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1. Zahlung der Teilnahmegebühren
Die Gebühren betragen 200e pro Teilnehmer. Alle Teilnehmer werden gebeten, die Überwei-
sung dieses Betrages unter Angabe des Namens und des Kennworts Astroteilchenschule bis
spätestens zum 1.10.2008 auf folgendes Konto:

Kontoinhaber: Gisela Anton
Kontonummer: 32 143 007
bei Sparkasse Erlangen
BLZ: 76350000
IBAN: DE85 7635 0000 0032 1430 07

zu veranlassen.

2. Anreise
Die Veranstaltungen der Schule beginnen amMittwoch, den 8.10.2008 um 16:00 Uhr; davor gibt
es Kaffee und Kuchen. Bis etwa 15:30 Uhr sollten daher Anreise, Zimmerverteilung und ein
“erstes Umsehen” abgeschlossen sein.
Obertrubach-Bärnfels liegt in der fränkischen Schweiz und ist nicht direkt an einen großen Ver-
kehrsknotenpunkt angebunden. Im Folgenden ist die Anreise per Pkw, Zug und Flugzeug be-
schrieben. Mitfahrgelegenheiten (bei Anreise mit der Bahn) von Erlangen nach Obertrubach-
Bärnfels können wir am 8.10.2008 im Laufe des Vormittags/frühen Nachmittags für Teilnehmer
anbieten. Bei Interesse bitten wir um Benachrichtigung per Mail an

AT-Schule@physik.uni-erlangen.de.

1. Anreise mit dem Pkw:

Aus Richtung Norden:

A7 (Richtung Würzburg)→ A70 (Richtung Schweinfurt)→ A73 (Richtung Erlangen)→
Ausfahrt Forchheim→ B470 (nach Osten, Richtung Ebermannstadt)→ hinter Gößwein-
stein nach rechts (Richtung Süden) abbiegen.

Aus Richtung Westen oder Süden:

von der A3 oder der A6 → A9 (Richtung Nord) → Ausfahrt Pegnitz → B85 Richtung
Bayreuth→ nach ca. 1 km nach links auf die B2 abbiegen (Richtung Gräfenberg)→ hin-
ter Leupoldstein nach rechts abbiegen.

Aus Richtung Nordosten:

A9 bis Ausfahrt Pegnitz, weiter wie oben.

Die Strecke von den Bundesstraßen B470 bzw. B2 nach Obertrubach-Bärnfels ist den
Kartenausschnitten auf der folgenden Seite zu entnehmen. Ein Ortsplan von Obertrubach-
Bärnfels ist auf der darauffolgenden Seite zu finden.

2. Anreise mit der Bahn:

Obertrubach-Bärnfels ist nicht direkt mit der Bahn zu erreichen. Allerdings bestehen von

mailto:kampert@uni-wuppertal.de
mailto:kampert@uni-wuppertal.de
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1 particle per m2-second

Knee
(1 per m2-year)

γ≈ 2.7 - 3.0

        Ankle
(1 per km2-year)

All-Particle CR energy spectrum
Want LHC to accelerate protons

up to 1020 eV ??

Sun

Earth

150 Mio km➥ non-thermal origin
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Source:
Nucleosynthesis,
stellar atmosphere...

Accelerator:
Supernovae?,
Pulsars?, GRBs, ...

Propagation:
Spallation,
radioactive decays,
magnetic fields,

exotic stuff ...

solar modulation

Earth atmosphere

?

CR

??

The simple world of CRs
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Ultra High-Energy Cosmic Rays

Energy      (eV/particle)
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(1 per m2-year)

Diffusion losses
from Galaxis ?

AGN ?

Extragalactic CRs ?

dj/dE ∝ E−2.7

dj/dE ∝ E−3.1

‘ankle’
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Lamor radii at 1020 eV compared to Milky-Way 

E18 ≤ Z·BµG·Rkpc

Conjecture:
Extragalactic

origin

Size × B-Field needs
to be very large …

Interesting feature:
Can do astronomy with cosmic rays !

1020 eV CRs in our Galaxy ?

