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Using femtosecond electron diffraction we can study ultrafast structural dynamics in
phase transition of compounds. Due to the need for higher beam energy, a new
solenoid lens needed to be manufactured. Using Python programing language, we
were able to simulate the evolution of the electron pulse as it propagates through
our apparatus. This allowed us to construct a new magnetic lens that gives a spot
size of 142 micrometers in diameter for an accelerating voltage of 80kV.

For our experiment we used a solenoid lens design, which is typical for electron
focusing. Below is a basic set up of our electron gun and magnetic lens. Electrons
are emitted from a photocathode, and accelerated to an energy of 80keV. A silver
mesh collimates the beam with an aperture size of 100um. Once the column of
electrons pass through the aperture, the beam expands due to the space-charge
effect, and it’s up to the lens to focus the beam onto the sample. The current lens
give a spot size of about 200-300 micrometer, in diameter, with an accelerating
voltage of 70 kV. In the future we plan on increasing the acceleration voltage to 80
kV, therefore it is necessary to build a new lens in order to maintain a small final spot
size. There are three major consideration to take into account when designing such
a lens.

The Lorentz force is the force that a charge particle feels as a result of moving
through a magnetic field. The space-charge effect refers to the expansion of the
beam due to the coulomb repulsion of the electrons. This becomes a problem
because fewer electrons will strike the sample not giving us a sufficient diffraction
pattern to analyze. The model that we used to calculate the effects of the spacecharge invoked a mean-field approximation and assumes a Gaussian distribution for
the form electron pulse [1].

A lathe was used to wind the coils of the
solenoid lens. Each layer was coated with
a mix of stycast 2850 FT and 24LV as the
catalyst.
Known as a “wet wind”, this
allows the solenoid to retain its shape after
it is taken out of the holder. There are a
total of 1127 windings and approximately
345 meters of 18 AWG copper was used.
The maximum current for this gauge is 2.3
amps. For the experiment, the electrical
current will not be greater than 2.0 amps.

An advantage to using a solenoid magnetic lens over a permanent magnetic lens is
that it has a lower susceptibility to chromatic and spherical aberration.[5] Magnetic
lenses work in the same way of optical lens. For an optical lens there is the basic
lens equation [2]:

Where v is the distance from the lens to the image and u is the distance from the
object to the lens. For a magnetic lens, the equation for the focal length is [3]:

This integral is taken over the length of the solenoid. This equation comes about by
the approximation of a thin lens. Although this equation is very useful for
determining the focal point of such lens, this didn’t prove useful to use because we
already know what the focal length needs to be.

With 23 winding across and 49 windings high, the simulation predicts a final
spot size diameter of 142 micrometer. This gives a final spot size area which
is 2.85 times smaller than the current lens at 80keV. The magnetic lens was
fabricated to these specifications and is currently waiting to be tested in
future experiments.

1. Relativistic Lorentz force:
To calculate the space-charge effect for a Gaussian pulse containing 1000 electrons,
we used a program called UEMcolumn [1]. To find the radial and axial components
of the magnetic field surrounding the solenoid, we first find the magnetic field for a
single loop of current. The axial component of the field is. [4]

2. Relativistic kinetic energy: At 80
kV the velocity of the electrons in the
column is 50% the speed of light
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3. Space charge effect: [1]:

And the radial component of the field is [4]:
Plot of magnetic scalar field of
solenoid magnetic lens.

Using Python and the equations
above, we found the field from
the solenoid by summing up the
contribution from each loop.
From the magnetic field were
able to map out the electron's
trajectory due to the Lorentz
force and space charge effects.
It takes about 5 seconds for the
simulation to run.

Comparison of spot size from new
and old magnetic lens at 80 kV
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