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SD

Surface
Detector

S=10m?2, h=1.2m
Water Tank

S=3m?, t=1.2cm o
Plastic Scint.



‘Hybrid’ technique
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* Time = direction * Time = direction
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The Pierre Auger Observatory._

Argentina, Mendoza, Malargue
1.4 km altitude, 870 g/cm?
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The Telescope Array

Japan
US
Korea
Russia
Belgium

P s e
e e T T e
R b b b R O SR
A EE N EE & AN L A 8 &L & 5 B3 X X
TR B N & BUE B 8k e R LA L
fvr-rroofrl-v*~ + + Wt
TR R R I o "L & e
rr+1r++++++¢f+.1+¢1'
> " * ¥ r¥YyE¥rers g d L | L]
E e T T N R
& - e i & g
R o R R S S e .
R
o e e e T

rTerTTeETTETY S
T ¥
T H+¥¥+¥%¥9% %

. ¥y e
-

. N a- + A
#++L1-$++*#¢+++-

3 x 12 (or14) telescopes
Located in Utah

2012/017%00& mwna n!.léletcHg IX 7



Beautiful SD Eve nt TA
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THE SYMPOSIUM ON
"THE RECENT PROGRESS

M ll<— - UHECR 2010 (B 5 ) o follow-up

‘ Nago y a Congress Center, Nngoy JAPAN

1 . Dec.10(Fri)}-12(Sun),2010

 Avawebaite : fnp wmww aclp/
. contact :
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o ;:_.. = e 5 working groups formed from all exps.

l/,LTOD,'éfﬂO) <'j: N ;O)”/JI—I_\' J:é http://indico.cern.ch/conferenceDisplay.py?confld=152124
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@ Energy Spectrum Working Group

Auger: B.R. Dawson, I.C. Marig, M. Roth, F. Salamida, WG
Yakutsk: M. Pravdin, A. Sabourov

HiRes/TA: T. AbuZayyad, D. Ikeda, D. lvanov, Y. Tsunesada I T1€T] bers

EE = :
@ BEEHHRK B BHMH
HiRes/TA: Elliott Barcikowski, John W. Belz,
Yuichiro Tameda, Yoshiki Tsunesada O Deligny, A. lvanov, J. de Mello Neto, H. Sagawa,

P. Sommers, L. Timofeev, P. Tinyakov, |. Tkachev

Yakutsk: Stanislav Knurenko, Yuri Egorov

Auger: Michael Unger, Vitor de Souza,
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J-Allen,A. Castelina, R. Engel, K. ltakura, K. Kasahara, S. Knurenko, ® Future Project wg:
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Break Point Energy and Power Index

Intensity |

Comparison of the parameters: /7
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GZK
&

Models

~ GZK(p:CMB)

Many types of GZK (p...Fe : CMB & EBL, y,, E

- —~+HR2

N e
‘I = |
L /T -

-» PAO with 22% energy upscale
—, =25,E = 107 eV, z =4, m=3

max’

m, z

1019

max’***

1 UZD

Etr,...) and other models.

Dip model (transition at the second knee F, ~ (5 — 7) x 1017 eV).

Ankle models (transition at ankle Fi, ~ (0.3 — 1.0) x 10 eV).

Mixed composition models (arbitrary transition).

Models based on Auger mass composition.
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GZK CUTOFF IN HiRes INTEGRAL SPECTRUM
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log,,(E) (eV)

E1 /2 in HiRes integral spectrum confirms that steepening in the differential spec-
trum is the GZK cutoff:

1885 19.730.07 ~7 . . 7
EISs =101 73007 ov o of  EPST = 1072 eV

Ey, DIEIX. V—RATDAF(yg) . cosmological evol. (m) [Z& 575N (Berezinsky et al.)
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Auger

(All Proton)
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10°*

10°°

1024

10°

7

Auger 2010

--,/’/*

“\

+++

SO

P

Auger 2010

LR

+"'--H

Proton JI03E Bﬂﬁ_>

v,=2.2 m=5.0 ‘
Enw;,,:?_-lﬂ'lg Y J

10™ 2012/06/30%@RT town meeting BT K
E, eV

Emax =7 x 10°%eV

18



Mixed Composition Model

(Low Energy “CR” composition at the source )

Auger

E3®(E) (eV?m™2sTsr)

1 025

1 024

| mixed composition at the sources | GZK(FEZCM B)
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log. E eV

