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Atmospheric
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Gamma Rays, X-Rays and Ultraviolet
Light blocked by the upper atmosphere
(best observed from space).

Visible Light
observable
from Earth,
with some
atmospheric
distortion.

Most of the
Infrared spectrum
absorbed by
atmospheric
gasses (best
observed

from space).

Radio Waves observable
from Earth.

Long-wavelength
Radio Waves
blocked.




To «opato» cupnav: HAektpopayvntiko pacpa (24 tageic pey£ouc!)
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TiEPUTOU Ao ToV XTUTO TNG KAPSLA KOG
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Awaoctnuovia
WhatsApp Group Chat



http://iconsandmoments.blogspot.com/2024/03/blog-post_9.html
https://chat.whatsapp.com/HSk1jPzJQUh4WqFCLgGdZY

[Mpooexwc:
Movonuepn ekdpopn to 2appato 18 Oktwppiovu
Alnuepn ekdpopn oto dacocg tng PoAong kat oto Maivaro apxeg NoepBpiou

H rtpwtn €§0ppnon twv Ataoctnuoviwyv: Dragon House
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https://iconsandmoments.blogspot.com/2023/11/dragon-house.html

Ma ylati oAa avtq;

1. H dwn dev elval yovo n epyacia pag
(AKOHN KL AV Jag apecel TtoAU!)

2. Hdwn dev avaBaietal

3. H dwn gival toAu cuvtopyn yia va
XAVOULE XPOVO 0 KATLTIOU OEV JAC OPETEL



https://diamantia-kai-skouria.blogspot.com/2010/05/blog-post_03.html
https://diamantia-kai-skouria.blogspot.com/2010/07/remembering-that-ill-be-dead-soon.html
https://diamantia-kai-skouria.blogspot.com/2010/07/remembering-that-ill-be-dead-soon.html
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http://www.space.phys.uoa.gr/

Scientific Projects

Our group has participated in the implementation of the following projects:

o SafeSpace: Radiation Belt Environmental Indicators for the Safety of Space Assets

e SWUNMed: Space Weather User Needs for the Mediterranean Region

o GA4G: Geant4-based Particle Simulation Facility for Future Science Mission Support

e VALIRENE: Radiation Belt Model Development and Validation

¢ Hellenic Evolution of Radiation data processing and Modelling of the Environment in Space (HERMES)
¢ Hellenic National Space Weather Research Network (HNSWRN)

¢ Monitoring, Analysing and Assessing Radiation Belt Energization and Loss (MAARBLE)

¢ Slot Region Radiation Environment Models (SRREMs)

e Multi-satellite, multi-instrument and ground based observations analysis and study of ULF wave phenomena
and products (ULFwave)

e Solar Particle Event Scientific Analysis (SREM extension)
e Solar Particle Event Scientific Analysis (SREM)
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Home Research Activity ~ People v Space Coffee v Publications

2025

Kipwv Toikiag (Am\wpatikn) Master): Investigation and Modelling of the Electron Flux Radial Profiles in the Outer
Radiation Belt With Machine Learning Methods (hitps://uoa2-
my.sharepoint.com/:b:/g/personal/iadaglis_o365_uoa_gr/EeqKNvgSvadNIP_7ii42Q0OcBbmnlpVAhczfyzeYLIXgLN
w?e=6h|Qgv)

‘OAya MTiEAAN (AtrAwpatikr) Master): Modelling of Trapped Energetic Particle Populations in the Earth’s Radiation
Belts (https://uca2-
my.sharepoint.com/:b:/g/personal/iadaglis_0365_uoa_gr/EVNgIHUI8yRCvMyHdUoUBYQBg]kkNgCdavXQXxYcoR4
xRA?e=ZfkINO)

Ayyehog MixanAidng (Atm\wpatikn Master): The study of radiation and magnetic field of plasma jets in the solar
atmosphere (hitps://uoa2-
my.sharepoint.com/:b:/g/personal/iadaglis_0365_uoa_gr/EZL9aMFGFo)]DgNAjhNGisRWBWTSUfAFH9CfIFyDs1Ne
6DA?e=EKOVGW)

EAeubepia Zwnpliou (ruxiakn): MeA£Tn yewpayvnTIK®OV Katalyidwv Tou 250u nAlakou KUKAOU Tou
Katéotnoav To Bopelo oéEAag opatd otnv EANGDa (hitps: //uca2-
my.sharepoint.com/:b:/g/personal/iadaglis_0365_uoa_gr/EYO9N-b-
kGVGg8TAp]hMPkMB1m2pIWk8SvipyMQeM04ijA?e=GxtAOm)

