npOCTpaHCTBeHHo BpeMeHHble
CTPYKTYpPbl B OBase nons )HbIX CUSSHUMN:
noaxopnbl K MOAEANPOBaHMIO

O(PN3NYECKUN UHCTUTYT
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6> MexayHapoaHas KoHdoepeHumns 21-24 NioHa 2022
"TpurrepHsie acdoekTbl B reocnucremax” NAI, Mockea



Copep>xaHue

* [lepexoaHble npoLeccbl B MarHUToCchepHo-
noHocgepHom (MN) cncteme

* «Direct driving» n «load-unload» npoueccsbl

* CaMoopraHm3oBaHHass KPUTNYHOCTb UK
TYPOYNEeHTHOCTb

* CTpyKTypa aBpopasibHbIX BO3MYLLEHNA U
npoLuecchbl B MarHUToCcepHoO-noHoCchepHoun
niasme

* [eomeTpuna ppakKTasioB U MyNIbTUPPaAKTaIOB

B noknage obcyxxaatoTcsa noaxoabl K pa3paboTke

MoAenn NPoCTPaHCTBEHHO-BPEMEHHON CTPYKTYPbI

aBpoOpasZibHOro oBasia, OCHOBaHHbIE Ha

gH0ere TegmspHsive PPN HANPZAHKILLAGH KIXPOCTpaHCTBEHHO-
l KO/T03EMHOM KOCMWYECKOM NPOCTPaHCTBE

Wﬁ%&ﬁﬂ%@%m yepes 0CO6EHHOCTN caMmoopraHm3aunm

N1a3Mbl K NPOXOXAEHNIO PAANOBOSIH.
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KpynHomacLwTabHasi CTPyKTypa B OCHOBHOM
onpeaenseTcs cpenoi

Polar Cusp

Plasmasphere

lonosphere

Auroral

—
—— o — o —



AUTroral 1orms witnin

1981/312

L _
Schematic figure of aurora by S.-I. AkasofL?Fz.DE'l

[L.A.Frank]
During the International Geophysical Year (IGY) (1957-58),
space scientists all around the world coordinated their efforts to
record the aurora from many places at the same time. From the
analysis of this data, two important concepts in auroral physics
were born: "auroral oval" [Feldstein and Starkov ]Jand "auroral

e Diffuse aurora
equatorward of the main
oval.

* Discrete auroral arcs
« Homogenous bands

e Curtains or draperies
 Rayed arcs

* Folds and curls

e North-south auroral
arcs (streamers)

* Polar cap arcs (theta
aurora)

* Omega bands
 Westward travelling
surge and auroral bulge
e Auroral patches

e Pulsatina or flickerina



CNOKOMHbIN
OpaJibHbIN
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Dynamics Explorer [/Spin—Scan Auroral Imaging

P.I. — Dr. L. A, Frank, University of Iowa

81312063041_C3F 813120684249_C3F 81312065457 _C3F
YYDDDHHMMS S — Photometer “C" — Filter "3" {120W) [2,070]

81312071914 C3F 81313073122_C3F 81312074331_C3F 81312075539_C3F
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Dynamics Explorer [/Spin—Scan Auroral Imaging

P.I. — Dr. L. A Frank, University of Iowa

- = ]
-1

81312080747_C3F 81312081956_C3F 81312083204_C3F 81312084412_C3F
YYDDDHHMMSS — Photometer “C" — Filter 3" (120W) [2,070]

I

L

81312085620 _C3F 81312090829 CSF 81312002037 C3F 81312003245 CSF



Dynamics Explorer [/Spin—Scan Auroral Imaging ‘TeTa- aBpopa
PI — Dr. L. A Frank, University of lowa | ; -

Bz>0

81312141206_CR2F 81312148414 _CEF 81312143623_CR2F 81312144831_CRF
YYDDDHHMMS S — Photometer "C" — Filter "2" (123W) [2,080]

81312150038_CR2F 81312151248_C2F 8123121524586_C2F 81312153704_CRF




Moagenu oBana

CtapkoB-®PenbaluTenH
OVATION-Prime

Kp-index

[paHULbl 1 OCHOBHbIE NMOTOKK, 63 CTPYKTYPb!

Date 22.6.2022. Time (UTC) 5:00

Total Power north 2010-08—-05 23:55 CMT

SKY SUN FCST

N67°46'48" E32°50'26"
21.06.22 21:45:00 UT
E  23:54:26 AST

Kp=2.0

21:45 e

Initializes



Auroral precipitation model

The model presented here shows the
planetary distribution (corrected geomagnetic
latitude - local geomagnetic time) of different
type auroral precipitation (location, average
energy and energy flux) depending on a level
of the geomagnetic activity determined by AL
and Dst indexes.