Mixed composition with heavy

component over-wei
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1) 2TOEBODARIMLIE 109%eV ULTTRLED, (Escale £ahE=HE)
2) Dip and Suppression(cutoff) A% HiRes, Auger and TA TigEah 1=,

3) AVMT X EFHAHNIED CMB EDRIE (GZK) ELTFEIEALY,
3) AGASA D IEBRAARTIIL (super GZK) ITHBIERLGE M o1=,

*1) AYbATDEERIKIEK. Auger & TA/HiRes TR D, (HLHRHBENR)

¥2) E&(ZHDMIEBFE (GZK-p, GZK-Fe, IERR... 4 E) 2EELHBI=DIZ.
IRIILF—RE., 24 BEEHROEENEE,

FE O LE. BRFEERDO AR REE (publication) &lF . B0 HEINELLY,
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- #IRTLA(SD)DT—R%FES,

Auger : S(1000m) + CIC >>> Sq
Spectrum TA : S(800m) + AirShower MC  >>> Ej

.and . I;]J’\)l/jF_(j: 2Rz (FD)IZ&2&DIH#L
Anisotropy  4#7F [Z (% hybrid data (SD + FD) Z{#5,
Si Vs Egp, Eopvs Egpscatter plot Z{E>THHIE,

« ERiE(FD) T—2%{F5,

Auger : Hybrid Data

Strong Acceptance Cut
HiRes, TA : Stereo FD Data

Weak Acceptance Cut

Composition
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Auger TA
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ﬁ - Shows the attenuation of S{1000) with zenith angle.
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Auger

most energetic event at 75 EeV
839 events

| 6-10EeV |;
" 0=13% ;

] ! L ]
34567 10 20 30
Erp [EeV]

1.08

PRL 101(2008) 061101

TA

e

18

17.5

i
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Hybrid events from all the three
FD site events (BR/LE/MD)

17.5 18 18.5 19 19.5 20 205 21
SD, log, (E/eV)
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Erp = Egp/ 1.27
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HiRes Auger TA

Calibration 10% 95% (3 10% FD Ene rgy Sca l €
Fuorescence ield 6% 14% @ 1% O) $ %}E 7= %
Atmosphere 5% 8% @2 1%
Reconstrucion 0% 0% g 10% Z:'%
Invisible energy 5% 4% (included above) oé

Total 17% 22% 21% <

FEBE(E~10% F=HN. @ ARUBER
EERMIZFEETES,
>

Q@ KRZERE

R oo
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High Porerer Pulse Mndullm
B LY.

: ‘l i !
1 k sl A8 2
H posivion of |1 1
Faraday Cup a
w*
» ] J & v — il
==
B
4 EIEIEE
Long Beach (L.A)

Event Displ.ay of ELS Shower Fi rst S h Otl '

Data : Sep.5% 2010. AM04:30(UTC)
Energy : 41.1McV
Charge : 50pC/pulse

DATA




Auger Atmospheric Monitoring

2 Laser Facilities
(100 EeV Optical Equivalent)
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TA LIDAR

Lidar for Atomospheric Monitoring

YAG laser (355 nm, SmJ)

MEADE telescope
on alto-azimuth mount.
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Particle Composition



Composition m
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Xmax Distributions (Auger)

Events

Events

400

p, Fe, 50:50
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Xmax Distributions (HiRes)

: 0.3
ek 0.25¢
g':iiProtonMC ‘ £ Proton MC
0.12p & data Lg(F) ~ 18.3 0.2f & data
0.1E 0.15F
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B=HkweDFvy

- HiRes, Auger, TA MXmax T—R2ET—2 82 FzvoLT=,

FFEZ B hNdh S h

<) —MEZ (vertical or inclined) [ZHKTF T 5 hH>.
TOETEARhybDiRFEIZKBHH
T—RAEMCO—EITE LA

Energy scale MEWVWZHIELTRS FA,

Lk wn e

- GEVDME TAEATEICE KDALY,

- EULME. Xmax BITE D R ffiZRZE (quoted sys. error) TIXERBATEZLY,

- BEHAKOERIZIEL. <Xmax> & Axmax NNEE (D parameterld Z &)

- EFIREEFBROBANERGTLDOMN?

REDT—EINDREMGEEIEEALL, LFBKIEHETFZE.

