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Outline
● Review electron interferometry experiments
● Look at the logical structure of calculations
● Extend predictions to match experimental results
● Quantify various contributions to decoherence



  

Electron Inteferometry Experiments
● The classic we all teach: electron fringing as the 

quantum-mechanical analogue to light diffraction

Single Slit
(40 keV)

Double Slit
(40 keV)



  

Fringe Contrast and “Visibility”
●  An easy thing to 

measure: minima 
and maxima in 
inteferogram

● Allows us to find 
the fringe visibility:

● Limits: V = 1 → max contrast
             V = 0 → min contrast



  

Experiments in Fringe Visibility
● Empirical 

observation: 
fringe visibility 
decreases as the 
electron 
– Passes nearer to 

the dielectric  
– Has farther-

separated paths
“Quantum decoherence by Coulomb interaction” 
New J. Phys. 22 (2020) 063039



  

Experiments in Fringe Visibility
● Kerker et al. (2020) tested various models of visibility 

predicted from entanglement of electron and plate



  

Experiments in Fringe Visibility
● Kerker et al. (2020) tested various models of visibility 

predicted from entanglement of electron and plate
● Can the Scheel-

Markov model be 
recovered from 
wavefunctions, 
rather than 
density matrices?



  

Pedagogical Model of Fringe Visibility
● 1D quantum-mechanical model in Am J. Phys. (2025)
● x = coordinate of propagating electron
● X = coordinate of proton in slit
● Probability of observing electron 

at position x on screen:



  

Pedagogical Model of Fringe Visibility
● In Strauch’s 1D model, “which path” information is 

encoded as a phase factors to conserve momentum



  

Pedagogical Model of Fringe Visibility
● Summing over proton states smears out the 

observable electron fringes:
● Visibility reduction correlates with interaction 

strength 

Decreasing fringe visibility
Increasing interaction strength



  

3D Version of the Interaction Model
● Experimental situation is nearly the same as Strauch, 

but “which path” information depends on L, d, and b
● Before interaction, assume

the substrate is in its 
ground state, and the 
electron is in a split-path



  

3D Version of the Interaction Model
● Keeping first-order excitations of surface modes with 

wavevector k, the wavefunction after interaction is

● Afterward, the wave packets
are made to overlap, and we 
sum over surface modes:



  

3D Version of the Interaction Model
● If paths are equally weighted, we can use symmetry 

conditions—e.g.,  
● Such symmetry conditions allow us to reduce

to calculate the visibility via scattering coefficients:



  

3D Version of the Interaction Model

Total scattering probability….weighted

● If paths are equally weighted, we can use symmetry 
conditions—e.g.,  

● Such symmetry conditions allow us to reduce

to calculate the visibility via scattering coefficients:



  

Markovian Rate Model
● For quantized surface modes, the calculated 

scattering probability scales with the length L

● Reinterpreting this as a continuous
process, we obtain

                              



  

Generalizing 3D Interaction Model
● Electron energy-loss spectroscopy community has 

models for loss-per-mode-per-unit length, which lets 
us extend this ``weighted probability” picture

● If we consider our expressions as rates, we can write

with the visibility evolving as



  

Pinpointing Contributions to Decoherence
● Models for d3P/dω dkx dz can incorporate mode 

damping and thermal effects—both are important!



  

Pinpointing Contributions to Decoherence
● For the 1 keV beam in this experiment, retardation 

effects are not important, but could be in principle



  

Conclusion
● Electron inteferometry can 

be described using 
standard wavefunction 
methods, in the limit of 
continuous processes

● For past experiments, 
thermal and mode 
damping effects dominate
—can future experiments 
seek other possibilities?
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