HUroru padouyero copemmaHus mo pusuke
KOCMHYECKHUX JIYUYel CBEePXBBICOKHUX YHEPIrUH

(KJICD),
(MU PAH, MockBa, 14-16 anpeast 2005 r.)

11 MAPKOBCKHE YTEHHUA,

Mockea, HAH PAH, 13 Maa 2005 a.

Hmutpuid ['opOyHOB

gorby@ms2.inr.ac.ru

Huctutyt snepHeix uciaenoanuii PAH, Mockga

71
b

! r . . .
a2 Hmvutpuit TopbyHoB 3aragku KOCMUUYECKHUX Jydyell CBEpXBBICOKHUX SHEPTUH - p. 1/61



I11an

» ChnekTp KOCMHUYECKHX JIydeu

» Heoxunanuwbie pesyabTatbl AGASA

# PesyabTarbl Apyrux 3KCIepUMeHTOB

# Ilouckmu acTpopusnuecKnx MCTOYHUKOB
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I1oTOK 3apsiZKeHHBIX KOCMHUYECKHMX JIy4YeH
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IIpuuuHbI 0co0eHHOCTEH cniekTpa: coctaB KJI
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IIpuunHbl ocodeHHocTer cniekrpa: I'MII
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l'aTakTHYeCcKass aHU3OTPOIUS
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Akeno+AGASA (11 ner): 4% gunonb @ E ~ 10'% eV

Hmvutpuit TopbyHoB
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BHerajakTudyeckas U30TPONus

89 events, E > 4x10'® eV AGASA(red),Haverah(green),Yakutsk(blue),Volcano(black

Galactic Latitude

Galactic Longitude

. E>4-101° eV
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QHeprum

E ~ 1014—15

4.10"7 <E <4-10'®
4.108 <E<5-10°

E>5-10"
2

3]
IH Hmvutpuit TopbyHoB

BriBoabl m1jia KJI

MCcTOYHMKNK OleMeHTapHbIN

COCTaB
yaapHbIie p, He, ...
BOSIHbI B SN
ranakTuyeckume ..., Fe, ...
BHeranaktnyeckme p, He(?)
Fe (S40%), v (S 30%)
BHeranaktuyeckue (?7)  p(?), ..., Fe(?), ¥y ( <50%)
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HIupoxkue armochepHbie JUBHUA

= Primary Cosmic Ray

"-.1| +  UY Fluorescent photons

Huclei : "‘i' Charged particles
0 "' ' % Eectromaguetic
% » "-?-? : Showar

e+ | .
‘:lr ™ % "-l:||.. ¥ r'
'Il..

Cerenkov Radiation ':H
L

, "y Forward Emission ;
} @ - 5
E"'E'eﬂ-h,!:- |
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HaoOumronaembie & IKCNEpUMEHTDI

JKcno3numua B

1010 cm? s sr

;mosPHERE
%

CUNHTUITNAUNOHHBbIE

Volcano Ranch 0.2
Haverah Park 0.9
Yakutsk 1.8
AGASA 5.3
dnyopecueHTHbIe

Fly’s Eye 2.6
HiRes I,Il Mono 7.2
HiRes Stereo 4.6

rMOpUaHbIN:

Pierre Auger
7« HiRes' aneptypa
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CUMHTIWLIIATOPHbIE YCTAaHOBKH: AGASA

BETD T

O6cepsaTopua Akeno: ~ 100 km?
JJJ_J 111 nNacTUKOBbLIX CUMHTUNNATOPOB & 27 MIOOHHbLIX OETEKTOPOB
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Observation techniques
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AIRES Sim. (QGSJET model)
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Event sample & observables
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Energy estimator (charged particle density @600m): S(600)
— 5(600) attenuation modified by empirical function

- Primary mass estimator (muon density@1000m): S(1000)
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DopMyJIbI AJI OLEHKH YHEPIruu

OHeprma vs S(600) ans BepTuKanbHbIX JIMBHEN:
pesyneratel MC ¢ COSMOS+QCDJET

Eo[eV] =2.03-10'75,(600), S(600) = So(600)

1N HAKMOHHbIX JINBHEWN:

IMMNUpNYEeCcKoe COOTHOLLEHUE:

$(600) = Sp(600) - exp (_ X0 Xo )

