
Comptonization
• The output spectrum depends

on the distribution function of
both the electrons and photons

• If the electrons are 'cooler' than
the photons the spectrum is
'down scattered' if the electrons
are hotter it is up scattered.

• If Ephoton< 4kTe photons gain
energy gas cools

• If Ephoton>4kTe electrons gain
energy gas heats

• Up scattering tends to produce
a power law distribution



Compton scattering
• Each scattering tends to produce a

broad distribution of photons and the
sum tends to a power law shape

• X-ray spectra of galactic and
extragalactic black holes can be well
explained by  comtptonized spectra
with kTe~150 kev, y~1

      (y=4kTe/mec2(max(τ,τ2))
When averaging over angles the  free

parameters of Compton scattering are
the probability of interacting
(parameterized by τ - the optical
depth) and the electron temperature
(Te) as long as the effective
temperature of the photons is <<Te

• http://pulsar.sternwarte.uni-
erlangen.de/wilms/teach/radproc/radp
roc0201.html



Relative Power in Compton and Synchrotron Radiation

P IC=4/3σTc2Uradβ2γ2

net inverse-Compton power
gained by the radiation field
and lost by the electron.

Synchrotron power
 P synch=4/3σTc2UBβ2γ2

Where UB=B2/8π is the energy
density of the magnetic field

And Urad is the energy density of
the photon field

β=v/c ; γ=(1−β2)−1/2

Ratio of Synchrotron to Compton is 
UB/Urad

Radio image (synchrotron) green contours
IC image (x-rays, color) Hardcastle and Birkinshaw
2004  

'Radio' galaxy Pictor A



the most common
mechanism of line emission
is from collisionally
excited radiative decay

Radiative transition rate
(aka “Einstein A value”) is the
expected number of spontaneous
transitions per second/atom from
one level to another Aij=1/tradiative





Yield~Z4  important for high Z elements



3 ways to produce a 
Photon via 'atomic' process
(an incomplete set) 



• Generic Atom

•Copper Atom 



Flourescence





Absorption of X and γ-ray Photons

absorption of γ-rays via pair creation, photoelectric effect,
Compton scattering (photons reduced in energy, not absorbed).

Lead

X-ray and γ-rays are very
penetrating radiation -but
A 1 keV x-ray is totally
absorbed by ~0.01gm of
material (~1022 atms/cm2   )

In γ-rays pair creation is also important
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X-ray Absorption
I=I(0,E)exp(-σn);σ is the cross

section per atom as a function of
energy; n is the number of atoms

For normal materials
E<100 kev  photoelectric

absorption dominates
100 keV<E<1 MeV Thompson

and Compton scattering
dominate

E> 1 MeV (2mec2) pair production
dominates

when photoelectric absorption
dominates there are prominent
“absorption edges” characteristic
of the binding energies of
electrons in specific atoms (or
ions)

from
http://www2.fkf.mpg.de/keimer/lecture/
Scattering_I/MS_6.pdf



K shell

L shell
M shell

Gold- Absorption Cross Section vs Energy

.
– strong energy dependence of
absorption coefficient.
This is the origin of the diminishing
relative importance of photoelectric
absorption with increasing energy.
– absolute magnitude of cross
section depends strongly on Z.

energy of absorption edge is
characteristic of specific element.
 E.g. for K-edge:EK~(Z(Z-1))13.6eV
where Z = nuclear charge

log Energy (MeV)



Collionsially Ionized Plasma
• The fraction of Fe that is in a given ionization state as a

function of the temperature (red is He-like Fe, blue is H-like
Fe, magenta is is Ne-like (Fe+16), orange is Ar like,Fe+8)

• As gas gets hotter it gets more ionized











Examples of Emission and Absorption Lines
• Mkn509 - section of the x-

ray spectrum
• Notice the wide range of

ionization



Summary
• blackbody : everything hits everything, many times- equilibrium
• synchrotron : electrons bend in magnetic fields
• bremmstrahlung (free-free) : electrons bend in electric fields
• Compton scattering : photons hit electrons
• inverse Compton : photons hit energetic electrons
• free-bound : electrons hit atoms, get captured
• photoionization : photons hit atoms, electrons escape
• charge exchange : ions hit neutrals, swap electrons
• bound-bound : electrons jump down quantum levels



Next  Lecture
• How are high energy photons

detected?
– X-ray imaging and

spectroscopic detectors
γ-ray detectors

• X-ray telescopes


