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PERIODIC AND SPORADIC VARIATIONS IN THE SPECTRAL FLUX
DENSITY OF THE CAS A SUPERNOVA REMNANT

Purpose: Based on the long-term study data in all radio spectrum ranges, the nature of deviations of spectral flux density of the
Cas A supernova remnant from the tendency of its secular decrease is considered. The aim of this work is determining the
presence of quasiperiodic variations and sporadic changes in the Cas A spectral radiation flux density depending on frequency.
Design/methodology/approach: The main database is using the published results obtained with the method of absolute measure-
ments of the Cas A spectral radiation flux density in a wide range from millimeter to decimeter wavelengths, as well as the results
obtained with the method of relative measurements, i.e. the ratio of the flux densities of the Cas A supernova remnant and radio
galaxy Cyg A, this latter being used as a reference source in the meter wavelength range. For making comparison with the
aforesaid data obtained with different methods, the results of a long-term monitoring (since 1987) of the variation of the ratio
of the spectral flux densities of Cas A and Cyg A made with the URAN-4 radio telescope of the Institute of Radio Astronomy of the
National Academy of Sciences of Ukraine at 25 MHz were used.

Findings: As a result of the analysis of the observed data for the Cas A radiation flux density in the entire radio wavelength range,
the existence of quasiperiodic variations in the range from millimeter to meter wavelengths within 2 to 9 years has been noted.
The reason for the detected quasiperiodic variations can be the processes in the Cas A remnant itself. In the decameter
wavelength range, according to monitoring data obtained with the URAN-4 radio telescope, the seasonal-diurnal and long-term
variations are noted, being associated with changes in the ionosphere state in the solar activity cycle, with some weak appearance
of the secular decrease of the Cas A radiation flux. The presence of sporadic variations in the ratio of the spectral flux densities
of Cas A and Cyg A is associated with the effect of the increased solar activity. For explaining the lowering of the Cas A spectral
Sflux density to the Cyg A level and maintaining the excess of the Cas A flux at decameter waves, the quasi-simultaneous
observations made with radiotelescopes for different wavelength ranges will be required.

Conclusions: The evolution of the Cas A supernova remnant remains the focus of interest of current research efforts.
An intriguing moment was the discovery of a point X-ray source in the center of radio source Cas A as a possible supernova
remnant. The role of this source in the Cas A radio flux secular decrease and in its variations needs to be clarified. A detailed
analysis of the long-term data and making quasi-simultaneous observations will allow to reveal the processes occurring in the
radio source itself and to determine the influence of the ionosphere state on the results of measurements. A joint program
is suggested for observations of Cas A and Cyg A flux variations with the RT-32 and RT-16 radio telescopes, the LOFAR element
of the Ventspils International Radio Astronomy Center (Latvia), and the URAN, UTR-2 and GURT radio telescopes of the Institute
of Radio Astronomy of the National Academy of Sciences of Ukraine.
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second important factor is the presence of a secular
decrease in the Cas A flux, as a young remnant of a
supernova explosion. Thus, when Cas A is used as a

1. Introduction

The Cas A radio source (3C 461) was discovered in

1947 and identified with a supernova remnant (SNR)
in 1950. The object immediately attracted attention,
as it turned out to be the most powerful source in the
radio-frequency region up to 1 GHz, with the maxi-
mum flux at 16.5 MHz. The major interest in its study-
ing lies in the fact that it is the most powerful source in
the sky, and it can be used as a calibration source. The
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primary calibration source, it is necessary to take into
account the secular flux decrease, which, depending on
frequency, can have an irregular character. Of particu-
lar interest are deviations from the secular flux decrease,
the cause of which can be the processes in the radio
source itself and the influence of the environment (inter-
stellar, interplanetary medium and ionosphere).
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Due to the fact, that carrying out absolute measure-
ments the spectral flux of radio sources requires special
technical support, such observations have not become
a constant practice. From the very beginning of the
research, the relative method of changes in the spectral
flux density was used, based on the comparison of a
relatively more stable and comparable in terms of spec-
tral density the Cyg A radio galaxy flux. It is assumed
that Cyg A has a constant radio flux. Episodic observa-
tions in this mode were made at the variety of radio
telescopes and wavelengths, for example, at the Jodrell
Bank Observatory (Mark 2 and Lovell Telescope), Clark
Lake Radio Observatory, Mullard Radio Astronomy
Observatory (Ryle Telescope), Pushchino Radio As-
tronomy Observatory (DKR-1000 Telescope), NIRFI
radio telescopes, UTR-2, URAN, GURT, VLA, LO-
FAR, ALMA, and many others. The disadvantage of
most of these observations is their episodic nature and
heterogeneity of data.