Ai(secO—1) Ay(secOd —1)2

Xy — rmy6uHa atmocdepsbl (920 g/cm? @ Akeno)
A, = 500 glcm?
a2 =15% g/cm?
5Ll
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5(600) attenuation curve
AIRES code + QGSJET / SIBYLL model forp/Fe
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— Correction factor less than 2 up to 45° zenith angle

- §(600) attenuation curve consistent between data & MC
— Depending less on 1ry patrticles or interaction models
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Cucremarnueckue omuoOKH (7 < 45°)

Onpenenexne aHeprun: AE /E < 18% @ E > 101 eV
Hanpagnenns npuxoga: A0 < 1.8° @ E >4 - 101 eV
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CucreMaruka: MeJKOMAcCIITA0HbIE (PIYKTYauu

Energy estimation fluctuations, shower 1
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logarithmic E/EQ distibuton ——
45 |
4L
35 -
Ly 3|
a
(11
=
E 25
£
B
2 2r
15 |-
1
a5 |
O | | | 1 1 1 i
0 0.5 1 15 2 25 3 3.5 4

E/EQ

Fig. 2: E/EOQ distribution (E, = 10'® eV, 83525 energy estimation acts)
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_; J_| Q. Rubtsov. Systematic effects in energy reconstruction — p. 6/17
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AGASA: ’3HepreTu4ecKuu CrekTp (z < 45°)
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Jlpyrue 3xcnepMMeHThI ¢ MAJIOU SKCIO3UIIUEH
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I 3K-o0pe3anue aJ1sl IPOTOHOB

HenogaBnaeMbIiv POH: OTOHbI PU

E, <5107 eV E,>5-10" eV
~LZ )
You
L,'Z/}f'm’lpm— ~ 1 Mpc L%j.fém ~ 5 Mpc
AE,/E, ~ 1073 AE,/E, ~ 20%
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IloTepu 3Hepruv Ha PU: npoToHbI
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Ilorepu 3neprun Ha PU: aapa
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“EcTrecTBeHHOe pemnenue” B pamkax CM: v

VicTouHuK: pacnagatrouwmeca CO rt

$ BHYTPU acTpoPU3NYECKNX YCKopUuTeneun: py,. +p(y) = n...m«,
Tt = v
® o Bcel BceneHHom: puu, + Yous — Hope + T, T — v

[lotepn Ha PW: Her!
LLUAJT: [la, HO ... ropudoHTaneHble !l — HUKakux ykasaHuu...

Bce WAIJIbI Bbilwe nopora [ 3K Ha4yanu pa3Butne B BbICOKMX CIIOSX
aTMocdepsbl

OHun onpegeneHHo Bbi3BaHbl He C3 v
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AGASA: MyJabTHILIETHI

AGASA: E>4-10°eV @ 2.5°:5 & 1 Tpunnet, Puer < 1073
Yakutsk: E >2.4-10° eV @ 4°: 5 & 1 Tpunnert, Puer ~ 1072

| Hosble mynstunnetsl B (AGASA+Yakutsk+HP+VR) P ~ 1073
AN
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Integral EHECR spectrum

(Ordinary EHECR vs. )
%.ﬂmi----""”*+++”' I
o % :
ST

; ‘ dJ/d E0? Eo?1-8+0-5

1019 1020

Threshold Energy [eV]

- Harder spectrum of cluster component
— Scattering lower energy EHECRs

— Watching spectrum at nearby sources?

- Extrapolation meeting highest energy cosmic ray flux @~102eV
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Ykazanue?

® fHpkue panekne NCTOYHUKU, ~ #100

® MarHmTtHoe nuH3npoBaHue # BIN3KNUX NCTOYHMKOB
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Galactic Magnetic Field Deflections
(De-) Magnification

(De-) Magnification for eE/Q =4 x 10%eV: TT model

AR |
0 1 2 3 4 5

Michael KachelrieB3 UHECRs and the Galactic magnetic tield




Galactic Magnetic Field Deflections
(De-) Magnification

(De-) Magnification for £/Q =2 x 10"°eV: HMR model

AR |
0 1 2 3 4 5

Michael KachelrieB3 UHECRs and the Galactic magnetic tield




Ykazanue?

® Hpkue panekme UCTOYHUKKU, ~ #100

® MarHmTtHoe nNuH3npoBaHue # BrN3KNUX NCTOYHUKOB

Little GZK-problem : ne suano 6nuskux (L < 50 Mpc)
acTpodU3NYECKUX NCTOYHUKOB CMOCOBHBLIX ycKopaTb Ao 107V eV
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Ykazanue?

