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http://cosray.phys.uoa.gr/

YAH KO2ZMIKH2

» EIZATQI'H

» T'AAAZIAKH KOXMIKH AKTINOBOAIA YYXTAXH NIPQTOI'ENOYX
(T yéc, mpoElevon, LOLOTNTES, TUKVOTI|TA ,IGOTPOTLA, EVEPYELEKO QAGNQ)

» ATMOX®AIPIKOI KATAIT'TXMOI
(ovotaon osvtepoyevovg K.A. —Iowotnteg )

» AIAITAANHTIKOX XQPOX MHXANIXMOI EIIITAXYNXHX KA ( emopaocn
nAMoc@arpas ot oupopeoon K.A., emrdyovon copotioiov 6 1oyvpa
KPOVGTIKG Kvpatoe 2° Fermi, dvvopikog unyovieuos  1° Fermi)

» AIAMOP®QYH KA AIIO TO 'HINO MAT'NHTIKO ITIEAIO
( OVVOUIKT] KOGUIKOV GOUATIOL0V GTO YNIVO payv.medio Oemwpia Stormer,
ROYVIITIKY] OUVOKOUWY L0, OCVUTTMOTKES TPOYLES)
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YAH KO2ZMIKH2

» I'ET'ONOTA KA (Ground Level Enhancements GLE, Forbush Decreases FD,
Magnetospheric events)

» KATAI'PA®H KA AIIO EIIITEIA KAI AOPY®OPIKA XYXTHMATA
(Metpntéc Netpoviov, AIKTVO HETPNTOV)

» YYI'XPONH EPEYNA ®YXIKHY KA- EOPAPMOI'EX
( IIpocrwoomomrika onfpatoe_ Precursors and GLE Alert, Aocwuetpia, Forecasting of
SPEs, Yyeia, Kiipo)
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Koouiknl AktivoBoAia

coUatio. vYNA®V evepyelav (106eV - 1021 eV)
EEmordoua + devtepoyevn mapayoueva ( ynvn atpuoeaipa) (D.Perkins, 2003)

2oOuoTiol Kot @OTOVIO UE EVEPYELEG TOVAAYIGTOV KATOLEC TACEIC UEYEOOVS > amd TN HEo

evépyela Oepuikmv copatidiov Tov TAdcuotoc vrofddpov.( L. Dorman, 2014).

[THI'EX?

-ev1o¢ INohoaéla ( oTabepotl aotépec-nAiog,
KOVOQOVEIG Ko SUpernova,roAOLEVOL
OGTEPEC,OOTEPES VETPOVIMV O1OGTPIKT] VAT))
-exto¢ I'alaia (Evepyor I'adaéiakot

[Tvpnvec AGN, black holes)
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NMPOEAEYZH

EEwyaraclaxn CR Cada&iaxn CR H\oxn CR Awamhovntikn CR

. . . *Evépyeiec 10-100MeV
* VYNMAEC EVEPYELEC UEXPL

e TOND U\anég 1015 - 10 16eV (Supernova ’ Szzp}:;((ggé M\((;Xpl (ShOCk wave at the
SVéPYﬂSG u;éxpl 10*'eV explosions, magnetospheres _ © boundary of heliosphere
(radiogalaxies, quasars) of pulsars, double stars) and external to Earth

Magnetosphere)

Active Galactic Nuclei

(AGN), Gamma-Ray
Bursts (GRB SNR (Supernova Remnant)
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Kataypadon KA

> EktOg HAl6Odalpag (Voyager 1,2) > Evtog HAoogaipag

Galactic Extra-galactic
e -

Heliosphere: the only known Habitable Astrosphere On 15 October 1991

Fly’s Eye detects record-breaking
cosmic ray: 3.2 x 1020 eV
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Primary cosmic ray energy / eV Garzén at al. 2017

ACE, GOES
(several MeV-700MeV)

o EkTt6g atpudéodalpag

o WnAd otnv atudéodatpa (High altitude ballons)
o ’'Edadog (Chernkov light, scintillation, Neutron Monitors )

o Ymnoyela (secondary muons, neutrinos)

