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Uneu B.A. Teepckoro u B.I. LUaGanckoro nernu B OCHOBY
uccnepgosaiun HUMA®/MKN nnazmeHHbLIX CNOEB B KOCMOCe

b.A. TBepckon npegnoXxun moaenbs
N30TPONMHOro ToKkoBoro cnos (Teepckon, 1972).
B Hel BnepBble ncnosb3oBarn agnabarnyeckne
NHBapuaHTbl ABMKeHUs YyacTtuy, B mogenu TC.

Trepexoit B. A., JduaaMuka paguannoHHbIX M0s1COB 3eMan. Pusuxa maznumocgepuvt, Mockga:
Mup. 1972a.

Trepexoit B, A., Teopust AnHAMHYECKUX NPOLECCOB B OKQIO3eMHOI 11azme, [pobaesn meopuu
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KOSIbLIEBOIO TOKa; HapyLweHus agnabaTtndeckunx
NHBaPUAaHTOB ABWXEHUS1 YacTULL;, BNepBble onucar
BIMOXEHHOCTb TOKOBOIO CJ104.

SOME PROCESSES IN THE MAGNETOSPHERE

V.P. SHABANSKY
Institute of Nuclean Physics, Moscow, U.S.S.R.
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Pa3sutue moaenen MarHuTochepHbLIX TOKOBbLIX CUCTEM W
TOKOBbLIX CNOEB pa3HbiX KOH(pUrypauun

A.T1. KponoTkuH: Teopua goopmuposaHma BKTC —
BbIHY>XOEHHOIo KNHETUYECKOIo TOKOBOIO CI10S
(Kropotkin&Domrin, 1995-2007)

a6anckuit B.IL, Becenopckmii HM.C., Kponotkmn Al ®wusuka
MEKIUIAHETHOTO M OKOJI03eMHOro mnpoctpaHera. M.: HM3g-so MLV,
1981.

N.N Anekcees (pabotbl ¢ 1993r. no
HacTodALlee BPeEMS): pa3BuTue
napadononaHon moaenu
mMarHmTocdepbl 3emMnu;
nocnegytowee obobuieHne ee Ha
MarHmTocdepbl Apyrnx nnaHeT
COJTHEYHOM CUCTEMbI, renuocqoepy,
9K30MJIaHEThI.

.C. BecenoBckuin: pasBntue Moaesrien
rennoccepHOro TOKOBOro Crosi B CONTHEYHOM
BeTpe U 3yq eHMe nNna3MeHHbIX paBH OBGCI/{VI THTRRAL OF TRCENICAL FErins VT

Beceaopcrmi IL €., Kponorena A. IL
@maummemmzmonmmnpwm yaedmoe
mocobme /T C. BECE"E_'DEE,“E'A'H Kpomomamm. — M. Veusepearercxan HEKOTOPBIE TOYHBIE PEMEHUA 5T PASPEIKEHION TLIASMBI
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lpynna U.U. AnekceeBa — nccneaoBaHne NNaHeTHbIX
Man-m'roccbep, pasBuTue napabonovaHown moaenw

X.B. ManoBa U e
M.C.BbnoxuHa




Keéa3zuaouabamuueckoe onucanue
OBUIICCHUA (HEe3AMACHUYECHHbBIX )UACmMuy Iz

(Buechner and Zelenyi, JGR, 1989)
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Pa3Butue mogeneun ToHKMX TokoBbiX crnoeB (TTC) B
pamMKax KBasmagunadbaTtu4eckoro npubnmxeHusn
B KOCMUYeCKOMU nnasme

Kropotkin, Malova, Sithov, JGR, 1997 —
mogenb TTC B npegene cunbHOM aHN30TPONUK;

= Sitnov,Zelenyi,Malova JGR, 2000 —

moaenb TTC ona npon3BosibHOWM
aHu3oTponuu

Zelenyi et al., NPG, 2000 e
— mogenb TTC ¢ yyeTom oa <\ =
BIUSIHUSA SNEKTPUYECKOro b

NOrnsa N OLEHKOW MacLuTaboB

M.N. CnuTtHOB

Domrin et al., 2016-2021 —

nccnenoBaHme CTPYKTYPbI BIIOXEHHbIX TTC ;
B pamkax ouHammyeckom u ctaumoHapHOU it U
mMoaenen =

