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ABSTRACT. Inthis paper, we studied the incompre-
hensible fading of a continuum of noise storms and type 1V
continual bursts in the decameter range, coinciding in time
with coronal mass ejections (CMEs) for solar proton events
(SPE). A comparative analysis showed that about 60% of
the CMEs are accompanied by the fading of the continuum
of noise storms and type IV continual bursts in the range of
25-30 MHz. It is shown that the fading of the continuum of
a noise storm associated with a CME is distinguished by
the intensity and duration of fading, as well as the width of
the fading band and the frequency at which the maximum
fading depth is observed. Moreover, detailed studies have
shown that, against the background of a general decline in
the radiation flux, a fine temporal structure at adjacent fre-
quencies remains. This may indicate that the radiation is
shielded by an external region in the path of radiation prop-
agation. It can be a cold and dense cloud of the CME itself
or absorption in the ionosphere. Absorption at low frequen-
cies in the Earth's ionosphere is quite possible, since the x-
ray and ultraviolet radiation of the flare can cause addi-
tional short-term ionization. In this regard, studies have
been conducted on the relationship of the fading of the con-
tinuum of noise storms with x-ray flares. A comparative
analysis showed that there is a fairly strong relationship be-
tween the integral flux and the effective duration of x-ray
flares with the integral flux and the effective duration of the
decrease in the continuum of noise storms, respectively.
Moreover, the relationship between the effective durations
is slightly higher, where the correlation coefficient between
the studied values is = 0.71. It was also shown that short-
term impulse fading is associated with impulse x-ray flares,
and long-term with gradual long-term x-ray flares. It was
noted above that absorption can also occur in the body of
the CME itself, therefore, the relationship between the pa-
rameters for lowering the continuum of noise storms at a
given frequency and the speed of the CME was investi-
gated. A comparative analysis showed that there is a fairly
strong relationship between the maximum fading depth and
the CME speed, where the correlation coefficient between
the studied values is = 0.65.

AHOTALIA. ¥V paniit po6oTi JOCHIHKEHI HE3PO3yMLITi
3aBMHpPAHHS KOHTHHYYMY IIYMOBHX Oyp 1 KOHTUHYaIbHHX
crieckiB IV Tuny B gekamMeTpoBOM Aiana3oHi, siki 30ira-
FOTBCS Y 9aci 3 KopoHanbHUME Bukuaamu Macu (KBM) mst
corstyrnx  npotorHux moxid  (CIII). IlopiBHsutbHUI
aHaii3 mokaszas, 1o Omm3bko 60% KBM cympoBon-

NAS of Ukraine, isaevaode@gmail.com

JKYIOTHCS 3aBMHUPAHHSAM KOHTHHYYMY IIYMOBHX Oyp 1 KOH-
TUHyabHUX ciuieckiB |1V tumy B mianmasoni 25-30 MIm.
[NokazaHo, MO 3aBMUpPAaHHS KOHTUHYYMY IIyMOBHUX OYp,
moB's3ani 3 KBM, BiIpi3HSIOTBECS IHTCHCHUBHICTIO 1 TpH-
BaJICTIO 3aBMHUpPAHHS, a TaKOX IMIMPHHOK CMYTH 3aBMHU-
PaHHS 1 YaCTOTOK Ha SIKill CIOCTEPIraeThCsi MAKCHMaJbHA
IMOWHA 3aBMHUPAHHS. BUTbII TOTO, IETaBHI JOCHTIIKSHHS
MTOKa3aJid, IO Ha TJi 3arajikHOTO CHaxy MOTOKY PagioBH-
MIPOMIHIOBaHHS 30epiraeThcsi TOHKA THMYACOBa CTPYKTypa
Ha cycigHixX gactoTax. Lle Moxe Bka3yBaTH Ha Te, IO BH-
MIPOMIHIOBaHHA EKPAaHYeThCS 30BHIMIHBOI 007acTIO Ha
LUISIXY MOUIMPEHHs BUMPOMiHIOBaHHs. Lle Moxe OyTu xo-
JoJHA 1 miiibHa XMapa camoro KBM a6o  morjavHaHHS B
ioHocepi. [TornuHaHHA Ha HU3BKUX YacTOTax B ioHOC(hepi
3emMili IIJIKOM MOJKJIMBO, TaK SIK PEHTIEHIBCBKE 1 YiIb-
TpadiosieTOBE BUIIPOMIHIOBAHHS CIAIaXy MOXE BUKIIH-
KaTH J10JJaTKOBY KOPOTKOYACHY 10Hi3awit0. Y 3B'S13Ky 3 UM
OyJM POBEJICHI JJOCIIKCHHS 3B'13KY 3aBMUPAHHS KOHTH-
HyyMy IIYMOBUX Oyp 3 PEHTTEHIBCHKUMH CIaJaXxaMu.
[NopiBHANBEHUIT aHAITI3 [TOKa3aB, IO ICHYE JOCUTH CHIIBHUN
3B'SI30K IHTETPAJIBHOTO MOTOKY i €PEeKTHBHOI TPHBAJIOCTI
PEHTTCHIBCHKHUX CIAJNIaXiB 3 IHTETPaJIbHUM IIOTOKOM i
e(eKTUBHOIO TPUBAIICTIO 3HWKEHHSI KOHTUHYYMY [IYMO-
BUX Oyp, BimmoBimuo. IIpmdomy, 3B'I30K MiX eheKTHB-
HUMH JUTUTEILHOCTSMH TPOXH BUIIIE, I KOSPIIIEHT KOpe-
TSIl MK TocipkyBanumu  BenmduHamu ~ 0.71. Takox
OyJ10 1OKa3aHo, 1110 KOPOTKOYACHI IMITYJILCHI 3aBMUPAHHS
TOB's13aHI 3 IMITyJIbCHUMH PEHTICHIBCBKUMH CliajlaxaMu, a
TpUBaji 3 MOCTYIOBHUMH TPHUBAJMMH PEHTICHIBCHKUMU
crnianaxamu. Buine 3a3Hayanocs, 10 IOTJIMHAHHS MOXe
BimOyBaTHcs i B Tinmi camoro KBM, tomy Oyn mocimimkeH
3B'SI30K MiX MapaMeTpamMy 3HMWKEHHS KOHTHHYYMY HIYMO-
BHX Oyp Ha maHiit yactoti i mBuaKicTio KBM. [opiBHsuIE-
HUIl aHaji3 MoKa3aB, IO iICHYE MOCHUTHh CHIIBLHHUH 3B'S30K
MiXX MaKCHMAJIBHOIO TIIMOMHOIO 3aBMUPAHHS 1 MIBUIKICTIO
KBM, ne koedillieHT Kopesiii Mixk TOCTIKYBaHUMH Be-
nuurHaMu = (0.65.

