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ABSTRACT. In this work, the relative distance be-
tween the harmonics of type Il radio bursts and its rela-
tionship with the intensity of the proton flux with an ener-
gy > 30 MeV are studied.

The studied sample contains 112 solar proton events (SPE)
for the period from 24-11-2000 to 20-12-2014 years, accom-
panied by type Il radio bursts in the range of 25-180 MHz.

For analysis, we used the original recordings of the dy-
namic spectrum in the range of 25-180 MHz from the So-
lar Radio spectrograph (SRS), as well as the original re-
cordings of the proton flux intensity with an energy > 1-
100 MeV according to GOES data.

A comparative analysis showed that for the vast majori-
ty of solar proton events, the relative distance between the
harmonics of a type Il burst varies over time over a wide
range. Moreover, each event is characterized by a gradual
decrease in the relative distance to the minimum value
with subsequent increase.

In this work, we also studied the relationship between
the proton flux intensity of solar cosmic rays (SCR) and
the relative distance between the harmonics of type Il ra-
dio bursts at a given time. A comparative analysis showed
that there is a fairly strong relationship between the proton
flux intensity with an energy > 30 MeV and the frequency
f; at the fundamental harmonic, at which the minimum
value of the relative distance between the harmonics of the
type Il burst is observed. It was shown that the lower the
frequency f; at the fundamental harmonic, the higher the
intensity of the proton flux.

Keywords: Solar proton events, proton flux intensity,
type 1l radio bursts, relative distance between harmonics.

AHOTALIIA. B po6oTi gocimKeHO BiTHOCHY BiJICTaHb
MDX TapMoHiKamMH pagmiocrureckiB |l tumy i 11 3B's30K 3
IHTEHCHMBHICTIO IOTOKY NPOTOHIB 3 eHeprieto > 30 MeB.

HocmimkyBana BuOipka MicTuth 112 coHAYHHX Tpo-
tounux noxiit (CIIII) 3a mepion 3 24-11-2000 mo 20-12-
2014 poxw, mo CymnpoBOMKYThCS panio crureckamu Il Tu-
ny B nianasoni 25-180 MI'w.

Hns amamizy OynM BHKOPHCTaHI OPHTIHAJBHI 3aIiCH
MUHAMIYHHUX CIEKTPiB B miama3zoni 25-180 MI'if 3 comsu-
Horo paxio cmekrporpada (CPC), a Takox opHUriHAJIBHI
3aliCH IHTEHCUBHOCTI MIOTOKY HPOTOHIB 3 eHeprieto > 1-
100 MeB 3a nanumu 3 GOES.

[NopiBHsIBHUI aHaNi3 TMMOKa3aB, MIO U IEepPeBaKHOI
OLIBIIOCTI COHSYHUX TPOTOHHUX TMOIIH BiTHOCHA BiJICTaHB
MDK rapMoHikamu crutecky Il Ty 3MiHIOETBCS 3 IUIMHOM
Yacy B MIMPOKUX Mexax. [IpumyoMy, Uit KokHOT monil xa-

PaKTEpHO TOCTYIIOBE 3MCHIICHHS BiJHOCHOI BIJCTaHI 10O
MiHIMQJILHOTO 3HAYEHHS 3 TOIaJIBIITUM 3POCTAHHSM.

VY naniit po6oTi Takoxk Oy’ mOCIiKEH 3B'I30K IHTEH-
CUBHOCTI TIOTOKY MPOTOHIB COHSIYHHUX KOCMIYHHX IIPO-
MeHiB (CKII) 3 BiTHOCHOIO BiJICTAHHIO MiXX FapMOHIKaMU
pamio cmueckiB Il Tmmy B maHWMA MOMEHT dHacy.
[NopiBHsUTEHUIT aHAITI3 [TOKA3aB, IO ICHYE JOCUTH CHIIbHUN
3B'S130K MiX IHTEHCHBHICTIO TIOTOKY IIPOTOHIB 3 €HEPTIi€I0
> 30 MeB i wacrororo f; Ha OCHOBHi#l rapMoOHiIli, Ha sSKiii
CIIOCTEPIraeThCsl  MiHIMaJIbHE  3HAYEHHS  BiHOCHOL
BiZIcTaHi M rapmoHikamu crurecky I tumy. IlToka3zano,
10 YMM HIKYe yactora fi Ha OCHOBHIM rapMoHiLi, THM
BHIIIE IHTCHCUBHICTh ITOTOKY MPOTOHIB.

KoaiouoBi ciioBa: COHsIUHI IPOTOHHI MO/Ii1, IHTEHCUBHICTD
MOTOKY IIPOTOHIB, panio cmiecku tuny I, BimHOCHa
BiJICTaHb M)XK TApMOHIKaMH.

1. Introduction

To date, many indications have been received that type
Il radio bursts are generated at shock wave fronts
(Zheleznyakov, 1970; Wild and Smerd, 1972; Nelson and
Melrose, 1985). In this case, quite often, on the dynamic
spectrum, one can observe splitting of the burst band into
two parallel strips, which behave similarly in both intensi-
ty and drift velocity (Wild and Smerd, 1972; Nelson and
Melrose, 1985; Mann, 1995, 1996 ; Zimovets et al., 2012;
Vasanth et al., 2014). Some authors believe that the strips
can merge (Mann, 1995, 1996), thereby believing it quite
appropriate to characterize the distance between them at a
given time ti by the relative band width Af/fi1 = (fi2 —fi 1)/
fi1, where f; 1 is the radiation frequency.

