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We describe a method for processing the records produced on two (as well as a larger number)
RT32 radio telescopes at the Badary and Zelenchukskaya observatories of the Institute of Applied
Astronomy of RAS (IAA RAS) with broadband continuous spectrum receivers at wavelengths
of 6.2 and 3.5 cm in the circular polarization receiving mode. The method is based on the
calculation of the cross-correlation matrix for the Pearson correlation coefficients, where the
horizontal elements are the coefficients of the simultaneous groups of samples in a sliding time
window, and the vertical variable is its width. Our software implementation of the method in
Python, PICASO (Pearson Image Correlation Array Stars Observing), allows the result of the
calculations to be displayed in the form of a triangular image of correlation levels in grayscale or
in pseudocolor. The examples of processed observations for the star TRAPPIST-1 with a planetary
system and the quasar 3C147 are presented.
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1. Introduction

The search for non-stationary radio emission from both the parent star and its planetary
environment is certainly interesting both for detecting possible transmissions [1] of extraterrestrial
civilizations and the studies of host star activity in the context of its influence on the emergence
and persistence of life on suitable planets. Unfortunately, long-term radio observations of even
the closest ordinary stars are greatly complicated by powerful terrestrial radio interference and
strong noise. The most unpleasant are the noises from radiometers and the atmosphere with a 1/ f
spectrum that makes an increase of the signal-to-noise ratio for long exposures impossible. Partially,
the problem of isolation of the terrestrial radio interference is solved by the known methods based
on the frequency dispersion of broadband radio sources in the interstellar medium [1, 2], which are
nevertheless difficult to use when studying objects close to the Sun (especially red dwarfs).

Much more reliable are the simultaneous observations with geographically separated radio
telescopes, when a mutually correlated increase in the dispersion of the received noise is recorded.

2. Method and implementation

The method is based on the calculation of the cross-correlation matrix r;(w) of the Pearson
correlation coefficients [3—5] for the X and Y records, where the horizontal elements are the
coefficients of the simultaneous groups of samples in a sliding time window, and the vertical
elements represent its width w:
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Our software implementation of the method in Python, PICASO (Pearson Image Correlation
Array Stars Observing), allows the result of the calculations to be displayed in the form of a
triangular image of correlation levels in grayscale or in pseudocolor. This allows the further use of
known classification methods to select the most informative observations, especially if there are a
lot of them.

3. The first demonstrations of the processing

An example of the application of the processing method, an observation (11/13/2021) of the star
TRAPPIST-1[6] with a planetary system, is shown in Fig. 1. The star had been followed for 3200 s
with a 0.1-s cadence. Respectively, the size of the window for calculating the cross-correlation
varies from 1 s to 3200 s.

The colors from blue to red-brown corresponding to the positive values of the coefficient in
percentage from 0% to 100% highlight the time areas with a high degree of correlation. At the same
time, with a probability < 5% of a false rejection of the hypothesis about the absence of mutual
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Figure 1: Cross-correlations in the observations Figure 2: Cross-correlations in the observations
of TRAPPIST-1 on 11/13/2021. of 3C147.

dependencies, we see synchronous manifestations of radio emission nonstationarity, falling into the
beam pattern of the radio telescopes.

For comparison, Fig. 2 shows a similar correlogram of a 10-min record (Fig.4) of the quasar
3C147 [7], where the region of high correlation at the beginning is due to the simultaneous retraction
of the antennas from the source.
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Figure 3: Autocorrelations in hourly observa- Figure 4: A fragment of the recording of the
tions. quasar 3C147. At the beginning of the recording,

the antenna is retracted from the source.

Figure 3 shows, as a standard, the processing of a hourly recording by this method, but in the
autocorrelation mode for one telescope (in Badary).

Thanks to this, we can conclude that the nature of the detected nonstationarity in the radio
emission of TRAPPIST-1 is possibly of a noninterference nature.



A Method for Identifying the Effects of Nonstationarity... Vladimir N. Chernenkov

4. Acknowledgements

This work was carried out within the framework of the “Fundamental Research” government

contract of the Special Astrophysical Observatory of the Russian Academy of Sciences and the

Federal Program “Kazan Federal University Competitive Growth Program.” We are grateful to the

teams of the RT32 radio telescopes, who observed the sources by our requests.

References

[1]

(2]

(3]

[7]

Shane Smith at al., A radio technosignature search towards Proxima Centauri resulting in a
signal of interest, Nature Astronomy (2021), pp. 1148-1152.

Sofia Z. Sheikh at al., Analysis of the Breakthrough Listen signal of interest blcl with a
technosignature verification framework, Nature Astronomy (2021), pp. 1153-1162.

Pearson Karl, Notes on regression and inheritance in the case of two parents, Proceedings of
the Royal Society of London, 58 (1895), pp. 240-242.

Student, Probable error of a correlation coefficient, Biometrika, 6, Issue 2-3, 1 September
1908, pp. 302-310.

C. J. Kowalski, On the Effects of Non-Normality on the Distribution of the Sample Product-
Moment Correlation Coefficient, Journal of the Royal Statistical Society. Series C (Applied
Statistics), 21, No. 1 (1972), pp. 1-12.

Cutri, R. M., Skrutskie, M. F., van Dyk, S., et al. (2003),VizieR Online Data Catalog, 11/246

Ivanov V.P,, Ipatov A.V., Rakhimov I.A., Grenkov S.A., Andreeva T.S., SPECTRA OF STAN-
DARD RADIO SOURCES AT THE CURRENT EPOCH, Astronomy Reports (2018), 62, No
9, pp.574-583


https://doi.org/10.1038/s41550-021-01479-w
https://doi.org/10.1038/s41550-021-01508-8
https://doi.org/10.1134/10.1134/S1063772918090056
https://doi.org/10.1134/10.1134/S1063772918090056

	Introduction
	Method and implementation
	The first demonstrations of the processing
	Acknowledgements