Keywords: speed of the CME, fading continuum of noise
storms, integral flux.

1. Introduction

The interest in coronal mass ejections is due to their high
geoeffectiveness.

Broadband studies in the radio range showed that most of
the CME formation events are accompanied by sporadic phe-
nomena in the radio range (about 80% of the total number of
cases). In 50% of cases, the phenomena in the radio band
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preceding the registration of the CME are broadband. At the
same time, it was shown that CMEs that are not accompanied
by broadband phenomena in the radio range are ejections
with a small angular width <40° and an average ejections ve-
locity of not more than 700 km/s.

A generalization of the observational data in the radio
range indicates that at the stage of CME formation in the me-
ter-decameter bands, an increase in the continuum of noise
storms with characteristic quasiperiodic oscillations is ob-
served until the noise storms completely fade before the
CME exit (Durasova et al., 1999, 2002). In the centimeter-
decimeter ranges, at the stage of the CME formation, an in-
crease in the microwave radiation intensity is observed, as
well as powerful bursts of the GRF type with characteristic
temporal fluctuations in the flux intensity with periods > 20
minutes, and short-period fluctuations in the flux intensity
are observed immediately before the CME output, for 10-15
minutes with periods ranging from 6-22 seconds (Grechnev,
2003; Fridman & Sheiner, 2008).

It should also be noted that there is a strong connection
between CMEs and broadband continual type 1V bursts. It
was shown in (Isaeva & Tsap, 2017) that there is a strong
relationship between the CME velocity and the integral flux
of microwave bursts (u-bursts) for proton events. Moreo-
ver, the relationship between the speed of the CME and the
integral flux of type IV continual bursts largely depends on
the frequency of the continual radio burst. With a decrease
in the frequency of radio emission of continual bursts, the
relationship between the CME velocity and the integral flux
of continual bursts sharply decreases and is practically ab-
sent already in the meter-decameter wavelength ranges.

2. Initial data and research results

The studied sample contains 112 solar proton events
(SPE) for the period from 24-11-2000 to 23-07-2016 years,
accompanied by CME. Of 112 CME events, 67 (= 60%)
were accompanied by the fading of a continuum of noise
storms and type IV continual bursts in the decameter range
at frequencies of 25-30 MHz.

For analysis, we used original recordings of the dynamic
spectrums in the range of 25-180 MHz with Solar Radio
Spectrograph (SRS) (http://www.ngdc.noaa.gov/stp/ space-
weather/solar-data/solar-features/solar-radio/rstn-spectral/),
CME data (SOHO/LASCO CME CATALOG), list of proton
events (ftp://ftp.swpc.noaa.gov/publ/indices/ SPE.txt), origi-
nal recordings of the x-ray radiation of the Sun in the range
of 1-8 A and the intensity of the proton flux I, with an energy
of Ep, >1-100 MeV according to GOES (https:/sat-
dat.ngdc.noaa.gov/sem/goes/data/ new_avg/).

