[Bleocran

| f.LOFAR radlo-telescope as a novel mstrument for |onosphere
monltorlng

Andrzej Krankowski! (ChmOLFAR 'consorﬁdrri) :

Pawet Flisek!, Biagio Forte?, Kacper Kotulak!, AdamFronl
Richard Fallows’ and Mario M. Bisi?

1Space.Radlo Diagnostics Research Cenfre Unlver5|ty of Warmla and Mazury, Poland i
2 Department of Electronic and Electtical Englneerlng, Universjty of Bath, Bath, United
Kingdom, 3 RAL Space, United Klngdom Resgarch. and Innovation - Scierice & '
Technology Facrlltles Councﬂ - Rutherford Appleton Laboratory

.. )\Q\
. &N LOFAR

Unlted Nations International Meetmg on the Appllcatlons of Global Nawgatlon Satelllte Systems S

3

' ' Orgamsed Hosted by the Unlted Natlons Offrce for Outer Space Affalrs
NITED NATIONS 2 e :

ffice for Outer Space Affairs Tl Vienna. Austria: 26 — 30 June 2023




Outline

International LOFAR Telescope (ILT).

- Network

- Superterp and international stations
- LOFAR - The Key Science Projects

- POLFAR

- LOFAR-ERIC

LOFAR Sun monitoring

Scintillation spectra observed with LOFAR PL612
- Processing scintillation data

- LOFAR S4 index

- LOFAR S4 index

Summary




International LOFAR Telescope (ILT)

LOFAR (LOw Frequency ARray) — European radio interferometer consisting of 52
stations across 10 countries (with national consortia): LOFAR in Dutch, GLOW,
LOFAR-UK, LOFAR-SE, FLOW, POLFAR, |-LOFAR, LOFAR-LV, LOFAR-IT, LOFAR-BG)

e 24 core stations in the Netherlands

* 14 remote stations in the Netherlands
14 International (ILT) stations: 6 in Germany, 3 in Poland (PL-610 Borowiec —

SRC PAS; PL-611 Lazy — UJ Krakow; PL-612 Baldy — UWM Olsztyn),
1in France, Ireland, Latvia, Sweden and UK
* 2 more planned stations in Bulgaria and Italy
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\ LOFAR

Superterp and PL612 Batdy Station

uperterp

Typical International LOFAR station consists
of two antenna fields with different
observed frequency bands:
* Low band antenna (LBA) field with
observable band of 10-90 MHz
High band antenna (HBA) field with
observable band of 110-240 MHz

Technology pathfinder for Square
Kilometre Array

The gap between the bands is caused
by the radio frequency interferences.
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LOFAR-VLBI

LOFAR - The Key Science Projects
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LOFAR 2.0 N LOFAR
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| RFI
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LOFAR2.0 Enhancements

* LOFAR Enhancement |: Expand, modernise station cabinet
electronics:
*allow observations simultaneously using LBA and HBAs;
*more flexible station beam forming, e.g. for running
simultaneous projects anywhere on the sky.
¢ LOFAR Enhancement 2: Double the number of active LBAs
per station and possibly change their design to increase
sensitivity from 20-50MHz
*LOFAR Enhancement 3: Improve HBA front-end electronics &
tile beamformer.
* LOFAR Enhancement 4: a) Increase the number of HBA
antenna stations in the LOFAR core. b) Increase the number of
Remote and International stations to obtain a sufficient number
Advanced of baselines up to roughly 250-km distances.

calibration

Inactive 48 antennas per observation

' DUPLLO

Raw buffer
10% active

Limited to >60MHz
Image artefacts



"4 |LT / POLFARO / LOFAR-ERIC

1. Submission of documentation for step 1. (Septemeber 2021)

Statutes (incl Financial Model)
Technical and Scientific annex

User Access policy

Transition model

Terms of Reference Interim Council

(17 May 2023) (October 2023)
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Work within international cooperation under KSP “Solar Physics and Space Weather with
LOFAR” team:

The solar radio bursts observations with LOFAR
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Storm of type Il radio bursts recorded

on 9th September 2017

In this work we presented study of the two solar radio events consisting of type Ill bursts, observed by LOFAR

telescope in Batdy in the single mode.
SUN(LOFAR PL612)

1.05
Flux [relative units]

Frequency [MHz]

Frequency: 39.84 MHz

NoNW
o wu o
! f

B
o (6]
A

Flux [relative units]

o
wn

11:05:16  11:06:43  11:08:09  11:09:36

Time [UT]

11:00:57  11:02:24  11:03:50
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In this study the source size of type Illb and U solar bursts in a relatively wide frequency band from 20 to 80 MHz was
determined (LC8_013: Interferometric Observations of the Active Regions in Radio Domain Before and After the Total

Solar Eclipse on 21 August 2017, PI: B. Dabrowski).
TYPE U BURST TYPE Illb BURST
burst #1 burst #2
SDO AIA 171 A 11:12:09 UT + LOFAR SIGNAL SD(_) AIA 171 A11:12:09 UT + LOFAR SIGNAL

