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21 cm cosmology

Years after the Big Bang
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Each of these measurements is reliant on

requiring modelling of the instrument bandpass at a spectral fidelity of 1 part
in 103-10°



21 cm cosmology data analysis

e [he goal: extract the redshifted 21 cm signal from data dominated by
Galactic synchrotron and bremsstrahlung radiation and extragalactic
radio sources that, combined, are = - © orders of magnitude brighter



21 cm cosmology data analysis
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The calibration challenge
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How interferometers are calibrated

Extragalactic radio point sources

b s i e Interferometers are

Point . W

source
- emission
issio Raw data

! of
Crarseas it Caee e N the data comprised of
1) a known sky model,
2) a known instrument
model and 3) a set of

Model gains

Catalogued point sources

(Incomplete)

peint TP unknown per-antenna
model  * (imperfect) Instrument Calibration .
o felifise Hodel model data complex gains to be

N determined in the fit

Bes.t fit mdel forextended

regisemissia Calibration model of interferometric data



The sky model incompleteness problem

Extragalactic radio point sources
(galaxies, clusters, AGN) .
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The sky model incompleteness problem

Gain parameters fit during calibration Model visibility data
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Observed visibility data



The sky model incompleteness problem

Gain parameters fit during calibration Model visibility data
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Observed visibility data

Vobs _ Gtruevtrue +n
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The sky model incompleteness problem

Gain parameters fit during calibration Model visibility data
— R
PI(VObS | g) X exp [— (VObS — GmVSIm) N—l (Vobs B vasml)q
— -

Observed visibility data Model gain matrix ( a
function of g)

Vobs _ Gtruevtrue +n

if the simulated calibration model is incomplete (sources
missing, diffuse emission missing or imperfectly modelled),

Vsim # Vtrue then lim G™ 7& Gtrue

vy n—0



The sky model incompleteness problem

window

Foreground

wedge.
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The residual power spectrum derived using an incomplete sky model to calibrate the data has
excess power in the ‘EoR window’ Figure adapted from:




Solutions to the sky model incompleteness problem



Solutions to the sky model incompleteness problem

1. Better sky models



Solutions to the sky model incompleteness problem

1. Better sky models
2. Avery smooth instrument bandpass



BayesCal

e Fully Bayesian calibration framework to

constrained by a prior on the expected angular power spectrum of
this sky model component, to
e First two papers currently in review (Sims, Pober & Sievers 2022a,b)

A Bayesian approach to high fidelity interferometric calibration I:
mathematical formalism

Peter H. Sims,!>* Jonathan C. Pober,? and Jonathan L. Sievers!?
' McGill Space Institute, McGill University, 3550 University Street, Montreal, QC H3A 2A7, Canada
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A Bayesian approach to high fidelity interferometric calibration II:
demonstration with simulated data
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Extragalactic radio point sources
galaxies, clusters, AGN)
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BayesCal framework

Extragalactic radio point sources
(galaxies, clusters, AGN)
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BayesCal framework

Extragalactic radio point sources
(galaxies, clusters, AGN)

Point
source

- 'emission Raw data

synchrotron and free-free emission)

Fitted  Priorjon

P_rlor on power stati§itica1’ i Baseline gain Degerjerate
instatistical [ TSGR S “amplitude gains
‘model emBsion s d A ¢, ¢
Catalogued point sources ] \ , o ¥ o ¥ u Stj"uctu re ) ) m

(Incomplete) B,
point "'r:" ¥ Zooh
source ey T 9
model  *(jmperfect)
' « wdiffuse
‘emission
model

Instrument Calibration
model model data

\ 4

: B
Best fit model for extended
radio emission

Sims, Pober & Sievers 2022a



BayesCal calibration solutions
(average bias mitigation)
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BayesCal calibration solutions
(spurious power mitigation)
Moderate foreground model incompleteness

ky (hMpc™)
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BayesCal calibration solutions (full posteriors)
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Thank you for listening!

e Intrinsic spectral e Spectral structure e Spectral structure after
structure (no after calibration using
instrumental effects)
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