On the basis of observational data, a theory of
secular flux decrease has been developed, which
describes a monotonic decrease in the spectral flux
density.

In [1], the use of Cas A as a secondary calibrator
is considered, taking into account the corrections for
the secular flux decrease. It is assumed that this
achieves the accuracy of 5 %. All observational data
from the millimeter to decameter wavelength range
show the difference from the monotonic trend. In
particular, among them one can distinguish some pe-
riodic ones, which can be associated with the evolution
of the source itself and episodic ones due to the influ-
ence of the environment. This work is a presentation
of the effects of deviation of the spectral flux density
from millimeter to decameter wavelengths.

2. Research Results Using the Absolute
Measurement Method

Long-term observation cycles of the Cas A spectral
flux density evolution at millimeter waves, using the
technique of absolute measurements, were made at
the wavelength of 8.1 mm at the Kara-Dag NIRFI
radio astronomy station with the 7-m diameter radio
telescope [2].

The rate of secular flux decrease was 0.56 % per
year, according to the formula

1 ds, =—(0.56+0.01).
S, dt

A%

ISSN 1027-9636. Paodioghisuxa i padioacmponomia. T. 25, Ne 4, 2020

The authors of this work note that the drop in the
flux is not constant, and alternately accelerates and
decelerates over 10—15 years [3]. Moreover, pe-
riodic changes in the spectral index value determined
by the formula

lgS=B-algv.

Here S is the spectral flux density (Jy) at frequency
v (MHz), o is the spectral index, parameter B
provides absolute calibration. It turned out that values
B and o depend on time. According to the
measurements at 500 and 9770 MHz, the secular flux
decrease for the period since 1953 till 1984 amoun-
ted to 0.66 % and 0.43 % per year, respectively.
Temporary changes of B and o for the 0.5 to 10
GHz frequency range are shown in Figs. 1 and 2.
The results of absolute observations at 1405 MHz,
show that the rate of decrease of the Cas A flux density
by 1970 was d =(0.886+0.021) per cent-yr~ [5]
(an example is shown in Fig. 3). Subsequently, since
1970 till the end of the 1990s, it slowed down to
d= (0.516f8:8§f{) per cent-yr~', then accelerated
again and by the end of 2010, turned out to be equal
tod= (0.798fg:8§§) per cent-yr'. Thus, in this range,
long-term variations in flux density changes appear.
As of 2010, the rate of secular decrease of spec-
tral flux density decreased to d=(0.654+
0.019) per cent-yr'. The periodicity of this pheno-
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Fig. 1. Time dependence of the spectral index o (top panel)
and parameter B (bottom panel) for the Cas A radio source.
Variations, relative to the linear trend of the secular flux de-
crease, are seen well approximated by the decaying sinusoid
(V. P.Ivanov and K. S. Stankevich, 1989) [4]
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Fig. 2. Time dependence of the Cas A radio source flux density
observed at 2013.6 MHz (V. P. Ivanov and K. S. Stankevich,
1989) [4]

menon has not been determined clearly, due to the
limited duration of the observation time interval. At
the same time, on the plot, in the time interval since
1995 till 2015, an irregular deviation of the flux from
the trend of secular change, being of non-periodic
nature, can be seen.

