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Introduction Results Analysis
e Transition from aligned to anti-aligned spin state in neutral hydrogen . | .
releases 2 21-cm wave 0 n e We believe the spectral and temporal smoothness of the airy beam of order
. | . . ol - ] one 1mplies it 1s a better model of foreground visibility.
e The early universe was composed of neutral hydrogen so observing this 2
. . L . L. . 2 = | f e The airy beam of order one has a compact representation of sources where as
transition gives us a hint in understanding the beginning of the universe. S, | ( ‘ 0- - | . I |
This is referred as 21-cm cosmology 2 — ' ’ ‘ y -~ g the airy beam of order two disperses power because of its extended
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e (hallenge: In order to clearly understand the early universe, it 1s crucial Té = : 51d.elobes. . S . o
to collect pure 21-cm waves. However, while collecting pure 21cm = 10 - e This leads to differences in visibility which supports our prediction that the
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wave data, the foreground noise contaminates our results. -7 . ol , N airy beam of first order is the better model for visibility
. . . . 7 2 ’ /2 " ’ 10 00 w0 s e e We see that the north-south baseline contain smaller maximum delay rates
e Understanding the antenna responses in a 2lcm array is crucial to Altitude [radians] rme ] e e

. . - than east-west baseline, as we would predict.
removing these foreground contaminants. |
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Background : : Limitations of Simulation
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e Our code 1s primarily concerned about the visibility equation, the & = e Due to limited computing power, we only tested a small portion of the

correlation of signals measured by telescopes (see equation below). = % . data set. It 1s difficult to analyze the result without a larger, more

; T complete catalog of known sources and flux to find pattern at this point.
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V"' = 1( I./) ¥ [ ( V, 5‘) xe “ e e We focus on only two models, more models are needed for more detailed
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Where I is flux measured, A is the beam shape, and the exponential % fsemetes Mmertslayiins Frequency [MHz] optimization Work.

factor is the phase factor, depending on antenna position and pointing e QOur simulation only accounts for xx-polarization. It may be helpful to

direction. The combination of beam weight and the phase factor il =l ' stimulate for the yy-polarization.

. e o -1 10 ] e These limitations as well as the lack of calibration prevent us from
captures the amount of flux detected by the antenna baseline, visibilities. ¢
, o 7] 8- 1 performing a detailed comparison between models.

e Phase factor relates to a dot product between the unit vector directing B3 5

toward the source and a baseline vector between two antennas divided [RE : It

by the wavelength. This geometrically represents path difference £ -5 i F uture WO rk
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between the two received rays. =8 '.". i _ e Simulate with different beam models such as spherical model and

e We focus on simulating different beam models and study differences on e e 5 B ¥ N T I O T Nicholas Fagnoni beam model.

visibilities. Two models we focused on are: Altitude [radians} 0

o Airy Beam with Bessel function of the first kind of the first order
o Airy Beam with Bessel function of the first kind of the second

= e Pecrform redundant baseline calibration on our models to match HERA
10 e Run the simulator on a larger data set and on a different data set such

as Global Sky Map.
e Using the results of antennas reponse, develop and optimize
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o More realistic Beam Model calibration solution.
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m Perturbations to beam shape and positioning to model a realistic —
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e Beam Model, we focus on the following two: AR
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frequency and position with the beam model Position: ]

o Obtain visibibily by multiplying beam-weighted flux with a phase
factor, an exponential function of the dot product of baseline and

position in the sky.
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