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Abstract

Perseus A (3C 84), a powerful radio source located at the centre of the giant elliptical galaxy
NGC 1275—<classified as a Seyfert type II AGN and the dominant member of the X-ray
bright Abell 426 cluster—exhibits radio emission variability over a wide range of timescales,
from decades to hours. This study investigates intraday variability (IDV) in the 6.5 GHz
radio emission of 3C 84 using the RT-32 radio telescope in Zolochiv, Ukraine. A novel
low-amplitude azimuthal scanning method enabled quasi-simultaneous measurements of
antenna and system temperatures, allowing for separation of intrinsic source variations
from propagation effects. During an observation session in August 2021, a burst with a
peak intensity of 13.5 Jy above the background was detected, likely corresponding to a Fast
Radio Burst (FRB). Additionally, quasi-periodic low-amplitude variations with timescales
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1. Introduction

Active galactic nuclei (AGNs) are among the most energetic phenomena in the Uni-
verse and have been studied intensively for over five decades. It is now well established
that AGNs are powered by the accretion of matter onto supermassive black holes (SMBHs),
with masses ranging from millions to billions of solar masses, located at the centres of
galactic nuclei—sometimes as single objects, and in some cases, as binary systems. This
accretion process, often accompanied by the formation of relativistic jets and energetic
outflows, gives rise to intense broadband emission across the electromagnetic spectrum.
Over decades of observational and theoretical work, a unified model of AGNs has been
developed to interpret their diversity in terms of intrinsic structure, viewing angle, and
accretion rate [1,2]. According to this model, AGNs can be classified into several major
types, including radio-loud and radio-quiet quasars, Seyfert galaxies (Type 1 and Type 2),
and blazars. The classification of Seyfert galaxies is based primarily on the width and inten-
sity of emission lines in their optical spectra. Type 1 (Sy1) Seyferts exhibit broad permitted
lines and strong ultraviolet/X-ray emission, while Type 2 (Sy2) Seyferts display narrow
permitted and forbidden lines, typically associated with significant nuclear obscuration
and enhanced infrared emission [3].

The galaxy NGC 1275, classified as a Sy2 Seyfert galaxy, is one of the most prominent
nearby AGNs and the dominant galaxy of the Perseus cluster (Abell 426), one of the
brightest X-ray clusters in the sky. It is commonly identified with the compact radio source
3C 84, also known as Perseus A, with a spectral flux density of ~12 Jy at 6 GHz and ~30 Jy
at 8 GHz. Its proximity, high radio brightness, and dynamic nuclear activity make it a key
target for multi-wavelength AGN variability studies.

Long-term monitoring of 3C 84 has revealed complex variability across multiple
timescales, including jet precession and changes in flux density over years to decades [4].
In addition, many AGNs show shorter-timescale variability, including quasi-periodic
oscillations on timescales ranging from days to minutes [5,6]. While not strictly periodic,
such variability is often characterized by enhanced power at certain timescales in Fourier
or wavelet space. Pulsed events of extragalactic origin, now known as Fast Radio Bursts
(FRBs), have also been detected in the direction of AGNs (some examples are given in the
papers [7,8]); however, there are still very few such works. One of the most important
detailed articles on this topic [9] points to the extragalactic location of the FRB source,
since a low-luminosity galaxy has been precisely identified in the direction of the burst.
These are extremely brief and intense radio pulses, typically lasting a few milliseconds
or less, and are often comparable in intensity to or exceeding the steady emission of the
host AGN [10,11]. Although similar in form to giant pulsar pulses [12-15], FRBs involve
significantly greater energy release [16,17].

The mechanisms responsible for intraday variability (IDV) in AGN radio emission
remain under debate. Long-period variations are usually attributed to accretion dynamics,
jet orientation, or torus obscuration effects [18,19]. By contrast, IDV can be influenced by
propagation effects such as interstellar scintillation, ionospheric disturbances, or rapid
structural changes in the radio source itself. Propagation through the Earth’s atmosphere
introduces additional complications. For example, acoustic—gravity waves (AGWs) in the
neutral atmosphere can generate travelling ionospheric disturbances (TIDs), which in turn
modulate radio wave propagation [20-23].

One of the most well-developed ideas, both theoretically and supported by a large
number of practical observations, is that the IDV at centimetre wavelengths is caused
predominantly by interstellar scintillation (ISS) of AGN emission. In the work [24] based
on the large-scale MASIV (Micro-Arcsecond Scintillation-Induced Variability Survey) sur-
vey, it was found that 56% of all radio sources with flat spectra exhibit rapid variability
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(demonstrated variations from 2% to 10% on time scales longer than 2 days). This proves
that the phenomenon is very widespread. The data show that the scattering plasma clouds
are often located quite close to the Sun (from tens to hundreds of parsecs). This is often
associated with the Local Bubble of the interstellar medium. The scattering is not always
spherical; plasma structures are often elongated. Traditionally, ionospheric effects were
thought to be negligible at frequencies above 1-2 GHz. However, modern high-precision
observations, including those using very-long-baseline interferometers (VLBI), indicate
that the TEC (Total Electron Content) gradients created by powerful atmospheric waves
can introduce phase delays and amplitude distortions even at frequencies up to 10 GHz,
especially when observing at low antenna elevation angles, where the effective ionospheric
thickness is greatest. Some examples of the ionospheric influence on the propagation of
C-band radio waves (~4-8 GHz) are discussed in [25-28]. This does not exclude that even at
frequencies of 5-6 GHz, ionospheric effects can have a significant impact on the variability
of received AGN emission, taking into account the propagation of AGW during magnetic
storms or other active atmospheric processes.

