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UHECR and UHE v experiments
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AGASA

O BAEFEAIRT

« 1Tkm2 7LA, N>10068DYUF
- Ia—RHFHF. HHIEFHET~308
« NFOVAOYA—=R ETTLA

« AGASA

O AGASA

e 2m2 . 5cmEIIUTFMN111E8 . ~1TkmlH bR

o HITF7A/IN—DEAT100km

e ~1990FMD, 2004F1BETI13EBDEA

O AGASADE
e ~1018eV Anisotropy. fRAI LM BD excess
e ~10¥% eV MR
e ~1020 eV Continued spectrum, No GZK cutoff
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Fly's Eye, HIRes

O 1%

e FY mono > FY stereo
 HiRes / MIA hybrid

e first HiRes-1 then + HiRes-2
* HiRes stereo

O High Resolution Fly’s Eye
e HiRes-1, 1 ring: {1£30°-199, OId FY electronics (S/H)
e HiRes-2, 2 rings: 30-349, FADC wave form sampling

O HiRes DR

« ~1018 eV heavy to light transition
« ~101%9 eV BL Lac &M correlation
e ~1020 eV GZK cutoff

O 200644 A . HiRes £ll{Z1E, TAYARAFEEKZLT
e TAEILEZEET A

e 1018 eV FEILDFD stereo: TALE

NSF¥ & (FY2006-FY2008) WERH S t=,



Energy Spectra by AGASA and HiRes

® HiRes-2 Monocular
m HiRes-1 Monocular
A Stereo
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Spectra
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Summery Auger SD spectrum

PIERRE
AUGER
OBSERVATORY
e " o HiRes2Monocular .
"-a) m HiRes-1 Monocular -
DALY M v 41 Energyscale uncer.
. 1 still large
“IE j ++,. vv"v‘,YH * j ~40 % in 100 EeV
Ep e, | I .improvement will come
*35' * + ;"_ soon
1+ | -
o'ttt -
17 175 18 18.5 19 195 20 20.5 21 )

log,,(E) (eV)



ICRC20035i K -8 &

The Mission of phase-1 TA

Confirm / Refute

- super-GZK
- cluster

by AGASA x 10 hybrid

The problem is understood

only if the answer is independent of methods,
by air fluorescece or ground array, by water tank or scintillator,

In the north or the south
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*  TA Locations
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B Fluorescence Locations
A Central Laser Facility
Streams

A
V
3
()
&

Rock Mesa

y
University of Utah

n m i mn nzia mr mpafn ' April 2004
@

= =




CRCIFEETEIIRET S 27K 20055128 -85 =&

TADZKF: 20710 F T/
@ JEDEEE
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O Full TA: Xsw&LZE=GE 10&
& Scalable from ph-1 TA

B S0/ 15EH, FEFE or {F5IZ B HFE,
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Super-GZK DR (& ?

e Top-down: v-y. $RAhil, FHiE

e Bottom-up; #%#%. RIEXHE

o FEXIEM: fmF. ERXAZTTOIEHE

« ZIN—Rb: Wyl WBayvXRAE? FAH?

- rE-sksEm > BRFD.FEZESD

HiResAVIE L B A#1&RFD, FHFD. TAUGER

GZK Cutoff ™ ? ILERFEN? (RAFEIR)
¢« GZK v DI&EH

« apres GZK FHF

o EIRXATOHE

i rE-FEAsm > BRK-vIEHE

World only one Detector = FEEHFD ?



GZK cutoff &Y, cluster — anisotropy %L
2@ # I (ZELLDOMN?

o 10130 eV < E < 10191 oV
1091 eV <E < 10"2 eV
10192 gV < E < 10194 eV
10194 eV < E < 10196 oV

o 10¥%6 ey <E

.‘ o t S YT Yo Takami-Yoshiguchi-Sato
' - Astro-ph/0506203
With the EGMF and the GMF
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Almosphere

Neutrino(D.P.5.)

