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ABSTRACT

We investigate a class of ion-scale magnetic solitary structures in the solar wind, characterized

by distinct magnetic field enhancements and bipolar rotations over spatial scales of several proton

inertial lengths. Previously tentatively identified as Alfvénic solitons, these structures are revisited

using high-resolution data from the Solar Orbiter and Parker Solar Probe missions. Using a machine

learning-based method, we identified nearly a thousand such structures, providing new insights into

their evolution and physical properties. Statistical analysis shows that these structures are more

abundant closer to the Sun, with occurrence rates peaking around 30− 40R⊙ and declining at greater

distances, suggesting that they decay. High-cadence measurements reveal that these structures are

predominantly found in low-beta environments, with consistent fluctuations in density, velocity, and

magnetic field. Magnetic field enhancements are often accompanied by plasma density drops, which,

under near pressure balance, limit field increases. This leads to small fractional field enhancements near

the Sun (approximately 0.01 at 20R⊙), making detection challenging. Magnetic field variance analysis

indicates that these structures are primarily oblique to the local magnetic field. Alfvénic velocity-

magnetic field correlations suggest that most of these structures propagate sunward in the plasma

frame, distinguishing them from typical solar wind fluctuations. We compare these findings with

previous studies, discussing possible generation mechanisms and their implications for the turbulent
cascade in the near-Sun Alfvénic solar wind. Further high-resolution observations and simulations are

needed to fully understand their origins and impacts.

Keywords: Solar wind — Magnetic structures — Turbulence

1. INTRODUCTION

The solar wind, a continuous supersonic plasma flow from the Sun, serves as an ideal natural laboratory for studying

turbulence in collisionless plasmas (Bruno & Carbone 2013). Despite decades of research, fundamental questions

remain about the nature of turbulent fluctuations across the cascade and the mechanisms driving energy dissipation

in the solar wind. Numerous studies have highlighted the multi-scale nature of solar wind turbulence (e.g., Bruno &

Carbone 2013; Verscharen et al. 2019),, where energy cascades from large inertial scales, characterized by power-law

behavior similar to fluid turbulence (Kolmogorov 1941) and often dominated by highly Alfvénic, outward-propagating

fluctuations, to ion and electron kinetic scales, where spectral steepening and kinetic effects emerge. At these smaller

kinetic scales, plasma behavior becomes increasingly influenced by ion and electron dynamics, altering the nature of
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the fluctuations (e.g., Matthaeus & Velli 2011; Alexandrova et al. 2013).

A defining feature of turbulence is the statistical self-similarity of fluctuations across scales. However, in the

solar wind, this idealized scale invariance breaks down as turbulence exhibits intermittency – regions of localized,

non-uniform energy distribution that grow more pronounced as the cascade progresses. Intermittency deviates from

Gaussian statistics and often manifests as coherent structures, which localize energy and potentially play a critical

role in energy dissipation (Frisch 1995; Biskamp 2003; Miao et al. 2011). These structures are not merely fluctuations

but distinct phenomena associated with specific physical processes, providing valuable insight into the interplay

between turbulence and kinetic effects. Particularly at ion scales, such as the ion inertial length (λi = c/ωpi, where

ωpi = qi
√
ni/(miϵ0)) and the ion Larmor radius (ρi = V⊥mi/(qiB0), with V⊥ =

√
kBT⊥/mi), these structures could

contribute to plasma heating and particle acceleration and are critical for understanding localized energy transfer and

dissipation processes in the solar wind (Leamon et al. 1998; Bale et al. 2005; Smith et al. 2006; Alexandrova et al. 2013).

In situ observations have revealed a diverse range of ion-scale structures in the solar wind, including current sheets

(e.g., Cattani 2004; Greco & Perri 2014; Osman et al. 2011, 2012; Perri et al. 2012), Alfvén vortices (e.g., Roberts

et al. 2013; Lion et al. 2016; Perrone et al. 2016), and magnetic holes or dark solitons (e.g., Ryutova & Hagenaar 2007;

Perrone et al. 2016). The formation of these structures is often attributed to kinetic instabilities that facilitate energy

transfer across scales (e.g., Verscharen et al. 2019). For example, quasi-static compressive structures, such as magnetic

holes and mirror-mode structures, are associated with the mirror-mode instability, occurring in high-β plasma under

conditions of T⊥ > T∥ (Soucek & Escoubet 2008; Winterhalter et al. 1994; Zhang et al. 2009; Yao et al. 2013).

