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Hydrogen Epoch of Reionization Array
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Correlators become convolvers

Correlator output = V *V.,
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Correlators become convolvers

FI3] = V, *V,



Correlators become convolvers
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Correlators become convolvers

\Y \Y VvV \Y
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FI1l = V"V, +V,* V,+ V,* V,



Correlators become convolvers

Vo v, V, Vv, 2 v, v, V,
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FI3] = V, * V, F{1= V.5V, +V.*V, 4V, *V,
Vo V, Vv, V, V, V, V. V,
Vo v, Vv, V, V, A A V.,
FI21= V"V, +V.* V, FIO] = V"V, + V.5V, + V"V, + V. * V,



N—-1 *
Convolution: F, = En:i VnVn—z



Convolution:

Redefine




Use convolution theorem instead?

Convolution: F, = EN_,IVRV* .
n=i n—i

- V. [V. |V, |V 0] 0] 010
Vn_ 0 1 7 3

Redefine

Fy =Y, g VoV = Vi x V2,

Applying the nER VA v L v Y
F=V,V* =V,

Convolution Theorem




Use convolution theorem instead?

Number of Computations for
N antennas in the array:

N(N —1)
2

~ N2

Convolution: F; = 30 _ 1V, V* .

Redefine Vi, = Yo Y|[Y|¥%|0]0ojo]o

B . - ~ 2N log (2N)
FFT F=V,V* = |V,







Traditional Correlator/ Convolution Method
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2.0

FFT Correlator/ Spatial FT Method
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Motivation

e Enable HERA and HERA-like arrays for radio transient observations.

o  Sensitivity of Arecibo
o  Much larger FOV

e Prepare for HERA-3

o >1000 antennas
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Uncalibrated Visibilities

Real Data is noisy!
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5 1el4 | | Uncalibrated Visibilities
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5 leld

Uncalibrated Visibilities

FFT is the average of the uncalibrated baselines!
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Calibrate the visibilities

Virio =91 90 Vra
Vo1t = 6291 Vra
Virse = 93 95 Vo

Viar20 = 92 90 V2
Vst = 939 Vo

5 equations in 6 variables- solve up to a degeneracy in 2 variables. For the
multiple calibration methods see Liu et al (2010).



https://academic.oup.com/mnras/article/408/2/1029/1027553/Precision-calibration-of-radio-interferometers

leld | _Constant Calibration applied to Visibilities
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5leld ~ Constant Calibration applied to Visibilities
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5leld | _Constant Calibration applied to Visibilities
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leld | Time varying Calibration applied to Visibilities
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Future Work

Can one calibrate antenna phase and gain from just voltages- without

computing visibilities?

Calibration in real time during the spatial FFT step.
Minimum number of visibilities required to calibrate “enough” antennas.

What level of calibration is required for EoR science with ~1000 antennas.



