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Experiments

e Auger: Pierre Auger Observatory (PAO)
TA: Telescope Array experiment
e TAx4, Auger Prime



TA: construction (2003 - ), taking data (2007 - ), ~7 years of data
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Auger: construction (2000 - ), taking data (2004 - ), ~10 years of data

PIE - The Pierre Auger Collaboration
AUGER =~ 500 members, from 16 countries and 86 institutions

Without them, the construction and the smooth operation of the Observatory,
- and the harvest of results prese nted here - would not have been POS sible

P.L. Ghia,
ICRC 2015, Highlight




Calorimetric Measurement of Air Shower

~10%° eV primary cosmic ray:
Energy, Direction and Particle Species

SD
Surface Air
Detector Fluorescence FD

Fluorescence
Q/ Detector

/i

k .
Charged Particles Cherenkov Light

* < 100MHz Radio, (> GHz Radio) °
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orescence Detector
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FD@BRM

-HV operation and DC coupled
12-bit 40 MHz FADC -> 14-bit 1(
Online night-sky BG subtractior
5-6 0 signal recognition @|each PM|
5 or more adjacent PMTs for trigger
30 ms readout dead time pe'-‘r*""'igg
~2 Hz trigger (~7Hz by freq. airpla




Hybrid Timings
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Surface Detector

-...h:..ﬁ.

12 b|t 50 MHz H/L FADC, 16-bit equiv.

GPS time stamp (~10ns)

0.3 MIP 2-fld (top x bottom) wf buff.
A0 -> 700 Hz histo. for gain calibration

|

Trigger by 3 MIP, 3 SDs in 8 us coincidence
-> All wf readout by 2.4 GHz radio LAN

Pipelined (no dead time)

Average 7 Watt by solar panel + battegry




SD Event Reconstruction
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Pierre Auger Observatory

~3000 km? by ~1600 water tank SDs, 4 FD stations
Marlargue, Argentina, 35°S 69° W, ~1300 m a.s.l.

The Pierre Auger Observatory, ArgentinQ THE iNITIAL DETECTORS

WUNDHEILER #324 |
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Highlights of the Pierre Auger Observatory

after = 10 years of operation (and = 20 years from the conception)

OBSERVATORY

P. L. Ghia, ICRC 2015, Den Haag, Highlight



Energy Spectrum

Ankle and Cutoff
Cutoff Energy &ERZIKDELY
Astrophysical Pictures?



Energy Spectrum:
Fly’s Eye (1993), AGASA(1998) and PAO (2013)

>
F—: |
2| Ll
Augrer ML prelirmminary ¥ |. et T '*..":l T -r:l
Auger H01E prelu ary :"-"'h--.....__..f'f-l Il .'1.1
T )
J;" —eeeee LInifcrrmm moaares II
&
Eraagy [aV]
AGASA
e - - _ .
10¢ T
75 18.0 185 19.0 195 200 205 i _
log,,(E/eV) ; § et

Big Progress!

Fly's Eye Mono
P. Sokolsky, UHECR2014, 14
Springdale, Summary



SD Event Reconstruction
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Entries 551
- We rescale MC-S(800m) based
205E - SD energy by FD energy:
—_ B 7
= 20t }/ N
v ¢ : : MC-S(800)
P wa A — /
o " Jl I Esp= Egp 1.27
Ll 19 . . =
o t8sf : 21% energy scale error
o]0 5 .
3 °F _ » Telescope Parameters
175E = * Fluorescence Yield
- 10%%eV 3 e Atmospheric Attenuation
wdpoaliadaafiodugling,  « Missing Encrey

T. Abu-Zayyad et al.
ApP 61(2014)93 16



SD 7-year Spectrum (E3 x Diff. Flux)

10— Piece-wise power-law fit

Log(E/eV) GZK

-19 78 + 0.06 Power index
Power index

=—-3.30+0.03
Power index 4
Log(E/eV) ankle =—2.68 £0.03
=18.70+£0.02 \\
¢
N_EXPECT (> GZK, no cut-off) : 99.332
N_OBSERVE (data > GZK) . 44
GZK CHANCE PROBABILITY :4x101° ~60

BEREZINSKY E_1/2, log10(E/eV) :19.77 +0.06

=—-4.55+0.56

A

C. Jui, ICRC 2015,
Den Haag, Highlight
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SD Energy and Angular Resolution
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24

23.8

23.6

log(E2 J(E)[eV?/m?/s/str])

23.4 r

23.2

SD 7-year Spectrum fitted with extra-Galactic Proton

vy+p—=nm+ N

(stat. err. only)

Uniform ————  x2/dof = 27.6/17

LSS — — - x2dof=24.5/17

18.5 19 19.5 20
log(Energy[eV])

E. Kido, ICRC 2015, Den Haag, #258
V. Berezinsky, A. Gazizov and S. Grigorieva, PRD 74, 043005(2006)

TransportCR by O. E. Kalashev and E. Kido, JETP 147 (2015) 917 and
CRPropa by K.-H. Kampert et al., ApP 42 (2013) 41

20.5

Cosmic Ray Generation
E~P (1 5. Z)(3+m,)

Emax =10%1eV

CR Propagation and E-Loss

Photon Targets:

CMB + IR
Interactions:

Photoprod. + Pair Creation
No B field (Gal. or ex-Gal.)