In this study, we focus on a different class of ion-scale structures, manifesting as localized, nonlinear wave packets.

First identified in Ulysses data as rare events (Rees et al. 2006), these structures are characterized by clear mag-

netic field enhancements and bipolar rotations in one or two field components, with a scale size of approximately

30 λp. They exhibit distinctive banana-shaped magnetic hodograms identified through Minimum Variance Analysis

(MVA) (Sonnerup 1998). Kinetic simulations by Baumgärtel et al. (2007) showed that kinetic solitary structures,

resembling obliquely propagating Alfvén wave pulses with quasi-circular or banana-type polarization, may reproduce

most observational features reported by Rees et al. (2006). The former analysis using Ulysses data, however, was

limited by the temporal resolution of the available plasma instruments, restricting detailed plasma studies within these

structures. With recent advancements, high-resolution data from the Parker Solar Probe (PSP) and Solar Orbiter

(SO) missions now enable the identification of new candidates across varying heliocentric distances, as illustrated by

the examples in Figure 1. With data from SO and PSP, we can now study the evolution of these structures and

reveal unprecedented plasma signatures within them, including proton density, velocity, temperature, and electron

density from onboard instruments. We conducted an extensive search through PSP and SO magnetic field data,

covering five years (2019–2023), with a particular focus on PSP encounters within 0.25 AU. This effort has led to the

identification of nearly a thousand such structures, enabling statistical analysis to address key questions: What are

the physical characteristics of these solitary structures? How do they form and evolve within the solar wind? How do

they contribute to the broader solar wind turbulence?

2. DATA AND METHODS

The data used in this study for the identification and analysis of solitary structures in the solar wind were sourced

from SO data included magnetic field measurements from the magnetometer (MAG) (Horbury et al. 2020), proton ve-

locity, density, and temperature from the Solar Wind Analyzer - Proton Alpha Sensor (SWA-PAS) (Owen et al. 2020),

and high-resolution electron density from the Radio and Plasma Waves (RPW)(Maksimovic et al. 2020; Khotyaintsev

et al. 2021) instrument. PSP data included magnetic field measurements and electron density from the FIELDS suite

(Bale et al. 2016), along with proton velocity, density, and temperature from the Solar Wind Electrons Alphas and

Protons - Solar Probe Analyzers (SWEAP-SPAN-Ion) instrument(Kasper et al. 2016).

Traditional methods for identifying ion-scale structures, such as wavelet transforms followed with non-Gaussianity

analysis, (e.g., Perrone et al. 2016, 2017) and Partial Variance of Increments (e.g., Greco et al. 2018), are effective but

require substantial manual effort when analyzing extensive solar wind datasets from modern missions. This challenge



3

Figure 1. Examples of ion-scale solitary structures observed by Solar Orbiter (a, b) and Parker Solar Probe (c), showing
magnetic field profiles and plasma density in the RTN frame. Each panel presents BR, BT , BN , |B|, and high-resolution
electron number density NE during the event. The text box specifies the heliocentric distance to the Sun in AU, the proton
beta (βp), and the event width normalized by the proton inertial length (λp) for each event. Note: NE is not available for event
(b).

is particularly pronounced when reviewing datasets from the inner heliosphere, where turbulence further complicates

detection. As a promising alternative to traditional methods, we developed a supervised machine learning (ML)

classifier to automate the search across years of high-resolution magnetic field data.

Specifically, we constructed a training dataset using traditional intermittency detection methods. Potential sites

for these structures were identified by filtering the fractional magnetic field fluctuations δ|B|/⟨|B|⟩ around ion scales

using wavelet transforms with a Mexican-Hat wavelet as the mother function, selected due to its shape matching the

target structure’s field enhancement. Time scales were set to 0.5 s (2 Hz) for PSP and 1.0 s (1 Hz) for SO. A stringent
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99.99th percentile threshold was applied to the wavelet results from each day of magnetic field data to isolate the

most intermittent time windows. These windows were then manually inspected in the original magnetic field data

with the MVA and hodogram creation (Sonnerup 1998). Key selection criteria included (1) significant magnetic field

enhancement (|B|), (2) a clear bipolar rotation in at least one RTN and MVA component with associated variations in

others, and (3) well-defined hodogram patterns resembling banana or quasi-circular shapes. This process identified 466

manually verified events – 157 from SO and 309 from PSP – which formed the basis for the training dataset of the ML

classifiers. Data augmentation techniques were then applied to expand this training set. We experimented with several

ML algorithms, with the Random Forest model (Breiman 2001) demonstrating the highest precision, interpretability,

and effectiveness. To prioritize true positives, we applied the model with a conservatively high classification threshold,

accepting some missed detections of false negatives in favor of accuracy.

