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ABSTRACT

We present a sophisticated statistical point-source foreground model for low-frequency radio Epoch
of Reionization experiments using the 21 em neutral hydrogen emission line. Motivated by




ALL-SKY ASTROPHYSICS

The Challenge of the EoR CASTA
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The 2D Power Spectrum and Foreground —  wim
Sugppression

Most iments try to detect the 1D PS.
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Foreground removal attempts to remove foregrounds and = O | | ‘é
see inside the wedge. D S
> &)

: : : ® ‘ =

Foreground avoidance ignores modes in the wedge. o O 8
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modes to use all data, given a model covariance from =0
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A Framework for Statistical Point-Source CAASTRD

Foregrounds (CHIPS)
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Image Credits: Franzen et al (2016), Tingay et al. (2013), Callingham et al.

(2015), ICRAR/Hurley-Walker et. Al (2016)
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Covariance of 2D
power spectrum
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Covariance between visibilities on
the same baseline at different
frequencies.
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Current Stmple Component Models Y
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Statistical Model Components

Source Count Beam Attenuation
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A Revised Model CAASTRD
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Statistical Model Components i Dependence on source
¥ ' spatial distribution

Source Count
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Model Features I: Test vs Simulation CAASTAD

Transition point

Clust. + Poiss. — Simulated | cjust. Only
=== Analytic

o
>
=
()
)
c
©
=
©
>
(o)
O

Poisson noise dominates on

Analytic solution agrees Clustering dominates on
small scales

with simulation large scales



Model Features 1: Testing Spectral Index LAITA
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Clust. + Poiss. Poiss. Only
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Normal Dist. of Spec. Index does
not change results
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Model Features II: Source-Counts CAASTRD

The scale above which clustering dominates 1s

important:
1
ui)
Ue = | — —=
42 27

Clustering more important if:
¢ Fainter sources exist
¢ More sources peeled (SKA!)
¢ Fainter sources more abundant

Very large-scale-heavy source distribution may
push clustering into

10!
Smax [M)y]

Current knowledge of the faint source population lets u,, range
from 13 to 5000 — from to over the
entire range.
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Model Features IIl: Power-Spectrum CAASTAD
Covariance

Extra noise 1n window
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Signal to Noise
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CARSTRC

A Signal-to-
Noise

Estimate

Fiducial Model:
o U, 0.5
S ... 30/1 mJy (MWA/SKA)

max*

Uil mly | B;: 1.95

min®

Spectral/Spatial limits from
simulation, not instrument.
Only point-source foregrounds
present.
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Bias from
Ignorance

Fiducial Model:
o U, 0.5
S ... 30/1 mJy (MWA/SKA)
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Same caveats apply
2. Highly uncertain k

. Observations more biased by large
LOS scales.
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Limitations and Assumptions CAKSTRO

True only for delay-spectrum (covariance for single baseline).
Does not yield covariance between u bins.

Assumes all residual compact sources are point sources.
Assumes flat-sky approximation.

Power spectrum model not physically motivated — investigate HOD/CLF models
to jointly specify source counts and clustering.

Final results ignore galactic foregrounds, which outshine point sources on largest
scales.
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Summary and Conclusions CAASTA

Biggest challenge for EoR detection is systematic foregrounds
(more time + bigger telescope doesn’t help!)

A promising approach is to use inverse covariance weighting to
suppress foreground contamination.

Requires realistic model of foreground covariances.

We derived a new foreground covariance model using realistic
source count and spatial distributions.

Realism could be enhanced by next-generation surveys on SKAI.
Our model predicts:

Extra covariance on largest scales.

This effect grows (relatively) stronger for deeper surveys (i.c. SKA!)

SKAT (and SKA?2) will require high-fidelity models of source
clustering to accurately predict large-scale EoR PS.