Vorobjev V.G., Yagodkina O.l. Effect of magnetic
activity on the global distribution of auroral

precipitation zone // Geomagnetism and Aeronomy.

V. 45. Ne 4. P. 438-444. 2005.

Vorobjev V.G., Yagodkina O.I. Auroral precipitation
dynamics during strong magnetic storms //
Geomagnetism and Aeronomy. V. 47. Ne 2. P. 185-
192. 2007.

http://apm.pgia.ru/

00

AURORAL PRECIMTATION MODEL { ZOMNES )
MODEL INPUTS:

AL = -500nT

DST = - 100nT

generaled by PGl Auraral Precipitation Model ( hitp: //webapps. pgia.ru/apm/ )
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Aurora Is a result of plasma processes
In system Sun-Solar wind-
Magnetosphere-lonosphere




The complex system approach

The Earth’s magnetosphere-ionosphere system is a complex non-
linear system, far from equilibrium state, but the external forcing by
solar wind lead it to neighboring of self-organized critical (SOC) state.

Unlike to a linear system, the non-linear system should be studied by
dynamics of transients.

Substorms... !

The breakup gives us a unigue possibility to see the auroral response
to the turbulent magnetospheric fields applied to the ionosphere.

The aim of data analysis: to consider the scaling features
of spatial fluctuations in auroral luminosity and its time
evolution at the early breakup stage.



Magnetotail — open, extremely dynamic system ( >1 ),
permanently existing in planetary magnetospheres

Balooning & Tearing

[Milovanov A. and Zelenvi L.. 1

Multiscale
selfsimilar fractal
structuring
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Non-Stationary
Steady State

Nonlinear interaction of various unstable
modes. Saturation of fluctuation growth

Superposition of instabilities



Turbulent dynamics
of magnetosphere

Antonova [2002] )
o
gzl//

== |NTERBALL data
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ISEE-2 data

Antonova [1985]

Borovsky et al. [1997]
Borovsky and Funsten [2003




Self-organized critical (SOC) state

I Spatiotemporal evolution of transients
follows distinct power-law statistical relations,
including power-law scaling of occurrence
probabilities of the duration, area, energy .
output and some other relevant quantities. Bfuell, Stadaile (Dbl My Eftion Wissee il

" These scaling laws strongly suggests the [Bak, 1997]
existence of a universal dynamical principle,
such as self-organized criticality (SOC) ,
arranging the system dynamics in a uniform
scale-free fashion across quite different
spatial and temporal scales.

I More details about self-organized criticality,
avalanche analogy and sandpile models see
in [Bak, 1997; Jensen, 1998]




Avalanche analysis:

1-D and 2-D characteristics of auroral spots

A intensity X “'X
s(t) e
intensity threshold

Characteristics 2-D spatial spots 1-D spatial spots

Integrated size S = T}S(t)dt I = T}[(t)dt

Total dissipated energy E = w(t)dt E=1{( w(t)dt
T} T}

Maximum spatial size A = max s(t)dt L. = max [(t)dt
T T

Maximum dissipated W =max w(t)dt W =max w, (t)dt

nower (T} {1}




Optical
observations
during 19-20
January 2001

20:50-00.30UT

Bz IMF = +2
nT

Dst = 14-22 nT
Kp =1-2
AE <100 nT

IMAGE W ide-band camens TV frame
erepel] 00:24:47 QLF20-01

Barentshurg

TV fram es
21736:00 01-13-01

seanning photom eter

22°23:00 017f9-a1




Comparison of distributions obtained by groundbased TV all-sky observations and

Spot lifetime POLAR UVI IMag&imum spot area
100 i EE R N e AR EERE R AR AL N T T | | |
)| |
r 1 (G2
L \ slope = —1.86 10
10_2_ — |-_ TV \\ 2 4l
slope = —-2.33 H100
x
L 5 <
104 — - )
i —10_28
= : i s
3 . ]
-6 slope = -2.25 i o
10 P - POLAR 31
19.01.01 - 19.01.01 107* 5
I )
10_8'28.01.01 | 28.01.01 10_6
£ al
10 10 A i i o i il . ] ] | I | | _10_8
100 10 102 109 104 10° T L SR e [
T, s A, km?
ﬁ ﬁ
4 orders 6 orders

[B. V. Kozelov,V. M. Uritsky, and A. J. Klimas, GRL, 31, L20804,
2004]



Comparison of distributions obtained by groundbased TV all-sky
observations and POLAR UVI images

Integrated size
- i
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& | w
= 19.01.01 =
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[B. V. Kozelov,V. M. Uritsky, and A. J. Klimas, GRL, 31, L20804,



KcTtaTtn o TpUrrmpoBaHum.
Analogy with SOC system lead to obvious classification of
substorm onsets.