4-parameter fit

1. X: Energy and 2. Y: Flux

3. Power index: p

4. Cosmological evolution: m

19



Allowed Region of (p, m) for uniform source

99.7% C.L. —
95.4%C.L. —
68.3% C.L. ——

1
I ~3% sys. err. added in flux,
mainly from acceptance.

=4 0.1 .
F Fit results

- p=2.18 +0.08-0.14
| 0o mM=6.8 +16-1.1

Alog E =
-0.04 +0.04 -0.03

0.001 (-9%)

2. /NDF =18.0 /17

0.0001 ]
» * Acc. power index

~ Fermi 1%t order (DSA)
e.kido, k2015, FOr CRs originated withinz~ 0.7  * Strong evolution »

Den Haag



S38 Energy Estimator vs FD energy

PIERRE
AUGER
[
@ Empirical correction with 3rd deg. polynomial
CIC(8) = 1+ ax + bx* + cx® (x = cos®# — cos® 38°)
@ Zenith angle independent energy estimator Szg = S(1000)/CIC(8) |
Y s [1cR
- +
+
= 102F ]
[1] I
=
~ +
o + -+
e
A —+-
10'F ]
I —Fit +10 |
I | | | | | | | I
101 10%
A. Schulz, ICRC 2013, E-FD / ev

1019.6 eV
Rio de Janeiro



Auger SD Energy Spectrum, 2015
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Auger Spectrum and Xmax fitted with p, He, N & Fe

Cosmic Ray Generation
EP with exp. cutoff
exp(1-E/Z.R_,,)
Z :p,He, N & Fe
No evol. (fit only E > 10187eV)

Propagation and E-Loss
Photon: CMB, EBL

Interactions: + photonucl.
No B field

Parameter Fit

P otal
OBSERVATORY B . [ ]
= B oo,
E T P <A<22\V¢ '
% B 2 A=1
E 1077 |- A<4
- T<A<
107 =
: I i i | i | i i i | i i i i | i i i i I
18 18.5 19 19.5 20 2005
lugm(l:lfﬁ'uf}
T 850F m
5 . -
ERLLTET
St ™ i
e ?{}DE_-' - — _—N
650 L

19 195 20
]ng[Efe‘v')
A. Di Matteo, P. Ghia, ICRC 2015, Den Haag

RS

lngm[EfeV)

18 185 19 195 20

inc. Hadronic Int. Model

Best fit with

p=0.94+0.09-0.10
Rcut = 1018-67£0.03 oy
He p/He/N/Fe =
0, 62,37, 1% at 108V
Best MC: EPOS-LHC
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More Muons counted than AS simulation expects

PIERRE
AUGER o _
OpsERATORY Very inclined HE hybrid events: E > 10186 eV, 62°< 0 < 80°
- 24—
107 —Fit: (R,) = a(E/10YeV)? - 55 i
] +- 174 Auger hybrid events ] — - '_'
' 2.0 — -
T gt
2 1 -k, ‘-H'“-.._‘_ .
stdev 0.20 = 0.01 i 1.6+ ’ "”--‘..“._,“_*-HH i
= : h gy ] e - -
s + ] 1.4 — “..” Fe L
1‘_ §3{]— +++ s ::: ] S
£ 1c. t ¢ LT 12 ) -
b | | & e T,
- 1.0+ L
1 0 1
(Ru = (R))/ (Ry) - QGSJet I1-04
E/eV E/eV

(a) Relative muon number vs. primary energy.

M. Unger, UHECR2014, Springdale
V. Verzi, ICRC2015, Den Haag, Rapporteur Talk,
L. Collica, ICRC 2015, Den Haag

(b) Comparison to air shower simulations

R,=1:107 muons on the ground at 6=70°
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Composition

Auger: p > He > N, transition?
TA: p and / or He, static?