To improve the understanding of short-periodic variations in the spectral flux density
of 3C 84, the authors proposed and implemented a joint Latvian—Ukrainian research
initiative titled “Joint Latvian—Ukrainian Study of the Peculiar Radio Galaxy Perseus A
in Radio and Optical Bands” (PERSEUS)'. Within the framework of this project, several
observational campaigns were conducted using radio telescopes in Latvia and Ukraine,
supplemented by optical observations from telescopes located in Latvia, Ukraine, and
Slovakia [29]. This article focuses primarily on the results of the August 2021 observational
session carried out with the RT-32 radio telescope in Zolochiv, Ukraine—data which have
not been previously reported. During this session, a novel observation technique enabled
the detection of IDV in the radio emission of the AGN, with characteristic lifetimes of less
than three hours. The results suggest that these short-term fluctuations may primarily be
attributed to variations in local weather conditions, including humidity, air temperature,
and dew point, and to a lesser extent, to ionospheric AGW and travelling ionospheric
disturbances (TIDs).

AGWs can be triggered by various geophysical phenomena, such as earthquakes,
volcanic eruptions, nuclear explosions, tsunamis, and the passage of the solar terminator
across the Earth’s surface. These waves are excited in the lower atmosphere at Brunt-Vaisala
frequencies [30,31] and can lead to the formation of TIDs—density wave-like fluctuations
in the electron concentration of the ionosphere. The presence of AGWs results in increased
kinetic temperatures of “free” electrons and induces oscillations at the same frequencies,
manifesting as modulations in both the electron density and velocity.

This process produces three observable effects relevant to radio observations:

1. The spectral flux density of the radio source becomes modulated at the Brunt-Vaisald
frequency.

2. The system noise temperature of the radio telescope is also modulated at the same
frequency, though with a smaller amplitude.

3. These two modulations occur approximately in anti-phase. This is because the iono-
spheric plasma along the line-of-sight acts as a time-varying semi-transparent re-
fractive screen (i.e., with variable dielectric constant). When this “plasma mirror” is
more transparent, the recorded signal from the astronomical source increases, while
the contribution of scattered terrestrial radio emission decreases. Conversely, when
the transparency is reduced, the observed flux from the source decreases, and the
contribution from Earth’s own emission increases.

As a result, the observer should register a classical scintillation pattern produced
by multipath interference from ionospheric irregularities. Although the average flux
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density remains almost unchanged, interference minima and maxima in the radio emission
intensity—caused by multipath propagation—appear in the response of the radio telescope.
The effect of AGW on the spectral flux density of the radio source may be small. But the
third consequence described above makes it possible to detect these waves as a negative
correlation between antenna temperature fluctuations and the temperature of the radio
telescope’s self-noise at zero lag.

Additional environmental effects, such as dew formation on the radio-transparent
coating of the antenna or its beam waveguide tube (in Beam Wave Guide (BWG) telescope
systems), can also attenuate the source brightness temperature without significantly affect-
ing the telescope’s internal system noise. In contrast, water clouds or precipitation increase
system noise and reduce the apparent brightness temperature of the source.

This article presents and analyses observational data collected with the RT-32 radio
telescope in Zolochiv (Lviv region, Ukraine) during the period 22-27 August 2021, along
with selected data from other sessions. On the night of 22-23 August 2021, at approximately
04:37:05 UTC, a transient burst was recorded with internal fine structure, consistent with
an FRB. The article applies spectral, cross-correlation, and wavelet analysis to interpret
the variability signatures observed in 3C 84. The results support the hypothesis that
low-intensity, short-periodic variations in AGN radio flux may be significantly influenced
by meteorological factors—particularly dew formation on the beam guide structure of
the RT-32 telescope. An upper limit is also estimated for the contribution of AGW/TID
phenomena to short-term flux density fluctuations at mid-latitudes in the absence of major
seismic or volcanic activity.

2. Observation Technique for Quasi-Simultaneous Measurement of
Antenna and System Temperatures

2.1. Description of the Radio Telescope RT-32 Zolochiv

To observe the source 3C 84, we used the RT-32 radio telescope located in Zolochiv,
Ukraine. This instrument was originally constructed as a MARK-B telecommunica-
tions antenna by the Japanese corporation NEC [32]. Antennas of similar design have
been adapted for radio astronomy in New Zealand and Japan. The process of convert-
ing such telecommunication antennas into functioning radio telescopes is described in
detail in [33-38].

Galactic maser sources were used to calibrate the radio telescope. The calibration
procedure, based on observations of these sources, is described in detail in [36-38], includ-
ing a complete account of all stages of the RT-32 Zolochiv upgrade for radio astronomical
observations and calibration tests.

The RT-32 is a Beam Wave Guide (BWG) type antenna equipped with a corrugated
horn, similar in design to antennas employed by NASA’s Deep Space Network [39,40].
BWG antennas offer several advantages:

1.  All receiving and recording equipment can be placed in a stable environment on the
ground, mounted on a separate monolithic foundation.

2. The corrugated horn supports wide operational bandwidths across several bands (C
(4.7-6.8 GHz), X (9.5-12 GHz) and K (20-25 GHz) in our case).

3. The beam pattern maxima are co-aligned across these frequency bands, unlike in
offset-fed antennas.

4. The secondary focus lies below the beam guide aperture, partially shielding the
receiver from thermal radiation originating from the ground.

However, BWG antennas also have certain disadvantages:

https:/ /doi.org/10.3390/ galaxies14010001


https://doi.org/10.3390/galaxies14010001

Galaxies 2026, 14, 1

50f24

1.  The presence of at least four additional reflecting surfaces in the beam guide path
increases the total surface roughness, which reduces the maximum usable frequency
compared to two-mirror systems.

2. The effective system temperature includes a contribution from the beam guide’s
thermal background.

3. The relatively small diameter of the beam guide (typically <2.5 m) imposes diffraction
limitations at lower frequencies (f < 2.3 GHz).

The main parameters of the RT-32 radio telescope are shown in Table 1.

Table 1. The main parameters of the radio telescope RT-32 Zolochiv: the telescope name (RT
name), observing centre frequency (Fs), bandwidth (AF), beamwidth (VD), rms pointing er-
ror (0(MD)), scan period (ATsc), scan length (Ts:), scanning amplitude in azimuth (SAA), date of
observation (Date).