* SURDTILD®K, Auger-TARI T, KRT—EDRM, T—2ENTOT 5 LD AR -3,
MCARU DI, R EDRFIAIEFE2T LS,



Anisotropy



Update of Correlatlon with VCV-AGN

Astropart. Phys. 34 (2010) 314

(3.1° circle)

® @ ®
AGN position  2<0.018 E> 57 EeV

(75 Mpc) (101376 eV)
— event position
o_; %gt === | Update including June 2011
99 7% CL
8 data —e— | -
'*§ 3: Au ge r | Isotropy MDD
& oo - BREE D RS
g o8 + 33+5% 44%,
204
3 0s Total: 28/84 Corr. 11/25
§ oz P=0.006 < > P=0.02
01 B 25 T T T T
°0 0 20 s 4 s s 70 8
Number of events (excluding exploratory scan) 20
expectation
Science publication 15 from [Auge
LRI, BELIZTTUFA L 2 .
E—HT D,
5 - = ]
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Number of events

Update on Cen A
Auger: Cen AL DEEB 7 M TA: HEEBEOBAS

14f ] 1
12} E>=10EeV |
0 ; -}?.i_-gl‘-*w'*-*i‘r“"‘-dr-"*' ""‘-*"if-'=+.+:+.-*: —
- w0 01 m
06 = E>10 EeV
04
0.2
0 1 1 1 1 1 1 1 0_01 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 33 40
8, degrees &, degrees
3.5 T T T T T T T 1 T T T T T T T
40 ir E>40 EeV -
T T T T T T
68% isotropic m— 215+ J[ 4
95% isotropic me—
35 99.7% isotropic 2r 1 &
data <01k 4
g i |-
! Hrygtiess E > 40 EeV
L I i g
0.3 1
0 1 L L 1 1 1 1 1 001 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 0 35 10 15 20 25 30 35 40
4§, degrees 8| degrees
7 . T 1 —— T
6 E>5TEeV A E > 57 EeV
5 -
01E E
s =)
Update including June 2011 3t { {1 =
5L ] 001
0 5 10 15 20 25 30 35 40 45 - l {l -l[i[{} -1[-:[-
Angular distance frem Cen A (degrees) 1 e { """""""" E“PI_;;}'I:
0 | 1 1 1 1 1 1 I 1 I 1 1 1 1
0 5 10 15 20 25 30 35 40 0.001 0 5 10 15 20 25 30 35 40
&, degrees 8, degrees

KS test yields 4% isotropic probability
Largest departure now at 24°: 19 observed / 7.6 expected
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Summary
and
Prospects



gaIaLr—saEgEn A ANF]>F=H

- Auger, TA D/NAD)YRERIT, BAIRHROKRECRLL, BIEDEBEELNHM T,
etk 1152 T=,

IRIILF—BRIEDEEFTEIRE,

» IRILF—ZARYK)LIZ dip and cutoff DIBEFFEFE L=, BLBIAEICKSELY,

« Cutoff [X. BEFEHMRECMB DHEERATEL-, £EFEZATFEXL (porFe),

- 108-100 eV DEEMHAEBIE L=, HiRes (proton) & Auger (p > Fe) TEXL S,
TA D F{®BT—2 1 proton,

- BEEBROT 4. TARITEICACHGRERRonGL, EEMERA,
EFBREMFIRTRIGTDDN,

- EAM (large or small scale) . RIREDMRAIZDOWNT, #EIZLI=HDILTELY, Auger
M AGN 1BB8IE. SUF Lho~3c DEEE LG ST=(FFEK) , dLFERTIE ~20LLTF,

- ERIUYT—ERDOEEILF 7 (Ep=Ep/1.27, muon # x ~2 excess, ...) o



log(E3 J(E)[eVZ/m?/s/str])

WMIEBDETIL -1

Dip Model

e 1018-100eV [FRNDLDIEGF

TA Spectrum GZK(p) Cutoff + Pair Production Dip
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CMB[ &% e . TE LS = s
24.6 ?B: J‘TEE‘Z - GZK Wo)%ﬂzlﬁb\ﬁzélj:?o
24.4 | f . .
I o MEJRED AT, cosmological evol. (m),
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“Auger based”
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[
a3

YE

Model

DETIL -2

1Ll

e SRR DIEF Emax~ 4 x 108 eV
&%k Emax~ 10%eV

GZK(Fe) Cutoff + proton Emax Dip

Auger spectrum

E —4EeV i —20

/“?c\

fﬂ&@:&"ﬁ#

. /+
CMB!‘roté

FRERIIRZGEWNZ5D,

GZK neutrino 7ZZL (EBL neutrino ?)

