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BceieHHas 3aroiHeHa 3.-M. U3J1YYEHUEM U
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Cosmic radiation
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Enormous scale of wavelengths.

Instrumentation for detection of radiation
1s changing with the wave length.

At short wavelength (x-ray) dual origin of
particles/fields was discovered.

Atomic size-10-8 cm.
Nuclear size- 10-13 cm.

Name “Cosmic rays” 1is defined for
particles having considerable mass.
Sometimes we call high energy gamma-
quanta and neutrino also “cosmic rays”.



KntouyeBble C/10Ba A1 U3YUEHUS KOCMUYECKUX
NTYYeN- 3KCMEPUMEHT U AETEKTOP.

Charge particles going through matter
produces , 1.e. making the atom’s
electrons free. Free electrons in the electric
field produce a current which is registered by
conventional electric methods.

When the cosmic rays were
discovered (beginning of 20-th
century) 2 very simple methods
were used:
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Victor Hess (Austria)
before balloon launching

to discover the cosmic rays
in 1912.

After many discussions and
other experiments V. Hess
results were confirmed and
he got the Nobel prize for
discovery of cosmic rays

in 1936.
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CerogHsa — yepe3 100 neT nocne OTKPbITUSA KOCMUYECKUX NTyyen

OEeTeKTOopbl CTalIn HEN3MEPUMO CNOXKHee, obecrne4vynBas BbICOKYIO
TOUYHOCTb U3MEPEHUNSA IHEPrnn, HanpasleHUs npuxoaa v 3apsaaa
KOCMUYECKUX YacTul,.

iting metha-stable states 1. CUMHTUNNALUMOHHBLIN AETEKTOP.

luminofor of the scintillator L
Fast scintillator

Timing with nanosec accuracy.

Measurement of ionization.
Particle position measurements.

e Excellent for fast triggering.

PMT

2. KpeMHuneBbIN AeTeKTop.

Excellent particle position
measurements.
Ionization measurements.




PAI tube

PAI tube

Chrerenkov light is emitted when the charged
particle velocity = light velocity in matter.

»Charge particle

——
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Transition
radiation
detector

3. HepeHKOBCKNN OETEeKTOop.

Having an energy threshold, could
be used as a trigger device,
separating the fast particles.
Charge and time measurements.

4, [leTeKTOp NepexoaHoro
N3ny4vyeHus.

At every transition from dense
medium to air the radiation in
X-ray range is emitted.

Good energy measurements
at E< 1014 eV.



5. NOHM3AUMOHHbIN KanopuMeTp.

At high energies the primary particle produce a
shower of secondary particles. The calorimeter
measures an ionization, produced by the secondary
particles. It is the only energy estimator of
primaries of energy more than 1014 eV.

Primary particle

Ionization calorimeter

H.J1. 'puropos,
1967

In 1967 at the Calgary ICRC Prof. Grigorov
presented the first satellite results on the
Cosmic Ray energy spectrum, measured by the
space calorimeter. All particle spectrum was
measured up to the energy of 1015 eV. It is still
the highest energy ever measured “directly” in
space.



NMMpyumep coBpeMeHHOro
aetektopa: CREAM

TCD-timing charge detector
(scintillation detector)
TRD-transition radiation detector
measures the primary energy
SCD-silicon charge detector.

At the detector bottom the
calorimeter measures the energy
of the most energetic particles.

Cherenkov

e ————

TRD2

«————SCD
————
S0/S1

Target1

§2

e
N

Target2

83
W1

-
w’-"’
E———

e ——— e S CN1
{ W2+SCN2

W20+SCN20



3anyCcK AeTeKTopa ANl U3yyeHunsa nepBuYHbIX KOCMUYECKUX ﬂyquI
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CaMbIW CNOXHbIN AeTeKTop NoAroToBsieH Ans 3anycka Ha MKC: AMS.

Upper Time-of-
Flight -
=4

Star tracker

Suy =
::mﬁ:mting

Lower Time-
Of-Flight

Ring-imaging
Cerenkov detector

Electromagnetic
calorimeter




Pe3ynbTaTbl MHOMOUYMNC/IEHHbLIX SKCMEPUMEHTOB MPU SHEPIrUAX MeHee
1014 3B no3BONSIOT MOCTPOUTb AOCTATOUYHO AOCTOBEPHYIO TEOPULIO
npouncxoxaeHuna KJl.

Yactuubl KJT yckopeHbl B 06onodkax CH, B3pbiBalOWMXCA B
[[@anaKkTuke.