Date

SAA, deg AT, s Tsc, m o(A/D), AD,’ AF, GHz Fobs, GHz RT Name

22-27 August 2021

RT-32

120 30 36 6 0.5 6.5 (Zolochiv)

2.2. Observations Using the Azimuthal Scanning Mode

The RT-32 radio telescope supports multiple scanning modes, including elevation
scanning, ephemeris tracking, and azimuth scanning, all of which can be employed for
continuous source tracking. The antenna has an azimuthal rotation range of +270° and
an elevation angle range from 5° to 90°. Elevation and ephemeris scanning modulate the
antenna temperature, as thermal noise from the Earth increases at lower elevation angles. In
contrast, rapid azimuthal scanning with a small amplitude (up to 0.5°) introduces negligible
change in elevation angle and therefore contributes minimally to system noise. This feature
enabled us to implement a quasi-simultaneous measurement scheme for 3C 84, using
azimuthal scans every 30 min with a scanning amplitude of 0.5° and a period of 120 s.
Previously measured azimuth and elevation pointing error matrices were uploaded into
the RT-32 control system [41].

The RT-32 radio telescope in Zolochiv is particularly well-suited for studying IDV,
owing to its high sensitivity, low system noise, and low levels of external radio interference.
Its design allows for simultaneous dual-frequency, dual-polarization observations with
time resolutions of one or ten measurements per second. These capabilities, along with
the antenna’s favourable geographic location, make RT-32 effective instrument for IDV
research. At 6.5 GHz, the RT-32 has a beamwidth of approximately 6 arcminutes. The root
mean square (RMS) pointing error is approximately 36 arcseconds. With a surface efficiency
of 1 ~ 0.7, the effective collecting area of the telescope is Aqg ~ TR?1 ~ 560 m?.

Figures 1-3 show the results of azimuthal scans of 3C 84 conducted between 22 and 27
August 2021. The central observing frequency was 6.5 GHz with a bandwidth of 0.5 GHz.
Fourth-degree polynomial envelopes were fitted to the maximum and minimum responses
of each scan using a minimum standard deviation method.

This observation technique enables the quasi-simultaneous estimation of both the
antenna temperature (upper envelope) and the system noise temperature (lower envelope)
during each azimuthal scan interval (~120 s). Although the measurements are not truly
simultaneous—Dbeing separated by the scan period—they are sufficiently close in time to
allow meaningful comparisons. Between scans, both temperature dependencies can be
interpolated using the nodal points of the envelopes to reconstruct their temporal evolution.
This approach provides a continuous time series of the brightness temperature of the radio
source and the background system temperature.
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Figure 1. Response of the RT-32 radio telescope (in arbitrary units) during azimuthal scanning of the
radio source 3C 84, conducted every 30 min on the night of 22-23 August 2021. The upper envelope
(dashed line) is drawn through the local maxima of each scan, including a prominent peak near
04:37:05 UTC, while the lower envelope (dotted line) follows the local minima corresponding to each
azimuthal pass. Both envelopes are modelled using fourth-order polynomials fitted by the method of

minimum standard deviation.
3C 84 at 6.5 GHz, 25-26 Aug 2021
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Figure 2. Response of the RT-32 radio telescope (in arbitrary units) during azimuthal scanning of the
radio source 3C 84, conducted every 30 min on the night of 25-26 August 2021. The upper envelope
(dashed line) traces the local maxima of the scans, and the lower envelope (dotted line) follows the
corresponding minima. Both envelopes are fitted with fourth-order polynomials using the minimum

standard deviation method.

3C 84 at 6.5 GHz, 26-27 Aug 2021
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Figure 3. Response of the RT-32 radio telescope (in arbitrary units) during azimuthal scanning of the
radio source 3C 84, conducted every 30 min on the night of 26-27 August 2021. The upper envelope
(dashed line) traces the scan maxima, and the lower envelope (dotted line) follows the corresponding
minima. Both envelopes are fitted with fourth-order polynomials using the minimum standard

deviation method.
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An important advantage of this method is its ability to suppress high-frequency flux
fluctuations with quasi-periods shorter than 10 min. Such fluctuations are commonly
caused by environmental and instrumental factors, including wind gusts, mechanical
backlash in the telescope drive system, or interplanetary scintillation. These sources of
noise can obscure the detection of intrinsic variability in AGNs, particularly in the sub-hour
domain. Since variations on timescales shorter than 10 min are generally not observed in
AGN light curves and are rarely described in the literature, their removal enhances the
reliability of the extracted signal. Notably, fluctuations with periods below this threshold
may still arise from propagation effects, such as ionospheric scintillations (T > 1 s) and
interplanetary scintillations (T ~ 0.1 s), which this method helps to identify and isolate.

This technique offers multiple advantages. Conventionally, only a single curve (the
upper envelopes in Figures 1-3) is used to represent the antenna temperature from the
direction of the source. In these figures, the horizontal axis shows time in hours from 00:00
UTC, and the vertical axis shows the intensity in arbitrary units. Here, we analyze both the
upper and lower envelopes. The lower envelope represents the system noise temperature
in the absence of the source, including the sky background. The difference between these
envelopes provides a direct estimate of the source’s brightness temperature, under the
assumption that its angular size is significantly smaller than the beam. According to studies
of the angular structure of the radio source 3C 84, its angular size is approximately 125 pas
at 5 GHz [42,43]. Given the beamwidth of the RT-32, 3C 84 can be considered a point source.
The envelope difference thus reflects the “pure” signal from 3C 84. This approach enables
not only spectral and autocorrelation analysis of the flux and system noise temperature
but also the construction of cross-correlation functions between them—yielding additional
insight into propagation effects and variability.