The observed band splitting is usually associated with
the plasma mechanism of radio emission. If the ratio of
the characteristic frequencies of the bands fi »/fi 1
approximately equal to 2, then they speak of two harmon-
ics (first and second) radiation generated by a source lo-
cated either in front of or behind the front of the shock
wave. If the value f;./fi 1 differs significantly from the inte-
ger value and is noticeably less than 2, then this splitting
is also associated with the plasma mechanism of radio
emission. However, in this case, the generation occurs at
one harmonic in front and behind the shock front (Smerd
et al., 1974, 1975; Vrsnak et al., 2001, 2002; Zimovets,
2012; Vasanth et al., 2014), where the plasma density and
the generated frequency of electromagnetic waves have
significantly different meanings.
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sis, we used original records of the proton flux with an ener- ; S
of Ep > 1-100 MeV according to the data from GOES sity Ip and the relative distance bimin
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In figure 1a) shows an example of the dynamic spec- B10fi) 7N ] @
trum of a type Il radio burst associated with a proton burst (Fiz—fis)
on 31-05-2003 year. As can be seen, two bands can be f;l. = bz Jid/ @)
distinguished corresponding to the main and second har- fia

monics. In this work, we used a new regression model
(Isaeva and Tsap, 2017) to approximate the type Il burst
harmonics (1), where fi; is the frequency of the maximum
of type Il burst at a given harmonic at a given time t;, i -
reference number, j - harmonic number, a; and d; - linear
regression coefficients.

This model makes it possible to fairly accurately esti-
mate the frequency drift velocity for 95% of type Il bursts
in the range 25-180 MHz, for which the correlation coef-
ficient r between the observed and calculated frequency
values r > 0.98. For all events, the zero time moment to
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corresponded to the beginning of a type Il burst at the first
harmonic at a frequency of 180 MHz.

In Figure 1a) an approximation of the harmonics of a
type Il burst is shown by thin white lines along the har-
monics. The vertical arrow indicates the distance between
harmonics in frequency Af = fi» — fi1 at a given time t;. For
112 type 1l bursts, the harmonic splitting width was stud-
ied, which was characterized by the relative distance b;
between harmonics (2), where fi1 and fi, are frequency
values at 1 and 2 harmonics at a given time t;.

In Figure 1 b) shows a typical example of a change in the
relative distance b; over time t; for a type Il radio burst of
31-05-2003. A comparative analysis showed that over time,
the width of the cleavage can vary over a wide range. It is
shown that each event is characterized by a gradual de-
crease in the splitting width to the minimum value of bimin
with a subsequent increase. Moreover, for different events,
the minimum value of the splitting bi,min is observed in dif-
ferent frequency ranges. In Figure 2 a) the dependence of
the relative distance b; on the frequency fi1 at the 1-st har-
monic is shown. In figure 2 a) it can be seen that for the
event of 31-05-2003 year, the minimum splitting bjmin
corresponds to a certain frequency fi1min at 1 harmonic.

Earlier in (Tsap Yu., Isaeva E., 2013), it was shown that
there is a fairly strong relationship between the relative
distance b; averaged over the entire time interval of a type
I burst and the proton flux intensity l,. Moreover, the
relationship between b; and 1, is much higher for protons
with energies > 30-100 MeV, where the correlation coef-
ficient r between the studied quantities is = 0.65-0.70.

In the present work, we also investigated the relation-
ship between the relative distance b; and the intensity of
the proton flux I, with an energy E, > 30 MeV.

A comparative analysis showed that there is a fairly
strong relationship between the proton flux intensity I, and
the minimum relative distance between the harmonics of
the type Il radio burst bimin (see Figure 2b), where the corre-
lation coefficient r between I, and bimin is approximately
0.63, which is in full agreement with the previously ob-
tained results in the work (Tsap Yu., Isaeva E., 2013).

Also in this work, we studied the relationship between
the proton flux intensity I, and the frequency fiimin at
which the minimum splitting b min is observed.

A comparative analysis showed that the relationship
between I, and fi1min is much higher than between I, and
bi min, Where the correlation coefficient r between the stud-
ied quantities is =~ 0.63 and = 0.70, respectively (see Fig-
ure 2band 2 c).

It was shown that the lower the frequency fi1min at the
fundamental harmonic, the higher the proton flux intensity
Ip (see Figure 2 c), where the correlation coefficient r be-
tween the studied quantities is = 0.70.

3. Conclusion

As follows from the obtained results, the often observed
evolution of the splitting of bands of type Il radio bursts can
be associated with a change in the density jump in front and
behind the shock front, which is determined by the charac-
teristics of both the shock wave and the environment.

The inhomogeneity of the source can also make a cer-
tain contribution, which leads to a stronger absorption of
electromagnetic waves in the low-frequency or high-
frequency emission band at the first harmonic.

A sufficiently strong relationship between the intensity
of the SCR proton flux and the frequency f, at the first
harmonic, at which the minimum value of the relative
distance is observed, may be an additional parameter for
diagnosing the flux of SCR protons.
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