Interferometric imaging of the type lllb and U
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TYPE lllb BURST

burst #3
SDO AIA 171 A 11:12:09 UT + LOFAR SIGNAL
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Image of the Sun received in the AIA 171 A channel by SDO with superimposed color contours showing bursts #1, #2, and #3,

at a range of frequencies.
Dabrowski et al., Interferometric imaging of the type Illb and U radio bursts observed with LOFAR on 22 August 2017, 2023, A&A, 669,
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Scintillation spectra observed with

LOFAR PL612

PL612
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Processing scintillation data
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In the RFI-mitigation process, the median
filter for each frequency band is applied. The
threshold for the RFI detection is set on the
level of the 10t percentile (50 threshold) for
each channel. Spikes remaining after the
filtering and larger than the threshold are cut
out from the dynamic spectra.
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Processing scintillation data

RFI-free intensities are detrended and
normalized to zero-mean values.

Zero-mean normalized intensity allows to
estimate the temporal fluctuations on the
radio waves intensities induced by
scintillation.

Detrending is done by subtracting a moving
average with a 3-minute window
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LOFAR S4 index

Finally, the S, index is calculated as a PL612 CygA DOY271 e
standard deviation of the zero-mean
intensity fluctuation. S, is calculated over 3-
minute intervals:
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LOFAR S4 index

PL612 CasA DOY271 PL612 CygA DOY271
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Scintillation observations are routinely done for 3 bright radio sources — in the presented case Taurus A was
below the horizon.
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Abstract

Radio waves propagating through a medium containing irregularities in the spatial distribution of the electron
density develop fluctuations in their intensities and phases. In the case of radio waves emitted from astronomical
objects, they propagate through electron density irregularities in the interstellar medium, the interplanetary
medium, and Earth’s ionosphere. The LOFAR radio telescope, with stations across Europe, can measure intensity
across the VHF radio band and thus intensity scintillation on the signals received from compact astronomical
objects. Modeling intensity scintillation allows the estimate of various parameters of the propagation medium, for
example, its drift velocity and its turbulent power spectrum. However, these estimates are based on the assumptions
of ergodicity of the observed intensity fluctuations and, typically, of weak scattering. A case study of single-station
LOFAR observations of the strong astronomical source Cassiopeia A in the VHF range is utilized to illustrate
deviations from ergodicity, as well as the presence of both weak and strong scattering. Here it is demonstrated how
these aspects can lead to misleading estimates of the propagation medium properties, for example, in the solar
wind. This analysis provides a method to model errors in these estimates, which can be used in the characterization
of both the interplanetary medium and Earth’s ionosphere. Although the discussion is limited to the case of the
interplanetary medium and Earth’s jonosphere, its ideas are also applicable to the case of the interstellar medium.

Unified Astronomy Thesaurus concepts: Interplanetary scintillation (828); Ionospheric scintillation (861); Radio
telescopes (1360)
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Finding the Ionospheric Fluctuations Reflection in the Pulsar
Signals” Characteristics Observed with LOFAR
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Abstract: Pulsars’ signals reaching the atmosphere can be considered being stable under certain
assumptions. In such a case the ionosphere remains the main factor distorting signal from the
extraterrestrial sources, particularly if we observe them at long radio waves. In this article we present
the results of the analysis of relative peak flux changes for two selected pulsars: PSR J0332+5434
(B0329+54) and PSR J1509+5531 (B1508+55), observed with the long radio wave sensor (The PL612




LOFAR Ionospheric calibration
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As an instrument based on relatively long baselines
(hundreds of km), the International LOFAR

Telescope requires careful ionospheric calibration
routines.

For this purpose the
SRRC/UWM prepares
regional TEC maps based
on the IGS rapid solutions.




LOFAR ionospheric calibration

5-minute European TEC maps, 2015-03-15 - 2015-03-20
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Summary

Interaction of the immediate environment of the earth
and radio waves from distant space

Emmision from

Sun astrophysical sources
) (pulsars, masers)
) A\ 5
Distant point % H
radio source % = 3 2
(Quasars, SNRs) A é g 4
% 2 3
g :
3 :——————%%
GNSS .\A ormosat

lonosphere

LOFAR is a novel instrument with unique
capabilities of ionospheric sounding,
especially in field of ionospheric
irregularities.

In combination with traditional
techniques, LOFAR can give a new insight
to the scale of the structures in the
ionosphere.
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Summary

Cooperation between three Polish LOFAR stations can provide
the additional data and analysis. Observations made with
those unique network can be used to describe ionospheric
irregularities like it has never been before.
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Summary

PL612 LOFAR station in Olsztyn has a unique

configuration. In Baldy a GNSS scintillation GNSS scintillation
reciver is established. Moreover, around 30 receiver
kilometers away an ionosonde is located.