3. Research Results Based on the Cas A
Flux Relative Measurements

A similar type of deviation from the secular decrease
trend in the spectral flux density is observed at the
meter wavelengths, when carrying out programs of
relative measurements. In [6, 7], an episodic devia-

tion from the trend of the secular decrease in the
ratios of the flux densities of Cas A and Cyg A at
290 MHz is noted. An example is shown in Fig. 4.

In [8], the data on changes in the Cas A to Cyg A
flux ratio at the wavelength of 4.2 m were given. For
a 50-year observation period, the flux ratio has dropped
by a factor of one and a half, with an average annual
rate about 0.7 % per year. This decrease was not
strictly monotonic, but variable in nature with an
approximate period from 2.5 to 3 years.

The authors of work [9] used archival data of
observations of the Cas A and Cyg A flux density
ratio variation obtained with the VLA, covering the
last 15 years at 74 MHz, in combination with the new
data from the Long Wavelength Demonstrator Array
(LWDA) and the data from literature covering the
last 50 years, in order to investigate the evolution of
Cas A at low radio frequencies. The data have been
obtained on a stable decrease in the Cas A and
Cyg A flux ratio over the entire period of 50 years
with the annual decrease of 0.7-0.8 % per year.

At the same time, subtraction of the secular de-
crease trend in the Cas A and Cyg A flux density
ratios reveals quasiperiodic variations (an example is
shown in Fig. 5). The top panel of Fig. 5 shows the
main periods of variations in the Cas A and Cyg A
flux density ratio.

The bottom panel shows the data of the model of
periodic changes in the Cas A to Cyg A flux ratio after
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Fig. 3. Representation of data on the Cas A flux decrease at 1405 MHz, the frequency, which shows the change in the rate of secular
decrease in the spectral flux density (A. S. Trotter at al., 2017) [5].
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Fig. 4. The Cas A and Syg A flux density ratios at 290 MHz, the
secular flux decrease is marked by a trend (E. N. Vinyaikin,
2014) [7]
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the secular flux decrease model subtraction of 0.84 %
per year. The obtained result was described by a four-
cosine model, where the gray area is the model error
due to the fitting parameter and the correlation matrix.
The possible period for the flux density fluctuations
is 5-10 years, presumably with four shorter periods.
This became possible due to the extensive data set
collected as a result of several decades of observa-
tions and allowed to refine the secular flux decrease,
obtained in paper [1], and being about 0.8 % per year
remains for 50 years at this value.

A significant number of works on the observation
of secular changes in the Cas A and Cyg A flux
density ratios were carried out at the frequency of
38 MHz. Fig. 6 shows the presence of a secular
decrease trend and possible quasiperiodic variations
of that ratio from 2 to 9 years [10].
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Fig. 5. Quasiperiodic variations of the Cas A and Cyg A flux density ratio at 80 MHz. The top plot is the Fourier periodogram for
irregular time series, the bottom panel shows a trigonometric polynomial plotted by using the quasi-periods from the top graph,
inscribed at the original data points (after subtracting the secular flux decline trend) (J. F. Helmbolt and N. E. Kassim, 2009) [9]
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Fig. 6. Variations of the Cas A and Cyg A flux density ratio at
38 MHz (L. T. Walczowski and K. L. Smith, 1985) [10]. Two
options for understanding the observation results are shown,
either a quasi-sinusoidal wave (top panel) or a linear downtrend
(bottom panel) with resembling a drop-out points

Sharp changes in the Cas A and Cyg A flux density
ratios can be explained by different influence of the
ionosphere on the Cas A and Cyg A fluxes. Also,
some individual episodes of variations in the Cas A
to Cyg A flux ratios can be associated with the evo-
lution of the Cas A source itself.

