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Abstract

Despite the significant improvements achieved in the development and calibration of empirical thermo-
spheric density models, relatively large uncertainties remain in estimating density values during periods
of enhanced geomagnetic activity, especially after Coronal Mass Ejections (CMEs) and Corotating In-
teraction Regions (CIRs). The aim of this paper is to enlighten the lack of sensitivity of the current
empirical density models in case of intense solar events drastically modifying thermospheric density over
short temporal and then spatial scales. This would be beneficial to improve the prediction of decay rates
suffered by LEO objects and to reduce the current level of orbital propagation uncertainties obtained with
empirical density models during periods of high to very high geomagnetic activity.

A full set of simulations is carried out to assess the full range of orbital decay rates that orbiting objects
could show during periods of intense geomagnetic activity. This is done for different values of Area-to-
Mass Ratio (AMR) and different orbital regimes by varying the semi-major axis, inclination, and altitude
of perigee. Although extensive research has been done on density anomalies resulting from solar storms
from the point of view of thermospheric modeling, a full study on their impact on a broad range of satellite
orbits is still worth being conducted. The results, if properly validated, would be useful for spacecraft
operations, thanks to a better understanding of satellite decay caused by a sudden increase in density
values. In addition, this research will benefit the tracking and monitoring of the space debris population,
while simultaneously contributing to reducing the uncertainties in orbit propagation for collision avoidance
purposes, especially in the case of objects with high Area-to-Mass Ratios.

A SpaceX Falcon 9 rocket launched 49 Starlink satellites on February, 3rd, 2022. A day later, it seems
that a geomagnetic storm above Earth increased the density of the atmosphere slightly, increasing drag
on the satellites and dooming most of them. This event is analysed, as revealed by (not so long) TLE
times series of the corresponding objects, and using the full set of simulations to underline the reentry
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scenario that seems to be the more realistic one. This analysis is based on orbit determination from those
TLEs, modelling the non gravitational forces from a mean point of view (atmospheric drag, and, if any,
manoeuvres.)
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