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Space Environment
Lecture /

Plasma in the geospace environment





http://www.swpc.noaa.gov/noaa-scales-explanation
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Inner magnetosphere plasmas

* Plasmasphere
— |-10 eV ions
— ionospheric origin
* Ring current
— 1-300 keV ions
— ionospheric/solar wind origin
e Outer radiation belt
— 0.5-10 MeV electrons
— magnetospheric origin
* Inner radiation belt
— 10s-100s MeV ions (GCR)
— 100s keV electrons

Geospace: Gigantic particle accelerator!
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Imaging the plasmasphere

Extreme Ultraviolet Imager (EUV):
Attelkovilel TNV katavoun Het peocw tNng
eKTTOUTNG Touc ota 30.4nm.

Ta wovta nAlou amoppodouv TV UTIEPLWAN
aktivoBoAla tou HALOU KAl TNV ETTAVEKTTETIOUV.






)
The coldest plasma controls the hottest particles

a. Normal plasmasphere/radiation belt b. Distorted plasmasphere/radiation belt
location under typical conditions during October/November 2003 storm
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Sources and sinks of plasma
in the geospace environment



Mota elval n mnyn tou

LayvntoodalpLlkol MTAACUATOC;




The Solar Source Paradigm
To mpoOTUTo TNC NALOKNC TIPOEAEVONC




HAIO2

HALQLKOC AVEUOC:

AmoteAeital Kuplwc armo
npwtovia (96%),
owpatio aAda (He?*, 4%)
Kol NAEKTPOVLA

MEoEC TLUEC:
— Tayvtnta: 400 - 450 km/s
— Mukvotnta: ~5 cm3

— Oeppokpaoia: ~10 eV (10° K),
w¢ ~1 keV




1972:
H texvoAovia aAAdlel To OKNVIKO
TTpwTn avixveuon 16vTtwyv O*

EnerceTIc HEAVY TONS

REV 875 NORTH, TS UT

Shelley et al, 1972
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H. Koskinen




L Radiation belts

Magnetic shell Inner electron Magnetic field Gyration
forL=25 belt line

Outer electron Bounce
belt motion

L values

Magnetic

field line Electron drift

Proton motion
drift motion

B values
in Gauss

Mitchell [1994]




Planned: 3 years. Final: 20 years!
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Flux variability in the radiation belts

The radiation belts exhibit substantial variation in time:

Solar cycle:
years

Season: Months
Solar rotation:
13-27 days
Storm recovery:
days

Storm main
phase: hours
SSC: minutes

SAMPEX/Proton (19-27.4 MeV)/Electron (2-6 MeV), Sunspot No., and Dst
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SAMPEX and Van Allen Probes (25 years!)
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Variability of the Electron Belts - Day to Day

EPT Lu (chi: 0.5-0.6 MeV) 21st May 2013 to 15th Jan 2014

ey

GEO orbit
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2013 2013 2013 2013 2013 2013 2014

10° 10
Differential flux [ cm®s' sr’ MeV']

How do you produce high energy ( >1 MeV) electrons?
What causes the variations?
No electrons greater than ~800 keV in the inner belt



Variability of the Electron Belts — CME/Shock Compression
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Variability of the Electron Belts — Major Geomagnetic Storms

Baker et al. Nature (2004)

GEO orbit

Halloween storms 23
Oct to 6 Nov 2003
o 47 satellites
reported
malfunctions
* 1 total loss
* 10 satellites —
loss of service

for more than 1
1 Oct 2003 1 Nov 2003 1 Dec 2003 day

L value

* Electrons at much lower L

» Decay time ~ year
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KoBopLoTLKO XapoKTNPLOTLKO

TNC HOYVNTIKNC Katatyidoc:

Maykooula Meilwon
TNC EVTOoNC
Tou Mewpayvntikou MNediov



‘ MayvnTikéC KaTaiyideg
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KoBopLoTLKO XapoKTNPLOTLKO

TNC HOYVNTIKNC Katatyidoc:

MNaykoopula Metlwon tou MNewpayvntikou MNediou

TTOU UTIOPEL vaL EpUNVEVLOEL pe TO
SLapoyvnTiko anoteEAecua
£VOC YLyQVTLOU
KUKALKOU/SOKTUALOELO0UC PEUMATOC

TTOU PEEL 0TO SLaoTnMa yupw aro tn I'n









THE INTERRELATIONSHIP OF MAGNETOSPHERIC
PROCESSES

VYTENIS M. VASYLIUNAS

Dept. of Physics and Center for Space Research, Massachusetts Institute of Technology,
Cambridge, Mass., U.S.A.

