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outline

observations
the GZK feature

has the GZK feature been observed?
small scale anisotropies

conclusions
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ground-based observationdirect observation

1 particle per km2 - century

knee ankle

UHECR many Joules in
one particle
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UHECRs: observations
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AGASA isotropy @ high energy + small scale clustering

two issues
production
for astrophysical 
accelerators it is 
challenging to accelerate 
particles to such high 
energies.

propagation
GZK feature in the energy 
spectrum due to the 
interactions with the 
photons of the CMB

end of the CR spectrum 
at some high energy

strong flux suppression 
around 5 x 1019eV
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propagation of UHECRs: protons
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• redshift losses

• pair production (Eth ≅ 5 1017 eV)
pUHE + γCMB p + e+ + e-

• pion production (Eth ≅ 7 1019 eV)
pUHE + γCMB N + π

loss lengths
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p N Xγ+ → +
cross-section

photo-pion production: threshold
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propagation of UHECRs: protons
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• redshift losses

•pair production (Eth ≅ 5 1017 eV)
pUHE + γCMB p + e+ + e-

• pion production (Eth ≅ 7 1019 eV)
pUHE + γCMB N + π

mean inelasticity: 20 – 50%
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GZK suppression: 
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loss lengths
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the universe through
the UHECRs window

source density: 10-5 Mpc-3
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GZK feature: single source
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GZK feature: many sources
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GZK: feature, not cutoff
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propagation of UHECRs: protons
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• pair production (Eth ≅ 5 1017 eV)
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• pion production (Eth ≅ 7 1019 eV)
pUHE + γCMB N + π

loss lengths

big difference:

inelasticity
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photo-pion production: inelasticity
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fluctuations
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from Epele, Roulet 1998

photodisintegration on
the CMB & IRB + pair production

nuclei

from Epele, Roulet 1998
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from Bhattacharjee, Sigl 2000

photons
EM cascade

thin: CMB only
thick: CMB+URB

most energy of an EM cascade 
ends up in the 100 GeV range 
(constraints by diffuse γ-ray 
flux measurement)

limits to some
top-down models

γbg+e

γUHE+γbg

γUHE+e

e++e-PP

ICS
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CRs can not reach us at UHE if they
are generated at distances larger 

than about 100 Mpc
(except neutrinos, violations of LI and so on)

if the sources are uniformly distributed in the 
universe we should expect a suppression in 

the flux of UHECRs around 1020 eV
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has the GZK feature
been observed in the 
experimental data?

the answer depends on whom you ask
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observed spectra
AGASA data

HiRes I data
systematic errors may 

be the explanation
(at low energy)

a factor 2 in the flux can 
be accounted for with a 
systematic error in the 
energy determination of 

about 30%

HiRes I

AGASA

15% within limits 
allowed by both 
collaborations
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high energy
we simulated 30000 realizations of the AGASA statistics above 4·1019 eV and 
we counted the number of events with energy above 1020 eV
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DDM, Blasi, Olinto 2005 in preparation

histogram of the number of events 
recorded with energy above 1020 eV

AGASA result (11)

we found 18 realizations 
producing 11 or more events 
above 1020 eV

probability: 6·10-4 — 3.2 σ
the same procedure applied 
to the AGASA-15% statistics 
resulted in a probability of 

about 1% — 2.3 σ

accounting for the sys. 
errors, the AGASA result 

doesn’t have a high 
statistical significance
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example spectra
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the answer depends on whom you ask

has the GZK feature
been observed in the 
experimental data?

NO, not yet. But its absence has
not been measured either.



26

Auger EUSO

(1 - 2) 105 km2 sr yr

35000 km2 sr yr

Exposure StatusExperiment

waiting to pass into phase BEUSO (3 yr)

under deployment
first data probably ICRC ‘05Auger (5 yr)
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Auger & EUSO
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Small Scale Anisotropies: 
what can they tell us? 

simulation of the propagation 
from astrophysical point sources
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AGASA observations
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E > 4 1019 eV

1 triplet & 5 doublets on scales comparable with the angular resolution of AGASA (2.5°)
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simulations from point sources
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simulations from point sources

Characteristics of the sources:

LCR = 6 1044 erg/yr/Mpc3 (E>1019 eV - from spectrum fits)

n0 = 10-5 Mpc-3 (from ssa)

Lsrc = 2 1042 erg/s (E>1019 eV)

are these ssa for real?
•HiRes doesn’t see them

•the significance of the AGASA result is not clear
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critical exposure

Blasi, DDM 2004
opening angle [deg]
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one src realization
many propagations

wiggles

•random noise in the source 
distribution

•the number of sources 
contributing to the 2pcf is 
smaller than the number of 
observed events

•the 2pcf of the sources is 
beginning to appear

E>1020eV
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critical exposure

Σc ≅ 80000 ρ-5 Ω4π km2 sr yr

ΣEUSO > Σc
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ΣAuger (10yr) > Σc

•we see at least one event 
from each source. 

•we see all (or most) the 
sources of UHECRs above 
1020 eV (within the GZK 
horizon)

• increasing exposure will 
increase the number of events 
received from each source, 
but not the number of 
sources seen
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critical exposure
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counting clusters in the sky is equivalent to count sources
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source distance
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conclusions
• we need bigger and better experiments
• AGASA & HiRes did a very good job, but they do not have enough 

statistical power to establish the presence or absence of the GZK feature 
in the UHECRs spectrum

• the ssa anisotropy signal reported by AGASA, if confirmed and enhanced 
by future experiments, would be the confirmation of the astrophysical 
origin for UHECRs and would allow us to uncover many characteristics of 
the sources

• the present experimental results have some problems (poor statistics & 
some discrepancies), but the underlying situation is extremely interesting 
and the interpretation of the data coming from future experiments will 
open new avenues in our understanding of the generation processes at 
such high energies.

no-GZK strong indication of non-astrophysical models
GZK observation of UHECRs acceleration in astrophysical sources


