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C urrent sheets (CSs) occur in the solar wind ubiquitously, owing to both 
local dynamical processes and dipole/
multipole nature of the solar magnetic 
field. Their typical elongation size ranges 
from many AUs, e.g. in the case of the 
quasi-stable heliospheric current sheet 

(HCS) and CSs formed within high-speed 
flows/streams, to several proton gyroradii 
in the case of CSs involved in the turbu-
lent cascade. The width of CSs is about 
several proton gyroradii independently of 
their origin, therefore, in this term, CSs 
are very small-scale structures.  

Figure 1. Magnetic cavities in which magnetic islands and CSs are intensively formed 
in the interplanetary space. a) Cavities inside the HCS ripples. b) Cavities formed by 
co-existing streams/flows. c) HCS distorted by an approaching ICME-driven inter-
planetary shock. Magnetic cavity can be formed between the HCS and the shock. 
Panels a)-c) are based on STEL reconstructions of the solar wind speed from http://
smei.ucsd.edu/new_smei/index.html (Khabarova et al. 2015, 2016). d) ENLIL recon-
structions of the HCS (white line) distortion by propagating streams (green and yel-
low areas), see http://www.helioweather.net/ for details. In the meridional plane, it is 
seen that the HCS is crossed twice ï before and after the stream passage. Magnetic 
cavities are formed between the stream and the HCS.  e) Sketch illustrating a com-
plex distortion of the HCS/HPS-magnetic island system by an approaching CIR. 
Magnetic islands within the HPS are grey and outside are yellow. Since the HCS/HPS 
is strongly bended by the CIR, some of magnetic islands are located inside the ripple 
representing a semi-closed magnetic cavity (Adhikari et al. 2019). 
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O ne may think that such objects have nothing to do with space weather and large-scale streams or 

flows that impact the terrestrial magnetosphere causing 

a chain of effects potentially dangerous for human be-

ings and the technosphere. Meanwhile, recent observa-

tional studies show that CSs are intensively produced (i) 

in the turbulent region downstream of shocks, (ii) in 

corotating/stream interaction regions (CIRs/SIRs), and 

(ii) in magnetic cavities formed either by the HCS and 

an approaching high-speed stream/flow or by interact-

ing SIRs and interplanetary coronal mass ejections 

(ICMEs). Such CSs are associated with so-called mag-

netic islands that represent 2-D sections of 3-D plas-

moids/blobs/flux ropes originating from magnetic re-

connection considerably intensified in turbulent plasmas 

and magnetic cavities compressed from at least one side 

(Khabarova et al. 2015, 2016; Khabarova & Zank, 

2017; Adhikari et al. 2019; Malandraki et al. 2019). 

Figure 1a-c shows typical situations in which mag-

netic cavities filled with CSs and magnetic islands can 

be formed, and Figure 1a-c illustrates distortion of the 

HCS that leads to confinement of CSs and magnetic 

islands.  

A  new method of automated identification of CSs based on the analysis of three key parameters re-

flecting sharp variations in the solar wind plasma and 

the interplanetary magnetic field at CS crossings has 

been recently created (Khabarova et al. 2021). An open 

access database of CSs identified at 1 AU can be found 

at https://csdb.izmiran.ru . Compiling of the database 

has allowed carrying out both case studies and a com-

prehensive statistical analysis of CS properties in differ-

ent streams/flows. In particular, it is found that a num-

ber of CSs per day (R) is determined by variations of 

the solar wind thermal and kinetic energy density. The 

second important point is that variations of R may be 

used for prognostic aims. Preliminary results show that 

R increases well before both ICME- and SIR/CIR-

caused geomagnetic storms (see Figure 2). Similar fea-

tures are found for magnetic islands (see Fridman 2020 

and references therein). Therefore, understanding prop-

erties of smalls-scale structures in the solar wind opens 

wide opportunities for the improvement of mid-term 

prognoses of geomagnetic storms. 

L ast but not the least is the ability of dynamical CSs and magnetic islands accelerate particles to MeV 

energies locally in the solar wind, which may be treated 

as a potentially hazardous but unaccounted effect of 

space weather (Zank et al. 2015; Khabarova et al. 2015, 

2016, 2018, 2020; Khabarova & Zank, 2017; le Roux 

2019, 2020; Adhikari et al. 2019; Malandraki et al. 

2019). 

T he study is supported by RSF grant No. 20-42-

04418. 
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T he Earthôs radiation belt exhibits a dramatic varia-
tion during magnetic storms. Regarding how ener-

getic particles accelerate up to relativistic energies, in-
teraction with ULF waves and/or whistler-mode chorus 
makes a significant contribution. Over the past decade, 
multi-point observations and simulations have separate-
ly demonstrated evidence for the wave contribution. 
However, the global picture of wave contribution to the 
total radiation belt content with relative comparison has 
not been extensively studied yet. 

W e investigate when and where ULF waves and whistler-mode chorus contribute to the net flux 

of relativistic electrons during the May 2017 storm. 

ULF waves mainly contribute to the global enhance-

ment of relativistic electron flux during the early recov-

ery phase. In contrast, whistler-mode chorus contributes 

to the flux enhancement confined in L-value during the 

late recovery phase. We simulate the global distribution 

of ULF waves and some parameters related to the exci-

tation of whistler-mode chorus using BATS-R-US ï 

CRCM simulation. The simulation qualitatively repro-

duces the global evolution of ULF waves. For the exci-

tation of whistler-mode chorus, the region where the 

anisotropy of hot electrons is large shifts toward dusk 

during the recovery phase. We also find that whistler-

mode chorus in the nightside is predominantly excited 

by the anisotropic distribution of hot electrons, whereas 

the enhancement of dayside chorus is affected by the 

magnetic field line configuration. The present study 

provides the global picture of wave contribution to the 

radiation belt variation, which have a significant impact 

on understanding how much ULF waves and whistler-

mode chorus accelerate electrons up to the relativistic 

energies.  
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Figure 1 (A) Global distributions on the equatorial plane (ZSM=0 plane) estimated from BATS-R-USH	CRCM sim-
ulation. (B) Net flux of relativistic electrons (1.1 MeV) observed by Arase and RBSP-B. Right panels show the ratio 
of electron flux compared to the previous phase. 


