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UHE Proton loss length
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UHE Nucleli loss length
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EBL effect only for
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HiRes & Telescope Array

The last HiReS analysis confirms the expected Greisen Zatzepin Kuzmin

suppression for protons with E, ,=101%73*097 ¢V in fairly good agreement with the
theoretically predicted value E, ,=10'°72 eV.
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Auger Observatory
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Protons propagation in Intergalactic Space

Continuum Energy Losses on(l',t) O b(T. (T ) = O(T. ¢
Protons lose energy but do not disappear. ot T 8P[ ( ’ )n( ’ )] - Q( ) )
Fluctuations in the py interaction start to 15

be important only at E>5x10' eV. ' :””"' T

Uniform distribution of sources 14 -
the UHECR sources are continuously

distributed with a density n.. D
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Discrete sources
the UHECR sources are discretely
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Dip Model

In the energy range 10'8 - 5x1079 eV the spectrum
behavior is a signature of the pair production process

of UHE protons on the CMB radiation field.
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Energy calibration by the Dip

Different experiments show different systematic in energy determination
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Calibrating the energy through the Dip gives an energy shift E— AE
(with A fixed by minimum y?)

Mgasa =090 Ay = 1.21 Meautsk = 073
NOTE: A<I for on-ground detectors and A>1 for fluorescence detectors

(these shifts are all inside the systematic errors of the experiments)




The very good agreement obtained among different measurements

(apart Auger) calibrating the energy by the dip represents a strong
indication in favor of an UHECR proton dominated spectrum
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If compared with 2009 and 2011

Auger data the agreement with the
dip behavior becomes worse.
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Taking the latest Auger (2011) data it 1s very difficult to explain

the observed flux at all energies 1n the framework of a pure proton
composition. Signal of heavy nuclei. Failure of the dip model.
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Caveats
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The interpretation of the observed
spectrum in terms of protons
pair-production losses FAILS if:

‘/the injection spectrum has y < 2.4

‘/heavy nuclei fraction injected
E>10'8¢V larger than 15%

(primordial He has n; /n,~0.08)
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Chemical Composition

The GZK and dip features are nothing but a signature of a proton dominated
spectrum. On chemical composition different experiments show different results

HiRes and Telescope Array
favor a proton dominated
spectrum at E>10"8 eV.
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Auger chemical composition
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The latest Auger results on chemical composition show the tendency for
a nuclei dominated flux at the highest energies. The experimental result

seems to show some inconsistency among different observable tagging
the chemical composition of primary cosmic rays.
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UHE Nuclei kinetic equation
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Primary Nuclei

Injection at the source

the role of EBL consists
in a suppression of the

Assuming the injection of
only one kind of nucleus
A, , with an homogenous
distribution of sources.
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Secondary Nuclei
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high A dependence on the EBL

cosmological evolution

the EBL role consists in a flux regeneration in
the range

12 <P < 2% 107

due to an injection increased efficiency

starting from primary Iron the photodisintegration chain produces all kinds of
secondary A<A,. The lowest mass secondary are produced by the highest energies

primaries, the fluxes are less sensitive to the EBL effect (CMB only).




MC for UHECR nuclei propagation

v" Photo-disintegration process treated in

the MC approach
dt

P(I'; 2) = exp (_/Z TA,i(lra Z')

v Good agreement with the fluxes
computed in the kinetic approach
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Caveat

If the maximum energy for protons 1s high enough (E

>1020 eV),

max

it 1s impossible to observe on earth a pure heavy nuclei spectrum, even

if sources inject only heavy nuclei of a fixed specie on earth we will
observe all secondary (protons too) produced by photo-disintegration.
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Nuclei GZK-like behavior

Critical Lorentz factor T'.(A,T,t) The critical Lorentz factor fixes the
A (T, t) + Ho(t) = 5515(14,15) scale at which photo-disintegration

gt

becomes relevant, for heavy nuclei it
Eeut(A) = AmpyT. is almost independent of the nuclei

I ~9x 1Og specie
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note that the cut-off energy
is proportional to the atomic
mass-number A of nuclei
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Interaction vs maximum energy

GZK cut-off for protons as well as photo-disintegration cut-off for
nucle1 are consequences of particle interaction with backgrounds.

The observed flux suppression at high energy can be also connected
with the maximum energy that sources can provide.
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Disappointing Models

Models with an heavy nuclei dominance
at the highest energies, constructed to fit

the observations of Auger on chemical
composition.

If nucle1 dominate at the highest energies:

no correlation with sources

The uG galactic magnetic field
substantially deviates particles

trajectories:
27 EQ()

no production of v and y
Nuclei interacting with CMB
and EBL just photo-disintegrate
no production of secondary
neutrinos and gamma-rays.
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Galactic and ExtraGalactic CR
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Conclusions
If compared with theoretical models a very puzzling scenario
emerges from HiRes and Auger data:

HiRes p

v'Protons dominate the UHECR flux

v'Transition Galactic/ExtraGalactic CR at E<108 ¢V
v'Steep injection spectra at the sources Ve 2.5

v'High maximum energy at the source E_, >10%0 eV
v'Correlation with sources (UHECR astronomy is feasible)

v'Production of secondary v and vy

Auger
v'Heavy nuclei dominate the UHECR flux at E>4x1018 eV

v'Transition Galactic/ExtraGalactic CR at E>10!8 eV

v'Flat injection spectra at the sources Vg <2.3

v'Low maximum energy for protons at the source E_, <10!° eV
v'No correlation with sources (deflections due to galactic magnetic field)

v"No production of v and y only secondary nuclei/nucleons (photo-disintegration)



the experimental observation of the UHECR chemical composition
at the highest energies has a paramount importance in choosing
among the two alternative scenarios depicted.

The solution of this puzzle is fundamental in establishing the future directions
of this field of research. Observations at the highest energies are still
affected by poor statistics and a renewed experimental effort
is needed in order to choose among the two alternatives presented here.

The analytical computation scheme based on the kinetic equation is a unique
and fast powerful tool to interpret the experimental observations,
unveiling the nature of UHECR and their sources.