This ML-based identification method led to the discovery of 974 events, significantly enhancing detection efficiency.

Detailed statistical analyses of their profiles and characteristics, occurrence and evolution, propagation, and compar-

isons with non-event periods are discussed in the following section. Since the primary focus of this paper is on the

physics results and implications, the details of the ML implementation will be published separately.

3. RESULTS

3.1. Profiles and Characteristics

Figure 2. An example of a multiple-event period observed by Solar Orbiter. Panels show: (a) BR and VR, (b) BT and BN , (c)
|B| and Np (proton number density) and Ne (electron number density), (d) magnetic, plasma (evaluated using high-resolution Ne

and proton temperature) and total pressures, and (e) plasma β, calculated using the magnetic and plasma pressures. Triangles
across the panel grid lines indicate the occurrence of each event.

The event illustrated in Figure 1 panel (a) represents a typical, well-defined example observed by SO, lasting

approximately 1 second. Its smooth magnetic profile features a pronounced field enhancement resembling a Gaussian

‘blip’ with two dips on either side, closely matching the shape of a Mexican-Hat wavelet function. This enhancement

is accompanied by distinct bipolar spikes in all three RTN components, with a return to the initial values, suggesting

a solitary structure rather than a boundary crossing. These rotations persist longer than the magnetic field enhance-

ment itself and are clear in the MVA frame, where variance directions are well-defined. A banana-shaped hodogram,

observed in the Bint versus Bmax plot within the MVA frame, aligns with the features reported by Rees et al. (2006),

though not explicitly shown here. Additionally, plasma measurements of proton and electron densities reveal that

the magnetic field enhancement is often anti-correlated with a plasma density dip, as shown in the fourth panel of
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the figure. Correlated electric field fluctuations are also found to accompany these magnetic variations, but these are

challenging to interpret given instrumental and spacecraft effects so we do not discuss them in detail in this work.

While this example is clear, the final event dataset includes less distinct cases where magnetic profiles are less smooth,

and rotations in field components are incomplete or less pronounced relative to background fluctuations. Notably, the

turbulent background adds complexity and challenges in consistently applying strict classification criteria for these

structures.

Though these events can be isolated, a substantial proportion were found to cluster. Specifically, 94% of events in the

PSP dataset and 54% in the SO dataset occurred within 24 hours of another event, and 57% of events in PSP and 38%

in SO reoccurred within one hour. This suggests that certain conditions may favor the formation of multiple events.

Such multi-event clusters are primarily observed in regions where the background magnetic field is both low and stable,

exemplified in Figure 2. The event shown in Figure 1 (a) falls within this period. In panels (b) and (c) of Figure 2, we

observe consistent patterns of associated variations among magnetic field profiles and density profiles for this cluster,

resembling the single-event example. In panel (d), the prominent magnetic field enhancement, coupled with a modest

plasma density drop, results in a more significant increase in magnetic pressure than the decrease in plasma pressure

(calculated using higher-resolution electron density as a proxy for proton density and proton temperature data). This

suggests that these structures are magnetically dominated, perhaps exhibiting a temporary slight pressure imbalance

that leads to an overall pressure increase within the event and a reduction in plasma β, as shown in panel (e) of

Figure 2; β remained below 1 throughout this period.

3.2. Radial Evolution

Figure 3. Statistical analysis results of the ion-scale solitary structures dataset. (a) Normalized occurrence rate (events/day),
representing the aggregated occurrence rate across datasets adjusted for data availability and scaled to address methodological
differences, and (b) fractional magnetic field enhancement (δ|B|/⟨|B|⟩), both presented as functions of radial distance. Error
bars in (a) represent standard errors, assuming occurrences are Poisson random variables. (c) Normalized distribution of event
widths in proton inertial length (λp), with separate frequency plots for events from Solar Orbiter (SO) and Parker Solar Probe
(PSP). (d) δ|B|/⟨|B|⟩ plotted against proton beta (βp) for each event. The blue dashed line represents the theoretical upper
bound

√
1 + βp − 1 on δ|B|/⟨|B|⟩, restricted by βp under pressure balance conditions. Legends label data sources by method:

manually identified events (SO manual: blue circles; PSP manual: orange crosses) and machine learning-detected events (PSP
ML: green triangles).

