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Extragalactic photon—axion-like particle
oscillations up to 1000 TeV

. G.Galanti’, F. Tavecchio™, M. Roncadelli*

~ A=E
&7 {0y
p / { l Ill ‘
& \ SR
A g )
l‘v ll-
. \

] o
s | BT T
I il 1 0]
4\::\ :

cherenkov telescope array

Axion-like particles (ALPs) are very light, neutral, pseudo-scalar bosons which are supposed to interact with two photons. They can give risé to very interesting astrophysical effects taking place in the very-high energy bag@RaResalRove (10 GeV - 1000 TeV)

when an external magnetic field is present. So far, the extragalactic magnetic field B

has been generally modeled as a domain-like network with ‘sharp edges’: all domains have the'same size L4, and B

ext ext

has the samesstiength, but the direction of B

ext

changes randomly and abruptly from one domain to the next. While this model has repeatedly been used so far, it is a mathematical idealization wherein the components of B,,, are discontinuous across the edgeSBStllN@BIves correct results under the
unstated assumption that the photon-ALP oscillation length /. is much larger than L. However, for the new generation of y-ray observatories like CTA, HAWC, GAMMA-400, LHAASO and TAIGA-HiSCORE thingsiarerdifferentfphoton dispersion on the CMB
implies I_._ < Ly, which occurs just above the TeV scale. In such a situation the above model breaks down and must be replaced by one in which B_,, is continuous across the edges. We describe such a new:modelfandappIyait to a sample of mock blazars at
different z and at energy E up to 1000 TeV. We analyze the propagation of the photon-APP beam generated as pure photons at the jet base of a BL Lac, we study the pho’gon—ALP oscillations during its path up'teuswhile'erossing the BL Lac magnetic field, the

.

extragalactic magnetic field which we describe by means of our new model and the Milky Way magnetic field. :

Axion-like particles (ALPs) -

Properties

*Predicted by String Theory
Very light particles (m, < 108 eV)
*Spin O

*Interaction with two photons (coupling g,,,, = 1/M)
*Interactions with other particles discarded

ALPs in astrophysical contest .
Extragalactic background light (EBL) * = :

Extragalactic photon-ALP os'cillaifl- NS o E |4,

V(VHE) + y(EBL) 2 e* + e

ALP.interactions :

*Two photons , *[n‘an external B field
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*EBL absorbs VHEophotc?n o
*ALPs are not absorbed
*Photons are not absorbed whe
ALPs .
*Ph'oton-ALP oscill -"t’j@f‘:; redu
optical depth |
*More photons detectable |
- observatories at TeV energy

bed by the.broad line region (BLR)- . | e
»” 1 .

Cillations mbdify blazar emission
' e BLR optical depth (similarly to EBL) Obscuring

.
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Region

P oscillations inside a
B field

Broad Line
Region
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Disk

Propagation in the BL Lac jet [2] L el NS S New model for propagation inside domain-like B fields [3]

*Photons produced at d, ¢ =
10%® cm from the centre
*Bi.; = 0.1-1'G and goes like
1/distance

*Electron density n, =5 - 10*
cm3 and goes like 1/distance?
eLorentz factor I = 15
*Photon-ALP conversion inside
Bjet -

*Amount of photons/ALPs
produced strongly depends on

the values of d\¢, Biews 94,

For the future

*As the energy increases photon/ALP oscillations differ more and more from conyentional

physics

*photon/ALP oscillations generate an observable oscillatory behavior in observed blazar

spectra 2

*These features can in principle be detected by the planned new observatories like the *

Cherenkov Telescope Array (CTA)

*Dedicated simulations for CTA about blazar spectra — Stay tuned!
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Survival probability
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*Redshift z=0.02-2
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*Extragalactic magnetic field B,
*L4,m With distribution L, -2
*For E > 40 TeV CMB photon dispersion

*New model for astrophysicai magnetic fields B
*Useful for: extragalactic space, spiral and
elliptical galaxies, radio lobes
Domain-like model but now with continuous
components of B (old model = discontinuities)
*Magnetic domain lengths L, are random

domain et domaint domainnit domain 2 variables with some distribution

*/ ..: photon/ALP oscillation length

/ [\f\f\J *If |_..> Ly, Photort/ALP beam insensible to B
—

structure — old discontinuous model can be used
£ Ly, photon/ALP beam sees the B
osc < Ldom structure — old discontinuous model is unphysical

*Photon/ALP beam becomes sensible to

*For E > 40 TeV only the new continuous
model gives physical results about the
photon survival probability

*§ = (B1¢/NG)(9,,, " 10 GeV) =0.5-5



