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/ @ Experiment: EOR power spectrum estimation
—

ICRAT

® The spherically-averaged (1D) power spectrum measures
the sky power on a given spatial scale
® Angular and line-of-sight considered together
® Measures power (variance) of brightness temperature
fluctuations of 21-cm HI emission line
e Basic parameters to estimate: slope a, amplitude A?(kp)

k

InA%(k) = InA%(k,) + alnf,
-

® The 2D power spectrum separates angular and LOS modes

e Crucial to discriminate foreground contaminating signals from
cosmological signal
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@ The second moment: 2D power spectral density

21-cm P,

Line-of-sight
wavenumber:
spatial power

k, (hMpc”)

Angular wavenumber: spatial power

(Ty(k)* Ty(K)) = (27)%8(k — k') Pr(ky, k),
[ K2 ] [ m=3] [ m3.K? ]
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Q) Power spectra - examples

Cross 3-hr xx RTS P, Cross 3-hr xx FHD P,

T TR T )
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(e mq Power spectra - examples

Cross 3-hr xx RTS P Cross 3-hr xx FHD P,

1D Power - D(k) (KP

T T T I

)

S T R WAV AR UL LAY

Exp. signal — — — —
Meas. signal
Error (11)

log,, k (h Mpc")
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C) Optimal estimator - experiment

Estimate of 21-cm signal, in presence of foreground signals

- Uncertainty of P21: slope, amplitude: oq, 0a2(kp)
- foregrounds --> PSF determines classical confusion level -->

how deeply foregrounds can be subtracted
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C) Optimal estimator - experiment

Estimate of 21-cm signal, in presence of foreground signals
- Uncertainty of P»1: slope, amplitude: oa, 0a2(kp)
- foregrounds --> PSF determines classical confusion level -->

how deeply foregrounds can be subtracted
Statistical foreground bias - PSF-dependent

Py =~ (W) (w 0—15’,,5’;0—1%)1

% ((H" CQ‘JH)—

Variance of estimate - array layout and PSF dependent
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@ Optimal estimator - experiment
Estimate of 21-cm signal, in presence of foreground signals

- Uncertainty of P21: slope, amplitude: oq, 0a2(kp)
- foregrounds --> PSF determines classical confusion level -->

how deeply foregrounds can be subtracted
Statistical foreground bias - PSF-dependent

P~ (wem)” (wemgsiem) (o))

- 4 (v e )

Variance of estimate - array layout and PSF dependent

Generalized data covariance
C(v) = (ST(v)S(v)) = Cpc(v) + N(v) + Co1(v)
C(k) = (ST(k)S(k)) = Crpa(k) + N (k) + P
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Q) Arrays considered

Array layout Array

layout
R RARARS e A EEmmEEE AR — — R
r T . *

T T

256 TArms L swe. . 256TCore
- Long baselines : :

- Pack core

- Non-redundant

- Pack core £
- Non-redundant”

-1500 [y i o W
—1000 —1500 —1000 =500 0 500 1000 1500
X (metres) X (metres)

MWAext5 Core MWAext5 Full Layout

Hexagonal e | S Current
- (Beardsley) | et

0O  Current Tiles
- Long baselines - (e |
T | © g S/ Smooth BP
- Redundant _ - : .
- Current instrument

hexagons N \ I
- Perturbation - INO coarse channe

(tile positions 200 = 3000 4 gaps
moved with 200 AC : ' ' ' 0 2000 4000
0'=3m) East (m)
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. 256TCore

% Current

PSFs

Hexagonal

256 TArms
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@ 2D signal-to-noise ratios
1000 hours, 3 hour track/day

Current array Hexagonal

SNR Current P, SNR Hex. P,

kS

2
” p
4

-1

10
k, (h Mpc") k, (hMpc")

Max. SNR = 3.3 Max. SNR = 6.7

Potential for MWA+ to estimate parameters in 2D space
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Power Spectra - 1000 hour experiment

N —1/2 .
AP = (Ek: (HTC 17—[) ) ~ \/m(N(k)JGCc(k)Jer)

1D Power Spectrum + foreground bias — A*(k) (mK?)
I I 1 I I [ | II I I 1 1 1 [ | ll 1 1 I I I | B B |

P(k) = Py + Cpg(k)

Signal
Signal+FG
Current
256T
Smooth BF
256T care
Hexagonal
No FG
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Power Spectra - 1000 hour experiment

~1/2
apP=(Y" (HTC—IH)2 (N (k) + Cr (k) + Pan)
k

1D Power Spectrum + sample variance — A*(k) (mK?)

logyg 4%(k) (mK?)

