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YAH KO2ZMIKH2

> EIZATQI'H

» YYXTAXH INIPQTOI'ENOYX KOXMIKHYE AKTINOBOAIAX
( WLOTNTES, TUKVOTNTA ,LGOTPOTLA, EVEPYELOKO PACHA)

» ATMOX®AIPIKOI KATAIT'TXMOI
(ovoTaon dgvtepoyevovg K.A. —Io10tnTES )

» MHXANIEMOI EIIITAXYNXHX KA ( mqyég, emtd)uvern copatioiov 6€ 1oyvpa
KPOVOTIKG KOopoto 2° Fermi, ovvapikog unyoviepos  1°¢ Fermi)

» ATAMOPO®QYXH KA AIIO TO 'HINO MAI'NHTIKO ITEAIO
( OVVOMIKY] KOGUIKOV GOUOTIO0V GTO YNIVO poyv.mteolo Osmpio Stormer,
oYV TIKT] OVCKOUWLQ, OCVUTTOTKES TPOYLES)

Tw riy'a (D'UOlKﬁ( A M.I'spovtioov, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



YAH KO2ZMIKH2

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

» KATAT'PA®H KA AITIO EIIIT'EIA KAI AOPY®OPIKA XYXTHMATA
(Metpntéc Netpovimv, AIKTVO HETPNTAOV)

» LYI'XPONH EPEYNA ®YXIKHY KA- EGAPMOTI'EX
( IIposrwoomomtika onjpato_ Precursors and GLE Alert, Aocwpetpia, Forecasting of
SPEs, Yysia, KAiipa)

Tw riy'a (D'UOlKﬁ( A M.I'spovtioov, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



Koouikny Aktivof3oAia

owuaTia upnAwyv evepyelwy (108eV - 1021 eV )
E¢wdiaotnua + deutepoyevr Trapayoueva ( ynivn atpégaipa) (D.Perkins, 2003)

2 WHATIOIa KAl QWTOVIA JE EVEPYEIEG TOUAAXIOTOV KATTOIEG TACEIC JEYEBOUC > aTTO TN
MEOn evépyela OepUIKWY cwaTidiwv Tou TTAGouaTog utropdaBpou.( L. Dorman,
2014).

[THTEX?

-evto¢ [Noraéia ( oTtabepot

A TEPEC-NALOC, KOLVOPOVELS Kot
SuUpernova, toAOLLLLEVOL

G TEPEC,OTEPEG VETPOVIMV
OO TPIKT) VAN)

-ekto¢ [N'oha&ia (Evepyot
INoAa&raxor [Tupnveg AGN,
black holes)

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
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E¢wyaAaciakr CR

* TTOAU UWNAEG
EVEPYEIEG MEXPI
102'eV
(radiogalaxies,
quasars)

Active Galactic Nuclei
(AGN), Gamma-Ray
Bursts (GRB

MPOEAEY2ZH

Fahagiaki CR~ HAlakn CR

* UWPNAEG EVEPYEIEG JEXPI  * EVEPYEIEG

1015 - 10 eV uéxpl 15-30
(supernova explosions, GeV
magnetospheres of
pulsars, double stars)

AilatrAavnTikr) CR
*Evépyeiec 10-100MeV

(shock wave at the
boundary of heliosphere
and external to Earth
Magnetosphere)

SNR (Supernova Remnant)

Tunua @uowkng EKMA
Xewepvo Eéaunvo, 2021-2022
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AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne
Epeuvoc

1900-1909 : MNepAPATO OXETLKA LE TOV LOVIOUO KOl TNV oywyLlHoTnTa tou aépa (start Coulomb

1785) . YnoBeon povo y-aktivoBoAia pumopel va dSnpLlovpynoeL mapatnenoLlUo LOVIOUO TOU aEPQ.
(éxeL eLoaxBOei n a,-B ko y aktivofolia)

Rutherford and Cooke (1903) NapatnprjoeLc LE NAEKTPOOKOTILO
(otpwpa poAUBSoU) .Me ekmAnén Stamiotwoayv OTL AKOMUN KoL UE
Bwpadkion 5 tovwv Pb o Loviopog tou agpa mapapevel 6 pairs of ions

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

!