B./. JompuH n X.B. anosa



Komanpa UKU- B coppyxectee ¢ MIY- UBSMUPAH - NNA:
passuTtue Teopum TTC B KOCMOCe U CONOCTaBNEeHUe C

JKCNEePpUMEeHTaNbHLIMA NaHHbIMAX
Passutne teopun TTC B XBOCTE MarHuTocepbl 3eMnu; B NPUMEHEHUN K
MarHMTocdepam nsiaHeT; B COfIHEYHOM BeTpe; B M/cdpepax aK3onsiaHeT

B.KO. Nonos

A —

P.A.I/ICJ'IOB

O.B. Xabaposa u
O.B. MuHranes



TokoBbIN CJI0M B XBOCTEe MATHUTOC(hepbI 3eMIu
U 00J1aCTH nepecoeTuHEHU
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Figure 18. Schematic picture of the current sheet evolu-

tion around the onset.



PaBHoBecue Xappuca

ﬂ
y SN 2|
s

AN ANAWS
VARVARVA

Uj

O

uj - diamagnetic drift velocity

f PR —
I eh?(z/L)

2T,

2 2 2
Ny o (m,—[(Vx Vo)  +(vy —Uj)" +Vv;
j

Bo@nh(ZL)

-’ \., )
|n<(z) lf - By
B .

U U o _CVn | T
Te Ti wpi ui Te+Ti

PROFILES of current and density COINCIDE

BZ
B, =B, tanh(lz_j i =n,(T,, +T.,)

diamaénetic current




Monenu ¢ U30TpOIHBIM 1[ j, x Bn:| —V.p LX<20-30
HaBJIICHUCM R . ya A

L

TTC - HoBbi# TN NNa3MEHHOro paBHOBECUA

Monenu ¢ AHU30TPOIIHBIM 1 [ Jy < B ] /OVP |_ — 00
dABJICHUCM urv

(;

6

X \\\\\\

P —




Tpu THIA TOKOBLIX C/I0EB, O AaHHLIM cnyTHuKOB Cluster

(Runov et al., Annales Geophysicae, 24, 247-262, 2006)

J2:

1op 1
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a S — '« Anusorponusi pyHKIMH pacnpeneaeHus
) of I K HOHOB, ObICTPbIE IJIa3MEeHHbIE IOTOKHU
g 2 ' ' BA0JIb CUJIOBBIX JIMHU M
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:  BeprukajabHble Qaannupyronme

4 xoJie0anus (AB~several tens of nT, time
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Z7%, 1000 km

Fig. 4. Averaged vertical profiles of the current density for center
peaked {class I), bifurcated (class II), and asymmetric (class III)
current sheets. The Z* is calculated using Eq. (3).
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dyHKUUA pacnpegeneHuss IOHOB
HermpoTponHa

3 cases of thin current sheets
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KBazunaaunadbaTuyeckoe JBHUKEHUE IPOTOHOB B XBOCTE
MarHuTocgepsl 3emMiu

Transient (Speiser) orbit

B

“Cicumber” orbit

P, =mv ——Ay(x Z)

= tmvzdz ~ const

Quasladiabatic approximation:

S Al = m—K«/l (1)**In 2‘(:03 oo

R Neistadt, 1986; Timofeev, 1978
K= cmin — 1 R _ bn ‘ Cary, Escande, Tennyson, 1986
min "~ =0
Prnax " db/dz"?



YpaBHeHua BnacoBa-MakcBenna ansa KkBasnaguadbatunieckux

NMOHOB
df /dt=0
dB 4r o ST
=1 [ (D0 [ f (0
\VB V3 v~ - o -
B| =B, ¢ =0 T~
‘Z_L ° (O‘Z_L The distribution function” =
r No; (Vn _VDj)2 v 1Etrans, trap
Fiansien (V) = ( \/;VJ )3 eXp{_ i v } Vp>0 can be presented as a
" ! ! function of integrals of
. motion {W,,l,} and using
fap (V) = 20 eXp{— Yo jVL}, V,=0 Liouville theorem could
(Vv ) Vi be be calculated at all

