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Abstract  Discovered in 2014 to have two rings, the asteroid 10199 Chariklo became a counterexample to 

conventional theory that minor planets cannot have rings. However, how Chariklo obtained its two rings remained a 

point of speculation. The main goal of this research is to explore various possibilities of the mechanism of Chariklo’s 

rings’ creation. Two possibilities of particles outside Chariklo forming the ring were considered, yet rejected as 

external particles simply cannot drift into the rings’ orbits. Thus, we hypothesized that the ring formed through three 

steps: (1) an external object (e.g. a small asteroid) collided with Chariklo, making it spin faster. (2) Then, the high 

angular velocity ejected particles from the surface, and (3) these particles collided with one another to form a ring. 

We simulated perfectly and partially inelastic collisions. 

 

In conclusion, perfectly inelastic collisions were not able to form a ring identical to those of Chariklo, but they were 

able to create a ring at a smaller radius. On the other hand, rings identical to those of Chariklo were able to be formed 

through partially inelastic collisions. It was further discovered that a very wide range of scenarios allowed ring creation 

through this mechanism, further validating the hypothesis.  

 

Key Words : Astrophysics, Orbital Mechanics, Inelastic Collision, Momentum Conservation, Energy 

Conservation 

I. Introduction 

On the 26th of March 2014, astronomers observed the two rings 

of asteroid 10199 Chariklo, each with a radius of 396 and 405 

kilometers that has width of 7 and 3.5 kilometers. (Braga-Ribas 

et al., 2014) The discovery openly challenged conventional belief, 

as the common theory was that a minor planet such as an asteroid 

could not have rings. In addition to the significance of this 

discovery, the process with which Chariklo came to possess its 

two rings became a point of speculation.   

 

II. Hypothesis 

2.1. Possibilities of an external particle 

To hypothesize how Chariklo has gained these two rings, we 

might consider the chances of a particle drifting into the 

gravitational field of Chariklo and forming a ring. However, basic 

orbital mechanics tells us that this scenario is impossible. As the 

particle approaches the asteroid, its enormous potential energy 

would be converted into kinetic energy, and the high velocity 

would result in a slingshot rather than a closed orbit. Even in the 

case of a closed orbit, orbital mechanics tells us that satellites 

return to their original position unless additional force is exerted. 

Hence, it is impossible that the particle forms a circular orbit.  

 

It is possible that a drifting particle disintegrates into a ring 

after entering the Roche limit; yet, this scenario is impossible in 

the case of Chariklo. For a solid satellite with density 𝜌𝑚, and a 

planetary mass with density 𝜌𝑀 , the Roche limit 𝑑  can be 

approximated by Eq 1. [7] 

𝑑 ~ 1.26 𝑅 (
𝜌𝑀

𝜌𝑚
)

1
3

(1) 

 

Then, in Eq 1, for 𝑑 to be the radius of Chariklo’s second ring, 

405 kilometers, 𝜌𝑀/𝜌𝑚   must be 0.017; however, this is very 

unlikely. Eclogite, one of the densest rocks can have a density 

around 3.45 𝑔/𝑐𝑚3 and sandstone, one of the least dense rocks 

found in nature, can have a density around 1.6 𝑔/𝑐𝑚3. [6] Even 

in an artificial extreme case where Chariklo is entirely made of 

sandstone, and the ring made of Eclogite, 𝜌𝑀/𝜌𝑚 would only be 

0.46. Hence, a ring being formed by a particle entering and 

disintegrating at the Roche limit is impossible. 

 

2.2. Possibilities of an internal particle 

Because both scenarios of an external particle drifting to form 

a ring is impossible, we are now left with the possibility of 

ejection of particles from Chariklo’s surface. From the concept of 
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Newton’s cannonball, [4] a particle leaving the surface will form 

an elliptical trajectory bounded or unbounded to the body it leaves 

from, depending on initial velocity. The particle would require 

external force to change its trajectory into that of the ring, and the 

cause would be collisions with other particles that were ejected 

from the surface.  

