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UHECR Experiments

e Understand the origin of CRs
* Find the most power cosmic
accelerators

AGA B 8L e Learn about CR acceleration
e * EHE particle physics
B | -
HiRes-1 & II <
Augert — o
~ Starting the .

Golden Hybrid Era -
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Exposures 2007
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= - 5165 km? sr yr £+ 3%
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The HiRes Experiment
* HiRes-

— 21 mirrors

— 1 ring, full azimuth, 3°-17° elevation
— Sample & Hold DAQ System

— Took data: June 1997-April 2006

* HiRes-ll
— 42 mirrors
— 2 rings, full azimuth, 3°-31° elevation
— FADC DAQ System
— Took data: Dec. 1999-April 2006

* Both:
— 5.1 m? mirrors, 16x16 PMTs

slide from D. Bergmann



HiRes Monocular Spectra
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Flux*E3/10%* (eV> m2 s™ sr')

T I 1 |
® HiRes-l Monocular
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‘., ﬁﬂﬁ#
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HiRes Aperture & Error Table

T

E HiRes I vs
g HiRes II

g

factor 70

\per decadeinE!

TAUP, Sept. 2007, Sendai (Japan)
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log,(E) (eV)

" HiRes Energy Scale Uncertainties

— Missing Energy 9%
— Energy Loss Rate 10%
— Fluorescence Yield 6%
— Atmospheric Conditions 4%
— Photometric Calibration 10%

« Total Energy Scale Uncertainty 17%

2 0k I " factor 10 between p & Fe
R on.. Depends on assumptions
Ewl e about models, mass and
2 - [ spectrum slope
__ - o r—--
1 C
: protons
S
10 3
1'_7 1';.5 1I8 18I.5 1I9
loglO(E)

¢
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Pierre Auger Observatory

5 A O- = i
1482 deployed r s s\ o i
1436 filled ! Sosneade—rei IS
1364 taking data hat :
~ 85%
A” 4 ﬂuorescence . ..:.. ... ® e 00000000000 o.o.o.oo.o.o. B o.o.o o......... ¢ o .!
bu”dlngs Complete’ . ok ONG 0.0 00l o o 8 & G LMo
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The Auger Hybrid Observatory

...1600 Water Cherenkov tanks

TAUP, Sept. 2007, Sendai (Japan) Karl-Heinz Kampert
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Quadruple Event
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Hybrid - Precise Shower Geometry

first step towards precise energy, depth of maximum

Arrival time at ground provided by the
SD, removes degeneracy in the FD
geometry fit

leno

12

11.5

11||||

Get T, from SD tank! o
Rp (Xo—%)
Geometry uncertainties shrink! {(x) = To+--1an { > ]

TAUP 2007, Sendai (Japan) 10 Karl-Heinz Kampert




The Power of Hybrid

Hybrid SD-Only FD-only
Angular
Resolution ~ 0.2° ~]-2° ~ 3 -5°
Aperture Flat Flat growing
model ind. model ind. model depend.
Energy model ind. model dep. model ind.

TAUP, Sept. 2007, Sendai (Japan)




FD-mono-Uncertainties: HiRes vs Auger

Auger HiRes
Fluorescence Yield 14% e [ 6%
Energy loss rate " H0%
p, T, & humidity effects 20/, 49
on vield
Photometric Calibration 9,5% 10%
Invisible Energy 4% 5%
Reconstruction 10% ?
Total 21% 17%
if reconstruction uncertainty is ignored: 19 %
Note: this causes an integral
flux uncertainty (y =3.0) of: 46 % 37 %

(on top of effect of acceptance uncertainty)

TAUP, Sept. 2007, Sendai (Japan)
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FD energy calibration

Fluorescence yield is at present the dominant error contribution
also: Auger uses Nagano et al, HiRes uses Kakimoto et al.

