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Active galaxy NGC 1275 is the central, dominant galaxy in relatively nearby . ke "
Perseus cluster of galaxies (Abell 426). NGC 1275 is amazingly powerful source _ -
of X-rays and radio emissions. Entire galaxy falls into it, and NGC 1275 engulfs | 4 *

that galaxy's material, that feeding supermassive black hole in its core. It is | S oo
possible that there is second black hole-satellite in the core, which ensures the somliEss

precession of source radio-jets (long-term quasi-sinusoidal variability). .

Filaments of glowing gas, some reaching 20,000 light years in length. , e '

Structures ejected from the center of galaxy as result of black hole's activity 4 | ’

are supported by magnetic field. The galaxy NGC 1275, also known as the ; F .

radio source 3C 84 (Perseus A), is over 100,000 light-years across and about
230 million light-years away.

NGC 1275 (credit by NASA, ESA, Hubble ST team)

In November, scientific project, with participation of Ukraine, was won at a competition in Latvia, and funding was received
on the topic “Joint Latvian-Ukrainian study of peculiar radio galaxy “Perseus A” in radio and optical bands”.

Observations have begun on radio telescopes RT-32 Zolochiv | - .- .. - . - | 3C84isvery massive galaxyin a
(Ukraine), and 32-m, 16-m VIRAC (Latvia) as wellaswith |* -~ = . | Perseus cluster of many galaxies,
optical telescopes of the observatories Mayaki (Ukraine), e e = in a state of gravitational
Baldone (Latvia), Vihorlat (Slovakia). The first test results

have been obtained and work is underway to improve
further measurements. Optical B-V-R-l observations showed o i S -
the presence of day-to-day variability and often noise-like |~ - = ..o T
variations during individual nights, also there is low- Pt %
amplitude microvariability at intra-night timescales. 28 'y Y oy S 7“,' T e

sy oh o interaction with its neighbors.
4 Bt - ¥ | Potential candidate for a binary
% - black hole system in the galactic
s .o core. 3C 84 has a precession
A motion of relativistic jets.
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Galaxy 3C 84 (Perseus A) is located in large cluster of galaxies, which gives it special properties. Long-term light curve in radio
range has a wave-like appearance (taking into account data to 2019, it is probably a two-peaked form). This is similar to
presence of jets precession in radio galaxy (with periods, according to various estimates, from 40 to 90 years). Since the

galaxy has fragments from past interactions with another galaxy, there may be a double black hole in active nucleus of 3C
84.
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Flux Density of the 3C 84 at 6.6480 GHz

3C 84, Zolochiv, 22 Aug 2021, Difference between envelopes

mPure Intensity




A) - 32-m antenna of National Space Facilities Control and Test Center, Ukraine
B) - 16-m antenna of Ventspils International Radio Astronomy Center, Latvia
C) - 32-m antenna of Ventspils International Radio Astronomy Center, Latvia

Ukrainian antenna operates at frequencies 4.7-6.8 GHz and 20-25 GHz, and equipped with cryogenic receivers (these able to work in “warm”
mode) and spectrum analyzer, can conduct observations simultaneously at two frequencies in two circular polarizations. Latvian antennas
operate at 5, 6.1, 6.7, 8.7 GHz, are equipped with cryogenic receivers and spectrum analyzers, additionally there is 1.6 GHz uncooled (warm)
receiver. Latvian antennas are in the EVN system (European VLBI Network).




3C 84, 15.06.2021-Zolochiv 6.2 GHz. Cubic Spline INT

Polynomial Detrend Data, R*2=0.965, SE=0.00137, Chi*2=0.104, F stat=507864
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Further, the observational data are
interpolated by cubic spline, and smoothed by
s oa 16072 16504 1633 16,468 TS polynomial filter, to remove RFI noise and

3c 84, 15.06.2021-Zolochly 6.2 GHz. Deleted Gubic Trend artifacts, associated with high-frequency
Savitzky-Golay Smoothed Filter (deleted 7 min modulation)

Win N=300 x2, Poly order=2, Passes=2 vibration of the Zolochiv’s antenna in some of
, B its positions. The data for analysis, typically has
sampling rate of 1 Hz (one measurement per

second). This makes it possible to very
accurately record the light curve during each
observation session.

