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Abstract. In this paper, a comparative study between the solar X-ray flares
and solar radio bursts in terms of their duration and energy has been done. This
has been done by analyzing the data in a statistical way covering the descending
phase of the 22nd and 23rd solar cycles. It has been observed that the most prob-
able value of duration of both solar X-ray flares and solar radio bursts remain
same for a particular cycle. There is a slight variation in the most probable value
of duration in going from 22nd cycle to 23rd cycle in the case of both kinds of
events. This small variation may be due to the variation of polar field. A low
correlation has been observed between energy fluxes in solar X-ray flares and in
solar radio bursts. This has been attributed to the non symmetric contribution of
energy to the solar radio and X-ray band controlled by solar magnetic field.

PACS codes: 96.60.tk, 96.60.Rd

1 Introduction

The relationship between microwave and hard X-ray emissions (HXR) from the
Sun has been one of the important subjects in solar flare research. It is by
now well established that hard X-ray emission from the Sun is having a very
close relation with the radio emission. The hard X-ray emission most likely
arises from Bremsstrahlung process when energetic electrons are accelerated by
Coulomb forces in collisions with ambient ions, either in the chromosphere or in
the corona. Bremsstrahlung hard X-ray emission is proportional to the product
of the non-thermal electron density and the ambient ion density. The electrons,
producing centimeter-wavelength bursts by synchrotron radiation, flow into the
lower chromosphere through the centimeter-wavelength radio source from above
the chromosphere and produce high energy X-ray bursts by Bremsstrahlung [1].
On the other hand, the electrons that produce hard X-ray emission have energies
of order 10 keV or more, are also very efficient emitters of radio emission in
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the solar corona. As they can produce radio emission by a number of different
physical mechanisms, in contrast to the bremsstrahlung-dominated hard X-rays,
the radio data provide a range of diagnostics that complement the hard X-ray
measurements.

There were studies on power-law indices of HXR and microwave spectra with
statistical analysis [2,3] and with single event analysis [4,5]. Kawate et al. [6]
compared the power-law indices of non-thermal electrons inferred from HXR
spectra at the peak time and those of the microwave spectra in most of events,
by assuming that HXRs is emitted by a thick target mechanism with electrons
precipitating into footpoints of flaring loops and microwave being emitted by
gyrosynchrotron with the trapped electrons in flare loops. White et al. [7] has
confirmed the value of utilizing radio and hard X-ray data simultaneously to
study accelerated electrons in the solar corona. However, they have not solved
the problems regarding the discrepancy between the non thermal electron energy
spectral index derived from radio and HXR observations of electrons which is
responsible for the temporal behaviour of both radio and hard X-ray emissions.

During the solar cycle, changes occur in the Sun’s internal magnetic field and
in the surface disturbance level on going from its activity minimum to activity
maximum. Fokker [8] observed that the most energetic microwave flares occur
mainly during the descending phase of the cycle. Literature survey shows that
it is important to investigate the solar features during descending phase of solar
cycle. It is worth mentioning that Zhang et al. [9] compared the south and north
polar coronal holes during the descending phase of solar cycle 22. Kane [10]
found the fluctuations of solar activity between the ascending and descending
phase of the solar cycles. Gopalswami et al. [11] also observed that the mi-
crowave brightness temperature during the 23/24 solar minimum is substantially
diminished compared to the 22/23 solar minimum. All these observations ne-
cessitate to study the descending phase of the solar cycles separately. Thus, we
concentrated our work on the descending phase of the solar cycles.

It is a well known fact that both the solar radio burst and solar X-ray flares
are results of solar flares accelerating charged particles in the magnetic field.
Thus, to make a comparative study between the solar X-ray flares and solar
radio bursts, we expect some connection between them. In this paper, studies
have been made to find out correlation between solar X-ray flares and solar radio
burst events in terms of their duration and energy and the cycle to cycle variation
of the correlation coefficient.