6
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Hillas Diagramm

Active Galactic
Nuclei      (AGN)

LHC

GRB

AGN-Jets

SNR

Colliding Galaxies
Milky-Way

? Possible Candidates ?

7

(AGN)
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AGN Jets and Radio-Lobes

Cygnus A
(z=0.056, d≈210 Mpc

5 GHz image, ø ≈ 20 kpc)

3C 219 (FR II)

z=0.1745, d≈800 Mpc

100 Mpc = 326 Mio. Lightyears
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Problem: CMBR

WMAP

Universe is filled with 3K photons: 412/cm3

1978

2006

Discovered 1965 by Penzias and Wilson

9
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GZK-Effect requires nearby Sources

threshold: EpEγ > (mΔ2 - mp
2)

⇒ EGZK ≈ 6·1019 eV

γCMB

p
Δ+

p‘
n

π0

π+

X-section is known,
nγ=412/cm3 is known

➠ λfree =
1

nγ · σpγ
≈ 8 Mpc

UHECR

UHECR
UHECR

p + γCMB → ∆ → p + π0

→ n + π+

10

Greisen-Zatsepin-Kuz‘min (1966)
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GZK-Effect requires nearby Sources
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Greisen-Zatsepin-Kuz‘min (1966)
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Science Case

• What & Where are the nearby Sources ?

• How do they work ?

12

By-Products:

• Do Particle Physics at the Highest Energies,

          e.g. pA and ν-sections

• Probe Fundamental Physics, e.g. Tests of LIV

• Learn about Cosmic Environments, e.g. B-Fields

➠ need to measure: direction, energy, particle-type
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UHECR Experiments: Past-Present-Future

13

 construction 

AGASA

HiRes-I & II

Auger 

Telescope Array

 analysis only 

 operating 

100 km2

~1000 km2

– Starting the
Golden Hybrid Era –

3000 km2

860 km2

 preparing 

JEM-EUSO
~20000 km2

Auger-North
~20000 km2

Final Option 

Colorado:

Advantage:

• 39 tel. = 82% coverage

• 5 FD station, no at a 

bad position

• Start with eye 1 + infill, 

leave Kansas option 

open

 preparing 
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radio signals

Measuring high energy CRs
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Energy Flow in EAS (lin)

16

~ 90 % of primary energy dumped into atmosphere

CORSIKA Simulation of 1019 eV proton Risse, Act. Phys. Pol. B35 (2004) 1787
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Energy Flow in EAS (log)

17

Risse, Act. Phys. Pol. B35 (2004) 1787CORSIKA Simulation of 1019 eV proton
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~ 90 % of primary energy dumped into atmosphere
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EAS Observables

• Particle numbers at ground

 – electrons

 – muons (also underground)

 – hadrons

• Cherenkov light

• Fluorescence light

• Radio signals (recently proven …)

• Acoustic signals (perhaps far future)

• Infrared signals (just an idea…)

• …?

E > 1014 eV

E > 1017 eV
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Fluorescence Spectrum

19

Fluorescence yield ~ 4 photons / electron / metre (isotropic ! )
(overall efficiency ~ 5x10-5; Cherenkov ~ 10-3)
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Pierre Auger Observatory

www.auger.org

Hybrid-Concept…

1600 Water Ch-Detect.
on 1.5 km triangular grid
 3000 km2 area
(optimized to E>1019 eV)

simultaneously
measured with
fluorescence light

southern exp. nearly finished
northern exp. planned

http://www.auger.org
http://www.auger.org
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SANTIAGO

A R G E N T I N A

Pampa Amarilla
Province of Mendoza
1400 m a.s.l.
35° South, 69° West
3000 km2
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Pierre Auger Collaboration

 OBSERVATORY 

 

~370 collaboration members in 63 Institutes from:

Argentina Netherlands    Bolivia*

Australia Poland    Vietnam*

Brasil  Portugal

Czech Slovenia  

France Spain

Germany UK 

Italy USA

22

U- & FZ-Karlsruhe
U-Wuppertal
U-Siegen
RWTH-Aachen
U-Bonn (MPIfR)

U-Frankfurt
U-Hamburg

*Associated

• Argentina

• Australia

• Brasil

• Bolivia*

• Czech Republic

• France

• Germany

• Italy

• Mexico

• Netherlands

• Poland

• Portugal

• Slovenia

• Spain

• United Kingdom

• USA

• Vietnam*

• 300 PhD 
scientists from 
~70 Institutions 
and 17 countries

*Associate 
Countries
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Pierre Auger Observatory in Argentina

23

official inauguration:
next month !

