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Abstract 

Parker Solar Probe (PSP)'s perihelion encounters have revealed abundant magnetic 
reconnection in the near-Sun heliospheric current sheet (HCS), in contrast to scarce 
observations at 1 AU. As a large-scale current sheet which forms at the boundary between 
sectors of opposite interplanetary magnetic field polarity, reconnection in the HCS has 
important consequences for magnetic topology and plasma dynamics in the slow solar 
wind. We report in situ observations from an HCS crossing in Encounter 17, during which 
PSP traverses a Sun-disconnected reconnection exhaust downstream of the X-line, 
exhibiting antisunward jetting and electron strahl dropout. Embedded within the exhaust is 
a Sun-connected flux rope plasmoid, oriented obliquely to the HCS and featuring different 
plasma properties to the remainder of the exhaust. Its distinct characteristics suggest the 
plasmoid originated separately from the reconnection exhaust, potentially constituting a 
streamer blob generated at tip of the helmet streamer. Remote observations of comparable 
blobs travelling in a distant coronal ray corroborate this interpretation. The combination of 
in situ and remote observations highlights the role of magnetic reconnection in producing 
complex magnetic topology in the inner heliosphere, impacting the evolution and dynamics 
of the slow solar wind. 
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Abstract 

Magnetic Rayleigh-Taylor instability (MRTI) governs material transport and mixing in 
astrophysical and laboratory plasmas under the influence of gravity and magnetic fields. 
While magnetic reconnection is known to occur during MRTI evolution, its role in the 
evolution and energy dynamics remains poorly understood. Here, we present a 
comprehensive analysis of the role of reconnection in the two-dimensional MRTI dynamics, 
using high-resolution simulations. We establish that reconnection, through facilitating 
plume merger, relieving magnetic tension, and enabling continued instability growth, forms 
an essential component for the long-term instability evolution. To quantify the role of 
reconnection in energy dynamics, we develop a robust automated reconnection detection 
algorithm and perform a statistical analysis across a range of magnetic field strengths. We 
find that reconnection accounts for up to 80% of the magnetic-to-kinetic energy transfer in 

the weak magnetic field regime, while contributing minimally ( ⁠ ~3%⁠) to magnetic energy 
dissipation. Our results establish magnetic reconnection as a critical mechanism that 
regulates large-scale MRTI dynamics. 
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Abstract 

The quiet Sun hosts numerous small-scale energetic phenomena such as Ellerman bombs 
and ultraviolet (UV) brightenings [1-4]. Recent high-resolution observations from Solar 
Orbiter and other solar telescopes suggest that these events are ubiquitous and highly 
frequent. They are considered potential contributors to chromospheric and coronal heating 
[1, 2, 5] and some studies indicate that these events are driven by magnetic reconnection [6, 
7], but their physical origins remain elusive and merits further attention. Understanding 
their magnetic topology and its evolution may help in understanding physical origin of 
these small-scale events and is therefore important. In this study, we investigate the 
magnetic topology associated with small-scale brightenings using observations from Solar 
Orbiter and the Solar Dynamics Observatory, combined with Non-Force Free Field 
extrapolated coronal magnetic fields and topology-identification techniques such as 
trilinear null detection. To further probe their physical origins, we will employ data-
constrained magnetohydrodynamic (MHD) simulations. 
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Abstract 

Magnetic reconnection is an important energy release mechanism in solar and space 
plasmas. However, how released magnetic energy is distributed among kinetic and internal 
(thermal) energy during time-dependent reconnection remains poorly constrained. This 
work aims to study energy conversion in oscillatory reconnection (OR) and compare it with 
classical steady-state models, such as the Sweet-Parker and Petschek models, which provide 
well-defined energy partition predictions for the magnetic energy released. Here, we 
perform 2D resistive magnetohydrodynamic simulations of OR at a magnetic null point, 
tracking the energy conversion pathways between magnetic, internal, and kinetic energies 
across the diffusion region, shock fronts, and the plasma flows surrounding the current 
sheet. The system displays a shock structure similar to the Petschek model with fast-mode 
termination shocks at the reconnection jet fronts, Petschek-like slow-mode shocks 
bounding the jets, and slow-mode deflection shocks farther downstream. The energy 
partition is strongly region-dependent. Within the diffusion region, two-thirds of the 
magnetic energy is converted into heat via Ohmic dissipation; at the shock fronts, 
compressive work dominates, and the Lorentz force transfers kinetic energy back into 
magnetic energy. A comparison of absolute energy budgets shows that the shocks and 
surrounding flows process over an order of magnitude more energy than the diffusion 
region, identifying them as the primary sites of energy redistribution. The plasma flows 
resembles Sweet-Parker energy partition, while the diffusion stays between Petschek and 
Sweet-Parker models, demonstrating that no single classical model captures the full energy 
distribution in oscillatory reconnection. 
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Abstract 