2 Data Collection and Analysis

To make a comparative study between the duration and energy of solar X-ray
flares and solar radio bursts, both the X-ray flare and the radio burst data have
been collected from the Solar Geophysical Data Bulletin provided by NGDC
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(National Geophysical Data Center) published by NOAA (National Oceanic and
Atmospheric Administration), U.S. Department of Commerce, Boulder, Col-
orado (ftp://ftp.ngdc.noaa.gov/STP/SOLAR DATA/SGD PDFversion). Both of
these studies have been done by analyzing the data in a statistical way for de-
scending phase of the 22nd and 23rd solar cycle. The descending phase of solar
cycle 22 comprises of the period from July-1991 to June-1996 and descending
phase of solar cycle 23 comprises of the period from July-2001 to June-2006.

In the data reported by NOAA, it is seen that, in some cases duration or energy
is recorded for only X-ray flare but not for radio bursts. Because of this, total
number of solar X-ray flare events and total number of solar radio burst events
under observation are not equal to each other.

3 Analyses of Data and Results

The results obtained from the present analyses are described in the following
sections:

3.1 Distribution of solar X-ray flares and solar radio bursts in various
ranges of duration

In order to study the characteristic features of durations of solar X-ray flares
and solar radio bursts, we have presented numbers of X-ray flares and radio
bursts events occurred during descending part of 22nd and 23rd solar cycles in
Table 1. The distribution of X-ray flares and radio bursts in the different ranges
of durations (at an interval of 10 mins) are shown in Figure 1 and in Figure 2

Table 1. Number of solar X-Ray flares and solar Radio bursts events consider for anal-
ysis and their distribution with respect to duration (Numbers within bracket shows their
occurrence percentage)

Events details X-Ray flare events Radio bursts events

Cycle 22 Cycle 23 Cycle 22 Cycle 23
(1991-1996) (2001-2006) (1991-1996) (2001-2006)

Total No. of events under
observation 3882 5063 3534 4296

Events having duration (0-100)
min with occurrence percentage 3775 (97%) 4997 (99%) 3256 (92%) 4068 (95%)

Events having duration (0-30)
min with occurrence percentage 2837 (73%) 4348 (86%) 2987 (85%) 3584 (83%)

Events having duration (0-10)
min with occurrence percentage 1187 (31%) 2102 (42%) 2549 (72%) 2938 (68%)
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Figure 1. Histograms showing the distribution of solar X-ray flares with respect to dura-
tion in solar cycles 22 and 23.
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Figure-2 423 
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Figure 2. Histograms showing the distribution of solar radio bursts with respect to dura-
tion in solar cycles 22 and 23.

for descending phases of 22nd and 23rd solar cycles respectively. It is noted that
most of the solar radio bursts are concentrated in the duration range between
0 and 10 min whereas solar X-ray flares are distributed over a wider range of
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duration. Statistical investigation using Originlab version 9 shows that the most
probable values of durations of solar X-ray flares and solar radio bursts are same
for a particular solar cycle. For both solar X-ray flares and solar radio bursts, the
most probable values of durations are 5.8 min during descending phase of 22nd
solar cycle and 5.4 min during descending phase of 23rd solar cycle respectively.

The number of events having duration greater than 100 minutes is very small,
as supported by Table-1. These have, however, been excluded from the graph of
number distribution as this exclusion does not affect the nature of distribution.

3.2 Correlation between duration of solar X-ray flares and solar radio
bursts

To investigate the correlation between durations of solar X-ray flares and solar
radio bursts, Figure-3 has been plotted for descending phase of 22 and 23 solar
cycles.

Observation of the figure reveals that the duration of X-ray flares increases with
the duration of corresponding radio bursts but with low correlation co-efficient.
The number of pair of events (X-ray flares and radio bursts) and the correlation
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Figure-3 433 
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Figure 3. Duration of solar radio bursts vs. duration of solar X-ray flares in solar cycles
22 and 23.
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Table 2. Correlation Coefficient of duration of solar X-ray flares and solar Radio bursts
events

Total No. of events having corresponding
duration of both X-ray flares and radio bursts Correlation

Period events under observation coefficient

Cycle 22 (1991-1996) 3534 0.21964
Cycle 23 (2001-2006) 4296 0.26498

coefficients of their durations are shown in Table 2 for descending phases of
22 and 23 solar cycles respectively. Here, Pearson’s correlation coefficient is
used because it gives a measure of the strength of a linear association between
two variables. This is used for all the data points that we consider for analysis
to study the overall linear association between solar X-ray flare and solar radio
burst.

