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Summary: The NASA/DART impact creates a 

crater on Dimorphos, the secondary of the binary near-
Earth asteroid (65803) Didymos. If this causes 
Dimorphos to deform ~2 m or larger along the 
spacecraft impact direction (equivalent to a 100-m-
diameter crater), the reshaping induces orbital 
perturbation that is enough to be detected by Earth-
based observations. If the DART impact hypothetically 
induces global deformation, Dimorphos’ attitude 
dynamics is significantly disturbed. 

Introduction: DART is required to cause at least a 
73-sec orbital period change via the kinetic impact [1]. 
The effectiveness of the kinetic impact is quantified by 
the momentum transfer enhancement factor, “Beta” (𝛽), 
which can be estimated from the orbital period change 
measured by the Earth-based telescopes [1]. 

The DART impact also modifies the geophysical 
conditions of the bodies – it excavates Dimorphos’ 
surface/subsurface materials and forms a crater [e.g., 2]. 
Thus, Dimorphos’ reshaping occurs, although its 
magnitude is unknown. The present study aims to 
statistically investigate the reshaping effect on the 
orbital period. We generate synthetic shape models to 
model reshaped-Dimorphos after the DART impact and 
propagate the mutual dynamics for 180 days after the 
reshaping event using a Finite Element Modeling 
approach F2BP model [e.g., 3]. We use the nominal 
initial conditions determined by [4]. This study will help 
constrain the orbital period change induced solely by the 
impact and obtain a reliable 𝛽.  

Synthetic shape models of reshaped-Dimorphos: 
We consider an idealized impact scenario, where the 
spacecraft impacts the center of figure of Dimorphos’ 
leading hemisphere along its 𝑦 axis (Figure 1), although, 
in reality, there will be small non-planer and in-plane 
impact angles [5]. To statistically explore the reshaping 
process, we generate synthetic shapes of reshaped-
Dimorphos by modifying the semi-axis (±𝑥, ±𝑦, ±𝑧) 
lengths of the original shape model. We assume that 
Dimorphos reshapes such that +𝑦 axis becomes shorter, 
while −𝑦 axis remains the same and ±𝑥 and ±𝑧 axes 
become longer (Figure 1). This reshaping mode is 
consistent with a recent impact modeling result [6]. We 
also assume that Dimorphos’ volume does not change 
before and after the reshaping. Let 𝛿!" = +𝑦# −+𝑦$ 
be the magnitude of reshaping in +𝑦 axis. We consider 
10 different 𝛿!" cases in a range from 1.5 to 15 m with 
a step of 1.5 m. For each 𝛿!"  case, we generate 500 
different synthetic shape models, where each shape 

model has different magnitude of reshaping in ±𝑥 and 
±𝑧 axes, which are randomly chosen under the constant 
volume condition. In total, we have 5,000 synthetic 
shape models. 

 
Figure 1. Idealized impact (red arrow) and considered 
reshaping condition (black dashed line). 

Effect of reshaping: We find that reshaping can 
induce an orbital period change detected by Earth-based 
observations. The angular position of reshaped-
Dimorphos gradually deviates from where non-
reshaped Dimorphos would be. The orbital period 
change can be computed from the angular position 
difference. We find that the majority of 5,000 cases 
make the orbital period shorter than the nominal one. 78 
cases (1.56%) result in longer orbital periods, although 
the cause for this is uncertain. The general effect of 
reshaping is therefore to make the orbital period shorter. 
Table 1 shows the mean and 1𝜎 standard deviation of 
the orbital period change for each 𝛿!". Figure 2 shows 
the orbital period change as a function of 𝛿!" .The 
orbital period linearly decreases as 𝛿!"  increases. We 
find that 𝛿!" ∼ 2  m would lead to an orbital period 
change comparable to the Earth-based observation 
accuracy, ~7.3 sec [1]. This is an equivalent effect to 
placing a 100-m diameter crater on Dimorphos’ leading 
hemisphere [7]. We note that in all 5,000 simulations, 
the attitude dynamics remains consistent with the 
nominal attitude dynamics. 

