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CR spectrum at Ultra High Energies
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‘/Anisotropy (astronomy?)

‘/Cosmogenic secondary particles




HiRes & Telescope Array — Energy Spectrum

The HiReS analysis confirms the expected Greisen Zatzepin Kuzmin suppression
for protons with E,,=10!73097 ¢V in fairly good agreement with the theoretically

predicted value E, ,=101%72 eV.
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Dip Model

the protons footprint

In the energy range 10'8- 5x10'° eV the spectrum

behavior is a signature of the pair production process
of UHE protons on the CMB radiation field.
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Auger Observatory — Ene

[ T
I vy =2.4,E =10%eV,z_ =4, m=4
- [¢] max max

—_

(@)
n
=

E%J(E), eV2m2s st

102 |

PAO 18% upscaled
universal spectrum

d =[10, 20, 40, 80] Mpc

10"
E, eV

rgy S

JEE®, m?s’ sr" eV

10%° |

v,=2.2, m=5.0, E__=7.10"eV,z__=4.0

TTTT

Auger 2011

homogeneous

1l i1l

1 11111

1 il

Ll

10"

it is very difficult to explain the Auger flux in the framework of the dip model. At the

highest energies the flux suppression seems not compatible with the suppression of the
proton flux (GZK). Signal of heavy nuclei.
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Auger chemical composition
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The Auger observations on chemical composition show the tendency

for a nuclei dominated flux at the highest energies.




What we can learn from Auger data
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An additional galactic component can
fill the gap in the spectrum.

Composition issue. Mixture of 80% p

and 20% He to reproduce Auger
observations. Difficult to reconcile
with galactic CR physics and
anisotropy observations.
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‘/pulsars
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flat component from galactic pulsars fills the gap, flat injection, correct emissivity,
problems with chemical composition and anisotropy.  pang et al. (2013)

(€107) Avysuizaiag “1se[d ‘v



E3JE) (eVP m?s ' sr)

—_

o
[}
o

—_

o
n
ENg

1023 L

E27 J(E) (V' m2s sr)

E (eV)

Kpax> (@/CM?)

850

800

750 b

700

650

| QGSJet2 ------

EPOS —— ]
S
QGSJet] e e -

Two types of extra-galactic sources:

v light component steep injection (y,>2.5) Lo

v" heavy component flat injection (y,<1.5) Lo
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The latest observations of Kascade-Grande seem to
confirm the presence of an extragalactic light
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component with a steep injection spectrum.

‘/active galactic nuclei

can easily provide steep injection, correct emissivity.
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Production of secondary 7 v

Cascade upper limit
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Assuming an E-? neutrino flux , the
cascade limit can be expressed in
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terms of the energy densities of
photons and e*e" initiated cascades
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The cascade upper limit constrains the
source parameters: cosmological evolution,
injection power law and maximum
acceleration energy.

Berezinsky, Gazizov, Kachelriess, Ostapchenko (2011)
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Dip model — v spectra
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‘/The flux in the EeV region depends on the assumed cosmological
evolution of sources.

‘/Transition galactic-extragalactic and production of cosmogenic
neutrinos strongly depend on the cosmological evolution of sources




4 Photo-pion production

On EBL has a threshold of about 108 GeV,
broadened by the energy distribution of
EBL photons. The pion production by
UHE protons on the EBL can account for
the production of PeV neutrinos.

v Cosmological evolution

The result on the diffuse flux depends on
the cosmological evolution assumed for
the sources. The IceCube observations at
PeV can be reproduced in the case of
strong cosmological evolution (AGN

like).

v Source constraints

The high energy neutrino flux provides
another constraint to UHECR sources.

RA, Boncioli, di Matteo, Grillo, Petrera, Salamida (2015)
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Mixed composition model — v spectra

EeV neutrinos

UHE nuclei suffer photo-pion production

on CMB only for energies above AE, .

The production of EeV neutrinos strongly
depends on the nuclei maximum energy.

UHE neutrino production by nuclei practically
disappears in models with maximum nuclei
acceleration energy E_ < 10%!eV.

max

PeV neutrinos

PeV neutrinos produced in the photo-pion
production process of UHECR on the EBL
radiation field The IceCube observations at
PeV can be marginally reproduced in the case
of strong cosmological evolution (AGN like).
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Extreme energies: Cosmology, DM, UHE y & v

The tensor-to-scalar ratio in CMB fluctuations (r) sets the scale for models where the dark matter is
created at the inflationary epoch, the generically called super-heavy dark matter models. These
scenarios can be constrained by ultrahigh energy cosmic ray, gamma ray and neutrino observations
which set the limit on super-heavy dark matter particles lifetime. Super-heavy dark matter can be
discovered by a precise measurement of r combined with future observations of ultra high energy

cosmic rays, gamma rays and neutrinos.