1600 Water Cherenkov
          tanks
1.5 km grid
1650 tanks deployed
1600 taking data

24 telescopes 
     in 4 buildings at the
     boundary

3000 km2  area

Hybrid
 Detector

~65 km

~6
5 

km
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Auger Hybrid Observatory
Auger Hybrid Observatory

24

Satellite Photo
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Stonehenge
Pierre Auger Observatory
Fluorescence Telescope building

25 adapted from H. Blümer
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24 telescopes (6 per site)
12 m2 mirrors, Schmidt optics
30°x30° deg field of view
440 PMTs/camera
10 MHz FADC readout

∅
 2.

2 m

opt. Filter
(MUG-6)

Camera with 440 PMTs

UV optical filter

Camera System of Auger
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FD Observation & Reconstruction

27
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FD Observation & Reconstruction

28

fluoresence
(isotropic)

Cherenkov (directed)

S
h
o
w

e
r
 D

e
te

c
to

r
 P

la
n
e

Ground Plane
FD

t0

R
p

i

0

shower front

S
^

0 - i

ti

i
prop

Si.

i
shower

]2slant depth [g/cm

0 200 400 600 800 1000 1200 1400 1600 1800

)]
2

d
E

/d
X

 [
P

e
V

/(
g

/c
m

0

5

10

15

20

generated

reconstructed

Gaisser-Hillas fit

/Ndf=  81.19/832

dE
dX

dX ~ E

viewed up to ~ 40 km

only input:
fluoresence 

yield



Astroteilchenschule Obertrubach, Okt. 2008 Karl-Heinz Kampert, Universität Wuppertal29

1600 Water Cherenkov tanks
12,000 ltrs of purified Water
(1.2 m height, 10 m2 area)

Three 9“ PMTs
40 MHz FADCs
solar powered
GPS based timing
micro-wave communication

The Auger Ground Array
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Water or Scintillators? What to choose?
Advantages of scintillators:
• much light  may use cheaper PMTs
• less sensitive to abundant photons close to shower core

Advantages of water:
• large volumes easy and cheap to realize
• large cross-section to horizontal showers

How to choose depth of water ?
• muon signal ∝ water depth
• low energy electrons absorbed
   mostly within upper 30-40 cm
 can be optimized for ‘µ-counting’

water tank
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Installation Chain

Tank Preparation and Assembly

Transportation into field
Water deployment

installation of electronics

31

Last tank deployed: 16.06.2008
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Secret Business: Honeyfarm Auger
10 kg of honey
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µ

Throughgoing Muons Diffuse Lightsource

Ground-Array Fluorescence Telescopes

VEM
Peak

Mirror

Camera Calibrated
light source

Detector Calibration

33
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Energy Spectrum
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15 km

 “footprint” of a
 large (~1020 eV)
 air shower

Simulations: particle density
at 1000 m (S1000) provides good

estimate of primary energy

SD Event & Reconstruction

different models: ~20-30 % syst. errors

lateral particle density

8 km

35
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Ground Array Calibrated by FD

Fluorescence Det. Energy
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661 hybrid events

56 EeV

σ(EFD-ESD)= 19%
... improves as energy
increases !

36
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Slope = -2.69
± 0.02(stat)±0.06(sys)

Energy Spectrum & GZK-Effect

significance > 6σ

only statistical errors are shown
system: 6 % stat. + 22% syst.

