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RECOMMENDED READING

Alaotnuikn Puoikn, Kedaraio 3
(https://repository.kallipos.gr/handle/11419/11507)

Physics of Earth’s Radiation Belts, KeddaAato 2

(https://link.springer.com/content/pdf/10.1007/978
-3-030-82167-8.pdf)
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AdLaBatikec avaAAolwTEC

Aevtepn adlafatiki aavaAAoiwtn

n dtapnknc avaAloiwtn (longitudinal invariant):
)= Ip| ds = fm v, ds = const.

H dtatpnon tng 2" avaAoiwtng petoél Twv

oNUELWV avAakAaonc KoOopilel TIC EMLPAVELEC
NTAVW OTLC OoMoiec oAlgBaivel to cwpatidlo.
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Rotation

B=1\/(B;+ BY) =8B (RE) V(1 + 3 cos?6)

'

Conservation of ] means the particle must return to the
same field-line after precessing around the Earth



Rotation
Axis




Drift shell splitting,
drift loss cone and magnhetopause shadowing

Kedaiaio 4, Walt (1994)
KeddaAawo 3, Roederer and Zhang (2014)



H 3" adlaBatikn avaAloiwtn (payvntikn pon)
LoouTolL PE TO oAokANpwupa dpaong NG
VEVIKEUMEVNC OPUNC TOU 0ONyou KEVIPOU
KOLTOL UNKOC TOU Lxvouc oAloBnonc yupw amo
TO poyvnTko &irmoAo p=mug (01ou uy N
Taxutnta oAiocBnonc)

Kol elvat avadoyn tTng HoyvnTknG ponc mou
NEPLKAELETOL ATTIO TNV TPOXLA TOU 0dnyou
KEVTPOU yUPpW QIO TO HAyvNTIKO SimoAo:

J;= Ipdds X @



Tpitn adiafatiki avaAoiwtn (flux invariant)
® = ¢ BdS

H poayvntikil ponp @ mou mepPLKAELETOL AMO TO
«KEAUPOC» TOU OAloBevovtoc ocwpatidiov (drift
shell) eivat otaBepny (000 tO payvnTiko Tedio Hev
netofaAAetal pe puBpouc taxUTEPOUC ATO TNV
neplodo oAtobnonc)
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invariant J
Gyration v,
invariant x

Drlft I/d,
invariant L-shell



Tpittn adtafatikn avaAlolwtn










Visualization of drift shells based on
numerical particle tracing in a realistic
geomagnetic field. Mirror points for different
equatorial pitch angles (in 10° steps) are
shown spaced along the field. As

electrons drift around the Earth, conservation

) )) of pand Krequires that the electrons follow

different drift paths as indicated by the colour-
coded field lines. Drift shell splitting is
particularly apparent in the upper right of the
figure.

Electrons measured at the satellite, with 30°
pitch angles, move along the copper-coloured
surface which is the drift shell for those
electrons. On that drift shell, y, K, and L* are
constant but pitch angle, energy, and radial
distance are not.



Adiabatic Invariants




H. Koskinen




Visualization of particle motion






Adiabatic Invariants

Associated with each motion
1s a corresponding adiabatic
invariant:

*Gyro: M=p?/2m,B
*Bounce: K

*Drift: L
« M: perpendicular motion
- K: parallel motion

- [: radial distance of equator
crossing in a dipole field

| If the fields guiding the particle change slowly
compared to the characteristic motion, the
corresponding invariant is conserved.

B wtes Yan Allen Bell B Inner Van Alleh Balt
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Meplodol kivnonc



2uvOnkec dratripnong

— H u duatnpeitat 0co to B aAAalel eAaylota otnv
KALLQKO TNG YUupoaKTivag r,

— OAec oL adlafatikec avarlolwTteg dlatnpouvtol OTav n
XPOVLKN LeTaBoAN Tou B otn dtapkela tng meplodou TNC
Klvnoncg eilvat oAU pkpn



2uvOnkec dtatipnong (dJ/dt=0)

— H u datnpeitat otav n xwpkn HetaBoAn tou B ot
SLAOTACELG ~r, ELlvaL TTOAU ULKPN: 1B 1
B v