“One Ring to rule them all . ..”
J. R. R. TOLKIEN

1. Introduction

Convection of plasma in the magnetosphere is one of the major aspects of magnetos-
pheric dynamics. Attempts during the past 10 yr to understand this complicated
phenomenon have led to a sequence of theoretical models of constantly increasing
sophistication (see, for example, Axford (1969)). Most of these models have been

Vasyliunas, in Earth’'s Magnetospheric Processes,
Astrophysics and Space Science Library Vol. 32, 1972
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John Ronald Reuel Tolkien

J.RR TokiEN



‘ PeUpa-8aKTUALOC: 0 MPWTAYWVLIOTAG TWV KATALYid WV

KvugLotega xagaktnoLoTika Tov:
= Current carried mainly by ions (H+, O+,

He++, He+) in the energy range ~10 keV to
a few 100s keV

= Bulk of energy within 50-100 keV
= Spatial extent: 2-9 Ry (geocentric)
= Maximum intensity at 3-5 Ry (geocentric)



Geomagnetic Storm Ring Current

TRAJECTORY OF
TRAPPED PARTICLE

MIRROR POINT
(PITCH ANGLE OF HELICAL TRAJECTORY = 90°)

Dsr (nT)

-> - Main Phase

* Composition: e, H*, He*, O*, N*, He**

phase ° Energy Range: ~1 keV < E <300 keV
e Location: ~2<L<8

* Energy Density: ~10 - 1000 keV/cm3



sterm sudden Dst Incax
c)npeicernst

D

pre-storm main phase early recovery late recovery



«MpoamattoVpevo» Katoyidbwv
loxupO VOTLO SLATTAQVNTIKO MOyVNTLKO Ttedio
neyaAnc dtapketac (= moANEC WPEC)



B, (nT)

DST (nT)
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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).



loxupo voOTLo OSlamAavnTko payvNTIKO Tedlo HEYAANC
OLOPKELOC EXEL WC QTOTEAECHO TNV TOPOTETAUEVN
netadopd HOYVNTILKAC PONC OTN HoyvnTooupad Kol TNV
auENUEVN OUOCCWPELON dlaBeoLunc LOLYVNTLKAC
evepyelac. Mepa amo 1o wlaitepa AAUTTPO KOl XWPELKA
NMOAU EKTETAMEVO OEAAC, TTOU TO oUVOOEUOUV OUVEXELC
VEWUOYVNTLKEC dLatapaxec o€ uPpnAa yewypadLka TAATN,
KataypAadovTal KoL YEWUOYVNTLKEC OLATAPOXEC OE HEoAlO
KoL YapnAd AQTn Kol o€ oAa ta yewypadka pnkn (dnA.
nMoykooulwe), kaBw¢ emionC KAl  TIOPOTETOMEVN
ETILTAYUVON  KOL €YXUON  EVEPYNTIKWV LOVIWV Ko
NAEKTpOVIWY, WME amoteAsopa tn Onuoupylo  €vOc
SakTUALoeldoUC NAEKTPLKOU pEVMOTOC YUPW arto tn n.



EvEpyela kot UAN
yLOL TLC KOTOLYLOEC



Carrington-class CME Narrowly Misses Earth
https://youtu.be/7ukQhycKOFw!?si=-RWV-juN2E | AzWVIIf



https://youtu.be/7ukQhycKOFw?si=AkpEhqmSo_cCId1U
https://youtu.be/7ukQhycKOFw?si=-RW-juN2E1AzWlIf