After that, time-frequency spectrograms were
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3C 84 17.06.2021 5 GHz. Smoothed data by SG-Filter 3C 84 22.06.2021 6.2 GHz. Smoothed by SG-Filter
Continuous Wavelet Spectrum, F start=4.6 h, F end=5.5 min

Wavelet=Gauss.Deriv_, K=37, FFT N=131072, Freq N=80, Plot=Magnitude, Y=LOG Auto-Regressive Spectrum
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3C84 Zolochiv 22-08-2021 CH1+CH2. Aligned Data

Continuous Wavelet Spectrum, Periods Range : 17.3 h - 37 sec
Wavelet=GaussDeriv, K=37, FFT N=131072, Freq N=200, Plot=Magnitude, Y=LOG
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3C84 Zolochiv 27-08-2021 CH1+CH2. Detrended and normalized data
Continuous Wavelet Spectrum, Periods Range 6 h - 100 sec
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3C84 Zolochiv 22-08-2021 CH1+CH2. Aligned Data
FFT Spectrum with Hamming window

Assumed quasi-periods : 7.5 hours, 47 and 28 min
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3C84 Zolochiv 24-08-2021 CH1+CH2. Alighed and normalized data
Continuous Wavelet Spectrum, Periods range 6.5 h - 20 sec
Wavelet=GaussDeriv, FFT N=131072, Freq N=200, Plot=Magnitude, Y=LOG
0.05
0.024684
0.012186
0.0060162
N
L 0.0029701
>
2 00014663
< o
=]
o
® 0.00072388
L
0.00035737
0.00017643
8.71e-05
4.3e-05 |

22036

Time (Sec)

33054

Magnitude

1/Frequency (Hz)



The many-month observations on Zolochiv (Ukraine)
and VIRAC (Latvia) telescopes show very close results
on presence weak quasiperiodic variations in flux of
radio galaxy 3C 84 (Perseus A). Characteristic times of
these variations most often are in interval 3 - 5 hours,
less often 7 - 8 hours. Multiple observations of
calibration radiosources show absence of such flux
variations, which confirms result. The next step is to
make sure these variations are not close-periodic
ionospheric acoustic gravity waves.

Paul
Wavelet

3C84 Zolochiv 20-08-2021 CH1+CH2. Cubic Spline Interpolation The use Paul wavelet, in

Continuous Wavelet Spectrum, variance normalized

Wavelet=Paul, K=16, FFT N=131072, Freq N=200, Plot=Var.Norm. Periods Range: 14.6 h - 8.3 min some days with interference,
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Perseus A, flux density fluctuations with a period about 1 hour are especially interesting; in our research, these
variations were observed at all frequencies, from 5 to 8.8 GHz, in Zolochiv and Ventspils. The nature of these

fluctuations in radio flux is not yet understood, and requires additional verification by the cross-spectral
method. However, it is safe to say that variations close to 1 hour did not caused to random or regular

interference.
Zolochiv 12.12.2020 6.2 GHz RCP, Filtered Zolochiv 12.12.2020 6.2 GHz RCP, Filtered
by Savitzky-Golay trend estimation FFT Spec., Magnitude + Phase plots
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Consider an example of a 3C 84 record, December 12, 2020. A typical "wave-like" shape of

the light curve is visible, and a period of about 1 hour is clearly highlighted in the
amplitude-phase FFT spectrum, above 99.9% confidence level.
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3C 84, 23-26 Sep 2020, 5 GHz, LCP. Del.trend, normalized
Least-Squares Periodogram 4 . o .
Win=Hamming, Method=Direct, SpecN(14096, NY freq:1926.096 cycles/day (11.420 min) X2 Thls resu It Obta | ned In our Work IS Very
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least three days. If a correlated signal with a
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The timescale of radio flux variations, close to 8 hours, were observed earlier, for example, for quasar 3C 454.3 (Gorshkov, AG 2018);
however, in the case of quasar 3C 454.3, there was noticeable lag between maxima of light curves from telescopes at large distances (delay
in time), which means that oscillations may have been caused by signal propagation environment.

It should be noted that no day-to-day variability was observed. Perhaps this is due to a certain "phase of
stability"” of the radio source, which is observed even in the optical range, in 2020 - 2021. In order to check this,
an attempt was made to make continuous daily observations of 3C 84 in Latvia for more than a month. The data
has not yet been processed.

The presence a clear cyclicity with period about 8 hours, at frequencies 5, 6.7, 8.7 GHz, on the data obtained in
VIRAC, Latvia at close time intervals, shows that there is cyclicity in signal from the galaxy 3C 84. However,
picture is spoiled by the fact that at a frequency 6.1 GHz, for the same observation time, detected cycle is 6

hours in the right and left circular polarizations. It is possible that there was some distortion at 6.1 GHz.