2 e I

Neutron Monitor (0.5-15GeV)

PAMELA space experiment Ice cube : 104 - 108 eV,

(100MeV —several GeV) Menn et al., 2013 KM3Net / Neutrino telescope 1, 5913 |ceCube presented two events at around 1 PeV
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AvakaAvyn twv Koopikwv AKtivwv — Avantuén tne
Epeuvag

1900-1909 : MepApATO OXETLKA LLE TOV LOVIOMO Kol TNV aywylpotnta tou agpa (start Coulomb

1785) . YnoBeon povo y-aktivoBoAia pmopet va SnULoupyrnoeL TApaATNPNOLUO LOVIOUO TOU
agpa.(€xel etoaxBei n a,-P kat y aktivoBoAia)

Rutherford and Cooke (1903) NapatnprioeL LE NAEKTPOOKOTILO
(otpwpa poAUBSOU) .Me ekmAnén Slamiotwoov OTL AKOUN KAl LE
Bwpakion 5 tovwv Pb o0 LovIopOG Tou agpa apapéEVeL 6 pairs of ions

in cm3 per second! (U W ). Radioactive pollution of a material within
the device (self radiation of the device)

!

-~y
‘\ Iovicuog Tov agpa - padlEveEPYT TPOEAEDT)

Discharge of an electroscope by a radioactive material (Duncan 1902)
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AvakaAvyn twv Koopikwv AKtivwv — Avantuén tne
Epeuvag

K. Kurz (1909): tpeic mbovec TtnyEc mopatnpnNoiLoL 10VIGLOD:

» y- rays oo 10 PAotd TG I'mg
» Axtwvofolia amd v atpudcpapo

\ jected as improbable.
> AxtivoBolio and to SidoTnua rejected as improbablie

1908-1909 petagépoov T ovokevny 11 agreement with the literature, the Earth is the

omd TV em@dvelo. Tpoc To. Kdtm to  Source of the penetrating radiation and that certain

Kot pEPog evog opuyelov olatiod,  waters, soils and salt deposits, are comparatively free

TOpOTNPOLY TTOGT 28% . from radioactive substances, and can therefore act as
efficient screens (Eve, Rutherford)

KYPIAPXH IAEA 1909 | H I'n artoteA&i tnv kupta mnyn tng aktivoBoAiac-y kot
OPLOUEVA EOAPN, VEPO KOl ATTOTECELC aAdTIWV Eival

OUYKPLTIKO OITXAQYUEVA TTO PAOLEVEPYEC OUTIEG.




AvakaAvyn twv Koopikwv AKtivwv — Avantuén tne
Epeuvag

1909 : Theodor Wulf BeAtimoe T0 NAEKTPOCKOTIO KAl TO EKAVE GOPNTO.

[Tpatn mTpoomdOeila vo LEAETNGEL TN LETAPOAT] TOVL 1OVIGLOV
LLE T ATOGTOGT] OO TO £00POC TOGO TNV NUEPO OGO KO TN

ﬂ voyto!

H amopoaciotikn puétpnon
ta&ol oto Ilopict pe
APKETA NAEKTPOCGKOTLA.

Electroscope of T. Wulf (1909). From I. Dorman (M1981).
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AvakaAvyn twv Koopikwv AKtivwv — Avantuén tne
Epeuvag

1909 : Theodor Wulf : mapatnpel o0tLo Loviouog
nedtel anod 6 wvra/cm? kabwe avéBalve otov mUpyo
tou Eiffel (330 m).

Av Ntav y-0KTiveG TOL TPOEPYOVIAY ATTO TNV
EMPAVELL TNG VNG AVAUEVOVTOV EKOETIKN 300 meters - /15
LElmo .

AIIOTEAEXMATA MH XYMBATA !

