
Relativistic Electron Scattering 1

One of the essential tools for prob-
ing the structure of matter is scat-
tering. Two sub-atomic particles
collide and the properties of the de-
bris tell us about the forces. In the
figure an incident electron in green
knocks a proton out of an atomic
nucleus. The quarks making up the
proton are visible. If we can select
events that are elastic (no kinetic
energy lost in the collision), then
we can ‘see’ the internal structure
of the nucleon.

What is the energy of the scattered electron in terms of the incident/beam
energy of the electron and angle θ with respect to the beam direction?
How would you select these particles?
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What’s Inside a Proton or Neutron? 2

QUARKS!!

MESONS!!

GLUONS!!

McAllister and Hofstadter, PR 102, 851 (1956)

Robert Hofstadter, Nobel Prize 1961
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Scattering Experiments 8
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Scattering Experiments 11
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Cosmic Speed Limit! 12
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Relativistic Particles 13

An electron is accelerated to an energy
E = 10.6 GeV where 1 GeV = 109 GeV
at the Thomas Jefferson National Accel-
erator Facility in Newport News. What is
the electron’s speed and kinetic energy?
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Relativistic Energy 14
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Relativistic Electron Scattering 15

One of the essential tools for prob-
ing the structure of matter is scat-
tering. In the figure an incident elec-
tron in green knocks a proton out
of a nucleus. The quarks making up
the proton are visible. If we can se-
lect events that are elastic (no ki-
netic energy lost in the collision),
then we can ‘see’ the internal struc-
ture of the nucleon.

What is the scattered electron energy in terms of the incident electron
beam energy and the electron angle θ with respect to the beam direction?
What is the energy of a scattered electron at θ = 10◦? How would you
select these particles?
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Does it work? 16

Jerry Gilfoyle Relativistic Collisions 8 / 14



Relativistic Electron Scattering 17

What is the energy and angle of the scattered proton?
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What We Get From Scattering Experiments 18
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McAllister and Hofstadter, PR 102, 851 (1956)
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Using The Formulas 19
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