 

Thus, we hypothesize that a collision with an external object 

such as a small asteroid caused Chariklo to spin faster, i.e. 

undergo angular acceleration. Due to this increased angular 

velocity, particles within a certain latitude were ejected—likely  

at different times because of their varying degrees of adhesion and 

friction with the surface. Then, once the particles flew into closed 

orbit, such particles eventually collided with each other to form a 

ring.  

 

Since perfectly elastic collisions are not possible in reality, we 

will only consider inelastic collisions, which are perfectly 

inelastic collisions and partially inelastic collisions. To 

investigate these possibilities, we will simulate the inelastic 

collision, and determine whether a ring formation at the desired 

heights (396 and 405 kilometers) is feasible. 

 

III. Method 

3.1. Set-up and Assumptions 

Primarily, we assume the density of Chariklo to be identical to 

the average density of rocks found on Earth, which is 2.650 

𝑔/𝑐𝑚3 . [6] Also, because the asteroid has dimensions 

296×264×204 km and hence an equivalent diameter of 252 km, 

[3] we will assume Chariklo to be a perfect sphere with diameter 

252 km, and its radius denoted r. With the dimensions of the 

planetary body and its rings, we will visualize the asteroid as 

Appendix 1. 

 

Then, we will define the variables. As shown in [Figure 1], we 

will denote the position vector and velocity vector at time 𝑡 = 0 

of a particle as 𝑝0 and 𝑣0, respectively. Also, the distance from 

the center of the asteroid at which the two particles collide will be 

noted as ℎ. 

 
Figure 1. Chariklo at the initial time (top) and  

point of collision (bottom) 

 

3.2. Function particleSolve  

With such assumptions set, we will first devise a function 

particleSolve that gives us the location vector of any particle 

with respect to time 𝑡 when we input initial position 𝑝0, velocity 

𝑣0, and the duration of the simulation.  

 

If we define 𝑝(𝑡) to be the position vector of a particle at time 

𝑡 , the inputted three values give us the initial conditions for a 

differential equation that expresses thee location vector of the 

particle at any time, which are Eq 1 and 2.  

 

𝑝(0) = 𝑝0 (1) 

 

�̇�(0) = 𝑣0 (2) 

 

Also, because the only force that the particle experiences 
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during motion is the gravitational force due to Chariklo, we can 

set up Eq 3.  

 

𝑚�̈� = −𝐺
𝑀𝑚

𝑝2
(3) 

 

We can rewrite the equation using vectors as Eq 4. 

 

�̈� = −𝐺
𝑀

|𝑝|2
�̂� (4) 

 

We then use NDSolve in Mathematica, which uses the Runge-

Kutta method, [11] to create a function that will find the 

numerical solution of the differential equation as shown in [[Fig. 

2] Function ].  

 

 
[Fig. 2] Function particleSolve 

 

3.3. Minimum and Escape Velocity 

To apply this function, we must then find the range of the initial 

velocity of the first particle that we can input. If the initial velocity 

is too low, the particle would fall to the surface, whereas if the 

velocity is too high, it would just fly away. Hence, we denote the 

minimum velocity as 𝑣𝑚𝑖𝑛 , which would be the tangential 

velocity at which the particle just sweep the surface. Conversely, 

the maximum velocity 𝑣𝑚𝑎𝑥  will be the escape velocity from 

Chariklo.  

 

To calculate minimum velocity, we use the fact that the 

centripetal force experienced by the particle must equal the 

gravitational force of the asteroid. Hence,  

 

𝑮
𝑴𝒎

𝑹𝟐
=

𝒎𝒗𝒎𝒊𝒏
𝟐

𝑹
, (𝟔) 

 

which gives us 

 

𝒗𝒎𝒊𝒏 = √
𝑮𝑴

𝑹
≅ 𝟏𝟎𝟖. 𝟒𝟓𝟎 (𝐦/𝐬) (𝟕) 

 

For escape velocity,  

 

𝒗𝒎𝒂𝒙 = √
𝟐𝑮𝑴

𝑹
≅ 𝟏𝟓𝟑.𝟑𝟕𝟐 (𝐦/𝐬) (𝟖) 

 

Therefore, we will test values between 𝑣𝑚𝑖𝑛  and 𝑣𝑚𝑎𝑥  to 

determine whether ring formation at the desired height is possible.  