The root-mean-square (RMS) pointing accuracy of the RT-32 during the observation
interval was 36 arcseconds. To improve the accuracy of the spectral flux density estimates,
fast scans of the source were performed every 30 min. Consequently, the upper peaks corre-
spond to estimates of the brightness temperature in the source core plus the receiver system
noise temperature of the entire RT-32 signal chain. The lower peaks likewise represent
estimates of the background temperature plus the receiver system noise temperature. The
difference between these curves no longer contains the contribution of the system noise
and thus provides a “pure” estimate of the source brightness temperature (as shown above,
given the beamwidth of the RT-32, the radio source 3C 84 can be considered a point source).

The appearance of sharp maxima during scans (e.g., in Figures 1-3) indicates that the
RT-32 beam maximum is systematically offset from the ephemeris position in azimuth. The
upper envelope (dashed line) corresponds to the antenna temperature during accurate
pointing at 3C 84, while the lower envelope reflects the system noise when the source
is outside the beam. The angular offset between these responses is less than 0.5°. The
time-dependent difference between the envelopes characterizes the brightness temperature
variations of 3C 84. A strong intensity peak observed on 23 August 2021 at approximately
04:37:05 UTC is analyzed in detail in a subsequent section.

2.3. Observations of Intraday Variability in Radio Source Tracking Mode

For the observations of intraday variability (IDV) of the radio source 3C 84, the
classical source-tracking method was employed. The measurements were carried out with
a broadband radiometer in two circular polarizations (left-hand, LCP, and right-hand, RCP).
The initial temporal resolution was 0.1 s; however, since this was somewhat redundant,
the data were decimated to a 1 s time step. This choice is convenient because it allows the
digital frequency in the spectral analysis of the time series to be expressed directly in hertz.
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The longest IDV monitoring sessions were conducted in August 2021. At the latitude
of Zolochiv, the maximum elevation of 3C 84 above the horizon was ~81°, while the
minimum was ~22°, making this radio source particularly suitable for long-duration
tracking observations of up to ~15 h continuously.

The observations were performed at frequencies of 5 and 6 GHz. The radiometer
output provided signal amplitudes in volts (V), which were subsequently converted into
decibels (dB). Knowing the parameters of the radio telescope, the flux density can be
derived in terms of antenna temperature (K) and then converted into Janskys (Jy). The
estimated mean flux density in August 2021 was approximately 27 Jy.

The raw signal curve of 3C 84 exhibits a smooth arc-like shape. At low antenna
elevations, the total flux received increases due to the contribution of near-surface radio
noise entering through the sidelobes of the antenna beam pattern. At higher elevations, the
flux decreases, as the contribution of noise through the sidelobes diminishes. An example
of the raw signal record is shown in Figure 4.

3C84 Zolochiv 21-08-2021 CH1+CH2

Cubic Smooth Spline Interpolation
RA2=0.999, SE=0.000179

1.8 1.8
1.7854 H1.7854
<1.7708 F1.77085
< <
z z
z =
= c
Q Q
£ 175621 F1.7562 £
1.7416+ F1.7416
1.727 1.727

0 11,099 22,198 33,297 44,396 55,495

Time (Sec)

Figure 4. The original raw intensity light curves of the source 3C 84 (averaged over the two polarization
channels—green and brown dots), approximated using a smooth cubic spline (dark blue line) obtained
on 21 August 2021 at 5 GHz. Small-scale fluctuations superimposed on the trend-like curve represent
fast variability. In this example, R? = 0.999 and SE = 0.000179 indicate high accuracy of the cubic
spline approximation. Green dots indicate points within 3o chi-square (close to the trend), while
brown dots show high deviations from the trend.

Before digital spectral analysis, a standard time series transformation was performed—
subtracting the mean and dividing by the standard deviation. This is an important procedure
to ensure that the time-frequency spectra do not contain a strong constant component and that
the colour palette of intensities is approximately uniform. To remove the elevation-dependent
trend, it is common practice to subtract a low-order polynomial that describes the trend. In our
case, however, a Savitzky-Golay polynomial filter [44] was applied to the spline-interpolated
data, providing a more accurate extraction of the high-frequency component of the signal
time series. Figure 5 shows an example of the curve of rapid intensity variations of the radio
source 3C 84 after their extraction using the Savitzky—-Golay filter.

These curves of rapid radio signal variations became the basis for the study of intraday
variability in Section 3.2, and the results with examples of digital spectral analysis are given
further in Section 3.2.
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Figure 5. Rapid variations in the radio emission from 3C 84 at 6.5 GHz, extracted using the
Sa-vitzky-Golay filter, during the observing session of 19-20 August 2021, with a duration of
~15h.

3. Results and Interpretation of Observational Data
3.1. Evidence for an FRB from the Direction of 3C 84

In radio astronomy, an FRB is defined as a transient, high-intensity radio pulse with a
duration ranging from a fraction of a millisecond (in the case of ultrafast FRBs) up to several
seconds [45], typically attributed to high-energy astrophysical processes. The physical
origin of FRBs remains uncertain, and various hypotheses have been proposed. These
include magnetar outbursts, mergers of neutron star binaries, star-forming region activity,
and interactions involving active galactic nuclei (AGNSs), such as high-energy relativistic
jets impacting nearby gas clouds in galactic centres [46]. However, these interpretations
remain under debate and require further investigation based on a larger dataset of well-
characterized FRB events.

From our perspective, the most intriguing results were obtained during the observation
session of 22-23 August 2021. At 04:37:05 UTC, a transient burst was detected from the
direction of 3C 84. The active phase of this event lasted approximately 3 s, displaying
internal substructure with intensity variations on timescales of 0.2-0.3 s (see Figure 6). As
this signal was recorded using a broadband detector, no spectral resolution was available
for detailed frequency-domain analysis.

