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Yakutsk array Pierre Auger Telescope Array
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Pierre Auger Observatory in Argentina
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DnyopecUeHTHbI Teneckon 1 Ha3eMHblli getekTop Auger

A Telescope and a Water Cherenkov Station

...1660 Water Che_renkov tanks
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ObcepsaTopus Telescope Array
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eTekTOp HazeMHo peweTtkn TA

< Surface Detector >

~200kg

y %
WLAN (2.4GHz)

box
battery

.+

¢ WLSF: 1.0mm¢

(2cm separation)
e PMTs: ET 9123SA x 2
e 3m2 (12mm x 2 layers)
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Telescope Array Middle Drum & TALE FD

¢poro Onera Kanawesa



—1
ge)
=
<
)
o
=

puaHoro cobbitus T.

Triple FD Event (2008‘10‘26)
L[ floco] [ placo) | X[um] | Ylem]]

elevation sngle (deg )
“
=
)
<
o

51.43 13.76 7.83 -3.10

51.50 77.09 167 -4.14

f'h ' l i 50.21 71.30 8.55 -4.88
! _;’ BR&LR ’ ' ' :
S A

w0 woooWw o om 0
asimuthal asge countr-clockwie froam eat (deg.)

EYE3 20081006 2006.0CT.26 - 065:51:50,163 703 000

@
8

elevation an;

Sask Fros
g §
I 220
S20f o
&
13| Ets
4
2
10 CAL S
s|-

20 a0 60 80 100 120 240 260 B0 300 320 340 36D
azimuthal angle clockwiss from north [deg] azimuthal angle clockwise from north [deg]



I. Auger & TA

» Cnektp
» XumMmunyecknii coctas

» llcTouyHmnKkm

Il. Auger + TA
» CoBmecTHble pabouyue rpynnbl
» KpynHomacwTrabHas aHusoTponus: Bce Hebo (cesep + tor)
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Greisen, 1966; 3auenuH, Kysbmud, 1966
Mpeackasano obpesatue cnektpa npu E > 10197 3B.
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AGASA spectrum, 2003

Takeda, M. et al., Astropart. Phys
19(2003)

» Oxunpgaetca 1.9 cobbiTuii

» Habnrogaetca 11 cobbituii
bite 1020 eV
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Cut-off observation by HiRES
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® HiRes-l Monocular

* HiRes-ll Monocular

® HiRes Stereo
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Monocular: Quarks’06; PRL 100 (2008)
Stereo: Astropart. Phys. 32 (2010)
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CnexTp Pierre Auger
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| Auger 2013 preliminary
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Cnektp TA4+TALE
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Cnektp TA4+TALE
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Cnektp TALE B cpaBHeHUn ¢ gpyrumm skcnepuMeHTamm

TA: SD and Mono Spectra, with TALE Cherenkov and Bridge
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[ns 4ero BaXKHO 3HaTb XUMUYECKNA COCTaB?

> MOHSATb (PU3NKY UCTOHHNKOB

> mogenu bottom-up: yCTaHOBUTL MEXaHU3M YCKOPEHUs
> mogenu top-down: HECOBMECTUMBI C TSKENLIMU S4PAMUY

> NpeackasaTb NOTOK KOCMOrEHHbIX (DOTOHOB U HERTPUHO

> NCCNefoBaTh CeYeHMe B3aMMOAENCTUSA NPU HANBbICLINX
JHepruax

» Hanbonee TOHHO nNpoBepuThb JIOPEHL-MHBAPNAHTHOCTL
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N3mepenus xumcoctasa = 1018 eV

ObcepeaTopus NEeTeKTOp Habnogaemasn
HiRes fluorescence stereo XMAX
Pierre Auger fluorescence + SD Xmax
(hybrid)
Telescope Array stereo XMAX
Telescope Array hybrid Xmax
Yakutsk muon Pu
Pierre Auger SD Xhax
Pierre Auger SD risetime asymmetry
Telescope Array SD area-over-peak

SD — naszemnas pewetka, Xpax — rybuna makcumyma LLIAJTT
H -

){MA_X BbICOTa POXXLEHNS MIOOHOB

risetime — Bpemsi HapacTanus curtana ot 10% po 50%

area-over-peak - OTHOLIEHNE NHTErPaSIbHOrO CUrHaAa K MUKOBOM

MNHTEHCUBHOCTU



XvuMuyeckunii cocta no rnybnHe makcumyma LLIAJ]
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Telescope Array fluorescence stereo & hybrid
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FKyTCKasl yCTaHOBKA: XMMWUYECKNIi COCTAaB MO MIOOHAM
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L.G. Dedenko et al., J.Phys.G 39 095202 (2012)