— OAec oL adlafatikec avalloiwTteg dlatnpouviol OTaV n
XPOVLKN LeTaBoAn tou B otn dtapkela tng meplodou TNC
Klvnong eivolt ToAU pkpn: | 1 8B

Meplodol kivnong: T~ 10° =105

T ~1s
Ty ~ 1—60m



2uvOnkec dtatipnong (dJ/dt=0)

— H u datnpeitat otav n xwpkn HetaBoAn tou B ot
SLAOTACELG ~r, ELlvaL TTOAU ULKPN: 1B 1
B v

— OAec oL adlafatikec avalloiwTteg dlatnpouviol OTaV n
XPOVLKN LeTaBoAn tou B otn dtapkela tng meplodou TNC
Klvnong eivolt ToAU pkpn: | 1 8B

Meplodol kivnong: T~ 10° =105

T ~1s
Ty ~ 1—60m



H 1" adlaBatikn avaAlolwtn

(LayvnTikn porn)

LooUTOL LE TO OAOKANpwHa dpaong

TNC YEVLKEUMEVNC OPUNC TOU ocwpatidiou
KAOETA OTO LayvNTIKO Ttedlo p=mu
KOLTOL UNKOC TNC KAELOTNC KUKAOTPOVIKNC
TPOXLAC TOU owpaTLOLoU:

J, =[p,ds = p=mv?,/2B



H 2" adlafatikn avarloiwtn

(6tapnknc avaAiloiwn)

LoovTtal e To oAokAnpwpa dpaonc

TNC VEVLKEULEVNC OPUNC TOU 0OnNyoU KEVTPOU
KOLTOL TNV Klvnon Tou

rmapAaAAnAa oto payvntiko edio p=mu,,

Kol LETOLEL TWV ONUELWV avVAKAQLoNC:

J, = Ip”ds



H 3" adaBatikn avalloiwtn (payvntikn pon)
LoouTolL PE To oAokANpwpa 6paonc Tnc
VEVIKEUMEVNC OPUNC TOU 0ONnyou KEVTIPOU
KOLTOL UNKOC TOU Lxvouc oAloBnonc yupw amo
TO MOyvNTLKO OUTOAO p=mug (OTou Uy N
Taxutnta oAiocBnonc)

KOlL Elvoll avadoyn TnG LoyvnNTLKNG pong mou
NEPLKAELETOL ATTIO TNV TPOXLA TOU 0dNnyouU
KEVTPOU yUPW QIO TO HAyvNTIKO SirmoAo:
J.=|p,ds < ®



TRAJECTAY OF
TRAFFEQFARTICLE

QUI TuBeL
w tJ
--.I.- C

BAGNETIC FIELD LEME

AP
B

=—" "Motion
Gyration: J,=Jp,ds=p?,/2mB T,~107 s, f,~1 kHz
Bounce motion: J, = ijds T,~10"s, f.~1 Hz

Drift motion:  J;=[p,ds &< @ T;~10°s, f;~1 mHz



H otaBepotnta twv adtafatikwv avaAloilwtwyv
KOTOLPYELTAL OTAV Ol YEWUOYVNTLKEC SLOTOPAXEC,
nov epdavilovial otn payvntoodalpa,

EXOUV TIEPLOOOUC CUYKPLOLUEC ] MLKPOTEPEC
Qo TLC TTEPLOSOUC

TWV TPLWV AVTLOTOL{WV OTLC AVOAAOLWTEC
XOLPOLKTNPLOTLKWYV TIEPLOSIKWV KLV CEWV

TWV CWHOTLOLWV:

1. TnC yupokivnoncg yupw orto to B

2. TNC avaKAoLoNC Kata HnKoc tou B

3. TnN¢ oAloBnonc yupw amo tn 'n




Validity

magnetic gyro motion gyro period > 71
moment
longitudinal  longitudinal bounce period T > T}, > TL
invariant velocity of GC

and g const

perpendicular T 2> Td 2> Th 2> TL

velocity of GC

flux invariant drift period

and g and .J const

Specific energization mechanism for each invariant
J7 W, changed by changing the Larmor radius (i.e., |B|)
J: W, changed by stretching or shortening the magnetic bottle

D: W changed by compressing or expanding the drift surface
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