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Ionosphere is a part of the upper atmosphere where the concentration of electrically charged particles is enhanced, i.e., at ~200-400 km of altitude. The ionosphere is sensible to multiple solar and geophysical phenomena (e.g., flares, geomagnetic storms, natural hazards, Astafyeva, 2019), and to anthropogenic events (e.g., explosions, rocket & missile launches). 

It is known that rocket/missile launches can cause 2 main types of disturbances in the ionosphere: 
- localized depletions in the plasma density due to local change in the chemical composition in the atmosphere caused by rocket fuel exhaust (e.g., Ozeki & Heki, 2010; Choi & Kil, 2017). Such depletions have a very particular spatial waveform similar to a plume centred along the trajectory of the missile/rocket propagation. In some cases, when a rocket explodes in the lower atmosphere, it can produce a larger depletion, as shown recently for the cases of the November 2023 explosion of the SpaceX StarShip (Yasyukevich et al., 2024).

- oscillations of electron density due to propagation of acoustic and shock-acoustic waves generated by rocket launches and by super-sonic propagation of rockets through the atmosphere and ionosphere. Up to now, 3 main types of waves have been detected: N-type oscillations of plasma density, bow waves and circular waves (e.g., Afraimovich et al., 2000; Chou et al., 2018; Ducourtieux, 2022).

Our team has an extensive experience in studying ionospheric response to natural hazards (earthquakes, tsunamis, volcanic eruptions; e.g., Astafyeva et al., 2011; 2022) and to man-made events (Maletckii & Astafyeva, 2024). Also, recently we have developed methods of automatic detection of disturbances of different origins (Brissaud & Astafyeva, 2022; Maletckii & Astafyeva, 2021), and we developed the first algorithms allowing identification of the origin of ionospheric disturbances (Maletckii & Astafyeva, 2024).

Also, we are currently developing novel techniques for the assessment of parameters of natural hazards from the ionosphere in near-real-rime. For instance, for earthquakes, our methods will automatically detect co-seismic ionospheric disturbances in TEC data series, localize the position of the co-seismic uplift, and, - the future work -  estimate the magnitude of the co-seismic uplift from ionospheric measurements. 

However, earthquakes, at some extent, can be approximated as a point source from which ionospheric disturbances propagate as nearly circular waves. Whereas, rocket/missile propagation is more complex event that must be taken into account. Besides, launches may differ from one another. Some rockets explode during the launch or in the lower atmosphere, and they can have different types of fuel that will have different chemical impact on the atmosphere/ionosphere. Consequently, depending on the scenario, they will produce different types of disturbances in the ionosphere. 

The main aim of this PhD thesis, is to learn the patterns of ionospheric disturbances generated by different types of rocket/missile launches, with different types of fuels, and with separations of the first/second stages (when took place). Further, to use this new knowledge for assessment of parameters of such events from the ionosphere. The next step is to develop methods of automatic analysis of ionospheric disturbances generated by rocket launches. 


The main objectives of this PhD thesis are:
- to perform a detailed spatio-temporal analysis of parameters of ionospheric disturbances generated by rocket/missile launches and rocket/missile explosions;
- understand the dependence of spatio-temporal features of ionospheric disturbances on the parameters of rockets/missiles (e.g., type of fuel, separations of the first/second stages and explosions (when/if occurred)); 
- develop methods and techniques for reconstruction of the rocket/missile launch and propagation from the ionospheric TEC data; 
- develop methods of localisation of the launch spot from ionospheric TEC data.
- develop algorithms of recognition of launch-related depletion (application of machine vision)
- methods allowing to determine the direction of missile/rocket propagation, and its velocity.

We will work with both time series and spatial analysis where the GNSS data coverage allows this kind of analysis. In addition, we can use simulations similar to Ducourtieux, 2022 to help our analysis. 

 
Required Qualifications:
· Master degree (or similar) in Space Sciences, Space Engineering, or closely related fields;
· Knowledge of signal processing and experience in large data set handling;
· Strong programming skills in Python or other language;
· Knowledge of aerodynamics, rockets and launches is a big plus;
· very good level in English, reading, writing and speaking
· EU, Switzerland or UK nationals only 
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