Exposures
Auger: 7000 km2 yr sr
AGASA: 1619 km2 yr sr
HiRes:  ~ 5000 km2 yr sr

Slope = -4.2±0.4

37

 Exp     Obs
>  40 EeV  167±3    66 
> 100 EeV   35±1      1

Auger, PRL 101 
(2008) 061101
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Auger & HiRes Energy-Spectrum

38
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Auger Spectrum & Source Distr.
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Auger 2007

-3.30 ± 0.04 -2.69 ± 0.02
- 4.2 ±

 0.4

18.65

19.55

 Test of source evolution

GZK effect is modified by
 • E-distribution of source
 • source local overdensity/deficit
 • different values of Emax
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Composition
Photons
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Photons: Physics Case
Top-Down Models, like Super-Heavy Dark Matter Models, topological 
defect, Z-Burst-Models, etc. predict photon and neutrino dominance

41

0.01

0.1

1

10

100

1e+19 1e+20 1e+21

j(
E

) 
E

2
 [

e
V

 c
m

-2
 s

-1
 s

r-1
]

E [eV]

P

SHDM 
p

SHDM 

!
SHDM 

Fig. 1. Example of a SHDM model fit to AGASA data [14] (in the highest and
third highest energy bins which have zero events, upper flux limits are shown).
The spectra of photons (γ

SHDM
) and protons (p

SHDM
) from SHDM, and an assumed

additional nucleonic component at lower energy (P), as well as their sum is plotted.
Photons dominate above ∼ 5 × 1019 eV. (Figure taken from [5].)

generated from the resonant production of Z bosons by UHE cosmic neutrinos
annihilating on the relic neutrino background.

All these models were proposed to explain an unexpected excess of events
above EGZK as seen by AGASA [14]. The distinctive feature of these models
is the prediction of a large photon flux at high energies, as is expected from
considerations of QCD fragmentation [15]. As an illustration, Figure 1 (taken
from [5]) shows a SHDM model fit to the highest energy AGASA events;
photons are the dominant particle species above ∼ 5 × 1019 eV.

Photons can also be produced in “conventional” acceleration models by the
GZK-type process from π0 decays. Typically, the corresponding photon fluxes
are relatively small. For instance, based on the spectrum obtained by the
HiRes experiment [16], the expected photon fraction is only of order 1% or
below [5].

It should be noted that the photon flux arriving at Earth for a specific source
model is subject to uncertainties arising from photon propagation: assump-
tions concerning the very low frequency (few MHz) radio background and
inter-galactic magnetic fields must be made [4,5]. The typical range of en-
ergy loss lengths usually adopted for photons are 7–15 Mpc at 10 EeV and

10

• relatively save to simulate
• relatively easy to separate from hadron primaries
• never done by observation of longitudinal profile 

G. Gelmini, O.E. Kalashev, D.V. Semikoz,
arXiv:astro-ph/0506128

AGASA Data

Bottom
up Protons

γ from SHDM

p from SHDM
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Photon Signatures in Ground Arrays
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arXiv:0712.1147

Signal width

42
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SD-Data: rise-time & shower-front 
curvature ⇔ µ # ⇔ primary mass

γ-simulation

(median)

exp. data Auger

SHDM & TD models 
largely ruled out

UHE-Photon Limits: Results

95% CL on photon fraction
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Auger; Astropart. Phys. 27 (2007) 155; Astropart. Phys. 29 (2008) 234
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Tests of Lorentz Invariance Violation

44

cascading of UHE
photons suppressed

LIV ➙ may modify photon dispersion relation

ω2 = k2 + m2 + ξnk2(k/MPl)n

➙ affect the threshold for e+e– pair production

➙
↳ γγ → e+e−

expect significant photon
fraction above ~ 1019 eV

γ-fraction
if LIV

no LIV

p + γCMB → ∆→ p + π0

ξ1 ≤ 2.4× 10−15

7 orders of magnitudes
beer than previous limits!

ξ2 ≥ −2.4× 10−7

Auger upper limits

Auger:
Astropart. Phys. 29 (2008) 234

Galaverni & Sigl
PRL 100, 021102 
(2008); see also
Maccione arXiv:
0805.2548
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Composition
Neutrinos
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Search for Earth-skimming ντ
Largest Source of Uncertainty: QCD structure function & X-section
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AMANDA II

HiRes

HiRes

HiRes

Baikal
RICE'06

GLUE'04

ANITA-lite

FORTE'04

GZK neutrinos

Auger

differential

Auger integrated 

TD (Kalashev PRD-02)
1 yr IceCube

50

Pierre Auger Collab. PRL 100, 211101 (2008)
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Arrival Directions
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Anisotropy Searches

1 Galactic Center

57

(Large scale anisotropy)

(Autocorrelation)

E 1  <  E 2  <  E 3

3 Point Sources

2 Multipole Search

4 Cluster Search

AGASA & SUGAR: yes AUGER: not at this level

no evidence yet...

