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Substorms and storms
Ring current and radiation belts
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TuTukn payvnTikn avadloapopdwaon

BaOuaia amopakpuvon amno dtataén dutoAou
(tevtwpa / stretching) kat taxeia emwotpodn os
dtataén dutolou (dipolarization)

2004-09—-14 FGM Data from TC—1
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Substorm-driven Magnetosphere
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Fig. 2. Magnetic field lines in the two-dimensional model, The location of the
current sheet is indicated by a straight line at the tail midplanhe, and by the label
on each panel. The location of the ATS 6 satellite is indicated by a cross. The
sheet current strength is k = 300 mA/m. Field lines are traced outward starting from
the earth at 2° intervals ffom 57° to 81° magnetic latitudes.
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Fig. 3. Similar to Figure 2 except that the tail current sheet location is fixed and
the strength varies.



Turkn petaBoln
UTTOKOTOLY LOOLC

Ertitayvvon
cwpaTidlwyv

KOlL EyYUon

oTnVv evOOTEPN
nayvntoodoipa

2s sr))

J(e,lo) (1/(cm

Electron Flux (E>50 kev)

U J

— b

N
16:00:00 17:00:00 18:00:00 19:00:00

2004-09-14

20:00:00



Electron injections and aurora during substorms
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Magnetospheric substorms

Duration: 2-3 hours
Energy: 101>-10% ]

dayside reconnection /
energy loading

nightside reconnection =
msph. reconfigurations,

energy dissipation, —
particle acceleration,
plasmoid ejection

auroral brightening,_

field-aligned currents,
Joule heating

Rate: several / day
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10': Yearly electricity consumption in Greenland in 2008. 10'6: Impact energy released in forming Meteor Crater



10  MAGNETIC STORMS CAUSED BY COROTATING SOLAR WIND STREAMS

24 JUL 1998
09:36:19 UT

15 JUL 2000 27 JAN 2000
20:25:30 UT 07:01:42UT

Substorm

HILDCAA

Plate 1. A comparison of typical auroral intensities during a magnetic storm, a substorm and a HILDCAA event. The HILDCAA
event has the lowest of the three auroral luminosities. The figure is taken from Guarnieri (2005).



Geospace magnetic storms

Duration: 1-3 days
Energy: 101-1018]
Magnetosphere:

global B disturbances

particle acceleration
Auroral regions
bright auroral displays

intense ionospheric
currents (electrojets)

rapid surface B variations
Rate: 1/month




KoBoploTiko XapaKTnPELOTLKO
TNC HOYVNTIKNC KaTayldac:

Naykooutlo Meiwon
(og peoala ko xapnAd mAAtTn Ko
o€ OAa tTa Yewypadikd UAKn)
TNC opL{OVTLOC CUVLOTWOOLC

TOU YEWMOYVNTIKOU Ttediou



«MpoamattoVpevo» Katoyidbwv
loxupO VOTLO SLATTAQVNTIKO MOyVNTLKO Ttedio
neyaAnc dtapketac (= moANEC WPEC)
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Wind — 10-11 January 1997
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Figure 3. An ICME detected at 1 AU just upstream of the Earth.
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Figure 5. An example of three fast forward shocks pumping up

the interplanetary magnetic field intensity. Taken from Tsurutani et
al. (2008a).
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KoBoploTiko XapaKTnPELOTLKO

TNC HOYVNTIKNAC KaTayldac:

Naykoouto Meiwon tou Mewpayvntikov Mediov

TTOU UTIOPEL VoL EpUNVEVOEL UE TO
SLapayvnTiKO amoTtEAECHA
£VOC YLyQVTLOU
KUKALKOU /S aKTUALOELOOUC pEVUOTOC

TIOU PEEL OTO dlaotnua yupw armo tn 'n






Magnetic Field Variations During Geomagnetic Storms

Night Side

Net westward
ring current J

— - ——ly

Adolf Schmidt
(1860-1944)

In 1916 Adolf Schmidt attributed the “main phase decrease” of the
horizontal component of the magnetic to the existence of a ring current.



essential element of the magnetospheric electrodynamics

* The ring current is an essential part of a global system of electric
currents that surround the Earth’s coupled Magnetosphere -
lonosphere space environment.