New (better) data will become available from:

vvvvv ||‘,|

AIRFLY using test bearT\ at DAONE %, AIRELY
and elsewhere measuringp, T,and "™/
humidity dependence of abs. yield

1000

FLASH using test beam at SLAC L

Lo

[ll[ " P lllll

MACFLY using CERN-SPS test beam |,

200 300 310 320 330 340 350 360 370 380 390 400 410 420
Wavelength (nm)

vl e 2 DA v i Data on abs. yields expected to be released

at workshop in Spain next week

5th Fluorescence Workshop
El Escorial - Madrid, Spain

16 - 20 September 2007

TAUP, Sept. 2007, Sendai (Japan) Karl-Heinz Kampert



FD Systematics by Interaction Models

9 Drescher et al.; Astropart. Phys. 21 (2004) 87
7-10 T T T T I T T I

6107 [

5107 |

4107 |
310° |
2107 |

1107 |

0O 100 200 300 400 500 600 700 800 900
slant depth [g/cm2]

QGSjet & SIBYLL agree within a few percent \

TAUP, Sept. 2007, Sendai (Japan) Karl-Heinz Kampert




SD Systematics by Interaction Models

1.05 T T

B, | Drescher et al. ; Astropart. Phys. 21 (2004) 87
0.95 ] -
g 09 4 Effect of High-Energy
< o085 | 1 Interaction Model:
= osr ~30less Y's 1 Sibyll / QGSJet (Gheisha)
075 '”QGSJet ] ~ 30 % effectto E
07k W TTTYTTTeman . i
0.65 ' | = 11
100 1000 10000
distance [m]
2 S —
[ GHEISHA “
5 o[ produces 7E | Effect of Low-Eneray
< too many pions ~ /  CGHESHA . = -
g 14 e 1 Interaction Model:
< 42 1 GHEISHA & FLUKA / UrQMD
1 ~ 10-20 % effectto E
FLUKA
UrQMD
100 1000 10000

distance [m]
TAUP, Sept. 2007, Sendai (Japan) Karl-Heinz Kampert



Auger: SD Calibration by FD

= 55l Nagano et al. 4-10° eV
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Auger E-Spectrum (0< 60°)

Pierre Auger Collab. @ ICRC 2007

EleV]
3x10'8 10" 2x10Y 3x10" 10 2x10%
Q L I I I I | I I I I I I | I
= 31—
— 4128
> -, 2450 Slope = -2.62 + 0.03 —_ Obs
T30 ~ o 1631 >10196 132+ 9 51
- - el >1020  30+£25 2
= el 560 e
S . 78
= - & 125
34 — S~ 79
E 34 5 >, 54
N - ..;.2.5...,.1.4
- EXposures * e
— Auger: 5165 km? yr sr : 5 +5 ........
-36 —AGASA: 1619 km?yrsr T T
— HiRes: ~ 5000 km?2 yr sr + 1 1
_37 — only statistical errors are shown + |
_ system: 6 % stat. + 22% syst.
B I I I | I I I | I I I | I I I | I I I I | I | I I I | I I I | I I

|
18.4 18.6 18.8 19 19.2 194
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Energy Spectra: Comparison

—~ 25 | | — | | |
% - &b i
s 246 F ) " T T 4 -
NE | v B o T dh i E[Fj i
N AR 00 69 R %%¥L ;
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%T_J\ 242 = i 0 <>‘$'$ * —O- * f O O § i § _ E_[]_j 1. al
\g/ B y L i i [ K I : ® o
0 X ®
<= 238F e Auger (2007) o+ | T 5
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Energy Spectra: Comparison

g 25 | T | ' ' |
> 5 E
0 il
Nﬁ 4.6 Energy of AGASA scaled down by 157% Ll e
= - 0 ]
¥ N <>§<>§<> i* P %,@3&5* q?% * Lﬁ I
% 242 F To%ge raley T S
% i Energy of Auger scaled up by 157% | ]
N T |
S 9238 L @ Auger(2007), E*1.15 i [T -

*  HR-I (mono) T 9.
. O HR-II (mono) -
234 [ = AGASA Remember: i
: Auger and HiRes quote
3 uncertainties in E of ~ 207 -
23 "'1|8'"'123'.5""19""19.5"' 20 205

TAUP, Sept. 2007, Sendai (Japan)
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Auger Spectrum & Source Distr.