W, =const; | ; const

—

fp+,O+ = f(VII’VL) — f(VVO’ Iz)

locations within CS



PaBHnoBecubie pemenus B Moaean TC Ge3 2J1eKTPOHOB: B HUX BNepBbie NOJyYeHa
BJIOKEHHOCTH TOHKOI0 TOKOBOTO ClIOfA BHYTpH (oliee IIMPOKOro MIAA3MEHHOr0

CJI0R KaK ocHoBHOe cBOlicTBO TC A N
[TonyyeHHOe camocornacoBaHHOE peLleHne UMeNo
TONWMHY Nopsigka O4HOro-HECKONMbKNX NMPOTOHHbIX J
rmpopaanycoB BO BCEM Ananas3oHe napameTpoB MOOESN.
OueHka wupuHbl TC 3aBUcena oT OTHOLLEHUA &
TENMOBOW CKOPOCTU NPOTOHOB K X MOTOKOBOM CKOPOCTMW. — / 7
50.0 = : Baoxennbin TC
200 -
400 = |
&=V, Vg
16.0 —
300
Jy
20,0 -
100
L =

Ll

a0

Zelenyi et al., NPG, 2000




JJIeKTPOHHBIE JApeli(hbl KPUBU3HBI B 00pallIeCHHOM MAarHUTHOM
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Y4er J1eKTPOCTaTHYEeCKHX 3(PPeKToB: NPpoPpuin
camocoraacosannoro TTC B npucyrcTBuu

anmo*rponnoro H U30TPOIMHOI'0 NABJICHUSA 3JICKTPOHOB
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Zelenyi L. M., H. V. Malova, V. Yu. Popov, D. Delcourt, and A.S. Sharma, Nonlinear equilibrium
structure of thin currents sheets: influence of electron pressure anisotropy, Nonlinear
Processes in Geophysics, v. 11, pp. 579-587, 2004



Macwma6bbl mosiwuH MoKo8bIX CJ/1I0€8:

« B mopgenu Xappuca tonwuHa TC C
MOXeT 6bITb CKOMb YrogHo » L=
6onbLion @y

e<<l:

3aeucum om napamMempa (Francfort and Pellat, 1976)

B modenu TTC macwmab / L ~p ¥ = p gl”

S:VT/ VD u onpeoensnemcs \ 1 L &~ Pr

RPOMOHHBIM ZUPOPAOUYCOM

(Ashour-Abdalla, Zelenyi et al.,
1994); pp_Vp/ o, pr= VLl w,

TonwmHa AJNIEKTPOHHOIO CJl0oAl.
» Half-thickness of electron inner sub-layer is estimated

as [, ~0o,~clm, ; = Le~l~5iz/pin

TonuwuHa TC ¢ kBasnagnadbarnyeckom MOHHOU ANHAMUKOMU
MMeeT MacluTad HeCKONbKUX NPOTOHHbIX
rmpopagvycosB




MexaHu3mbl yCNOXHEHUA CTPYKTYpbl TTC:

YyeT MOHOB Kucrnopogda v ApyrumXx taxesnbiXx M1OHOB

BrnnsHune saxBavyeHHbIX U KBa3n3axBavYeHHbIX
MOHOB

HemakcBennoBckoe pacnpeneneHue nnasmbl

Hann4yue I.IJI/IpOBOﬁ KOMMNOHEeHTbl MarHUTHOIO NOoJA
By

Zelenyi L. M., H. V. Malova, V.Yu. Popov, D. C. Delcourt, N. Yu. Ganushkina, A.
S. Sharma, "Matreshka” model of multilayered current sheet, GEOPHYSICAL
RESEARCH LETTERS, VOL. 33, L05105, doi:10.1029/2005GL025117, 2006

OompuH n ap, Nl’eomarH.A3apoH, 2020



CTpyKTypa TOKOBOIO CJIOf ¢ THKEJIbIMA HOHAMHU: TPOMHOE
BJIO2KEHHE TOKOB

Zelenyi L. M., H. V. Malova, V.Yu. Popov, D. C. Delcourt, —

N. Yu. Ganushkina, A. S. Sharma, "Matreshka” model of g:"‘_\ D

multilayered current sheet, GEOPHYSICAL RESEARCH | &.] T>— . o.0mo

LETTERS, VOL. 33, L05105, doi:10.1029/2005GL025117, S ——
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Mopenb MHOromacwwTabHoOro BrioOXXeHHoOro

TOKOBOIO CIOA:
Mopenb “MaTpewikun”

Sitnov, M.1., L.M. Zelenyi, H.V. Malova, and A.S.
Sharma, Thin current sheet embedded within a thicker
plasma sheet: self-consistent kinetic theory, J.
Geophys. Res., v.105, N A6, 13029-13044, 2000.

