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ATAMOP®QYXH KOXMIKHX AKTINOBOAIAX:
EINIAPATH THINOY MATNHTIKOY IEAIOY

http://cosray.phys.uoa.gr
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AIAMOP®Q2H KOZMIKHZ AKTINOBOAIAZ

Ta copdrtio ™g YoaAasloKknc KOGUIKNG aKTivoBoAiag Tepvovv

I A) Huwoosopmpo ( solar wind &embedded IMF)

de€apevn niektpdvia Kot 16vTa, ovdétepa (APOPTIoTA)
Opro kpovotikov kopatog_ Termination Shock: dropa oAAG Ko TEdio.
Vsw >V sound 2 HA emiBpaddveton onpavtikd, i
NAKO TAdopo «oopmeCeTon kot «Bepuaivetay.

80-100 emg 200AU (bow schok)
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AIAMOP®Q2H KOZMIKHZ AKTINOBOAIAZ

2TOV NAMOKO AVELO TOPOTIPOVVTOL POES OVO TAYVTITOV O) YPNYOPOS Kol apyOS NALOKOC
dvepoc.

I'pyopoc nAaxdg dvepog mpoépyetor amd T oTeUUaTIKEC omeS (coronal holes= Tic
OKOTELVEC TTEPLOYEC TOV GTEULATOC TTOV YopakTnpiloviol amo

OVOIKTEC LOLYVITIKEC OUVOULKEC YPOUUES, YOUNAT Oeprokpacio Kot TUKVOTNTA GE GYECT
LLE TIC aVTIoTOYES TIUEG TOV GTEUUOTOC YoV TayvTNTeS 0o 400 km/s

uéExpt ko 800 km/s.

Apydc NAaKOg AVELOS 6TO NALOKO EAGYLIGTO AVELOG TPOEPYETAL OO TEPLOYEC KOVTA GTOV
onuePvo tov ' HAov, evd 6to nhokd UEY1oTo mnydlel amo Tig evepyEg meployéc. H
Toy0TNTA TOL Kvpaiveton ard 250 km/s péypt kar 400 km/s (Schwenn, 2006).

Ocov apopd TV 9140061 TOL NALOKOD OVELOL GTOV JATAAVITIKO YMDPO

elval aKTIVIKN. ZUYKEKPLULEVOL O1 OVVOLLKES YPOUUES TTOV EKTEIVOVTOL GTO OLOTAOVI|TIKO
LEco mopopEvouy ue tn Ty otov HAlo ko meprotpépovtal pali tov. O fAtog
TEPLOTPEPETAL KAOE 26 PEPEC GTOV AEOVA TOV KO 0 NAMAKOS AVELOC OL0OTOETUL OKTIVIKAL
TPOC T €M LE TEPLEGOTEPO 1) MYOTEPO oTABEPT AKTIVIKN TOyvTNTA TG TAENG TOL 350
km/sec. (Zmelpogidng popen)

Tunua @uowkng EKMA
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AIAMOP®Q2H KOZMIKHZ AKTINOBOAIAZ

Ot petaforég e KA cuvaptnogl Tov Yopov, ToL YpOvou Kol NG EVEPYELNS ovoudalovtol

oapuopemon KA.
Iootpomeg petaforég AvicoTponreg peTaforég
» O 11-gtn¢ KOKAOG (LaKpOYpPOVN SaUOPPMOGCT) > 1 nuepnoto Letafoin
» n ueioon kotd Forbush > 1 nunuepnotlo. LetTofoin
> 27-quepn dS1oudpemon > WKPNG KAMUoKoG LETABOAES

MITATMIHAA The Umniversity of New Hampslire/EOS Chicago /LASR Cosmic Physics Insttuments in Space
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2TV NAOGOULPA. TEGGEPLS PVOIKOL pyavicpot sival vrevbovvor yia ) otopdpemon CR, kot
GLYKEKPIUEVOQL:

(1) dwayvon CR a6 TOV SLOGTPIKO YOPO TNV NALOCPULP.
(2) 0130001 TOV GCORATIIOV GO TNV NALOGQULPO NE NALOKO AVENO NE EVOOUATOUEVO
LOYVI|TIKO TTEDLO.