°

Apkne ganekme UCToYHUKN, ~ #100

® MarHmTtHoe nNuH3npoBaHue # BrN3KNUX NCTOYHUKOB

& OOpasywuwme cryctkm HectaburnbHble TSXENbIE PENUKTOBbIE
yacTtuubl (TemHaa matepus B [anakTuke)

26.0 T T J—

o AGASA

F o Akeno 1 km?
25.5 - *  Stereo Fly’s Eye

3 4 Haverah Park

r X Yakutsk
250

24.5-

24.0F

log,, E’J(E) (eV’m?ssr”)

23.5

23.00
17 18 19 20 21
log,, E (eV)

Little GZK-problem : ne suano 6nuskux (L < 50 Mpc)
acTpodU3NYECKUX NCTOYHUKOB CMOCOBHBLIX ycKopaTb Ao 107V eV
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Her riiod0ajibHONM aHU30TPOIINHU
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obanbHas anusorponust @ E > 107 eV ?

Pe3ynbTaTthbl BCeX ApYrix aKCrneprMeHTOB NOATBEPKAAIOT 3Ty
aHu3oTponuio, P ~ 1072

Bce KIIC3 ¢ E > 10?Y eV (Bcero okorno 15 cobbITWit) NpULLIK 13

A obnactu 6 < 45°
AL
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®ot1oHbI CBI: ciekTtp AGASA
Reconstructed AGASA spectrum
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Energy [eV]
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Fig. 5: AGASA spectrum in the assumption of photonic primaries

| |

Q. Rubtsov, Systematic effects in energy reconstruction — p. 16/17
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Ykazanue Ha GoToHBI CI?

$» penukToBble TsKenble X-4acTulbl

$ 3aKkpbiTagd mogenb Z-BCMNbILKK

Jmvutpuii Top6yHoB
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Ykazanue Ha GoToHBI CI?

® penuKToBble TAXenble X-4acTulbl
$ 3aKkpblTasd Moaenb Z-BChbILLKK
$» acTtpodusnyeckme yckoputenu: YACTbIN POTOHHbLIN

NCTOYHUK?
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100 ‘TA
a
\ 10 +
10 | N"’
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§ >
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01
. " s 0.1 : : :
100 107 107 107 10 107* 107 1072 107" 10° 10" 1e+19 1e+20
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Zmin = 0.03, Ny /N, =3, ANy, y/dE < E7', Ejpgy = 107 €V
Zmin = 0.03, Ny/N, =45, dN,, o/dE < E~' 7| Ejpgp = 102 €V

L] HepeanncTu4HbIM CNekTp: CTENEHHOWU 3aKOH C o U E,,;
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Jmvutpuii Top6yHoB

dDiaroopucueHTHbie JeTekTopbl: HiRes
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HiRes: pe3yabTarbl
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HiRes nporus AGASA
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Oco0ennocTn armocdepsbl

UHECR detectors and gravity waves
e HiRes, AUGER South, TA are all located on high plateaus leeward
(down-wind) of a major mountain range.

e AUGER south 1s located downwind of the Andes: a high and narrow
range exposed to unobstructed ocean winds on its western slopes

ll Obstructed air motion
generates (a) downslope
winds (Foehn, El Zonda)
and (b) “gravity” waves
leeward of the mountain
(analogous to deep ocean
waves) called

' K. Belov INR Moscow April 2005
21l
N
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Oco0ennocTn armocdepsbl

Temperature Profile
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HiRes: OcodennocTn armocdepsnl

X..., correction

xmax2[1]-xmax0[1] {{xmax2[1]<1500)&&{abs(xmax2[1]-xmax0[1]}<100)} _htemp
Entries 1235

Mean 13.07
RMS 12.7

Each event reconstructed
With radiosonde data and
Compared with reconstructio
Using HiRes model.

NN T N T I YT P P e YT A TN T YT L 1 I O T P T

80 60 -40 -20 0 20 40 60 a0

FTTT

Xmax2 — radiosonde HiRes underestimates Xmax
Xmax0 — HiRes model By 13 g/cm2.

K. Belov INR Moscow April 2005
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Yakutsk: B momgmep:xkky AGASA

Differential Energy Spectrum at E;, > 10'” eV
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1023 1 1 1 1
10" 10® 10" 10®

E, eV
Comparison of the Yakutsk array Spectrum with accounts from AGN
Berezinsky V.S., Gazizov A.Z., Grigorieva S.1. // preprint 2002,
hep-ph/0204357

The Spectrum obtained on the Yakutsk array will be agree with the
assumption, that the particles with E,> 10'® eV are mainly formed in

extragalactic sources

M.l. Pravdin
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Yakutsk: B momgmep:xkky AGASA
"
CONCLUSION

In terms of test functions:

The basic formula used for energy estimation at the
Ya}guti,/k array have been confirmed at energies of
108 eV.

