ASTRON & Lorar

Introduction to Solar Observations with LOFAR

LOFAR DATASCHOOL 2018




ASTRON & Lorar
OUTLINE
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* Complex observing settings
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* Imaging + Faraday rotation + Scintillation
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ASTRON Interferometric mode & Lorar

the complex visibility, V(u,v), is the 2D Fourier transform of the brightness on the sky, T(x,y)




ASTRON Tied-Array beam mode-
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A set of beams in an array around the Sun in order to recreate a micropixel map.
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Interferometric

e Spatial resolution and quality of the imaging
e Complex sources with multiple peaks

Tied-Array

e Limited spatial resolution (beam
spacing and size)

* Localization of the radio source
\/ without clear shape of the source
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Tied-Array

e Time resolution (milliseconds)

e Advantage for quasi-relativistic beam
propagation

Interferometric

e Limited time resolution (0.25
seconds)

e Not ideal for quasi-relativistic beam
propagation
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Tied-Array Beam example

50-55MHz (13:08:00 UT) 40—-45MHz (13:08:00 UT) 30—-35MHz (13:08:00 UT)
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Tied-Array Beam example

Zucca et al. 2018

LOFAR LBA Spectrum SOHO LASCO C2 26-Oct-2013 09:36 UT
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ASTRON LOFAR imaging of the solar corona & Lorar
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@ LOFAR
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@ LOFAR
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@ LOFAR
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Complex Observing Settings

* Simultaneous Tied-Array and Interferometric
* First tests on the Sun currently in Cycle 9

* First comparison on the methods
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®  Propagating exciter in a quasi-

static atmosphere or
expanding loops (CME):
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Type IlI: 30 March 2018
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3eam Formed Observations

Stokes- | Stokes- Q

80
70
60
50

40

30 : il 30
20 L - 20
Stokes- U Stokes- V

80
70
60
50
40
30

20

13:21 ..13:26 13:21
Universal Time (hh:mm)

ASTRON

N )

eeeeeeeeeeeeeeeeeeee for Radio Astronomy

....13:26

18



“ \}\‘

Y

—

1|

&

\

Frequency (MHz)

ASTRON
Sto kes I & StO kes V Sp ec t ra Netherlands sttt for Radio Astronormy

Antenna 1 Antenna 2
S'_l_“_(_)_KES-I
Auto- Auto-
correlation correlation
11 12
Stokes I= 11+I2
Antenna 1 Antenna 2

b

Cross-correlation

0 ]
3:21 13:22 13:23 13:24 13:25 13:26 v
Universal Time (hh:mm)

Stokes V= 2*imag(V)




Q0 ASTRON

N J | Netherlands Institute for Radio Astronomy
N

Temporal Profile of Type III Bursts
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Coronal Hole Imaging with LOFAR
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ASTRON &
Complex Observing Settings

* Simultaneous Tied-Array and Interferometric
* First tests on the Sun currently in Cycle 9
* First comparison on the methods (they seem to be consistent)

* At the same time we can also observe Faraday Rotation from pulsars
to estimate the B-field of CMEs (see Richard Fallows talk)
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CONCLUSIONS

* LOFAR can observe the Sun in interferometric and tied-array beam
mode.

* Interferometric mode has advantages as it returns the real image of
the radio sources (limitation for the time resolution; possibility to
push the correlator to 0.1 seconds).

* Tied array beam has the advantage of the time resolution (both
methods simultaneously are the optimal observing campaign).

e Up to 5 simultaneous observations including solar, pulsar FR and
scintillation have been successfully tested.