‘\ Ioviouog Tov aépa - padlEVEPYT TPOEAEGT)

Discharge of an electroscope by a radioactive material (Duncan 1902)

Tunua @uoikng¢ EKMA
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AvakaAuvyn twv Koopukwv Aktivwv — Avarmtuén tne
Epeuvoc

K. Kurz (1909): tpeic mOoveéc mnyEc TopaatnPNGILOD 10VIGLLOV:

» y-rays ammo 10 pAotd TG I'm¢
» AxtwvoBoMa amd v atpudcpapo

, , , rejected as improbable.
» AxtwvoBoMa amd o ddoTnuo

1908-1909 petapépouv Tn ouckeury In agreement with the literature, the Earth is the source

ato TNV EMPAVEIX TIPOC TO KATW To  Of the penetrating radiation and that certain waters,

KATW PEPOG €VOG Opuxeiou aAatiou,  soils and salt deposits, are comparatively free from

Trapatnpouyv Trwon 28% . radioactive substances, and can therefore act as
efficient screens (Eve, Rutherford)

KYPIAPXH IAEA 1909 | H I'n aroteAe&i tTnv kuptla mnyn tng aktivoBoAiag-y Kot
oplougva edbapn, vepa Kal amoIEcELS aAdTiwy gival
OUYKPLTIKA QITOXAQYUEVA QTTO PAOLEVEPYEC OUUTIEC.

A 5 O M.Tspovtidov, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne
Epeuvoc

1909 : Theodor Wulf BeATiwoe To NAEKTPOOKOTTIO Kal TO EKAVE PpopnTo.

[Tpotn Tpoomabela vor LEAETNGEL TN LETAPOAN TOV 1OVIGLOV
LLE TN ITOGTACT) OO TO £0POG TOGO TNV NUEP OGO KoL T

qﬁ voyta!l

H amopaciotikn puétpnon
[Taoya 1909 taéol oto
[Tapict pe apketd
NAEKTPOGKOTLO.

Electroscope of T. Wulf (1909). From I. Dorman (M1981).

Tunpa Quowiic EKIIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne
Epeuvoc

1909 : Theodor Wulf : mapatnpel 0TL 0 LOVIOUOG

nEPTEL amo 6 wvto/cm3 kabwc aveBalve otov MUPYo
tou Eiffel (330 m).

Av NTaV Y-0KTIVEG TOV TPOEPYOVTIAV OTTO TNV
EMPAVELD TNG YNG KO 1TV O TTLO OLEIGOVTIKES

Ao TIC LEYPL TOTE YVMGTEG TOTE OVAUEVOVTOV
exBetikn peiwon .H mokvomta tov 1dviov Ha

nmepoploTay 6to Ued oto LYoc Tv 80 m.

J00 meters : flux/15

AIIOTEAEXMATA MH XYMBATA !

Note: at that time people were convinced that natural

radioactivity was mostly due to gamma rays

¥y

Wil

1 80mlres - fog2™ o

Taken as a confirmation of the dominant opinion:

radioactivity came from the soil

Tunua @uoikng¢ EKMA
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AvakaAuvyn twv Koopukwv Aktivwv — Avarmtuén tne
Epeuvoc

1911: Pancini perpniosic o€ fouvad, 6to £60¢oc kKai 0aracca ( fvOilovrag eva,
NAekTPocomio o€ 3 petpa Pabog mapatnpel perwon s aktivopfoirag Kata 20%

!

To €dapog AEN gwvar 10 povo vrevfuvo yio tnv aktivoBoiia

!

2THY ATUHOCYOIPO VTTAPYEL HIG CHUAVTIKEH AITIO LOVIGHOV, )| OTTOL0, TPOEPYETAL ATTO
Kamola 01E16ovTIKY axTivoforia, ANEEAPTHTA amo tyv auecn opacny paoievepywmy

0VGLAY GTO E0APOS

A 5 O M.Tspovtidov, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne

Epeuvoc
1912: Victor Hess (1883-1964 Auotplako¢ Duotkog
Metpnoelg pe agpootata (7 mrnoetg 1911-1912).
e 1000m: évtaon¥ aAAd > 1000 m évtaocn P
* 77mtRon (7-8-1912): vPog 5350 m n €vtaon moAAAmAdoLa!
* |8l évtaon nuEpa Kot voyTa.

