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▪ Introduction

▪ Magnetic field line

‒ curvature of field line

▪ Effects of curvature

▪ Simulation

‒ Theory

‒ Results

▪ MMS Observations

‒ Results

▪ Effects of Anisotropy

▪ Summary



BACKGROUND
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Magnetic field plays an essential role in many astrophysical and space plasmas

Magnetic reconnection

(credit: alifespentwondering.com) Flux ropes

(Borovsky, 2008)

Dynamo

Sheyko+, 2016
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Magnetic field lines undergo stretch-twist-fold processes

BACKGROUND

Federrath+ 2011 Schekochihin+, 2002



MAGNETIC FIELD LINE
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▪ Magnetic field line

▪ Tangential vector 𝒕 =
𝑩

|𝑩|
= ෡𝑩

▪ Normal vector 𝒏
▪ Bi-normal vector 𝒃



CURVATURE OF MAGNETIC FIELD LINE
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▪ Curvature



CURVATURE OF MAGNETIC FIELD LINE

6

Lemoine+, 2023

❑ Particle transport through localized

interactions with sharp magnetic field bends



NUMERICAL SIMULATION
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SIMULATION SETUP
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▪ 2D incompressible MHD simulation

‒ Spectral method, L = 2𝜋, N = 81922, Re = 5000

▪ 3D incompressible MHD simulation

‒ Spectral method, L = 2𝜋, N = 10243, Re = 2500, B0 = 0

▪ 2.5D fully kinetic simulation

‒ Particle-in-cell (PIC) method, L = 150 𝑑𝑖, N = 40962, 𝐵0 = 1, m𝑖/m𝑒 = 25, ppg = 

3200

Yang+ 2019



CURVATURE AND MAGNETIC FIELD
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▪ Twisted lines (around the rims of magnetic islands) & isolated points 

(around magnetic island cores)

▪ Co-located with low magnetic magnitude
Yang+ 2019



CURVATURE AND MAGNETIC FIELD
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Yang+ 2019



CURVATURE AND MAGNETIC FIELD
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Yang+ 2019



Curvature PDF
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2D MHD

𝜅0 low curvature tail

𝜅−2 high curvature tail

2.5D PIC

𝜅0 low curvature tail

𝜅−2 high curvature tail

3D MHD

𝜅1 low curvature tail

𝜅−2.5 high curvature tail

Yang+ 2019



MANGETOSPHERIC MULTISCALE MISSION
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13

Source: MMS SDC

Burch+ 2016 SSR



GRADIENT CALCULATION
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14

4-spacecraft missions (e.g., Cluster and MMS) enable the study of spatial structures and 

calculation of gradient, such as curvature (Alex Chasapis talk)

Klein+ 2024



BURST-MODE DATA IN MAGNETOSHEATH
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Bandyopadhyay+ 2020



GAUSSIANITY ASSUMPTION
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Bandyopadhyay+ 2020

Magnetic field components are (approximately) gaussian



GAUSSIANITY ASSUMPTION
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Padhye+ 2001

PDFs of Magnetic-field components are very well 

approximated by Gaussian in solar wind (fast and slow).



CURVATURE AND MAGNETIC FIELD
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Bandyopadhyay+ 2020



CURVATURE AND MAGNETIC FIELD
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Bandyopadhyay+ 2020



CURVATURE PDF
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3DMHD

Yang+ 2020

Bandyopadhyay+ 2020

Consistent with theory



OTHER SAMPLES
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Bandyopadhyay+ 2020

▪ Similar results found 

for all other 

intervals.

▪ All intervals with 

large Brms/B0



EFFECT OF THE MEAN MAGNETIC FIELD
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Cuesta+ 

(in prep.)
Hu+ 

2024

▪ Low curvature: 𝜅+1

▪ High curvature: steeper than 𝜅−2.5

▪ Anisotropy effect?

Cuesta+

(in prep.)
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SUMMARY

▪ Accurate measurement of curvature is possible with MMS data

▪ Different power laws are observed at low and high curvature values

Isotropic 2D MHD/2.5D PIC 3D MHD

𝜅 → 0 𝜅0 𝜅1

𝜅 → ∞ 𝜅−2 𝜅−2.5

MMS Solar Wind Magnetosheath

𝜅 → 0 𝜅1 𝜅1

𝜅 → ∞ 𝜅≤−2.5 𝜅≤−2.5
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Thank you

riddhib@udel.edu

mailto:riddhib@udel.edu
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