Figure 1 presents structures observed at varying distances from the Sun: SO examples at 0.6 AU (panel a) and 0.4

AU (panel b), and a closer PSP example at 0.06 AU (panel c). Consistent correlated fluctuations in the magnetic

field, density, and electric field are observed across these examples. While not all events are as clear as these, all
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exhibit short and smooth magnetic field enhancement with associated bipolar rotations in the components. Notably,

the fractional field enhancements (δ|B|/⟨|B|⟩) typically decrease as heliocentric distance decreases, from ∼ 0.75 in

example (a), ∼ 0.09 in example (b), to ∼ 0.03 in example (c). This pattern suggests that the maximum amplitude

of magnetic blips is constrained by plasma density drops, assuming total pressure conservation before and during the

event. If we assume pressure balance exists inside and outside the structures, then:

Poutside = PB + Pp = Pinside = P ′
B + P ′

p (1)

With plasma density at a minimum of zero, the minimum plasma pressure P ′
p inside the blip is also zero, making

the maximum magnetic pressure P ′
B inside the blip:

P ′
B ≤ (1 + β)PB (2)

Hence the change in magnetic field strength is limited by:

|B′|
|B|

≤

√
P ′
B

PB
=

√
1 + β (3)

The fractional change in magnetic field strength can then be expressed as:

δ|B|
|B|

≤ |B′| − |B|
|B|

=
√
1 + β − 1 (4)

The fractional field magnitude enhancement (δ|B|/⟨|B|⟩) is shown in Figure 3 as a function of proton β where most

events satisfy the criteria in Equation 4. This pattern aligns with the observed decrease in δ|B|/⟨|B|⟩ with decreasing

distance to the Sun for the events, as shown in panel (b) of Figure 3, since lower plasma β values are typically observed

in the inner heliosphere. These findings reveal the detection challenges within 0.25 AU, where minimal fractional field

enhancements underscore the need for machine learning techniques to identify these structures effectively.

A small fraction of events – 3% for SO and 6% for PSP – exceed the upper limit set by Equation 4. These deviations

could arise from slight pressure imbalances in the structures or from limitations in beta estimation and measurement

uncertainties. The β values here are calculated solely from proton density, potentially underestimating total plasma

pressure by neglecting electron and other ion contributions. Additionally, β values were averaged over longer windows

(2–5 seconds) either side of the structures due to the lower cadence of plasma measurements compared to magnetic

field data, possibly smoothing out localized variations and contributing to discrepancies.

Although detecting these structures is more challenging closer to the Sun due to lower δ|B|/⟨|B|⟩, our analysis of

occurrence rates as a function of heliocentric distance shows they are more abundant nearer to the Sun. These rates
represent aggregated event counts per day across datasets, normalized for data availability and scaled to account for

methodological differences. The scaling process involved comparing occurrence rates at overlapping distances between

machine learning and manual detection methods, as well as between PSP and SO datasets, accounting for variations in

wavelet transform scales. Panel (a) of Figure 3 shows the occurrence rate peaks around 0.1 AU. The lower occurrence

rates at the smaller distances, within 0.05 AU, suggest that these structures may either form beyond this region or

become undetectable in the near-Sun’s turbulent magnetic field environment with its stronger field.