Hybrid Timings
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Xmax Distribution (Data vs p/Fe MC: qGSJET2-03)
Log E > 18.2 log E: 18.2-18.4  LogE: 18.4-18.6
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Hybrid (BR/LR w/ SD)
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iaar-arin shovar Fapact peratar m)

Geometry checks, data and

Monte Carlo

Y. Tameda & T. Stroman,
ICRC 2015, Den Haag

c Observat

Data and predictions (18.4 <log, (E/eV) < 18.6)

data184
Entries 341
anE | Og E = Mean 733.7
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X 5 ? ﬁ Entries 4861
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40|
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Data and predictions (18.6 < log, (E/eV) < 18.8)
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Data and predictions (19.0 < log (E/eV) <19.2)
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data190
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Data and predictions (19.2 < log, (E/eV) < 19.6)

i il I
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Data and predictions (19.6 < IogmtE leV) < 20.0)

data196
8 Entries 25
1 '6 200 Mean 7745
7 RMS 3934
® proton186
Entries 282
§ Mean 8022
4 RMS  59.87
. 1 iron196
Entries 310
2 Mean 7325
RMS  28.11
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o compared with QGSJETII-03

proton and iron simulation

7 yr; 1,160 data events above 18.4
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TA data compared to QGSJet-Il.3

InA
= T
g4 0.0 < p
| i
5 1.2+ InA
oz
= | | —
S - 0.0 «— p 1.0
h t + + + # T <«<—He
“
S 0.8 1++ o + t
T — 1.0
o + ’ ¢ + <«— He 2.0
< 0.6
=Rl
0.4 & MD Hybrid i
: * BR/LR Hybrid o <N '
0.2 e BR/LR/MD Stereo '
of 40«—FeT 40 <—Fe
i QGSJet-I1.3
ool Alternate Model
98 18.218.4 18.6 188 19 19.2 19.4 19.6 19.8 20
log(E(eV))

1018.3ev 1019.3ev

C. Jui, ICRC 2015, Den Haag, Highlight
J. Belz, ICRC2015, Den Haag
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Standard VS HeCo dataset

Averageof X

$ HeCo dataset

850F § Standard dataset i
SUU_ &7 & 40 37 .
> |:;ﬁ|45-"54l-‘lmm”,5|H L " * L
mﬁ gt 4597 me N
= 750F . _154; --... i
,E,E Hs.;um ' :
T
—— - 157
T00 o ® ¢ |
. _54.‘-4"'4
< | - " :
650} ‘|‘4<_){=|.‘- |
§ 266
170
600 |
17.0 17.5 18.0 18.5 19.0 19.5
log,,(E/eV)
1019-3eVv

A. Porcelli, ICRC 2015,
Den Haag

x) (g/em’®)

Std. deviation of X___

\‘m\ Auger <Xmax> & o(Xmax) with LE extension by HEAT

70

$ HeCo dataset
20l ¥ Standard dataset

|||*}*|HH*H|
*|||} :

|

17.0 17.5

183.0

185
log,(E/eV)

lEI).U 1‘5.5

1019.3ev
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proton, helium, nitrogen, iron

Auger Xmax Distribution fitted with p, He, N and Fe

500 600 700 800 900
; 2
Xmax [9/cm?]

A. Aab et al., PRD 90 (2014) 12, 122006

] EPOS-LHCI 1 [Erosinc T arepn
i IT_[_ ] l
- 1 log(EleV) = 17.8-17.9] | '09(EeV) = log(E/eV) > 19.5

' [ 19.0-19.1

ST T

1000 500

600

700 800 900 1000 500 600 700 800 900 1000
| P—
Xmax [chmzl Xmax [9/cm?]

Pierre Auger Collaboration, PRD 90 (2014) 12, 122006
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Fen-1: Hhof=C&

B HFiHAKXOBEHEE TA & Auger [T, HERFFT7LA(SD) ERTEBENLERTE (FD)ZFE-T
UHECR (E > 1018 eV) D EAIZ1THoTLVD, SDOEHIRLE (HEH) XA LY —HTKELY,
FOIZHELGREBNLDER (FEANIEDRAELE)LH. REGEAT,

B SDICKAIRILFX—REFEEL. FRFERRT DFDIZKAEIET < ~20% (=FDD E Rk
RE) 24 of=, FDIZ& D Xmax DBIFE T, FHEILEHIFFE (p,...Fe) DM b LIIThHoT=,
f=1=L. E>~1016 eV MFEE TlE. WT hEFHA LT+ 2 THD,

B TALAugerTHTLLFFon=sN1 R :
1. ARJER)L: ~10%8eV LA LD FEE T, YIET (cutoff) EEH (ankle) D2 D DFEED
BASMMIEEDT=0 Auger®E ol TAKY~40%/NELY,
2. FIFFE: 10193eVETHOMEEIX., BBF and/or N L, p/He DEIL Xmax D
RMBEELY/IPELY, AugerTlE, p>He ~DERIZHLVT, 10193 eV LI E T,
RE (N) ITERTHRIENDHS, AFEREICEVWTIEIHEEERETIL
MEDAFEMHENAKREL,



Anisotropy &
Source

E> 10" eV : dipole?
E>58 EeV: CenA?
E>57 EeV : hot spot
Anisotropy in Spectrum?