Auger: NoHiRes: yes BL Lacs

HiRes: No
Auger: at different scaleAGASA: yes

AGN Auger: Yes HiRes: ??
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Anisotropy Search Method

60

Take CR source candidates from some catalog, e.g. VCV

Probability to find a single event of an isotropic distr. within a certain 
opening angle from a source.

Probability that k or more of N isotropic events correlate by chance:

Véron-Cetty & Véron (VCV)
catalog of quasars
and AGNs

Total:
85221 quasars
1122 BL Lacs
21737 AGNs

z<0.024
     (100 Mpc)
694 objects

p = p(ψ, nsources) = p(ψ, zmax)

P =
N∑

j=k

(
N

j

)
pj(1− p)N−j
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Analysis Strategy for AGN-correlation

61

Two-step analysis
 Exploratory search to determine the optimal

parameter set that maximizes the correlation 
 zmax = 0.018     (Dmax = 75 Mpc)
 Eth   = 56 EeV
 Ψ     = 3.1º        (p = 0.21)

 Test of the correlation with independent data to determine the chance 
probability of the correlation using the parameter set determined in the 
exploratory scan

 Chance probability in independent set : < 1%

# events            
E > 57 EeV

# correlated             
with AGN

# expected for    
isotropy

Exploratory set
1 Jan 04 – 26 May 06 15 12 3.2

Independent set
26 May 06 – 31 Aug 07 13 8 2.7

Véron-Cetty - Véron Cataloguee
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Fig. 3. Aitoff projection of the celestial sphere in galactic coordinates with circles of
radius 3.1◦ centered at the arrival directions of 27 cosmic rays detected by the Pierre
Auger Observatory with reconstructed energies E > 57 EeV. The positions of the
472 AGN (318 within the field of view of the Observatory) with redshift z ≤ 0.018
(D < 75 Mpc) from the 12th edition of the catalog of quasars and active nuclei [9]
are indicated by asterisks. The solid line draws the border of the field of view for the
southern site of the Observatory (with zenith angles smaller than 60◦). The dashed
line is, for reference, the supergalactic plane. Darker color indicates larger relative
exposure. Each colored band has equal integrated exposure. Centaurus A, one of
our closest AGN, is marked in white.

of the 472 AGN with redshift z ≤ 0.018 in the V-C catalog. The angular scale269

and the maximum AGN redshift are those specified for the prescribed test of270

the previous section. The energy and arrival directions of the events are listed271

in Appendix A.272

3.2 Properties of the correlation signal273

On Figure 4 we show one-dimensional plots of the probability P as a function274

of each of the scan parameters when the other two are held fixed at the values275

which lead to the absolute minimum probability.276

We note that the energy threshold at which the correlation with nearby AGN277

is maximized, i.e. Eth = 57 EeV, matches the energy range at which the278

spectrum measured by the Pierre Auger Observatory gets reduced by ∼ 50%279

with respect to a power law extrapolation of the spectrum measured at lower280

energies [28], as shown in Figure 5. This feature adds support to the interpre-281

tation that the correlation with relatively nearby sources is evidence for the282

GZK effect [2], as will be discussed in Section 4.4.283

10

AGN Correlation Plot

62

Aitoff projection
galactic coordinates

supergalactic plane

In total 27 events measured at E > 57 EeV
out of which 20 correlate
5.6 expected (p=0.21)
Net chance for isotropic distr. P < 10-5

Darker colors indicate larger exposure

Cen A

472 AGNs
z≤0.018
318 in fov

19.11.2007

Auger Coll.; Science 318 
(2007) 938
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Fig. 4. Probability against the null hypothesis (isotropic distribution) vs. maximum
angular distance ψ (left), maximum AGN redshift zmax (center), and threshold
cosmic ray energy Eth (right). In each case the other two parameters are held fixed
at the values that lead to the absolute minimum probability (ψ = 3.2◦, zmax = 0.017,
Eth = 57 EeV).