* E&aptnon amo atpoodalplkeS MOPAUETPOUG

Table 1.1. The dependence of ionization rate from the altitude. According
to Hess (1912)

Average Ob:zervable ionization Average Observable ionization
height rate, ion.cm s height from rate, ion.cm s
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 19.8 (1) 16.5 (1)
500-1000 15.6 (3) 10.3 (4) 4000-5200 344 (2) 27.2(2)
* The fizures in brackets mean the number of observations from which the average was obtained.

7 April 1912

To 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.

Tunua @uoikng¢ EKMA
Xewepwvo Eéaunvo, 2021-2022
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AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne
Epeuvoc

» EnBeBaiwon ano Kolhoerlster 9.000m 40¢dope¢ peyallTepn amo tnv enidpavela tng Balaocoag
(80 ions/cm3s armod 2 ions/cm3s) !

» Jupdwvia pPe HETPAOELS oo BaAAoUC LoVIoHoU

> O ocvvtedeotng e€acbéviong g axtivoPoriog vroroyletar a=10- cm! gvd 0 avtioToryog ¢
aktvoPforiac-y eivar a=4.5 10° cm! Apo 10 S1E163VTIKN GIT0 Y TNES PLOIKNG PASIEVEPYELOG!

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

1936 Nobel Prize

Epaotua: tpdievon g “penetrating radiation”?

Ol OO TO E00.POS , EVIOG- EKTOG
OATUOTPALPOS 1] OTTO TO OLOOTHUO?

20 1 2 : 1 00 years annlversary! Fizure 1.11. Duning the .\'bel ceremony at December 1936 in Stockholm: Victor Hess (nght) and Carl

Anderson (nuddle) are seated beside chemustry laureate Peter Debye (Carlson, 2012). From Domman
and Dorman (2014).

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



AvakaAuvyn twv Koopikwv AKTivwv — Avantuén tng
Epguvoc

Anavtnon 1926: Millikan and Cameron Baci{dpevol o€ TOALA TEPOAUATIKA OEGOUEVO VTTOGTIPLEAY OTL
TPOKELTOL Y10 OKTIVEC-Y 7O OEICOVTIKEG OO ALTEC TNG PUVGIKNG padievepyelag ot omote¢ AEN
TPOEPYOVTAL IO TNV ATHOGPOLPO OAAL 0O TO OldoTna Kol dmoe 10 Ovouo Koopkéc Aktiveg
Cosmic rays!!

Le--]

If the rays came from outside, Millikan  work apparently wasted.
reasoned, they should be hundreds of “Then,” said Millikan, “we saw what
times stronger at the top of the earth’s fools we had been to carry building ma-
terials up that mountain. Why build a
wall, when you can bury an electroscope
at the bottom of a mountain lake just as
casily as you can hide it behind a lead

From the lips of Dr. Mil-
likan in Washington, I heard
the thrilling story of his dis-
covery. I found him a vital,

dynamic man of sixty, whose
handshake crushed my fin.
gers and whose simple word:
carried the assurance of au-
thority. That story was one
of years of fruitless experi-
ment, bitter disappointment,
physical hardship, and final
triumph. He told of strug-
gles up rugged mountains on
two continents to find and
measure the elusive rays—
then of a flash of inspiration

Dr. Millikan (left) and Dr. G. Harvey Cameron with ¢!
they sank in California and Bolivia mountain lakes to detect cosmic
rays, The instruments were raised and examined through the eyepicce

screen, and the water of the
lake will serve as the equiva-
lent of many feet of lead.
The next thing to do was to
go at it sensibly. We would
climb to the top of 15,000-foot
Mount Whitney, in southern
California—the highest
mountain in the United
States — and there, under its
brow, would sink our electro-
scopes in the pure, snow-fea
waters of Muir Lake.”

With Dr. Cameron and a
couple of students, Millikan
toiled up Mount Whitney in
August, 1925, and found the
secret of the stars,

Two thousand feet from
the top, they had to shoulder
the boats, lumber to build
rafts, and instruments their
mules had carried.

Anxiously they sank their

air than at the bottom. He resolved to electroscopes. A cry of triumph echoed

TIME
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only a few weeks ago that

pm\'(\d thc ravs thc aCt.lla] send a sounding balloon with instruments  through the frosty air. There were cos-
y . to record them clear to the top of the mic rays—rays that pierced the water for

messengers of creation, atmosphere, e fifty feet, downward. and then stopped!