Three possible explanations were considered for the origin of this burst. First, it could
be attributed to internal or external radio frequency interference. However, throughout
more than a year of systematic observations of 3C 84 using the same system, we did not
observe similar internal interference signatures. External interference, such as telemetry
signals from artificial satellites, is a theoretical possibility, especially if the satellite signal
entered through a side lobe of the antenna beam. If the signal had entered through the main
lobe, its amplitude would likely have been several orders of magnitude higher. Furthermore,
no comparable external interferences were observed at elevation angles exceeding 20°,
whereas the elevation angle during the burst exceeded 60°. Satellite telemetry signals are
typically of low intensity and unlikely to produce the observed burst characteristics.

The second possibility is that the burst represents short-lived radio emission phe-
nomena such as ionospheric scintillation, maser or megamaser flares, or a fast radio burst
(FRB). Given the short duration and temporal structure of the signal, scintillation and maser
events seem less plausible. Therefore, assuming an extragalactic origin, we suggest that the
signal most likely corresponds to a fast radio burst associated with the AGN 3C 84.
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Figure 6. Pulsed radio emission detected from the direction of the radio source 3C 84 on 22-23
August 2021. The left panel shows time series data from the first frequency channel: right circular
polarization (A) and left circular polarization (B). The right panel presents corresponding data from
the second frequency channel: right circular polarization (C) and left circular polarization (D). The
temporal resolution is 0.1 s per data point.

We explore this interpretation below. The broadband detector used in our system did
not apply any dispersion delay compensation. To estimate the potential effect of dispersion,
we assume a characteristic dispersion measure (DM) of 500 pc-cm 3, which is typical for
extragalactic FRB sources. The expected dispersion delay Atpps between 6.25 GHz and
6.75 GHz is calculated using the standard formula:

DM 1 1

Apy=—r— |\~ = |
Mo\ f

1)
or in practical units:

Atpy  0.415DM 1 1
= - 5 — > | =0.00758 )
sec peem (fL/100MHz)*>  (fy/100MHz)

where
Atpp—is the dispersion delay time in seconds for a wideband pulse between 6.25
GHz and 6.75 GHz,
M = 27tmgc/ e, 3)

me.—the electron rest mass,

c—is the speed of light in vacuum,

e—is the electron charge,

DM = 500 pc-cm 3, is the characteristic value of the dispersion measure for extragalactic
sources,

f1. and fp—is the low and high frequencies in Hz.

The estimated dispersion delay, (ATpy ~ 0.0076 s, is approximately 22.5 times smaller
than the detector’s time resolution of 0.1 s, meaning that any intra-channel dispersion
would not be resolved. The broadband detector recorded signals in both right and left
circular polarizations across two frequency channels. The centre frequency of the first
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channel was 6480.033 MHz, and that of the second was 6544.852 MHz, corresponding to
a channel separation of 64.819 MHz. The pulse structure was clearly visible in all four
data streams, with well-correlated temporal profiles and only minor amplitude differences
(see Figure 6). Over a ~3 s interval, the recorded flux intensity between local maxima
significantly exceeded the background level—consistent with the emission profile of fast
radio bursts reported in the literature [47,48].

An alternative explanation for the recorded phenomenon could involve ionospheric
scintillation caused by spatial inhomogeneities in the electron density of the Earth’s iono-
sphere. In this interpretation, the observed burst might correspond to a transient structure
in the F2 layer, potentially formed during the passage of the solar terminator.

Modern models of the ionosphere assume the presence of ionized layers D, E, F (the
last, uppermost layer, under different ionization conditions can be divided into layers F1
and F2). More details about the ionospheric layers are presented in the works [49,50].

The timing of the intense response indeed coincides with the local terminator crossing,
making this hypothesis worth consideration. Under this assumption, the upper and lower
envelopes of the signal could be interpreted as shown in Figure 7.

However, we consider this scenario unlikely. First, the intensity recorded to the left
and right of the pulse (Figures 1-3 and 6) does not exceed the background level, suggesting
the absence of a broader enhancement that would typically accompany ionospheric restruc-
turing. Second, the time of the pulse is offset from the scan midpoint by several minutes,
indicating that the burst was short-lived and not quasi-periodic. Moreover, the formation
and restructuring of the F2 layer at the night-day boundary generally occurs over longer
timescales—significantly exceeding the ~3 s duration of the observed event. Therefore,
we do not associate this pulse with ionospheric processes and consider an extraterrestrial
origin, such as an FRB, to be more plausible. The detected burst exhibited properties con-
sistent with those of an FRB, although further observations with good temporal resolution
will be needed for confirmation. To confidently confirm that a recorded event is an FRB, its
dynamic spectra should be obtained. If dispersive time delays are detected for the same
impulsive components in these spectra (e.g., [51]), the event can be reliably identified as
an FRB.

Antenna Temperature and Self Noise Temperature 22-23 Aug 2021

2
UTC, h

Figure 7. Estimated antenna temperature in the direction of the radio source 3C 84 (solid red curve)
and the system self-noise temperature of the RT-32 radio telescope (solid blue curve) based on
azimuthal scanning observations from 22 to 23 August 2021. Fourth-degree polynomial fits to each
temperature curve are shown as dashed lines in the corresponding colours. The transient burst
detected at 04:37:05 UTC on 23 August 2021 has been excluded from the dataset.
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3.2. Ionospheric Waves and Weather Effects as Possible Drivers of Intraday Variability in 3C 84

For further analysis, we recalculated the RT-32 (Zolochiv) telescope response from
arbitrary units into antenna temperature and subsequently into spectral flux density. In
this approach, the spectral flux density of the radio source 3C 84 is considered proportional
to the difference between the antenna temperatures represented by the upper and lower
envelopes (see Figure 7). For the clearest data obtained on the night of 22-23 August 2021,
the minimum antenna temperature corresponds to the system noise temperature (Tsys)
of the RT-32 receiver and backend system. Based on our earlier calibrations [36-38], we
estimate Tsys ~ 45 & 0.5 K at this operating frequency. Using this value and the known
effective collecting area of the RT-32 telescope, we converted the temperature difference
between the envelopes into the spectral flux density of 3C 84. These results are presented
in Figures 8 and 9, where the zero point on the horizontal axis corresponds to the UTC
midnight transition.

