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Abstract

Pytomic is a new tool for the simulation and analysis of atomic beams through magnetic systems. It is written in Python and based on the same fundamentals as other particle
tracking codes but for atomic beams instead of charged beams. In this case, the manipulation and control of neutral atomic beams is via a force due to the spin interacting with a
magnetic field gradient. An object-oriented tool was developed to aid in the design of a beamline through the manipulation of modular elements. The Python language allowed for
a smooth implementation and kept the code clear and simple. The primary purpose of developing this code was to have a tool to design, simulate, and optimize a Breit-Rabi
Polarimeter to measure the polarization of an atomic beam. Therefore, different set-ups with different magnets need to be simulated and optimized for direct comparison. In
addition to simulation and tracking modules, a new data analysis module was developed to be able to quickly analyze simulation results, gaining insight from each iteration of the
simulation, leading to an efficient and rapid design process. Example applications to design polarimeters for atomic beams with different requirements will be presented.
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@ This last element allows for overlapping different magnetic fields with
offsets to create different non-uniformities and possible errors at random
places at the level of a given uncertainty.

& The elements can also be placed with offsets allowing different set-ups

centripetal force: f = ks N for simulation.
2 HpBpe Tracking Code vs Magnet Approximation.
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@& Short magnet approximation: the  refraction
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be approximated by a path on a circular arc with the
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Molecular Flow and Particle Tracking Off-set configuration Benchmarking
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-0~ (Left) Molecular flow through a tube with different "0 Setup: Offset Tube — Sextupole — Sextupole — Detector. ¢~ Benchmarked it against other simulation tools
diameters to generate a distribution of particles for the 2 [1]. Using the same setup than [1], the velocity
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incident on the polarimeter. The beam is offset for better e
-0= (Right) Tracking four hydrogen atoms through a separation by a magnetic sextupole field. (Right) Separation -¢» |t was found an approximated error of 0.002
sextupole. The atoms are at two different initial of different polarization components with the possibility of rad in the focusing, that might come from
positions and have different spin states selecting and measuring strength of individual components. hydrogen molecule parameters used.

Hydrogen and Deuteron Polarimeter 21-Neon Polarimeter

Standard Setup using |:> Blocker (aperture: 20 mm) - Sextupoles (field: 1 T, aperture: 25 mm, length: 100 mm) - Detector (aperture: 31.75 mm).
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i L SRR both hydrogen (left) and — e

deuterium (right) at 200 °C from G — 3

) the source end tube to the — 2 _ oo
: detector. Shown in the top are —— | o | | -°

particle coordinates at the el - Temperature (K

detector plane. The green dots
are atoms of interest accepted
in the detector while in blue are
lost atoms, in black are atoms of
opposite spin being rejected. The |
bottom plots are the velocity
distributions of the selected
atoms accepted in the detector.
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