A. De Angelis, 2012

Tunua @uowkng EKIA
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AvakaAvpn twv Koopikwv AKtivwv — Avamtuén tng
Epguvag

Eioog axtivoforiag? Charged or neutral?

K.A: y-akTIvoBoAia Aoyw Tng uwnAAg OIEIodUTIKOTATAG (OXI YVWOTH N OIEIoOUTIKOTATA TWV
OXETIKIOTIKWY QOPTICHEVWYV OCWHATIOIWV)

Millikan: creation He atoms from atoms of H together with the generation of high energy gamma
rays (in contradiction with physical laws, as this reaction can occur only at very high temperature
and great density, e.g., inside the Sun and stars, but in this case y—rays cannot go outside). About this
interesting problem there was a famous public discussion between the two Nobel Prize laureates
Arthur Compton and Robert Millikan, which was widely reported in many Newspapers.

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne
Epeuvoc

Artavtnon 1929: OL Both kat Kolhorster amodeikviouv pe oglpa melpapdtwy ( avixveutec Geiger-
Muller) otL mpokettal yia cwpatidlakn aktvoBoAia, dnAadr moAu evepyntikd cwpoatidia.

Pb
Av fjtav axtivoPoiia -y dev Ba

% UTOPOVGAY dVO OEVTEPOYEVN
/ NAEKTPOVIO TTOV TOPAYOVTOL OO TIC
%// 101eg axtiveg -y va TGOV

P G-M counter TOVTOYPOVO. GE dVO OVIYVEVTES

/)
// > TIaxo xpvcov 4.1cm (Tavtdypoves amoPopTicELs).
'y J

Fe

72

A

N
// “ G-M counter

ITpdxerton yioo ToAD evepynTikd
copatiot, AOY®m NG UEYOANG OL0OPOUNS
T0VC 6TV VAN, pue evépyeteg 10°- 101%V.

Figure 3.4, The scheme of experiments of Bothe and Kolhdrster (1929). From LV, Dorman (M1981).

Bothe and Kolhorster (1929) for the first time came up with the idea that if CR at least partially consist of charged
particles, as a result of rejecting action of a magnetic field of the Earth, the intensity of CR on poles should be much more
than on the equator, i.e. there must exist a latitude effect of CR

Tunpa Quowiic EKIIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022




AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne

Epevvac
The geomagnetic effect in CR (the CR flux depends on . QK o e
latitude) was discovered accidentally in 1927 by the " =i \ ARER T
Dutch researcher J. Clay ) e [y NN
2NN
WL TR A §. "35'\ N Ll et
- NG
- ; ot . \
Clay was measuring radiation in Java; in 1927 he g 4 g
carried his detector in a trip from Java to Genova Ir [ [ AmsTERDAD
. ATLANTIE. | | |2
o CAPE_TOW I A7~‘ 1
F : ="
. _ Ne ;ﬁp Q7|
Confirmed by Clay himself in 1928 (Java to i T [ V1A
Amsterdam), by Kolhorster, by Rossi, by Compton+ oo | 1 Re A avin
gl \i yad
gd. ,\5\ P A | {
s X:‘i—r/ 1 ; ! %
SOUTH. | LDORTH | |
, Nl N
155 | MAGHN 1 ATITUDE
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AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne

Epguvoc

EmBeporwon Arthur Compton organized a world
wide survey of the dependence of cosmic intensity

on geomagnetic latitude.

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.

"' "A.De Angelis 2012 31

Tunua @uowkng EKTA
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AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne
Epeuvoc

['a v mepiodo 1920-1950 n koo axtivoPoiia elvorl pa QLGIKY TNy COUATOI®V
TOAD YNAMOV EVEPYELDV TTOV ElVOIL OPKETA EVEPYNTIKA Y10l VO OIEIGOVGOVYV GTOV TUPTVA
Kol 0T €fvon 1 POGIKT TEYVIKT LE TNV OOl avaKkoADTTOVTOL GOpaTiot puExpt to 1950.
O1 mpotec avakaAdyels Epyovion omd PeATIOCEC o€ TOAOOTEPO, TEPAUATE TOV
Skobeltsyn pe BoAdpovg agpiov kot akoAovBovv Kot TOAAL GAAQ.