Consider light curves of the radio galaxy 3C 84 in radio range, obtained by radio telescope of

VIRAC, Latvia, at different frequencies.

3C 84, 5 GHz, 23 Sep - 02 Nov, 2020

3C 84, 6.1 GHz, 23 Sep - 02 Nov, 2020
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Consider the periodograms of raw observations (only outliers points of radio interference were removed)

performed in VIRAC, Latvia, during September, early November 2020.

3C 84, 8.7 GHz, 20 Oct-2 Nov 2020, LCP 20 Oct-2 Nov 2020, 3C 84 6.7 GHz, RCP (Aligned)
Least-Squares Periodogram, Win=Bartlett, FFT N=27515, NY Freq=1597 cycles/month (28 min) Least-Squares Periodogram, Win=Bartlett, FFT N=12553, NY Freq=1605 cycles/month (28 min)
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3C 84, 1.6 GHz, 7 Feb 2021, LCP

Least-Squares Periodogram
Win=Kaiser-Bessel, k=4.8, Spec N=30071, NY Freq=25479.5 cycles/day (3.4 sec)
Main peak quasi-period : 1.2 hour
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As shown in the plot on the left, clear variability with
quasiperiod about 1 hour (according to VIRAC, Latvia)
appears even at frequency 1.6 GHz. This is quite
strange. Unless these are manifestations of planetary
ionospheric waves. It is known that small acoustic

gravity waves in mid-latitude ionosphere often have
periods 50 - 100 minutes (Chinmaya Nayak, Erdal
Yigit 2018). However, variability of the quasar 3C 273
with characteristic time of irregular variations about
1 hour (Xiang Liu 2003) was found from the
observations in Urumqi, China.

3C 84, 15.06.2021-Zolochiv 6.2 GHz. Savitzky-Golay smoothed data

Fourier Power Spectrum, Win=Hamming, FFT N=55188
Assumed peaks of quasi-periods: 3.8 h, 0.8 h, 18 min
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Confirmation of intra-day variability in the radio galaxy Perseus-A (3C 84) using a scanning

of radio source, the experiment was done with the Zolochiv antenna.

25 Aug 2021. 3C 84, Zolochiv, Envelopes chart 3C_) 84, Zolochiv, Difference between upper and lower
75 signal envelope (25,08,2021)
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As result of scanning 3C 84 source, lower pulses correspond to sky noise plus noise of receiving equipment, and upper pulses
are result of slight "non-hit" of beam to 3C 84. Then, using cubic spline with fixed knots, two signal envelopes were

constructed, and difference between upper and lower envelopes was “pure" signal from 3C 84 radio source, cleaned from
noise and trend dependence of flux from angle of antenna elevations.




26 Aug 2021. 3C 84, Zolochiv, Envelopes chart 3C 84, Zolochiv, Difference between upper and lower
signal envelope (26,08,2021)
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3C 84, Zolochiv, Clear Intensity FFT spectrum (22,08,2021)
Main quasi-period is 1,5 hour
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3C 84, 25 Aug 2021, FFT spec for clear intensity (Zolochiv)
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3C 84, 26 Aug 2021, FFT spec for clear intensity (Zolochiv)
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conclusions

1) Studies of variability of the radio galaxy 3C 84 (Perseus-A), performed with radio telescopes in Latvia
and Ukraine, have shown presence of intra-day radio variability (IDV), at all available radio
frequencies, from 1.6 GHz to 8.8 GHz.
2) Characteristic time of observed flux variations is not constant in different observation sessions, and
usually varies from 8 to 5 hours, sometimes variations with characteristic time from 3 to 4 hours
prevail.
3) The most interesting are low-amplitude flux variations with characteristic times about 1 hour. They

were confidently observed in both Zolochiv and VIRAC. Even at frequencies 8.7, 8.8 GHz.

4) Using method of scanning the 3C 84 radio source in Zolochiv, influence of intrinsic noise of receiving
system, as well as background noise of the sky, was removed, however, in resulting “clean” signal,
presence of cyclic flux variations with characteristic times about 1.7 and 1.5 hours was confirmed.

5) This confirmed correctness of previous observations, and fact, those flux variations of the 3C 84
source, were actually observed, and not effect of background noise and radio-interference. It is
possible, that rapid variations about 1 hour were caused by ionospheric effects, in particular acoustic-
gravity waves, which often have periods about 1 hour. Variations with characteristic times 8 - 3 hours
were observed in Ukraine and Latvia, despite distance between antennas is about one thousand
kilometers. Perhaps this is consequence of interstellar scintillations in the direction of Perseus-A.
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