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3anucb nmnynbcea (war = 5 He):
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AbcontoTHaa KaanbpoBKa: HOPMMUPOBKA UHTETPaSIbHOTO
SHEePreTUYECKOro CNeKTpa 3a KaXXAyH HOYb Ha 3TAJIOHHbIU
CNEeKTp, NONIly4eHHbIN B 3KcnepumeHTe QUEST
(YepeHKoBcKue getekropbl Ha EAS-TOP)
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Toyka HOPMMPOBKKU ANsA

SV — 1 5 . 11,-.." - e ’
Eo [eV] = 1.59- 107 N /exp(0.76P) ycTaHoBku TyHka-133.

ToYyHOCTb KanuobpoBkn ~ 5%

P — KpyTtusHa OIr1P (2000)
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JKCcnepmmeHTaibHble OLEeHKN TOYHOCTU
OCHOBHbIX NnapameTpos LLUAJI

CpaBHeHME NapaMeTPOB OHUX N TEX XKe
NMMBHEW MO N3MEPEHUAM pasfnyHbIMU
yCTaHOBKaMMW.
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) 1. CpaBHeHue pe3ynbratoB YCTaHOBOK
e 5 TyHka-133 n HISCORE.

X
* ®

ons E;> 3-101° 3B:

§ Pa3Huua HanpaBneHun npuxona
Ay < 0.5°
_________________________________________________ Pa3Huua koopamHat ocu LLAJI
§ AX<8m,AY <8 m



2. PaspeneHue yctaHoBkM TyHKa-133 Ha 2 noA-yCTaHOBKM:

JKcnepnumeHTaibHble OLUEHKM TOYHOCTU
OCHOBHbIX MNapameTpoB

a) HeYeTHble AETEKTOPbI
0) YeTHble JeTekTopbl -
CpaBHeHue pe3ynsraTtoB 06paboTku ABYX NOA-yCTaHOBOK:

M:

L:

EO0>10716 aB:

E0>3-10"16 3B:

EO0>3-10"16 3B

PacctoaHne mexay ocamu LLAJI
Pa3Huua
PacctoaHne mexay ocamu LLAJI
Pa3Huua

PacctoaHne mexay ocamu LLAJI
Pa3Huua

AJl

AR<8 m
AlgE0<0.033
AR<6G M
AlgE0<0.017

AR<13 m
AlgE0<0.051

(8%)

(4%)

(129%)



HakonneHne aaHHbIX.

S 3UMHKMX ce3oHoB: 2009-2010 , 2010-2011, 2011-2012, 2012-2013, 2013-2014
262 SICHbIX BE3MYHHbIX HOYN
~ 1540 vyacoB HabnogeHun ¢ yactoton Tpurrepa ~ 2 'y
~ 10 000 000 TpurrepHbix cobbITUI

OT160p CcoObITUN:
0 < 45°
R e < 450 M:
~ 270 000 events with E, > 6-101° eV — 100% efficiency
~ 99 000 events E, > 10 eV
~ 4000 cobbiTun ¢ E, >5-10%° eV
~ 983 events E, >107 eV

Reore < 800 m:
~ 12400 cobbituin ¢ E, >5-1016 eV
~ 3000 events E, >107 eV
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KombuHupoBaHHbIiN anddpepeHumnanbHbin
NepBUYHbIU SHEPreTUYECKUn CNeKTp
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JHepreTMyecKumn CneKkTp:
ynpouweHHaA TPAKTOBKaA
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Assuming the similar spectra of all
the components terminated at the
energy E, = Z-3-10'°> eV one can
estimate the composition at the
knee energy:

p—14%

He — 41%

Fe —12%

Unknown — 21%

Conclusion:

1. He dominates in the knee.

2. Unknown component can not be
extragalactic or it's spectrum is
different.

3. Fe domination is not close to
100% at 8-10%6 eV.



JHepreTnyecKkumn cnekTp: putuposaHue
cteneHHbIMUN PYHKLMAMMU
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7, = +3.2620.01

;= =3.35+0.11

19 186 16 165 14 175 18 18.9

I9(Eo/eV)

One can see two sharp features at
the energies:

~2-1016 (first announced by
KASCADE-Grande in 2010)

and ~3-1017 (similar to that,
announced by Yakutsk and Fly’s
Eye in 90™)

The power law index at E,>1017 is
similar to that obtained by the
Giant Experiments:

TA, HiRes, Auger.
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JHepreTMyeCcKUn CNeKTp: CpaBHEHUe C
aApyrummn paboramu
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Agreement with HiRes-MIA and Auger results at 1017 — 1018 eV
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EXPERIMENT: MEAN <InA>vs. E,

4.57
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EXPERIMENT: MEAN <InA>vs. E,
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ANALYSIS of X__ DISTRIBUTIONS
(2013)PRELIMINARY

1016.45 eV

e Mean 580.1
600— RMS 67.68

= Integral 3548
500f—
400f—
300f—
200[—
100— TN

01 o T 1 1 | 1 ..1\'5 L J:‘-:-J:“ v " | 12 1 3
300 400 500 600 700 800 900 1000
Xmax [g/cm?]