The solar wind contains magnetic fields that originate from the Sun. These magnetic
fields are "frozen" into the plasma of the solar wind due to the highly conductive nature

of the plasma.

(3) aoLPaTIKES OTOAELES EVEPYELOS POPTIOGUEVOV COUUTLIIMV GTOV OLUGTEALONEVO
NMOKO Gvepo.

(4) N peTaTOMON TOV KOGUIKAV OKTIVOV 6TO quasi-regular nAloko payvntiko mweoio

Aev e€aptwvtal amno 1o $opTio Tou 6 KOOLKOU owpatiov (1,2,3)
E€dptnon armo to nAektpLko poptio (4)

The directions of drift velocities of electrons and positrons, protons, and antiprotons are opposite. These
directions will reverse every ~11 years, because the magnetic field directions in the heliosphere change
with such a period. ( Stozhokov et al., 2022)



AIAMOP®Q2ZH KOZMIKHZ AKTINOBOAIAZ

(LaKpOYpOVN SLAUOPPOCT))

HRMS 1 hour values averaged to 1 Carr. rot. from 1957-11-21T19:34:00 to 2021-04-16T13:03:25 (R

4.58 / Alt.26m)
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Monthly smoothed Sunspot number (violet curve) and GCR variation as measured by the Hermanus NM from 1958 to May 2021 (taken

from the Neutron Monitor Data Base (NMDB) webpage)
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AIAMOPDOQIH KOZMIKHZ AKTINOBOAIAZ
(LaKpOYpOVN SLAUOPPOCT))

Athens Neutron Monitor  ANeMoS  (http.//cosray.phys.uoa.gr)

Neutron - Sunspot Counts
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AIAMOP®Q2H KOZMIKHZ AKTINOBOAIAZ

IIpwtoc o Forbush to 1958 €6e1&e 0T1 1 KA Bpioketal 6 apvnTiKy] GUGYETION LE TN

dpaoctnplotnTa Tov HAl0V pE pia ypoviKT] VOTEPTOT APKETOV UNVOV,

H petoon ¢ évraonc s KA ogsiretor og petaforéc tng oouns Tov
OLOTAAVI|TIKOU HayvnTiKov tediov. Kol avto yrati o poyvntikog 0mpakas g
NAOGPULIPUS YIVETUL ALYOTEPO OLUTEPATOS, OTAV TO LAYVITIKO TEOLO TOV PEPETAL
TOYOUEVO HEGH 6TO TAAGUO, ELVAL LoYVPOTEPO. TOVTO £YEL GOV OMOTELEGHO TOGO
AMYOTEPE CONATIO VO UTOPOVY VO POGGOVY 6TV TEPLOYN TS YNS 060 | NALOGPULPT.

Kotolappaver peyoarvtepn éktaon.

Tunua @uoikng EKMA
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AIAMOP®Q2H KOZMIKHZ AKTINOBOAIAZ

The 11-year solar activity cycle eivat ume0Buvn yla Ti¢ HeTaBOAEG TNG ponG Twv KA

H pakpoxpovn dtapopdpwon mapouvotdlet 2 popdEC Katd tn SLAPKELA TOU PEYIOTOU TNG
gvtaonc tn¢ Kooutknc : a) peak-like ko B) plateau like

¥

EZHIHZH: Inuavtiki ouvelopopd Tou 0pou TG oAloBnong
katd thn dtadoon twv KA otnv nAtoodatpa (drift effect)

¥

Peak-like form for protons, we should observe a E=HIHZH: Movtela

plateau-like form for electrons, and vice versa. » * ANOIXTH2

However, the experimental data do not agree HAIOZDAIPAZ
e KAEIZTHZ

with this conclusion.
HAIOZODAIPAZ

Tunua @uoikng EKMA
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AIAMOP®Q2H KOZMIKHZ AKTINOBOAIAZ