Effect of global deformation: A recent impact 
modeling work, which considered a DART-like impact 
into a cohesionless test body, suggests a possibility of 
global deformation [6]. If Dimorphos is structurally 
weak, semi-catastrophic disruption event may occur, 
resulting in global deformation. Whether this event 
occurs is highly unknown, or even unlikely, given that 
the Didymos system’s taxonomy (Sg-type) generally 
suggests high structural strength [1]. Nevertheless, it is 
worth investigating this case to see how such global 
deformation influences the orbital dynamics.  
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We model global deformation by using a synthetic 
model with 𝛿!" = 40	m. The generated shape model 
has a shape consistent with the test body after the 
DART-like impact in [6]. We find that the angular 
position difference grows much faster than any of the 
reshaping cases considered (𝛿!" ≤ 15 m). The resulting 
orbital period change is found to be −200 sec.  

Importantly, we also find that Dimorphos’ attitude 
dynamics is significantly disturbed. Specifically, while 
Dimorphos' 𝑥 axis generally remains pointing towards 
Didymos, Dimorphos rolls about the 𝑥 axis (Figure 3). 
The rolling direction reverses as the 𝑧 axis roughly flips 
over. This is an intermediate rotational state between 
tidally locked synchronous state and chaotic tumbling 
state, so-called “barrel instability” [8]. 

Discussion: Because Dimorphos’ mass takes up 
only 1% of the total system mass, the mutual dynamics 
would be largely dominated by Didymos’ physical and 
dynamical characteristics. Nevertheless, we found that 
Dimorphos’ reshaping can result in a shorter orbital 
period than the nominal one. The orbital period change 
can be detected through the Earth-based observations 
and thus non-negligible, depending on 𝛿!".  

With the current spacecraft trajectory, the DART 
impact will also make the orbital period shorter [5]. This 
implies that the Earth-based observations will find an 
orbital period change larger than expected due to the 
reshaping effect, which potentially leads to erroneous 𝛽. 
The determined linear relationship between 𝛿!"  and 
orbital period change is useful to decouple the DART 
impact and reshaping effects. We anticipate that the 
impact-driven and reshaping-driven orbital period 
changes are independent to the first order, meaning that 
the measured orbital period change will simply be the 
impact-driven plus reshaping-driven orbital period 
changes. Therefore, if 𝛿!"  is constrained and the 
determined linear relationship is used, we can estimate 
the orbital period change caused solely by the DART 
impact, from which we can obtain reliable 𝛽.  

Again, it is highly uncertain whether Dimorphos’ 
global deformation occurs. If it does occur, however, it 
leads to a large orbital period change. Dimorphos’ 
attitude dynamics is significantly disturbed to trigger the 
barrel instability. The barrel instability is thought to 
terminate the thermally-induced torque, known as 
BYORP, which secularly evolves the mutual orbit [8]. 
Therefore, while the current orbital solution indicates 
the semi-major axis drift of  �̇� ≈ −0.076 cm/yr, it may 
be modified. We note, however, that the mutual 
dynamics perturbation due to the DART impact and/or 
reshaping may similarly result in a change in �̇�. Further 
investigation is necessary to constrain the secular effects 
of reshaping and global deformation. In addition, 

measuring Dimorphos’ reshaping and its attitude 
dynamics by the Earth-based observations is likely to be 
difficult. It is possible that most accurate 𝛽 is obtained 
when Hera spacecraft arrives the Didymos system in 
2026 [9]. 

 
Figure 2. 𝛿!" vs. orbital period change. The black solid 
line indicates a linear fit, given by the equation in the 
figure. The blue stars and shaded region are the mean 
and 1𝜎  orbital period change for each 𝛿!"  case, 
respectively. 

 
Figure 3. The red, blue, and green lines show 
Dimorphos’ +𝑥 , +𝑦 , and +𝑧  axes, respectively. The 
+𝑧 axis initially points downward direction in the figure 
(left), but later it flips and points upward (right). 
Table 1. Mean and 1𝜎 orbital period change for all 𝛿!". 
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