JHepreTuyecknn crnekTp n saepHboin coctaB KJ1, nsmepsaemMoin Ha
3eMne, oTIM4aeTCcAa OT NepBOHAa4asrbHOro, Tak Kak yactuubl No NyTU K
3emne npoxoadaT yepe3 ~5 r/cM? rasa B [anaktuke.

JHeprua B KJ1 cpaBHMMa C aHeprmenm B MarHUTHbIX MOJIAX U rase-
noatoMy KJ1 akTUBHO y4acCTBYIT B KMHEMATUKE BellecTBa U
n3ny4vyeHusa B [anaktuke.

MeXaHn3M YCKOpPEeHUs- MHOMOYMCIeHHbIe CTOJIKHOBEHUSA 3apsXXEeHHbIX
4yacTuy C HaMarHM4YeHHbIMU CrycTKaMu naasmbl, ABUXYLLMMUNCHA CO
3HAUYUTE/IbHOW CKOPOCTbKO Ha PPOHTE yaapHOM BOJIHbI CH.

. HabniwoaeHne CH 1987 B coceaHen ranaktuke-
MarennaHoBoM obsiake- NoATBEPXKAAET 3Ty TEOPULO



Ho npu aHepruax 6onbwe, 4em 101> 3B “npamoe”
HabntoaeHne KJ1 (C noMoLWbO TEX AETEKTOPOB, KOTOpblE
6b1N11 MOKa3aHbl Bblle) CTAHOBUTCH HEBO3MOXHbIM MU3-3a
CIMUKOM Manoro noTtoka 4yactuu- MeHee 1 cobbiTnga B roa
Ha M2,

Apyron, «KOCBEHHbIN» MeToA Obl/T OTKPLIT N MPUMEHSETCS
ANst U3yYeHns Yyactul, CBEPXBbICOKMX aHeprun (bonee 101>
3B)- MeToa HabnwaeHUs WNPOKNX aTMOCHEPHbIX JIMBHEN
(LLIAJT).

DTOT MeTo4 No3Bonua n3yuntb KJ1 ¢ aHeprmnen snaoTb A0
1020 3B.



Kak m3mepsrorces HHTAJI

EAS cascades for primary energy 108 eV. N T O i 0

Fluorescence Particle or Cherenkov
Detector detectors

Extensive Air Showers (EAS) give
information on Cosmic Rays

starting from energies 104-10"° eV.
Pierre Auger discovered EAS in 1938
measuring the coincidence of detector
Separated by hundreds of meters/

The isotropic fluorescence radiation could
be measured from space- from the
satellites. The innovative technology of
space fluorescence detectors is in

progress.



The first data on ultra high energy cosmic rays (>1018 eV)
were obtained in measurements of coincidences of signals in detectors,

separated by large distances — up to 1 km. In Soviet Union it was done
at the “"Pamir” station in late 40-s.
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Paccmotrpum paborty
yctaHoBku LWLAJI Ha
npumepe

Akeno Giant Air Shower Array.
AGASA

e particle detecior
EAS Al
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Example of the measurements by array of the particle detectors

—
=
LJ
<
©
C
—
0]
>
O
=<
-
o
)
£
O
|
A
©
=

i

P T
0.25 05 0.75

1

TSI B A N A S B S I AR A A A
1256 15 1756 2 225 25

Distance from shower core (km)

() lgSIVEm)
EDZI Shower Core

N AT (TR AT AR N

l 1 1 1 | 1
-2000-1500-1000-500 0 500 1000 1500 2000 2500

Xgp [M]




Opyrov npumep: paboTa yCTaHOBKU MO U3SMEPEHUIO
donyopecueHUuun atmocepbl.
The High Resolution Fly’s Eye (HiRes)

The fluorescence detector array,
collected the record exposure,
close to the AGASA exposure
(3000 km? sr year), for the highest
energy events (E>102° V).

light vield

fluoresce nce




Examples of

EAS registration

by the fluorescence
detector.

$/10° particles

Note that results
are presented for

E~10" eV
Xpnay = 750 glcm?

units of g/cm?2 but
measurements are
done in meters.

The atmosphere density

800 900 1000

X (g/cm’)

22

(the height in atmosphere)
for every point has to be
known.

1.8
1.6
1.4
1.2

$/10° particles

The distance to the EAS
track and signal absorption
at this distance have to
measured.

0.8
0.6
0.4
0.2
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E~2x10"%eV
X_.. ~ 600 g/cm’
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OCHOBHbIe pe3ynbTaThl nccnenosaHua LLAJI
1. OTKpbITME N3n0Ma 3HepreTndeckoro criektpa KJ1 npu aHeprum 3x101°> 3B
(I'.b. XpuctnaHceH, ycrtaHoeka My, HUMA®).