Ilpoty soxaipio va mapatypyoeovuc ayvoota couotiote rpty ptaréovus to CERN, Fermilab kou
dilovg emtoyvvrég!

Tunpa Quotkiic EKIA M.Tspovridon, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



AvakaAuvyn twv Koopukwv Aktivwv — Avarmtuén tne
Epeuvoc

1930 :Anderson ka1 Millikan ypnoiuonoiwvtog nAektpopoyvintn 0Eka,
QOPEC 10YVPOTEPO amd avTOV ToL Skobeltsyn yia v mapatpnon
TPOYLOV COUATIOIOV HEGH 6€ BAAALO aEPiov TOPATNPOVV KOAUTVAMUEVES
TPOYIEC COUATIOI®V TTOV €lvar 1010, LE TOL NAEKTPOVIOL AAAA £youV avTifeTO
popTio.

1933 Ilepduoarta Baciopéva oe Pertiopuévn texvikn tov Blackett-Occhialini
emPBeforwdvovv v mapandveo avakdivyn. H teyvikn avtr Baciletor oto 0t1 0
Balapoc aepiov evepyomoieital LOVO apov ival Giyovpo OTL Lol KOGUIKT)
aKTiva mEpace. Me autOv TOV TPOTO KATAPEPAY VO TTAPOLV UEPTKES TOAD
KOAEC pOTOYpAPies TV “Oetikmv niektpoviov”’ (molitpovimv). H avakdivyn
OVTY) CLUTTITTTEL YPOVIKA pE TN Bempia Tov NAekTpoviov Tov Dirac. Xe po and
TIC O UEYAAEG EMEKTAGELS TNG KPavTiKnG unyavikng, o Dirac £dwae
CYETIKIOTIKT EEICMOT KOUOATOG TOL NAEKTPOVIOV TTOL OY1 LOVO TPOPAETEL TO
Spin Kol Tn LoryvnTikn pomr oAl tnv vmoapin emiong evog “ovticopuatidoion”
TOL NAEKTPOVIOV, TOV TOLLTPOVIOL.

A 5 O M.Tspovtidov, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



[Ipdt QoTOYpPOPIKN
KaTaypagn apeng
ocoOUaTIOoN and ToVv
Skobeltsyn o 1929. To
{yvog Tov couaTdiov
ONA®veToL oo T SVO
dompa BEAN otV TAVE®
QOTOYpOPio

Tw riu'a (D'UOlKﬁ( A M.I'spovtioov, 2021-2022
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AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne
Epeuvoc

1936 : O1 Anderson kou Neddermeyer cuveyiCovtog ta meipapota pe Bolapovg agpiov
avoKaALY OV couatiown e ualo evOlaueESN aTNC ToL MAEKTPOViov Kot TpwToviov. Ta
copatiow ot Ta ovopdiovv “mesotrons” ko tomobeTovv ™ pato tovg ota 200 m,.
H avaxdaioyn avtr counintel pe 1 Oempia tov Yukawa yio 116 1610p£EC OVVAUELS TOV
VITOYPEDVOVV TPMOTOVIN KO VETPOVIA VO, GLVLTTAPYOVV GTOV TUPNVa. Ot OUVAUELC AVTES
KOTOVOOUVTOL HECH avioaAlayns copatwiov pdloc mepimov 250m,. 'Etor o
“mesotrons” @aivetalr va tavtiCovtoan pe ta copatidle tov Yukawa. Ouwme 1o
“mesotrons” €yovv KpN OAANAEmiOpacn upe Tov mupnve  oto BdAopo, Otav To
COUOTIOW OVTOALOYNC AVOLLEVOVTAL VO EXOVV 1oYVPT CAANAETiOpacn. Znuepa EEpovie
OTL WAAUE VoL OVO0 JAPOPETIKA copoatioln. Ta p-pesovia (povia) tov Anderson ko
Neddermeyer kat ta m-pecovia (movia) tov Yukawa.