Zelenyi L., Sitnov M.l., Malova H.V., Sharma A.S.,
Thin and superthin ion current sheets, Quasiadiabatic
and nonadiabatic models. Nonlinear processes in
Geophysics, v.7, p.127-139, 2000.

Zelenyi L. M., H. V. Malova, V.Yu. Popov, D. C. Delcourt,

N. Yu. Ganushkina, A. S. Sharma, ’Matreshka” model of
multilayered current sheet, GEOPHYSICAL RESEARCH
LETTERS, VOL. 33, L05105, 2006
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Zelenyi L.M., D. Delcourt, H.V. Malova, A. S. Sharma, V.Yu [eJe[e)/AVW =} ;
Advances in Space Research, v.30, N7, 1629-1638, 2002.

Zelenyi L.M., D.C. Delcourt, H.V. Malova, A.S. Sharma, "Aging" of the magnetotail
thin current sheets, Geophys. Res. Lett., v.29, pp. 49-1 - 49-4, 2002.
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While Cluster is capable to study the TCS at ion scales,
MMS is successful in studies of STCS at electron scales

M




The method of comparison with experimental
data

Artemyev A. V., A. A. Petrukovich, L. M. Zelenyi, H. V. Malova, V. ®
Y. Popov, R. Nakamura, A. Runov, and S. Apatenkov, Ann. 1 1
Geophys., 26, 2749-2758, 2008. " R ’
PRV IV E NN
16 J(5): 2001.10.11.0339 109 (6): 2001.10.20.09:29 109 (7):2001.10.20.09:57 109 (8): 2001.11.01.07:05
22 cny4yasn m3 gaHHbix Cluster (2001, 2003, 2004) ‘1 4 ] ]
Bbl6paHbl AN cpaBHEHUNA ‘ 2 ) ‘]
O'I'I'I'I‘IO'I'I'I'IDI'I'|‘°I'I'I'
30 (9): 2003.08.13.03:16 60 9 (10): 2003.08.24.18:43 20 9 (11): 2003.08,27.08:40 129 (12): 2003.10.01.19:49
91 ¢J10eB ¢ BBICOKUM COAEPKAHUEM MOHOB KHCJIOPOAA w1 "‘?MW
npuMeHeHa Moaejb ¢ yuetom O+ (Ne 5, 15 u 16) '] I

T T T 71 1 10
04 02 0 (72 04 08 04 0 04 08 08 04 0 04 08

7(13): 2003.10.01.19:59 6 4(14): 2003.10.01.20:00 30 4 (15): 2003.10.16.03:08 7 (16): 2003.10.18.08:08

Jist ABYyX-TPeXNUKOBBIX CJI0€B MPUMEHEHA MOEJIb C YYETOM |+ _
3axBayeHHOM miaa3mbl Ne 3, 8, 10, 18, 19. A _

JIJIs caMBIX «TOJICTBIX» CJIOE€B MCI0JIb30BaHA MO/IEJIb € D T ¥ L T
ABYXTeMITepaTypHoii maazmoii (Ne 2, 6, 7, 9, 12-14, 17, 20-22). |] "™ q " "oy poesise ) wemeers

CBo0oaHbBIE TapaMeTpBhI: VT/VD, Bn/BO’ Ti/Tev nolni, /\ | q /\

K,\V1,/Vpy Npy/Npy G

08 04 0 04 08 -2 -1

10 Y21): 2004.10.10.21:14




Comparison of CS m

odel with observations
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Super Thin Current Sheets (STCSs) of electron scales
embedded into the ion layers

« Using high resolution magnetic field data from MAVEN we observe STCSs in the
Martian magnetotail.

