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Interferometry Overview

/

Each measurement o The data is
Is formed by | characterized by the
choosing a pair of  ° ? ; separation between

antennas. antennas.

V=_(1v, )



The Need for Calibration
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The Need for Calibration

| —— Without Electronics
ﬂ With Electronics
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Information about the sky is corrupted by the electronics!
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Calibration Overview
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Calibration Overview
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Calibration Overview
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Calibration Overview

/~ Construction errors and incomplete sky
information produce errors in traditional
calibration algorithms.
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Calibration Overview

/~ Construction errors and incomplete sky\
information produce errors in traditional
calibration algorithms.

Can we design a new algorithm that
\_ performs well with limited information? /




Correlation Calibration mitigates
modeling limitations through
covariance optimization, rather than
expectation value optimization.
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Correlation Calibration

— log L
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— log detC +/d' Cd

Maximize the

by the model

likelihood that the
data is described
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Match covariance in
the data to a model
of the covariance




Correlation Calibration

—log £ = logdetC +d' Cd

For an array with ~500 antennas, the covariance has
roughly 100,000 x 100,000 elements.

How could we possibly compute this likelihood?
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Correlation Calibration

—log £ =logdetC +d'Cd
C =N+ GzxlG!l + caAllg?

= /

Noise
(diagonal) /

Covariance from

redundancy
(a few numbers per group)
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Correlation Calibration

—log £ = logdetC +d' Cd
C=N+I £ AA"

Cl=N'1_3x3 - AA"



Correlation Calibration

—log £ = logdetC +d' Cd
C=N+I £ AA"
N

Liberally apply the Woodbury Identity
and Cholesky decompositions

N

Cl=N'1_33 - AA"



Computational Complexity
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Validation Simulations
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Validation Simulations
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Source Model Tests

Test Hyperparameter Options

Average Flux Error [%] (0. 1. 2, 5,10, 20)
Number of Calibration Sources (1. 5, 10, 20)

Calibration performance as a function of source
model accuracy was tested with the outer product
of the above “source model error” options.
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Nonredundancy Tests

30 A

20 A

10 A

0..

North-South Perturbations [cm]

-30 -20 -10 0] 10 20 30
East-West Perturbations [cm]

(K



Nonredundancy Tests

North-South Perturbations [cm]

30 A

N
o
1

=
o
1

|

=

o o
1 1

| |
w N
o o

1 1

-30 -20 -10 0] 10 20
East-West Perturbations [cm]

30

Imaginary Part of Normalized Calibration Errors,

103 X Im(vcal - Vnoisy)/lvtruel

1o Region for
Signal-to-Noise Ratio of

50 100

200 500

107

10°

10°

104

- 103

- 102

(Redundant Calibration| CorrCal, Ideal Array
No Sources
10 A
0 -
_10 .
CorrCal, Exact Positions CorrCal, Exact Positions
No Sources with Sources
10 -
0 O)
_10 =)
-10 0] 10 -10 0] 10

Real Part of Normalized Calibration Errors,
103 X Re(vcal —- Vnoisy)/lvtruel

(K

Probability Density



Nonredundancy Tests

North-South Perturbations [cm]

30 A

N
o
1

=
o
1

|

=

o o
1 1

| |
w N
o o

1 1

-30 -20 -10 0] 10 20 30
East-West Perturbations [cm]

Calibration errors from
nonredundancy are
extremely small.

Imaginary Part of Normalized Calibration Errors,

103 X Im(vcal - Vnoisy)/lvtruel

1o Region for
Signal-to-Noise Ratio of

50 100

200 500

[Redundant Calibration]

CorrCal, Ideal Array
No Sources

107

10°

10°

- 104

- 103

- 102

10 4
0 -
_10 .
CorrCal, Exact Positions CorrCal, Exact Positions
No Sources with Sources
10 7] ’/’ \\ ////’—‘\\
// N // \
{ \ \
( \
) k\ / {\ )
j / /
N \,
—10 - \\v/ \\\;_//
-10 0 10 =10 0 10

Real Part of Normalized Calibration Errors,
103 X Re(vcal - Vnoisy)/lvtruel

(K

Probability Density



Non-Gaussian Sky Tests

15°
0° ’

Declination

_150 -

-30°

-45° -

-60° 1

Global Sky Model + GLEAM

o

1h

oh
Right Ascension

3h

4h

- 101

Flux Density [Jy]

14



[2M36] — 46| ol

apnijdwy X .0T
b Aw:wm&mv@_m ‘Jollg aseyd X 40T M

3
n
e n o un o o
(o I I o |

25 50

0

-50 =25

40

o n_u o
T 9 D B
[w] uonisod yuoN
[A] Ausuaq xni4
b S
— i
& >
=
5
) i =
w |
O s
= X e
L m
|
> © c
X B
N s ;
o + N2
S <<
N m
X
O
-
a <
© | ©
- .
c I
(@) h 5 h &5 @ 5
i ™ ¥ ©
N uoljeul|dad

East Position [m]



[>na6] — [F46] a0

apnijdwy X .0T
4 (°"}6%b)Bae ‘10113 BSeyd X 40T =

3
n
e g Q S o
(o I I o |

n
o

25 50

0

-50 =25

40 -
-20
—40
-60

[w] uonisod yuoN

[A[] Aisus@ xn|4

(@]
—

10

+ Zenith
4h

3h

Right Ascension

T
h

Global Sky Model + GLEAM
+
1 20

sky do not significantly
affect the quality of
calibration solutions

Non-Gaussianities in the

o

o o o o o o
N o Te} o N o
— — m A_. o

Non-Gaussian Sky Tests

uoneuldaQg

East Position [m]



RedCal Degeneracies
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RedCal Degeneracies
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RedCal Degeneracies
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RedCal Degeneracies
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CorrCal “Degeneracies”

Flux Scale

gi — Agi
V, — A2V,

Flux scale is set by the
power included in the
calibration model
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CorrCal “Degeneracies”

Flux Scale

gi — Agi
V, — A7V,

Flux scale is set by the
power included in the
calibration model

Phase Gradient
(pointing error)
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Phase gradient is fixed to
some (nonzero!) value by
point sources used for
calibration
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Phase Gradients
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Phase Gradients
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Phase Gradients
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are available,
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leaves a residual
phase gradient.
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Conclusions & Future Work

The extreme dynamic range between foregrounds and the cosmological
21 cm signal places stringent constraints on calibration performance.
CorrCal alleviates modeling limitations in traditional calibration through a
covariance optimization approach to calibration.

CorrCal is computationally efficient and robust to a variety of modeling
errors.

o However, incomplete point source models produce nonzero (but

sub-synthesized beam) phase gradient errors.

An extension to CorrCal that leverages spectral correlations is currently in
progress.

CorrCal will soon be tested on real data from CHORD and HERA.
Further tests with more systematics (e.g., mutual coupling) are planned.

arxiv:2602.06109 github.com/r-pascua/corrcal
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The Importance of Calibration
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Interferometry Overview
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Trouble in the Sky

10 MHz 85 MHz 150 MHz

408 MHz 820 MHz

adapted from Zheng+ 2016
doi:10.1093/mnras/stw2525
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