——T T T - Test of Berezinsky's e+e” dip model —
24 5 |Auger 2067 =
N F \ =
> B > g i
1—® \XO n
| > |
c}n“” 24 o
E e
D —— Strong source evolution
X 23.5 ~(1+2)° ;  Ysource ~ 2.3 ®\\
T - — — Uniform source N
8 ~ Ysource ~ 2.9 1
dip-model (Berezinsky et al.)can  § GZK effect is modified by é
describe E-spectra... } » E-distribution of source
... as ankle model can do » source local overdensity/deficit i

... ahd mixed model o different values of E,... }
TAUP, Sept. 2007, Sendai (Japan)~ ’ 1 R ——— |
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Ankle: Measurement of composition iIs crucial !

i

p=2.4 Stiong A

|
|

i

|

|

i

L 1
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p-

T I T T T T I T T T T
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different source distribution

2.6 uniform
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Mass from Xmax observations

Pierre Auger Collab. @ ICRC 2007
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Straight line fit of elongation rate: P < 3% E [eV]
Systematic error of Xmax: <15 g/cm2 @ <108 eV; < 12 g/cm? @ > 1018 eV
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Mass from Xmax observations
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UHE Photons ? Expected by Top-Down models

e.g.: Super Heavy Dark Matter fit to AGASA

100

i(E) E°[eVcm™@ s o]
L S

o
—h

0.01

TAUP, Sept. 2007, Sendai (Japan)

i i
i

BOttomEEE ,
— up Protons *f

vy from SHDM

e p from SHDM

R

26

Gelmini, et al, astro-ph/0506128
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UHE-Photon Limits from Ground Array

Pierre Auger Collab. @ ICRC 2007

o ... |;wem=—| SD-Data: rise-time & shower-front
8 N S R g curvature < g # < primary mass

y -simulation

<«— (median) 959 CL on photon fraction |

Principal Component Deviation

r:‘100 T T T T T T T T ]
- S - limits at 95% CL A2 ~
- T -
............... = Haverah Park
-6 n B
2 Ty
........................... S
| | S - Akeno
_10 1 | - l | I | 1 I | 1 I 1 { B | l 1 | 1 | - g
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Log(Energy/EeV) S I JRTIRC
| ,;" \R“‘ “““
a2 i
= 105 =
C _‘_\‘\‘
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SHBM & Tn IIIII(IE'S _%z%t%io)
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E,[eV]
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Test of Lorentz Invariance Violation

Galaverni & Sig|
LIV = may modify photon dispersion relation arXiv:0708.1737

w? =k +m® + &k (k/Mpr)"
— affect the threshold for e*e™ pair production

- p+yomup — A —n—+ma°

L, — cascading of UHE
Y 7L> - photons suppressed

.. y-fraction *

100; T T T L B

--------------

—
o
|

1
I ‘ 1
1
I
I

q

o U expect significant photon
a 1_; ; . 4/_ fraction above ~ 10%° eV
< no LIV L] 6 <24x107
] 6> —24x1077

A 107 = 7 orders of magnitudes

1074 |

= better than previous Iimits!?
TAUP, Sept. 2007, Sendai (Japan) g (eV) 29 w-_ Karl-Heinz Kampert




UHE Photon Physics: Future

QIOO:"II| T T T T T T T ]

LH 90 | model spectra without cutoft
. . E 30 _ Auger south sensitivity (2 yrs): (I) with (II) without cutoff
better limitson < & ¢
= T0F Al A2 B
Top-Down Models : & oo ey i
*..... el g SO E _’_,__.::2'.’. .......
'§ 40 £ g A
& 30 P o e ferig e
S 920E R
I 10 v e T e R
Q-i 0 e el e
1019 1020
= 100g ] - - —— threshold energy E, (eV)
g : Auger South sensitivity s
/\ : Auger hybrid .ﬂaﬂ gﬁs
Lﬂ ’LﬂYS ‘(‘&ﬂ QJQ
St 10 3 “gbf“\" S
= S i
S N GZK-Photons ¢
= e e SRR , i i
E 0.1 GZK photons Inreac F
] \ .
qﬁ: \““‘.‘ \ ........................................ L ‘ r'
= | 7| 5 O N N N T N O T ot D O W W P W W W W S o
S =
=)
:Q unc. l
0.001 10" Risse & Homola,

threshold energy E (eV) Mod. Phys. Lett. A22 (2007) 749
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Neutrinos by Horizontal EAS

Only a neutrino can induce a young horizontal shower !

after 1 atm after 3 atm

------- ‘old’ showers (%)

agl - . ime distribution
electromagn. Y hard muons § Narrow time distributio
- T e Weak curvature
——————————————— e Flat lateral distribution

—_—
—_—
—_—

p—

e ——
—_—
—_——
—_—
—_—

_________ -‘young’ showers (v)
e Wide time distribution

T~ e Strong curvature
=-.,® Steep lateral distribution

—_—
_——
_—

—_——
—_——_—
—_——
—_——
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Search for Earth-skimming v;