A comparative analysis showed that fading of noise
storms is characterized by the frequency band width Af,
maximum intensity (depth) Fmax, duration d and frequency
fmax at which the maximum fading depth is observed. For
most events, fading noise storms are observed in a narrow
frequency band Af from 125 kHz to 2 MHz. For most
events, the maximum intensity (depth) of fading Fmax is ob-
served in the frequency region fnax =27 MHz. In Figures 1
a) and b) show examples of the attenuation of the contin-
uum of noise storms and type IV continual bursts at fixed fre-
quencies taken from the original recordings of the dynamic
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Figure 1: Examples of fading of a continuum of noise
storms and continual bursts associated with a CME.
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Figure 2: The relationship between the parameters
of the fading continuum of noise storms and the pa-
rameters of x-rav bursts.

spectrum from Solar Radio Spectrograph. The effect of fading
noise storms is shown by black arrows. Above the figures, the
date, time of registration and speed of the CME are indicated.
It was noted above that for most events, the effect of fading
noise storms is observed in a narrow frequency band Af from
125 kHz to 2 MHz. However, for some events, fading can be
observed in the band 40-60 MHz, for example, as for the event
04-11-2003 (see Figure 1b).

It is interesting that, against the background of a general
decrease in the flux, the fine temporal structure is preserved
(it can be seen from a comparison with the fine temporal
structure at neighboring frequencies in Figure 1). This may
indicate that the radiation is shielded by an external region
in the path of radiation propagation. It can be a cold and
dense cloud of the CME itself or absorption in the iono-
sphere. Absorption at low frequencies in the Earth’s iono-
sphere is quite possible, since the x-ray and ultraviolet ra-
diation of flares can cause additional short-term ionization.
In connection with these, studies were conducted of the re-
lationship between the parameters of fading noise storms at
a frequency of 26.875 MHz and the parameters of x-ray
bursts in the range of 1-8 A.

A comparative analysis that there is a fairly strong rela-
tionship between the integral flux of lowering the continuum
of noise storms |Fdr and the integral flux of x-ray bursts [Fy.
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raydt (See Figure 2 a), as well as between the effective dura-
tion of the decrease in the continuum of noise storms
[Fdt/Frax and the effective duration of x-ray bursts [Fy.
raydt/Fmaxxray (S€€ Figure 2 b). Moreover, the relationship be-
tween [Fdt/Frax and Fy.raydt/Fraxxray is much higher, where
the correlation coefficient r between the studied values is ~
0.71. Additional studies have shown that there is a definite
relationship between the duration of fading noise storms d
and the duration of x-ray bursts and continual microwave
bursts. It was also shown that short-term impulse fading is
associated with impulse x-ray flares, and long-term with
gradual long-term x-ray flares.
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Figure 3: Relation of the intensity of the fading of
the continuum of noise storms to the CME speed
Veme, the shock wave velocity Vsnoek, and the proton
flux intensity I,.
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It was noted above that absorption at low frequencies can
also occur in the body of the CME itself. In this regard,
studies have been conducted on the relationship between
the parameters of fading noise storms and the speed of the
CME Vcume. A comparative analysis showed that the strong-
est relationship is observed between the CME speed Vcme
and the maximum fading intensity (depth) Fmax, where the
correlation coefficient r between the studied values is ~
0.65 (see Figure 3 a). In this paper, we are talking about
solar proton events, which, as you know, are often accom-
panied not only by proton fluxes, but also by coronal shock
waves (CSW). A comparative analysis showed that there is
a definite relationship between the fading intensity of noise
storms Fnax and the velocity of coronal shock waves Vshock
(see Figure 3 b), where the correlation coefficient r between
the studied values is = 0.56. It should also be noted that

there is a fairly strong relationship between the fading depth
of noise storms and the proton flux intensity I, with an en-
ergy of Ey;> 30 MeV (see Figure 3 ¢).

3. Discussion of the results

It is known that for thermal braking radiation in the
CME body or in the ionosphere, the decrease in intensity
should be broadband toward low frequencies. And in this
case, for most events, the decline in intensity occurs in a
narrow band, decreasing not only at higher frequencies, but
also at lower frequencies. In this regard, this effect cannot
be associated with absorption in the CME body or in the
ionosphere.

A possible alternative explanation, according to V.F.
Melnikov, there may be the following effect. Usually,
short-term decreases in the intensity of meter radio emis-
sion in type IV bursts are associated with a breakdown of
the cone instability, which is the cause of the continual co-
herent radiation. The failure is caused by the injection of a
new portion of energetic electrons that fill the loss cone,
i.e., lead to a sharp decrease in the transverse anisotropy of
the electrons trapped in the magnetic trap. Perhaps this ef-
fect works in this case. But here, too, there is a certain prob-
lem associated with narrowband. Why is the fading band so
narrow? Indeed, despite the fact that radio emission in type
IV bursts is coherent, i.e., locally narrow-band, a broadband
of meter-decameter radiation is generally observed. This is
due to the large extent and longitudinal heterogeneity of the
trap (magnetic loop). The way out of the contradiction can
be this: the instability breaks down only in a relatively
small quasihomogeneous part of the trap, while radiation
continues to be generated in other parts of the trap.
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