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lonospheric irregularities

* Irregularities can form in the ionosphere due to instability
mechanisms.

« Radio wave scintillation originated by irregularities can be used to
infer the state of the ionosphere and its response to various space
weather conditions.

» Use of LOFAR to detect scintillation on VHF radio wave
frequencies, thus informing on ionospheric irregularities forming
over different spatial scales.

 How do LOFAR VHF scintillation observations compare with
traditional ionospheric observations (e.g., GNSS)?
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The radio wave scintillation mechanism
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LOFAR scintillation observations

Zero-mean normalised intensity fluctuations Ir(t) Scintillation index:
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Some case studies from POLFAR
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Example: DOY271 2017
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Example: DOY271 2017

PL612 CygA DOY271 .

LOFAR scintillation 30
Index estimated over
various VHF radio-wave
frequencies

FREQUENCY [MHZ]
U N
o o

(®)]
o

70

) Q Q
N N Q N AP N 2

O Q 2
6 8o g

A
TIME [UT]
Credit: Flisek et al., JSSWSC, 2023

LOFAR Family Meeting 2024 Leiden, 03-07 June 2024




Example: DOY271 2017

271 ROT 40 deg cutoff (60s)
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Example: DOY271 2017
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Pipeline for S4 scintillation index

S, spectrum figure: Developed by University of Warmia and Mazury and University of Bath
. Based on the zero-mean,

RFI-free, normalised intensity Example outputs:

« Method described in Forte et | |
al. (2022) and Flisek et al. (2023)
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LOFAR Family Meeting 2024 Leiden, 03-07 June 2024



Conclusions

 LOFAR enables the observation of scintillation on a wider interval
of VHF radio waves frequencies: useful to infer different gradients
In the ionosphere.

* For example, LOFAR can detect irregularities in the ionosphere
which are not necessarily detected through GNSS.

* A pipeline for the routine calculation of the S4 index is available
and can be used to inform astronomical observations.

Credit: Flisek et al., JSSWSC, 2023
Credit: Forte et al., ApJS, 2022
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