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Abstract In recent years, the study of exoplanets has become a hot topic in astronomy and plane-
tary science. With the rapid development of detection technology, mankind has discovered and
confirmed thousands of exoplanets, and has carried out in-depth studies on the atmospheric composition,
orbital properties, habitability and other key characteristics of these exoplanets. In this context, star-
planet atmosphere interactions have been recognized as one of the central mechanisms affecting the evo-
lution of planetary atmospheres and their habitability. In this study, we aim to reveal the role of plane-

tary radii in the long-term evolution of their atmospheric escape. By building a three-dimensional Mag-
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netohydrodynamic (MHD) model and combining it with the evolutionary characteristics of the stellar

system, we reveal the role of planetary radii in the long-term evolution, and construct a numerical simu-

lation system based on the Venus-like atmospheric escape model, taking the characteristic parameters of

Kepler-1649 ¢ and its host star as a sample, it is assumed that a planet with Venus-like atmosphere is

used as the research object, which covers different planetary radii and stellar ages. It is found that the

planetary radius significantly changes the escape contribution ratio of each ion. Among them, the escape

rate of O" as a proportion of the total escape rate decreases with increasing planetary radius, from 99.3%
to 17.1% at 4.8 Ga. Meanwhile, the variability between the O ion distribution and the total ion distri-

bution in interplanetary space increases with radius. This study provides a new perspective for under-

standing the mechanism of exoplanet atmospheric evolution by discovering the differential effect of plan-

etary radius on the escape behavior of different ions.
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Table 2  Stellar wind parameters, the interplanetary magnetic field and the photoionization rate
0.7 964 2.01 (-684, 0, 0) (~144.732, —0.230, 0) 3.75 1.41
1.0 583 1.59 (-580,0,0)  (~123.843, -0.169, 0) 3.75 1.41
1.5 328 1.22 (-484, 0, 0) (-104.446, —0.118, 0) 3.75 1.41
2.0 218 1.01 (-425, 0, 0) (-92.509, —-0.091, 0) 2.78 1.04
2.5 159 0.869 (-384, 0, 0) (-83.557, -0.074, 0) 1.99 0.747
3.0 123 0.771 (-353, 0, 0) (-77.588, —0.063, 0) 1.51 0.568
35 99 0.697 (-328,0,0)  (~74.604, —0.056, 0) 1.20 0.451
4.0 82 0.639 (=308, 0, 0) (=70.128, —0.049, 0) 0.982 0.369
4.5 69 0.591 (-292, 0, 0) (-67.144, —0.044, 0) 0.823 0.309
4.8 63 0.567 (-283, 0, 0) (-64.160, —0.041, 0) 0.747 0.281
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