CocTaB no faHHbIM Ha3eMHol peleTku Auger

[ee SD Habntogaemble, YyBCTBUTENbHbBIE K COCTaBY:
> BbICOTA POXAEHMSI MIOOHOB

> acuMmeTpus risetime
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[Auger] ICRC'11, arXiv:1107.4804



CocTaB no faHHbIM Ha3eMHol peweTku TA
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A ger: Koppenaunnm C akKTUBHbIMU A4paMWN TaJlaKTUK

November 9, 2007

ciel “Correlation of the H
2 . Highest-Energy Cosmic Ar"SOtrOpy Of the

Rays with Nearby
Extragalactic Objects” U H ECR SKy

AGN <71 Mpc
(VC catalogue)

Shading level:
exposure

Super Galadtic Plane circles of 3.1° radius centered

Prob. chance correlation =21% at UHECR arrival direction
27 events E> 5.710"? eV Angular resolution < 1° !



[lapameTpbl KOppensunii

» Sources

» Véron-Cetty and Véron 12th AGN catalog (2006)
» AGN, QSO, BL Lac sections
» Cut on redshift 0 < z < 0.018

» Cosmic rays
» E > 57 EeV (E > 55 EeV after reconstruction update)

> Angular scale
» §=3.1°

» Signal strength

» |In the control set, 9 events correlate out of 13, the fraction
being P = 0.69
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Auger: [ONONHUTENbHbIT HAabOP AaHHbIX

r date of Auger publication in Science

b, =021

AT S S S S A S N S SN N T ST S N SN ST S SR BT
10 20 30 40 50
Total number of events (excluding exploratory scan)

Auger collaboration, Astroparticle Phys. 34 (2010) 314
Before publication date: 9/13 correlate. Background: 2.7 £ 1.6
After publication date: 12/42 correlate. Background: 8.9 + 3.0
Total: 21/55, fraction P = 0.38
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Koppensuuu ¢ AAl gpyrvne skcnepumeHTh

> HiRes:
2 n3 13, ¢pon 3.2
HiRes collaboration, Astropart.Phys. 30 (2008) 175-179
> TA:
11 un3 25, chon 5.9
TA collaboration, Astrophys.J. 757 (2012) 26
» AGASA + Yakutsk + HiRes-stereo:

3 u3 21, ¢pon 5.0
GR, I. Tkachev, A. Dolgov, JETP Lett. 95 (2012) 501-503
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Tensions within AGN| Cen A — alternative explanation for
interpretation: the correlation signal?
> Virgo paucity Gorbunov et al, 0711.4060, 0804.1088

. " Fargion, 0801.0227
> Chemical composition (Fe &

or p?) » Cen A is the closest radiogalaxy by

chance projected on LSS

> Local AGNs are weak > Is outside of HiRes and TA FOV

o —
C — Data -
60— = 68% Isotropic
0 £ 5 95% Isotropic
. S0/ 99.7% Isotropic
e F k-
- S Y0 excess P
o > AUGER
8",‘ 3 w 30—
3 205 13 events within 18°
-4 F 3.2 expected
5 10; o
1 | | 1 | |
20 40 60 80 100 00 20 40 60 80 100 120 140 160

distance from Cen A, deg Weena

1/ Tinyakov et al, UHECR’12



[opsiyee natHo TA, E > 57 33B

\
\,\.
-30 . )
T _ -
T — - : = e
5 year data -60 e e e " Events with E > 57 EeV

TA, ApJ 790 L21 (2014)



[opsiyee natHo TA, E > 57 33B

Dec. (deg)

8
6
4
2
0

5 year data -60 Events within 20°

TA, ApJ 790 L21 (2014)
Bamkaiilumii CTOHHNK MOXET AaBaTh 3HAYUTENBHYIO JOHO
coBbITWI 1 BBINAAETE KaK NSATHO;
Pasmep nsTHa bonblue, Yem oxugaemsiii gns npotoHos (2-3°)



[opsiyee natHo TA, E > 57 33B

E > 57 EeV

5 year data -60 : Li-Ma Significance

TA, ApJ 790 L21 (2014)