HiRes: events £ 10° from horizon, background events in MC, ~100 laser events
Auger: Surface Det. ; using signal traces & direction, background-free

| | 10-3 —
o - talk by
1_"’ GLUE’04 (e,u, 1) FORTE'04 (e,1,7) | O. Deligny
(7, - (Wednesday)
o 107
= ;
(& n
D 10°|
o |
—~ i
W oo —
o 107¢ ANITA-lite (e,u, 1)
LLI E AMANDA (e, w, T ) — HiRes (T)
- Baikal (e, 1, 7) RICE'05 (e, u, 7)
1071 Auger (7)
- AMANDA () - Y y.
i TN D TD-v's in reach...
10 AN, GZK, each flavor GZK-v's difficult...
ol ool ol v \_b’HHH"‘ \HH‘ HHHH‘ | H‘I\HH‘ RN AR AR mw ”

10" 10" 10® 10*®° 10*2 10* 10%

Pierre Auger Collab. @ ICRC 2007 Neutrino Energy [eV]
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| Magnetic Deflection
: intergalactic O(2-3)°
N AngSA\ factor 30 : 40 EeV 100 Mpc
) :_Auger-SD (400) . - gaIaCt|C 0(1‘2)
: '\_%Hybld 40 EeV off disc
O 1 1 1 1 1 M | 1 1 1 1 1 ! PR
1019 1020

Energy (eV)
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Anisotropy Searches

1 Galactic Center E;<E,<E;

2 Multipole Search
(Large scale anisotropy)

3 Correlation BL Lacs
(more general: point sources)

4 Cluster Search
(Autocorrelation)

TAUP, Sept. 2007, Sendai (Japan) 35 Karl-Heinz Kampert



Galactic Centre

Agasa Collab., Astropart. Phys. 10 (1999) 303 SUGAR Collab., Astropart. Phys. 15 (2001) 167
Dec(deg) E: 1018-1018'4 ev Nobs—Nexp= 506/4136 N

90 ]

Right Ascension(deg)

290 280 270 260

4.5 sigma excess (~ 22 %) 2.9 sigma excess (~ 85 %)

H.E.S.S: gamma ray observation Sgr A and Molecular Cloud

L | 1 2 | 1 1 : ;
TAUP, Sept. 2007, Sendai (Japan) Karl-Heinz Kampert




Auger' Galactic Centre Region

Pierre Auger Collab. @ ICRC 2007
0.1 <E<1EeV

search window size Nobs/Meap
extended 10° (TH) 5663/5657 = 1.00 + 0.02(stat) £+ 0.01(syst)
20° (TH) 222774/22440 = 0.99 4+ 0.01(stat) + 0.01(syst)
" point-like  1.3° (G) 192.1/191.2 = 1.00 = 0.07(stat) &= 0.01(syst)

No EXcess seen
WI——

1 < E< 10 EeV

search window size Nobs/Mexp

extended 10° (TH) 1463/1365 = 1.07 £ 0.04(stat) £ 0.01(syst)
20° (TH) 5559/5407 = 1.03 + 0.02(stat) &= 0.01(syst)
point-like  0.8° (G) 16.9/17.0 = 0.95 £ 0.17(stat) 4+ 0.01(syst)

AGASA 22% excess
would give a 16 o excess in Auger

SUGAR 85% excess
would give a 300 excess in Auger

Data: Jan 2004 - March 2007

TAUP 2007, Sendai (Japan)




Other Searches (Auger)

Pierre Auger Collab. @ ICRC 2007

E T T T T T T
| ¢ Tibet 2005
| O Baksan 1981
A Norikura 1976 /\L
-l + EAS-TOP 2003 .
% SUGCAR 1983
10.0 :__X AGASA 1999 AKENO ; =
= g 1986(")’ ]
" B
8 ! :
3 7
E 1.0F *L I<2) I(2) s 2
CE) 3 % ICRC 2007 1
é KASCADE 2003
Id/ [} 0
01k, 1 | No evidence for dipole
i ;IH " EAS-TOP 2003 .
1 \L fl? derived using [mesured omplitude]+1.5{stondard deviation) : or mu’tlpo,e.
(2) energies with occeptonce not soturoled
| N |

1014 ‘ 1016 1018 1020
Energy (eV)

No 5igniﬁcant observation of CR-Clusters: Previously reported by AGASA

No correlation with BL-Lacs: vreviously reported based on data from AGASA, Yakutsk and HiRes E> 10EeV

despite of having collected 6 times more events above 10 EeV....