 

On an additional note, all particles leaving from the same 

latitude would have the same magnitude of initial velocity, 

because the angular velocity of the asteroid and the radius would 

be equal for every particles on the same latitude. This would mean 

that the orbits of all particles that depart from the same latitude 

would have identical orbits, but with an angular offset as in [[Fig. 

2].   

 

3.4. Collision at the Ring 

An important finding is that the two particles must collide at 

the ring for a particle to enter the ring. A particle in a closed orbit, 

without the presence of an external force, would always come 

back to the point that it came from. Note that for orbits after the 

collision, the collision point becomes its initial position, to which 

they must return. If the orbit begins from a point outside the ring, 

the orbit would never be identical to the ring. Hence, for any of 

the two particles to enter the ring’s orbit after collision, the two 

particles must collide at the ring.  

 

3.5. Algorithm 

With all of these set-up in mind, we will construct an algorithm 

that outputs the post-collision trajectory of the particles. Since the 

two particles must collide with one another at the ring as in 3.4 

for the ring formation at desired height, we will place the two 

particles on certain different longitudes such that the trajectories 

of the two intersect at the desired height. Hence, our algorithm 

will find two such longitudes, and place each of the two particles 

on such two different longitudes.  

 

In 3.3, we have already discussed that orbits of particles from 

the equator will be identical, but with an angular offset. Therefore, 

if we rotate the first particle orbit by a certain angle with respect 

to the 𝑧 axis as its rotational axis, it would give us the second 

particle orbit that intersects the first particle orbit at the ring. [[Fig. 

2].  

 

Thus, our algorithm would consist of the following four steps:  

1. Evaluate the first particle orbit 

2. Find the angle 𝜃 to rotate the first particle orbit 

3. Rotate the first particle orbit by 𝜃  to get the second 

particle orbit and change ejection time 

4. Evaluate post-collision trajectory 

 

3.5.1. Perfectly Inelastic Collision 

For perfectly inelastic collisions, the two particles would stick 

with each after collision, conserving the momentum but losing 

kinetic energy. We thus construct a module that allows us to 

obtain the post-collision orbit of the particles ejected from the 
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asteroid as in Algorithm 1. The input will be initial position 𝑝0, 

initial velocity 𝑣0 of the first particle, estimation of its period 𝑇, 

and duration of the simulation, as shown in Appendix 2.  

 

Algorithm 1: Perfectly Inelastic Collision 

Input: 𝑝0, 𝑣0, duration, estimation of 𝑇 

1: Evaluate first particle orbit 𝑝1𝑖(𝑡)  using 

particleSolve  

2: Find 𝑡𝑟𝑖𝑠𝑒, 𝑡𝑓𝑎𝑙𝑙 and find 𝜃                                                       

3: Rotate 𝑝1𝑖(𝑡) by 𝜃 to get 𝑝2𝑖(𝑡)                                             

 

 Step 1 

 Step 2 

 Step 3 

 Step 4 

4: Obtain position and velocity of particle 1, 2 at collision 

5: Evaluate velocity of combined particle 𝑣𝑓 after collision 

6: Evaluate post-collision trajectory 𝑝𝑓(𝑡) using particleSolve 

Output: Pre-collision and post-collision trajectory 

 

Step 1. Evaluate the first particle orbit 

With the 𝑝0 , 𝑣0 , and duration, we can use the function 

particleSolve to yield the location vector 𝑝1𝑖(𝑡) and velocity vector 

𝑝1𝑖 ′(𝑡) of the particle for any given time 𝑡. 

 

Step 2. Find the angle 𝜃 to rotate the first particle orbit 

To find out how much we must rotate the first orbit, we must 

find the points at which the orbit intersects the ring. We will find 

the period 𝑇  of the particle, and in turn, the two time values 

𝑡𝑟𝑖𝑠𝑒 , 𝑡𝑓𝑎𝑙𝑙 at which the particle intersects the ring.  