Fig. 5. Fractional difference between the derived spectrum and an assumed flux
∝ E−2.6 as a function of energy, from [28]. The energy threshold at which the
correlation with nearby AGN is maximized (P is minimized) coincides with the
energy at which the fractional difference relative to a power law extrapolation is
reduced by ∼ 50%.

Figure 6 shows a two-dimensional plot of P as a function of the maximum284

redshift zmax and maximum angular separation ψ when the energy threshold285

is fixed at Eth = 57 EeV. Note that relatively small values of P occur for this286

energy threshold for a range of maximum distances to AGN between 50 Mpc287

and 100 Mpc and for angular separations up to 6◦. For instance, there is a288

local minimum with a value P = 8 × 10−9 very close to that of the absolute289

minimum (P = 4.6 × 10−9) for the set of parameters ψ = 4.8◦, zmax = 0.013290

(55 Mpc). With this set of parameters there are 22 events among the 27291

with E > 57 EeV that correlate with at least one of the 310 selected AGN,292

11

Properties of Correlation Signal

63

Correlation with AGN positions established by new data
➙ redo scan of correlation parameters with improved statistics

Ψ = 3.1°
(exploratory scan 3.1°)

zmax = 0.017
(0.018)

Eth =57 EeV
(56 EeV)

Parameters of exploratory search confirmed by full data set !

angular scan redshift scan energy scan

P
ro

b
a
b

il
it

y

Auger; arXiv:0712.2843
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Fig. 10. Comparison of the average log-likelihood per event in different energy in-
tervals (calculated using the smoothed distribution of AGN) between real data and
simulated samples (bottom red line isotropic, top red line AGN map distribution).

4.4 The GZK horizon457

The correlation observed is consistent with the hypothesis that the cosmic rays458

with the highest energies that arrive on Earth are predominantly produced in459

relatively nearby AGN, within the distance over which the GZK effect [2] does460

not significantly attenuate their flux.461

The “GZK horizon” may be defined as the distance from the Earth within462

which are contained the sources that produce 90% of the protons that arrive463

with energies above a given threshold. Under the idealization of uniformly dis-464

tributed sources of equal intrinsic CR luminosity and a conventional spectral465

index, the horizon computed in the continuous energy loss approximation is466

about 90 Mpc for protons that arrive with energies above 80 EeV and about467

200 Mpc for energies above 60 EeV [42]. Deviations of the horizon scale from468

the estimates above are to be expected mostly due to local departures of the469

sources from uniformity in spatial distribution and intrinsic luminosity and470

spectral features.471

The largest departure from isotropic expectations (minimum value of the472

chance probability P ) in the complete data set was found due to correla-473

18

Correlation Strength as fct of E

64

Rapid increase at GZK threshold

Angular deflection ~ 1/E would give much softer effect

Auger; APP29 (2008) 188
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Fig. 3. Aitoff projection of the celestial sphere in galactic coordinates with circles of
radius 3.1◦ centered at the arrival directions of 27 cosmic rays detected by the Pierre
Auger Observatory with reconstructed energies E > 57 EeV. The positions of the
472 AGN (318 within the field of view of the Observatory) with redshift z ≤ 0.018
(D < 75 Mpc) from the 12th edition of the catalog of quasars and active nuclei [9]
are indicated by asterisks. The solid line draws the border of the field of view for the
southern site of the Observatory (with zenith angles smaller than 60◦). The dashed
line is, for reference, the supergalactic plane. Darker color indicates larger relative
exposure. Each colored band has equal integrated exposure. Centaurus A, one of
our closest AGN, is marked in white.