Abavaocia Xapda (rmruxlaki): MeAETN OXETIKIOTIKOV KAl UTIEPOXETIKIOTIK®OV NAEKTpOVIWY OTnV €EwTEPN
Cwvn akTvoBoAiag pe petproelg anod Toug dopupopoug Van Allen Probes (hitps://uca2-
my.sharepoint.com/:b:/g/personal/iadaglis_0365_uoa_gr/EUwm7G]iyVVNulPpa-72-
GOBabbfHWipwk1hb)IdBRrGMw?e=908i0G)

Fewpylog Kokkivng (rruxiakn): Reconstruction of past solar activity from cosmogenic Carbon-14 data
(https://uoa2-
my.sharepoint.com/:b:/g/personal/iadaglis_0365_uoa_gr/EePi5NgL)DhEmvGHxjCXGQsBWmQvV1hdPfSO75XOm
hxjlQ?e=2LNVN8)
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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)



https://repository.kallipos.gr/handle/11419/11507
https://link.springer.com/content/pdf/10.1007/978-3-030-82167-8.pdf
https://link.springer.com/content/pdf/10.1007/978-3-030-82167-8.pdf
https://link.springer.com/content/pdf/10.1007/978-3-030-82167-8.pdf
https://link.springer.com/content/pdf/10.1007/978-3-030-82167-8.pdf
https://link.springer.com/content/pdf/10.1007/978-3-030-82167-8.pdf
https://link.springer.com/content/pdf/10.1007/978-3-030-82167-8.pdf
https://link.springer.com/content/pdf/10.1007/978-3-030-82167-8.pdf
https://link.springer.com/content/pdf/10.1007/978-3-030-82167-8.pdf
https://link.springer.com/content/pdf/10.1007/978-3-030-82167-8.pdf

[MePLOOLKEC KLVNOELC

AbLofatikeC avallolwTec (kata
npoosyylon otaBepec tnc kKivnonc)



H otaBepotnta twv adtapfatikwyv avaAllolwtwy
elval amoppola tng otabepotntoc
TOU oAoKAnpwpato¢ dpaonc J - action integral,

yvwotou Kol w¢ Poincare Invariant

J; = j{ p;dg;




J; = j{ p;dg;

To J umtoAoyiletal o€ pLa KAELOTN TEPLOXN

OTOV XWPO PAcEwWV TwV ocu{uywVv HETAPANTWYV p KOl g,
n omoia nepKAeleTal amo

TNV eplodikn kivnon otn petafAntn g.

Exel otaBepn TN

OTOV TO YEVIKEUMEVO duvauLko U

nov entnpealel (N koBopilel) Tnv meplodLkn Kivnon,
LETABAAAETOL APYA CUYKPLTLKA LLE TNV TLEPLOSO TNC
Klvnong otnv omola avadpeEPOUOOTE.



H YyEVIKEUEVN CUVTETAYHEVN O
OTNV MEPIMTWON TNG KIVNONG CWHOTLS LWV
O€ MO MAQVNTIKA payvntoodatpa
glvou
N HETABANTN TNC EKACTOTE MEPLOSIKAC KIvNONC



H YyEVIKEUEVN CUVTETAYHEVN O
OTNV MEPLMTWON TNE Kivnong ocwpatidiwv
O€ MLa MAQVNTIKA payvntoopaipa
glvou
N LETOBANTA TNC EKACTOTE MEPLOSIKNAG KLvNoNG

2TNV KUKAOTPOVIKN Kivnon €Lval N LETOTOTLON TOU
CWHOTLOLOU KATA LAKOC TOU KUKAOU TNC YupoKivnong

L 4



H YyEVIKEUEVN CUVTETAYHEVN O
OTNV MEPIMTWON TNG KIVNONG CWHOTLS LWV
O€ MO MAQVNTIKA payvntoodatpa
glvou
N HETABANTN TNC EKACTOTE MEPLOSIKAC KIvNONC

2TNnVv Kivnon avannénonc elvat n LETATONLON TOU
CWHOTLOLOU KATA LAKOC TNC MOYVNTIKAG YPOLHUNAC



H YyEVIKEUEVN CUVTETAYHEVN O
OTNV MEPIMTWON TNG KIVNONG CWHOTLS LWV
O€ MO MAQVNTIKA payvntoodatpa
glvou
N LETABANTA TNC EKAOCTOTE MEPLOOLKNC KIvNONG

2tnv oAtoOnon yupw amno tn 'n elvat n LETATOMION TNC
VONTAC YPOHHKAG avartiénonc Tovu cwuatidiov Kadwg
nepldpEpetal yupw amno tn Mn