OBSERVATORY

Equatorial
coordinate

! Sky map of the CR flux (60° smoothing)
E:-l()]:".e\"77;7-_w N

0.38

0.376

0.37

99% C.L. upper limit
Dipole amplitude : 7—-13%
Quadrupole : 7—-10%

0.385

0.36

0.355

0.35
0.345

GNY #395
Dipole Amplitude: 6.5 £ 1.9% (p=5x10-3)

Pointing to (a, d) = (93°+24°, -46°+18")

A.Aab et al (PAO+TA), ApJ 794:172 (2014) 38
O. Deligny, ICRC 2015, Den Haag



1019.76 eV

Sky Plot of SD 5-year Data (E > 57 EeV, 8 < 55°)

e 72 events without array border cut (AE/E ~20%, ang. res. ~1.7°)

Eﬂ - . - — e
Dec. (deg) /.- _ N e el E > 57 EeV
- e %" oty e y e LT
# / e f.-f_ N \- O
" % Sl A | BT TN
TANti-GC N\ N\
= . - L '
./ _"II \' \Illl
| : |
| 0
RA.(deg) 4, T 17
//
-f.-__..r"

- Make over-sampling with 20° radius circle

R.U. Abbasi et al., 39
Apl:790:L21(2014)



Significance Map of Hotspot (r=20°)

e 19 events found with isotropic BG of 4.5 events (5.10
by Li-Ma statistics) at R.A.=146.7°, Dec. = 43.2°

e Chance probability from Isotropic sky is 3.7 x 10 * (3.4 o)

We generated 100k sets of isotropic 72 events, analyzed the same way as the data,
and counted how often we have 5.10 or more enhancement, anywhere in TA’s FoV

with any angular size of r=15, 20,... 35°. We had 37 such sets out of 100k sets in total.
R.U. Abbasi et al.,
ApJ:790:121(2014)



Significance Map of Hotspot (r=20°)

e 19 events found with isotropic BG of 4.5 events (5.10
by Li-Ma statistics) at R.A.=146.7°, Dec. = 43.2°

e Chance probability from Isotropic sky is 3.7 x 10 * (3.4 o)

We generated 100k sets of isotropic 72 events, analyzed the same way as the data,
and counted how often we have 5.10 or more enhancement, anywhere in TA’s FoV

with any angular size of r=15, 20,... 35°. We had 37 such sets out of 100k sets in total.
R.U. Abbasi et al.,
ApJ:790:121(2014)



The Cen A region

» Count the number of events ngaa With E > E:, that fall within ¥ of Cen A direction.

Centaurus A

80 1 T T T
AUGER 160 - ]
OBSERVATORY 75 140 L E>58 EeV
w
70 S 120
01 >
S 65 @ 100 |-
® ‘6
E 60 ha [ 80
: 2
ul 60 _
o5 0.01 § 68% isotropic
50 = 40 95% isotropic .
99.7% isotropic i
45 20 data
0 1 | 1 1 1
058 J0 15 20 25 3p o001 0O 20 40 60 80 100 120 140 160 180
¥ [deg] Angular distance from Cen A [deqg]

» Scan on parameters: for each value of Ew, ¥, compute the fraction f of isotropic simulations
that have nisc = Ndara
» Minimum found for: » Post-trial probability: P=1.4%

f =2.10-* with Eq, =58 EeV, ¥ = |5¢ ( fraction of isotropic simulations that lead to a
f<faaea under the same scan.)

e .'
30....0...
.
» : . ,_ Original AGN correlation (Science 2007): “The VCV test
Q2] ¥ae #0.. no longer provides a significant indication of anisotropy.”
. ' 75Mpc, 3.1°, 53EeV, now ~1.90
® °® ./

42
J. Aublin, ICRC 2015, Den Haag



Significance Map /7 years @

Oversampling with 20°-radius circle

E = 57 EeV

Excess

-k

Max significance 5.1o (N, = 24, N, =6.88) for 7 years
Centered at R.A=148.4°, Dec.=44.5° (shifted from SGP by 17°) 8

P =367/ 1,000,000 trials
=3./x10* (3.40) h

K. Kawata, ICRC2015, Den Haag




All Sky Survey with TA&APAO

Oversampling with 20°-radius circle

.....

e e

No correction for Northern TA : 7 years 109 events (>57EeV)
E scale difference Southern Auger : 10 years 157 events (>57EeV)

o/w A and PAO T | Southern hotspot is seen at Cen A(Pre-trial ~3.60)