4. Results of Monitoring the Decameter
Range Observations with the URAN-4
Radio Telescope

At the URAN-4 radio telescope of the Institute of
Radio Astronomy of the National Academy of Scien-
ces of Ukraine, since its putting into operation in 1987
and untill now (more than 30 years of observations),
monitoring of the fluxes of powerful space radio sour-
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ces — 3C 144 (supernova remnant Taurus A), 3C 274
(radio galaxy Virgo A), 3C 405 (radio galaxy CygA),
3C 461 (supernova remnant Cas A) — have been car-
ried out [11-13]. Some of the main results obtained
are described below. In the time interval of using the
analog recordings, since 1987 till 1992, the obser-
vations were made in separate monthly sessions of
10-12 days at 20 and 25 MHz. With the use of di-
gital recording (after 1998), the observations were
made continuously, with the exception of the time of
VLBI observation sessions and maintenance service
periods. As a result of data processing, the average
values of the Cas A and Cyg A flux density ratios
were obtained for a session or a month of obser-
vations. Such an extensive observational material
makes it possible to trace in detail the presence of
various factors influencing the observations of radio
sources in the decameter wavelength range, includ-
ing seasonal-diurnal effects and appearance of solar
and geomagnetic activity. Based on the results of ob-
servations at the URAN-4 radio telescope, it has been
shown that the amplitude of the seasonal-daily effects
of the Cas A to Cyg A flux ratio depends on the time
of day and the season of their culmination and varies
within 1.3 tol.7.

Further, according to the results of long-term ob-
servations obtained with the URAN-4 radio telesco-
pe, it was found that for the correct consideration,
the change in the ratio of spectral flux densities of
Cas A and Cyg A has to be best divided into two data
sets (see examples in Figs. 7 and 8) in connection
with a long break in observations. Observations since
1987 till 1993 were assigned to the first array. Obser-
vations since 1998 till 2002 were attributed to the se-
cond array.

Fig. 7 shows no noticeable drop in the Cas A and
Cyg A spectral flux density ratio in the period since
1987 till 1993, with the average flux ratio of 1.5 at
25 MHz. During the period of minimum solar activity
in 1987, the values of the Cas A to Cyg A flux ratio
are close to the mean values and have the minimum
variance. At the phase of growth, maximum and
decline of the 22nd solar activity cycle, a large scat-
ter of the Cas A to Cyg A flux ratio is observed with
a noticeable increase in the variances of the mean
values.

Fig. 8 shows a weak trend towards the decrease
in the Cas A to Cyg A spectral flux density ratio. The
data observed in the 23rd solar activity cycle show a
noticeable decrease in the CasA to Cyg A flux ratio
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Fig. 7. Results of observations of the Cas A to Cyg A flux ratio made at the URAN-4 radio telescope with showing average flux ratio
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Fig. 8. Results of observations of the Cas A to Cyg A flux ratio made at the URAN-4 radio telescope in the period since 1998

til1 2002

during the cycle maximum period, 1999-2000, which
can be associated with the increased absorption
in the ionosphere. In general, Figs. 7 and 8 show
a secular decrease in the Cas A and Cyg A flux
density ratio by 0.6 % per year. Thus, the secular
decrease in the Cas A flux at decameter waves shows
weakly against the background of other influencing
factors. During the increased solar activity period,
the absorption of radio emission in the ionosphere at
decameter waves increases, leading to a systematic
decrease in the flux with the solar cycle activity de-
velopment.
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5. Conclusions