A Ty (i M.Tspovtidov, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne
Epeuvoc

1947 Apyiler n avakdioyn pio véag GePdc coUATIOIMV YVOOTNS ooV Tapdceva,
copoatiotn kabmc to mepdupato emavoiapPdvovior 6e  peyoAdtepa VYN UE
LEYOADTEPEG POEC KOGUIKNG aKTVOPOMOG. AVOKOADTTOVTIOL OVLOETEPA KOl
popticuéva mopaceva copatioln. Ta mepiocodTepa amd avtd £xovv HAlo GYedOV
10 Wed ¢ walog tov mpwtoviov. Avagépoviar cav kadvia (k¥ k-, k°). Ta
0VOETEPO, COUATIOW HE UACH LEYOADTEPT) OVTNC TOV TPOTOVIOL AVOPEPOVTOL GOV
couatiot Aauda (A), pe xpoévo Long 108 - 1010 sec mov eivar morhég TaEelg
LeyEBovC LeEYOADTEPOG OTTO T1 YPOVOKAILOKO TV IGYLVPOV OVTIOPAGEDV.

1952 XTo TUPNVIKA yoloaktopoto (emulsions) mwov elvol OTOYPAPIKES
TAGKEC evaicONTEC GE POPTIGUEVO COUATIOW KOL 7O TLUKVEC OO TO 0EPLO TOV
BoAdpov Wilson, omote n mbovotnta  aAAnAemiopacng elvor  peyoAvtepn,
avokaAlvmTovial movie (T, ), E- ko X.

A Ty (i M.Tspovtidov, 2021-2022
Xewuepivo Eéaunvo, 2021-2022



AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne
Epeuvoc

1953 Ilpoympel n avdmntuén g tevoroyiog
TOV EMTOYVVTOV, OCTE EVEPYELEG GLYKPIGUES
ue avtéc tov KA va mapdyovtar oto
epyaotnpro. ‘Etot éyovue dEcUEC cOUATIOIMV
YVOGTNG To. EVEPYELNC VO kKatevhivovtol o€
ot1Oyovc. To &€vOlOPEPOV OTIC KOGUIKEG
aktiveg otpdoenke ot mwpoPANuUATO TNG
TPOEALELOTC KO TNG 01000 TOVG  TPOC TN
Im.

CERN/GEN/#

CONSEIL EUROPEEN POUR -1 RECHERCH vor
23 N y

CERN :uroreaN COUNCIL FOR NUCLEAR RE
rpanisme inlergonsernsmental

CONVENTION

FOR THE ESTABLISHMENT OF A EUROPEAN ORGANIZATION
FOR NUCLEAR RESEARCH

CONVENTION
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AvokaAuvydn twv Koopikwv Aktivwv — Avamtuén tne
Epeuvoc

1960 Aviyvevtéc copatidiov KA torofetovvtol 6e d0pu@Opovg Kot divouv
nAnpogopieg yio v KA yauniov evepyeldv, kabmc 1 mapat)pnon Yo YnNAOTEPES
eVEPYELEG YiveTan Ao TO £00POC LECH TMV OEVTEPOYEVDV COUATIOIMV TOV TAPAYOVTOL
Ko Odvovv otny empdveia ¢ I'mg.

Jones et al. (1967) katackevOce 3 GLOTNHUOTO OVIYVELGNC POPTIOL KOl OLOLPOPTIKOV
eaopatog yorlasSlokmv kot nuakov KA., tepiiapupavouévov tpotoviov kot Bapdtepmv
mopnvev (uexpt acPEctio) otnv evepyelaxn mepoyn from about 4 MeV/nucleon to
more than 1000 MeV/nucleon cto 6opveopo OGO-5. O aviyvevTtiic GOUATIOIMV Y10 TIC
vynieg evépyeteg mepieiye 2 scintillation counters and evag Cherenkov counter yio
LETPNON TOL QOPTIOV KOl EVEPYEWNS coUaTdimv oTig meploysg 50-220, 220-1000 and
>1000 MeV/nucleon.
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Source of

Particle .
” radiation

Instrument used

Specific observation
made

1930 «

1931 -

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

1933 Vi accelerator spark chamber Production of g and

1934 not e

193s e~ discharge tube fluorescent screen Ratio e/m

1936 et cosmic rays - cloud chamber Charge, mass

1937 ut, 4~ cosmic rays cloud chamber Absence of radiation

1938 loss in Pb; decay at
rest; mass

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

1940 S 2 cosmic rays nuclear emulsion Nuclear interaction

1941 at rest

1942 x° 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 @~

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 zT cosmic rays nuclear emulsion Decay at rest