4.0 |

2.5
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R.=0,04,05u24rB

1.5 |
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( Stozhokov et al., 2022)

Figure 1. Time dependence of CR fluxes (Nm, monthly averages) in the 19-25 solar activity cycles (shown as the numbers
at the top of the figure). These data were obtained at the northern polar latitude (green curve, Rc = 0.5 GV; Murmansk
region, Apatity station), at the southern polar latitude (blue curve, station Mirny in the Antarctica, Rc = 0.04 GV), and at
the middle northern latitude (red curve, Rc = 2.4 GV; Moscow station). The dashed brown and red lines represent the
maxima of CR fluxes observed in 1965 at these latitudes. The values A > 0 and A < 0 show the phases of the 22-year solar
magnetic cycle: A > 0 is the positive phase and A < 0 is the negative one

Tunua @uowkng EKMA
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AIAMOP®Q2H KOZMIKHZ AKTINOBOAIAZ

INPOTYIIO KAEIXTHY ko1t ANOIKTHX HAIOX®DAIPAX

(a) positive phase: QTTAf orA>0 (b) negative phase: QTIAf orA<0
A>0 A<0
p, e+ Q M

N

Figure 2. Magnetic fields of the Sun and in the heliosphere during positive (a) and negative (b) phases
of the 22-year solar magnetic cycle. The Sun is depicted as a large circle. In the positive phase (a), the
solar northern polar field has a positive sign and solar magnetic force lines are pulled from the Sun
by the solar wind into the northern part of the heliosphere. In the southern solar polar cup and in the
southern part of heliosphere, the magnetic field has a negative sign. In the negative phase (b), the
directions of the magnetic fields are reversed. The directions of particle drifts in positive phase (a)
and negative one (b) are shown by solid arrows for protons and positrons and dashed arrows for
anti-protons and electrons.
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AIAMOP®Q2H KOZMIKHZ AKTINOBOAIAZ

INPOTYIIO KAEIXTHYX kon ANOIKTHX HAIOX®DAIPAX

0QELAETOL GTIS OLUKPLTES KUTUOGTAGELS TOV AVTLIGTOLYOVV OTIC TUPAAANAES KL
OVTITOPIAANAES KOTAOTAGELS TNGS TOMKOTNTOS TOV NJALOKOU TOALKOV ROYVI|TIKOV
TEOL0V MG TPOG TO YOAUSLOKO payviTIKO 7TeEdio.

Otav 10 moAMKO payvnTikd medio Tov NAOL €ivorl GYXEOOV TAPAAANAO HE TO YOAASIOKO
LayvnTiKd meodio, ta yoAaSloKo KOGUKO ocmuatiot ,E01KA aVTd HE TIG UIKPEC OVOKOLYIEGS,
UTOPOVV VO EIGYOPNCOVY MO EVKOAN GTNV NALOUAYVITOCPOP KOTE UKOS TNG UOLYVITIKNG

OVVOUIKNG YPOULUNG, OE GYECT] LUE TNV AVTITOUPAAANAT KOTAGTOOT] TOV LAYV TIKOV TEOIMV.

Tunua @uowkng EKMA
Xewepwvo Eéaunvo, 2024



AIAMOP®Q2H KOZMIKHZ AKTINOBOAIAZ
MPOTYIO KAEIZTHE kot ANOIKTHE HAIOZ®AIPAY

Otav &rovpue Betikd Popeto mOAo Tov HAov 00nyodHaoTE GE 0vOoLYTI] NAOGPOLPOL TTOV

onuaivel kat’ gvdeiov €1600Y1 KOCUWKOV OKTIVOV 6TOV EvO0aoTPlKod Ywpo. Tote ot KA
EIGYOPOVV KOl GE UIKPA NALOYPAPIKA TAATT OGTE 1 O1dyLoT ToilEL EAAYIOTO POLO GTN
LETAPOPA TOVG UEYPL TN YN (ApTiol kOkAol) A>0

