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AT s
Background

Coronal Mass Ejections (CMEs) are disturbances in the solar wind that can have
critical impacts to human activities in space and on Earth. These include hazards
to communications and power systems, spacecraft, and astronauts.

Much can be learned about the structure of CMEs when they encounter
interplanetary spacecraft such as STEREO-A, which can measure their plasma and
field properties. Of particular interest are CMEs that hit multiple spacecraft,
allowing measurements at multiple locations, providing particularly effective tests
for models of CME structure.

In August 2023, STEREO-A passed by Earth for the first time since launch in
October 2006. During the time STEREO-A spent near Earth, numerous CMEs hit
both STEREO-A and other spacecraft operating near Earth, such as Wind
permanently stationed near Earth at the L1 Lagrange point. A particularly
interesting example is a CME launched from the Sun on 2023 November 28 that
not only hits STEREO-A and Wind, but also Solar Orbiter, which just happened to
be near Earth at the time. The three spacecraft sample the CME across 17° of
longitude.

The three-spacecraft measurements of the 2023 November 28 CME collectively
provide some of the best diagnostics yet for models of CME internal structure.
They provide important tests for the predominant magnetic flux rope (MFR)
paradigm for CME structure, with the CME envisioned as a tube-like structure
wrapped by a helical magnetic field, with the two legs of the tube stretching back
toward the Sun, somewhat like a slinky tapered at the ends.
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Reconstructed 3D outline of the 2023 November 28 CME,
assuming a magnetic flux rope shape, inferred using white light
images from STEREO-A and SOHO/LASCO. The lobular shape of a
shock observed in front of the CME is modeled as well. Colored
arrows point toward the locations of three spacecraft that are hit
by the CME near 1 au: STEREO-A (green), Wind (blue), and Solar
Orbiter (red). Adapted from Wood & Hess 2025




AT A
Analysis

e White light images from STEREO-A and from the LASCO coronagraphs on SOHO Solar Orbiter . STEREO_A
are used to infer the 3D shape of the 2023 November 28 CME, assuming a MFR
morphology. Below, a COR2-A image is compared with a synthetic image based
on the 3D model.

* A physical magnetic field model is inserted into the 3D shape inferred from the
images, in order to allow the model to be compared with measurements of the
CME field provided by the three spacecraft that are hit by the CME: STEREO-A,
Wind, and Solar Orbiter.
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In situ plasma and field observations of the 2023 November 28 CME from three

On the left is a COR2-A image of the CME, and on the right is a synthetic image of the spacecraft hit by the CME near 1 au: Solar Orbiter, Wind, and STEREO-A. The

event based on a 3D model, assuming an MFR shape. An ellipse outlines the east leg of quantities plotted are proton density, velocity, magnetic field components, and
the MFR, evidence of which is seen in the COR2-A image. Wood & Hess 2025 temperature. Shaded areas indicate the region associated with the MFR. From Wood

& Hess 2025




Findings

An existing physical flux rope model is used to
insert a 3D field structure into the MFR shape
inferred for the CME from imaging data. A best
fit for the magnetic field parameters is
determined based solely on the STEREO-A
measurements, and the resulting model is then
used to predict the field components at Wind
and Solar Orbiter.

The magnetic field model inferred at STEREO-A’s
location reproduces the field behavior observed
at the other two spacecraft reasonably well,
providing strong support for a coherent MFR
structure for this event, across the 17° of
longitude sampled by the three spacecraft.

Particularly impressive is that an MFR model
inferred from measurements made near the
central axis of the MFR (e.g., STEREO-A) can
successfully predict the field behavior 17° away
near the northern edge of the MFR (e.g., Solar
Orbiter).

This event illustrates the importance of multi-
spacecraft studies for exploring the 3D structure
of CMEs.

Above are magnetic field maps at the apex of the
model MFR, showing the axial field component
(left), the azimuthal field component (middle),
and total field (right). White arrows indicate the

paths of STEREO-A, Wind, and Solar Orbiter
through the MFR. To the right, the magnetic field
predictions of the model (in red) are compared
with the field components actually observed
from the three spacecraft. Wood & Hess 2025
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Impacts

Coronal Mass Ejections (CMEs) are a key driver of space weather, and understanding the
morphology of Coronal Mass ejections allows us to better predict their effects. These include

— Disturbances in Earth’s magnetic field which lead to problems with power systems,
communications, and aviation.

— Radiation from solar energetic particles produced by CME associated shock waves, which are
a hazard to spacecraft and astronauts.

These multi-spacecraft observations allow us to test the accuracy and utility for space weather of
one of the most common models of CME structure.
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