K. Kawata, ICRC 2015 Den Haag 44



Z\\

TA-SD (7-year) compared with 1N
Auger ICRC 2013 +8.5% in energy scale PLERRE
Frrrr 1t 1 rrrrrrrrr 1)
:.'_l 10 |- 101976 gV —:
7 - -
n [ | .
o - . 1 50%
£ - ..'-'t. -f.li-*l+-+ } i — >
o o - -
> " g ; l I
o 1 + —
< : } .
c:e - e TASD ~
~ i = Auger ICRC-2013 +8.5% 1 ]
o ) log E=0.2 1 ]
AlogE=0.
w 107 > —
i I TN T W T AN TN SN TN N AN TN TN T N AT TN SO TR SO N TN T M W L
17.5 18 18.5 19 19.5 20 20.5

H. Sagawa, ICRC 2015,

Den Haag IOQI{J(E/eV) 45



Nearby Galaxy Clusters

Ursa Major Cluster
(D=20Mpc)

L : P SRR Perseus-Pisces
Virgo Cluster o 7 I S 9 Supercluster
(D=20Mpc) _ ' o -

_____ ornax Cluster
’ £ P (D=20Mpc)

Huchra, et al, ApJ, (2012)
Dots : ZMASS catalog Heliocentric velocity <3000 km/s (D<~ 4§MpC}

TA hotspot is found near the Ursa Major Cluster
TA & PAO found no excess in the direction of Virgo.

K. Kawata, ICRC 2015 Den Haag 46



Nearby Prominent Sources

Dermer, et al, New J. Phys., (2007)

ST
L~ Mrk1go
. AT A
)K\.' a8 {..} r‘_.' F ] .. W'

Lt Nrksol o 4 {,

The blazar Mrk421, Mrk180 and K. Fang, et al., ApJ, 794, 126 (2014)
starburst galaxy M82 are candidates? H.-N. He, et al., arXiv:1411.5273 (2014)

14

K. Kawata, ICRC 2015 Den Haag



Comparison with

Large-Scale
Structure

Sky map of expected flux at E > 57
EeV (Galactic coordinates). The
smearing angle is 6°. The letters
indicate the nearby structures as
follows: C: Centaurus supercluster
(60 Mpc); Co: Coma cluster (90 Mpc);
E: Eridanus cluster (30 Mpc); F:
Fornax cluster (20 Mpc); Hy: Hydra
supercluster (50 Mpc); N: Norma
supercluster (65 Mpc); Pl: Pavo-Indus
supercluster (70 Mpc); PP: Perseus-
Pisces supercluster (70 Mpc); UM:
Ursa Major (20 Mpc); and V: Virgo
cluster (20 Mpc).

TA 7 years + PAO 10 years

K. Kawata, ICRC 2015 Den Haag
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Anisotropy in Energy Spectrum; on/off SGP

-E 103 rrr[rrr[rrrrrrrrrrrrrj ol LI = -E 103 CT T T T 1 T 1T 1T 1T 1 1 IAIIIdirelcti(I)n [ T T T T T T T T T
g —a=— On source (SGP lat < |30 |) E g ; ——— g{l_ﬁuirection best fit E
g —=— Offsource (SGPlat>130) < L |’ o of St ot § :
. ]l & _ 02 33:23 best fit |
2 pe! — 2MRS:CRPROPA2204 (p-2.2 m-7)
£ £ —  2MRS:CRPROPA2204 (p-2.2 m=7)
5 10° | - 2102 —
= C 2 ]
10 E S E
= T = - —
= “‘ \\ - L —
1 :- “ ‘ | 1 :_ ) ‘lI
- 'R EEEEEEEE e i ﬂ - o b b b 1 ?F | |
1 1.2 14 16 18 2 22 24 1 12 14 16 18 2 22 24
LOgm(EfEEV) I A (CICAVN
[] Energy distributions within 30° from SGP and out of this were compared.
- Chance probability to obtain the observed difference is 6.2x10* (3.20).
T. Nonaka, ICRC2015, 49

Den Haag



UHE
Neutrinos &
CEININER



GZK Neutrino, Search and Limit

R{]JEGER C ic v models
o ml'ﬂ[mﬂl: v
OBSERVATORY Singleﬁllavﬂur, 90% C.L. p, Fermi-LAT best-fit (Ahlers “10) [33]
10 —rrrrrrr—r—rrrr—e1— ] p. Fermi-LAT 99% GL band [33)
w— = ceCube 2013 (x 13)(30] ©  [IZZ=2 p. FRIl & SFR (Kampert 12} [31]
!‘;_ Fe, FRII & SFR (Kamper '12) [31]

w— Auger (this work) L SN0 p or mixed, SER & GRB (Kotera 10} [9]

. | (2004-2013) % W Bahcall'01[13]

