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Magnetic clouds (MCs) are a subset of coronal mass ejections which are known to drive intense geomagnetic
activity. When studying the geoeffectivity of MCs, it is generally assumed that their magnetic structure remains
unchanged from the solar wind upstream of the Earth’s environment, measured for example at the first Lagrangian
point L1, to the magnetopause. However, before impinging on the magnetosphere, MCs first cross the Earth’s
bow shock which can alter the orientation of their magnetic field. In this study, we examine the effects of the
bow shock crossing on the magnetic structure of MCs. To address this issue, we compare simultaneous spacecraft
observations in the solar wind (ACE) and in the magnetosheath (Cluster, Geotail) and find that the variation of the
magnetic field direction across the bow shock varies from one event to another, from one spacecraft to another,
and even during the same MC event. We relate these differences to the shock configuration. We find that when
the shock is in a quasi-perpendicular configuration, the MC’s magnetic structure is similar in the solar wind and
in the magnetosheath, whereas it is strongly modified if the shock is in a quasi-parallel geometry. In this case,
the magnetic field reaching the magnetopause cannot be approximated by that measured in L1. We discuss the
consequences for the MC’s geoeffectivity.