 
[Fig. 2] Rotating the orbit of the first particle 

 

By definition, the first time at which the norm of 𝑝1𝑖(𝑡) (the 

distance from the first particle to the center of the asteroid) after 

0 equals the asteroid’s radius would be its period. Using FindRoot, 

which uses Newton’s method, [10] we iterate from the estimate 

of the period (which is one of the input values) to obtain the value 

 
1 In the code in Error! Reference source not found., we used 

𝑇 + (𝑡𝑟𝑖𝑠𝑒 − 𝑡𝑓𝑎𝑙𝑙)  instead of 𝑡𝑟𝑖𝑠𝑒 − 𝑡𝑓𝑎𝑙𝑙 , because the 

of 𝑇. Within the time range 0 < 𝑡 < 𝑇, we again find the times 

at which the orbit intersects the ring in the same method. We 

denote the two times as 𝑡𝑟𝑖𝑠𝑒 and 𝑡𝑓𝑎𝑙𝑙 . The angle between the 

two points 𝑝1𝑖(𝑡𝑟𝑖𝑠𝑒) and 𝑝1𝑖(𝑡𝑓𝑎𝑙𝑙) will be denoted as 𝜃. [[Fig. 

2] 

 

Step 3. Rotate the first particle orbit to get the second particle 

orbit and change ejection time 

If we rotate the orbit of the first particle by the angle 𝜃, we 

would get an orbit that intersects with the first particle orbit at the 

ring, as in [[Fig. 2]. This orbit would be that of the second particle, 

𝑝2𝑖(𝑡).  

 

However, if both particles are ejected at the same time, the two 

particles would never collide with each other. Hence, we will 

modify the ejection time of the second particle. The two particles 

will collide at time 𝑡𝑓𝑎𝑙𝑙   and at position 𝑝1𝑖(𝑡𝑓𝑎𝑙𝑙) , which is 

equal to position 𝑝2𝑖(𝑡𝑟𝑖𝑠𝑒). Note that for the second particle to 

reach position 𝑝2𝑖(𝑡𝑟𝑖𝑠𝑒) at time 𝑡𝑓𝑎𝑙𝑙 , the position of the second 

particle when 𝑡 = 0  must be 𝑝2𝑖(𝑡𝑟𝑖𝑠𝑒 − 𝑡𝑓𝑎𝑙𝑙) . Also, the 

velocity at 𝑡 = 0  must be 𝑝2𝑖 ′(𝑡𝑟𝑖𝑠𝑒 − 𝑡𝑓𝑎𝑙𝑙) .
1  With these 

conditions, we can apply particleSolve to obtain the orbit of the 

second particle.  

 

Step 4. (lines 4, 5, 6) Evaluate post-collision trajectory of the 

combined particle 

We know that the two particles collide at time 𝑡𝑓𝑎𝑙𝑙 , each with 

velocity 𝑝1𝑖 ′(𝑡𝑓𝑎𝑙𝑙) , which will be denoted as 𝑣1𝑖 , and 

𝑝2𝑖 ′(𝑡𝑓𝑎𝑙𝑙), which will be denoted as 𝑣2𝑖 . We can set up a set of 

equations about the preconditions for ring formation at desired 

height. 

 

By the law of momentum conservation, the resultant velocity 

of the combined particle 𝑣𝑓 would equal 

 

𝑣𝑓 =
𝑣1𝑖𝑚1 + 𝑣2𝑖𝑚2

𝑚1 + 𝑚2

(9) 

 

Also, kinetic energy is lost, hence 

 

1

2
𝑚1𝑣1𝑖

2 +
1

2
𝑚2𝑣2𝑖

2 >
1

2
(𝑚1 + 𝑚2)𝑣𝑓

2 (10) 

 

For ring formation, the gravitational force must equal 

centripetal force, which is 

 

simulation does not operate for negative time. Note that the 

addition of 𝑇 would make no difference.   
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(𝑚1+𝑚2)𝑣𝑓
2

𝑅𝑟𝑖𝑛𝑔
= 𝐺

𝑀(𝑚1+𝑚2)

𝑅𝑟𝑖𝑛𝑔
2 (11)  

 

Therefore, 𝑣𝑓 must equal √
𝐺𝑀

𝑅𝑟𝑖𝑛𝑔
 for the combined particle to 

form a circular ring at the desired height. Finally, the tangential 

velocity vector must be perpendicular to the position vector at the 

collision point, 𝑝1𝑖(𝑡𝑓𝑎𝑙𝑙), which is  

 

