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The Origin of Extreme Energies
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Energy distribution of cosmic ray protons Tycho SNR (X-ray)

Stationary Non-Linear DSA
Proton acceleration up to ~ 100 TeV
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Methodology : The Baseline Model

Particle Transport

Standard Parker Equation
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Methodology : The Baseline Model

Particle Transport

Standard Parker Equation

Isotropic Assumption
Diffusive Regime (Fick’s Law)
Key Processes Captured :
@ Spatial advection and diffusion

@ Adiabatic energy gain at the shock

Quasi-isotropic d

Magnetic Turbulence

Idealized Bohm Limit

Saturated Turbulence
Minimal Diffusion (xgohm o p)

Limitation :
A "floor model" that completely ignores
the non-linear growth of magnetic

turbulence.
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Results

Modified Shock
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broad precursor
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Results

Modified Shock Spectral slope at the shock
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@ Strong CR pressure (P.) generates a
broad precursor

@ Subshock is weakened (Rss = 2.6)

@ Low p : Soft spectrum (g > 4) due
to weak Rsyp.

@ Total compression rate increases
(Reot = 25.7)
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Perspectives : Transport & Turbulence advanced Models

Particle Transport

From: Parker Eq. (Isotropic diffusion)
To: Anisotropic M1 Closure
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Perspectives : Transport & Turbulence advanced Models

Particle Transport Magnetic Turbulence
From: Parker Eq. (Isotropic diffusion) | From: Idealized Bohm limit (x o p)
To: Anisotropic M1 Closure To: Dynamic Wave Spectrum
Capture Anisotropies : Self-Consistent Diffusion :
f(z,p) ~ fo(z,p) + A(z,p) + ... # is dynamically computed from the local

. . . ) magnetic wave spectrum W.
@ Evolution of isotropic density f

@ Evolution of anisotropic flux f, Magnetic waves spectrum evolution :

Closure for Higher Moments : Turbulence is amplified by the Bell

Higher angular moments (f, f3) closed as instability driven by the cosmic ray current

a non-linear function of (fy, f1)
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