Note: at that time people were convinced that natural
radioactivity was mostly due to gamma rays
Taken as a confirmation of the dominant opinion:

radioactivity came from the soil
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AvakaAvpn twv Koopikwv AKtivwv — Avamtuén tng
Epguvag

1912: Victor Hess (1883-1964 Auotplakog Quaotkog
Metpnoelc pe aepootata (7 mtioelg 1911-1912).

e 1000m: évtaon¥ oAAG& > 1000 m évtoon P

* 77mtnon (7-8-1912): voc 5350 m n €vtaon noAAAanmAdaota! Qgﬂe

* |8la €vtaon nuéEpa Kal vuxTa. f»,.\
N

* E&aptnon amod atpoodalplkeS APAUETPOUC v

Table 1.1. The dependence of ionization rate from the altimmde. According
to Hess (1911)

Average ,J Observable ionization Average Obszervable ionization
height rate, ion.cm "z ' height from rate, ion.cm 5 '
from the The first The zecond the ground, The first The second
ground, m device device m device device
0 16.3 (18)* 11.8(20) 1000-2000 15.9(7) 12.1 (8)
Up to 200 15.4(13) 11.1(12) 2000-3000 17.3 (1) 133 (1)
200-500 15.5 (6) 10.4 (6) 3000-4000 198 (1) 16.5 (1)
500-1000 156 (3) 103 (4) 4000-5200 34.4(2) 272 (2

* The fizures i brackets mean the number of observations from which the average was obtamned.

1o show how the ionizing radiation with height changes, V. Hess united 88 values of measurements of the ionization rate, performed
at various heights during all seven flights (for each height from the several values received under various conditions, the average
undertook). The data are resulted in Table 1.1.
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AvakaAvyn twv Koopikwv AKtivwv — Avantuén tne
Epeuvag

» EmBeBaiwon ano Kolhoerlster 9.000m 40¢opeg peyaAutepn ano tnv entpavela tng Oalacoag
(80 ions/cm3s amo 2 ions/cm3s) !

> O ovvieleotng eEocBévionc e aktvoPorioc vroroyiletar a=10- cm™! evd o avrictoryoc T
aktvoPoroc-y eivor a=4.5 10° cm™! Apo 1o d1e168vTikn amo ¥ TS LGIKHE podievepyetog!

The radiation discovered was called “penetrating radiation” or “ ultra-gamma
radiation” by V. Hess

Epotuo: tpoievon ¢ “penetrating radiation?

Anavinon 1926: Millikan and Cameron Baci{opevol o€ TOALE TEWPAUATIKA OEO0UEVO VTTOGTNPIEAY OTL
TPOKELTAL Y10 OKTIVEG-Y O OLEIGOVTIKES OO OVTES TNC PUVGIKNG padlevEpyelag ot omotec AEN
TPOEPYOVTAL ATTO TNV ATUOGPOLPA ALY Td TO O1dloTNa Kol £dmce To Ovouo Koopikéc AKTiveg
Cosmic rays!!

Tunua @uoikng EKMA




AvakaAvyn twv Koopikwv AKtivwv — Avantuén tne
Epeuvag

Eioog axtivoforiac? Charged or neutral?

K.A: vy-aktivoBoMa AOYy® TG LynAng OlEIGOVTIKOTNTAC (0YL YVOOT 1 OEICOLTIKOTNTO TMV
CYETIKIGTIKOV POPTICUEVOV COUOTIOIDV)

Anavrnon, 1929: OuBoth kau Ko!horster , the intensity of CR on poles should be
ATOBELKVUOUV UE OELPA TIELPAUATWY ( AVIXVEUTEG - much more than on the equator, i.e. there

Geiger-Muller) otL mpokeLTaL yla CWHOTLOLOKNA must exist a latitude effect of CR

aktwvoBoAia, dnAadn moAl evepynTikd cwpatidLa.

EmBefoarwon Arthur Compton organized a world wide survey of the dependence of cosmic
intensity on geomagnetic latitude.