* Thetypical Lgrcsis <5 km<<p,.

* The STCSs are embedded into a thicker sheet with L = p, forming a multiscale current

configuration.
« The formation of STCS does not depend on ion composition and is controlled by the

small By.

Spatial profile of the B, field Spatial profile of J Zoom of spatial profile
across the CS plane across the CS plane of STCS current density
100:
10f 80}
- 60F
. OF
) 40

-10f

-100

(Grigorenko et al., GRL, 2019)



Universal scaling of thin current sheets

(TCSs) in space plasma (zelenyi et al., GRL, 2020)
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Geophysical Research Letters

RESEARCH LETTER Universal Scaling of Thin Current Sheets
10 LO29 200G L0, 2

L. M. Zelenyi' ("}, H. ¥. Malova' (), E. E. Grigorenko'** ), V. Ya Popov™* ),

. .
Eey Palnis: and E. M. Dubinin
+ Sager dhin deciron comend layers - ) ) . . ) i
P T T ——— “Space Research Inetitute of the Bussian Academy of Scimces, Msmw, Bussia, “Department of Space Physics, Mescow
carrent sheet aw deoried by o Institute of Physics and Technology, Moscow, Russia, *Scobeltsyn Institute of Nuclear Physics of Lomonosov Meamw

simiple analytical modd
Magnesic field puoibe in elecmon

Mimamw, Russis, ‘Faculty of Business and M

af Eaonomics, Masoow, Russa

for Salar System Reseanch, G
= Stmoctre of secron laper and 5
FCL.!Q_CG\'JD"W' MAVEN
b ASaTs i the Manin Abstract Thin current sheets (TCSs) with thickneses about lon Larmor mdiiare widespread in space_ It
maygrenil

is important to describe their equilibrium strocture allowing them to ore and then explesively rlease the
aocuntulated free energy. When lons are moving along quas-adiabatic trajectories while magmetized

Sup porti ng Infermation: . . R P s

P — electmons follow guiding center drift arbits, TCSs can be described within the framework of a hybrid

approach. The thickness of the embedded electron sheet remains uncertain hecause of the scale-free

character of electron motion. In this work, we propese a novel analytical maodel of the multitayer TCS that

provides a universal expression describing the inner (embedded) electron sheet in dependence of TCS

characteristics. An unusual property of the embedded electron layerrevealed in thisanalysizis the nonlinear

profile of the magnetic field in the inner layer: Hz) -z, which conforms excellen tly with MAVEN

observations of 43 TCSs in the Martian magne totail

Plain La 1age Summary Curent sheets ((Ss) are widespread in nature. They accumulate
magnetic energy and then quickly explodvely release it due to fad magnetic reconnection. We revealed

unusiea] properties of a very narnow electron layer within ako rather thin ion current sheet. Electron physics
hias the primary importance for this problem for two reasons: (1) very thin but very interse election cuments

Clin provide substantial contribution to CS free energy and (2) magnetized electrons provide the “rigidin™ to

n:

Foleng, L M_ Makna, H V. magnetic field lines preventing the im mediate onset of reconnec tion. Once electrons are magnetized in C8,
Grigeerin, E B Poow, V. Y. & theiravermge motion can be described by guiding center drift appmasdm ation which is scale free, sothere ame

Dakizin, E M 2000}, Untweral some difficulties to estimate the thickness of the elec tron layer. We developed here simple analytical model

that allowed to determine (1) spatial scales of the namrow electron C8 embedded insde the wider proton
current sheet and {2) unusual and never reported before profile of magnetic field (A(z) - zin power 1/3)
within the electron layer ingead of genemlly assymed linear d ependence Hz) - z. C5 structure generally is
maintained by the coupling of ion and electron effects. Theory predictions conform quite well with a

Reefved 14 AFR 000 - S )
Acreed 9 LN 1A numerois MAVEN observations of CS crossings in the Martian magmetotail.
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1. Introduction

Thin current shee.s (T with l|'|'l:kl're$éi abaout ion _E_‘-H(l adii play an important |ol.e in various space Solar Wll'ld
plasma configurations. Nunerms satellite messurementsin the near-Earth space (Baumjohann etal., 2007,

Makamura et al., 2008; Petrukovich et al., 2011; BEunov et al, 2% Sergeev et al., 199 Shen, Mong,
et al, X Shen, Liu, et al., 2004), planetary magmetospheres {Grigorenko ot al., 2017, 2019), laboratory
experiments (Frank et al, : Yamada et al, 20000, and astrophysical observations (Amns, 2001 ) indicate I
that these magmeto-plasma structures are responsible for the processes of magnetic field energy accumula-
tion and subsequent fast release (e g, solar flares and magnetospheric substorms) due to beginning of fast —_—

reconnection processes (eg., Zelenyi etal., 2011).