=10 °E wumin ANITA-112010 (x 1/3) [29] { = Weaonn-Oshoal 1 (19) 2

- © IceCube 2015 preliminary "-r,’ #f‘ =

mh: Sensitivity (2008-2013) by A. |shihaa' ..-o_ ”

'E r—— - .,

G107 = - ﬁ'.n e

~> ## LUTTIT LI L =

o) " _ bes

T — o -

TIETs B O

S 10 E
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:“ul —

10°
10" 10'® [ V]m‘“ 107 10°1
E, [e
A. Ishihara, ICRC2015, Den Haag 51

C. Bleve, ICRC 2015, PRD 91 (2015) 092008



GZK Gamma, Search and Limit

OBSERVATORY A3 - young shower, # = 19.5° old shower, 78.3°
T A = D N
1 3?'5 ! - B
w
I | T A TA _/\N\'\.I\J\_,
s 37 TA'13 v ' ol
) | - -7 I N
£ 365 y A3 L 3PA N
< | - - o —
-~ | - - _
n'im" 35 5 i v I TA™T —,‘[—PA Photon limits 95% C.L.
— . " T Lo | _| I I T T T T T 1 T T T T 1 ]
& T = GZK p (Gelmini'0g) SHDM
5w e 5o =S, B
| & = e, [ ] e (Kampert'12) = 3
T PA S R, — —
| /PRELII\/III\N* e 28 -
: ' 10 v = ¥ e =
18 18.5 19 19.5 0 = Hyb T E
Log E,,i,/eV [ e e o = TA 2013 =g e, ]

v
''''''

TA 2015 T —%-... """"""""
(preliminary) $

UHE Gamma: Select

3 7 v o J SD 2008
* young shower 107 v <D 2015 V=
* containing less muons - ¥ (preliminary) -

G. Rubtsov, ICRC 2015, Den Haag

Integral photon flux E >E0 [km’



Fen-1: Hhof=C&

3. BEABERERERAEA: Wy IZBA-IRILE—T,. FRBEAERT—ILD
EAMDOKENRZD, LEBROTATIE. BECEEAMIZEZ2000D 1y~
ARk 340 DEEE)., FAFIKDAugerTIE. Cen AMSISLIRNIZBE|INH S
(f=7=L p=1.4%) ,

4.

GZK-v,-y: —a—kJ/ A<D vk, GZK (by proton) £T. H& ~1#71

B L EOEAFERIE. E o PEWVEDZLE. MR/ R EHEDEFENT.TA &
Auger T—EH T B, Eqrorr DEVVDYIERIE D D, BIE D RMRELGD D BEETETUVELY,



Next Step

AV

Auger prime

TALE and other LE detectors
K-EUSO



Fen-2: PIEEERE Db

B TAT—3RIEGZKET LT, Auger T—ARIFIERBERET /L TRBATES,

A. GZIKETIL: BERDFENHFTES (TAX4: TRYFRARYEDIEEELRE)
RERMIZIE, AVbA DB TIEHEFTHALEDHERENNLE, [HFZE102eV
FTCIETEDRLERIDE, P22 [FT7TILI1RINZEERBN—F,

B. (Rigidity fK7ZD) MERERETIL: HBEFROEEFPFTETLOLGRTE) .,
EERRIZIE. hybA DBETHERN SN E-BEAMDLENIEDESEN
WHE, Ankle Z4E5. 10'87eV FTH IR R A (orft) DIGFEHLIVE, HF
ZHIEE S . He/CNO ZEIRMIIZINET B, EEIT/N—R (P BERERNLE,

(RERD)

TAx4 (TAD AMEHLGE)
Auger Prime KA D122 U FI8ER)

FERDIRAIRNINERS - FAHBEEDER,
FHENSDEA
GZK Neutrino
CYA QY



Ly L 2 5 35 3

W TAx4 to study cut-off region

- Quadrule TA SD (~3000 km2) e L e
* 500 scintillator SDs I ; | Dot o
2.08 km spacing &0

* 2 FD stations | '&“__'QF'D e

1

. [TALE sp | Tt

07 : 3 i

06 ) l ] LRFD .".:..“. i :

“ap,
=
—

et

S E e
LI 1T
SdiEd
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Reconstruction efficiency
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-
iviz
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iiiiiii
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0

BNl L
-0.5 [ 05 1 1.5 2 25
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* Get 19 TA years of SD data by 2010 _
* Get 16.3 TA years of hybrid data . L /_/7
H. Sagawa, UHECR2014, Springdale i < - / TA>(4 SD . / /ﬁ -.

ICRC 2015, Den Haag e e




TAx4: projected results by simulation
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H. Sagawa, ICRC 2015, Den Haag 57



§ Auger prime for ev-by-ev composition tag.
mmae OCintillator spectrum in south.

