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Abstract

Turbulence is widely believed to play an important role in particle heating and acceleration across

diverse astrophysical phenomena. These phenomena range from the solar corona and Earth’s mag-

netosphere to systems where magnetic energy dominates over plasma internal energy, leading to rel-

ativistic turbulence, such as jets from active galactic nuclei (AGN) and gamma-ray bursts (GRBs).

In this study, we employ particle-in-cell (PIC) simulations to investigate how current sheets depend

on the plasma magnetization ($σ$)andthefluctuatingmagneticfieldstrength($δB/B 0$).Usingaself −
organizingmap(SOM)algorithm,wesystematicallyidentifycurrentsheetsandassociatedreconnectionsiteswithintheturbulentplasma.Ourstatisticalanalysisquantifiesthedistributionofcurrentsheetproperties, includinglength, width, thickness, andpeakcurrentdensity, andexamineshowthesepropertiesandtheresultingreconnectionratesscalewithmagnetizationandfluctuationamplitude.Westudyboththecorrelationbetweenthesepropertiesandlocalenergydissipationratesandhowturbulenceorganizesthespatialdistributionofreconnectionsitesandregionsofhighvorticity.Thecharacterizationofcurrentsheetpropertiesandtheirdistributionacrossparameterspaceprovideskeymeasurementsforunderstandinghowturbulencemediatesmagneticreconnectioninrelativisticplasmas.Thissystematicanalysisofcurrentsheetstructureanddynamicsmayinformthedevelopmentofparticleaccelerationtheoriesthatbetteraccountforinjectionprocesses, anisotropiceffects, andthespatialdistributionofaccelerationsiteswithinturbulentreconnectingsystems.
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