(a) (b)

Spontaneous (a)

IMF Bz

locally stimulated (a)

" AE indices

globally stimulated (b)




Probability of event stimulation

20°F

Schematic from [Kozelova et 40
al., 1989

v - stretching of magnetic field 60r

dB, - fluctuation of B, IMF X
near substorm onset

dBz, uTn

[
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e e B S
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Importance of the power—law statlstlcal
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Importance of the power—law statlstlcal
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Numerical test of deriving of aurora scaling parameters

from ground-based imaging observations:
BlESE “short rays “long rays”

Analysis of the imaﬁ by Log-scale Diagrams [Abry et al.,, 2000] based on wavelet
decomposition. j—log patial scale, y; - log of variance of detail wavelet coefficients at scale j.



Importance of the power—law statlstlcal
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The main known results for aurora scaling

gt




Example of MF features of vB, (2000 year)

—a.21

(q) is estimated from hnear regressmn of log Z(q,a) versus log a
on the time scales 4-128 minutes.

A bootstrapping technique has been employed that allows us an
estimation of, and reduction of, error bars.
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Individual transient

data analysis

Auroral electrojet activity.
Start of intensification at

~1227UT has been
analyzed.

Polar UVI keogram

Polar UVI images

2000/02/07
00

(nT)
j\lJ 500

AL -s500

-1000
-1500

-2000

2000
(nT)
1500

1000

AE s00

AE(1 1 ) (PrOViSional) WDC for Geomagnetism, Kyoto

| 12
11

MNW=odo

12
11

MNWs=oo

18 A

[Created at 2009-03-09 07 04UT]




2
o+ . oF .
- P L
[ - Un_l\fg_ 4
g [
t o

Evolution of scaling index a
calculated for intensity
fluctuations in the columns of
marked regions of Polar UVI 3
Images.

ooL.
12:25 12:30

LD_2000038_122529 gif LD_2000038_122756.gif

L | | ! . . . .
1 2 3 4 1 2z 3 4
octave, |

1.5/

1.0}
< i

0501

February 7, 2000

12:35 12:40 Ut

LD_2000038_123404.gif LD_2000038_123935.gif
¢ )
-
3 ] g7
o
| _4 =
-5

1 4 3 4 1 4 3 4
octave, | t j

octave, | Ve, | octave, |
Variance of wavelet decomposition coefficients at given scale as a function of scale.
The error bars - estimations bv bootstran method (95% confidence level)



TV observation of theta-aurora on Barentsburg

nmg AT
03-07-02

* Bz IMF >0, activation of polar arc:
7 March 2002, 21:15-21:35 UT

* See detalls of this event in
[Kozelov and Golovchanskaya.




GSF analysis of luminosity

variations for theta-aurora
[Kozelov and Golovchanskaya.
GRL, V.33, L20109, 2006]
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time, minutes after 21:00 UT

Conditioning with A=70 has been used to decrease influence of
stars.

Power law region for scales < 30 km is observed up to 6 moment
of the structure function.

Scaling index as a function of the moment has non-linear form,
that means multi-fractal structure of the signal.

Scaling indexes are varied during the event. Maximum value of
¢, /m was ~0.53



ultiscale - : .
Anisotropy.ofscaling index
maging
etwork

Apatity auroral camera, N-S keogram February 4, 2011
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Guppy-C data, green
channel. The overlapped
polar plots present angular
dependence of the scaling
index. The index value is
expressed by radial distance
and the angle indicates the
direction of a linear cross
section of the image used for
index calculation.
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o o

N
o

_bUJ

w

Black(gray) line shows
evolution of the scaling index
for perpendicular (parallel)
cross section of image 18:08 UT

scaling index o




Cnyuyaun 20 mapTa 2020, 19:42 -
19:49 UT Apatity AS (panchromatic) keogram

IOnsa aHanm3sa ncnosib30BaHbl AaHHbIE SMUCCMOHHOIO NMaxkepa obcepeaTopun
"JloBo3epo", kKamepa KaHana amuccum 427.8 Hm (El42). Kamepa BkoYaeT
cBeTocuNbHbIN 06bekTne OCLU-1.0-FAO(8.2), EMCCD kamepy PhotonMax:512B,
dbunbTpoBoe koneco ZWOEFW5x2 ¢ Habopom cBeTODUNLTPOB
(MHTepdepeHUNOHHbIN cBeTOMUALTP Ha 427.8 HM N aACOPOLMOHHbIN
ceeTopunbTp Ha rpynny 1NG 380-500HM).