At energies ~ 10%° eV simulations display larger
energies than this formula shows supporting the
Greizen-Zatsepin-Kuzmin enigma.

Lateral distribution function of signal used at the
Yakutsk array have been confirmed by simulations.

DEstimate of energy of the giant air shower detected
at the Yakutsk array is not less than 3-102° eV.

2=57 for 25 d.o.f.
L.G. Dedenko
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Yakutsk nporus AGASA

Harmonic analysis. Interval about 10" eV

The inhomogeneity of the sky survey is essential to the Yakutsk
EAS array. Its account considerably decreases amplitudes of
anisotropy vectors

Taking account distorting factor, the statistical significant
anisotropy of the first and second harmonics is not observed:
By sidereal time

amplitude of the first harmonic is smaller than
0.6% with the probability 0.95 and for second s ——

harmonic it is 0.65%;

Map of distribution on arrival directions of cosmic rays with
E, > 8-10'® eV in galactic coordinates on Yakutsk data and
SUGAR. Intensity - in terms of a standard deviation of a
difference of observable number and expected average for
an isotropic flux. A bold line - a plane of the Supergalaxy

Events with E, > 10" eV

In the analysis samples of previous work (1997) the amplitude
of the first harmonic with respect to the RA with regard to the

oerturbing factors is (0.45 + 0.55)%. (Instead of 1.35)

Harmonic analysis. Interval about 10 eV
Harmonic analysis RA: 19.0 <Log(E,)< 19.5, events 312,

,=(26.4+8.0), ,=(23+1.2)h, P=0.004

M.l. Pravdin

ur results do not confirm given AGASA. The Yakutsk array ;s result specifies existence anisotropic components of
annot observe the center of the Galaxy. cosmic rays in the given interval of energy

A 18.0<Log(E,)<18.5, Events: 27301, r, = (0.7 * 0.9)%

t 10'8 eV the statistically significant anisotropy is not
bserved.
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Buaur au HiRes I'3K-o0pe3anue?
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i(E) E?[eVem?@s ' sr

Buaur au HiRes I'3K-o0pe3anue?

Little GZK-problem : ne suano 6nmskux (L < 50 Mpc)
acTpodU3NYECKUX NCTOYHUKOB CMOCOBHBLIX yCcKopuTb Ao 1070 eV

—_
o
N
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Buaur au HiRes I'3K-o0pe3anue?

Little GZK-problem : ne suano 6nmskux (L < 50 Mpc)
acTpodU3NYECKUX NCTOYHUKOB CMOCOBHBLIX yCcKopuTb Ao 1070 eV
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BbIBOABI

» ASASA He Bnant ' 3K-06pesaHua cnektpa KINICO!!!

$ OrtcytcTBME BUOUMBIX BIIN3KMUX aCTPOdU3NYECKUX
YCKOpUTENEen NpmMBOANT K 3aKIMOYEHUIO, YTO peayribTaThl
HiRes’a Takke npotusopeyart [ 3K-obpesaHuto!!!

P [1na oobsacHeHus pesynsratoB AGASA & HiRes
HegocTaTo4YyHO n3nku B pamkax CM

71
b
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DeHOMEHOJIOTHYECKH NMPHUeMJIeMbIe PelIeHUA

®» HectabunbHble TSXKENble PENUKTOBbLIE YaCcTuULbI

& ranakTunyeckas aHM3oTponus
s KJICO — poTOH®I

$ Jlérkme HenTpanbHble YacTuLbl: aKCUOHbI N NErKme
agpOoOHbl
s cnaboe poxgeHne B MCTOYHMKE UNU

s LUAJI cneunanbHoOro Bnaa

$» HapyuweHune JlopeHu-MHBapMaHTHOCTU

71
b
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Iloucku UCTOYHMKOB: acTponomus CBD
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OTkjI0HeHHe B Mexrajdakrudeckux B (I)

S(E,L) ~0.6° (4'10115'9 eV) (IOOLMpC> ” (1 i/lcpc) . (ﬁ)
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OTkiI0HeHMe B Mekrajakrudeckux B (1)
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Galactic Magnetic Field

