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UHECRs measurements
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UHECRs measurements
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Connection of observables at Earth to theoretical
models including UHECR properties —>

Several codes for UHECR propagation available:
SimProp ( )

CRPropa | )

Combining two or more UHECRs observables it is

possible to infer something about the sources of
UHECRs —> See @ 's talk!

- A.Aabetal. (The Pierre Auger Collaboration), JCAP04(2017)038 5 W Cuwb
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Assumption: UHECR production rate tfollows matter (ex: Star Formation Rate)

Fit of energy spectrum and composition using a catalogue which reconstructs the 3D

distribution of the most extreme sources in the Universe.
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Attenuated Flux Map at E> 100 EeV — 20° top-hat smoothing
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Study the propagation of UHECRs in

Galaxy Clusters’ environment!
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Source-propagation in Galaxy Clusters

*Propagation in source computed using SimProp; /\
E
*Computation of interaction and dittusion times; \‘/ g

*Inclusion of magnetic field effect on propagation; ée “R

*Including radial dependence.éz&
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Diffusion and interaction times

Time scale vs Rigidity
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Ditffusion and interaction times

10° Ny — A=
- ~ — A =56 Interactions with CMB and EBL:
10% B e N
< \ ----------------- ;'i --------------------- . 21e +oo
—10 A e e e e e e — 2P2 / dea Ve de’
- ‘ T
> Erssssnsnnsnnnnsi g e s s s s nnnnnnnnn o E QLS = " " m E R EEEEEEEEEESSELEaSeEEESSssseaa.
&
o T . .
£ | Diffusion Interactions with protons and
10~ Adiabat helium nuclei:
— — Adiabatic
-2 . . _ o)
10 - Photo-interaction v =(yey -0 ©)
1073 =-eeeee Hadronic interaction | |
15 16 17 18 19 20 21

log(E/eV)

;=! F. Riehn et al, Phys. Rev. D 102, 063002 (2020) 13 ;=! A. Condorelli et al, arX1v:2209.08593 '“) CLab

Iréne Jollot Curie

Lb de Physique
2If ve




Procedure for escape:

R = 1Mpc

X
Fixed number of steps for each particles \/
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Procedure for escape:

R = 1Mpc

X
Fixed number of steps for each particles \/

Propagation fromy € [-R,R] to —R -R

.MJ C
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R R = 1Mpc
Fixed number of steps for each particles K\
Propagation fromy € [-R,R] to —R “t o~
At each step, if the diffusion time is shorter than the KRJ
interaction times, particle is propagated to the next step, i

otherwise it interacts

@
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Fixed number of steps for each particles
Propagation fromy € [-R,R] to —R
At each step, it the diffusion time is shorter than the
interaction times, particle is propagated to the next step,
otherwise it interacts
t, at step n> n_stepmayx, the diffusion time is shorter

that the interaction times, particle escape

17




Fixed number of steps for each particles
Propagation fromy € [-R,R] to —R
At each step, if the diffusion time is shorter than the
interaction times, particle is propagated to the next step,
otherwise it interacts

t, at step n> n_stepmayx, the diffusion time is shorter
that the interaction times, particle escape

It a particle is propagated and it reach a time in the

source > time of the Universe: particle is trapped!
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Parametrizing the escaping flux

Escaping protons
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*Inject protons with ® o« E~*

*#Simulate Virgo environment

*Parametrize the escaping flux as a function of the injection point
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Catalogue

Mass of the Cluster
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[ Modelling the environment of Galaxy Cluster;

[ Computing the propagation in the magnetised environment;

[ Parametrising the escaping primary fluxes;

[F Possibility to connect the parameter at the source to the fitted parameter at Earth;

] Universal parametrisation for Clusters;

[] Compute the secondary fluxes (neutrinos, gamma);

[] Perform a fit of spectrum, composition and arrival

directions.
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Distribution in mass and redshitt of the sample
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Charged particle moving through a uniform magnetic field uridergoes an
oh

C

angular deflection upon traversing a distance, Lcoh, of a = -
L

A particle traversing a distance, L, suffers an overall angular deflection

given by
L
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X X K

E3J(E) [eVPkm~2yr~1sr=1]

EG propagation and comparison to data

Combined fit code capable to:

Use a 5D tensor, coming from SimProp simulations, to compute the extra-galactic propagation;

Fit simultaneously energy spectrum and mass observables (InA, mean Xmax or Xmax distributions) above the ankle;

Producing sky maps;
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Small angle approximation is justified?
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E2 * dN/dlogE [a.u.]

Normalized to the injection spectrum

Injecting protons

Escaping protons
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E2 * dN/dlogE [a.u.]

Injecting Helium

Escaping helium nuclei
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E2 * dN/dlogE [a.u.]
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E? * dN/dlogE [a.u.]

E? * dN/dlogE [a.u.]

Injecting Nitrogen

Escaping helium nuclei
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Escaping protons
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E? * dN/dlogE [a.u.]

E2 * dN/dlogE [a.u.]

Escaping helium nuclei Escaping protons
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