* Similar processes take place in other planets’ magnetospheres.
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‘ PeUpa-8aKTUALOC: 0 MPWTAYWVLIOTAG TWV KATALYid WV

KvugLotega xagaktnoLoTika Tov:

= Current carried by electrons and mainly
by ions (H*, O*, He**, He*) in the energy
range ~1 keV to 500 keV

= Maximum pressure within 50-100 keV

= Broad spatial extent: 3-8 Ry (geocentric)

= Maximum intensity at 3-5 Ry (geocentric)



loxupo vOTLo OSlamAavnNTKO HaAyvNTIKO Tiedlo HEYAANC
OLAPKELOC EXEL WC QIOTEAECHO TNV TIOPOATETALEVN
Hetapopad HOYVNTILKAC PONC OTN HoyvnTooupd Kol TNV
avénuevn CUOCWPELON dlaBeoLunc LLOLYVNTLKNC
evepyelac. Mepa amo to wlaitepa AQAUTPO KOl XWPELKA
NMOAU EKTETAMEVO OEAACG, TTIOU TO OUVOOEUOUV OUVEXELC
VEWUOYVNTLKEC Slatapaxec o€ vPnAd yewypadika TTAATN
AOYW  LoYUpwv  NAEKTPlKWYV  pevpatwyv  («nAektpo-
XELLAPPWV») o PEOULV otnv Lovoodalpa,
KataypadovTal Kol YEWHAYVNTIKEC SLATAPAXEC O HLECAL
KoL YapnAd AATn Kol o€ OAa Tta yewypadika pakn (dnA.
MOYKOOMLWCG), KaBwc emionc Kol  TAPOATETAUEVN
ETULTAXUVON KOL EYXUON EVEPYNTIKWYV LOVIWV KOl
NAEKTpOVIWY, WME amoteAsopa Tt Onuloupylo  €voc
SaKTUALOELOOUC NAEKTPLKOU PEVMOTOC YUPW arto TtTn 'n.”



https://wdc.kugi.kyoto-u.ac.jp/dstdir/
Dst-index Home Page

Dsr (nT)
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https://wdc.kugi.kyoto-u.ac.jp/dst_realtime/202304/index.html
April 2023
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https://wdc.kugi.kyoto-u.ac.jp/dst_realtime/202304/index.html
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Ring current sources

The terrestrial
atmosphere

2000/01/18 14:30

The solar
atmosphere




® Solar wind

® lonosphere

[Chappell et al., 1987]

Sources of Ring Current lons

SOLAR WIND .
ENTRYAND o

(D) PoLARWIND, ¢
FOUNTAIN AND POLAR CAP SOURCE
(INVISIBLE ?)

Het H
4 ot (2) PLASMA SHEET ENERGIZATION
N (PARTICLES BECOME VISIBLE)

PLASMA
TROUGH
FILLING

(3) BOUNCING AND CHARGE TRANSFER

. INWARD DRIFT AND BETATRON ACCELERATION
DIRECT ENTRY OF ENERGIZED @ il

AURORAL IONS IN THE PLASMA
SHEET BOUNDARY LAYER

\. PLASMASPHERE
FILLING AND
¢\ DRAINBACK

Solar Maximum

H- He* o+ H* He* o+
+. . . agn

Quiet plasma sheet max H™: solar min & quiet conditions

Polar wind 4.7x10% 3.3x10% 1.4x10% 1.8x10%*

Cleft ion fountain 3.3 x 10** 1.6x10%  6.3x10* 7.3%10* )

Auroral zone 2.1x10% 1.6 1035 1.7x10% 1.0x l()if1 max 0"': solar max & active conditions

Polar cap 2.4%10% 2.4x10*  4.3x10% 3.9%x10%

7.4x10®  33x10**  3.4x10% 1.7 x10% 1.8x10**  2.1x10% . . :

Toul Total ionospheric flux ~ 1026 jons/s
Total Tons L1x10% 19> 10% => comparable to solar wind source
Active plasma sheet

Polar wind 3.2x10% 1.2x10% 9.4x10%  8.6x10%

Cleft ion fountain 4.3 x 10* 4.8%x10% 4.3x10* 1.9x10%

Auroral zone 2.6X% 10?5 7.7%10% 3.3x10% 3.2%x10%

Polar cap 6.1x10%* 2.5x10%  1.0x10% 1.5% 10?3
Total 6.7x10%  1.2x10% 1.4%10%  8.6%x10®  6.6x10%
Total Tons 2.2x10% 2.1x10%

Fluxes given in ions s™'.
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Ring Current Composition
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Ring current during intense storms - Dominant role of O+

CRRES orbits 05860592 MICS
Date: 23.03.91 DOY: 082 CRRES orbits 0764-0769 MICS

Energy range: 50.0-426.0 keV Date: 04.06.91 DOY: 155
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Daglis, Magnetic Storms Monograph [1997]



Lots of oxygen — not so much nitrogen.Why!?