Titled as “disappointing model”
in Brezinsky, Aloisio & Gazizov paper.

I |
eﬁ@ﬁlﬁ. Fe MEMRS ——
1018 19

E, eV

1 020
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Ral

Dip model TENUWIIEREATES Mo IELWLVEIK, EATELY,
£ B A A disappointing F2hvn IELLAGELVEIE A%,
AIAIELLDE., EBIADROHEHRE,

LBk EFFFBKT. underlying physics ASE5D XRS5, LHL.
BERDFHLAMNILRLHS,

- 10V eV RO E =ML (<Xmax>, AXmax)

- WY TDIRILE—, AV TDR

- EAM., REOXKFEEE EDFEES

- BEIRILFT—(RH > RN DRE (107eV B DAITE)
- GZK=a2—K)/DHE (IceCube)

- EERBDHRAHEBRF. BREBRADETIAA  1T&E,

FLWEZIF.,. FLERDOMNBIEXT, Be patient, be prepared.




Where are we now?

lerlying Basic Physics.
very of unknown Nature?

e Remarkable advances in last 10 years.
* We are about to answer Questions.
e Better and Larger detector wanted.
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Problem #1: #c;JRD[IzE

N
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HSTELY,

+ Zhiz

F Y—ANEZGLND D,

£ & uniform /isotropic 7E D Y.

FALEIEZEZ T, CORMGEFEMICF L ILIL,



Detection of

Radio Signhal from
UHECR, R&D



TMI0RIZKHSEBEESIRILTF—FHEEHA

1. BERMBOERICE T, EBRHNRETEEREIENTES,

2. ZBRIUVYIT—2@HoNMSFERETE., (LB ESO-RELAIREI ?

3. BRMICWAWARAIEAENRERSIN, RSN TS, BELHELTFHR
[CHRIETD5D,
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FLAEETLS AL ALY

AREALEH

47




Geo-Synchrotronf{ &t [T & AMHzE YA V0 KR#&EH

BEEMICR I K THEMEHELSSN TS

LOFAR - Low Frequency Array

LOFAR with core in the Netherlands
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48 HBAs per station
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KIS FH ENERST (MBR, GHz)DEHD
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RIS FHIBEHS DHRH

EASIER: AugerdSDIKZ> %
[ZT7 T FRYFFIT TS,
3DHBPMTDIH1DD
High GainF ¥ RILIZES
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SVILOOHEEIFHIED
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TARA: forward RADAR in Utah 54.1 MHz sine wave at 1.5 kW

TARAZ20

+=  TAlLocabons
® Communication Towers
B Fluorescence Locations
A Central Laser Faciity
Streams
Latms
Town Boundanes
State Land
Private Land
ELM Land
[ Miliary Airspace: Sevier B

.| Department of Geography
University of Utah
5 7April 2004
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Future Plans



SES

Ground and L.

Space 3.

~1,000 events, E > 101°8eV

x

2. 30~40x 103 km?

FR 15 70

Next Generation G. Detector

232, 3|2 = s A
H LR
i@;%jib’f X and/or
with "W -1D

hybrid T BB 1 &5 81

JEM/EUSO

FENMDREICE

max. info. from UHE event
~E 3 Bk

e “Particle Physics” capability
~100 M Euro (FX- B *K)

* max. coverage at UHE
e FAdt uniform sampling
e “Astrophysics”

e space funding
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1938
P 1956
Ly 1961

0 1966

! 1968
. 1976
1979
1994
1995
1998

2008

' 2010

EXRYI—ERDRESR

Cosmic Ray (V.Hess)
Air Shower (P.Auger)
BIFAST LA (/M)
Extra-galactic CR (B.Rossi)
1029 eV CR (J.Linsley)
HILEHIDIEE (B, A.Chudakov)
GZK prediction
IR EF (K.Greisen@Cornel)
HIEANV DS (HIEe=ETF)
Fly’s Eye proto (Utah group)
Satellite Observ. Idea (J.Linsley)
GZK cutoff? by FE-1
“EUSO” concept (&18)
Extended spectrum (AGASA)
GZK cutoff by HiRes

cutoff by PAO
Proton composition (HiRes)
composition going heavy (PAO)

cutoff MFEEE (TA)
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