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Status of UHECR

1. Energy Spectrum
2. Composition
3. Source and Anisotropy



The Auger Observatory in the Southern Hemisphere
Now fully deployed in Argentina

1600 water Cherenkov stations

-

24 fluorescence telescopes (30'x30)
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Auger SD: 08 vs 09
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Auger SD (Phys. Rev. Lett. 2008) H
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O Auger SD 2009 (raw) [l

10"’ 107°

Energy [eV]

e £ =12790 km? sryr (PRL:7000 km? sryr)

e energy calibration with full statistics
C. DiGiulio (0142), this conf.

F.Schuessler




Auger SD (6: 60°-80°)

68— O th<60

Recon. A
Recon. B
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R.A.Vazquez



Auger-09

® Auger combined 2009
—— Proton. $=2.6, m=0
Proton, 3=2.3, m=5
— Iron. [B=2.4. m=0
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HiRes Stereo
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Auger SD, resolution effect
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m  Auger SD 2009
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F.Schuessler




Auger-09 vs HiRes-stereo

o HiRes Stereo (k_=0.75)

or

e Auger (kE=1,25)

T/(AXE*) -1

Energy [arh. units]

F.Schuessler



TA Mono (HiRes transfer)
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Auger, Xmax

z,

frequency

2

400 900 1000 1100 1200

X [9 /6m?]

The red line indicates the slant
depth range for expected X__

values.

Example of bad geometries for
sampling the Xmax distribution ~ °

yd
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energy spectrum.
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Indications from Auger SD

Statistical approach ;;%‘ﬁ';f 20/17
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HiRes XmaxX: Data vs MC (QGSJET-2)
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HiRes Xmax: Data vs MC (QGSJET-2)
X cmeax
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AUGER vs HiRes
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Composition : 103eV — 10%°7eV
. HiRes | Auger

FD Stereo FD/SD Hybrid
Strict comparison of Data & MC Little reliance on MC

Acceptance correction estimated Event geometry selected such
by MC that “no” acceptance correction

IS necessary

Data consistent with constant A change towards a heavier
elongation rate, and Xmax fluctuations composition suggested (J.Bellido)
consistent with QGSJET2 protons, slight

tendency towards heavier primaries

within QGSJET1 model. (J.Beltz)

Stay with PROTON Change to IRON

Northern hemisphere Southern hemisphere




South : lron
North : Proton
Are we really happy with it?

A careful examination of experimental
problem is necessary.
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TOBEX
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Auger AGN correlation

55 EeV
3.1 deg.
VCV catalog

27 events as of November 2007



orrelation update

55 EeV
3.1 deg.
VCV catalog
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Decide cut Check update

Correlated / TOT. 9/14 E> 9 / 13 E> 8/31

J.D.Hague




Correlation with Galaxy catalogues persists

L = SWIFT

IT

[l | 1 1 1 1 | 1

26 -22 -18 -14

Mean log-likelihood per event

(1) 22 Months SWIFT-BAT Catalogue
(2) 2MRS Catalogue™ (~ 23000 galaxies)
(3) HIPASS Catalogue™ (~3000 galaxies):

(4) HIPASS* High Luminosity Catalogue (HIPASS HL): J.D.Hague

(2’) 2MASS Redshift Survey J.Aublin

(5) Cen-A  (within 18°,12/2.7 event, 2% prob.) G.Farrar




CEN-A A5 separation angle %%
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Trans-GZK composition is simpler

100%

Light and intermediate
nuclei photodisintegrate
rapidly.

GZK Horizons
(uniform source distribution)

o
80’{"‘? E>6x10'° eV

Only protons and/or
heavy nuclei survive
more than 20 Mpc
distances.

60% |

40% |

Cosmic magnetic fields
should make highly
charged nuclei almost
iIsotropic.
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Highlight talk of P.Sommers




Expectation from
2MRS CATALOGUE
(x HiRes acceptance)

57 EeV

Correlation with 2MRS for

6 .<10° and E 240 EeV
x excluded by 95% CL.

G.Thomson




First Skymap of TA for
E > 10'°>eV and 6 < 45

£
360°

Data : May 11 2008 = Nov. 30 2008 (204days)
Exposure : 2.0 x10® m2 sr sec

N.Sakurai




31st ICRC@Lodz DEFET

(RAXROBRIL) -ZIK AR - HIFFE, [SDONTD

BT —2(2F

BdY

UHECR® MZZERIFEIR | L& IKIE

TAIZIHE B DH S
ELULVEIEZSTSD



lron, “Cutoff,” LSS correlation...

* UHECR is extra-galactic proton

e |t creates GZK cutoff and e*e dip

* in collision with CMB

e |t originates from AGNs in GZK horizon
or, at least, it follows LSS.

e Universe is north/south symmetric
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Recent Reviews

- M.Nagano, New J. Phys. 11 065007

- J.Bluemer, R.Engel and J.R.Hoerandel
arXiv: 0904.0725

Energies are rescaled in Nagano’s spectra plot;

AGASA 2003 x 0.75, Auger 2008 x 1.2, Yakutsk 2004 x 0.625
Akeno 1984 x 0.85, Akeno 1992 x 0.85, RUNJOB 2005 x1.2,
Blanca 1999 x 1.1, CASA-MIA 1999 x 1.1,
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TA wide area network:
Talk by T.Nonaka ID=977
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Telescope Array

Hybrid detector

507 Plastic Scintillator Detectors
cover ~700 km? (1.2km spacing)

3 Fluorescence Telescope
Stations overlook the array.

Utah, USA
39.3°N, 112.9°W
alt. 1400 m

TA overview: poster by

J.N.Matthews ID=138 H.Sagawa




Live dat (avarage) Live dat{avarage)

Live dat {averaga)

TA SD stable and well calibrated

Avallable SDS

( occommunication status)
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TA Progress of AS simulation
(1) Make fully simulated AS data base

» Cosmos, ~130 events for 1017 — 10'% eV, -10% eV (gF)
» Corsika, ~100 events for 1018>— 10192 eV

Zenith attenuation of S(800)
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TA Triple Hybrid Event
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Event Top View

number = MeV energy deposit (av U+D)

~ 2.5 MeV for vertical mu
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Wave Form Example

upper laver

Central hit

Surrounding
soft e / 7 hits
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Reconst. Accuracy: core position & angle
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6 and @ distributions
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# of EVENTS

RATIO

S(800) distribution
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sox~shutio  Prospects and Summary

e Check with two “full” Air Shower simulations
e Test reconstruction methods
(1) average S(800)
(2) LDF (r, E,6,0)
e Estimate systematics from
(a) had. models, (b) p/Fe, (c) reconstruction
* Improve calibration < ~3%
* Improve efficiency at E ~ 1019V or less

* Check energy scale by SD / FD coin. event

« Wait for more data :
AGASA total exposure (13y) reached by spring 2010
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