O apvntikog Bopetog mOA0G Tov 'HAlov

44 T“ odnyel o€ KAEGTN NAMOSQaLPO, OTOV Ol
KA gioépyovtal and to lonuepivo
GALACTIC ied "H\ H §16 /
winoly § 4 44 eninedo Tov 'HAtov. H didyyvon mailet
10T€ 6moLvONio poOAo (TeptTTol KOKAOL)
R A<0.
h . (o) CLOSED HELIOSPHERE
GALACTIC
WiIN

e

{b) OPEN HELIOSPRERE
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AIAMOP®Q2H KOZMIKHZ AKTINOBOAIAZ

H kivnon twv KA evtoc tng nAwodalpag nepypadetal and tnv eflowon petadopacg nou

elonyaye o Parker (1965). Eav umoBeooupe ot n f(r, P, t) eival n ouvaptnon Katavoung Twv

KA w¢ mpog tn payvntikn dvokapdia P (érouv P = pc/Ze), n Swakbpaveon twv KA pe to xpovo t

kat tn Béon r Sivetal and tn oxéon’:

a f f OTO10.01TOTE
- — emmpocheTn TNYN —
(V + (vp)Vf + V(i) Vf) + 3 (W) 35 T Q@ —> o oot
avopoies KA
EMLTOYVVOLEVEG GTO
Op10 TG NAOCPALPOC.
M pog ta €€ (outward) Atdryvon eautiog OVOUOAIY  TOL
LETOPOPA TTOVL TPOKOAETTOL nAoceaptkod  payvntikov  mediov.  To
Ao TNV OKTLVIKY TovTNTOo CUUUETPIKO TUNUO. TOV TOVLGTH OLd(LONG ASI0POTIKES OMOAELES
HA anoteAeiton amd £vo GUVTELEGTH TAPAAANAO EVEPYELOG
OMcOnoeis eEantiog TV petaBoldv Baduidwv, g mpog To payvntikd medio ko Evav kabeto eEaptdpeveg amnd o
KAIoNg Kot TOL NAOGPAPIKOD PEVLOTOPAOLOD 1060 TPOG TNV OKTWVIKY OGO KOl PO TNV .
TPOGMHO NG
(heliospheric current sheet). TOAIKN KatevBuvon avtiototyo
OTOKAIONG TNG .
Tunua @uowkng EKMA

Xewepwvo Eéaunvo, 2024



AIAMOP®Q2H KOZMIKHZ AKTINOBOAIAZ

To coudtio g Yyola&loknc KOGUIKNG akTivoBolac mepvoldv

X

uayvnruco TEOL0 TNGS VNS

- ,The Earth’s Magnetic Field

North

Magnetic Geographnc :
Pole - ! North Pole

B - =

ATOKOT) cOUOTIOV U
dvoKauyio HKpOTEPT
TOV KOTOQPALOV

!
1
- :- ' South
Geographic ' ,
South Pole Magnetic
T Pole
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EINIAPAYXH 'IEQMAI'NHTIKOY IIEAIOY

To payvnrikd medio ™g I'mg Opa cav €vag TEPAGTIOC PUCUOATOYPAPOS MAlog Kot
EVEPYELNG OTOL POPTICUEVE couatio e KA Kol €101 ypnolUeEDEL Yo T UEAET TOV
eawvouEvav e KA.

Dipole model of the Earth's magnetic field

DIRECTION OF MAGNETIC FIELD AT POLES

The dipole model is a first order approximation of the
rather complex true magnetic field of the Earth.

