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Interpretation ot UHECR spectrum

10 o preamogonaer | Fega ——— The Ultra-High-Energy Cosmic Ray

- Epax(p.He,A>4)=52x10" eV, E,o,(p,He)=32x10"° eV Hp

(UHECR) spectrum can be described as
the interplay of two populations of
sources:

[(J Hard spectral index at high energies;

E3J(E) (eV? m? s’

[] Soft spectral index at low energies.
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Source-propagation model

[J Accelerated particles confined in the environment surrounding the source;
[J Presence of photon and gas density;
[J High energy particles—> escape with no interaction;

[J Low energy particles —> Pile-up of nucleons at lower energies.

Phys. Rev. D 92, (2015) 123001
Phys. Rev. D 100, 103008 (2019)
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[] Motivation: Acceleration & Correlation.

[] Leaky box model: a particle can only interact or

[J] Benchmark model: M82.
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M82 Photon spectra Time scale vs Energy
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Adapting SimProp (software for UHECRs propagation
| 1 2P o0 (o) o) d in extra-galactic space):
— = T—a ; e O\ € Je € . . .
T 2% ), )._, €2 [J Implementation of the photon field in the source;
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neutrinos
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- Adapting SimProp (software for UHECRs propagation
10° = i . :
: in extra-galactic space):
- [J Implementation of the photon field in the source;
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Depends on the
magnetic field B, on
the coherence
lenght /. and on the

strength of the

oB
turbulence —
B
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Interaction length vs Energy for M82
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[] Asingle nuclear specie (A = 28) is propagated
inside the source. Sources are considered identical
and uniformly distributed.

[[] The escaping fluxes are propagated through the
Universe.

[] The fluxes arriving in atmosphere are compared to
the experimental data.

[(] The chosen prototype is not able to describe the
data at Earth:

[J Within the parameter space, a set of parameters at

the source that can describe energy spectrum and

composition at Earth was found. 8



[] Asingle nuclear specie (A = 28) is propagated
inside the source. Sources are considered identical
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[[] The escaping fluxes are propagated through the

Universe. 3
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[] The fluxes arriving in atmosphere are compared to

the experimental data. A

[(] The chosen prototype is not able to describe the
data at Earth:

(] Within the parameter space, a set of parameters at = s %55 = B N -

log, (E/eV) Iogm(E/eV)

the source that can describe energy spectrum and N G S
composition at Earth was found. ° * assuming an injection shape — o E77- f(E, Z - Rey) |
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10 s COSMO genic neutrino flux

m—— neutrino flux by photo-interaction

m——— neutrino flux by spallation
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[] In this configuration cosmogenic neutrinos are comparable to photo-interaction
neutrinos produced in the source.

[[] Once taken into account also the hadronic interactions, the expected neutrino flux
is larger and can be used to constrain plausible scenarios that describe the UHECR
10
data.



Associated neutrino fluxes

best case M82
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[J Decreasing the luminosity, the neutrino fluxes from source decrease ;

[(] A detailed study of the parameter space is foreseen.
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Cross-check on the number of sources

From the comparison to the data ¢

¥ Using the luminosity functions
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[ Source-propagation model in a Starburst Galaxy : M82;

[ Computing interaction and escape times;

[ Exploring the parameter space in order to describe both the
energy spectrum and composition;

[ Cosmogenic and source neutrino fluxes for each configuration;
Increasing the constrain capability of this model.

[4 Cross-check using luminosity functions.
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Starburst Galaxies as possible sources of UHECRSs and neutrinos

¢Study of the interactions in the environment surrounding the , applied to
¢ Connection between the features of the at Earth to the
¢ Using a SBG , a from sources uniformly distributed is propagated and then compared to the

measurements at Earth.

¢ Outcomes in cosmic ray and neutrino fluxes can constrain the parameter space.
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