Mpubop obecne4vymBaeT: none 3peHnsa - 180 rpana., yrnosoe paspelieHue - oo
0.35 rpaa., pa3spagHocTb ALUIM - 16 6uT, BpeMeHHOe pa3pelwieHue - 0.1 cek. ¢
CUHXPOHM3aUNEN 3KCNO3nNLUN OT cuctemsl GPS

Pernctpauynsa nposoaosiacb nod nponetbl cnyTHMKa ARASE.Bcero B 3ToM ciny4ae
nmeem 4095 kagpos.

Mpouepypa obpadboTkm:

1.0rpaHn4yeHne nong 3peHnsa o 75° oT 3eHUTa N orpaHnUYeHne rno ypoBHIO
WHTEHCUBHOCTMW.

2.BbigeneHune CBA3HbIX KJ1ACTEepPoB Ha Ka)kaoM Kagpe.

3.MpocnexnBaHne NCTOPUN KJTaCTEPOB BO BPEMEHM. 19-00 10 20 30 40 50 20-00
4.0npeneneHne HavyaslbHOro U KOHEYHOr0 MOMEHTA A1 KaXKA0ro KjacTepa, P : : : : ) :
MaKCUMaJibHOW naowaan (C y4eToM NCKakeHne obbekTnBa) KaXx4oro Knacrtepa 20 March 2020, 19:00-20-:00 UT

B Te@4eHue ero UCTopumn, UHTErpupoBaHHOM MaoLWaAn KaXX4oro Knacrepa.
5[0t MEKBECRAFREA PIOHA B HHIBIM RGBC ke BEErwoBieba B J1oBo3epo




CtaTucTtuyeckue pacnpegeneHus gna caydaa 20 mapra
2020 19:42 - 19:49 UT

Spot lifetime Maximum spo arrea Integrated Size
T LA | 1Q0 T T T T T 109 T T T T T T
10°
1072} - 107 I
-2 1074+ -
10 10-4_ a
£ S 0
Q. [o R K 10—6_ _
T 107°r -
107°F -
107 .
-6 _ .
10 - slope = -1.58 ] o0l slope Mg
10_10 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 IIIIIIII 10 111y 1.31 I I I I \-
0.1 1.0 10.0 100.0 1000.010000.0 1072107 10° 10" 10% 10° 10* 10°
A, km? S, km? s

B paccMoTpeHHOM nHTepBase BblaeneHo 83375 nNpoCcTpaHCTBEHHO-BPEMEHHbLIX KJTACTEPOB (NATEH).
B pacnpeneneHnsx Ha Manblx MacwTabax BUAHO U3MeHeHne hopMbl pacnpeneneHmnm (CnaoWHble
NMHUK € poMbammn). KoHTposibHaa obpaboTka nocnenoBaTesibHOCTU KadpoB C 3aKPbITbIM 3aTBOPOM
NnoKa3saJsio, 4TO pacnpeneneHns Ha MasiblXx MaclwTabax onpenenainTcs WyMoM geTekTopa (Menkmnm
NYHKTUP). Ha 6onbwnx MmacwTtabax Ha pacnpenesieHnsax BbloesieHbl CTENEeHHbIe YH4aCTKN (KpaCHbIN
NYHKTUP), NOKa3aTenn npmeeneHbl. NMnk okono 10 ¢ Ha pacnpenesneHnn BpeMeH XN3HU



Busoﬂu

1. ABpopasibHbIi 0OBas1 OTPpaxXaeT AUMHAMUKY MarHUTocgqoepHo-
MOHOCHEPHOI CUCTEMBI. |

2. CyllecTBylOLLIME MOAENN HE OMNUCLIBAOT BHYTPEHHIOK CTPYKTYPY
aBpoOpasibHbIX NMOTOKOB 3apsXKeHHbIX aBpOpasibHbIX YacTULL.

3. Hapsaay ¢ perynspHbIiMy CTRYKTYpamu (ayru, nysbcupyrouime nAaTHa)
B CTPYKType aBpopasibH IChINAHWIA NPUCYTCTBYET camonoao6me
(cTeneHHbIE pacnpeae , KAK B CTaTUCTUYECKUX

e B UHOMBUAYa/IbHbIX NEPEXOAHbIX NPOoLeccax.

OcnoXxHeHus:
1. AHM30TpONUA (PpakTa/bHbIX Xapak
2. MynbTUOpPaKkTasIbHOCTb TPaH3|
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