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Current State of the Art for
21 cm IM/EoR simulations



Additive Noise Model

AS = 4

e Independent over all dimensions
e Increasing noise buries signal
e Reduce noise with more data
o Antennas
Time integration

0o
o Antennas
o Channel width



https://docs.google.com/file/d/17Kq_jtWln5TeShxSLvYU29-NT7wUyhWA/preview
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Direction Independent Gain Model
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h - Band pass error

p, - Antenna dependent error

d . - Statistical amplitude error 1+ G = (Gain x Gain
. - Antenna phase error P4 p q
¢ . - Statistical phase error

1:[Wang, Chen, Masui et al. 2022]



DI Gain Amplitude and Phase Errors

e Varies over time and frequency
Gain Amplitudes

e Amplitudes modulate signal strength

Gain Phases

e Phase errors defocus the telescope
e Spread out the signal



https://docs.google.com/file/d/17Koa_8yzgJpJljYbRG610MR4V33uSi-f/preview

Direction Dependent Gain Model
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lonosphere

e Varies space, time and frequency
For wide FoV

e Different across the FoV
For large arrays

e Kach antenna sees a different sky



https://docs.google.com/file/d/17IVVAIJv3J6PYQS4WGzOE-wrO97TTsaE/preview

Primary Beam

e Directional sensitivity of
antenna/station to different polarised
components

e Most radio telescopes have finite,
non-zero polarisation leakage

e (Can cause synchrotron sources to
overpower cosmological 21 e¢m signal

Distance from centre [deg]

Distance from centre [deg]

-30

s
o
Power [decibel]

|
<))
o

=10

|
N
o

L4
o o
Power [decibel]

1
v
o

|
<))
o

4 -2 0 2
Distance from centre [deg]

4

4 -2 0 2 4
Distance from centre [deg]

Asad et al 2019



MeerKlass cross-correlation Single dish
Intensity Mapping
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MeerKAT auto-correlation Single Dish Intensity
Mapping
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Conclusion

State of 21 em simulations nowhere close to observations.
Modelling instrumental effects essential - 0.02% calibration error =
contaminant order of magnitude larger than signal AFTER removal

e More complex effects - time varying primary beam, different primary beam for
different antennas, coloured noise, gain drift
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