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Goal: Port all functionality of the Mathematica case study notebook to Python 3

Motivation:

• Mathematica is proprietary software, licenses are expensive for non-Universities
• Python is open source, widely used, well documented, and powerful
• Utilizing high-performance computing resources for simulations (e.g. FNAL grid)

All methods available in the Mathematica notebook are duplicated in Python, mostly 
with identical names, arguments, and returned quantities.
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Currently available on personal github (private), will migrate to the MAGIS Redmine

https://github.com/dtemps123/MAGIS_analysis

Git Repository and Installation
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Clone with git

Install with pip

Fully documented in 
the git Readme

Usage examples
• script-based
• interactive 

(Jupyter)

https://github.com/dtemps123/MAGIS_analysis
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What does it do?

● Statistically generate atom positions 
from wavefunction

● Discretizes photon counts w/ noise 
across pixels to generate image using 
parameterized optics settings

● Simultaneous fits of up to 4x 
interference patterns to determine 
phase shift

● Automated reporting of simulation

What doesn’t it do?

● Optical simulations (ray tracing)
● Quadratic wavefunction/fitting

4

Current Functionality
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Example code to generate one image per → 
interferometer and extract the phase →

Performance vs Mathematica
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Metric Mathematica Python

Time to simulate 
& fit images 100 
times [sec]

5550 1487*

Mean Δφ [rad] -0.000204 -0.003312

Mean Δφ error 
[rad] 0.000358 0.001577

Mean fit χ2/Ndof 16.6462 / 14  16.4153 / 14

* Most time is spent creating marginalized position distributions (only 
needs to be done once). Image generation and fitting is very fast.
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To do:

• Improve fitting to reduce uncertainty
• Implement quadratic wavefunction 

and fitting
• Implement single interferometer and 

single port fits
• Improve automated reporting 
• Test all combinations of user options
• Optimization and parallelization

Potential interfaces:

• Optical simulation tool: use 
simulated atom positions to 
generate images

• Integration into data pipeline for 
quick online analysis / performance 
monitoring

• Integration with signal model choice: 
phase shift vs time
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Next Steps & Interfaces
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https://github.com/dtemps123/MAGIS_analysis

Thank You

Dylan J Temples
dtemples@fnal.gov

https://github.com/dtemps123/MAGIS_analysis
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Fit result class & fitting algs.

Interferometer class: parameterized

Constants & sim params

Saving plots and values (pdf/html)

General image generation methods

Linear + test wavefunctions

Startup configuration
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Package Contents



1/26/22 D. Temples | Case Study Python Implementation9

Package Contents
FitTools.py Interferometer.py Wavefunctions.py
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Package Contents

SimTools.py

Reporting.py
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Phase Shift Statistics
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1D Fit Result: Python vs Mathematica
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