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axion-like particles: parameter space
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Monte Carlo simulations of ALP-photon mixing
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plasma density

» influences the ALP-photon coupling
» available types:
+ uniform
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plasma density

» influences the ALP-photon coupling
» available types:

+ uniform

+ grid
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ALPinist: implementation

plasma density

» influences the ALP-photon coupling
» available types:

+ uniform

+ grid

+ turbulent (to-do list)

density = alp.PlasmaDensityUniform(densityIGM)
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plasma density

» influences the ALP-photon coupling
» available types:

+ uniform

+ grid

+ turbulent (to-do list)

density = alp.PlasmaDensityUniform(densityIGM)

ALP-photon mixing
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ALPinist: implementation

plasma density

» influences the ALP-photon coupling
» available types:

+ uniform

+ grid

+ turbulent (to-do list)

density = alp.PlasmaDensityUniform(densityIGM)

ALP-photon mixing

alpPhoton = alp.ALPPhotonMixing(axionMass * eV / c_light *x 2, coupling / eV, bField, density, .5)
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» mixing matrix is diagonalised at each step (using Eigen)
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» mixing matrix is diagonalised at each step (using Eigen)

» the wave function is collapsed at each step to decide on interaction
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ALPinist: implementation

» mixing matrix is diagonalised at each step (using Eigen)
» the wave function is collapsed at each step to decide on interaction

» ALP is internally coded 51 in CRPropa
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mixing matrix is diagonalised at each step (using Eigen)
the wave function is collapsed at each step to decide on interaction

ALP is internally coded 51 in CRPropa

random numbers compared to probability of photon-ALP conversion to decide if

oscillation occurs
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For a homogeneous magnetic field and medium, the

equations of motion can be solved analytically to

determine the conversion probability.

conversion probability
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simulations with turbulent magnetic fields
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simulations with pair production and turbulent magnetic fields
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» new Monte Carlo code for ALP-photon mixing (plugin for CRPropa): ALPinist
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conclusions and outlook

» new Monte Carlo code for ALP-photon mixing (plugin for CRPropa): ALPinist

» advantages:
+ wealth of magnetic-field models available in CRPropa

+ easy treatment of non-uniform media
+ seamless interaction with CRPropa modules for particle propagation
*

enables 5D simulations
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new Monte Carlo code for ALP-photon mixing (plugin for CRPropa): ALPinist
advantages:

wealth of magnetic-field models available in CRPropa
easy treatment of non-uniform media
seamless interaction with CRPropa modules for particle propagation
enables 3D simulations
limitations:
the Monte Carlo approach not efficient for the strong mixing regime

Inverse Compton scattering can only be treated if the initial photons are unpolarised
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new Monte Carlo code for ALP-photon mixing (plugin for CRPropa): ALPinist
advantages:

wealth of magnetic-field models available in CRPropa
easy treatment of non-uniform media
seamless interaction with CRPropa modules for particle propagation
enables 3D simulations
limitations:
the Monte Carlo approach not efficient for the strong mixing regime

Inverse Compton scattering can only be treated if the initial photons are unpolarised

first-ever simulations of electromagnetic cascades including all effects: pair production +
inverse Compton scattering + ALP-photon mixing

cascades initiated via inverse Compton can provide an additional contribution to the
gamma-ray flux
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