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The Instruments

* Fixed Antenna radio
telescopes

* Photometric response for
each antenna element varies
significantly with
orientation of Antenna and
Source

e Apparent Polarisation
varies significantly with
Azimuth

(I-LOFAR, 2017)



Initial Observations

SE607 Observation of 16-17 March 2018 ¢ Obser\vat ions Car‘r‘ied OUt at
PIotlgiovaIue for Xxfigé 5(/)};,2%,1\;!)i&-;?g?sn;lzssover Frequency at LO FAR St a t i O n S S E 6@7 a n d
TE613 1n March 2018
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e Significant variation
observed
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* Strong RFI to be removed

Initial observed spectrum of CasA



The Challenge

* Existing models such as

Hama ke P a r‘e d e S ign ed Wit h dreamBeam Hamaker Model of SE607
1 i m it e d S C O p e Plot of value for xx & yy-channels over Frequency at

Time of 2018-03-16T15:58:25

e Need to compare Model with
Observation to calibrate

* Need to be able to compare
models with each other
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* Solution must be able to
handle multiple scenarios | Mo 16

Frequency (MHz)

Hamaker model implemented through
dreamBeam (Carozzi)



The Solution

LOFAR * Flexible analysis packages to
allow comparison of model with
observation across multiple

Data extraction script telescgpes usj_ng API

* Automated merger of related
data by matching parameters

e (Consistent visual design for
at-a-glance interpretation

Command

Line e GUI and CLI interfaces with

arguments

________ ? in-depth tutorials for users
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The Solution

* Filtering, Cropping and
Normalisation to remove RFI

Plot of Model value & Observed value for I-channels over Altitude
at a Frequency of 131.445 MHz
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The Results

LOFAR Station SE607 Observation of CasA . .
Plot of the Pearson's Correlation in xx, yy & Q-channels over Frequency e User-oriented Sy stem 1s

1.00 - avallable at github

0.95 1

e Hamaker Model’s known
0.90 - limitations are confirmed

0.5 1 * Frequency dependence not
accounted for

0.80 1

05| — xxcorr e Dependence over time well
o.cor modelled at many but not

all frequencies
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The Implications

Hamaker Model must be
combined with frequency

Sidelobe image demixing
not accounted for in many
implementations

Certain frequencies show
closer agreement with
model than others

Refinements to model can
be tested using this
system

Channel RMSE Correlation
U 14.6%* 48 .2%
v .162%%* 11.8%
I 22.6% 65.4%
(o) 6.27%** 56.0%

*percentage relative to xy absolute value
**percentage relative to xx & yy absolute value




Software Release

e Software available on

e README available with
instructions for installation
and use

beamModelTester  Tutorial for users to employ
- = o it for graphing and analysis

e APIs can be implemented for
other telescopes and use-cases
as heeded.


https://www.github.com/creaneroDIAS/BeamModelTester

Publications

Recent Submission to Further Publications

Astronomy and Computing Modelling and model implementation

BeamModelTester: software (Carozzi, Creaner & Hamaker)

framework for testing Model assessment results (Creaner &
radio telescope beams Carozzi)

BeamModelTester: software framework for testing radio telescope beams

Oisin Creaner®*, Tobia D. Carozzi®

“Dublin Institute for Advanced Studies, 31 Fitzwilliam Place, Dublin 2, Ireland
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Abstract

The flux, polarimetric and spectral response of phased array radio telescopes such as LOFAR is known to vary considerably with orientation of
source to the receivers. Calibration models exist for this dependency such as that used in the LOFAR pipeline. Presented here is a system for
comparing models with observation, thus making it possible to calibrate and propose refinements to models and to compare models with one
another in a robust framework.
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