Schematic drawings of such current sheet structures (which, in fact, repesent magnetic field reversals) in

the terresrial and Martian magnetotail are shown in Figure 1. Despite the drastic difference in scales R

and topology of these plasma configumtions, both magnetosphe res con taln current sheets separating plasma

domaing with oppedtely directed magmetic fields. Cross-tail currents have complicated multilayer kinetic
= W20 Amrican Geaphysical Unser geometry where electron-dominated super thin cumrent stnuctures 5s) are embedded in a TCS with
Al RightsReserwd lon scales.
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IOunHamuka 3apsxeHHbIX yactuyu B TTC:
KBasnagnadbatrnuyeckme UoHbl U 3aMmarHU4YeHHbIe
3NEKTPOHDbI

guiding center drift orbits (Northrop, 1963). The theory of quasi-adiabatic motion is based on the existence
of small parameter x = Q,,/Qpg <1 (where Q,, is the ion gyrofrequency in the field B,,, Qpis the frequency of
fastion oscillations across a current sheets in the course of their meandering motion) and developed in detail
in Biichner & Zelenyi (1989). Cross-tail ion current in TCS is supported by the average gyration of meander-

k=0 /Q, <1 (a) (b) K, >1




SIMPLE 1D LOOKING FOR

CONFIGURATION B = Bxﬂ(z)ex _|_B”e_ MAGNETIC FIELD

PROFILE b(z)

i=i*i. roB=2TG )

Here electron drift current is given by the expression (Krall and Trivelpiece, 1973)
J. =

hxV
: B()[X Pt B() -

Here p.;; and p,., are correspondingly parallel and perpendicular (with respect to magnetic field) compo-

l)[lm(l:.v)ll]

nents of diagonal electron pressure tensor; h = B/IBl, B(z) = \I."Hi[z} - B2,

I

The maximum intensity of electron current is reached near the neutral plane
where the gradient of electron pressure is small and curvature current, i.e.
the last term Electron current Eq. strongly dominates:

c | ELECTRON
i~ _ hx(hV h] SCALES
). B(2) (Pan pﬂ)[ (hV) ARE ABSENT !!
Cross-tail current of demagnetized ions: jj,- — €n:u;

where u; ~ vy could be considered as characteristic velocity of ion motion g4
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ne normal magnetic field B

lasma density n

lectron and proton temperatures 7T,,T;

These parameters determine two important spatial scales:

ion inertial lengths 6; = —

where w,,; is ion plasma frequency wy; = \/47n;e2/m;

L

q = Vi /Qin - 1on gyroradius in the field Bn

(,; = eB,/m;c is ion gyrofrequency in B,

ELECTRON SCALE FREE DESCRIPTION=THEN!

WHAT DETERMINES THE THICKNESS OF ELECTRON CURRENT LAYER??

One can introduce the dimensionless parameter 7 = J;/pin

which determines as we will see current sheet structure



Calculations of electron current due to strong curvature drift

Expression for electron current could be simplified to the following form:

 ¢Ap,B dB_(z)

Jre where  |AD, = Pp — D,

— 6
{B(:)} dz
Therefore: de B A jr_
;r*oafB:il—ﬁ(ijrjE) — »|d= < 47 B,
¢ - 6
{B(2)}

Anisotropy of electron pressure tensor should satisfy the marginal firehose
stability condition in TCS (Burkhart et al., 1992)

B

Apezpell_pel=4;z_
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Universal equation describing the embedded TCS

] _aretg b(Z)
2(1+6°(2)) 2

=7Z

h(3)| 1-

!

