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Atmospheric Airbursts
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Small bodies continuously bombard
the Earth’s atmosphere.

According to NASA's CNEOS data
center, there is an event detectable by
military satellites on average every
two weeks, with a mean diameter of
about 1-2 m.

About 9.8% of the events belong to
Jupiter Family Comets, while 85.5%
have a Tisserand parameter with
respect to Jupiter, typical of asteroid
orbits.

There are no known meteorites of
cometary origin.

www.prisma.inaf.it



NEAs impact list
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Asteroid Orbits and Impact Parameters
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Important parameters for the model
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Fragments sample
A priori, we do not know the masses of the fragments in the strewn field, i.e. the meteorites’ masses. So, in our
model, we assume the following final masses with spherical shape: 1, 0.3, 0.2, 0.1, 0.05, 0.02, 0.005 and 0.001 kg. So,
we use some “sample” particles to show the final strewn field’s possible range and position. With good
approximation, these masses for the fragments correspond to the typical masses of meteorites on the ground.

Strength
In the case of the major fireballs observed by the European Fireball Network, the strength of the first fragmentation is
in the 0.4-4 MPa range, while the main fragmentation is in the 3.5-12 MPa range. In our model, as it is constructed,
we only have one fragmentation, and we use some test values for the strength: the first with 𝑆 ≈ 1 MPa and the
second with 𝑆 ≈ 5 MPa, with an extension toward 𝑆 ≈ 0.5 MPa in some cases.

Atmospheric profile
A good atmospheric profile is one of the critical points, along with the value of strength, for computing a realistic
strewn field. The essential quantities it must report are the air density 𝜌𝑎 at different heights (or the pressure and
temperature from which the density can be computed) and the speed and direction of the wind𝑊.
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2024 BX1 model

8



Strewn field
Ribbeck

meteorite



2023 CX1 model
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2008 TC3 model
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2008 TC3 fragmentation model with S=0.1 MPa
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The strewn field of 2022 WJ1: where are the meteorites?
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Conclusions
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(1) Despite the approximations used in the fragmentation model, which considers a single fragmentation followed
by a release of fragments of different mass, all with the same speed and direction with no lateral speed
component, the results of the computed strewn field from orbital elements appear pretty good.

(2) This weak dependence on the fragmentation number is probably caused by the asteroid’s wake vacuum region,
which retains the smaller fragments that break off in the secondary fragmentations until reaching the main
fragmentation of the body when the containment effect ceases, so all the fragments are free to fall
independently.

(3) A weak point of our procedure is the lack of a priori knowledge of the asteroid’s strength, which is a very
important parameter (with atmospheric profile) because it determines the height of the fragmentation, so the
length of the fragment’s path before reaching the ground. This forces us to adopt a range of reasonable values,
which may be good for most cases but may not always be valid.

(4) The values of the other parameters adopted for the model are less critical than strength because they
determine the ablation rate and the drag. The asteroid’s diameter can be estimated from telescope
observations, so it is a secondary factor for the position of the strewn field. Overall, the fixed parameter values
adopted in the text are generic enough to describe most falls.
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