The solar wind is a turbulent, collisionless plasma that is currently being probed in 
unprecedented detail by missions such as Solar Orbiter and Parker Solar Probe. A defining 
feature of solar wind turbulence is the energy cascade from large injection scales down to 
kinetic scales. As the cascade approaches the ion characteristic length scales, the magnetic 
field power spectrum steepens, accompanied by a marked enhancement in intermittency. 
The latter is intrinsically linked to the formation of intense current sheets, which can 
undergo magnetic reconnection once they thin sufficiently, triggering the conversion of 
magnetic energy into particle kinetic energy, heating, and acceleration. Characterizing the 
statistical properties of these current structures is therefore crucial to addressing open 
questions regarding energy dissipation and the onset of reconnection in the heliosphere.  
We employ the hybrid particle-in-cell code CAMELIA to perform a collection of nine high-
resolution 2D simulations initialized with Alfvénic-like fluctuations and a strong out-of-
plane guide field.  Following rigorous quantitative validation to ensure state-of-the-art 
quality, we systematically scan the parameter space of ion and electron plasma betas, 
varying one from 0.0625 to 16 while keeping the other fixed. This is a crucial aspect for 
decoupling and distinguishing the roles of different characteristic scales, i.e., the ion inertial 
length, the ion gyroradius, and the sound gyroradius.  
Current sheets are identified and characterized using four complementary methods, which 
we compare to evaluate the reliability and biases of thickness estimates. We investigate 
how the distribution of the current sheet thickness varies across different plasma beta 
regimes and explore its relationship with the location of the spectral break in Fourier space. 
Additionally, we examine the statistics of the perpendicular and parallel components of the 
current density separately, motivated by their distinct contributions to the generalized 
Ohm's law and, thus, to Faraday's law for the evolution of the magnetic field. Our results 
provide new insight into how background plasma conditions regulate the formation, 
properties, and evolution of intermittent dissipative structures in kinetic-scale turbulence, 
with significant implications for the interpretation of in-situ observations across different 
regions of the heliosphere. 
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Abstract 

We investigate a model of turbulent magnetic reconnection introduced by (Higashimori, 
Yokoi and Hoshino 2013 Phys. Rev. Lett. 110, 255001) and show that the classic two-
dimensional, steady-state Sweet–Parker and Petschek reconnection solutions are 
supported. We present evidence that these are the only two steady-state reconnection 
solutions, and we determine the criterion for their selection. Sweet–Parker reconnection 
occurs when there is no growth in turbulent energy, whereas Petschek reconnection occurs 
when the current density in the reconnecting current sheet is able to surpass a critical 
value, allowing for the growth of turbulent energy that creates the diffusion region. Further, 
we show that the Petschek solutions are self-similar, depending on the value of the 
turbulent time scale, and produce a universal steady reconnection rate. The self-consistent 
development of Petschek reconnection through turbulence, within the model, is an example 
of fast and steady magnetic reconnection without an explicit need for the collisionless terms 
in an extended Ohm’s law.  
  



