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Variations of intensity profiles of SEP in the inner heliosphere using multi-point
in-situ observations
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(IDepartment of Earth and Planetary Science, Graduate School of Science, The University of Tokyo

Solar Energetic Particles (SEPs) are high-energy charged particles in the keV — MeV range accelerated in association with
solar flares and coronal mass ejections. When SEPs reach near-Earth space, they can cause severe disturbances to satellites
and ground-based infrastructure, making their physical processes an important subject in space weather research.

To estimate the impact of SEPs, it is essential to evaluate the radial and longitudinal attenuation of their intensities
during propagation in the heliosphere. Previous studies (e.g., McKibben et al. 2003; Roelof et al. 1992) reported that SEP
intensities measured at widely separated spacecraft can differ significantly during the rising phase of an event, whereas the
spatial gradients diminish substantially during the decay phase, with intensities often converging within a factor of 2 -
3. Interestingly, the temporal evolution of the intensities has been found to be similar across observation points separated
radially, longitudinally, or latitudinally. This phenomenon is known as the reservoir effect (Roelof et al. 1992). Based on
multi-spacecraft peak intensity measurements, Lario et al. (2006) proposed an empirical expression for this effect. However,
their study used different SEP events to examine radial and longitudinal dependences separately, and thus could not fully
eliminate event-to-event variability.

In this study, we quantitatively evaluate the reservoir effect using multi-point observations of the late March 2022 SEP
event obtained by BepiColombo/SPM-BERM (Kinoshita et al. 2025; Pinto et al. 2022), STEREO-A/HET (Von Rosenvinge
et al. 2008), and near-Earth instruments. During this event, BepiColombo and STEREO-A were magnetically well connected
and separated radially by 0.4 au, while STEREO-A and Earth were located at nearly the same heliocentric distance but
separated by 21.4° in longitude (see attached figure). Since the same SEP event was observed simultaneously at these
distinct locations, direct comparisons enable a more accurate assessment of the reservoir effect. An initial analysis of
this event has already been presented in Section 5.4 of Sanchez-Cano et al. (2025), which summarizes BepiColombo’s
exploration of the inner heliosphere. In this presentation, we report follow-up results focusing specifically on the reservoir
effect.
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