Tunua @uowkng EKMA
Xewepwvo Eéaunvo, 2024



MAI'NHTIKH AYXKAMVYIA

H Tpoxid €vOC (pOPTICUEVOU OWUATIOIOU TO OMOIO KIVEITAI MECA O €va PaAyvnTiko nedio
xapakTtnpideral and To PJEYEBOC TNC HayvnTIKNG Tou duokapwiac R . Av oupBoAiooups e
p TNV OpunR TOU owpaTtiou, Ze To PopPTi0O TOU, Kal ¢ TNV TaxUTNTa TOU (PWTOC TOTE N
HayvnTikn Tou duokapwia opileTal and Tn oxeon:

R=2L
Ze

>wuatidla Pe dlapopeTikn pada kalr gopTio ala pe Tnv idia duokapwia £xouv Tnv idla
oupnepIpopa os onoladnnote diauoppwon payvnTikoU nediou. Ekppalovtac TIC EVEPYEIEC
TWV OWUATIOIWV WG ouvapTNOoN TNG KIVNTIKAG TOUC EVEPYEIAC AVA VOUKAEOVIO, N HAYVNTIKA
duokapwia diveTal anod Tn cxéon'

R=(C )(’”W)

daiveTal OTI yia owUaTidla YE TNV |6|a KIVNTIKN svspyz-:la N yayvnTikn duokapwia Eapraral
and To Aoyo A/Z. Tia Ta oToixeia PeEXPI kal To Fe, o AOyoc auToc €ival iooc nNpoc 2 Kal yid
To AOYO auTO, OAa Ta oTolxeia napoucialouv Tnv idla CUUNEPIPOPA Kal TO idI0 EVEPYEIAKO
(paoua.

Tunua Quoikng EKIA
Xewepwvo Eéaunvo, 2024



MAI'NHTIKH AYXKAMVYIA

DopTIGUEVO GOUATION Z€ GE GTATIKO LoryvnTiko medto B

dv . =

ym, E=Z€ (UXB) v, //B v, constant

. v v
’ B 4 /
2 . .
£ \\ ——N Ve _ 2B _ _mgyusing __ pcsing
\___/ r my zeB ze Bc
~

Kwnon pe otadepn taydTnta Koto unkog tov B vsinf zeB
Kvkhikn pe otabepn yoviaxn toxdtnto o yopw oo W, = n - o
10 B pe yovia 0 0

!

Tpoyid ehxa axtivog r, (larmor)
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MAI'NHTIKH AYXKAMVYIA

_ p C Sin H [d1a dvokapyia---Opoteg tpoyieg
- [d1a opun} M E xou Srapopetikd poptio ----- AVOLLOLEG TPOYIES

r
ze Bc

|
Moayvntiki Avekopyio R R = ; \/ E; +2EE,

TOGOTNTO, UETPA TNV OKTivo
KUKAOTpOU G€ éva  Og00UEVO
noyvnTikd  medio, kol - gival
emouévmg  €vag  Ogiktng g
evalcOncioc 10V  coUATdiOL,
aveEEQPTNTMC TOV POPTIOL M TNG
waloc TOL,UE TO  UOYVNTIKO
medio.

L. Mirischishenko, 2001)
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MAI'NHTIKH AYXKAMVYIA
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Figure 2.1. Conversion from magnetic rigidity, R (GV), to kinetic energy, £, (GeV),

per nucleon, for electrons, protons and alpha particles (Shea and Smart, 1993).
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Otav tayvtnta kabetn oto B 1o1€:

ZXYEITTA OMATIA ME
EKW>>E0

R=B"r
reE>10ev-> F =300-B:r

/j =£Zcos4 A
r

eV
cm

Gauss
Katoeil dvokapyiog cuvaptnon g Cevibiokng kot alipnovdiokmc yoviog mov
(PTOVOLV TOL GOLLOTLAL.