Calculating the Slip Rate of Field Lines in Coronal Simulations 

Authors 

Valentin Aslanyan (1), David MacTaggart (1), Radostin Simitev (1) 

(1) University of Glasgow 

Abstract 

Magnetised plasmas in the laboratory and space are frequently studied with the paradigm 
of ideal magnetohydrodynamics, whereby matter is frozen-in to magnetic field lines. In 
recent years, expressions have been derived for a “slip vector” indicating the nonideal 
movement of field lines relative to the background fluid. We have made public a tool - USlip, 
a Universal Slippage calculator - which allows slip vector fields to be rapidly calculated from 
a magnetic field, defined by a user numerically or loaded directly from a range of high 
performance codes. We demonstrate that the slip vector computed by our tool from 
simulations of both the continuous, long-term magnetic reconnection occurring in the 
corona, as well as rapid transient events such as solar eruptions, does indeed correspond to 
the nonideal motion of field lines. Thus, regions of interest in studies of magnetic 
reconnection can be more easily identified.  
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Abstract 

Magnetic reconnection is a key process for releasing energy in many astrophysical 
phenomena, including solar flares and coronal heating. At high Lundquist numbers, both 
plasmoid-mediated reconnection and turbulence have shown strong potential to enhance 
the reconnection rate. Existing 3D simulations of turbulent reconnection show that local 
flux ropes can play a role similar to that of plasmoids, producing an MHD reconnection rate 
of about 0.01. However, this picture applies when a guide field is present. Our study shows 
that, in the absence of a guide field, turbulence becomes the dominant driver of 
reconnection. Coherent local flux ropes do not form; instead, short-wavelength instabilities 
arise that interchange field lines across the current layer, allowing turbulence to 
significantly broaden the reconnection region and raise the reconnection rate to about 0.03. 
This substantially faster rate in the zero-guide-field (anti-parallel) case provides a novel 
mechanism for explaining the sudden switch to fast reconnection in eruptive solar flares. 
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Abstract 

The interplay between turbulence and magnetic reconnection in collisionless plasmas is of 
great interest in many different space and astrophysical environments. Turbulence 
generates ion-scale current sheets (CSs) which reconnect, driving a turbulent cascade at 
sub-ion scales and thus providing a channel for energy dissipation. We present a collection 
of high-resolution 2D and 3D hybrid (kinetic ions, fluid electrons) simulations of plasma 
turbulence with different physical parameters to investigate how the macroscopic 
properties of the turbulent plasma background affect the dynamics and statistics of 
magnetic reconnection. We focus our analysis on the impact of two key parameters: the 
energy injection scale (i.e., the turbulence correlation length) and the amplitude of the 
initial fluctuations with respect to the ambient magnetic field (i.e., the turbulence strength). 
These two, combined, also determine the nonlinear time associated with the turbulent 
cascade. We first compare the similarity and differences in the properties and dynamics of 
the turbulence itself (shape and size of coherent structures in real space, spectral properties 
of the turbulent fluctuations, energy transfer rate) and then the changes in the properties 
and dynamics of the CSs undergoing reconnection (CS thickness and aspect ratio, 
reconnection rate). We discuss how the above properties rescale with respect to the two 
key parameters in the context of existing theories and models for turbulence and magnetic 
reconnection and the physical implications of our findings. 
  



Enhanced Magnetic Reconnection behind Shocks Propagating through 

Turbulent Plasma from Corona to Interplanetary Space 
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Abstract 

In this study we utilize 2.5D and 3D MHD simulations to investigate shock-turbulence 
interaction in the solar corona and interplanetary space. Such interactions are ubiquitous in 
cosmic plasmas and attract strong interest in the astrophysics and space physics 
communities. In the solar atmosphere, CME-driven shocks propagate from the low corona 
to interplanetary space, continuously interacting with solar atmospheric turbulence, which 
affects diffusive shock acceleration (DSA) and thus closely relates to SEP events and type II 
radio bursts. 
Previous research has focused largely on interplanetary conditions (β ∼ 1), leaving the 
low‑β corona underexplored. In addition, the role of magnetic reconnection in shock-
turbulence interaction has received little attention, and 3D MHD studies are needed for 
comparison. To address these gaps, we perform: (1) 2.5D MHD simulations of 
(quasi‑)perpendicular interplanetary shocks propagating across turbulence with a mean 
magnetic field perpendicular to the simulation plane, focusing on how the shock changes 
the number density of plasmoids in turbulence and the reconnection rate; (2) the same 2.5D 
approach for low‑β coronal parameters; and (3) 3D simulations for comparison. 
Our 2.5D simulations reveal the following results. First, the upstream magnetic turbulence 
spectrum exhibits three ranges: low‑k cascading, mid‑k reconnection‑mediated, and high‑k 
diffusive. These spectral features remain almost invariant across the shock. Second, 
downstream X‑point and O‑point number densities are higher than upstream. In the 
downstream region, as distance from the shock increases, the occurrence of null points first 
increases, saturates at a certain distance, then gradually decreases. Third, the magnetic 
reconnection rate per unit area in the simulation plane is higher downstream than 
upstream, consistent with the increased numbers of X‑points and O‑points. Complementary 
3D simulations confirm shock front distortion by upstream turbulence and compression of 
flux ropes by the shock. However, the 3D reconnection rate and turbulent spectra require 
careful examination. 
  