19 n3 72 cobbiTuii B Kpyre paguycom 20°, doH: 4.5
3Ha4ynMocTb nocsie yderta look-elsewhere-effect: 3.40



Our FoV (Dec> 10%)
/__Definition in ApJL

5+1 year data -60 Events with E > 57 EeV

D.Bergman, COSPAR’2014

nobasunock 15 cobbiTuii n3 Hux 4 8 hotspot



[opsivee naTHo T,

Dec. (deg) E > 57 EeV

6year data 60 Li-Ma Significance

D.Bergman, COSPAR’2014
3Ha4nmocTb Bbipocna ¢ 3.40 po 4.00

BO3MOXXHO, YKa3aHMWE HA UCTOYHUK U BEJIMHUHY MArHUTHbIX NoOsei
hotspot moxeTt oTBeyatb 3a 4acTb oTian4us crnektpos TA-Auger



[Mnan gokn

I. Auger & TA

» CnekTp
» XuMunyeckunii coctas

» VlcTouHnkn

Il. Auger + TA
» CoBmecTHble pabouyue rpynnbl
» KpynHomacwTrabHas aHusoTponus: Bce Hebo (cesep + tor)
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Pabouas rpynna no cnektpy. Macuitab anepruii

~ ——0® 0% 0”100 xI0®
’T: -10 F-x2 minimization for e Auger (ICRC2011)(Ex 1102)
Tm ; 1E EdN dN —m— Telescope Array (E x 0.906 )
Nm -1 F ’ x dE x d]ggE —a— AGASA(Ex 0.652)
é -12 iltl'.' (logE < 19.5) —%— Yakutsk (Ex 0561 )
= 13 E_ "‘tv,.v" —o— HiResTEx0911)
E F “a'\g —8— HiRes Il
S 14 Wi
an - - A‘%
& o
= asp o
E Reference: (Auger+TA)/2 ‘Oﬁ'ﬁ b
16 %}% 1
ATE ! {
E. -
18 18.5 9 % 19.5 20 205

logm(El’eV)

Auger | TA | HiRes | AGASA | Yakutsk
energy shift | +10% | -9% | -9% -35% _44%,

Y.Tsunesada, Spectrum WG, UHECR'2012
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(InA)

(InA)

After normalizing the energy scales to half way between TA and Auger spectrums
Are the results consistent with a constant composition?

Auger Yalartsk TA - 4| Auger Yakutsk TA —
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¢ v ¢
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E j o2
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X
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17.5 18

19.5
g(EleV)

J. Bellido, Composition WG, UHECR'2012



(InA)

(InA)

After normalizing the energy scales to ha

If way between TA and Auge

Are the results consistent with a changing composition?

Auger
x2ndf 7.4/9
3| Prob 0.6

Yakutsk TA ]
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o
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J. Bellido, Composition WG, UHECR'2012



Does a shift in <Xmax> bring the results to agreement?

(After normalizing the energy scales to half way between TA and Auger spectrums)

~~
L4
=
S~
Xmax shifts:
Auger = +16 g/cm?;
TA =-10 g/cm?;
HiRes =-17 g/lcm?;
Yakutsk = -17 g/cm?;

Quoted syst.
uncertainties

Auger 12 g/cm?
HiRes 3.3 g/cm?

TA 12.4 g/cm?
Yakustk 20 g/cm?

4 - sibyll
C —a— Auger
- —=#— HiRes
3 —TA
C —&— Yakutsk
2 L & T T I 1 | é
ot % T % *l* 'K } Tr
1 - % ¥ g* é( ‘g; §i
- syt
0
Af
%47 17.5 18 18.5 19 19.5
Ig(E/eV)
36
J. Bellido, Composition WG, UHECR'2012




Integral y flux, km™? sr't yr?

