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Pulsars are rapidly rotating, highly magnetized neutron stars that emit pulsed radiationacross the entire electromagnetic spectrum. Despite advances in space-based andground-based Cherenkov instruments operating in the high to very-high energy bands,our understanding of the local environments of these extreme astrophysical objects, i.e.,specifically their magnetospheres, electrodynamics, and particle physics, remainsincomplete. This study investigates the high-energy curved spectrum of the Vela pulsarusing observational data from the Fermi Large Area Telescope (LAT) and H.E.S.S. II. Itaddresses the ongoing debate regarding the dominant mechanism responsible forpulsed GeV gamma-ray emission from pulsars, comparing curvature and synchro-curvature (SC) radiation, which may occur in the current sheet. Recognizing thecomplex magnetic field structure of pulsar magnetospheres that leads to a spatially
varying perpendicular B-field (B⊥​), we will conduct a comparative analysis of these
emission mechanisms. Starting with the single-particle case, we will predict energy-dependent light curves and phase-averaged spectra within a global force-free magnetic
field configuration that inherently features this varying B⊥​. By analyzing how these B⊥​-
variations influence the emitted radiation, the study aims to differentiate betweenemission mechanisms and provide a more realistic explanation for the Vela pulsar'shigh-energy emission, thereby contributing to a better understanding of pulsarmagnetospheres.
The student is expected to do the project independently, i.e., a background study,generating results, report writing, present the project, and plan time wisely. Thesupervisor is available during the course of the project to assist with planning, havingdiscussions for explaining material or answer questions related to the project, andpreparing the student for the presentation.
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The student should have a B.Sc. degree in physics, mathematics, programming, orother related fields, as well as a basic knowledge of programming in any language(preferably Python / C / C++), or be willing to learn.
Timeline for project:Background study / preparation for analysis: 1 week.Actual analysis: 3 weeks.Preparation of oral presentation and written report: ~4 weeks.
Oral presentation: 15 min on project and answer questions.Written project: not more than 20 pages of text, excluding figures and references.


