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Differential cross section for e-H collision

In electron collision experiments, an incident electron collides with a target and the 
resulting outgoing particles are detected and analyzed. With these analyses cross sections 
measured that providing detailed tests of current scattering theories. In electron collision 
experiments it is necessary to transport and control beams of charged particles like 
negative electrons and positive ions. This is often achieved most effectively by the use of 
electrostatic lenses. When a beam of charged particles enters an electric field, the 
particles will be accelerated or decelerated; the trajectory will depend on the angle of 
incidence upon the equipotential surfaces of the field. This effect is analogous to the 
situation in optics when a light ray passes through a medium in which there is a change of 
refractive index. 
Generally, spectrometer consists of electron gun, Faraday cup, gas inlet, high resolution 
electron energy analyzers and charged particle detectors.

Atoms and molecules, the building blocks of matter, are constantly in motion, moving 
around at speeds that are thousands of miles per hour at room temperatures, and millions 
of miles per hour behind a supernova shock wave. In a collision of an atom with another 
atom, or with a free-roaming electron, energy can be transferred to the atom. This extra 
energy can then be released in the form a light wave.

WHY ELECTRONS?
 Basic study of process itself. Electron collisions occur 

in nature widely.
 Dynamics of very fundamental few-body Coulomb 

systems can be explored.
 Detailed information on reactions is obtained which 

play an important role in the upper atmosphere, in 
natural and technical plasmas and in radiation damage 
of biological tissue 

 To improve theoretical models of the process
 Can “measure” wave functions, quantum mechanical 

phases
 Photons are used to get information on excited state of 

atoms. Mostly line source, subject to selection rules. So 
these limit degree of excitation. Improved by electron 
impact or synchrotron radiation an tunable lasers can be 
used. Electron excitation allows observation of 
optically forbidden states.

 Compared with heavy particles electrons are 
structureless. Heavy particles are less useful because of 
their own structure.

STRUCTURE OF MATTER and ORIGIN of THE LIGHT
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ELECTRON IMPACT IONIZATION TDCS RESULTS
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The cross section is an effective area that quantifies the intrinsic likelihood of a scattering 
event when an incident beam strikes a target object, made of discrete particles. The cross 
section of a particle is same as the cross section of a hard object, if the probabilities of 
hitting them with a ray are the same. It is typically denoted ‘σ’ and measured in units of area.

Cross sections for collisions between projectiles such as photons, electrons, and protons 
with various atoms and molecules find their applications in a number of fields, including 
astrophysics, plasma physics, fusion, lasers, radiation physics, mass spectrometry, 
chemical reactions, and biological science.

ELECTRON COLLISION STUDIES
You may think of collision experiments as being terribly esoteric and extreme, but the fact 
is our everyday existence depends on them. They make sense of the complex 
interweaving paths of photons as they race around our environment, being absorbed, 
scattered and reflected by the atoms and molecules that compose the bodies we see. When 
we come across something unfamiliar in the ordinary everyday world, we might prod and 
poke it with a stick, or smell it or taste it to see what it is. There might for instance be little 
resistance on our stick if the object happens to be a jellyfish, or a considerable amount of 
resistance if it is a lump of basalt, and this resistance tells us something about the 
composition of the object. This is what we do with electrons; we throw a few electrons to 
atoms/molecules and by noticing how they respond, we get some idea about what sort of 
“things” they are. Electrons are our sticks, and they help us find out behavior of quantum 
particles.

The key to understanding life, whether at the macroscopic or microscopic level, is to 
choose a frame of reference which simplifies the interactions of interest. Fundamental and 
applied studies of the interaction of electrons with atoms, molecules and solids lie at the 
heart of the research conducted in the Atomic and Molecular Physics Laboratories.

Collisions of electrons with atoms and molecules provide a unique diagnostic probe of the 
fundamental interactions in atomic level and the basic physical processes that determine 
nature of matter and light. Early experiments on electron collisions played a central role in 
the development of quantum mechanics. The demonstration of diffraction of electron 
beams confirmed the quantum mechanical duality of waves and particles and 
measurements of the energy losses in electron collisions in gases established the discrete 
nature of the energy level structure of atoms and molecules which is the origin of light and 
colors.

WHERE CAN WE SEE THE EFFECT OF ELECTRON COLLIDING?

In a neon sign, an electric 
current runs through a 

tubular glass fixture that 
is filled with gas.

When a massive star 
explodes, it generates a 
blast wave that travels 

through space around the 
now-dead star.

Streams of particles with 
electric charge are 

continually leaving the 
Sun and traveling through 

the Solar System.

This electric current 
causes COLLISIONS 

between the electrons and 
atoms in the neon gas.

As these particles approach the 
Earth, some of them are channeled 

by the planet’s magnetic field 
toward the North and South poles 

where they COLLIDE with
atoms/molecules in the Earth’s 

atmosphere.

This wave heats the gas in 
this region to a temperature 
of several million degrees, 
making the molecules and 

atoms in the gas vibrate and 
COLLIDE.When various electrons 

RELAX, the energy 
released produces light that 

has a very specific color 
that invite us through the 

diner door.

This produces the famous light 
shows we call AURORAS, or, 

more commonly in the Northern 
Hemisphere, the “Northern 

Lights”

When the electrons in this 
superheated gas relax, they 
release their excess energy 

mostly in the form of 
X-RAY LIGHT.

WHY DO WE MEASURE CROSS SECTIONS?

EXPERIMENTAL METHODS

The results obtained from such a single ionization event is defined by a triple differential cross 
section (TDCS). Typical spectrum plotted as a function of the ejected electron angle for a 
fixed projectile scattering angle. It exhibits a large peak for small ejection angles and a smaller 
peak for large ejection angles. This experiments are a rough test for theoretical models and 
give insights to matter and it’s behavior in nature, which is the origin of light.
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