©
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J. Alvarez-Muniz, GR, et al, Multimessenger WG, UHECR’'2012




Multimessenger WG: orpaHnyeHusi Ha HelTPUHO

Cosmgenicv models
-~ p, Fermi-LAT bound (Ahlers)

Single flavour (90% CL)

m— | m lceCube-40 (333.5 days) m p. FRII & SFR evol. (B. Sarkar)
— Auger Earth-skim. (35yr) [ZZZZA Fe. FRII & SFR evol. (B. Sarkar)

10°L == Auger down-going (2 yr) P & mixed (Kotera)
- e Asrophysica sources
K2 [ miimimi ANITAI (285 days) — AGNv (Becker)
» 10° — — Waxman-Bahcall bound
3
S
>
> 10
310
g
S 10°
3
W

10°

1040 w7 18 19 1’ 1
vvwe1i1 10 10° Ev[v]m‘ 10% 107
vyt = 1 o

> event rates (estimated):

v Model
GZK - p, Fermi-LAT
(dashed black line)

GZK - p, FRII evolution
(top edge red band)

AGN
(solid black line)

IceCube-40 (333.5 days)
Auger Earth-skim. (3.5 yr)
Auger down-going (2 yr)

Cosmogenic v models
..... p. Fermi-LAT bound (Ahlers)

p. FRII & SFR evol. (8. Sarkar)
Fe, FRII & SFR evol. (8. Sarkar)
p & mixed (Kotera)

Astrophysical sources
—— AGNv (Becker)
— Waxman-Bahcall bound

Veiviv=1:1:1

Poorly constrained

Starts to be constrained

Strongly constrained

J. Alvarez-Muniz, GR, et al, Multimessenger WG, UHECR’'2012



TA: comparison of energy scales

wt Fluorescence

Direct (Cerenkov)

Rayleigh scatt.

8

Aerosol scatt.

Flux [photons / (m degree)]
g g

Energy derived
from fluorescence
light profile

_—

log, (5200)

10

FD, log (E/eV)

i
18| / 3

s
e (27% shifted)
B T T Y T Y-S
SD, Iogm(E/eV)

I

20.5

Simulated SD signal at 800m
used to determine SD energy

SD energies 27% higher than FD energies (QGSJET Il, protons)
R. Engel, et al, Hadronic interaction WG, UHECR'2012



S [VEM]

Auger: comparison of energy scales

Showers up to 60° zenith angle

— data
-------- proton
100
10575 QGSJET I11.03
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R. Engel, et al, Hadronic interaction WG, UHECR'2012



Pabouas rpynna no aHW30Tponuu: aHann3 nosHoro Heba

CoBsmecTHblii Habop aaHHbix Auger+TA, E > 1093B
11087 + 2130 coObITU submitted to Astroparticle Physics



Pabouas rpynna no aHW30Tponuu: aHann3 nosHoro Heba

Equatorial Coordinates - 15° smoothing
;




Pabouas rpynna no aHW30Tponuu: aHann3 nosHoro Heba
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Pabouas rpynna no aHW30Tponuu: aHann3 nosHoro Heba
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Next: BogHbIi bak Oxe B LeHTpe KocMuYeckux nydeir TA

Henvta, FOta, 23 nons 2014 r.



3akao4eHme

» CnekTp: HabatogaeTcs obpesaHue cnekTpa, COBMECTHOE C
npenckasanuem [ peiizena-3auennHa-KysbmunHa

» Xumudecknii coctas: otanyms TA n Auger coxpaHstoTcs

» Vlctounukn: ecTb ykasanus (ropsidee nsitho n Cen A)

> Auger+TA: aHann3 aHN30TPONMM NO JAHHLIM Ha BCEM Hebe

» PaboTa COBMECTHbIX rpynn npogosikaercs B hopmate
Auger+TA+IceCube+Yakutsk+KASCADE+ Tunka,

pesynbTaTthl Ha UHECR 2014 (12-15 okTsbpsi 2014, HOTa)

» byayuiee:
> pe3ynbTaThl HU3KO3HepreTuyeckux pacwmpenuin HEAT, TALE
> MIOOHHble geTekTopbl B Auger n TA
> npoekT pacwuperus TAx4 (+500 SD, war 2.08 km)



Cnacunbo 3a BHUMaHME!



Backup slides



Area over peak - new SD observable

» Consider a surface station time-resolved signal

35

Area = 44.7 MIP, Peak = 3.34 MIP/20 ns, AoP = 267 ns

3 Peak =3.34 MIP/20 ns L

25F

Area =44.7 MIP

signal, MIP

AoP =44.7/3.34* 20 ns = 267 ns

AN

0 500 1000 1500 2000
t,ns

05 F

» Both peak and area are well-measured and not much affected
by fluctuations

» First introduced by Auger in the context of neutrino search
Phys.Rev.Lett. 100 (2008) 211101