In the entire radio region, from centimeter to deca-
meter wavelengths, there is a systematic deviation
from the secular flux decrease trend of the Cas A
radio source. Some of these deviations are associa-
ted with the seasonal-diurnal effect, the influence of
the solar cycle during the solar and geomagnetic
storms. At the same time, a significant part of the
observed data is episodic that does not allow identi-
fying unambiguously the causes of quasiperiodic
changes. The compact source presence at the Cas A
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supernova remnant center can reveal itself in the ra-
dio flux evolution. All these factors open a prospect
for making quasi-simultaneous observations in the
range from centimeter to decameter wavelengths.
Implementation of the joint program for observing
Cas A and Cyg A flux variations with the RT-32,
RT-16 radio telescopes and the LOFAR element of
the Ventspils International Radio Astronomy Center,
and the URAN, UTR-2 and GURT radio telescopes
of the Institute of Radio Astronomy of the National
Academy of Sciences of Ukraine is proposed.
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'Opecpkuii HaioHaNBHU# yHiBepeuTeT imeHi I. 1. MeunnkoBa,
Byi. MapasniiBcbka, 1B, 65014, Oneca, Ykpaina
2O6c¢cepsaropis “YPAH-4”, PafioacTpOHOMIYHHUIA iHCTUTYT
HAH VYxkpainu,
Byn1. MapasmiiBcbka, 1B, Oneca, 65014, Ykpaina
3 BeHTCHIICHKII MIXKHAPOIHUIT PaIioacTPOHOMIYHHUIH LIEHTP
(VIRAC),
Byi. [mkeniepy, 101, m. Benremine, LV-3601, Jlarsis

TIEPIOIMYHI I CTIOPA JUYHI [TPOSIBU
BAPIALIII CHHEKTPAJIbHOI H[UIBHOCTI IIOTOKY
BUITPOMIHIOBAHHS 3AJIMIIIKA HAJIHOBOI CAS A

Ilpeomem i mema pobomu: 3a TaHUMU OaraTOPITHUX AOCIHIJI-
JKEHB Y BCIX Jliarla30Hax paiocleKTpa po3NIIIAEThCS XapaKkTep
BiIXWJIEHb CIIEKTPAIEHOT IIITEHOCT] TOTOKY BUIIPOMiHIOBaHHS
3anuinka HagHoBoi Cas A BiJ| TeHIeHIIIT 1T BIKOBOTO 3MCHIIICHHS.
Meroro poOOTH € BU3HAYCHHS HAassBHOCTI KBa3iNepiognIHUX
Bapialliii Ta CIOpaAnYHUX 3MiH CHEKTPAIBHOT IIUTBHOCTI IIOTOKY
BUINpoMiHIOBaHHs Cas A 3aJIe)KHO Bijl YaCTOTH.

Memoou i memooonozisi: OCHOBHOIO 023010 TaHHUX € OMyOITiKO-
BaHi pe3yJbTaTH, OTPUMaHi METOJIOM a0COIOTHUX BUMIPIOBAHb
CMIEKTPaJIbHOI TYCTHHH MOTOKY BUIIpoMiHroBaHHs Cas A B fiana-
30Hi BiJ] MUTIMETPOBHX JI0 JCIUMETPOBUX JOBKHH XBUIIb, TA Pe-
3yJBTaTH, OTPUMaHI METOJIOM BiTHOCHUX BUMIipIOBaHb, IIE0TO
CITiBB{HOIIIEHH IOTOKIB BUITPOMIHIOBaHHS 3AJIMIIKA HAJTHOBOI
Cas A ta panmioramaktiku Cyg A, 110 BHKOPHCTOBYETBCS SIK OTTOP-
He JPKepeJIo B Tiara30Hi METPOBHUX JIOBKUH XBHJIb. J[is CITiBCTaB-
JICHHS 13 BKa3aHHUMH JAHUMH, 3HAWICHUMH PI3HUMH METOIaMH,
BUKOPHCTAHO Pe3YIbTaTH TPHBAIOTO MOHITOPHHTY (3 1987 p.)
Bapialliil BiTHOIIIEHHS CIIEKTPAIBHOT IIIIbHOCTI MOoTOKiB Cas A
ta Cyg A Ha pagioreneckomni “YPAH-4" PagioacTpoHOMIYHOTO
iHcturyta HAH Ykpainu Ha wactoti 25 MI'n.