1/ Moreover, in the 1930s it was shown by investigations of West-East CR
: asymmetry that the majority of primary CR must be positive energetic particles.
Later, in the 1940s — 1950s, it was established by direct measurements at high
altitudes on balloons and rockets that, for the most part, cosmic rays are energetic
; | protons, about 10% He nuclei, 1% more heavy nuclei, energetic neutrino,
- ' electrons, positrons, and energetic gamma rays.
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AvakaAvpn twv Koopikwv AKtivwv — Avamtuén tng
Epguvag

['a v mepiodo 1920-1950 1 kooukn axtivoforio €ivar pioe GUGIKN TTNYN COUOTIOI®Y TOAD
YNAOV EVEPYELMV OV EIVOIL APKETA EVEPYNTIKA Y10 VO OIEIGOVGOVY GTOV TUPT VA KAl 0T Elvor N
Baockn texvikn pe v omoio avakaAVTTOVTOL Gopatiow ueypt to 1950. O1 TpdTEC AvVaKAAVWYELS
Epyovial omd PBEATIOOES o€ ToAoOtEPO TTEPAUATA Tov Skobeltsyn pe Qaddpove aepiov Kot
aKOAOLOOVV Kol TOAAN AL

Ilpwty eokaipia va mapatTnpiicovus ayvwoera cwuatiora apiy proréovus to CERN, Fermilab kol aiiovg
emroyvvrég!
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1930 :Anderson Ko Millikan
YPTOCILOTOLMVTAG NAEKTPOUAYVITY OEKaL
QOpEG  1oYLPOTEPO  OmO  ALTOV  TOV
Skobeltsyn yio tnv mapoatipnon tpoyidv
copotwiov péca oe Bdlopo oaepiov
TOPOTNPOVV  KOUTVA®UEVEG — TPOYLES
copoTwiov mov egivor B pe T
nAektpdvia aALA £xovv avtifeto poptio.

1933 Tlepdpata Paciouéva o Pertiopévn
teyvikn tov Blackett-Occhialini emiBefoardvouv
TNV TAPOTAve avokaivym. H teyvikn avt)
Baciletatl oto 0T 0 BdAapog agpiov
gvepyomoleiton LOVo ooV gival olyovpo 0Tt
[o. KOGUIKT aKTiva épace. Me autdv Tov
TPOTO KOTAPEPAY VO TAPOVV UEPIKES TOAD
KOAEG QOTOYPAPIEG TV “OeTIKOV
niektpoviov” (tolitpoviov). H avaxdivym
OLTY] GLUTITTEL ¥POVIKA UE TN Bempia TOL
nAektpoviov Tov Dirac. Xe pa omd 115 Mo
LEYOAES EMEKTACELS TG KPOVTIKNG UIYOVIKTG,
o Dirac é6woe 1 oyetikiotikng e&icmon
KOHOTOG TOV NAEKTPOVIOL OV OYL LOVO
TPOPAETEL TO Spin KO TN LOyVNTIKY POTTH OAAGL
Vv Vopén eniong evog “avTIcOUOTIOON” TOV
nAektpoviov, Tov woliTpoviov.

Source of

icle . .
Parui radiation

Instrument used

Specific observation
made

1930 «

1931 * -

1932 #.(r.) nuclear reactor liquid scintillator Capture by proton

1933 V., accelerator spark chamber Production of 4 and

1934 not e

193s e discharge tube fluorescent screen Ratio e/m

1936 et cosmic rays - cloud chamber Charge, mass

1937 #t, = cosmic rays cloud chamber Absence of radiation

1938 loss in Pb; decay at
rest; mass

1939 at cosmic rays nuclear emulsion T — u decay at rest

1940 o 2 cosmic rays nuclear emulsion Nuclear interaction

1941 at rest

1942 . accelerator counters Decay into y-rays

1943 K+ cosmic rays nuclear emulsion K_3 decay

1944 K~ cosmic rays nuclear emulsion Nuclear interaction

1945 at rest .

