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● Motivate axion search in MAGIS
● Schematic of software
● Discussion of software
● Results and Conclusions

Overview
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Axion Search in MAGIS

● Axion signal thought to manifest 
itself as a “dark” magnetic field

● Couples to atom spins and 
produces anomalous magnetic 
coupling

● Unlike ultralight scalar DM 
search, freefall is not necessary ħk 

mgt
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Simulation Requirements

● Keep atoms within 
magnetically-shielded region

● Get axion sensitivity by 
maintaining opposed spins for 
greater than 1 s

○ Wrote a script to do this, uses 
standard Mathematica functions

● Store all relevant parameters at 
each timestep
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Flowchart of Code Process
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experimental 
parameters

Launch atoms to 
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Simulate Atom Cloud & Define Initial Parameters
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Create Timebase & Launch
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Create Timebase & Launch
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Create Timebase & Launch
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Determine Relaunch Parameters & Iterate
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Determine Relaunch Parameters & Iterate
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Determine Relaunch Parameters & Iterate
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Determine Relaunch Parameters & Iterate
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Print Trajectories & Details
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Sensitivity Plots
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● Software simulates two arms of an 
atom interferometer suspended 
against gravity inside a shield of 
variable size

● All physical quantities are stored at 
each timestep, trajectories can be 
plotted

● Interrogation time and final state 
atom count give sensitivities
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Summary
Shield Size Max. 

Pulses
Smallest 

Sensitive gaNN

Existing 
Parameters 4 x 10-3 m* 72 1.706 x 10-9

MAGIS 
Parameters 8 x 10-3 m* 100 2.631 x 10-10

Target 
Parameters 2 x 10-1 m 1000 7.215 x 10-12

Long-term 
Parameters 1 m 5000 5.051 x 10-13