Deflections
(De-) Magnification

Deflections for eE/Q = 10*’eV: TT model

deflections >2.5° at 4 x 10! eV in large fraction of sky

Michael KachelrieB

UHECRs and the Galactic magnetic tield
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Galactic Magnetic Field Deflections
(De-) Magnification

Deflections for eE/Q = 10°%eV: PS model

100

10

0.1

Michael KachelrieB3 UHECRs and the Galactic magnetic tield




MyJabTHIUIET B MATHUTHOM I10J1€
YAKUTSK 2005 REANALIZED: FIVEPLET
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MyJabTHIUIET B MATHUTHOM I10J1€

 THESE MODELS DO NOT MAKE THE FIT BETTER.
 BUT SOME MAGNETIC FIELDS DO

4
AN UNKNOWN COMPONENT

OF GALACTIC OR EXTRAGALACTIC MAGNETIC FIELD
MAY EXIST

S.V. Troitsky

71
b

! r . . .
IH Hmutpuit ['opbyHos 3arajiku KOCMHUYECKHUX Jiyded CBEPXBBICOKUX SHEPTUi - p. 52/61



Testing various catalogues of UHECR

candidates: (AGASA, Yakutsk,

Haverah Park, Volcano Ranch)
— colliding galaxies
— radio galaxies FRI, FRII

— Seyfert galaxies (E, 06, 0)
— HP-blazars

— BL Lacs were measured
— Y-ray sources with a
— FSRQ reasonable accuracy
— GeV sources

— TeV sources chance probability
— dead quasars of positional coincidences

candidates +—— UHECR events

71
b
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HiRes & AGASA: koppejassuuu ¢ jJagepruaamMu!

-,
X SSRQ

FR II (NLRG)

FR I (NLRG)

—_ Seyfert 2

71
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Hmutpuii [opbyHoB

Koppejasinuu ¢ JanepruaaMmu

nogknacc naueprtma katanor KJ1CO P(Oung.res.)
mag < 18, F/*"° > (0.17Jy autocor AGASA+Yakutsk <107
y-ray-loud (EGRET) autocor AGASA+Yakutsk 1074 —10""
mag < 18 AGASAE >4-10°eV  1072—10*

Cpeau naueptug
eCTb UCTOYHMKKM KJ1CO !l!
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Koppejasinuu ¢ JanepruaaMmu

nogknacc naueprtma katanor KJ1CO P(Oung.res.)
mag < 18, F/*"° > (0.17Jy autocor AGASA+Yakutsk <107
y-ray-loud (EGRET) autocor AGASA+Yakutsk 1074 —10""
mag < 18 AGASAE >4-10"eV  1072-10"*

Cpeau naueptug
eCTb UCTOYHMKKM KJ1CO !l!

[MnoTes3a noareepxaeHa Ha He3daBucumMmoMm Habope KJI1CO (HiRes)
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IlpeackazaHus

Experiment OF R, Ng Ag bg Nos
HiRes, original 0.6° | 0.85° | 271 | 145 | 3.5
HiRes, 0.6° | 0.85°| 300 | 14.5| 3.9 5-22
HiRes, z < 60° 0.6° | 0.85° | 300 | 149 | 51 6-24
AGASA, 7 < 45° 2.4° | 3.39° | 1500 | 15.3 | 270 277 - 365
Ground PA, z < 60° | 3.0° | 4.24° | 1500 | 8.1 | 227 223 - 286
Ground PA, z < 60° | 3.0° | 4.24° | 8000 | 8.1 | 1210 | 1248 - 1470
Hybrid PA, z < 60° | 0.45° | 0.64° | 200 | 7.3 | 0.81 0-8
Hybrid PA, z < 60° | 0.45° | 0.64° | 1500 | 7.3 | 6.1 13 - 49
TA, 7 < 60° 0.62° | 0.88° | 1500 | 15.5 | 22.8 40 -112
D.S.G.

-1
N
MK

Hmutpuii [opbyHoB
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JKCIEPUMMEHTBI 0TAAJIEHHOro(?) Oyayiuero

KLYPVE is a narrow FOV detector (“telescope”) with a
large area mirror-concentrator. What advantages the
telescope has compared to the OWL-EUSO wide FOV
detectors?

. Large mirror makes possible to detect UHECR already measured with the
ground-based detectors (calibration of the space detector method).