Signal+FG
Current
Z256T
Smooth BP
256T core
Hexagonal

L

0.10
logye k (h Mpc™)
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Power Spectra - SNRs - FG bias removed

AP = (Ek: (HT C‘I’H)2> L

/O«

Current 8.3

256 TCore

256 TArms : : Nominal sensitivity
gain, but importance

Smooth BP . . —is in calibration

Redundancy not
Hexagonal ' ' crucial if sensitivity in
Hexasonal > right k-modes. Benefit
S - - in calibration of
(perturbed) :
systematics
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Foreground power bias

Results shown all assume the statistical foreground has
been subtracted accurately

(k) = Po

Foreground P,

. _1- . -

-

- -

- [ B
-! ° P )
ot |

li‘r

I

kel

P [

|
‘lﬂll

¥ El

=~
L —
.

Wednesday, 15 October 14



Foreground power bias

Results shown all assume the statistical foreground has
been subtracted accurately

(k) = Po

Foreground P,
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@ Foreground power bias

|D Power Spectrum from all data

{5

- b
: 1
'.

i.

S

1D Power Spectrum + foreground bias — A*(k) (mK?®)
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@ Foreground power bias

|D Power Spectrum - exclude kj > k;

1D Power Spectrum + foreground bias — A*(k) (mK?®)
T T T T T T T || T T T T T T T |l T T T T T T =T
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logye k (h Mpe™)
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@ Foreground power bias

|D Power Spectrum - exclude kj > 2k,

R
- .

1D Power Spectrum + foreground bias — A*(k) (mK?®)
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@ Foreground power bias

| D Power Spectrum - exclude kj > 3k,

R

1D Power Spectrum + foreground bias — A*(k) (mK?®)
T T T T T T T || T T T T T T T |I T T T T T T =T

. L .

|
L e mAVeSEE e e e e
5 \ PO §

- \ - -
- —
< S ey P~ =
-— - 4~ -

i —— ™
5

oM - L

—
3k
:«'f;'_

Smooth BP
25BT care
Hexagonal = = = = = =

11 l
1.00

logye k (h Mpe™)

Wednesday, 15 October 14



@ Foreground power bias

|D Power Spectrum - exclude k| > 4k,

1D Power Spectrum + foreground bias — A*(k) (mK?®)
T T T T T T T || T T T T T T T |I T T T T T T =T

Smooth BP
25BT care

logye k (h Mpe™)

Wednesday, 15 October 14



@ Foreground power bias

| D Power Spectrum - exclude kj; > 0.1 & kj; > 3k,

FG mask P,

5|
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1D Power Spectrum + foreground bias — A*(k) (mK?®)
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(&@ SNRs: slope @
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cran) Conclusions
e Building sensitivity at the right angular scales is key
® Enforced coherence (redundancy) is useful, but not required for
sensitivity (may be extremely useful for calibration and

removing systematics) ---> rotation synthesis rotates quasi-

redundant baselines into redundancy; useful for physical tile
placement

® A smooth bandpass does not impact sensitivity, but is more
crucial for instrument calibration (systematics)

® Foreground leakage into EoR Window is still likely to impact,
requiring long baselines to perform the best calibration

e MWA can perform detection experiment, and basic

estimation. MWA+ can perform extended estimation
(possibly 2D estimation)
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@ﬁ SNRs: slope @

SV

SV+A-wedge SV+B-wedge SV+C-wedge SV+D-wedge SV+E-wedge
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@ﬁ SNRs: amplitude A2(kp)

“No FG Current
“ Hexagonal
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Power Spectra - no sample variance

~1/2
AP = (Z ('HTC_IH)Q) o~ \/Jl\/f_k(N(k) + Cya(k))

k
1D Power Spectrum — A%(k) = (kKP(k)/27%) (mK?)

Current
256T
Smooth BF
256T core
Hexagenal
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logqe k (h Mpe™)
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