of the 472 AGN with redshift z ≤ 0.018 in the V-C catalog. The angular scale269

and the maximum AGN redshift are those specified for the prescribed test of270

the previous section. The energy and arrival directions of the events are listed271

in Appendix A.272

3.2 Properties of the correlation signal273

On Figure 4 we show one-dimensional plots of the probability P as a function274

of each of the scan parameters when the other two are held fixed at the values275

which lead to the absolute minimum probability.276

We note that the energy threshold at which the correlation with nearby AGN277

is maximized, i.e. Eth = 57 EeV, matches the energy range at which the278

spectrum measured by the Pierre Auger Observatory gets reduced by ∼ 50%279

with respect to a power law extrapolation of the spectrum measured at lower280

energies [28], as shown in Figure 5. This feature adds support to the interpre-281

tation that the correlation with relatively nearby sources is evidence for the282

GZK effect [2], as will be discussed in Section 4.4.283

10

Effect of Galactic Plane

65

Aitoff projection
galactic coordinates

supergalactic plane

In total 27 events at E > 57 EeV, 20 of which correlate

Cen A

472 AGNs
z≤0.018
318 in fov

5 of the 7 non-correlating events from nearby the galactic plane

likely to happen because of incomplete catalogue and large 
deflections in magnetic fields
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90% of events from x < D ; dN/dE ~ E-2.7
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Do we understand the correlation?

66

Harari et al.; astro-ph/0609294

75 Mpc

57
 E

eV Si

GZK Horizon
If protons, E-scale may be too low
by 20-30 %
Consistent only for He, ... Si nuclei

???
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Correlation with LSS ?

67

Kashti & Waxman, arXiv:0801.4516

Auger Events
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Correlation with SGP

68
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A comment on the Auger events correlation with AGN

Todor Stanev
Bartol Research Institute, Department of Physics and Astronomy,

University of Delaware, Newark, DE 19716, USA

We examine the correlation of the twenty seven ultra high energy cosmic rays detected by the
Pierre Auger collaboration with the supergalactic plane. A statistically significant correlation with
chance probability for isotropic event distribution of 2-6×10−4 is found with the updated definition
of the supergalactic plane at distances less than 70 Mpc.

PACS numbers: 95.85.Ry, 96.50.sd, 98.62.Ck, 98.54.Cm

The Auger collaboration reported on a correlation of
their 27 highest energy events (E > 5.7×1019 eV (57 EeV)
with active galactic nuclei (AGN) at distances less than
75 Mpc [1] from the Vèron-Cetty and Vèron catalog [2].
Nineteen out of 27 events are within 3.2o of individual
AGN with redshift less than 0.017 while for isotropic ar-
rival distribution one expects 5 coincidences. Five of the
non-correlating events come from less than 12o galactic
latitude. Most of the correlating events are visually at
relatively small angles from Cen A. It is surprising that
there are no events coming from the direction of the Virgo
cluster, as stated in Ref. [3].

A large fraction of these events correlate with the dis-
tribution of matter - the Supergalactic Plane (SGP) [4],
but some of the events correlate with AGN that are far
away from the SGP.

A report on the correlation of the then existing statis-
tics of UHECR of energy above 4×1019 eV was published
in 1995 [5]. The data set consisted mostly of events de-
tected by the Haverah Park detector with the addition of
events detected by AGASA, Yakutsk and Volcano Ranch.
The significance of the correlation was at the 3σ level
from examination of the average and RMS supergalac-
tic latitude |bSGP |. Later on, when the AGASA detector
dominated the world’s statistics [6] the significance of the
correlation decreased.

After the list of the energies and arrival direction of
the 27 events was published in a more detailed second
paper [7] we decided to check on the correlation of these
events with SGP. The arrival directions of these events
are superimposed on the supergalactic plane in Fig 1.
The extended Cen A radio lobe and the Virgo cluster are
outlined and 11 of its most powerful galaxies are plot-
ted. We attempted to calculate the probability for such
a correlation by a Monte Carlo simulation. We injected
100,000 sets of 27 events each using the equal field of view
areas published by the Auger collaboration [7]. The pre-
viously used method of studies of the average and RMS
bSGP did not show any anisotropy because of the large
fraction of UHECR arriving with large |bSGP |. The ex-
perimental values are fully consistent with isotropy.