Katakdpveo kotd@Al Suskapylog eEapTATOL IO TO TANTOC M P
R, =—-cos" A
0 ewcg 15-17 GeV shielding effect r
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MAI'NHTIKH AYXKAMVYIA

Mepikd mapadeiypota tov aktivov Koklotpoviov atov ' HAlo, T I'm kot kovtd otnv emupavelo,
™S I'mc (RE: aktiva g I'mg, n evépyeta ko 1 TaydTNTA A@OpovV Eva TPMOTOVIO OO Lo
GUYKEKPLUEVT] OLOKOLLY AL,

IMINAKAX 2.1
Magnetic Kinetic Speed Cyclotron radius

o Corona (10  Interplanetary 1  Earth (surface;
rigidity energy [% of c]

mT) AU (5nT) 30 uT)

6.6x10°m=100 1.1x10°m=
1GV  043GeV 73% 330 m

R: 0.017 Rg

3.3x10°m=520 55x10°m~=
5GV  4.1GeV 98% 1.65 km

R: 0.086 Ry

1.3x10° m = 2100 2.2x10°m =
20GV  19.1 GeV 99.8% 6.60 km

Re 0.34 Rg

2.3.2 ®opTicpéva copatidia Ko yijvny payvntocoaipao

Tunua @uowkng EKMA
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MAI'NHTIKH AYXKAMVYIA

[Teproym TIHOV : LEYIGTO, EAAYLOTO, EVEPYO KATDPAL.
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MAI'NHTIKH AYXKAMVYIA

Fig. 4. Map of isodyramic curves of the cut-off rigdity for the year 2020.

M. Gerontidou et al., Ad.Sp.Res. 2020
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M. Geronrtidow et al
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Fig. 1. Contour plot of the geomagnetic cut-off rigidity (a) for the year
2010 [upper panel), (b) for the year 2015 (mxidle panel) and (<) for the

year 2020 {(lower panel)
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Amn Beopnon: Zopatioo K.A. dtaddetar 6to A.X. YOPIS EXTOPACT OO
OLOTACVITIKO LOtyVITIKO TTESTIO HEXPL VO PTAGEL GTH YNLVI LOYVITOG(OLPO,

IZypipa 2.8:01 mbavig tpoyléc Tev copatdinv aviloya LE TV EVEPYELL TOVC.

http://www.nmdb.ew/?q=node/322

v E oAb vynin kot

UNKOC LoG oyedOV gvBeiag ypauung

LEYPL TNV OTULOCPOLPOL.

v E< E;, n tpoytd tov Oo
KoupOel - de Ba pBacel otV
atuocealpo  mow 6to A.X.

v' E> Ejevépyeiec @Tavouy otnv
ATUOGPALPO KOTE UNKOG

Hog Kaumoing tpoydc. H kopmdin

elvau o €viovn 0G0 YaUNAOTEPT

gtval 1 £0¢ TO YEOUOYVNTIKO

KotoeM Ej (6mov kavéva

couatiolo umopet va 16EAOEL 6TV

aTUOGPULP,)
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o 2.9:HAektpovikd vmohoyIopEVES TPOYLES Y10 BLOQOPETIKES EVEPYELES

copondiov (MAGNETOCOSMICS code, L. Desorgher, Univ. Bern).

Avto mov mpayuatikd cvuPaiver e€aptdTon
and TO TAATOC Kol TNV KAiomn vmd v
omolot  TO KOGUIKO cLVOVTO TNV
uoryvntooeapo: yop®w omd TOUS TOAOVLG
elvar (ol ikpn mePLoyn 0oV 01 OVVOLLKES
YPOUUES Elvar Alyo TOAD OKTIVOTEC.

Av 10 couotiolro €1céABel exel Ba  Exel
QVEUTOOIGTN TpOGPaon TNV
ATUOG QAP Av  ovvavticer v
Loyvntosealpo  GTO EMIMEDO  TOVL
IGNUEPIVOD, YTLUTAEL TO HAYVNTIKO TEDIO
exel mov m Oopdkion tov eivar Mo
OTOTEAEGLOTIKT] KO 1] EVEPYELNL KATOPAIOL
Ey mo vynAn. Zopatidwe pe evépyeleg
Alyo mo mave omd TO KATOQAL UTOPEl
Vo, €(OVV O OPKETA TEPIMAOKN TPOYLA
TPV PTAGOVV GTNV ATUOGPULPO.

Tunua @uowkng EKMA
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