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The long-term evolution of stellar magnetic activity governs the environment of the orbiting planets impacting
their habitability. We perform three-dimensional magnetohydrodynamic simulations followed by a detailed
parameter space study to understand the effect of variation in stellar wind magnetic field and intrinsic mag-
netosphere on the planetary magnetic field topology and atmospheric mass loss rate. We find that the relative
strength of the planetary magnetic field with respect to that of stellar wind plays a critical role in determin-
ing the steady-state magnetospheric configuration and atmospheric erosion. Either strengthening the stellar
wind magnetic field or weakening the planetary magnetospheric strength results in stellar field accumulation
in front of the planet, similar to that of an imposed magnetosphere. We explore the formation of Alfvén
wings on the planetary night-side wake region at different magnetic activity levels. We identify reconnection
processes and wind conditions that lead to the bifurcation of the current sheet in the magnetotail. With in-
creasing stellar wind magnetic field strength, the day-side reconnection point approaches the planet, thereby
increasing the mass-loss rate. Our model results demonstrate the existence of an analytical relationship be-
tween atmospheric mass loss rate and ratio of planetary to stellar wind magnetic field strengths. Our study
has far-reaching implications in the context of star-planet interaction and (exo)planetary habitability.
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