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Abstract: A version of the electric Aharonov-Bohm effect is proposed where the quantum
system which picks up the Aharonov-Bohm phase is confined to a Faraday cage with a time-
varying spatially uniform scalar potential. The electric and magnetic fields in this region are
effectively zero for the entire period of the experiment. The observable consequence of this
version of the electric Aharonov-Bohmn effect is to shift the energy levels of the quantum
system rather than shift the fringes of the two-slit interference pattern. We show a strong
mathematical connection between this version of the scalar electric AB effect and the ac
Stark effect.
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F1c. 1. Schematic experiment to demonstrate interference with 5
time-dependent scalar potential. 4, B, C, D, E: suitable devices
to separate and divert beams. W, Ws: wave packets. M, M,:

cylindrical metal tubes. F: interference region.

Fic. 2. Schematic experiment to demonstrate interference

with time-independent vector potential. for a superconducting system
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Magnetic Vector AB Effect Verified Experimentally
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Employed tiny ferromagnetic toroids -> May observe AB effect with solenoid or magnet

DMP Short Course on Magnetic Topological Materials
All Ferromagnets are Topological !
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These effects are scalar, but do not show an effect
independent of fields as they are proportional to the fields!
Similar to the AC vector experiments

FIG. 2. Schematic diagram of (a) the scalar Aharonov-Bohm
experiment for electrons and (b) the scalar Aharonov-Bohm ex-
periment with neutrons. The wave forms of the applied pulses
are also shown.

Michael Scheibner Jay Sharping

J 1B

PARTICLE PHYSICS

EQUS

Australian Research Council
Centre of Excellence for

/ , Engineered Quantum Systems

-y

L) F S

Nathan Inan Doug Singleton

Spherical Faraday cage Detector

« We put a quantum system under a time varying,
spatial uniform potential, V(1).

« Original proposal had two different static fields.
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Scalar Electric AB Effect

Time-independent

Schrodinger equation H':?:i:::‘ei:n V(H) =0 fort <0
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Solve using Separation of Variables
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Time-dependent Schrodinger equation for this new system
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* Show a strong mathematical connection between this version of the scalar electric AB effect and the AC Stark effect
EW=E+nhQ ny~a=eVy/hQ  E") =E eV,
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* Splitting of energy levels - Scalar AB effect - Aimost mathematically identical to the Autler-Townes effect or AC Stark effect
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* Only linear with amplitude, Stark Effect has quadratic term as well
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FIG. 3. A plot of J,(a) vs. n for the case when a = 1000. There are sidebands in the energy E f )
which occurs up to some maximum index n given bv n,,,., = a. From the plot one can see that the

weighting, J,,(a). is largest when n = n,,... = a and it is this state which contributes the most.

SUMMARY

* Energy level sidebands can be probed via absorption spectroscopy

« Dominant energy sidebands occur forn = n_,,, & a, gives level splittings
proportional to applied potential

 Mathematically identical to the AC Stark/Autler-Townes effect, Physically
very different!

* Big difference, scalar electric AB effect has no quadratic term
* Can show energy side bands are gauge invariant

 Cleaner than the original proposal due to periodic in time (chopping
experiment), and no fields
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