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V - PARTICLE TRANSPORT



Cosmic ray scattering off Alfven waves
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Cosmic ray scattering off Alfven waves

v e v LK C

cosmic ra
’ ' Alfven wave packet

Ak BATN A,
o XN/ -

unperturbed

trajectory perturbed field
——— VRN
| quasi-lin | gy = ~ ) )
M heory Fp==-vXxB B = Byz + 0B,
| theory -




Cosmic ray scattering off Alfven waves
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Cosmic ray scattering off Alfven waves

vV~ C va LK C

cosmic ra
Y Y Alfven wave packet

i BTN By
./ ) NZE

(U X E)Z = v, 0B, = v, 0B sin(kv,t)sin() t + ¢)

— UL;B cos(kv,t — Qt — ¢) — cos(kv,t +Q t+ @)

_ “253 {cos [(kvs — Q) t — ¢] — cos [(kvs + Q) ¢+ ¢}




Cosmic ray scattering off Alfven waves
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Cosmic ray scattering off Alfven waves
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Resonant
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Resonant scattering
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Pitch angle scattering
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Pitch angle scattering
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Wave frain
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Wave frain
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Wave frain
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Diffusion coefficient
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The link with the turbulent spectrum
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Spatial diffusion coefficient
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The diffusion equation

stationary
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The diffusion equation
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The diffusion equation
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The diffusion equation
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The spatial diffusion coefficient

intfegration by parts
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The diffusive flux

why do particles diffuse?
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Time dependent diffusion equation
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Bohm diffusion
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Perpendicular diffusion
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CR escape from the Galaxy: a toy-model
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CR escape from the Galaxy: a toy-model
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CR escape from the Galaxy: a toy-model
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IT ter - LEPTONIC GAMMA-RAYS:
INVERSE COMPTON SCATTERING



Gamma-rays from supernova remnants:
hadronic or leptonic?
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Leptonic Gamma-Rays: Inverse Compton

Relativistic electrons can interact with soft background photons
(Cosmic Microwave Background, IR and Optical galactic background...)

/
& @
Gf\)q) \\ can well be non-coplanar
Ef p

In the electron rest frame (e.r.f.) the photon energy is: e = ¢ y (1 — [ cos (9)
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Assumption: in the e.r.f the scattering is Thomson: Elf — 62

In the lab rest frame the (final) photon energy is: €f = 6} v (1 + Bcos®)



Leptonic Gamma-Rays: Inverse Compton
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After averaging over angles (tedious...): €f = §@€Z

Example:
Cosmic Microwave Background > 1"~ 3 K kT ~ 3 x 107 %V
E.=1GeV — €~y = 1,5 keV X-rays

E.=1TeV — €,=1,5GeV gammarays (FERMI)

E.=251eV — €y — 1 TeV gamma rays (Cherenkov Telescopes)



Leptonic Gamma-Rays: Inverse Compton

is there a maximum energy for . — %@E 2
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energy conservation...

above a given energy Inverse Compton scattering becomes ineffective
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Leptonic Gamma-Rays: Inverse Compton
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Leptonic Gamma-Rays: Inverse Compton

Photon spectrum:
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The electromagnetic spectrum
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interactions of cosmic ray protons with matter
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CMB