. When mirror area is enlarged up to 100 m? (energy threshold 3EeV), the
telescope observing the area of 10* km? will let us measure the anisotropy of
CR in the energy range 3-10 EeV where the transition from Galactic to
extragalactic origin is expected .

. Low energy threshold will help to look beyond GZK horizon registering
“cosmological” neutrinos.

. Development of the large mirror-concentrator technology is of great interest
for space researches. A reliable, large area mirror- concentrator is easier to
construct than the complex lens optics.

5. For example, when the mirror area is enlarged to 1000 m?, it will be possible to
register EAS and other optical flashes almost at the whole atmosphere disc
with a telescope in a geostationary orbit.

The TUS Project Scientific Goals.

1. Proofing the new technology of EAS obsernvation by the Space Detector.

2. Experimental study of the Cosmic Ray energy spectrum in the range of
energies >50/ EeV with the geometrical factor not less than 3 000 [ m2 sr per
year with the EAS energy threshold| of 30-50/ EeV.

3. A search for “exatic” EAS with X, ., >1200 g/cm? (initiated by neutrino) and
with X, ., <300 g/cm? (initiated by relativistic dust grains).

4. UHECR anisotropy: study.
5. A search for other phenomena of' UV atmospheric flashes.

6. Testing the TUS mirror-concentrator designin view. of Using it for;
construction of large area mirrers in space (Upte 100imz2 ).

Jmvutpuii Top6yHoB

The first mirror telescope is an additional payload at

the RESURS DK-1
mission (planned to be
next after the Pamela
experiment).

The TUS (Tracking
Ultraviolet Set Up)
detector registers an EAS
track from the Space
Platform.

The light collector and
photo detector are
highlighted in red.

“Tatiana” is orbiting the Earth at
approximately circular polar orbit
with the height of 1000 km.

Diameter of the observed
atmosphere is 250 km.

Several types of UV
measurements:

1. Every 4 sec ACD measures
the PMT charge collected

in integration time 60 msec.
(measurements of UV on-route)
2. Digital oscilloscope measures
the UV flashes with time sample
16 ps (duration <4 msec).

3. Digital oscilloscope measures
the UV flashes with time sample
256 ps (duration <64 msec).

In 2 and 3 only the brightest events
are sent to the mission center
(problem of poor telemetry).
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[po3bl

Geographic coordinates of the short UV flashes correlate around the equator. In
the same region the IR measurement (right panel) indicates heavy clouds (may
be thunderstorms). Looks like UV detector registers the blue jets (discharges
between clouds and mesosphere)

The other phenomenon to be detected in the TUS detector are
meteors. Entering the atmosphere with the velocity of 30 km/s they
ionize the atmosphere and excites the fluorescence. Expected signal
in TUS with the “slow” digital oscilloscope is shown below:

Meteor temporal profile

Q, photo electrons/10 ms

W  MeTeopbl

IH Jmvutpuii Top6yHoB

Pesyabrarnl ¢ “TarbaHbl”

The phenomenon of blue jet is
incomparably brighter than

the EAS of 100 EeV energy.

For registering blue jets the gain in the
TUS pixels should be much

less than needed for the EAS
observations.

Similar but faster signals are expected from the fast dust grains.
Dust grains, entering the atmosphere with the velocity of ~10°
cm/s, are expected from the 10* year old SN’s
(Khrenov&Tsytovich, 2005).

Photo electrens in time sample 0.1 ms

B.A. Khrenov
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JKCIEePUMMEHTHI JaJEK0oro(?) oynyuiero

EUVO
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Jmvutpuii Top6yHoB

H (km)

Total FoV (°)

Radius on ground (km)

Area on ground (10°km?)

Pixel on ground (km * km)

& pixel on detector (cm)
with corrector

Area/pixel (=n. of pixels)

Pupil diameter (m)
Photo detection efficiency
E threshold (EeV)
Proton events/year,
GKZ + uniform source distrib.
with E; >100 EeV)

Neutrino events per year (= min)

Neutrino events per year (= Max)
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EUSO like Multi-mirror
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JKCIEPUMEHTBI 0YeHb AAJEK0ro(?) oyayiuero

Imprints of UHECR be in the Lunar Crust D.S.G.
Advantages:

£ enormous exposure t~ Thgoon ~= 4-10° year

Then per 1 m?
s GZK — false —
s GZK — true —

® search for the ultimate cutoff in UHECR
spectrum — the highest energy events for the
i last 1/4 of the Universe’s life
5L

r (3] [z} (3]
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