To investigate the physical scales of these events, we approximated the event width by analyzing the temporal

width of the magnetic enhancement. A Gaussian fit was applied to the data to extract key parameters, including

the amplitude, σ, and the background magnetic field magnitude. The Full Width at Half Maximum derived from the

Gaussian fit was used as a measure of the temporal width of the events. As the temporal profiles of the magnetic field

components in the RTN frame were observed to remain largely consistent throughout the events, we converted the

temporal width into a spatial scale by focusing on the radial width incorporating the relative radial speed between the

spacecraft, the solar wind, and the structures, assuming sunward propagation at the local Alfvén speed (see Section

3.3). Spatial widths were further normalized by the proton inertial length (λp) and proton Larmor radius (ρp) for

analysis. While there was no apparent ordering with ρp, there is a clear propensity for widths bewteen 2.5 and 10 λp

as seen Figure 3 (c), broadly consistent with Rees et al. (2006). Widths normalized by ρp were less consistent between
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SO and PSP datasets. The relationship between width and amplitude shows a direct correlation when normalized by

ρp but displayed less variability and no correlation when normalized by λp, supporting the proton inertial length as a

more stable scaling metric for defining the width of these structures.

3.3. Propagation Analysis

Figure 4. Normalized distributions of angles θ between (a) the background magnetic field (B0) and the radial direction, and
(b) B0 and the minimum variance direction (Bmin). Legends, shared across panels, represent events from Solar Orbiter (SO
events) and randomly sampled intervals without events (SO non-events).

Magnetic field variance analysis showed large eigenvalue ratios, specifically λint/λmin and λmax/λint, supporting

Bmin as the wavevector. These structures, compared to non-event periods sampled randomly with comparable sizes,

are typically detected when the spacecraft’s sampling direction forms larger angles with the background magnetic field

(B0). This relationship is most pronounced for SO events at large heliocentric distances. As shown in Figure 4 (a), the

structures are predominantly observed during periods with θ(B0, R) near 90 degrees, significantly higher than during

non-event periods. The radial direction closely aligns with the sampling direction. The minimum variance directions of

the structures Bmin also form large angles with B0, as shown in Figure 4 (b), reflecting quasi-perpendicular orientations

to B0 and a distribution distinctly different from non-event periods. PSP events, although less clear, show a similar

pattern.

As can be seen from Figure 2 (a), despite the limited plasma time resolution there is clear evidence for velocity

variations associated with these events. The positive correlations between δBR and δVR within this interval, with a

positive background radial field component, is consistent with a sunward propagation direction in an Alfvénic sense,

in contrast to most fluctuations in the inner solar system. This sunward propagation sense is generally true for the

events, with 568 events from the PSP and 77 from SO exhibiting this trend, while anti-sunward events were compar-

atively rare, with only 17 detected in PSP and 5 in SO data. Limitations in velocity data, particularly in the SO

dataset, restricted analysis for some events (75 out of 157), and the low temporal resolution of velocity data introduced

uncertainties in confirming propagation direction for certain structures. This analysis supported the assumption made

when evaluating the spatial widths of the blips: additional calculations showed that the propagation direction had

minimal impact on the physical width estimation, as the blip speed, approximated as the local Alfvén speed, was
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significantly lower compared to both the spacecraft and solar wind speeds.

Additionally, we compared plasma conditions between event and non-event periods. Results indicate that events

tended to occur at slightly elevated proton temperatures relative to non-event periods. Both PSP and SO data show

consistently higher temperatures for events, suggesting that solitary structures may preferentially form in regions with

higher thermal energy. For ambient solar wind speed, PSP data reveals that events occur at a higher average speed

(400 km/s vs. 300 km/s) compared to non-events, whereas SO data shows no significant speed separation, with both

events and non-events averaging around 400 km/s. This suggests a possible link between faster wind speeds and event

occurrence. Plasma beta distribution shows no significant difference between events and non-events, both typically

lying within low-beta regions. Temperature anisotropy analysis also reveals no strong association of these structures

with proximity to any specific plasma instabilities, such as mirror or fire hose, indicating these structures typically

form under stable solar wind conditions without a distinct tendency toward these instabilities.

4. DISCUSSION

The analysis presented here demonstrates that the isolated structures first identified by Rees et al. (2006) beyond

1 AU are significantly more common closer to the Sun but are challenging to detect due to their relatively smaller

amplitudes. These structures exhibit well-defined magnetic field profiles with distinct field magnitude enhancements

accompanied by sharp decreases in plasma density to very low values. With scales of a few proton inertial lengths,

they primarily propagate obliquely to the background magnetic field and display field-velocity correlations opposite

to most solar wind in the inner heliosphere, consistent with sunward propagation in an Alfvénic sense.

