Free (unbound) electron interactions

* Electron Scattering with photons

— Thompson Scattering At photon E << 511 keV elastic scattering with e
(photon E does NOT change). (Thompson cross-section not a function of v)

— Compton Scattering At photon E >~ 511 keV inelastic scattering with e
(photon E decreases, e E increases). (Klein-Nishina cross-section function of v)

— Inverse Compton Scattering low E photons scatter inelastically with hot
relativistic e” (photon E increases, e E decreases)

- Thermal photons from Black Hole accretion disk are scattered into X-rays
(0.2-10 keV power-law spectrum observed)

- CMB photons passing through HIM in clusters of galaxies scattered into higher
energies. (Sunyaev-Zel'dovich effect). Change of CMB brightness toward cluster.

* Free-Free Emission/Absorption in Plasma

* Electrostatic Bremsstrahlung (“breaking radiation”)
- free charges accelerated by electrostatic force (scatter with ions)
- Typically thermal (e” energies Maxwell-Boltzmann Distribution)

 Manetobremsstrahlung: Cyclotron (non-relativistic) or Synchrotron
(relativistic) Radiation

- free charges accelerated by magnetic force
- Typically non-thermal (e” energies a Power-law)
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Electron acceleration Pulse
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Figure 4.3. The acceleration of an clectron by an ion may be resolved into components
perpendicular (L) to and parallel (]|) to the electron’s velocity. The perpendicular acceleration
(Equation 4.16) yields a roughly Gaussian pulse whose power spectrum extends to low (radio)
frequencies. The parallel acceleration (Equation 4.15) gives a roughly sinusoidal pulse with no
“DC” component, so the resulting radiation is strongest at higher (infrared) frequencies and
very weak at radio frequencies.
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Fourier Transforms Basic Property
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Power Spectrum of Electron Acceleration
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The spectrum of bremsstranlung resulting from the acceleration of the electron parallel and perpendicular to its initial
direction of motion (Jackson, 1999).
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Maxwell Boltzmann Distribution
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