We aim to elucidate the fundamental physics of shock-turbulence interaction, an effort that 
could potentially enable the use of upstream turbulence properties and shock parameters to 
infer downstream behavior and thereby facilitate qualitative forecasts of space weather 
effects after shock passage. 
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Abstract 

Turbulence plays a central role in controlling how energy is transferred, dissipated, and 
ultimately converted into heat in space plasmas. Interplanetary Coronal Mass Ejections 
(ICMEs) provide a unique environment to study these processes, as they carry large-scale 
magnetic structures and generate a compressed sheath region via interaction with the 
ambient solar wind. In this work, we investigate the magnetic field turbulence and 
intermittency within and around several ICMEs observed between 2021-2025 by the Solar 
Orbiter mission till 1 AU. Using high-resolution magnetic field data, we examine the 
statistical properties of fluctuations in four distinct regions: the upstream solar wind, 
sheath, magnetic cloud, and trailing solar wind. Probability density functions (PDFs) are 
used to characterize the energy cascade, while structure functions and flatness quantify 
scale-dependent intermittency. We observed inertial-range spectral indices of 
approximately -1.64 in these regions, consistent with magnetohydrodynamic 
approximations, while the kinetic-scale spectra consistently steepen to about -3, indicating 
strong dissipation. Furthermore, fluctuations in the inertial range remain nearly Gaussian 
and multifractal, whereas those at kinetic scales become strongly non-Gaussian and 
monofractal. Comparisons across multiple events reveal that ICMEs tend to exhibit more 
stable and well-developed turbulence, while the surrounding sheath regions display steeper 
and more variable spectra, indicating ongoing energy transfer and turbulence evolution. 
This research deepens our understanding of how energy is distributed and dissipated in 
space plasmas, offering new perspectives for understanding processes that heat the solar 
wind, accelerate particles, and shape the broader behavior of space weather in our 
heliosphere.  
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Ribbon Fine structures as proxies for plasmoid dynamics 
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Abstract 

Flare ribbons often display fine structure along their fronts, including spiral- and wave-like 
patterns that may encode the dynamics of bursty magnetic reconnection in the flare current 
sheet. I will present a new automated method for detecting and tracking these geometrically 
complex ribbon-front features and apply it, as a proof of concept, to field-line-length maps 
from a high-resolution 3D eruptive-flare simulation. The method combines multiscale 
correlation-dimension analysis, density-based clustering, and minimum-area ellipse fitting 
to isolate and characterise spiral-like ribbon sub-structures. In the simulation, the detected 
features remain locked to the outward ribbon motion while also drifting coherently along 
the ribbons. The two ribbons show opposite along-ribbon drift, away from their hooks, in 
agreement with theoretical expectations. The measured drift speeds range from 10 to 800 
km s^-1, well below the local surface Alfvén speed. I will also discuss statistical trends 
showing that the occurrence, lifetimes, and mean magnetic flux of these features peak 
during the impulsive phase. I will also present an update on ongoing work extending this 
method to IRIS flare-ribbon observations. 
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Abstract 

Solar magnetic field extrapolations under the potential field approximation pose a 
significant challenge when only the normal component of the magnetic field is specified at 
the bottom boundary. This work introduces a probabilistic framework to address this 
problem, extending the field across the full domain from this limited boundary information. 
Two Monte Carlo algorithms are constructed: one driven entirely by reflected stochastic 
differential equations (RSDEs), and a hybrid scheme that couples RSDEs with standard 
SDEs. We tested both methods on three 2D examples: a smooth scalar function, a potential 
magnetic field without a null point, and a field containing a null point, each admitting a 
known closed-form solution. The results confirm that both algorithms recover the magnetic 
field accurately across the domain. We also discuss the applicability of the method to 3D 
solar magnetic fields above active regions. 
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Abstract 

