
F E R M I  -  A S T R I  -  C TA  
P R O G E T T I  P E R  L’ A S T R O F I S I C A  D A L  M E V  A L  T E V

A .  B E R R E T TA ,  P.  C R I S TA R E L L A  O R E S TA N O ,  S .  C U T I N I , S T E FA N O  G E R M A N I , P.  L U B R A N O ,    
I .  M E R E U ,  G .  T O S T I

PTSR 
• Ambito 2: Astrofisica delle alte energie e astroparticelle  
• Ambito 6: Onde gravitazionali e astrofisica multimessenger, scienza e tecnologia 



A S T R O F I S I C A  G A M M A

2

PSA§

MeV GeV TeV PeV

LHAASO

Satelliti

Fermi

†IACT: Imaging Atmospheric Cherenkov Telescope 
*WCD:  Water Cherenkov Array 
§ PSA:     Particle Sampling Array 
‡ CTAO:  Cherenkov Telescope Array Observatory

 IACT† Attuali

IACT Array

HAWC

WCD*

    ASTRI Mini Array

CTAO‡-N

CTAO-S



A S T R O F I S I C A  G A M M A

3

R E S T I  D I  
S U P E R N O VA

P U L S A R

P U L S A R  W I N D  
N E B U L A

F I S I C A  F O N D A M E N TA L EO R I G I N E  R A G G I  C O S M I C I C O S M O L O G I A

NUCLEI GALATTICI ATTIVI LAMPI DI RAGGI GAMMA MATERIA OSCURA



C O N T E S T O  A S T R O F I S I C A  G A M M A

4

ν γGW

E−2.7

E−3.1



E−2.7

E−3.1

C O N T E S T O  A S T R O F I S I C A  G A M M A

5

E�2.15
�

10 100 103 104 105 106 107 108 109 1010 1011

10�9

10�8

10�7

10�6

B

A

C

high-energy
neutrinos

(flavor-average)background
isotropic �-ray ultra-high-energy

cosmic rays

cosmogenic
�+ �̄

proton (E�2)

�-rays from
�0 decay

Energy [GeV]

E
2

×
 [G

eV
 c

m
2

s
1

sr
1 ]

Figure 6: The per-flavor flux (�) of neutrinos [21, 38] (orange and blue bands) compared to the flux of unre-
solved extragalactic �-ray emission [32] (blue data) and UHE cosmic rays [59] (green data). We highlight two
upper limits on the neutrino flux (dashed lines) predicted by multi-messenger models [52, 60].

of neutrinos below 100 TeV implied by the measurement of a spectral index significantly
softer than -2 indicates that at least some neutrino sources are opaque to �-rays [46, 47].

B) The PeV universe: Precision measurements of the neutrino flux can test the idea of
cosmic particle unification, in which sub-TeV �-rays, PeV neutrinos, and UHE cosmic rays
can be explained simultaneously [48–51]. If the neutrino flux is related to the sources of
UHE cosmic rays, then there is a theoretical upper limit (the dashed green line in Figure 6)
to the neutrino flux ([52], also [53, 54]). UHE cosmic-ray sources can be embedded in
environments that act as “CR reservoirs” where magnetic fields trap CR with energies far
below the highest CR energies. The trapped CR collide with gas and produce a flux of
�-rays and neutrinos at PeV energies. The measured IceCube flux is consistent with pre-
dictions of some of these models [55–57]; see, however, [58]. The precise characterization
of the spectrum and flavor composition beyond the energy range currently accessible by
IceCube goes hand in hand with resolving the sources, as the combination of the two
will provide novel avenues for understanding the most extreme particle accelerators in the
universe.

C) Ultra-high energies (UHE): The attenuation of UHE cosmic rays through resonant
interactions with cosmic microwave background photons is the dominant mechanism for
the production of UHE neutrinos during the propagation of the CR in the universe. This
mechanism, first pointed out by Greisen, Zatsepin and Kuzmin (GZK), would cause a sup-
pression of the UHE cosmic-ray proton flux beyond 5✓ 1010 GeV [61, 62] and gives rise to
a flux of UHE neutrinos [63] that is shown in Figure 6, but has not yet been detected. The
observation of these cosmogenic neutrinos in addition to the potential direct identification
of astrophysical sources or transients producing neutrinos at ⇥EeV energies, or a strin-
gent upper limit on their flux, will provide information on the cosmological evolution of UHE
cosmic-ray sources and restrict the models of acceleration, spectrum and composition of
extragalactic CR (e.g., [44, 63–81]).

To make significant progress on the above questions a future detector should provide sev-
eral times higher neutrino statistics in the PeV range, flavor identification capabilities, and
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