Telescope Aray =

y Neutrino(Upward Shower)

E > 1020V

<8 50%
5 F 50%
A Xmax = 30 g/cm

* 30 station -years

il
Sl Wl

600 800 100012001400
Xmax (g/cm?)

ldentifying ¥ Rays

1 ' ¥ 1 | )
- AIRES for P & Fe
| Geomag. Cas. + AIRES for gamma
(0=54%and 62
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Average Xmax (g/cm?)
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AGASA x 100 Fluorescence Telescope

30° FoV telescope
with 5 km spacing

~100,000 km?
by EUSO _
160 km x 160 km e 2m D mirror
UHE v detector: = 25,600 km? covered ’ « 20 pixel (256¢ch)
+ 3X 100 b OZS by 1,089 telescopes 1F'y5sm Eyceb #a%8 109 EH




30° FoV telescope
with 5 km spacing
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RAETEEEETLA
M 45°T ~15kmEBAFETRNIZELY,

o j(_\, ﬂfhd)Fn'ﬂi'rEfJL
@ =S THOAEHREDSILEL

O IRJLX—IEE. Acceptance (flux) F&E

" Mie 8%&L<10%. Rayleigh B{EL## 1E /]

Trigger & Acceptance MIRILF—IZXH L TIFIEARZE
(1077 eV — 1021 eV )

O BWVARRBEE. Xmax (RIFIEHA]) FFE
"." Long Track, K& BHE ##H 1E /]
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e JEM/EUSO In 2012
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e ESA Cosmic Vision EUSO
in 2015 — 2025
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EUSO  ~ 300 x AGASA ~ 10 xAuger
EAMRREDEE, ~ 3000 x AGASA ~ 100 x Auger
3¢FE|E]"CZOOO4’\/|*$£JJ_(1OZOeV19U:)

g ..
A e

1500 Giga—ton K&
BEIRIlL¥Fr——a21—K)
/BHBFBELTORIEENM
(IceCube® 1500f%)




200641 A 1EE - @JAXA

EUSO M JEM/EUSO ~

EUSOG&TE HXEHEE (9HE)
B - Phase-ARFZEIR T Italy, France, Switzerland
BZ: 20044 h S Phase-B [ia Germany, Portugal, Spain
KEl: Phase-B¥H \LJJaSpAan

Sya R TETOIZVE Brazil

200510 HESTECE &
EfREFERAT—ay, @EE. BRMNIZHST5FELREDRFE
Jk,R:%Eﬂ:I-J:U FTEIZZE R
- BER+KE : BEREREMNEERT SV I+—L (JEM/EF)
+ H2 ABhE (HTV) ZFIRT 5
JEM/EUSO&TE ZH#H T 5,
- E% P : ESA cosmic vision ZBIE(ZEHEAZIILTH,
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y BB REEZE (km3DIK-2 1)
101T—107%eV 10117 —1076eV

« AMANDA > Ice Cube
in 2011 @ FAHH

e FBDIEHIF > KM3—Net
in 2013 @ #her;




200642 A +Halzen-@ #A

« AMANDA 1L unfolded (Dssa (3 o
s==----= Atmosphcric vk @GR
v, + V,

AMANDAII
800 days
sensitivity (!)

® E 2/(GeV (srs cm?)™)

log(E, /GeV)




T AVANDAskyplot2000-2003

optimized for best sensitivity to E=® — E-? sources
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IceCube

- _ IceTop: air shower array
" / » 80 Stations / 2 Tanks each

Y
PrrERreAp e
[(REIELIRELIE]
S AN L S N T

:;ﬂ“?JLaﬂm

» 2 DOMs each per tank
» 125 m grid, 1 km? at 690 g/cm?
v By es ~ 300 TeV for = 4 stations
» Useful rate up to ~EeV

AMANDA

IceCube: deep ice array
= 80 Strings / 60 DOMs each
= 17 m DOM spacing

= 125 m between strings 200642 H -Halzen-
« 1 km? instrumented 2R -Haizen @ 48




IceCube construction




" 200449 A - Steenhoven-NIKHEF
What IS KMBN ET? takenfromwesb h

e Design study for a Deep Sea Facility in the
Mediterranean for Neutrino Astronomy and
Associated Sciences

e Objective: develop cost-effective design of a
1 km? neutrino telescope (~ 200 M EUR)

 Participants from existing collaborations:

VEXTOPY




KM3NET:
site
selection

I0°E 12'E 14°E 16°E 19°E 200E 2ME ME 26\2E ME M'E ME WE MWE 40E 42
N\ - |
2600 m 3900 m

= “&\ b
4100m

nesTor |l

| 200449 A - SteenhovenNIKHEF




KM3NET: basic concept

 Underwater Cerenkov
detector of ~ 1 km?3

200449 A -Steenhoven-NIKHEF




KM3NET versus ICECUBE

e Complementary sky views’:
KM3NET

galactic

centre
_ KM3NET ICECUBE
« Angular resolution: 0.1 deg 0.5 deg
* Energy threshold: 1 TeV 10 TeV