1946 K° cosmic rays cloud chamber Decay into @ t—

1947 in flight

1948 7 accelerator bubble chamber Total mass of decay

1949 products

1950 P discharge tube spectroscopes; Charges and masses

1951 mass spectrometers of ions

1952 P accelerator Cerenkov counter e/m measured;

1953 annihilation

1954 n radioactivity ionization Mass from elastic

1955 chamber collisions

1956 n accelerator counters Annihilation

1957 A cosmic rays cloud chamber Decay to px~ in flight

1958 A accelerator nuclear emulsion Decay to px~ in flight

1959 z* cosmic rays nuclear emulsion Decay at rest

1960 - accelerator diffusion chamber Decay to n»t~ in flight

1961 X0 accelerator bubble chamber Decay to .1y in flight

1962 E= cosmic rays cloud chamber Decay to -1x~ in flight

1963 =0 accelerator bubble chamber Decay to .11° in flight

1964 £2- accelerator bubble chamber Decay to =%t~ in flight

1965 Very many “resonance” particles with :

1966 lifetimes ~ 10723 to 10~ 1% s

1967 accelerator bubble chambers Total mass of decay

\
\

?“Fireballs” cosmic rays

Quarks?

nuclear emulsion

not found with accelerators;

being sought in cosmic rays

products
Angles of meson
emission

Charge } or 3e
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AvakaAvyn twv Koopikwv AKTivwv — Avantuén tng

Epguvag
= 1953: research on

1953 Ilpoymwpel N avamtocn g TeEYVOAOYiag . cosmicraysisin CERN’s
TV EMITAYVVTOV, OOTE EVE DETE S Saas voiohe rea »occasn S constitution
cuykpiciuec pe avtéc tov KA va moapayovrot e
oto egpyaotnpo. Etor  €&ypovue décuecg
COUOTIOIMV  YVOOTNG o EVEPYELNG VO, -
KatevBuvoviar oe otoyovs. To evolapEpoV —
OTIC KOOWKEG OKTIVEG OTPAPNKE  OTO
wpoPANuUOTO TG MPOEAELONG KOL  TNG S . Haboiiste, e M
d1ioong Tovg mpog ™ I'. e | LTI

Legacy from G-stack

1960 Aviyvevtéc copatdiov KA torofetovvial 6e 00pupOpovg Kal divouv TANPopopieg
vio v KA youniov evepyeidmv, kabmc 1 Tapat)pnon yio YNAOTEPEC EVEPYELEC YIVETOL OO
TO £00UPOG LEGH TMV OEVLTEPOYEVAV COUATIOI®MV TTOV TapdyovTol Kol Odvouy otnv
empavelo g I'mc.

Tunua @uoikng EKMA
Xewepwvo Eéaunvo, 2023-2024



Aopudopikec MeTpnoeLc

2011

International Space Station (ISS).  Alpha Magnetic

Spectrometer

2000/SQC

Launched May 16, 2011

Figure 22.6. The Alpha Magnetic Spectrometer, AMS-02 (Gentile, 2003). The detector components are.
Transition Radiation Detector (TRD), Time-of-flight Scintillators (TOF), Silicon Tracker (Tracker),
Ring Imaging Cherenkov detector (RICH), lead/plastic fiber calorimeter (ECAL), the anticoincidence
counters are located in the inner side in the magnet. The arrows represent the acceptance of CR
particles, ~ 2000 5™

Measures in fine
detail cosmic rays
<some 10 eV :
dark matter,
antimatter,
exotic particles
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Entiyele¢ MetpnoELC

WORLD-WIDE MUON TELESCOPE NETWORK

\ ',A
.

A

Figure 17.7. Planetary distribution of ground based muon telescopes. Black triangles — operating in
1975, white triangles — operating before 1972. From Dorman, M1975a.

>  EMYELOL

[Ipotopytkol TuPNVEC KOGUIKNG
aktivoPolriog pe evépyela >4 GeV
£YOLV TNV ATOLTOVEVT] EVEPYELD
TPOKEEVOL VO, OLIEIGOVCOVY GTNV
atuocoalpa. H aviyvevon tov
LOVi®V YivETOL EQIKTT) Y10
TOPAOELY LA, LE TNV YPNOT] TOL
anapOuntn Geiger-Miiller 1 Tov
amapduntn omvonpiGUOV.