Flux 3C 84, 6.5 GHz, 22-23 Aug 2021

7 | = Table1_16 Aug 26-27
71| = Table1_18 Aug 25-26

1| — Table120 Aug 22:25]

2
UTC, h

Figure 8. Estimated spectral flux density of the radio source 3C 84 at a frequency of 6.5 GHz, based on
observations conducted on 22-23 August 2021. The solid curve represents the measured flux density
derived from antenna temperature differences, while the dashed curve corresponds to a smoothed
approximation using polynomial fitting.

Flux 3C 84 at 6.5 GHz

0 5 10
UTC, h

Figure 9. Estimated spectral flux density of the radio source 3C 84 at a frequency of 6.5 GHz from
three observational sessions: 22-23 August 2021 (black curve), 25-26 August 2021 (red curve), and
26-27 August 2021 (blue curve). The transient pulse event recorded at 04:37:05 UTC on 23 August
2021 has been excluded from the data.
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From Figures 8 and 9, it is evident that starting around 03:00 UTC, a significant drop
in spectral flux density is observed. This decrease lasts approximately 2.5 h on both 22-23
and 25-26 August 2021, while on 26-27 August it extends even longer. To interpret these
results, we compared the RT-32 measurements with meteorological data from an automatic
weather station located approximately 50 m from the telescope, mounted on the roof of a
nearby building. We specifically examined ambient air temperature, relative humidity, and
dew point. These meteorological variables for 22-23 August 2021 are shown in Figure 10,
along with corresponding fluctuations in the brightness temperature of 3C 84 and in the
system noise temperature of RT-32.

During the nighttime and early morning hours (Ukrainian summertime: UTC + 3), the
difference between the ambient temperature and the dew point was minimal—typically
between 0.5 and 1.0 °C. Concurrently, relative humidity peaked at 94-96% and began to
decrease only after sunrise. Atmospheric pressure increased gradually from 754.5 mmHg
to 759.5 mmHg. Given the sensor offset relative to the radio-transparent feed enclosure
of the RT-32 (both horizontally and vertically), we assume that dew condensed on the
feed system’s dielectric cover as well as on the metallic surface of the primary reflector. It
is likely that dew formation began around 02:30 UTC and persisted until approximately
05:30 UTC on both 22-23 and 25-26 August. In our interpretation, the primary factor
contributing to the observed reduction in spectral flux density of 3C 84 during this interval
is dew accumulation on key components of the antenna structure.

Between 02:00 and 06:00 UTC, the brightness temperature of 3C 84 and the system
noise temperature exhibited a temporal offset. We quantified this offset via cross-correlation
analysis of the two envelope curves, after removing fitted fourth-order polynomials using
the minimum standard deviation method (see Figure 7). The resulting lag was slightly
greater than one hour (see Figure 11). The cross-correlation coefficient between the two time
series was negative at zero lag, suggesting anticorrelated behaviour under non-stationary
ionospheric conditions. Additionally, the local minimum of the correlation function was
shifted by slightly less than one hour from zero, implying a quasi-periodic interaction
between the ionospheric fluctuations and observed radio flux. The total width of the
negative correlation window is about two hours, consistent with the duration of the
brightness temperature decrease observed in Figures 7-9.

Assuming that the observed negative correlation coefficient at zero lag (p ~ —0.25) is
due solely to AGW and TID effects, and knowing the standard deviations of brightness
temperature fluctuations (0(T3cg4) = 0.527 K) and system noise temperature (0(Tsys) = 0.175
K), we can estimate the upper limit of AGW/TID power, expressed in temperature units.
we can estimate the upper limit of AGW/TID power, expressed in temperature units:

Tawc/Tip ~ | p1-[0(Tscsa)-0(Tsys)]'/? < 0.076 K 4)

This result indicates a weak but measurable ionospheric effect on the received flux. No
significant earthquakes were recorded at the time of observation according to global seismic
monitoring?, and all sources of volcanic activity were geographically distant. Therefore,
the observed AGW /TID effects may be linked to solar terminator dynamics rather than
seismic or volcanic sources.

To further explore variability patterns, we performed Fast Fourier Transform (FFT)
analysis on the 3C 84 brightness temperature time series. The input signal was computed
as the difference between the upper and lower envelopes—representing the “pure” astro-
physical signal from 3C 84. The FFT spectra are shown in Figure 12. All spectra exhibit
enhanced power in a specific frequency band. A well-defined local maximum was detected
on 22-23 August 2021 at approximately 1.82 x 10~* Hz, corresponding to a quasi-period
P ~ 5488 s ~ 1.52 h. The full width of the spectral feature spans the frequency interval from
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~0.5 x 107* Hz to 1 x 1073 Hz, or a timescale range of ~0.27 to ~5.56 h. Similar features
were observed on other nights, confirming that the quasi-periodic variations are real and
not attributable to instrumental noise or external interference.
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Figure 10. Meteorological and radio observational data from 22 to 23 August 2021. (Top panel): Time
evolution of ambient temperature (black curve), dew point temperature (red curve), and relative
humidity (blue curve). (Bottom panel): Difference between ambient temperature and dew point
(black curve), fluctuations in the brightness temperature of the radio source 3C 84 (red curve),
fluctuations in the self-noise temperature of the RT-32 radio telescope (blue curve), and atmospheric
pressure (light blue curve). Temperature fluctuations were calculated as deviations from a fourth-
degree polynomial fit to each corresponding temperature curve, as illustrated in Figure 7.
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Figure 11. Cross-correlation function between the brightness temperature fluctuations of the radio
source 3C 84 and the intrinsic system noise temperature of the RT-32 radio telescope, computed using
a sliding time window of approximately 4 h.

Although the intensity of these spectral features is relatively low, their reproducibility
suggests an underlying physical origin. At this stage, we cannot definitively identify the
dominant mechanism responsible for these quasi-periodic variations. However, future
studies using multi-antenna systems operating across widely spaced frequency bands may
provide further insight into the nature of intraday variability in AGN radio emission.