The second attempt was to count the events within
certain supergalactic latitude. We chose |bSGP | less than

Virgo

Cen A

FIG. 1: The 27 Auger events are superimposed in galactic
coordinates on the supergalactic plane in the definition of
Ref.[4]. The shaded area shows |bSGP | < 10o. The gray
squares show the positions of V-C AGN that have galactic
latitude more than 12o.

10o and 15o. Since the number of experimentally de-
tected events is small we chose to test these two bands in
order to not be deceived by random coincidences. Nine
and 13 events fall in these two bands. The probability
of random coincidences is 0.024 and 0.008 respectively,
corresponding to 2.0 and 2.4 σ.

Until now we dealt with the original definition [4] of
the supergalactic plane by de Vaucouleurs. This defini-
tion was studied in 2000 by Lahav et al. in terms of
redshift [8] on the basis of the Optical Redshift Survey
(ORS) (8457 galaxies, 98% with redshift). Since ORS
had zone of avoidance of |b| < 20o it was complemented
with IRAS galaxies. This study introduces correction to
the definition of SGP for different redshifts. One that is
most suitable for analysis of the Auger events is for dis-
tances up to 70 Mpc, i.e. only 5 Mpc less than the corre-
lating AGN. The corrected shape of the SGP is plotted
in Fig. 2 the same way as the original definition is plotted
in Fig. 1. Although the corrected SGP does not look very
different from the original one in galactic coordinates the
SGP North Pole direction is at the original bSGP = 65o.
The same degree of rotation defines the SGP updated to
distances of 80 Mpc.

One can now count how many UHECR are in the 10o

and 15o band with the new definition of the supergalac-

T. Stanev, (arXiv:0805.1746):
strong correlation of Auger event with supergalactic plane
even stronger for redefined supergalactic plane
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Or few sources and heavy primaries ?

69

Cen A

??

??

Wibig & Wolfendale, arXiv:0712.3403
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Auger vs HiRes

75

D. HarariNote: HiRes is located in Northern Hemisphere, Auger in Southern

but 9 (11) of 13 events of HiRes in Auger exposure region....

red dots: 13 HiRes events    black dots: 27 Auger events
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Auger vs HiRes

76

D. Harari

Note: HiRes is located in Northern Hemisphere, Auger in Southern

but 9 (11) of 13 events of HiRes in Auger exposure region....

red dots: 13 HiRes events    black dots: 27 Auger events

HiRes-like
exposure map
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What does all this tell us ?

1) No doubt about existence of UHECR anisotropies

2) Be careful when interpreting correlation parameters
     opening angle and redshift (both are likely biased)

3) Question about AGNs being tracers or sources cannot 
     be answered yet

4) Need to account also for AGN specific properties and
     study their effects

5) Need more event statistics (factor of 2 by end of this year)

77
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 AUGER NORTH IN SE-COLORADO 

Final Option 

Colorado:

Advantage:

• 39 tel. = 82% coverage

• 5 FD station, no at a 

bad position

• Start with eye 1 + infill, 

leave Kansas option 

open

Plan:
20 000 km2

SD with √2 
miles grid
+
FD with full 
coverage
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Summary

79

- Energy spectrum
- Mass composition
- Directional distributions

consistently !⎬
⎭

⎫

‣ GZK established (seen by Auger and HiRes)
Top-Down models almost ruled out
by absence of UHE photons & neutrinos

‣ Trans-GZK events correlate with AGN positions 
entering era of CR-Astronomy

‣ Establish CR sources and verify in ν and γ telescopes

‣ Multi-Messengers becomes reality (CR-Lumi ➛ ν & γ-flux)

‣ Questions of Fundamental Physics addressed

‣ Several Puzzles remain; Need to understand
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http://auger.uni-wuppertal.de/ED/

http://cabtep5.cnea.gov.ar/experiments/auger/ED/
http://cabtep5.cnea.gov.ar/experiments/auger/ED/
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http://auger.uni-wuppertal.de/ED/

http://auger.uni-wuppertal.de/ED/

http://cabtep5.cnea.gov.ar/experiments/auger/ED/
http://cabtep5.cnea.gov.ar/experiments/auger/ED/
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