1) b(Z) <1 we can expand the left side of Eq. in Taylor series —

2) h>1

/4

Asymptotic solutions in electron and ion dominated regions
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Characteristic scale of the electron current~ 3-10km

SUPER THIN CS



Comparison between theory and MAVEN

observations
High resolution magnetic field observations by MAVEN (Connerney et al,

20135) have revealed the presence of TCS near the neutral plane (BX = Q) of
the cross-tail current sheet at the nightside of Mars.

L

50 40 3.0 20
In(Z)

3
Figure (a) The spatial profile of b versus z for the TCS crossing by the
MAVEN spacecraft on 3 December 2014 between 16:05 and 16:07 UT. The
STCS observed near the central plane (B;* ~ 0) is plotted in red. (b) The plot of
In(b) versus [n(z) observed within the STCS. The best linear fit: [n(b) ~ A - In(z)
where A ~ 0.31 is plotted in red. q



Observational probability as a function of the power index b(z) ~Z in power A
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Power index. A
Figure The distribution of probability to use a given A value for the best linear
fit of the [n(b) versus the [n(z) observed in each STCS from our database.,

For each TCS we determine the value of A, and in Figure 5 we plot the distribution of probability to
have a given A value for the best linear fit of the In(b)Versus the /n (2)

The distribution maximzes at 4 — 0.33 which corresponds well to the theory prediction. Thus, we
may conclude that, contrary to all popular current sheet models, STCS has an unusual nonlinear

magnetic field profile and cannot be described by the simple linear function of spatial coordinate

(Z), but can be fitted by the power law function of Z* with 4 close to 0.33.



A

B* Cluster

While Cluster is capable to study the TCS at ion
scales, MMS is successful in studies of STCS at
electron scales

B (nT)

;i (Adapted from Wang et al., GRL, 2018)

MMS observations
f electron-scale STCS
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WORK IN PROGRESS
TCS CROSSING ANALYSIS USING
-MAGNETOSPERIC MULTISCALE (MMS)
DATA

STCS can be observed only by high resolution ~ms magnetic field measurements.

In the Earth magnetotail MMS observations are capable to resolve STCS.

B, =-1.94nT; B =632 nT
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CYNEP TOHKUE (eaunHuubl km) TOKOBbIE CJ1OU

*Modern high resolution measurements (MMS, MAVEN, ..... ) provide remarkable looking glass to
resolve extremely fine structures (few km). CSs usually have multilayered structure with super
thin electron sheets embedded into much thicker proton(or oxygen) CS which provides to such
multilayered CSs additional margin of a free energy

> Magnetic field observations demonstrate very good correspondence to our result concerning
nonlinear magnetic field profile for any realistic value of magnetic shear

«Half-thickness of the outer ion sub-layer is estimated Li ~ é‘l ~ C/a)pi

*Half-thickness of electron inner sub-layer is estimated

(not electron Larmor radius as usually assumed) ‘ |_e ~ A~ é‘iz /pi"l

: 3
b ~ 3Jy-Z . 13
| =5 .

COS™




BbiBOAbLI

« PaboTbl No nccrnegoBaHnUsAM TOKOBbLIX CTPYKTYP B
beccTonKHOBUTENBHOM NMra3me, Ha4vaTble B 60-e - 70-e
rogbl B pabotax C.U.CeipoBaTtckoro , b.A. TBepckoro,
B.l. LabaHckoro 6binuv npoaormkeHbl B paMKax
COBMECTHbIX paboT, npoBoanmbix komaHaamu MK PAH,
HUNAD MIY, TI'N, U3amunpaH.

* [loCcTpOEeHHbIE TEOPETUYECKNE MOAESIN COrNacytoTcs C
OAaHHbIMU HAOMOEHU N NO3BONAKT HE TOJIbKO
MHTEPNPETUPOBATbL, HO TaKXkKe 1 rnpeackasbiBaTb HOBbIE
donsnyeckme CBOMCTBA TOKOBbLIX CTPYKTYP B B KOCMOCE.



[MamaATK HawuX yweawwux ToBapuLLen:
nocnegHue coBmecTtHble nyonukaumm HUAAD —
UKU no TokoBbLIM CNOosiM U AMHAMUKe YacTul,
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