Turbulence in astrophysical plasmas is ubiquitous and involved in various important 
physical phenomena. A scale-by-scale analysis of energy flux in the turbulent cascade can be 
performed using the spatially filtered magnetohydrodynamic (MHD) equations, while the 
gradient tensor invariants are widely used to characterise the structure of velocity and 
magnetic fields. Physical mechanisms responsible for energy flux require specific field 
configurations whose strength is quantified by these tensor invariants. We explore this 
requirement, showing that the tensor invariants act as proxies for mechanistic energy fluxes 
under quantifiable conditions. As a special case, the purely hydrodynamic contributions to 
energy flux can be expressed exactly in terms of the invariants of the velocity gradient 
tensor. We also show that the invariants bound the available energy flux for distinct 
physical mechanisms, formalising the idea that each transfer mechanism requires field 
configurations with gradients of sufficient strength to support a given energy flux. Results 
are validated using 3D simulations of freely decaying MHD turbulence. Multispacecraft 
observations of turbulence provide direct measurements the gradient tensors [1], so that 
these results could be used to inform our understanding of astrophysical turbulent 
cascades. 
[1] Hnat et al. 2025, Phys. Rev. Res., DOI: 10.1103/9wb2-r437 
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Abstract 

Magnetic reconnection has a key facilitative role in heating coronal loops, as well as in 
altering the topology of the magnetic field. As such, it is desirable to be able identify the 
locations at which it occurs, the properties of reconnection sites, and the nature of the 
change in magnetic connectivity in complex coronal magnetic fields. In order to do so, we 
perform a detailed analysis of a three-dimensional braided magnetic field in which simple, 
ordered boundary motions applied to a multi-stranded coronal loop bring about 
instabilities that lead to ongoing magnetic reconnection. Reconnection occurs at sites away 
from the traditional locations of null points, separators, and quasi-separatrix layers, and 
thus we find a distinctive new mode of three-dimensional reconnection. Statistically, the 
sizes of reconnection sites follow a power-law distribution. Geometrically, these sites are 
elongated along the direction of the magnetic field, in long, narrow, loop-aligned current 
sheets. 
Typically, field lines reconnect with a small, but significant angle of misalignment between 
them. Reconnection takes place effectively continuously, with individual field lines seen to 
reconnect several times along their lengths in very short intervals in time, as they pass 
through many small current concentrations. We illustrate the flipping of the footpoints of 
reconnecting field lines, as well as their three-dimensional interaction. Overall, we find 
magnetic reconnection in turbulent, braided loops to be more complex and subtle than has 
previously been discussed, and to have characteristics very different from those of previous 
models. 
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Abstract 

Abstract 
Interactions between ICMEs and SIRs, or among multiple ICMEs, can strongly influence 
space weather forecasting. These interactions modify ICME configurations, magnetic 
structures, plasma dynamics, and proton temperatures, producing phenomena such as flux-
rope deformation and reverse shocks. Hybrid events—where multiple ICMEs or ICME–SIR 
interactions occur—represent ~10% of ICMEs and ~6% of SIRs and are associated with 
enhanced geomagnetic activity near Earth. Understanding these interactions is crucial for 
improving the prediction of space weather impacts.  
We investigate how successive ICME–SIR interactions within complex interplanetary 
streams modify magnetic and plasma characteristics at 1 AU. Using in-situ and remote-
sensing observations from STEREO B (March 20–25, 2011), we analyzed a complex stream 
consisting of two ICMEs followed by an embedded ICME/SIR. Suprathermal electron pitch-
angle distributions and magnetic reconnection exhausts were examined to assess ejecta 
boundaries and interactions.  
The sudden arrival of a third ICME on the fast-wind side of the SIR caused a dramatic proton 
temperature drop (a factor of ~36 over 1.2 hours). Plasma beta was also affected. ICME3 
interacted with the SIR through expansion and deceleration. A sudden Stream Interface (SI) 
within ICME3’s flux rope indicates structural penetration. The SI has changed the ICME3 
characteristics.   
Successive ICME–SIR interactions can significantly modify solar wind structures, 
underscoring the importance of monitoring hybrid events to improve space-weather 
forecasting. 
 