𝑣𝑓⃗⃗⃗⃗ ∙ 𝒑𝟏𝒊(𝒕𝒇𝒂𝒍𝒍) = 0 (12) 

 

𝑚1  and 𝑚2  are the only variables in the equations. By 

dividing both sides of Eq 9 and 10 by 𝑚2, we only have to find 

values of 
𝑚1

𝑚2
 that satisfy these four equations. We can also know 

the velocity of the particle after collision. Hence, we can apply 

particleSolve to obtain the trajectory of the combined particle. 

However, if there is no such 
𝑚1

𝑚2
 , the module will output rring 

formation is impossible.” Assembling all of these codes together 

in a Module function with the visualization, we construct the code 

in Error! Reference source not found..2  

 

3.5.2. Partially Inelastic Collision for Particles from the 

Equator 
 

In the case of partially inelastic collisions, the two particles do 

not have to combine with each other, and momentum is conserved. 

With the same input data as the algorithm for perfectly inelastic 

collisions, we will construct Algorithm 2.  

 

Algorithm 2: Partially Inelastic Collision  

Input: 𝑝0, 𝑣0, duration, estimation of 𝑇 

1: Evaluate first particle orbit 𝑝1𝑖(𝑡) using particleSolve  

2: Find 𝑡𝑟𝑖𝑠𝑒, 𝑡𝑓𝑎𝑙𝑙 and find 𝜃                                                       

3: Rotate 𝑝1𝑖(𝑡) by 𝜃 to get 𝑝2𝑖(𝑡)                                             

 

 Step 1 

 Step 2 

 Step 3 

 Step 4 

4: Obtain position and velocity of particle 1, 2 at collision 

5: Evaluate velocity of particle 1, 2 after collision 

6: Evaluate post-collision trajectory 𝑝1𝑓(𝑡) and 𝑝2𝑓(𝑡) using particleSolve 

Output: Pre-collision and post-collision trajectory 

 

Step 1, Step 2, Step 3 are same as the method in algorithm 1, 

as we can use the same method to make the two particles collide.  

 

Step 4. (lines 4, 5, 6) Evaluate post-collision trajectory of the 

two particles  

 
2  In the codes in Error! Reference source not found. and 

Error! Reference source not found., additional codes are added 

to detect the particles falling to Chariklo after collision, for 

aesthetic purposes.   

 

Because momentum is conserved in partially inelastic 

collisions,  

 

𝑚1𝑣1𝑖 + 𝑚2𝑣2𝑖 = 𝑚1𝑣1𝑓 + 𝑚2𝑣2𝑓 (13) 

 

Furthermore, as kinetic energy is lost,  

 

1

2
𝑚1𝑣1𝑖

2 +
1

2
𝑚2𝑣2𝑖

2 >
1

2
𝑚1𝑣1𝑓

2 +
1

2
𝑚2𝑣2𝑓

2 (14) 

 

Without loss of generality, let us say that particle 1 will enter 

the ring. Then, gravitational pull must equal centripetal force as 

 

𝑚1𝑣1𝑓
2

𝑅𝑟𝑖𝑛𝑔
= 𝐺

𝑀𝑚1

𝑅𝑟𝑖𝑛𝑔
2 (15)  

 

Therefore, 𝑣1𝑓 must be √
𝐺𝑀

𝑅𝑟𝑖𝑛𝑔
. Finally,  

 

𝑣1𝑓⃗⃗⃗⃗ ⃗⃗ ∙ 𝑝1𝑖(𝑡𝑓𝑎𝑙𝑙) = 0 (16) 

 

Again, 𝑚1, 𝑚2, and 𝑣2𝑓
3 are the only variables. Hence, we 

will find values of 
𝑚1

𝑚2
 and 𝑣2𝑓. For both particle 1 and particle 

2, we can use the function particleSolve to find the post-collision 

trajectory of particle 1 and 2. 