But: prescriptions are running...
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Where is Our Crab?

Whipple 1989

) 2007

. vYyy'vwe v

ESS, MAGI(, VERITAS, Cang:

based on Angela Olinto (TeV 2007)



: ?
Where is Our Crab* AGASA. HiRes

Exposures > 10* L Auger SOUTH 2007

Exposures > 10° L
Larger Experiments

W owyrvy v

L=1km?sryr -Linsley

| AGASA=1.63103L
based on Angela Olinto (TeV 2007)



New Projects & Directions

Exposure: ~ 5 kL E[eV]
- 3x10" ‘ | 10" 2x10%Y 3x10"Y — 10%° 2x10%
A ~ 60-100 evts/yr
sy = 6 above GZK from Auger-South
E - ) '76i 560
2 = nd-knee t oL 2 - want O(1000) events/source(?)
= b == Lo R for E/A/B-spectroscopy...
50 ankle region * 54
35 | *21 y - need much
precise mass 45 s larger expts
-36 measurement +
needed +1 +1
-37 — l ]
184 18.6 18.8 19 192 194 19.6 198 20 202 204

(Auger-South) HEAT & AMIGA

(TA) TALE
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Telescope Array (TA)

Surface detector:

512 scintillation counters g o ;
on 1.2 km grid (~ 600 km?2) Yl ¢
95% deployed (= /A

Commissioning in progress. |} % !

L _ ap
-Gunnison Bend
'Z x |
. LESErUolr
1) ]
«

Fluorescence detectors

00000000009

3 sites; 100% deployed s 9583983865544
Commissioning in progress. 4 pede
Study spectrum, composition, M 32 2333322333

0 &
L/ ?000000000:
*¢

anisotropy
Will be taking data in October, | |“
2007/.
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TA Surface Detectors (SD)

Wireless LAN
antenna

.
)
)
s
.
»
.
. -
)
.
)
.

Electronics box
Main board with FADC / GPS / wireless
LAN modem / charge controller
& battery

TAUP, Sept. 2007, Sendai (Japan) Karl-Heinz Kampert
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Auger North

Need for two sites realized from the early beginning

Northern Site: Colorado

‘Retain features & functionality of Southern Site
*Hybrid detection & energy calibration
‘Water Cherenkov surface array

4000 stations, 10,370 km?
*Square mile grid

Altitude and latitude
are similar

Southern and
Northern sites
are shown at

the same scale

Sprmgfeld.
Southern Slte Mendoza

*Hybrid detection & energy calibration
‘Water Cherenkov surface array
+1600 stations, 3000 km?
1.5 km triangular grid
*Completion end 2007




JEM-EUSO Telescope on ISS

JEM-EUSO Telescope will be attached to Exposure Facility of Japanese
Experlment Module (JEM/EF) of ISS in 2013

Vertical Mode Tilted Mode

talk by Y. Takahashi
(Wednesday)

TAUP, Sept. 2007, Sendai (Japan)




JEM-EUSO Telescope on ISS

JEM-EUSO (tilt)

1000000

JEM-EUSO(aglir) | 4X105
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o0km
Auger
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Radio Emission from Air Showers

First discovery:
Jelley et al. (1965), Jodrell Bank at 44 MHz.

A 1017 eV airshower produces a 1 Gly radio
flare in 25 ns (40 MHz bandwidth)! — positron

The brightest radio source, the sun, has 1MJy.
" 1OPES @ Geo-Synchrotron Effect

\SCADE-Grande

T

Karl-Heinz Kampert
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Cosmic Rays In the Radio

10" Direct data * PROTON o KASCADE (QGSJETCIl) = Akeno
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Concluding Remarks

» Enormous progress during last two years !
GZK established ; Top-Down models :=most ruled out

» Need to understand

- Energy spectrum
- Mass composition consistently !
- Angular distribution ]

» Multi-Messengers: started by v and v limits
if CR sources seen = verify in v and y telescopes

» Spectrum from 1018 to >10%° eV: Ankle or Dip
GZKorE,_ . ?

» Need for precise mass measurements (ankle region)
and for much larger experiments (trans Greisen region)

» Get prepared for charged particle astronomy @ TAUPOS

TAUP, Sept. 2007, Sendai (Japan) 51 Karl-Heinz Kampert



