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Cosmic-Ray Flux
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Cosmic-Ray Flux

Credit: Carmelo Evoli
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Cosmic-Ray Flux

| High statistics and |
large field of view
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Cosmic-Ray Flux
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Cosmic-Ray Anisotropy

Equatorial

-1 Relative Intensity [1072] 1

Credit: IceCube, HAWC, Philipp Mertsch



Angular Power Spectrum

C,E) = [dﬁl df, P,(f; - ) P(fy, E) p(f,, E)
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Angular Power Spectrum

C,E) = [dﬁl df, P,(f; - ) P(fy, E) p(f,, E)
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Magnetic Turbulence
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Numerical Simulations: Liouville's Theorem

fx@), p(®), ) = f(x(15), p(tp). 1)

Ahlers & Mertsch, ApJdL 2015



Numerical Simulations: Liouville's Theorem

fx@), p(®), ) = f(x(15), p(tp). 1)

fre. p(0).0 = fo + [ri() — 3Pty - K| - Vf

Ahlers & Mertsch, ApJdL 2015



Numerical Simulations: Liouville's Theorem

fx@), p(®), ) = f(x(15), p(tp). 1)

ri(t) — 3pi(iy) - K| - Vf
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Numerical Simulations: Liouville's Theorem

fx@), p(®), ) = f(x(15), p(tp). 1)
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Numerical Simulations: Liouville's Theorem
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Test Particle Simulation

Solve Lorentz equation + Liouville’s theorem
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Sky Maps
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Angular Power Spectrum
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Analytic Theory for Cosmic-Ray Anisotropies

() = [df-l 4Py PADy - By (B f(By)
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Analytic Theory for Cosmic-Ray Anisotropies

() = [df-l 4y PADy - By (B0 f(By)
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Analytic Theory for Cosmic-Ray Anisotropies

() = [df-l 4y PADy - By (B0 f(By)
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Mixing Matrix Approach
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Mixing Matrix Approach

Mixing matrix

Diagrammatic
technique

Kuhlen, Phan, and Mertsch, Apd 2021
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Mixing Matrix Approach

Mixing matrix

Kuhlen, Phan, and Mertsch, Apd 2021
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Mixing Matrix Approach

Kuhlen, Phan, and Mertsch, Apd 2021
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Mixing Matrix Approach

Constrained by
numerical simulations

Kuhlen, Phan, and Mertsch, Apd 2021
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Mixing Matrix Approach
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The Parameter QAT

QAT

1 ¢ 0.01
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The Parameter QAT
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The Parameter QAT
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The Parameter QAT

Related to properties
of turbulence
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The Parameter QAT

Constrain properties
of turbulence

QAT

1 ¢ 0.01
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Summary

® Small-scale anisotropies might be induced by magnetic turbulence.

® We perform numerical and analytical analysis to better understand
these anisotropies.

® Comparison to data is desired but a few issues have to be taken into
account (finite energy resolution, more sophisticated turbulence, sky
coverage, and so on).

® Comparison of numerical and analytic approaches might pave the
way for constraining turbulence properties in the local interstellar
medium.
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Numerical Simulations: Liouville's Theorem

fre, P, 1) = fo + [ri(1y) — 3Pty - K| - Vf
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Angular Power Spectrum

() = [df-l 4y PADy - By (fB0(By)

® Finite energy resolution.

® SKy coverage. >

® More sophisticated turbulence model.
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