 

 

3.5.3. Partially Inelastic Collision for Particles outside the 

Equator 

We will also consider collisions caused by particles from 

different latitudes. Note that a particle from latitude 𝑥  would 

only be able to collide with particles from latitude 𝐿, −𝐿, or the 

equator for only a certain latitude. Consider an particle ejected 

from latitude 𝐿1, and a different particle from 𝐿2, as in [[Fig 3] 

(left). The 𝑧  coordinate of the point at which the two collide 

must be 0, because the equatorial plane is the only point at which 

the two can meet. Hence, either the ascending or descending 

nodes of particle 1 with respect to the plane of reference 𝑧 = 0 

must meet with either one of particle 2.  

 

However, note that the descending and ascending nodes of all 

particles ejected from latitude 𝐿1 and any longitude would form 

a circle. and the same would be for particles located at latitude 

3 In the code in Appendix 3, the 𝑥, 𝑦, and 𝑧 components of 

momentum are separately considered.   
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𝐿2. However, the two circles have different radius as in [[Fig 3] 

(right), meaning that the two particles would never intersect at 

𝑧 = 0, and thus would never intersect at any plane.  

 

 
[Fig 3] Orbit of particles from different latitude and hemisphere 

(left), all points of intersection at plane 𝑧=0 (right) 

 

This means that for particles ejected from latitudes where 

particles do not collide with the equator, there can be two 

scenarios: when both particles are from the same side of the 

hemisphere (both latitude 𝐿, middle representation in [[Fig 4]), 

or when the particles are from opposite sides of the hemisphere. 

(one from latitude 𝐿  and the other from −𝐿 ) In the second 

scenario, there are two additional cases: the collision point is the 

ascending node of one and the descending node of the other 

(leftmost representation in [[Fig 4]), or the collision point is the 

ascending node of both (rightmost representation in [[Fig 4]).  

 

 
[Fig 4] Collision of particles outside the equator 

 

The collisions outside the equator did not necessarily result in 

ring formation, but these were included within the code for the 

final simulation to consider a wider range of scenarios.  

 

IV. Results 

 

4.1. Perfectly Inelastic Collision 

For perfectly inelastic collisions, ring formation at the desired 

height was impossible, as in [[Fig 5]. The orange lines denote the 

orbit of the particles before collision, whereas the light blue 

represent orbit after collision.  

 

When the particles had enough potential energy to reach the 

desired height, they lacked the kinetic energy to form a circular 

ring as in [[Fig 5] (left). On the other hand, when the particles had 

enough kinetic energy to form a circular ring, they lacked the 

potential energy to form the ring at the desired height, and a ring 

at a far lower height was formed as in [[Fig 5] (right).  

 

 
[Fig 5] Perfectly inelastic collisions unable to form a ring (left),  

forming a ring at 205 km (right) 

 

Even particles from the equator, which have the highest 

velocity among all particles ejected from the surface, lacked 

energy to form a ring at the desired height. Hence, it is impossible 

that particles from other latitudes, with smaller velocity, are able 

to form a ring at the desired height.   

 

4.2. Partially Inelastic Collision 

For partially inelastic collisions, ring formation was possible, 

as the examples in [[Fig 6], where the initial tangential velocity 

was a value of 141𝑚/𝑠. The ratio of the mass of the first particle 

to that of the second was 0.783 (left), 1.75 (middle), and 9.095 

(right). The orange and light blue trajectories respectively 

represent the post-collision trajectory of the two particles. In all 

three diagrams, the particle in light blue forms a trajectory 

identical to Chariklo’s ring.  

 

 
[Fig 6] Examples of ring formation by partially inelastic 

collisions 

 

In fact, numerous reasons make ring formation through 

partially inelastic collisions likely. Firstly, a very wide range of 

mass ratios between the two particles were able to form the ring 

at the desired height. Recall that the mass ratio between the two 

particles is the only variable that determines whether ring 

formation is possible or not. This is because there is only one 𝑣1𝑓 
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that forms a ring at the desired height and there is only one 𝑣2𝑓 

for each 
𝑚1

𝑚2
 .  