Fit with weighted sum of 4 group MC simulated distributions: Fe, CNO, He, p



CnekTtpbl nierkon (p+He) u Tsaxkenon (Bce
ocTa/ibHble) KomnoHeHT K/1(2013)
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BbIBO/b

1. CnekTp B ananasoHe 5-10° to 10® 3B He onucbiBaeTCcs eANHbIM CTEMEHHbIM

3AKOHOM.

y =3.26 #0.01 5-1015 < E, < 2-1016 3B.
y =2.98 #0.01 2-1016 < E, < 3-10%7 3B.
y =3.35#0.11 E, > 3-1017 3B.

2. Cornacue ¢ KASCADE-Grande.

3. Ha npeaenbHO 60nbLINX 3HEPrUAX Hauny4dllee corfiacme co CnekTpamm
Fly’s Eye, HiRes u TA.

4. nyébuHa makcumyma X, .. He MPOTUBOPEYUT pe3yribTaTtaM, NOsTyYeHHbIM Mo
dnroopecueHTHOMY cBeTy: HiRes-MIA m Auger.

5. CocTaB yTsixxensiercs ot 10'° go 3-101° 3B u BHOBbL obneryaetcs B guanasoHe
1017 - 1018 3B.

ICRG



Thank you!
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PHENOMENOLOGICAL APPROACH:
T.+(400) vs. inverse zenith angle

E, = 3-10% eV

~3600 events: 16.4 < log,,(E,/eV) < 16.5

N
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log,o(FWHM(400))
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N
)

N

~ 1.65§

1.5 b

cosO - AX

max

= X,/cosO — X

Supposed: <X

Xy, =965 g-cm

max

> = 580 g-cm for E; = 3-1016 eV

~ 14
1/cos®
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PHENOMENOLOGY: AX__. by T_(400)

Consistency of
phenomenological and
CORSIKA

simulated correlations

01.51,551.61,651,71.751.81,851.91.95 2
l0g,o{ FWHM(400))

[CRG
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PHENOMENOLOGICAL APPROACH:
ADF steepness vs. zenith angle

E, = 3-10% eV

~3600 events: 16.4 < log,,(E,/eV) < 16.5

Iogéb—Z}
F
n

0,7

0.65

0.55 |-

T2 1.3 1.3 0.5

1/cos®
cosB - AX
Xy, =965 g-cm

EEEE

max = Xo/€C0SO — X

max

T2

Supposed: <X,..> =580 g-cm= for E; = 3-101% eV

Er-

1.4
1/cosd
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PHENOMENOLOGY: X .., by the ADF steepness

500 |

400 |

0 [

300 bt N

0.5

0.55

06 060 07 075 0.8

Iog10(b—2)

AX o = 2865 — 3519-log,(bA-2), g-cm™

The experimental dependence
deviates slightly from the
simulated one.

This can happen because of the
more complicated character of
the parameter b,.

[CRG
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NcTopua skcnepumeHToB B TYHKMHCKOW AO0AMNHE

1992 — 4 ®3Y KBA3AP-370 Ha nbay bankana.

1993 — 1995 — TyHka-4 — 4 ®3Y KBA3AP-370 B TYHKMHCKOM OSNHE.

1995 — ICRC B Pume. CtapT nepBon MexayHapoaHou Konmnabdopauuu ¢
yyactmem Gianni Navarra n A.M. Hillas.

1996 — 1999 — TyHka-13 — 13 Y KBA3AP-370

1998 — 2000 — QUEST (5 PMTs QUASAR-370 at EAS-TOP in LNGS).
2000 — 2003 — TyHka-25, S = 0.1 km? B TYHKMHCKOW OONUHE.

2004 — 2009 — TyHKa-133 — 133 ®JY u3 obiBwero akcnepummeHta MACRO B
N'paH Cacco (mpea Gianni Navarra), S = 0.7 KMm?.

2011 — PacwuumpeHune yctaHoBKU TyHKa-133 — 175 ®IY,

6 BHELWHUX Knacrtepos, S = 2.5 km?.
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