Awadpuyn alwtou

Evépyela diaomaong poptakol Seopou:
N, (tputAocg): 945 kJ/mol (9.79 eV) <—
O, (6uthoc): 497 kJ/mole (5.15eV) <«
H,: 436 kJ/mole (4.52 eV)

Evépyela Loviopou:
N: 1402 kJ/mole (14.53 eV) «_
0: 1314 ki/mole (13.62 eV)
H: 1312 kJ/mole (13.60 eV)

J To alwrto sival moAU SUGKOAOTEPO va SLACTILOTEL KOIL VAL LOVLOTEL
» AvokoAotepn bdiapuyn






What Drives the Current?

Electric current density:

j - Z €sMg <V>

plasma “collective behaviour”

B B

, b \V, b-VB
=g x (£+(pu—p¢) )

pressure  pressure
gradient  anisotropy



Global magnetohydrodynamic models

SION-Bz5

-20 -40

Plasma pressure buildup

Pressure
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Current buildup

Courtesy of Dr. Slava Merkin
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In-situ observations of the ring current

AMPTE Charge Composition Explorer
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Krimigis et al., [1985]
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Ring Current Loss Processes

Energetic
Neutral
Precipitation

Plasmapause

Lower Density Cold
Plasmaspheric Plasma
(Dusk Bulge Region)

Ring Current Belt
(1-300 keV)
Density Isocontours

Dawn

lon
Cyclotron
Waves
Conjugate
SAR Arcs
Dusk Anisotropic
Energetic

lon Precipitation

L~8) (L~6
( > ) Wave Scattering
Isotropic Energetic lon  ©f Ring Current lons

Charge
Exchange

Coulomb
Collisions
Between

Ring Currents
and

Thermals
(Shaded Area)

Precipitation [Kozyra & Nagy, 1991]



Losses

GEOMAGNETIC e::mc ’ ,
e (g o
K X
N\ 7S » \X T
X K
S s, ,
P o /5 p

—_—

Charge exchange with geocoronal
neutral hydrogen atoms:

A singly charged ion collides with a
neutral atom or molecule and
captures one of its electrons, thereby
becoming a neutral atom, no longer
affected by electric and magnetic

fields.

Magnetopause losses:

lons in open drift paths cross the
magnetopause boundary and are
lost from the system.



Charge Exchange Process

COLD GEOCORONAL Sl
NEUTRAL HOT NEUTRAL . \
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Charge Exchange Model

'05 1 1 i 1 I I 1 1 L] ) p
E CHAMBERLAIN MODEL EXOSPHERE DENSITY :
-—=- T3x 900K, Nc-'ro.OOOCM"” i
A —— T21050,K, N¢ * 44,000 CM™>
e — — T11200K, Ng* 31,000 cM™ =
".” i All models rc = 1.08 Rg, reg=3.0 1o i
© ~
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Equatorial exospheric Hydrogen densities Charge exchange cross sections

[Rairden et al., 1986] [Phaneuf et al., 1987; Barnett, 1990]
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Key Space Weather element: Radiation Belt Losses
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' SR s

4.5 MeV electrons -

an Allen Probes data-

Courtesy of Grant Stephens

The distortion of the Earth’s magnetic field in the inner magnetosphere due to the
ring current formation, affects the transport and loss of radiation belt particles.




Van Allen radiation belts




Radiation Belts: Inner, Outer
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Inner belt: CRAND
(Cosmic Ray Albedo Neutron Decay)

AEUKAYELOL KOOULLKWV OKTLVWV:

Secondary particles
which have appeared
as the result of the interaction of cosmic rays
in the underlying layers of the atmosphere.
Neutrons decay with a 10 min half-life.



Inner belt: CRAND (Cosmic Ray Albedo Neutron Decay)
Alaomaon B-: dtaomoon EvOoC VETPOVIOU OE Evo TIPWTOVLO,
£VO NAEKTPOVLO KOl EVOL OLVTLVETPLVO TOU NAEKTPOVLIOU
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Particles during the solar cycle
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Cosmic ray modulation, important for inner zone
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Fig. 15. Proton distributions on the magnetic equator for protons in the inner
zone at £ > 80 MeV which were used as the basis for the first trapped proton



