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A very large ground-based cosmic ray observatory
in the northern hemisphere is required.
A world-wide site search will be conducted.



Conclusions A

PIERRE
AUGER

® First precise energy spectrum from 1 EeV to above 100 EeV

® Optical fluorescence detection of showers set the energy scale to £ 22%,
® biggest uncertainty from absolute fl. yield; soon to be much improved

® Ankle at 2-3 EeV: energy cross-calibrator?

® Flux suppression at 50-60 EeV: GZK effect or maximum accelerator
energy?

® With increasing energy air showers develop higher up in the atmosphere
and show less fluctuations — astrophysics and/or particle physics? E.g.
heavier particles or higher cross section?

® arrival directions of cosmic rays become abruptly anisotropic above 50-60
EeV, in coincidence with the spectrum being much steeper

® cosmic ray arrival directions correlate with the distribution of nearby
(<75 Mpc) extragalactic objects; several reference maps are being
tested. The correlating fraction is (38 * 6)% [was (69+11-13)% initially]
-- need more data; interesting to watch the excess from certain
regions
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Anisotropy & sources

AGN correlation: update; 69 events E>55 EeV AUGER

OBSERVATORY
IaFX“f 1(’09 15811
] s 1UJIYV I] __-'-,,I.--

blue: VCV AGNs + 3.1° weighted with exposure, distance less than 75 Mpc
black: 69 events, E>55 EeV, <60° zenith, angular resolution < 0.9°; available as list
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composition at and above the
GZK threshold?

alternative explanations like
increasing cross section?

particle physics at Vs > 350 TeV

Addressing these
questions needs much
more statistics at the

highest energies,

I.e. a much larger area
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Statistics
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Y‘Ol/t}(”‘ 405014 events > 1 EeV (Jan 1 2004 Sept 2 2010) AUGER
\ LY - o T T T | T T T
Y;\é &C/ 109 < ¢ : —_l
9 5? S e plot by J. Cronin =
(- E = :
10% £ e reference value: 69 events above
N 55 EeV for 20,370 km? sr yr;
@ i ... some 80+ by ‘today’...
S 109 \'\ =
o T~ 55 |EeV: the anisotropy regime
o ‘
g 10% = E
§ u 3

|
A

100 = 3
i | I | | I | I | L | ! A | j
18.0 18.5 19.0 19.5 20.0 20.5

Log energy (EeV)

6 12.12.2010 UHECRZ2010 Nagoya



Auger had always been designed
as a two-instrument, full-sky
coverage cosmic ray

observatory

see e.qg. JBL & Auger Coll.,
New Journal of Physics 12 (2010) 035001
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Comparison of Auger South and Auger North

in SE Colorado

PIERRE
AUGER

OBSERVATORY

Auger South

Auger North

Location
Altitude
Area
Number of SD stations
(infill)
SD spacing
(infill)

PMT sensors / SD station
Communications network
SD array 50% efficient at
SD array 100% efficient at
ED stations
FD telescopes
Begin construction
End construction
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35°S, 69° W
1,300 - 1,500 [m a.s.l.
3,000 km?
1,600

1,500 m

3
SD-tower radio
0.7-1 EeV
3 EeV
4
24 (4 x 6)
1999
2008

38° N, 102° W
1,300 [m a.s.1]
20,000 km?
4,000
(400)
2,300 m
(1,600 m)

1
peer-to-peer
8-10 EeV
80 EeV
5
392 x124+2x6+1x23)
2012
2016
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Exposures [km? sr yr]
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Auger South in Argentina: very successful
SOUTH: half of the sky v

FLAT: communications ¢/

WARM: no water freezing v/

CLEAR: fluorescence v

LARGE: statistics low

Auger North 2010 Colorado
FLAT: communications
WARM: no water freezing
CLEAR: fluorescence
NORTH: half of the sky
LARGE: statistics

SKKXKKX
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Auger South in Argentina: very successful

SOUTH: half of the sky ¢ PIERRE
FLAT: communications v/

WARM: no water freezing v/
CLEAR: fluorescence 4
LARGE: statistics low

Auger North 2010 Colorado
FLAT: communications
WARM: no water freezing
CLEAR: fluorescence
NORTH: half of the sky
LARGE: statistics

SKKXKKX
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Auger South in Argentina: very successful