ICECUBE

(*) ANTARES location provides a sky coverage of 3.5 n sr and an instantaneous common view W|th AMANDA

of 0.5 nt sr, and about 1.5t sr common view per day. The Galactic centre is vi

2004E9 ﬁ Steenhoven NIKHEF
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« Radio Cherenkov (Askaryan effect)

« Radio Fluorescence (Bremsstrahlung)
 Radio Synchrotron Radiation
 Something else.

o <ML ERISNTLS,

« BRHY. BRLFISAELY,
« High Tech RD, |R#;

ER AEALY,
« BEXVvEHIEE

FABIKER (ANITA) , B1E5F—L ()
o T IEKH

fRE-EaX,
IREMHE -BIEMEORE?
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Askaryan effect

— Askaryan effect HVBITE St 1f=(D. Saltzberg et al PRL 86 (2001) 2802)

- RRPTIEZDOMDEEIN|MES

— AN—RFERIRILEF—D2FICHHILIE-BREEZELL
—RFEBENBEIRILE—ICGRBHEFERTLIILS

— BRICHUTERGYME Ok 518, AE) N F—7vbhERD

— FORTE, RICE, SALSA, GLUE, ......

TRYT—RFAMBKICEESDOLTY 2OV

(BZEDKEWLSTHU/ABEFEE)

Geo-synchotron radiation

— KR P TlL Askaryan effect UL EE

— BEFIZAL— R —DEFEINTEL:

— LOFAR (FBr4324 7 LOPES 1-32MHz, 4MHz &)

ZRNT—HFOHEBHIE>TELLHEIR
Microwave Molecular Bremsstrahlung Radiation (MBR)

— AMBER (1G-#110GHz)

20064448 155




ANITA Proposal

EeV Neutri 8¢ ANITA itivit
balloon at ~37km altitude ev Nautrinos sensitivity

cascade produces

UHF-microwave EMP antenna array

?‘/ on payload

g Tanfarctic ice sheetd "773 -
.. - — ) ..-__‘_1-- -\,\.\ + h
__.."\,___ U,T-T1 OO“Ee_V neutrin_gg-_‘)‘-\,\ sart
e .

refracted HF#,”:.;}:-::
idi
— ﬂr 1
ice S

o a
& '.'.'"-, :
cascadei”:j .Y {_3km| Observedarea:

S i} ~1.5 M square km

~700km to horizon

I‘::""g[E2 dN/dE] (GEV em-2 g-1 sr-‘)

.-

- Cherenkov cone r

6 8 10 12 14

log[neutrino energy] (GeV)

ANITA proposal




K, BERHFRAX

Alr

[ce (Salt)
H"‘ Dipole antenna

Array
([Q,J\H\
BL-
Interaction site ((\ H A

N Cherenkov angle
UHE I'lcl.lll'll'lﬂ H '

v EM shower H Radio emission

{pulse travels along a
cone—shaped surface)

Fig. 1. Concept drawing of the Radio ICE (RICE) configura-
tion. A Salt Sampling Array (SalSA) i1s conceptually identical
though represents a larger effective target volume due to the
higher density of rock salt compared to ice.

Muclear Instruments and Methods m Physics Research A 554 (2005) 437443



KASAKADE and LOPES (radio detection anntena)

T

C.Grupen-Siegen, from web



Signal Detection

Electric field at each
antenna corrected for
arrival direction of CR

[1] Ewant107S8E7T2E1-10101

fix) [Courts]

incoherent
(detectors)

Flu}*2 [Courts]2

axiot

1o*

Sum of delay-corrected
E-field from all antennas,
squared

[1] EventiO73867201-10101

dx10t

Fntot

’l

23

C.Grupen-Siegen, from web




TA/ICRR 10AD (R[RER)ERSfHH,. —I2ZE

- TA/SD 4,500 & (AGASA x 100)

- TA/FD 10 &  (AGASA x 100)

- Hi—Q SD (MU + INFILL + JtAUGER)

- FEMDFD
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To be Continued...
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