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DSA (1977/8)

Scattering by (self-excited) turbulence around shock
front
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DSA continued

Combining acceleration and escape gives
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Nonrelativistic (DSA)

pitch-angle diffusion =
near-isotropy = spatial
diffusion

solution of PDE In z, p re-
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Comparisons

Relativistic
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Spectra

Eigenfunction expansion

= angular dependence:

ativistic gas
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L.OSS cone




Comparison of MC/analytic
angular distributions

Achterberg et al
MNRAS 328, 393 (2001)

Angular distribution
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Application to Blazar
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and to GRB

Observations of GRB 970508 (Galama et al 1998)
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Shock Physics 1

o Equation of state: for relativistic gas (e > p):
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e But, inclusion of ambient magnetic field reduces
compression, parameterised by
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(w=4e/3 =4(y)n/3,and cs = 1//3.)



Magnetic field

Effect of ambient magnetic field
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Shock Physics 2

o Field amplification (e.g., Weibel instability)
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Downstream magnetic field

Effect of shock-generated magnetic field
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Transport properties 1

Field orientation: B = BH’ B] = Tshoek B -
Large I' = perpendicular superluminal shocks.
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Transport properties 2

No scattering = no stochastic acceleration

Regular vs. stochastic deflection upstream—minor
effect on spectrum (Monte-Carlo: Achterberg et al
2001)

Presence/absence of downstream
scattering—also a minor effect (Monte-Carlo:

Ostrowski & Bednarz 2000)
Anisotropic diffusion?



Transport properties 3

Relativistic Weibel instabil- /~
ity

Yang et al (1993, 1994)
Medvedev & Loeb (1999)
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Anisotropic scattering

Effect of anisotropic scattering
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Injection

o Thermalised vs. accelerated particles: Agyo > A)
e"et -plasma = v > few x gk
e p-plasma = ~ > (M/m) X Ignock

e Pre-acceleration? Synchrotron resonance for
positron-ion coupling Gallant et al (1994)

e Soft spectrum s > 4 = linear effect (in
nonrelativistic theory highly nonlinear)



Conclusions

e Robust prediction of spectral slope (s = 4.2—4.3 for
strong ultrarelativistic shock)

e Nonlinearity weak (compared to nonrelativistic
case)

e Injection mechanism needed for e p plasmas
(synchrotron maser?)
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