SOUTH: half of the sky ¢ PIERRE
FLAT: communications v/

WARM: no water freezing v/
CLEAR: fluorescence 4
LARGE: statistics low

$E€EX

t Malargue i ¢

Auger North 2010 Colorado other site

FLAT: communications develop, ok
WARM: no water freezing develop, ok

CLEAR: fluorescence
NORTH: half of the sky
LARGE: statistics

radio? difficult
ughh (= don’t wanna give it up”)
mandatory

SKKXKKX
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Auger South in Argentina: very successful

SOUTH: half of the sky ¢ PIERRE
FLAT: communications v/

WARM: no water freezing v/
CLEAR: fluorescence 4
LARGE: statistics low

$E€EX

t Malargue s

Auger North 2010 Colorado other site

FLAT: communications v develop, ok next specific
WARM: no water freezing v develop, ok oroposal in
CLEAR: fluorescence 4 radio? difficult 3.5 vears
NORTH: half of the sky v ughh (= don’t wanna give it up”) y
LARGE: statistics 4 mandatory
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Conclusions B

18

PIERRE
AUGER

First precise energy spectrum from 1 EeV to above 100 EeV

Optical fluorescence detection of showers set the energy scale to + 22%,

® biggest uncertainty from absolute fl. yield;

Ankle at 2-3 EeV: transition from galactic to extragalactic cosmic particles

Flux suppression at 50-60 EeV: GZK effect or maximum accelerator energy?

With increasing energy air showers develop higher up in the atmosphere and
show less fluctuations — astrophysics and/or particle physics? E.g. heavier
particles or higher cross section?

arrival directions of cosmic rays become abruptly anisotropic above 50-60 E€V, in
coincidence with the spectrum being much steeper

cosmic ray arrival directions correlate with the distribution of nearby (<75
Mpc) extragalactic objects; several reference maps are being tested. The
correlating fraction is (38 * 6)% [was (69+11-13)% initially] -- need more data;
interesting to watch the excess from certain regions

Many open important questions remain to be answered — a very large ground-
based array in the northern hemisphere is needed: Auger North — AugerNext

A complementary approach (detection from space, ~less precise, even larger
statistics) is JEM-EUSO, a mandatory step towards SUPER-EUSO

12.12.2010 UHECRZ2010 Nagoya



What are we talking about: the future, the unknown, the challenge...

2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020

PIERRE
AUGER

OBSERVATORY

AKASCADE-Grande decommissioning (BTW: public data)

AS3 operation

science case

Auger Next site survey ﬁp AN30 construction
o

'oosa/s AN30 operation

design report

Auger technologies++

JEM-EUSO operation
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AERA: Auger Engineering Radio Array

L PIERRE
Objective: AUGER

* measure radio emission from EAS in frequency range 30 MHz - 80 MHz o
electrons emit synchrotron radiation in Earth‘s magnetic field

~20 kmz array with ~160 antennas

operation together with infil/[HEAT/AMIGA

three antenna spacings to cover efficiently 17.2 <Ilg E/eV <19.0

* measure composition of cosmic rays in energy region of transition from galactic to
extragalactic cosmic rays
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MHz

AERA: Auger Engineering Radio Array

PIERRE
AUGER
antenna
100 200 o
©
-
80 g
150 <
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40
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20
0
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Local Sidereal Time

23 12.12.2010 UHECRZ2010 Nagoya



1.E+07

JEM- PIERRE
EUSO AUGER
nadir,

tilted
1.E+06

1.E+05 Auger-S

Exposures [km? sr yr]

Telescope Array

1.E+04

1.E+03 /
5 generations of PhD
students

N 4

1.E+02

1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

Year
24 12.12.2010 UHECR2010 Nagoya



1.E+07

JEM- PIERRE
EUSO AUGER
nadir,

tilted
1.E+06

1.E+05

Exposures [km? sr yr]

felescope Array

1.E+04

1.E+03

5 generations of PhD
students

4

1.E+02

1985 1990 1995 2000 2005 2010 2015 2020 2025 2030

Year
24 12.12.2010 UHECR2010 Nagoya



AN

—_— —2 P —
> —P — — D

PIERRE
AUGER

OBSERVATORY

A very large ground-based cosmic ray observatory
in the northern hemisphere is required.
A world-wide site search will be conducted.
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