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GZK e�e
t limits the horizon of protons that 
an rea
h the earth: ifthere are sour
es, the visible ones are within a volume of about 100Mp
 radius... obje
ts within this distan
e are anisotropi
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umulative 
han
e probability that k or more events 
orrelateP =
N

∑j=k ( Nj ) pjiso(1− piso)N−j pdata =
kN piso =

14π N
⋃i=1Si
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Introdu
tion Anisotropy Fake maps ResultsFake mapswe want to question whether it is possible to obtain a map of fakeAuger events from a 
atalogue, with a simulation of1 the initial spe
tral shape of ea
h sour
e2 the energy loss of protons, travelling from a given distan
e3 the dete
tor properties (exposure, energy resolution)4 the 
oordinate o�set due to magneti
 e�e
tsperform analysis of fake data: do we see 
orrelation? do we see thereal sour
e?
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Introdu
tion Anisotropy Fake maps Results1 sour
e: parameterised with slope, Emax2 propagation: reprodu
ed sto
hasti
ally with a Monte
arlo 
odephoto-pion produ
tion due GZK e�e
t p + γ → ∆+ → p + π0pair produ
tion p + γ → p + e+ + e−
osmologi
al 
ooling fa
tor due to universe expansion3 spe
tra at ground: obtained folding the two previous steps, asa fun
tion of the distan
e traveled
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Introdu
tion Anisotropy Fake maps Results1 sum up 
ontributions from ea
h sour
e in the 
atalogueweighting by de
lination and �ux;2 distributions are normalised to the CR spe
trum [1002-1975℄(fa
tor n s
ales the number of events to the Auger exposure)
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∞
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Introdu
tion Anisotropy Fake maps ResultsResult 1 - fake data from individual sour
es

 E / eV
10

Log
19.8 20 20.2 20.4 20.6 20.8 21

n
u

m
b

er
 o

f 
ex

p
ec

te
d

 e
ve

n
ts

 

-410

-310

-210

-110

1

10 NGC3783

NGC4507

MCG0523016

NGC4945

NGC5506

NGC4388

NGC2110

Circinus_Galaxy

IC_4329A

3C_273

Cen_A

11 brightest sour
es in Swift-BAT 
atalogue of AGNs

8



Introdu
tion Anisotropy Fake maps ResultsResult 2 - fake data from 
atalogue1 Choose 
atalogue: here (1) Swift-BAT, (2) HIPASS2 Input sour
e parameters: δ, x3 Input analysis parameters: EG , z4 Smear energy a

ording to resolution5 Smear 
oordinates to reprodu
e magneti
 de�e
tionsgala
ti
extragala
ti
measurement error (angular resolution)
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Introdu
tion Anisotropy Fake maps Resultsskymap of fake events generated from Swift-BAT,
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tion Anisotropy Fake maps Resultslook for minimum 
han
e P in the spa
e of z , angular window
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Introdu
tion Anisotropy Fake maps Resultssame for the real Auger data at the time of publi
ation

maximum z of sources
0.01 0.015 0.02 0.025 0.03 0.035 0.04

an
g

u
la

r 
w

in
d

o
w

1

1.5

2

2.5

3

3.5

4

4.5

5

-810

-710

-610

-510

-410

-310

-210

-110 
han
e P
12



Introdu
tion Anisotropy Fake maps Resultslook for minimum 
han
e P in the spa
e of z , energy

maximum z of sources
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Introdu
tion Anisotropy Fake maps Resultsalternative 
atalogues - HIPASS
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tion Anisotropy Fake maps Resultslook for minimum 
han
e P in the spa
e of z , angular window

maximum z of sources
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Introdu
tion Anisotropy Fake maps ResultsSwift-BATquite strong 
lustering strength (supergala
ti
 plane)possibly well-motivated, no de�
it of sour
es on the gala
ti
planeHIPASShigher multipli
ity, sparse sour
esother 
andidate sour
es (GRBs)some values of binomial probabilities when 
orrelated with another
atalogue (Véron-Cetty)k/N p P17/44 0.21 4.7 ·10−3 data19/39 0.21 8.4 ·10−5 fake Swift34/60 0.21 1 ·10−9 fake Swift29/59 0.21 9.7 · 10−7 fake HIPASS16



Introdu
tion Anisotropy Fake maps Resultssummary of the simulation 
hain'good guess' for starting spe
tral shapesto
hasti
 proton propagationdete
tor resolutionRA, DEC smearingintensity of ea
h sour
ede
lination of ea
h sour
ewhat we do not a

ount for
hemi
al 
omposition: all protonsdi�eren
es between sour
es: our spe
tra are universaldoes it make sense to weight on intensity of ea
h sour
e? i.e.is the 
osmi
 ray �ux proportional to the X-ray �ux?17
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lusionsabout the sear
h for possible sour
es of 
osmi
 rays1 
osmi
 rays at the highest energies are expe
ted to beanisotropi
 if there is a GZK horizon2 disappointingly, the signi�
an
e of the 
orrelation of the Augerdata with the Véron-Cetty 
atalogue de
reases with time3 we are optimising a simulation 
hain to produ
e fake maps;results are promising, we 
an tune analyses on mo
k data4 some future work is needed to implement photo-disintegration,propagation, de�e
tions of heavy elements, improvedes
ription of magneti
 �elds, ...18
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