Variations across the three magnetic field components, indicating both field rotation and compression, distinguish

these structures from other purely compressive phenomena, such as magnetic holes or mirror modes, which typically

show linear polarization with variations confined to a single direction. The observed behavior aligns with Alfvénic

solitons (Mjølhus 1976; Spangler & Sheerin 1982), localized MHD structures driven by transverse magnetic field

oscillations and characterized by significant variations in the |B| envelope.

In the presence of dispersive effects at ion scales, Alfvénic solitons and wave packets can become unstable to

parametric modulational instability, leading to steepening and enhancement of |B| perturbations (Buti et al. 2000).

At ion scales, this steepening can produce parallel electric fields capable of efficiently accelerating ions, potentially

forming proton beams (Matteini et al. 2010; Gonzales et al. 2021), thereby contributing significantly to ion kinetics in

space plasmas. The generation of these structures through parametric decay instability (Derby 1978; Goldstein 1978)

aligns with their observed opposite cross-helicity, indicative of sunward propagation, relative to background solar wind

Alfvénic fluctuations.

Under quasi-parallel propagation with respect to the magnetic field, Alfvénic solitons are expected to exhibit positive

correlations between magnetic field magnitude and density fluctuations for β < 1 (Spangler & Sheerin 1982; Buti

et al. 2000). However, for sufficiently oblique propagation angles, these structures can maintain anti-correlated δn-δB

fluctuations, even at β ∼ 1, suggesting pressure balance (Baumgärtel et al. 2007). This may explain our events,

observed with a significant k⊥ component as discussed in Section 3.3. Under quasi-parallel propagation, quasi-arc

polarized solitons degrade rapidly with slight field enhancements, whereas circularly polarized solitons initially exhibit

density dips that later positively correlate with the magnetic field (Baumgärtel et al. 2007). This could explain why

our observations predominantly capture quasi-perpendicular events, as our event selection criteria, which prioritize

significant field enhancements, likely exclude quasi-parallel events from the dataset. Meanwhile, this significant k⊥
component suggests a potential connection to Alfvén vortices (Alexandrova et al. 2006), which are a notable subset of

coherent structures in the slow solar wind (Perrone et al. 2016). However, while some similarities exist with the events

studied by Perrone et al. (2016); Alexandrova et al. (2013), our analysis does not apply any band-pass filtering to isolate

signals from the overall fluctuation spectrum, making it unclear whether they are precisely the same class of structures.

The clustering of these events near the Sun and their distinct properties may be linked to the large-amplitude anti-

sunward propagating fluctuations, dominated by switchbacks in the inner heliosphere, as observed by Bale et al. (2019)

and Kasper et al. (2019). Parametric decay of these fluctuations (e.g., Matteini et al. 2010; Shi et al. 2017; Bowen
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et al. 2018) could generate compressive, sunward-propagating structures, as seen here. The peak occurrence rate near

∼ 30RS , as suggested by Figure 3 (a), might correspond to the growth and saturation of δB/B ≈ 1 switchbacks

around this distance (Huang et al. 2023). These events may occur more frequently than switchbacks closer to the Sun

but become less frequent farther out. However, no definitive conclusions can be drawn, leaving a direct investigation of

the correlation between their occurrence rates as future work. The apparent decay of these structures beyond 0.1 AU

may result from interactions with background fluctuations. With opposite propagation senses, these structures likely

interact with switchbacks, decaying in the process while potentially triggering energy transfer within the switchbacks

themselves, thereby contributing to the turbulent cascade. Such events might represent transient mediators of the

decay process, contributing to the conversion of switchbacks into a broadband turbulent cascade (Horbury et al. 2023)

that ultimately heats and drives the solar wind (Raouafi et al. 2023).

In summary, this study provides clear evidence for the existence of Alfvénic ion-scale solitary structures in the

solar wind, observed by Solar Orbiter and Parker Solar Probe. However, ambiguity remains regarding their precise

classification and origin, necessitating further theoretical and observational work to explore the relationship between

oblique Alfvénic solitons, Alfvén wave packets, and Alfvén vortices at ion scales. Their prevalence at smaller heliocentric

distances and their relation with switchbacks deserve further investigation. Most importantly, the apparent sunward

propagation of these structures and their abundance in the solar wind suggest potential interactions with the dominant

outward-propagating plasma flows, indicating mechanisms for energy transfer or dissipation. This necessitates further

work to fully understand their generation mechanisms and their roles in solar wind turbulence.
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