As described above, AGW and TID may induce low-intensity, rapid variations in
the radio signal from the source 3C 84, within a range of quasi-periods from one to six
hours. In this section, we examine wavelet spectral features to gain further insight into
the time—frequency structure of the variability. Unlike the previously discussed azimuthal
scanning method, the examples here are based on conventional tracking observations.

To generate digital time-frequency spectra, we used a fast continuous wavelet trans-
form (CWT) method with Morlet and Gaussian Derivative wavelets as the analyzing
functions. The wavelet transform was computed via convolution of the input time series
with scaled and shifted versions of the mother wavelet, using a Fast Fourier Transform
(FFT)-based approach [52,53].

To construct the wavelet spectra, the following parameters were used: FFT lengths of
131,072 and 65,536, wave numbers of 12 for the Morlet wavelet and 60 for the Gaussian
Derivative wavelet; complex wavelets were employed; the magnitude was calculated as
V92 + 32, and the power spectral density (PSD) was calculated as 2(R? + 3%), where R
and J are the real and imaginary components, respectively, of the continuous wavelet
transform. To extract period bands from the signal for subsequent spectral construction,
a Fourier bandpass filter with a Hamming spectral window was used. This window is
optimal for bandpass FFT-filtering; it provides clean filtering and reduces masking of weak
signals by strong adjacent frequencies.

During 2021, monthly monitoring showed significant variation in IDV activity. In some
months, clear episodes of IDV were observed, while in others, only irregular, noise-like
fluctuations occurred. In August 2021, variations on timescales of ~1 h were more prevalent
than those on longer timescales of 3-7 h. An example of wavelet spectra illustrating
variability in 3C 84 is presented in Figure 13.
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Figure 12. Fast Fourier Transform (FFT) spectra of brightness temperature variations in the radio
source 3C 84 at a frequency of 6.5 GHz. (Top panel): Observations from 22 to 23 August 2021.
(Bottom panel): Observations from 26 to 27 August 2021. The spectra highlight dominant fluctuation
frequencies associated with intraday variability.
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Figure 13. Examples of wavelet spectra from selected observation sessions of the radio source 3C 84.
(A) Session from 17 to 18 August 2021: A ~2.5 h burst of variability is observed across periods ranging
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from 1.5 to 32 min, with a transition from quasi-harmonic to noise-like structure. Notably, weak
geomagnetic disturbances were present during this session. (B) Session from 18 to 19 August 2021:
quasi-periodic variations with a period of approximately 48 min and total duration of ~5 h are evident.
(C) Session from 23 to 24 August 2021: a more complex spectrum is observed, featuring a dominant
quasi-period of ~3.5 h, along with a secondary feature in the latter half of the data near ~1.5 h.
(D) Session from 20 to 21 August 2021: a well-defined quasi-period of ~52 min is present, with a
longer persistence than in previous sessions. The color scale indicates correlation strength: from dark
blue (no correlation) to red (strongest correlation).

Transient features of ~2 h duration in the radio flux time series—especially those
with broad spectral content spanning from a few minutes to tens of minutes—are likely
associated with ionospheric effects. In contrast, narrow-band features with clearly de-
fined quasi-periods are more difficult to attribute solely to the ionosphere. Similar IDV
patterns have been observed in other extragalactic sources and are commonly interpreted
as interstellar scintillation (ISS), particularly at frequencies above 8 GHz [54,55].

At present, only a few radio sources are known to exhibit “intra-hour” variability,
with typical timescales around or below one hour [56]. This type of variability is attributed
to ISS caused by compact, high-density electron clouds in the local interstellar medium
(ne &~ 10% cm™3), located at distances of 1-10 pc. The formation and stability mechanisms
of such plasma structures remain poorly understood.

For 3C 84, IDV appears to occur sporadically—often for only a few days at a time—and
most of the time the source exhibits noise-like variations (see Figure 14). However, observed
quasi-periodic flux modulations in the 1-6 h range correspond well with expected AGW
periods [57-59]. It is difficult to distinguish between ISS- and AGW-induced variability
using a single-dish radio telescope, as both effects can operate on similar timescales. A
possible solution is to conduct simultaneous, same-frequency observations using widely
separated antennas.

We conducted test observations using the 32 m telescope of the Ventspils International
Radio Astronomy Centre (VIRAC)? in Latvia [60,61]. The parameters of the RT-32 VIRAC
radio telescope located in Latvia are presented in the paper [62]. Due to technical limitations,
no reliable results were obtained in 2020-2021. However, one successful dual-station session
was performed on 20 December 2020 using the RT-32 Zolochiv and VIRAC telescopes at
5 GHz. Cross-spectral FFT analysis revealed a strong coherence peak at a period of ~6 h.
This result was described in detail in the paper [63], which also presents other results of
the IDV study on the RT-32 Zolochiv and VIRAC radio telescopes. Nonetheless, further
confirmation is required.

As a broader conclusion for studies of variable and transient cosmic radio sources,
we emphasize the need to equip centimetre-wavelength radio telescopes with dedicated
systems for monitoring signal propagation conditions in the lower atmosphere. These
include: (i) ground-based meteorological sensors to monitor ambient temperature, pressure,
humidity, dew point, and horn status; (ii) radiometric systems to assess total atmospheric
attenuation (e.g., K-band radiometers or 3 mm atmospheric brightness temperature mon-
itors); and (iii) systems for measuring total electron content and visualizing TIDs using
GNSS station data [64,65]. These tools are essential for understanding the environmental
contributions to variability in radio astronomical data.
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Figure 14. Wavelet power spectra of the radio source 3C 84 observed on 19 November 2020 with
the RT-32 Zolochiv radio telescope at frequencies of 5 GHz (top panel) and 6.2 GHz (bottom panel).
Dark red indicates the background with no correlation, while increasing correlation is shown by
lighter red shades, reaching yellow at maximum correlation. The spectra indicate the absence of
significant intraday variability (IDV), displaying only noise-like fluctuations in the source flux at

both frequencies.