 

Notably, a very wide range of such mass ratios were able to 

form a ring at the desired height as in [[Fig 7]. The two red arrows 

represent the velocity vector of the first particle before and after 

the collision, and the two blue arrows denote those of the second 

particle. An important clarification is that the spheres do not 

represent the location of the particle, but rather are only included 

to show the difference in mass of the two particles. Note that the 

post-collision velocity vector of the red particle is same for all 8 

pictures, which is the only velocity vector that forms a ring at the 

desired height. Besides the solutions found in [[Fig 7], we were 

able to obtain more than 200 mass ratios, ranging from 0.04 to 

9.10. This wide range of mass ratios could be obtained for initial 

tangential velocities ranging from 120 to 150 𝑚/𝑠 . This wide 

range of mass ratios makes ring creation at the desired height not 

only possible but also likely.  

 

[Fig 7] Red particle reaching the velocity for ring formation by 

inelastically colliding with blue particle of varying mass (in order 

of smaller mass ratio from left to right, top to bottom) 

 

Secondly, the two particles do not have to undergo head-on 

collision. In a head-on collision, the two particles cannot intersect 

after collision (as the bottom 4 diagrams in [[Fig 7]). However, 

this intersection of orbits is possible if one arrived slightly faster 

at the collision point, resulting in one particle to scrape the back 

of the other. Therefore, since the particles do not have to undergo 

head-on collision, a wider range of mass ratios are possible.  

 

Third, the thickness of the rings allows a wider range of mass 

ratios than those found in this research. Note that the ratios found 

in this research are the ratio to form a ring exactly at 405 or 396 

km. However, the rings in reality has a thickness of 7 km and 

3.5km, respectively. [1] Thus, particles can form a circular orbit 

with a radius within 396±3.5 km or 405±1.75 km, and it would 

be still part of Chariklo’s ring. Hence, the ratio can be slightly off 

the ratios discovered in this research, and the rings of Chariklo 

would still be formed.   

 

Thus, it could be concluded that ring formation through 

partially inelastic collisions are possible in a wide range of 

scenarios, thus further validating the hypothesis. Eventually, we 

were able to demonstrate ring formation by simulating 400 

particles as in [[Fig 8]. 15 different mass ratios of particles were 

used to simulate collisions of particles ejected from the equator, 

and 30 different mass ratios were used for particles ejected from 

different latitudes.  

 

 

[Fig 8] Ring formation after simulating 400 particles 

 

V. Conclusion 

Overall, we were able to successfully construct a simulation 

that demonstrated that the formation of 10199 Chariklo’s rings 

through collisions were possible (and even more, likely), hence 

proving the hypothesis. Although only 45 discrete mass ratios 

were used in the simulation, the universe at this scale operates in 

continuum. The wide range of mass ratios not only support the 

hypothesis but also makes it more probable. This research may be 

able to contribute to research on other minor planets discovered 

to have rings, such as 2060 Chiron. [5]  

 

However, it must be noted that partially inelastic collisions are 

only one of the rpossibilities,” hence not a definitive explanation. 

There are factors that have not been covered, or certain 
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assumptions that have been made. For example, this research 

cannot explain why there are particularly two rings, nor is it able 

to provide an explanation of the material in which the ring is made 

of. Furthermore, this research does not consider the existence of 

shepherd moons, one of the most likely causes that have been 

suspected to be responsible for the rings of Chariklo. [2] Lindblad 

resonance has also been considered as a likely cause as in the case 

of the dwarf planet Haumea, [8] yet has not been considered 

within this study.  

 

Finally, certain assumptions such as neglecting gravitational 

interactions between each of the particles may have caused 

inaccuracies. Furthermore, Chariklo has been assumed to be a 

sphere, whereas it is an elongated shape in reality. This elongated 

shape may mean that according to the intermediate axis theorem, 

it may have a second principal axis of rotation, where the asteroid 

undergoes unstable rotation. [9] Hence, the asteroid may stumble, 

causing the particles to not be ejected in constant direction as in 

this study. This dual axes of rotation may cause the rings to be 

non-coplanar, which is possible since whether the two rings are 

coplanar have not been observed through occultations. More 

comprehensive study is necessary to verify the exact cause for 

ring formation.  
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[Appendix 2] Perfect inelastic collisions 
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[Appendix 3] Function for partially inelastic collision   
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