Pezynomamu: B pe3ynpraTi aHalizy JaHHX CIIOCTEPEKEHb
MILTBHOCTI TOTOKY BUNpoMiHIoBaHHs Cas A 'y BCbOMY pajiozia-
Ma30Hi BiqMI4a€ThCs iICHYBaHHS KBa3iMepioAUMYHHUX Bapiaiii
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Periodic and Sporadic Variations in the Spectral Flux Density of the Cas A Supernova Remnant

B Jliana3oHi BiJi MUIIMETPOBUX JI0 METPOBUX JTOBXKHH XBHWIIb
Ha YacoBOMY iHTepBaJIi Biz 2 110 9 pokiB. [IpyanHOO BUSBICHHX
KBa3iMepioANYHHX Bapiamii MOXXYTh OyTH IMPOIECH B CAMOMY
3amumky Cas A. B niama3oHi 1eKkaMeTpOBHUX JOBXKUH XBHIIb
3a TaHUMH MOHITOPUHTY Ha panioreneckomri “YPAH-4” Bigwmi-
YarOThCSI CE30HHO-I000BI Ta JOBrOTPUBAIi Bapiallii, OB’ si3aHi
31 3MIHOIO CTaHy 10HOC(EPH B IIUKIIi COHSYHOT aKTUBHOCTI, IIPH
c/1abKOMY IPOSIBi BIKOBOI'O 3MEHIIICHHSI IOTOKY BUIIPOMiHFOBaHHS
Cas A. HasiBHiCTB CTIOpaqiYHUX Bapiamiil BiTHOIIEHHS CIIEKT-
panbHuX HiipHOCTEH MoToKiB Cas A ta Cyg A 1oB’s3aHa 3 TIpo-
SIBAMH IT1IBUIIEHOT COHSYHOT AaKTUBHOCTI. AOY ITOSICHUTH 3HHU-
JKeHHSI CHEKTPaJIbHOI MIUTBHOCTI TOTOKY Cas A 1o piBas Cyg A
Ta 30epekeHHsI IIepeBUIIeHHs TOTOKY Cas A Ha IeKaMeTPOBHX
XBUJISIX, CJTiJl BAKOHYBATH KBa310JIHOYACHI CIOCTEPE)KEHHS Ha Pa-
JIOTeNIeCcKoIax Pi3HUX JTiara3oHiB.

Bucnosok: EBonronis 3anuniky HagaHoBoT Cas A 3aJIMIIAETHCS
B IIEHTPI yBark Cy4aCHUX OCIiKEeHb. [HTPUTIyI0UMM MOMEHTOM
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CTaJIo BISIBIICHHS B LIEHTpi pasiomkeperna Cas A TOUKOBOTO PEHT-
TeHIBCBHKOT'O JKepeia sik MOXKIIMBOTO 3QJIMILKY HaJTHOBOI. Posib
[BOTO JDKepelia y 3MeHIIeHHI BikoBoro paxmionoroka Cas A
Ta B Or0 Bapiallisx IIe HAIeKUTb 3’sicyBaTH. JleTanbHuil aHai3
0araTopiuHHUX JaHUX T4 BAKOHAHHS KBa310JIHOYACHUX CITOCTEPE-
JKEHb JIO3BOJISITH BUSIBUTH IIPOLIECH, IO BiIOYBAIOTHCS B CaAMO-
My pafiofKepeni, Ta BUSHAUUTH, K Ha Pe3ylbTaTu BUMIpIO-
BaHb BIUIMBAE cTaH ioHocepu. [IponoHyeThes crinbHa mpo-
rpama CIiocTepeKeHb Bapialliii HOTOKiB BunpomiHioBaHH: Cas A
ta Cyg A Ha pagioreneckonax PT-32, PT-16 i enemenri pajiioin-
teppepomerpa LOFAR BeHTcminchKkoro paiioacTpoOHOMIYHOTO
nenrpa (JIarist) Ta pamgioreneckonax “YPAH”, “YTP-2” i['YPT
Panioactponomiunoro inctutyta HAH Vkpainu.

Knrouosi ciosa: Cas A, BikoBe 3MEHIIIEHHS IOTOKY BUIIPOMiHIO-
BaHHS, 3JIMIIOK HA/THOBOI, ioHOC(hepa, COHAYHA aKTUBHICTh
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