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What can we say about the ultra-high energy cosmic-rays
(UHECR) before they enter the Galactic magnetic field?

ThePierreAugerCollaboration, 

Science357(2017) 1266



ÅDirect simulationsin CRPropa3 (R. AlvesBatistaet al., JCAP05 (2016) 038) of isotropic flux of cosmicrays
enteringtheGalaxy

ÅFourprimaries(H, He, N andFe)propagatedin JF12 (R. JanssonandG. R. Farrar, ApJ757(2012) 14) modelof
galacticmagneticfield (GMF), energy ψ ρππ%Å6ȟͯὉ

ÅObserverwith radius100pc atEarthcoordinates(-8.5,0,0) kpc

ÅSimulateddatareweightedto follow agivendipoledistributionoutsidetheGalaxy

ÅArrival directionson theobserverlevel analyzedfor differentmasscompositionscenarios, differentextragalactic
directions of thedipole(stepsinρЈ ρЈgrid) andvariousinjected amplitudes (φȢυϷ ςπϷ)

① Blue contour: Angular distance of the simulated dipole at the Earth
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② Shaded region: Amplitude on the observer level must satisfy
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Simulationsand Analysis

Ÿ looking for parametersof anextragalacticdipolethatafterpropagationin GMF is compatible(within 1„) with

measurementsby thePierreAugerObservatory(ThePierreAugerCollaboration, Science357(2017) 1266)
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Å H, He: possibleextragalacticdirectionsof thedipolefoundfor lower injectedamplitudesὃ ρπϷ

Å N: only few possibleextragalacticdirectionsof thedipolefound (ὃ ρτϷ

Å Fe: no possibledirectionof the extragalacticdipole found, amplitudeὃon the observerlevel too low
evenfor injectedamplitudeὃ ςπϷ

ResultsςSingle primary

Many extragalacticdirectionsof the

dipole are within 30Áfrom the

observeddipoleon Earthfor H and

He, few solutionsfoundfor N, none

for Fe
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ὃ ρςϷ, N

ὃ φȢυϷ, H ὃ ψϷ, He

ὃ ςπϷ, Fe



ResultsςMixedcomposition

Å GMF tendsto isotropize the flux of cosmic rays, this effect is strongerat
lower rigiditiesŸ initial amplitudeof the dipole is higherthanthe observed
one

Å Different mass composition mixes require specific initial amplitudes to
describedatawell

Å High fraction of light elementsallowslow initial amplitudes

Å Low fraction of light elementsis possibleonly for high initial amplitudes
dueto strongereffectof theisotropizationof theflux at lower rigidities

→ Solutions: extragalacticdipole directions within 30Áfrom the
dipole direction on Earth observed by the Pierre Auger
Observatory
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ὃ ρπϷ , H + He + N + Fe, 40:20:20:20ὃ ρπϷ , He + N , 20:80