Figure 17.8. Planetary distribution of underground muon telescopes. Black triangles — operating in
1975. From Dorman, M1975a.

> vroyelol
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Entiyele¢ MetpnoELC

EXPERIMETS ULTRA HIGH ENERGY COSMIC RAYS

Pierre Auger Observatory
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Pierre Auger Observatory:

greatest recent EAS Project.

......

-------

oooooo
.....

[HEAT

Corpline - E! Salitral-Pt

Figure 20.5. Layout of the Auger Observatory in Mendoza Province (Cronin, 2001)

The flux of CR is about 1/km2/century/sr above 10%° eV so a large
detection area of 3,000 km? has been chosen for each Observatory
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Entiyelec Metpnoelc

NEUTRINO EXPERIMENTS

o ——

ML TP .
- -""v’vcvl

Super-Kamioka Neutrino Detection e
Experiment, ' R TR R A T e e e .'-f..;,..'.

'v
. ""‘i’cd‘d

v ’

v

"vvv.—-cl
v

EYKATEGTNUEVOC iAo LETPA KATW
Ao TNV ETUPAVELD, TOV E0APOVE, GTO
opvyeio MoloOut. XyedidoTnke yio,
TNV AVIYVELGT] VETPIVOV DYNANG
EVEPYELOG KOl TN UEAETT TOCO TV i
NALOK®V, 0G0 KL TOV OTULOCPUIPIKOV [ e W § 00000, .' ,
VETpivoV. X | Y AN

KVAWVOPIKN 0e&apévn pe 50 yilddeg tovoug kabapon
13 yaddeg Cherenkov

K2K is an international collaboration of physicists,
organized to study the properties of the subatomic particles
called neutrinos
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Entiyele¢ MetpnoELC

Aviyveutég o€ Ballons

Ta cOyypova puraldvia petapépoovy aviyveutéc o vyn 40-70 km.
BESS (Balloon Borne Experiment with Superconducting Solenoidal Spectrometer)

Cuter Vacuum Wall
BOK Shield

EEwtepkol omvOnpiotéc petpodv ypodvo nong,
Ay Baiapot olicOnong petpodv v tpoyd. ‘Eval
S ——————"12 IEEn" EAAPPV VILEPAYDYILO TTNVI0, ONUOVPYEL HOYVITIKO
Innor Vacuum Wl 59 : 1\ nedio, ecmtepikol OGlapol oAicOnong yia tov
o ke VIOAOYIOUO TNG OPUNG.

e —— e e e+ e e B

785 | 690

1] &=

2’ autd To pHeyain HyM,N ATLOGPALPA TAVE 0O TO UTAAOVL gtvor
apeAntéa yio v Koouikr AktivoBoAia, Kl ETOUEV®G O OVIYVEVTEC
TOL PEPOVV TO UTOAOVIO TAPATNPOVV o’ €VOELNG TO TPOTAPYIKA
ocopdtia g Koopkne AktivoBoiiag. Yo avtiv v évvola potdlovv
LLE TOVG HOPLPOPOVS YOUUNANG TPOYLAG, AAAG eivar TOAD 7O ETNVOL Ko
70 €0KOAOG 0 YEPLGUOG TOVC.
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NEUTRON MONITOR NETWORK

Despite their decades of tradition, ground based neutron monitors (NMs) remain the
state-of-the-art instrumentation for measuring Cosmic Rays.

+90

75 ypovia GuVEYLV
LETPNGEWDV

+60 |, ;

+30);

1997 teyvoroyia
TPOLYLOTIKOV
YPOVOL.

P e N o L
Mawson Terre Adelie
McMurﬁ}o - R e

-90

0 30 60 90 120 150 180 210 240 270 300 330

Figure 18.2. The planetary distribution of neutron monitors of both types at 2002 (Belov and
Eroshenko, 2002). Also shown curves of cutoff rigidities (in GV).
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High Resolution Neutron Monitor Database (NMDB)
http://www.nmdb.eu
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Neutron Monitor Database (NMDB)

Schematic concept of NMDB
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