AUGER

OBSERVATORY

After 10 years of operation: AugerPrime science case

» Understand the origin of the flux suppression « Do composition enhanced anisotropy studies
» Study UHE EAS properties and hadronic interactions

Composition measurements up to 102° eV by Surface Detector array

to EAS em and U components
Scintillation detector (SSD) ALSO

==n glectrons
— TLIONS

New electronics: faster
sampling of ADC traces,
better timing accuracy,
increased dynamic range

. w BB
=WERARER AR

Sp (WCD) = a S(WCD) + b S(SSD)

) ) Underground muon
water-Cherenkov detector (WCD)

o 5 . - o detectors in the 750 m array
— P i A 1 Vi S for cross-checks based on
e Yo el 1 e direct muon measurements

Extension of the FD duty
cycle from = 15% to = 20%

We:kadnedpgnﬁ%ﬂcsin;ﬁlfntz}:ssan([See talk by Ralph Eng‘ﬂ on August Sth]
models

P.L. Ghia, ICRC 2015, Den Haag, Highlight
R. Engel, ICRC 2015, Den Haag, Invited Review



Wide Range Measurement of Spectrum & Xmax

1025 =
}, Q’Eﬁ SD/FD SD/FD Cherenkov
b i ﬁ ]
‘?'; 102 — 4 :!:es-:l((zz%uoaa)) ! d k J« k_ by TALE ) H EAT, N I C H E )
HE HHl - Tunka, Tunka-REX,
— | o KASCrADE-Grande (2011) ! i
: " 4}1 %:é;foft(?o?g) CRG 2015 I_O FA R ) A E RA ) I CeTO P.
W U ( ! T E Radio ice tank SD
lllll IGI””””1II?”“”I”1BlI """1:9""""_.."_'_"' .
Zsyst to study from Galactic to
| + ' uger prelimina . e . o
SO0t & imeanha extra-Galactic Transition
i
700F ¥ CASABLANCA

Several distinct features are
becoming clear in Spectrum &

— EPOSLHC Xmax for 1016 — 1013 eV.
- - - QGSJetll-04
= Sibyll2.1
15 16 1|7 18 ll9 20 From ICRC 2015, Den Haag contributions 59




Star
[Tracker| mpg
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B (350D DH5T UHECRDDLBER YT —IX KB TETULVELY,

= TA: Eqg~ Epx1.27 (ZHRILF—BEET~15EFET?)

- Auger: BIESNTI- p FIFEEMN. MCFED 1.3-1.8 {& (by P.Ghia)
) —RF (BB . /\FOV/ u B ED) D MCFRKIYEIADTLVS, INEES
T—RIZEBETIL-MCORENEATNSED, IFIKTIXEEWLHE, BEIRIL
X—TONFOV - [BEFZMEBEERT. RALTWSIELHLIDM?

B BATEh-KBFEDODEAMEL, KIREEE LSS EIFDLEDS (BN TLVS) K1
Bz3, THVIRGOMNSFELZLNDH?

B GZKAYFAT7DIRIILF—IL, GEMERERIRILEF—E—BITHION? EHD
IRIILT D BERANLCRAANDEBIRILE—E—HITHOMN?

B EREEGHOUAN)) - T—2BFTORMNGERTIE. KEIEDFH, hykdD
UEDIRIIF—RIET, GEZALIZELSIE (linearity) 5 X 5D ?

HEE #EZ5ZHORMERBREEFICIE. KRR (acceptance) - & #%8E - {E Systematics
MAE, UHESa—hJ /- HoT@EREL, BRESASESEAE DEER I
BmAL7=LY, JEM/EUSO / EUSO-next, super Ground Array (world-TA2) , Multi-Messenger
BRANDEELGL—BELED, FHICBHSH. BEIRILT—HNF-ZEMEBOIERE, RFIR
RKIXFEDIFLFEY..
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Spectrum (TA+Auger)
Anisotropy (TA+Auger), + ICRC #6807, Astrophys.J. 794 (201
Composition (TA+Auger) — this presentation
Hadronic Interactions (IC+TA+Auger)
Multi-Messenger (ICG+Auger+TA)
Anisotropy (IC+Auger+TA) — ICAC #346
FAST T Fujii, 323
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K. Kawata, ICRC2015, V. Verzi. ICRC2015,
Den Haag Den Haag Rapporteur Talk
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PAO Spectrum and Xmax, 2"9 best solution
Cutoff created by “GZK”, but this is disfavored by 7.5 o

2nd local minimum (SPG propagation, EPOS-LHC air interactions)
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Armando di Matteo (Pierre Auger Collaboration)

@ Jp =4.53 x 1019 eV Mpc= yr—1 (at 108 V)
@ v=2.03
® Reye = 101984V
@ 0.0% H, 0.0% He, 94.2% N, 5.8% Fe

(at 1018 eV)
o D/n = 235.0/119 (D; = 14.5, Dy = 220.5)
ep=5x10"*

disfavoured at the 7.50 level

YY—AXATE-2 DEXRRGEL., AVbATH
"GZK(RZ DI 7)) SR TERBATESHN.