1960 - accelerator diffusion chamber Decay to n»7~ in flight

1961 0 accelerator bubble chamber Decay to .1y in flight

1962 == cosmic rays cloud chamber Decay to .1z~ in flight

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

1964 Q- accelerator bubble chamber Decay to E°x~ in flight

1965 Very many ‘“resonance”™ particles with

1966 lifetimes ~ 10723 to 10~ 1% s

1967 accelerator bubble chambers Total mass of decay

\
\

products
?“Fireballs” cosmic rays nuclear emulsion Angles of meson
emission
Quarks? not found with accelerators; Charge } or %e

being sought in cosmic rays
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Aopudoplkec MeTpnOELC
Payload for Antimatter Matter Exploration and Light-nuclei Astrophysics) PAMELA

PAMELA. According to Piccardi et al. (1999), the PAMELA telescope will be aloft for
at least 3 years in a polar orbit at about 700 km altitude. The main goals of the PAMELA
experiment are the measurement of the antiproton and positron fluxes in CR, with large
statistics in an energy range between 100 MeV and 150 GeV, and search for anti-nuclei, up to
30 GeV/n, with a sensitivity better than 10 7in the He/He ratio (Simon, 2003; Ambriola et al.,
2003). PAMELA will also study phenomena connected with Solar and Earth physics
(Casolino and Mikhailov, 2003). The PAMELA telescope consists of a magnetic
spectrometer, a TRD detector, an imaging electromagnetic calorimeter and a TOF system
including anticoincidence detectors (see Figure 22.3).
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Figure 22.3. The PAMELA telescope (Piccardi et al., 1999). The main detectors are. transition radiation
detector (TRD), permanent magnet spectrometer equipped with silicon micro strip detector (SPE) and a
silicon/tungsten calorimeter (CAL). There are also a time of flight detector (TOF) and an anti-
coincidence system (ANTI) made by plastic scintillators.

15 June 2006
End 2016

Wizard collaboration,
which includes Russia,
Italy, Germany and Sweden
and has been involved in
many satellite and balloon-
based cosmic ray
experiments such as Fermi-

GLAST.
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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),

counters are located in the inner side in the magnet. The arrows represent the acceptance of CR
particles, ~ 2000 5™,

Aopudoplkec MeTpoELC

2011

International Space Station (ISS).  Alpha Magnetic

Spectrometer

Measures in fine
detail cosmic rays
<some 10 eV :
dark matter,
antimatter,
exotic particles
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Launched May 16, 2011

RICH

Calorimeter = ! P !

Ring Imaging Cherenkov detector (RICH), lead/plastic fiber calorimeter (ECAL), the anticoincidence
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Entiyelec MetpnoeLg

WORLD-WIDE NETWORK OF IONIZATION CHAMBERS
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Figure 16.3. Global distribution of ionization chambers shielded by 10.7 cm Pb with compensation.
Black triangles. chambers operating in 1975, white triangles. chambers operating before 1972. From
Dorman, M1975a.

Avoyvapion tpoyiwv couatioiomy

Aviyvevteg  Cherenkov: To oyetikiotikd miektpdvia Kot wolltpoOviol TOV TOPAYOVIOL GTOV OTUOCOOLPIKO
Katoyiopd mpokoAiovv exkmount) aktivoforiiag Cherenkov cto opotd Otav dwadidovror péoco o€ HEGO e
ToOTNTO. LEYAAVTEPT amd ovT ToL EOTOG.O1 Gelpéc aviyvevtwv Cherenkov cuAAEYOLV aLTOVG TOVS TOALOVG
QMOTOG oo €va, TOAD PEYAAO OyKOo (Addeg KuPucd yriopeTpa). Mo mapOpole TEXVIKY XPNOLUOTOLEITAL EXIONC
TPOKEWEVOL va. peretnBovv ta vetpiva Otav moApoi @wtdg Cherenkov mapdyovtor oto vepd (m.y Deep
Underwater Muon And Neutrino Detector (DUMAND)) 11 otov ndyo (e.g. IceCube Neutrino Observatory or
Antarctic Muon And Neutrino Detector Array (AMANDA)).
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Entiyelec Metpnoelg