2. Btopoii nanom npu aHeprmum 3-10x1018 3B (ycTtaHoBka B AkyTcke, Haverah Park,
AGASA, Fly’s Eye).

3. NMpobnema N°1-BHeranakrtmnyeckoe npouncxoxaeHme KJ1 ynbTpaBbICOKUX IHEPTUN
(>1018 3B).

4. Mpobnema N22- O6pbIB cnekTpa npu aHeprum 5x101° 3B.

L Akeno 1km? # HiRes1 2003
® Tibet » Auger 2003
A Runjob
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JHepreTuyeckun npegen 3auennHa-KysbMmnHa-IpenseHa

Cosmic background radiction

log(E/eV)
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P+y=P+hadrons E=2E; E /M c? [.T. 3auenunH, 1967 r.
E,, =2.5 104 eV (T=2.75K) _ _ |
In proton rest frame photon energy E, >100 Grelsen-Za_tsep| n'_Kuzmln
MeV for E >1020eV. p_ =500 cm made the first estimates of
P - Pp :
Cross-section of interaction is 6=10-28 cm? t_he_ effect and find the energy
Interaction free path L=1/ 6 p_, =70 Mpc limit for protons

Ecy =5x1019 eV.



CoBpeMeHHble AaHHble 00 aHepreTuyeckom cnektpe KIl
B 00611aCTn yNbTPaBbICOKNX SHEPTUMN.
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Energy calibration is the main reason of difference in spectra from
different experiments. As in case of lower energies the calorimetric
data from the atmosphere fluorescence light measurements are
decisive.

Reasons for systematic errors in particle detector arrav is a problem



Gas Disk in Nucleus of Core of Galaxy NGC 426l
Active Galaxy M87

Hubble Space Telescope
Wide Field / Planatary Camera

Ground Based Onptical/Badio Image HST Image of & Gas and Dusi Dis<

Hubble 3pace Telescope
Wide Field Flanetary Camera £

Ugl Arc Seconcs 17 Arc Seconds
88,000 LIGHFYEARS “00 LIGHTFYEARS
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[IpnMep nouncka Koppensaunm HanpasieHusa npmxoaa vactuy KJl
YB3 € N10CKOCTbIO 'anakTUKKM UK C MNIOCKOCTbKO MECTHOro
cKkonneHund ranaktuk. [laHHble ycTaHOBKM AGASA.




CaMoe nHTepecHoe- MoryT 6bITb M afibTEPHATUBHbIE
MCTOYHUKU YacTul YB3.

They are the massive particles (M~1024 eV) - relics of the Big

Bang.
They might be responsible for the Dark Matter. The EECR protons (or
gamma quanta) are products of their decay.

Topological defects are the other theoretical source of the massive particles




Kak 6yaeTt pa3BmBaTbCs akcnepmMeHT no KJ1 yfibTpaBbICOKUX
SHeprmm B bnmxanwme rogbl

1000000 ,
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YctaHoBka LLUAJ1 B ApreHTuHe- nepsad
CTaana MexayHapoAHOro s3KCrnepmuMeHTa
«0O6BepBaTopus lNbep Oxxe».

1600 water Cherenkov detectors with 1.5 km spacing on 3000 km?
4 stations with 24 fluorescence telescopes
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Borkllioe BHUMaHne yaensgencs
MOHUTOPUHIY aTtMocdephl

Calibrated (movable) light o
sources, cloud monitors,
lasers, LIDAR, \JL,

Balloon sondes
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Cnenyromui mar B sxkcnepuMenTe no KJI YBD —co3manne kocMruyeckux
ONTUYECKUX JECTEKTOPOB. /[Ba HANPABIEHUSA: TEIECKOI» U KIIUPOKOYTOJIbHAS
kamepay. [IpuHuuMn aeicTBUs- Ha0IOIeHUE (PIIYOPECIEHTHOTO U PACCESTHHOTO
yepeHKOBCKOro cBera HITAJLL

A EUSO telescope on ISS

Cherenkoy

Earth Surface




B «Teneckone» MUCNosib3yeTcsi COCTaBHOE 3epKaso-
KOHUeHTpaTop 6onblion naowagn. NpenmyLiecTsa
3TOro HanpaB/IEHUSA:

1. Ucnonb3ys 60onbluoe 3epKano- KOHUEHTPATOP MOXHO CHU3UTb
SHepreTnyeckunm nopor perncrpaunm o 101° 3B 1 HavaTb
N3MepeHnd HOBbIM METOAO0M TaM, rae ecTb AaHHble HAa3eMHbIX
YyCTaHOBOK.

