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MIST (Mapper of the IGM Spin Temperature) is a new cosmology experiment aiming
to measure the global redshifted 21-cm signal to study the evolution of neutral
hydrogen in the intergalactic medium (IGM) during the dark ages, cosmic dawn, and
epoch of reionization. MIST requires many electromagnetic (EM) simulations to
characterize its antenna beam gain with high accuracy, but full EM simulations
potentially require many hours to calculate. This presentation details the
development of a Python package that interpolates antenna beam models based on
previously run EM simulations for the MIST experiment, in order to significantly
reduce the time to produce new beam models.

2) Interpolation Process
The process for interpolating new models is detailed in Fig. 1, and begins with
“Simulated Antenna Beam Cubes” (SABC’s, a 3D visualization of the points of a
simulated beam model) produced with an EM simulation software such as FEKO.
Each SABC is associated with a different set of physical parameters; for example, a
blade dipole antenna, the baseline antenna design for MIST, is displayed in Fig. 2
along with physical parameters that have significant influence on the beam model.
We then highlight the gain at a given frequency, azimuth, and elevation (f, A, E) in
each SABC, and fill this value into the intermediate space “Antenna Parameter
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3) Results and Conclusion
To determine the accuracy of the interpolations, we create 27 SABC’s in
FEKO, and 3 additional simulations having physical parameters lying
within their domain. We then interpolate 3 IABC’s with the same
physical parameters as these 3 simulations to determine the accuracy
and speed of interpolations. We use the root mean square percentage
(referred to here as α) as the metric to quantify agreement between
simulations and interpolations. The 27 SABC’s are blade dipoles defined
by all the possible combinations of soil conductivity σ = [0.01, 0.02, 0.03]
S/m, soil relative permittivity εr = [2.5, 3.5, 4.5], and blade separation s =
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Cube”, at the position of the physical parameters of each SABC. We then
can determine the gain for a new set of physical parameters through
interpolation, and fill this gain at the same (f, A, E) as the SABC’s in the
output Interpolated Antenna Beam Cube (IABC). We loop this process
until all (f, A, E) points are filled with interpolated gains in the IABC.

Parameter Set (σ, εr, s) α Runtime (s)

P1 (0.015, 2.7, 1.9) 0.59% 0.36

P2 (0.025, 3.9, 1.9) 0.19% 0.17

P3 (0.029, 4.1, 2.1) 0.047% 0.19

[1.8, 2.0, 2.2] cm, such that the parameter space lies on an evenly
spaced grid. Table 1 displays the results for the 3 IABC’s in
comparison to their respective simulations. Fig. 3 displays the gain
fractional deviations ΔG/G between simulation and interpolation
for parameter set P1 for (f, A=0o, E). We observe small fractional
deviations and smooth behavior. These results demonstrate that
the package can interpolate new beam models both accurately
and in under a fraction of a second. Future work will involve
further comparisons between simulations and interpolations, and
seamlessly incorporating the package into the MIST pipeline.
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