WORLD-WIDE MUON TELESCOPE NETWORK
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Figure 17.7. Planetary distribution of ground based muon telescopes. Black triangles — operating in (],Tuéc (P(llp(l H (X,ViXVSUGn TOV
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Figure 17.8. Planetary distribution of underground muon telescopes. Black triangles — operating in
1975. From Dorman, M1975a.
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Entiyelec Metpnoelg

WORLD-WIDE SOLAR NEUTRON TELESCOPE NETWORK

Table 19.1. The first SNT worldwide network. According to Tsuchiya et al. (2001a,b)

Location [I;/ecl Ignl;; Longitude | Latitude ‘[‘;‘ii‘ obsset:\:t(i)(t;ns
Switzerland (Gornergrat) | 700 7.8°E 46.0°N 4 January 1998
Armenia (Aragats) 700 40.5°E 44.2°N 4 June 1997
Tibet (Yangbajing) 600 90.5°E 300°’N | 9 September 1998
Japan (Mt. Norikura) o o 1 October 1990

730 137.5°E 36.1°N 6 October 1996
USA (Mauna Kea) 610 203.7°E 19.8°N 8 April 1997
Bolivia (Mt. Chacaltaya) | 540 292°E 16.2°S S September 1992

All SNT developed in Japan have a target layer, which consists of a thick scintillator or
wood. Incoming neutrons are converted into protons by nuclear interactions in the
target. Recoil protons, which undergo a charge exchange process, tend to be scattered in
the direction of incident neutrons, almost conserving the energy of the incident
neutrons.
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Entiyelec Metpnoelg
EXPERIMETS ULTRA HIGH ENERGY COSMIC RAYS

Pierre Auger Observatory greatest recent EAS PrOjeCt.
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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%° ¢V so a large
detection area of 3,000 km? has been chosen for each Observatory
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Entiyelec Metpnoelg

NEUTRINO EXPERIMENTS
Super-Kamioka Neutrino Detection ; AN T LR R '
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EYKATEGTNUEVOG YIMOL LETPOL KATW
Ao TNV ETUPAVELD, TOL E6APOVC, GTO
opvyeio MoloOut. ZyedrdoTnke yio
TNV AViYVELOT VETPIVAOV DYNANC
EVEPYELOG KOL TN LEAETT TOGO TOV
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KLAVOpIKN oegapévn pe 50 yAddeg Tovoug Kabapoh
13 ymdodeg Cherenkov

K2K is an international collaboration of physicists,
organized to study the properties of the subatomic particles
called neutrinos
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Entiyelec Metpnoelg

Aviyveutég o¢ Ballons

Ta cOyypova umardvia peTa@EPOLY aviyveLTeS o€ vyn 40-70 km.
BESS (Balloon Borne Experiment with Superconducting Solenoidal Spectrometer)

E&mtepikoi omvOnpiotég petpodv ypdvo ntnong,
2R Baiapotr odicOnong petpotv v tpoyd. ‘Eva,
e S ————————o"C) IEER " e PP VITEPAYDYIUO TTNVI0, ONUIOVPYEL LOYVITIKO
Inner Vacuum Wall 50 i i | nedio, ecwtepikol OGAapotl oAicOnong yio tov
tsogrid Enc-plate VIOAOYIoUO TNG OPUNG.

e o c— - —— - — - —— - — — —

I 690
.
l

1250
o 200 | 1000 2 933 \
"I—‘ pra PCS

-

L&

1l

E f"‘l
b | ‘\

2’ auTa ToL ey DYn,m aTHOCOOLPA TTAV® 0T0 TO UTOAOVL Efvat
apeintéa yio v Kook Axtivofoida, Kl ETOUEVOC O OVIYVELTEG
TOL PEPOVV TO. UTOAOVIO TAPATPOVV ort’ €VOEING TO TPOTOPYIKA
coudtia e Koouikng Axktivoporiag. Yrr” avtrv tnv €vvola potalovv
LLE TOVG dOPLPOPOVE YOUNANG TPOYLAS, AAAG Elval TOAD O @TNVOl Kot
L0 EVKOAOG O XEPIGLOC 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.
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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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AweOvic Baon vPnAng avaivoncg dedopevwv Metpntwv Netpoviwv
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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HIGANOI XPHXTEX
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- Centers
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