Sun, Space Weather, and Solar-Stellar Connection

Q‘aﬂng 125%

Sun, Space Weather, and
Solar-Stellar Connection
Kodaikanal Solar

Bengaluru « India Observatory
20-24 January 2025

Ce
S 9/@
o

Indian Institute of Astrophysics

Contribution ID: 77 Type: Invited review talk

Energetic Particle Acceleration and Transport:
Interplanetary Coronal Mass Ejections and Shocks

Wednesday, January 22, 2025 1:45 PM (25 minutes)

Solar Energetic Particles (SEPs) from suprathermal (few keV) up to relativistic (~few GeV) energies are acceler-
ated at the Sun in association with solar flares and coronal mass ejection (CME)-driven shocks. In this review,
we present important recent results of the study of Interplanetary CMEs and shocks in relation to energetic
particle acceleration and transport, taking advantage of multi-point, multi-instrument observations available
by a fleet of spacecraft in the heliosphere. The Solar Orbiter (SolO) and Parker Solar Probe (PSP) pioneering
missions have been providing unprecedented measurements of energetic particles in the near-Sun environ-
ment. In particular, we present the properties of an Interplanetary CME-driven shock and its evolution with
heliocentric distance, observed on September 5, 2022 by PSP at an unprecedentedly low heliocentric distance
of 0.07 au, then reaching SolO which was radially well-aligned at 0.7 au. An overview of the characteristics
of the energetic particle population at each spacecraft is also discussed in relation to magnetic and plasma
structures and expectations from acceleration processes. Furthermore, we present the detailed analysis of the
widespread SEP event on January 20, 2022, during which the measurements of the EPD experiment onboard
SolO made the unusual observation that particles first arrived from the anti-Sun direction. i.e. streaming to-
wards the Sun. The STEREO-A and MAVEN spacecraft also observed the event suggesting that particles spread
over at least 160° in the heliosphere. The aim of the study is to show how SEPs are accelerated and transported
to SolO and near-Earth spacecraft as well as the examination of the influence of a magnetic cloud present in the
heliosphere at the time of the event onset on the propagation of the energetic particles. An overview of inter-
esting observations made by multiple spacecraft in the heliosphere (e.g. PSP, BepiColombo, SolO, STEREO-A)
during the widespread SEP event on February 15-16, 2022, one of the most intense SEP events observed so far
in solar cycle 25 is also presented. Results from analyses of the corresponding Energetic Storm Particle (ESP)
event (~0.05 -2 MeV ions) as observed by the PSP ISOIS/EPI-Lo instrument on February 16, 2022 at 0.35 au
from the Sun is also summarized and other unique observations of multi-spacecraft events.

Contribution Type

Theme

Energetic Phenomena

Primary author: Dr MALANDRAKI, Olga (National Observatory of Athens/ITAASARS, Athens, Greece)

Co-authors: Dr COHEN, Christina M.S. (California Institute of Technology, Pasadena, USA); Prof. GIACALONE,
Joe (University of Arizona, Tucson, USA); Dr TROTTA, Domenico (The Blackett Laboratory, Department of Physics,
Imperial College London, London, UK); Dr KHOO, Leng Ying (Department of Astrophysical Sciences, Princeton
University, Princeton, USA); Mrs RODRIGUEZ-GARCIA, Laura (European Space Agency (ESA), European Space



Astronomy Centre (ESAC), Villanueva de la Cafiada, Madrid, Spain & Universidad de Alcala, Space Research Group
(SRG-UAH), Alcala de Henares, Madrid, Spain); Dr KOLHOFF, Alexander (Institut fiir Experimentelle und Ange-
wandte Physik, Christian Albrechts-Universitét zu Kiel, Kiel, Germany); Dr KOULOUMVAKOS, Athanasios (The
Johns Hopkins University Applied Physics Laboratory, Maryland, USA); Dr MITCHELL, J. Grant (NASA God-
dard Space Flight Center, Greenbelt, MD 20771, USA); Prof. MCCOMAS, David J. (Department of Astrophysi-
cal Sciences, Princeton University, Princeton, USA); Prof. SCHWADRON, Nathan A. (University of New Hamp-
shire, Durham, USA & Department of Astrophysical Sciences, Princeton University, Princeton, USA); Prof. RO-
DRIGUEZ-PACHECO, Javier (Universidad de Alcala, Space Research Group (SRG-UAH), Alcala de Henares, Madrid,
Spain); Prof. WIMMER-SCHWEINGRUBER, Robert F. (Institut fir Experimentelle und Angewandte Physik, Chris-
tian Albrechts-Universitit zu Kiel, Kiel, Germany); Dr HO, George C. (Southwest Research Institute, San Antonio,
USA); Dr MASON, Glen M. (The Johns Hopkins University Applied Physics Laboratory, Maryland, USA)

Presenter: Dr MALANDRAKI, Olga (National Observatory of Athens/IAASARS, Athens, Greece)

Session Classification: Shocks and particle Acceleration and Transport in IP Medium