ASLoBOTIKEC AVOANOLWTEC

An adiabatic invariant J

is a property of a physical system

that stays constant (dJ/dt=0)

when changes of/in the system occur slowly



ASLoBOTIKEC AVOANOLWTEC

An adiabatic invariant J

is a property of a physical system

that stays constant (dJ/dt=0)

when changes of/in the system occur slowly

Also known as Poincare Invariants



ASLoBOTIKEC AVOANOLWTEC

An adiabatic invariant J

is a property of a physical system

that stays constant (dJ/dt=0)

when changes of/in the system occur slowly

2 € MEPLUMTTWON MEPLOBLKAC Kivnong oL a.a.
dratnpouvtat otav n YPovikn KALpoKa Twv
aAAaywv TTou emnNpealouV TNV Kivnon elval

geyoAUTEPN amo tnv neplodo Kivnong




[MePLOOLKEC KLVNOELC

AbLofatikeC avaAlolwTeC (kata
npoocyyLon otobepec TNC Kivnonc)

XopaKTtnploTlkol xpovol
(mepiodot/ouxvotntec)



Kivnhon @OpTICUEVWYV CWHATIOIWV

[upokivnon =2

1" adtafatikn avaAloiwtn =2

Kivnon avakAkaonc (bounce motion) =2
2" adoBatikn avallolwtn =2
OAlcOBnon =2

3" adloBoatikn avoaAlolwtn



I'Ipwtn adapatikn avaAloiwtn




1" adrofoatikn avoAAolwtn

Poincaré Invariants:

I=j§ D dq,
Clt)

There is an adiabatic invariant associated
with every periodic motion of a charged
particle in an electromagnetic field

i.e. gyration around the magnetic field

2
Gyro-frequency or R
we = qB / k- cyclotron frequency H = 28
conservation of magnetic moment
oL=v }f L. Gyro-radius or (1st invariant)

Larmor radius



Mpwtn adtafotikn avaAlolwtn

MayvnTtikn pomn:




Mpwtn adtafotikn avaAlolwtn

2
lmvL

MayvnTtikn pomn: L
2 B

AvoAlolwTn - yLa ToLEC CUVONKEC;



Mpwtn adtafotikn avaAlolwtn

(\O)

m
MayvnTikn pomn: u [ | mv,

2 B

sin” () . sin” ()

B B,




Mpwtn adtafotikn avaAlolwtn

sin” () sin*(a,)

b, b,

2UVETIELEC TNC dLaTtApNOoNC
yLaL TNV KLvnon Tou cwuatdlou;



Ooo peyaAwvel to B,
HEYOAWVEL Kat To sin(a).



Ooo peyaAwvel to B,
HEYOAWVEL Kat To sin(a).
Mote/yuati peyoAwvel to B;



MAGNETIC FIELD LINE

Re

'

B = \/(B: + B3) = BO( ) \/(1 + 3cos?6)



MAGNETIC FIELD LINE

Figure 3.1. Dipole field coordinate system.

I%:BQ/@ o 4\33”\%



Ooo peyaAwvel to B,
HEYOAWVEL Ka To sin(a).
MExpL NOTE;
MexptL va yivel 90 poipec.



|
T X Ry

. '&llj‘luud'llul,llil.
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MAGNETIC FIELD LINE



Ti dALO TapoTnpovue 0Tl yiveTOU,



r.=mv,/qB =

=mvsina/ qB



Mpog tn I'n (xaunAotepo vYog)

N YUPOOKTLVA ULKPOLLVEL






Ta cwpatidlo ovokAwvTaL EKEL TTOU
a=90°

Apa avaKAwWVTOL EKEL OTTOU:
B/Beq = 1/sin’(0q) |

S\ ot o ﬁ'f%e 1
W .
i S Sine

“1
%E,\ Gw =z



Apo ylo To onpeLlo avakAoong LoYUEL:

By = Beg/SiN%(atgg)



Apo ylo To onpeLlo avakAoong LoYUEL:
BM = Beq/Sinz(aeq)

TTOU ONUALVEL OTL
v N ywvia KALoNG o, OTOV LONKUEPLVO
elval TTOAU (LKpPN,
10 cwpatidLlo dev avakAdTal




yLati v avoakAAToL;




ylati v avakAdtal;

ALOTL TO By, TELVEL OTO ATIELPO



MayvnTikoi KaOpEPTEG

~
Ta gopTiopéva owuaTidia M
no

AVOKAWVTAI EKEi TTOU i _ _
B/B, = 1/sin2a . 3 b s

AV N o, gival TOND pikpr}, AL

TO cwWHaTidlo dev avakAarai! M

AnA. S10@EVVEL. coil

B(z) Bm
SiNoy = (By/By)!”? TN
o, = "loss cone angle”. Bg
B,./B, = “magnetic mirror ratio”




[Tl avaKA@VTOL TO GOUOTIOW!



[Tl avaKA@VTOL TO GOUOTIOW!

