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Wikipedia: https://en.wikipedia.org/wiki/Orrery 

• “Nature isn't classical, 
dammit, and if you want to 
make a simulation of nature, 
you'd better make it quantum 
mechanical, and by golly it's a 
wonderful problem, because it 
doesn't look so easy.”

 – Richard Feynman

Simulating Physics with Computers", 
International Journal of Theoretical Physics 
21, 467–488 (1982). 
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Before the age of computers…
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https://en.wikipedia.org/wiki/Orrery


Random Walk animation: https://makeagif.com/gif/blender-
galton-board-simulation-wblend eQJvR0? origin= user & 
source=szhao&order=popular&page=&position=1 

Quantum Walk animation & plot: Christine Silberhorn group 
website (https://physik.uni-paderborn.de/ en/ silberhorn/ 
forschung/quantum-networking/quantum-walks). 

Andrew Cameron | CPAD 20243

How does a quantum walk work?

Classical Random Walk Quantum Walk

https://makeagif.com/gif/blender-galton-board-simulation-wblend-eQJvR0?origin=user&source=szhao&order=popular&page=1&position=1
https://makeagif.com/gif/blender-galton-board-simulation-wblend-eQJvR0?origin=user&source=szhao&order=popular&page=1&position=1
https://makeagif.com/gif/blender-galton-board-simulation-wblend-eQJvR0?origin=user&source=szhao&order=popular&page=1&position=1
https://physik.uni-paderborn.de/en/silberhorn/forschung/quantum-networking/quantum-walks
https://physik.uni-paderborn.de/en/silberhorn/forschung/quantum-networking/quantum-walks
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Random Walks are Everywhere!

Physics Applications

Broader Applications

• Brownian Motion: Kac, M. (1947). Random Walk and the Theory of Brownian Motion. Am. 
Math. Mon., 54 (7P1), 369–391. 

• Ideal Polymer Chain Simulation: Rippe, K. (2001). Making contacts on a nucleic acid 
polymer. T.I.B.S., 26 (12), 733–740.

• Population Dynamics: Haydon, D. et al. (2008). Socially informed random walks: 
incorporating group dynamics into models of population spread and growth. Proc. R. Soc. B., 
275 1101-1109.

• Genetic Drift Estimation: Neigel, J., and Avise, J. (1993). Application of a random walk 
model to geographic distributions of animal mitochondrial DNA variation. Genetics, 135 (4), 
1209-1220.

• Sampling Large State Spaces (e.g. the internet): Bar-Yossef, Z. et al. (2008). Random 
sampling from a search engine’s index. J.A.C.M., 55 (5), 1-74.

• Twitter Algorithm Follow Suggestions: Gupta, P. et al. (2013) WTF – The Who-To-Follow 
service at Twitter. WWW’13, 505-514.
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Advantage of a quickly wandering walk

“Grover-like Search 
Algorithms” – O( 𝑁) 
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Application – Parton Showers
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Quantum Walk in the Lab - Fiber Loops

SNSPD

40GHz Bandwidth 10ps jitter
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Quantum Walk in the Lab - Fiber Loops (Step 2)
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Quantum Walk in the Lab - Fiber Loops (Step 3)
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Simulation Results (Setting input switch to 50:50)

Step 1 Step 2 Step 3

Step 4 Step 5 Step 6
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Quantum Walk in the Lab – Stream of Data
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Preliminary Results

• With lossy switch and 50:50 output beamsplitter, loss scales 
exponentially with 5dB loss/step

• Are there experimental designs which lower loss/step?
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Experiment Next Steps – Polarizing Beam Splitters
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Extra Slides



Highest performance single-photon 
detector, from UV to mid-infrared 
(5ps jitter possible)

Operating temperature : 1-4 Kelvin
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Superconducting Nanowire Single Photon Detectors
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Single Photon Source
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Interferometer Stability
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Interferometer Stability – two 50/50 beamsplitters 
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Interferometer stability – with switch added
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