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Conditioning

Background

To determine the electric field 
the potential difference V and 
electrode separation r’ must 
be known.

𝐸 =
𝑉

𝑟′
By reversing the electric (E) 
and magnetic (B) fields the 
EDM (d) can be determined 
by the phase shift of the 
precession frequency ω.

Δℎ𝜔± = 2𝜇𝐵 ± 2𝑑𝐸

The existence of an electric 
dipole moment d, a measure of 
the separation r of charge q 
within a particle, implies time-
reversal violation and beyond 
standard model (BSM) physics. 

𝑑 = 𝑞𝑟

The unique “pear-shaped” 
structure1 of 225Ra makes its 
atomic EDM favorable in the BSM 
search. An upgraded Ra-EDM 
apparatus2 will increase 
experimental sensitivity and the 
target electric field of 150kV/cm 
will more than double the 
electric field used in previous 
experiments.

To achieve the target electric 
field, the electrodes must go 
through an intensive cleaning and 
high-voltage conditioning process 
to reduce surface irregularities 
which could hamper field 
determination.  
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Automation

Saturation

Edge detection and 
determination of the 
true gap size are 
directly related to 
image exposure. 
Identifying the correct 
operating parameters is 
particularly important.

I have created a LabVIEW 
program which utilizes an 
edge detection algorithm to 
allow precise, repeatable 
measurement of the gap 
width and relative angle of 
the electrodes. This optical 
system allows gap 
determination to within 1% 
uncertainty.
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Left: Electrode conditioning in high 
vacuum. A Thorlabs MVTC23024 bi-
telecentric lens and Edmund Optics 
EO-2323M digital camera are utilized 
to create a non-invasive, high-
precision gap determination method.

Telecentricity

Backlighting

A bi-telecentric lens reduces geometric 
distortion and retains constant magnification 
throughout the optical system, regardless of 
object distance.

Calibration

A pixel to millimeter 
conversion is found 
by imaging gaps of 
known width.
Left: A 0.102±0.0005in spacer 
is used to create a gap for 
imaging.

Proper backlighting is 
essential for an automated 
edge detection process. 

Left: Telecentric optics ray 
diagram3. Notice that

𝑀𝑦1 = 𝑀𝑦2 = 𝑦′1 = 𝑦′2
Right: Conventional lens (top), 
telecentric lens (bottom)4.

Above : No backlight.
Below: Collimated, 
monochrome LED backlight.
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