AOY® TNGC OLOUOYVNTIKNG OVVAUNG
TOPOAANAC GTO LOYVNTIKO TEOLO UE
@opa avtifetn amo ) Baduioa Tov



100 5 Motion of a Particle in Fields

Fig. 5.7 The diamagnetic
force acts on the guiding

center moving along the
symmetry axis of a magnetic n \‘
mirror configuration . ]




1" adlafoatikn avaAlolwtn

sin” () sin*(a,)

b, b,

JUVETELD TNC HuN-6tatRpnong
yLaL TNV KLvnon Tou cwuatdlou;



2VVETELN TNG otaTr)pnong e 1M a.a.:

N Kivnon ovomnonemg



i ﬁWm

& Trajectory of
léﬁey _ trapped particle

Mirror point

o

Magnetic field line

SoAAS




1" adlafoatikn avaAlolwtn

sin” () sin*(a,)

b, b,

2 UVETELEC TNC HN-6laTRPNoNng
yLaL TNV KLvnon Tou cwuatdlou;



H Téxvn ThC KaTdppIyng hAEKTpoViwy
n:
How to shoot down nasty electrons




Oplokn yovia 0 - KOVOL OTOAELNS

sin?oy ¢ = (4L6 — 3L5)12



Oploxn yovia o, KOVOL olopLYNG

sin?oy ¢ = (4L6 — 3L5)12

H oploxkn yovia yivetou

LEYOADTEPT N LIKPOTEPT GE YOUNAOTEPA DYN;



Oploxn yovia o, KOVOL olopLYNG

sin?a, - = (416 — 3L5) 12
XOopUKTNPLOTIKES TIHEG:
L=6.6 =>q,=2.5°
L=4 =>aq,=4.3°
L=2 =>q,=16°
L=15=>q,=27°




OAloOnon (drift)




OAloOnon (drift)

H edpappoyn pog emmAgov e€wtepkne SUVALNG
avayKaleL To cwpatiolo va «oAtoOnoe»

Ac 6oUE WG



F. |
ION
ELECTRON
TN 05 m

— E.XB

H vea SUvapn petaBairAeL Tn yupoakTiva




OAloOnon (drift)

H edoappoyn pog emmAeov e€wtepkne SUvapng avaykalst
To cwpatidlo va oAtoBnoet kaBeta oto B kat otn vea duvaun:

dv F
dv md_tH:Fextll — "||(’)= ext”"""n(ﬂ)
T m
m—=qvxB+F,_ < g
dt mTt'L—qleE+_emﬁ v, (0)=7,()+7,

| 4 (t )= Ffupokivnon (apetaBAntn)

e F;xt DB
V, = = Taxutnta oAicOnong

gB’




Av F = gE

vp = qE x B / qB% = ExB/B?

Autn elvaln

E x B drift



< (Y
! 4
Bounce vy, > '
invariant J
Gyration v,
invariant x

Drlft I/d,
invariant L-shell



ywards through paper O

Posﬂwes

Garr

©
l m

Negatlves

)

DRIFT



e %%%

Accelerated by the E field and
thus the gyroradius is larger on
this part of the orbit







Electrons

x>



2 NUOVTLKO:

Vp = ExB/B?

H oAloBnon autn elval aveéaptntn

Kat tn¢ padoc Ko tov poptiov!



Grad-B Perpendicular to the Magnetic Field

* The intensity of the magnetic field 1s changing only in
the plane perpendicular to the field itself

338883" |

©JoloYolole
000000 T

©]0]0]010]0,
©]0]0]010]0,



333338 "

O00000
000000

000000 | #¥
000000

Stronger field

0 90,9

<_DRIFT Weaker field D_>RIFT



*B

Weoker Field
v,B

Stronger Field
. Smaller P,




Grad B

Vgrag = 1/2 m v2 (B x gradB / gqB°)
H oAloBnon autn eéaptatat
Kol arto tTn pada Kot oo TV EVEPYELA
Ko arto to ¢poptio!



2 uvduaopog ExB kai gradB



Kivnon 10vTwyv Kal NAEKTPOVIWYV

uTTo TNV emmidpaon oAiocbnong gradB

‘strong B

-y
"
%

equatorial plane of magnetosphereé;







Guiding center
Oonyo keEvrpo



The Concept of the Guiding Center

— Separates the motion (v) of a particle into motion

perpendicular (v ) and parallel ( v|,) to the magnetic
field.

— To a good approximation the perpendicular motion
can consist of a drift (uy ) and the gyromotion ( vq)

V=V +V, =V FUy+ Vg =W, + Vo

— Over long times the gyromotion is averaged out and
the particle motion can be described by the guiding

center motion consisting of the parallel motion and
drift.



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.



21 0010[ATIKN OVAAAOIWTN

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



MAGNETIC FIELD LINE

Re

'

B = \/(B: + B3) = BO( ) \/(1 + 3cos?6)



Rotation
Axis
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