2. C noporom 101° 3B MOXHO permcTtpupoBaTb BTOPUYHbIE HEUTPUHO-
NpoAYyKT B3aumMoaencTeus npotoHoB E>5 101° 3B n nckatb
ncrtouyHmkun KJ1 YB3 BHe npepena GZK.

3. TexHonorusa 60nbWOro 3epkasa- KoHUueHTpaTopa Heobxoamnma ans
pa3BuUTUS paboT Mo NUCMOJSIb30BAHUIO COJTHEYHOW SHEPIUn,






[[IpMHLMN KOHCTPYKLM COCTAaBHORO 3epKana-
KOHLIEHTpaTopa Mo TUNy 3epkana PpeHend

¢ Ihe mirror- concentrator
mass is less than 20 kg for
the mirror area 1.4 m?2.

& AccuUracy Inf mirror ring
profiles £ 0.01 mm.

¢ Stability’ off the mirror
construction in the
temperature range from —
80° to + 60° C.

» he mirror development
MEChaNISMI Makes the
MO planewith the
anguiar aceliracy Iess than
INmrads




3epKano- KoOHUeHTpaTop ¢ naowaabio 10 KB M.
(npoekT KJIMB2)




MexaHun3m pasBepTbiBaHMA 3epkana TYC

In this mechanism one electric motor moves the segments
via axles and cardan joints.



[lepBbIN 3K3eMMNSAP CerMeHTa 3epkasia 13 yrrennacTtumka







registered” by the TUS detector
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MoaennpoBaHne curHaMa B AETEKTOope

Example of the EAS
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In the space detector the Cherenkov light yield in the cascade
curve is negligible, the Cherenkov is scattered only from the

clouds or ground (sea).



Agenika poTonpueMHNIKA PA0OTACT Ha ciiyTHUKE MY
«YHUBEpCUTETCKNM- IaThbsiHa) B KAYECTBE JIETEKTOpa Y D.
Bricora oponthi-950) km.




NHTEeHCUBHOCTb Y® MO AaHHbIM «TaTbAHbI»,
be3nyHHasa Ho4yHas cTopoHa 3eMnun. BuaHbl NUKK CBETa OT

60blINX rOPOAOB.
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NHTeHCMBHOCTL YO npu JlyHe.
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[JetekTop «TaTbsSAHbI» MO3BOMSIET OTOOpPaTh BCMbIWKN YO,
[TokasaHbl ocuuNorpaMmbl C AJIMHOW pa3BepTKU 4 MC.
HangeHbl BCNbIWKKM B aTMocdepe ¢ aHeprmen B YO 10-100 k1.
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Bcnbiwkn YO KOHUEHTPUPYIOTCA B pallOHE 3KBaTopa.
50 n3 83 3apernctpmpoBaHHbIX BCMbllLEK oKa3aancb
Ha wunpoTtax 10° N- 10° S.




3aKJ1ro4yeHue.

1. NMpouncxoxaeHune KJ1 YB2D noka Hem3BeCcTHO, HO 06a
paccMaTpMBaAEMbIX BapunaHTa CBA3aHbl CO CTPOEHUEM CaMbIX
SHEpPrmyHbiX 06bLEKTOB BceneHHOM: obbekTaMy,
coaepxalmmMm CTpymn pendaTuBUCTCKOro rasa (tTaMm npomcxoanT
yCKOpeHue npoToHoB), nbo ¢ cammm bonbwnm B3pbiBOM
(Koraa BewecTBO HaXoAUTCS B BUAE CBEPXMACCUBHbIX YacTul
Bennkoro ObbeanHeHUs, KOTOPble COXPAHATCSA B HUYTOXXHOM
KOJInYeCcTBe Ha COBPEMEHHOW XO/104HOW CTaAnn pa3BUTUS
BceneHHoNn).

2. YTOobbI NPpOABUHYTBLCSA B 3KCnepmnMeHTe no nsydeHuto KJj1 YB3
HeobxoAnMbl YCTAHOBKW C OFPOMHbIMU noLwagamm
perncrtpauumn- BnaoTb A0 pa3MepoB 3eMJin.

3. CerogHa co3paeTtca Ha3eMHad ycTaHoBKa Oxe ¢ naowaabto
nopsaaka 3000 KB. KM.

4. byayulee- 3a YCTaHOBKaMWM Ha CNyTHUKaAX 3eMJN,
HabnogarWwmx ontnyeckoe nsnydyeHmne LLAJT.



	Космические лучи ультравысоких энергий:�исследования с помощью наземных установок и детекторов на спутнике Земли
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