4. Discussion

The application of a novel observational technique in this study has provided new
insights into the nature of IDV observed in the radio galaxy 3C 84. Specifically, the results
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suggest that a substantial portion of the recorded short-term intensity fluctuations can be
attributed to variations in radio wave propagation conditions within the Earth’s ionosphere
and lower atmosphere. In summertime conditions, the passage of the solar terminator
across the observation site can result in dew formation on the radio-transparent coating of
the beam waveguide (BWG) radio telescope system. Over intervals of one to two hours,
this effect may lead to a noticeable attenuation of the radio signal from the observed
source. Consequently, the observed intensity fluctuation spectrum becomes enriched with
false periodicities that might otherwise be mistakenly interpreted as intrinsic variability of
the source.

The use of the quasi-simultaneous measurement method enabled us to derive an
upper estimate of the influence of AGWs and TIDs on ionospheric plasma parameters.
While AGW/TID activity does intensify near the terminator, our results indicate that
its contribution to IDV is generally smaller than that caused by dew accumulation on
telescope components.

It is important to note that the current observation strategy—based solely on azimuthal
scanning—Ilimits our ability to fully characterize refractive effects arising from electron
density irregularities along the line of sight. Incorporating elevation scanning would
introduce a confounding modulation in the system temperature, due to varying levels of
thermal noise from the Earth’s surface as the elevation angle changes.

Overall, the IDV phenomenon in AGNs remains a challenging and unresolved problem
in astrophysics. Models assuming an “intrinsic” origin—such as dynamic processes within
the AGN core, accretion disc, or relativistic jets—lead to complex scenarios that currently
lack definitive observational confirmation. While it is widely accepted that sub-hour
variability is often caused by propagation effects (e.g., ionospheric irregularities or solar
wind structures), a small subset of AGNs exhibit ultra-fast “intra-hour” variability that
cannot be easily explained by Earth-based effects alone. The prevailing explanation for
these cases involves ISS arising from turbulent plasma clouds in the local interstellar
medium. Long-term monitoring of such sources has revealed an annual modulation in
variability timescales, interpreted as the Earth’s orbital motion relative to the scattering
screen [66]. However, this effect is not universally observed, and the spatial distribution of
these scattering screens remains poorly constrained.

In the present study, we observed low-amplitude intraday variations in the radio flux
of 3C 84. While the physical origin of these fluctuations remains uncertain, the evidence
clearly indicates that natural phenomena near the Earth—such as the diurnal passage
of the solar terminator, dew formation, cloud presence, and ionospheric restructuring—
make a significant contribution to observed variability in the C-band. This underscores a
broader principle: any highly sensitive radio telescope operating at centimetre wavelengths
also serves as a sensitive detector of environmental changes, including those in the lower
atmosphere, ionosphere, and even interplanetary and interstellar media.

In this work, we did not account for the contribution of interplanetary scintillation,
since the time resolution and integration parameters of the receiver effectively smoothed
out these fluctuations. Likewise, we cannot yet reliably disentangle interstellar scintillation
from variability caused by near-Earth atmospheric and ionospheric effects, given the over-
lap in their characteristic timescales. The possibility of intrinsic, short-timescale modulation
of the source’s emission remains an open question. Consequently, future studies of AGN
IDV will require more sophisticated observational strategies—ideally involving multi-
frequency, multi-station, and multi-parameter monitoring approaches to fully separate
intrinsic, ionospheric, and interstellar contributions.
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5. Conclusions

An improved observational technique for studying radio sources in the C band using a
single-dish radio telescope has been developed and successfully implemented. The method
is based on the joint analysis of two components of antenna temperature: the brightness
temperature of the radio source and the system noise temperature of the telescope. These
components are separated by introducing low-amplitude (<0.5°) azimuthal scanning,
which modulates the telescope beam pattern without significantly altering the elevation
angle or thermal background.

During the observational session of 22-23 August 2021, a pulsed radio burst was
detected from the direction of the radio galaxy Perseus A (3C 84). The burst exhibited prop-
erties consistent with those of FRBs, though confirmation will require further observations.

Observations at 6.5 GHz revealed the presence of low-intensity IDV in the bright-
ness temperature of 3C 84. This variability spans a spectral range from approximately
0.5 x 107* Hz to 1 x 1072 Hz, corresponding to temporal scales between 0.27 and 5.56 h.
Continuous wavelet transform and bandpass filtering techniques confirmed the occurrence
of numerous IDV events at both 5 and 6.5 GHz. The timescales of variability differed
significantly between sessions, most commonly falling within the 3-6 h range. Notably,
quasi-harmonic variations with periods of approximately 1 h and 40-50 min were also
detected. In addition to these active phases, the source occasionally exhibited calm periods
with no significant flux density modulation.

The likely drivers of the observed variability include the passage of the solar terminator
across the observation site—resulting in dew formation on the telescope structure—as well
as ionospheric restructuring and, to a lesser extent, AGW and TID effects. The combination
of these propagation phenomena may mimic intrinsic variability in the radio source.

However, single-dish observations do not allow for reliable discrimination between
ionospheric and interstellar scintillation effects. To resolve this ambiguity, simultaneous
multi-frequency observations using widely separated radio telescopes are necessary.

An upper bound on the contribution of AGW /TID-induced fluctuations has been
established. Under geomagnetically quiet conditions, and in the absence of strong seismic or
volcanic activity, the standard deviation of brightness temperature fluctuations attributable
to AGW/TID does not exceed 0.076 K.

These findings emphasize the need to account for local meteorological and geophysical
conditions when interpreting high-sensitivity radio observations. The development of
integrated monitoring systems—including weather sensors, radiometers, and ionospheric
diagnostics (e.g., GNSS-based TEC monitoring)—is essential for distinguishing between
astrophysical and propagation-induced variability in radio astronomy.
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