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the cosmic ray spectrum
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the cosmic ray spectrum

I-I-I-I-I-IIII---I--I-HII-II---I-I-

+ Balloon

¥ Akeno
AGASA

X LEAP satellite
Haverah Park

*  Fly's Eye

X Proton satellite

¢ Yakutsk

V¥ Auger
HiRes
KASCADE

O CASA-BLANCA

H.E.S.S

% DICE

¢ CAPRICE

—

o
4
-

—
S
IS
<

—

o
4
~

3—1;:1 [m? srlGeV!s]]

—

o
N
o

10° 10° 10" 10" 10" 10" 10" 10"” 10" 107 10" 10
E [eV]

Propagating Ultra-High Energy Cosmic Rays in the Universe with CRPRopa



+ where do they come from?

+ what is their chemical composition!?

+ what are the acceleration processes!

+ is there a maximum energy that they can reach!?

+ can we see hint of new physics through their interaction!?
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general picture
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general picture

‘neutral

- extragalactic (filaments, voids) 4 W
‘particles .

- galactic
| “ % ? AGNs
primary. :
nqclei' - e 7 GRBS
g ? magnetars

possible.. -
secondary. -
. Auclei

-
-

- pair production

- photopion production

- expansion of the universe
‘_ g - photodisintegration

- nuclear decay
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energy loss and interaction processes

- tabulated cross sections
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energy loss length [Mpc]

energy loss processes
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loglo(E/eV)
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+ explain these three observables

+ magnetic fields and source distribution
may affect spectrum and composition, and
certainly affect anisotropy

4+ 3D simulations are needed

"8€6 (L00T) 81€ 2UaI2G "UoNEIOqE||0D) J38NY d.Udld

+ large parameter space => fast simulations
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CRPropa

+ available in: crpropa.desy.de + available in: crpropa.desy.de/CRPropa3

+ “official” release + development version

+ paper: Kampert et al. Astropart. Phys. 42 4+ new features: modular structure,
(2013) 41 parallelization, cosmology in 3D, galactic lensing

33RD INTERNATIONAL COSMIC RAY CONFERENCE, R10 DE JANEIRO 2013 ]: ‘
THE ASTROPARTICLE PHYSICS CONFERENCE B & e I ;

CRPropa 3.0 - a Public Framework for Propagating UHE Cosmic Rays through
Galactic and Extragalactic Space
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how does it work
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how does it work
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lensing technique: galactic magnetic field

Jansson & Farrar,Ap) 761 (2012) LI 1
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example: galactic lensing

protons at the galactic border iron at the galactic border
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‘ 3D simulation ‘

correcting for cosmology in 3D simulations

(0,0)
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testing the cosmology correction

E%(E) [a.u.]

- uniform source distribution
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- sources up to 4000 Mpc - injection spectrum source = -2.2 - maximum propagation length = 4000 Mpc
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magnetic field baryon density
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+ MHD simulation from F. Miniatti

. o + composition: proton and iron (two
+ maximum rigidity = 1000 EeV )
cases
+ maximum source distance = 2 Gpc o
+ minimum energy = | EeV
+ sources following LSS baryon density . .
+ uniform grid
+ magnetic field from the grid
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application: spectrum j

—— 3D: simulation (p) I ‘

—— 3D: simulation (Fe)
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application: composition
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application: composition
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application: anisotropy j
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summary

+ CRPropa framework: allows the simulation of propagation of UHE particle

+ publicly available

+ version 3.0 under development

+ new features of version 3.0: cosmology in 3D, magnetic lensing

+ parallelization allows for fast simulations => span a wide range of parameters
+ comparison of simulations with observations

+ possibility of multimessenger studies
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