring the 
dissipation rate of Didymos has the potential to shed 
light on these quantities and, in turn, the internal 
structure of the asteroids.  

This analysis will lay the groundwork for what can 
be expected as Didymos dissipates energy through tidal 
forces. We will present our findings on the possible 
evolutionary paths of Didymos as a function of tidal 
parameters of the primary and secondary, taking into 
account the now known shape of Dimorphos. 
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Figure 1. The libration angle (top) and eccentricity 
(bottom) of Dimorphos for 3 separate values of tidal 
parameters 𝑄/𝑘	 
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