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[1]     Reasons why High Energy Astrophysics is mostly a space-based 
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[3]     Fundamental Scales:  energies, luminosities, and time scales

[4]     Particle acceleration:  electromagnetic, and Fermi
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[7]     Illustrative High-Energy sources:     X-ray binaries

X-ray bursters

AGNs and quasars

[1]     Reasons why High Energy Astrophysics is mostly a space-based 
science
[2]     Quick survey of what High Energy instruments are revealing

[3]     Fundamental Scales:  energies, luminosities, and time scales

[4]     Particle acceleration:  electromagnetic, and Fermi

[5]     Principal emission mechanisms:  bremsstrahlung, synchrotron,

inverse Compton, and (very briefly) gamma rays through pion decays

[6]     Accretion
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Fundamental Scales

R
GMm

accE =D ® 120 g ergs 10)ns( -»D accEAccretion onto a neutron star:

Hydrogen burning: -118 g ergs106)HeH( ´»®D nucE

white dwarf: 117 g ergs 10)wd( -»D accE

black hole: 120 g ergs 105)bh( -´»D accE

A croissant dropped onto a neutron star releases as much gravitational energy 
as a nuclear explosion on Earth!

Within the accreting plasma, the luminosity limit is set by     where0=+ radgrav ff
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The characteristic luminosity corresponds to:

or:

Setting                    , with                    gives
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Neutron star, white dwarf, or black hole: O
410 LLedd » .

Supermassive black hole                                  : )10( O
7 MM = . galedd LLL »» O

1110 .

Rat =2

2
1

2R
GM

a =

Neutron star: 

White dwarf: 
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Particle Acceleration

The fact that we see g-rays with energies                               from many sources 
(such as quasars), means that the emitting particles must have Lorentz factors                                     
,

GeV 30»ge

2/GeV 30 mc»g which for electrons is                .  Gravity accelerates matter 
to speeds              ,  far below the required level,  so other mechanisms must be 
acting to accelerate particles to relativistic  energies out of the thermal pool.
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Electromagnetic Processes
Gas in high-energy environments is ionized, so magnetic fields        are 
prevalent. Electric fields        are present also, but tend to be coupled closely 
to       :
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So from Faraday’s Equation,
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This equation, together with  the following set,  describes “ideal” MHD:
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A dynamic event, e.g., at the neutron-star surface, creates a disturbance in  B
that propagates as a wave, generating an electric field, and accelerates particles:
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Illustration (Pulsar Magnetosphere):

Within the pulsar magnetosphere, the
electron number density is                             
,

32616 cm 1010 --

so the collision frequency is                       
. 
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Between scatterings, the          componentzE

accelerates electrons according to
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For a typical G 1012
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and a crustal disturbance of cm 10

10
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Pulsars can therefore easily produce
relativistic particles, though several
damping effects can influence the 
actual value of maxg



Fermi 
Acceleration =P probability that particle remains after 1 

collision
=b energy enhancement factor per collision

After      collisions,k kPNN 0=
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In a strong shock,                                            where         is the ratio of specific 
heats.
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And for a fully ionized gas,                   ,  so            
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By conservation of mass,                            ,  so       
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Fermi Acceleration
=P probability that particle remains after 1 collision

=b energy enhancement factor per collision
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In a strong shock,                                  where       is the ratio of specific heats.
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And for a fully ionized gas,                   ,  so            3/5=G 4/ 12 =rr

By conservation of mass,                        ,  so           
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Change in energy:
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A more careful treatment, with all the kinematic factors included, would

produce a distribution                .  Many high-energy sources exhibit a2 -µ E

nonthermal photon spectrum produced by this kind of particle ensemble, 

including the relativistic jets in quasars, gamma-ray bursts, and X-ray binaries.



Principal Emission Mechanisms

Modern high-energy astrophysics uses a full complement of messenger particles,

including photons from                 to                , neutrinos (primarily at                        ), 

and many other cosmic-ray species extending all the way to                .

eV 10 6- eV 1013 eV 1010 1312 -

eV 1020

Most of the radiation we detect is produced (in one way or another) by the “collision”

between an energetic particle, usually (but not always) a relativistic electron or

positron and low-energy photons (either real or virtual).

The main exception is                       (see later). gp 20 ®

Bremsstrahlung

Optically-thin emissivity
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Synchrotron Radiation
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An electron spirals about a magnetic field according to:
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Single particle power:
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Synchrotron Radiation
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Compton Scattering

The physics is almost identical to synchrotron,

except that here the photons are real (not virtual):
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Synchrotron Self-Compton
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Mass Transfer and Accretion
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X-ray Bursters



X-ray Bursters



X-ray Bursters



Active Galactic Nuclei



Active Galactic Nuclei







The Galactic Center



The Galactic Center







The dominant process seems to be hadronic: -+® ppp 0 pppp

gp 20 ® mnmp  -- ®
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