My/M,
RA, Matarrese, Olinto (2015)




From SHDM to UHECR

3 Q x B9
= . 14
¢ mainlyn VP 1
X N therefore y and v
cascade =, J X
Q v 7’77p ]‘ [
> XTX
SHDM
llfetlme TX 102 ‘ : 1027 ; ‘ ‘
My=4.5x10"3 GeV, 1y=2.2x10% yr My=4.3x10"° GeV, ty=1.2x10% yr
regulates the r=)(().05, B=2 " og | 10-05.B=4/3
ol 107 |
expected CR s ity TV i
" 1024 0
ﬂU.X. ww <\.'w 102
E b 1S
i E 1024 .
o103 + r- —— m r- ——i
SHDM halo = 10 A“?&_;glg e o e Aug_;ri\ 2813
M @ total ——— ™ 23 total =—
density profile | “ SHOMp —— w 10 B —
SHDMy ——— SHDMy ———
(MOOI‘e n ﬁgS) 1022 ‘ G % SHDMv —— Y A A4 ~ SHDM v
10'® 10'° 10%° 10?1 10% 10'® 10" 10* 102" 10%®  10®  10*
E (eV) E (eV)
ratin 1028 : : : 102 : : : :
Integ d g My=1.7x1 0'6 Gev, Ty=8.3x1 0* yr My=4.7x10"® GeV, 1,=6.3x10%" yr
OVer the WhOIC . 1027 r=0.05, [3=1 . 1028 | r=0.05, B=2/3
IG I?)
SkY' "_u) 2 "_c/) 1027
o 10 o
. . Ni Ni 102
Taking into B 1025 >
m Auger-2013 ——— @ 10 Auger-2013 +——e—
account the = o TA-Zt(;::; . = TA-212:a3| Ce
w10 e - W, 04 ko -
i SHDMp ——— 10%% Ft _ SHDMp ———
whole |~ . e SHoN > ._ ot p
0 23 Sy Ay ‘ | SHDMv —— 23 ‘ ‘ SHDM v —
universe. - 10 10 1020 102" 102 102 10 0 0% 10 10° 102 102 102 10* 105

E (eV) (eV)

E
RA, Matarrese, Olinto (2015)



10° 10° ‘ ‘
\Y r=0.05, p=2 JEM-EUSO
pY ~ 100 F M=4.510" GeV, ry=2.2x10% yr ARAST (3y)
%
c 107 T, 107
S o 8
8 5 10
z D 109
s & 10
o 10-2 @ 10_10 7
)
r=0.05, =2 o 10_11 i
My=4.5x10"% GeV, 1y=2.2x10%? yr
107 ‘ ‘ ‘ 1072 ‘ —
10'8 1019 1020 1021 10'8 10'° 1020 1021 1022
E (eV) E (eV)
My (GeV) My (GeV)
10241912 1913 10‘14 1024 1915
=2 B=4/3
UHECR experiments
are more suitable to S 420 S g2
detect UHE particles
produced by SHDM
decays 10% e A 10 ‘.2 ;
YS. 10 10 10 10 10
My (E;eV) My (EieV)
16 16
JEM-EUSO has the 107 o = 107 (0 o
capability of exploring
SHDM till TX -~ 1024 yr. = 1023 — 1023
10%2 | 10%2
RA, Matarrese, Olinto (2015) o3 102 107 107 2 107"



Conclusions
Cosmogenic particles production

v" Auger scenario (UHECR heavy composition) very low fluxes of
gamma and neutrinos, impossible to detect at the highest energies.
PeV neutrinos and 100 GeV gammas within reach IceCube and
Fermi.

v HiRes/TA scenario (UHECR proton composition) fluxes of
gamma and neutrinos detectable at all energies. Within reach the
detection capabilities of Fermi, IceCube and Auger.

v" PeV neutrinos can be produced by the interaction of low energy
protons (1016 eV< E < 108 eV, low energy tail of UHECR) with
the EBL background (photo-pion production).

v EBL evolution models are important.

Super Heavy Dark Matter

v" The observation of UHECR at extreme energies (E>10%0 ¢V) can
set stringent limits on the SHDM lifetime. SHDM can be
discovered by a precise measurement of r combined with future
observations of ultra high energy cosmic rays and neutrinos.