0/14

A. Di Matteo, ICRC 2015

bined fit of =2 ~
Combined fit of Auger spec <Xmax>, o(Xmax) %Eﬁﬂﬂf%ﬁl’\o
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Figure 3

Fraction of cosmic
rays that survives
propagation over a
distance = D, for
protons above 40, 60,
and 100 EeV and for
He, CNO, and Fe
above 60 EeV. The
gray solid line shows
where 50% of a given
specles can originate
for a given atomic
mass and energy. At
trans-GZK energies
(E 2 60 EeV), only
protons and iron
survive the
propagation over

D > 50 Mpc.

Fraction of cosmic rays from distance > D
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200

250

65



Auger 2010 E > 55 EeV (magenta)/ TA 2014 E > 57 EeV (orange)

M. Ahlers ICRC2015 Multi-Messenger Neutrino Highlight
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FeH-1: D= ¢

B HFiHAKXOBEHEE TA & Auger [T, HERFFT7LA(SD) ERTEBENLERTE (FD)ZFE-T
UHECR (E > 1018 eV) D EAIZ1THoTLVD, SDOEHIRLE (HEH) XA LY —HTKELY,
FOIZHELGREBNLDER (FEANIEDRAELE)LH. REGEAT,

B SDICKAIRILFX—REFEEL. FRFERRT DFDIZKAEIET < ~20% (=FDD E Rk
FRE) 24 of=, FDIZ& D Xmax DBIE T, FHEILHIFFE (p,...Fe) DM b LIITHoT=,
f=1=L. E>~101%6 eV MFEE TlE. WThEFHA LT +5HTH D,

B TALAugerTHTLLFFon=sN1 R :

1. ARJER)L: ~10%8eV LA LD FEE T, YIET (cutoff) EEH (ankle) D2 D DFEED
BASMMIEEDT=0 Auger®E ol TAKY~40%/NELY,

2. FIFiE: 1093eVETOMEEIX. [FF and/or N L, p/He DZE(E Xmax D
RFRELY/NEL,  AugerTIF. p> He ~DBBIHET, 10193 ev LLET,
REX (N) ISER T HRIENHL, MFERREICEVTEIMEEMERETIL
MODFEHEMNKEL,

3. EAMEREREXRE: Wb A 7EBAF-IRILF—T, PIREAERT—ILD
EAMORKENRZD, HFEHROTATIE. BHECEFEARICERZ200DRYA
ARYR(3.40 DEEE), FAFBRDAugerTIE. Cen A M1 LIAIZBE|IAH S
(f=7=L p=1.4%) ,

4. GIK-v,-y: =a—hkJ/ AUIDVIvk, GZK (by proton) ¥ T. & ~14T,

B L EOEBAERIE. ErorPEBVWEDZTL L., HETHI/ MM A EEDEEANT.TA &
Auger T—E9 %, Eqyrorr DEVVD B DD, BIE D RMIRELGD D, BETETUVRLY,



Feh-2: YEREEBRE. DD

B TAT—3RIIGZKET LT, Auger T—ARIFIZRBERET L TRBATES,

A. GZKETIL: BRERDOFENIRAFTES(TAXE KRR RYEDEEERE) .
RERMIZIX, AvhA DEE THEFTHALEDFEZEINIDE, [FFE102eV
FTILETEAHRERNUNE, P22 7L 1RILEEBINV—E,

B. (Rigidity IR7FD) MMEERETIL: REFRORKEFAFTELGELCRTER
BRI, AV DEETHEZN SO E- BAMEDLZNEOMHERN
WE, Ankle Z1E5. 10187eV ETDRFAZRA (ordt) DIEFRENBE, &HF
ZIEEJ . He/CNO ZZEIRMITILET 5. FEFEICN—F (PO BHRERNBE,

B MEETILOREEZRDITEHZLDEBRNMEFILDO0HS (KERH),
O TAx4 (TADAEHLER) : AYRAIREHDARIML-RIFIE-EH S
O Auger Prime KB VITOUF18E8) . HRERBEE. (EqyrorBIRED EEAR)

O TALE-HEAT-Tunka/Rex*NICHE-LOFAR-AERA-ICETOP: 10%eV (Knee)E TIRE,
RERDIARNNER - ZEABEDERE, BREFILATHLSM,

O K-EUSO (FEMLDEED) : ARIMLEFlux [E. EILTEAM?
O IceCube-KM3net (IKKR=iE#E) . GZK Neutrino (~10%8eV) D& H
O GZK y (~1018eV) DEH
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