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Introduction to substorms



Magnetospheric substorms

Akasofu, 1964




Magnetospheric substorms

http://cse.ssl.berkeley.edu/artemis/videos/THEMISASI-hires_1280x720.mov



Magnetospheric substorms
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Angelopoulos et al, Science, 2008 :

Substorms are global reconfigurations of
the magnetosphere involving storage of
solar wind energy in Earth’s magnetotail
and its abrupt conversion to particle
heating and kinetic energy.

Energy input
Energy inside the tail

Energy release \

Growth phase
~2 -3 hours

Expansion
Phase
~30 min.
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Substorms models

Lui, 1996

Baker et al, 1996
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Key signature in substorms :
Substorm Current Wedge
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Key signature in substorms :
dipolarization

z » Global reconfiguration of

the magnetic field in the

. tail

> also observable at
— geosynchronous orbit

Bz increases !

«




Dipolarization VS Dipolarization fronts

_ Dipolarization Dipolarization Fronts

Bz increase ? Rapid and large
(many minutes)

Magnetic fluctations ? Large
Propagation ? Tailward
What are they ? Temporal manifestations of local dynamic
process

(global reconfiguration of the magnetosphere)

Origin ? Current disruption

When ? Just prior to substorm onset

(Lui et al, 2013)

Transient
(1-2min)

Earthward
Plasma discontinuities
(ahead of plasma flow)
Magnetic reconnection

After substorm onset
(always)



Dipolarization fronts & plasma flow
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Fig. 2. The magnetic field and ion plasma parameters superposed

for 818 fast Earthward flow events observed in the CPS by Geotail :
spacecraft with the start of a B; increase used as the zero time (from (Ohtanl et all 2004)
Ohtani et al., 2004).



Bursty Bulk Flows

1000F
3 E BBF are strong, transient and
5 E E localized increases of plasma
" - p - " transport observed in the plasma
sheet.

H o o
=K==
TTT

I
[
o o
TTTTTT

Elevation of field, deg
~
o

Two criteria to identify them:

£ af 3 * Bulk flow

> 6fF =

ELE /\A}\/\/\/\/\ ; Vx > 400km/s

o 2F 3

> 3 A (Angelopoulos et al, 1992)
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Figure 3. A typical BBF observed by Geotail X = -25 Rg. The BBF started at 02:55:03 UT i
orll OZober 3)ll.pllc;94 (at ;Ogesn:)n thi tifnoe axinseiax: thgcplsontl). Displaygd ar:the Xfcor:poz:ncm of the ion ¢ FIUX transport along the tall

bulk velocity Vy, the elevation of the magnetic field, and the dominant component of the electric field,
Vx Bz. The dipolarization of the plasma sheet that accompanies the BBF can clearly be seen in the plot NVX BZ > 2 mV/ m

of the elevation. The time resolution is 12 seconds. .
(Schodel et al, 2001)
Schodel et al, 2001



BBF bounce

A
V4
5 \ : iv e Average bulk velocity not independant of
8 > ~ radial distance in the CPS
L <= gm s runel
%’, ”
2111/ "\ cumvature Radius is 5 Re * Whereas, the average transport rate of
magnetic flux is nearly constant
B C
* In the near Earth, cross-tail flows have to be
\ taken into account :
2l A\ &
g o]
) {) = By = [ (VB2 + (VyBy)2 12
/ = E,>2mV/m

~== Earthward BBF
=== |sobars

Tallward flow due to pressure
gradient after the incident
earthward BBF stopped

Figure 9. A sketch illustrating in (X, Y) GSM plane (a) the
interaction of the earthward-moving BBF with a magneto-
spheric barrier, (b) consequent stopping of the earthward
BBF and starting of tailward flows due to radial pressure
gradients, and (c) smoothing of the pressure gradients over

larger scales tailward. (PanOV et al’ 2010)

=> Rapid Flux Transport event (RFT)



Themis observations in the near
tail (~¥10-15Re)

Several successive plasma sheet
activations composed of DF and BBF



GEOTAIL and ACE : solar wind
THEMIS and GOES : tail

Position of probes in the XY plane

XZ Plane
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Overview
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Auroral Electrojet Index
Al

Induced ground magnetic field

* H toward magnetic north pole
e Zvertical on site
* D to complete the system



Bz
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ming : THEMIS D
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Plasma flows in the tail
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Ground based coverage
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High latitude data
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BBF-RFT number

|
06:00 07:00

— EH = [ (VXBZ)Z + (VYBZ)Z ]1/2
= E,>2mV/m

=> Rapid Flux Transport event (RFT)
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Wedgelet observed at midlatitude
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New parameter introduced by V. Sergeev
elN
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Role of small DF

* Very small events like 1-3, are unlikely to be
detected by automated routines based on
threshold variation

* Nevertheless, they show the same ground
based signatures as substormes.

* They seem to differ only by the number of
involved RFT.



Summary and conclusions

8 succesive PS activations with good spacecraft and ground based
coverage.

At least one RTF by PS activation which seem to be responsible for
wedgelets creation.

Small DF, also associated with wedgelets.

There seem to be no threshold and no physical difference other
than magnitude, so we may have observed the smallest form of
substorm.



What is next ?

 This events observed from the lobes are called NFTE.

* |n the present study, we observed NFTE in quiet time.
— They create small SCW

 We found NFTE happening after a real substorm onset.
— They modulate the SCW

Cluster study : no data in plasma sheet but same lobes
signatures.



