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outline —

- gamma-ray propagation & extragalactic magnetic field (EGMF)

- simulation framework

goal: characterizing the observables in dependence to the EGMF model’s parameters

- perspectives for axion-like particle gamma-ray searches:
combination CRPropa simulations/Fermi-LAT observations
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Oh gamma-ray propagation
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- triplet pair production: e+ ygke = e+e +et

( URB — Radio (Nitu+, 2021)
+ Yerkc 3 CMB — MicroWave  (Planck coll.+, 2018)
EBL — UV, optical, IR (Giimore+, 2012)




«deflection» of gamma rays SR

(Alves Batista & Saveliev, 2021)



extragalactic magnetic field (EGMF)

o Kolmogorov spectrum

Magnetic field morphology (<|B|> =1 nG, ag = 5/3, Lg ~ 1 Mpc)-z =3 Mpc
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Stochastic field’s parameters:
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constraints on the EGMF
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(Durrer & Neronov, 2013)
(Ackermann+, 2018) lower limits from Fermi-LAT

in the following:

- Lpg fixed to 1 Mpc

B,.s alternatively 1e-16 G and
le-17 G (and turned off)



simulation software

c R/PI'O Pa (Alves Batista +, 2022)

Magnetic field intensity (nG)

x coordinate (Mpc)



simulation setup

- magnetic field:

Bfiteld = SimpleGridTurbulence(turbSpectrum, gridprops, seed)

- «large sphere observer»:
obs = Observer()
obs.add(0ObserverSurface(Sphere(Vector3d(0., 0., 0.) * Mpc, 606. * Mpc)))

sim.add(MinimumEnergy(10. * GeV))
sim.add(obs)

cascade

source

(Elyiv+, 2009)

- e.g. blazar 1ES 0229+200

source

source.
.add(SourceEmissionCone(Vector3d(-1., 0., 0.) * kpc, 0.1))

.add(SourcePowerLawSpectrum(10 * GeV, 100 * PeV, specIndex)) * speclndex = -1.5, Ecutoff = 5 TeV
source.
source.

source
source

-t

= Source()
add(SourcePosition(Vector3d(0., 0., 0.) * Mpc))

add(SourceParticleType(22))
add(SourceRedshift(0.14))

sl sin.run(source, 1000) X10 - total injected events: 1e4

A low statistics!



arrival directions

Brms = 1le-17 G
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surface brightness
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large contribution to the halo
from the lowest energy photons



E2dN/dE [arb. u.]

spectral energy distribution
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perspectives in searching for axion-like
particles (ALPs), dark matter candidate...



gamma/ALP mixing in astrophysical
environments

LALP—]/ = Yay E-B,.:a

intrinsic emission?
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(Sdnchez-Conde +, 2009)



constraints m, & gy
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sinergy between gamma-ray
simulations & observations
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Large Area Telescope: 20 MeV < E, < 300 GeV

+ to constrain ALPs properties with gamma-ray data (spectral distortion,
spatial morphology...) taking into account the propagation effects, as before



thanks!

questions? comments?



backup...
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FERMI-LAT ALPs SEARCH IN
PERSEUS GALAXY CLUSTER

N 104 2 A 10
= 9
T 8
= 7
o
> 6 Q
O 45 =
2 | —
~— __4 4
2 \ 0
ic 4143
o 4
% Best Fit w/ ALPs; myoy = 1 18 g1 = 1.01\ 12
“Eﬂ Best Fit w/o ALPs 1

10-6 i I I ——

10-1 100 101 102

Energy (GeV)
(Ajello +, 2018)

Considering only the
Turbulent Intra Cluster
Magnetic field
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