3.3 Correlation between energy of solar X-ray flares and solar radio
bursts

It is worth mentioning that solar radio flux is measured in terms of intensity per
unit frequency band width which is known as S.F.U. (Solar Flux Unit) where
1 SFU = 10−22 W m−2 Hz−1.

Solar X-ray flux is reported in terms of intensity over the band width between
0.1 to 0.8 nm. Watt/m2 is the unit of flux density or intensity of X-ray flares.

To investigate the correlation between peak burst intensity of solar X-ray flares
and peak flux density of solar radio bursts during the descending phases of 22nd
and 23rd solar cycles, Figure 4 has been plotted. Observation of the figure shows
that the points are almost scattered. Considering the line of best fit, it is noted
that there exists a low correlation between the peak flux density of radio burst
and the peak burst intensity of X-ray flares. The number of events vis-a-vis their

Table 3. Correlation coefficient of energy of solar X-ray flares and solar radio bursts
events

Total No. of events
having corresponding
energy of both X-ray No. of events having
flares and radio bursts energy (1-1000) F.U. Correlation

Period events under observation with occurrence percentage coefficient

Radio burst X-ray
Cycle 22 (1991-1996) 3728 3632 (97%) 3692 (99%) 0.10000
Cycle 23 (2001-2006) 4878 4711 (97%) 4819 (99%) 0.23434
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Figure 4. Peak flux density of solar Radio bursts vs. peak burst intensity of solar X-ray
flares in solar cycles 22 and 23.

occurrence percentage within the radiating flux density (1-1000) flux unit (F.U)
and the correlation co-efficient between the peak flux density of radio burst and
the peak burst intensity of X-ray flares during the descending phases of two solar
cycles are shown in Table 3.

It is clear from Table 3 that 97% radio burst events are lying within the energy
level (1-1000) S.F.U while 99% X-ray flare events lie within the energy level (1-
1000) Watt/m2. This table also shows that the co-relation coefficient increases
on going from cycle-22 to cycle-23.

4 Discussion

The analyses on durations of solar X-ray flares and solar radio bursts shows that
most of the radio burst events are concentrated in the duration range between
0 and 10 mins whereas solar X-ray flare events are distributed over a wider
range of duration. But, the most probable values of durations of X-ray flares and
radio bursts are same for a particular solar cycle. The most probable values of
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durations are 5.8 mins for both solar X-ray flares and solar radio bursts during
descending phase of 22 solar cycle and 5.4 min during descending phase of 23
solar cycle respectively.

It is a well established fact that minima of solar cycle 23 differs from minima of
solar cycle 22 in many respects. The minimum of 23rd solar cycle is noteworthy
not only because of its low level of activity but also because the polar fields are
roughly 40% weaker than the previous three minima [12,13]. This weakness has
been reflected in the heliospheric current sheet to flatten in to the equator. The
weak polar fields provide an unprecedented opportunity to test dynamo mod-
els and solar cycle prediction methods in which the sunspots of the next cycle
are generated by converting the preexisting poloidal field in to torroidal field
[14-16]. So, it is expected that the descending phase of cycle 23 should be-
have differently than that of cycle 22. The variation of most probable value of
duration, on going from solar cycle 22 to solar cycle 23, may be the effect of
weakening of polar fields. The variation in durations from solar cycle 22 to solar
cycle 23 may be the consequences of weakening of polar field in cycle 23 justi-
fied with the following works. Solar cycle 23 has been characterized by a steady
decrease in solar activity [17,18], a continuous weakening of polar fields [19],
and a decline in micro-turbulence levels in the inner heliosphere since ≈ 1995
[20]. Rigorous analyses on the boundary of polar coronal holes during the de-
scending phase of solar cycle 23 have shown a decrease in coronal hole area by
≈ 15% in comparison to that observed at the beginning of solar cycle 23 [12].

Wang et al. [21] considered some of the consequences of weak polar field during
cycle 23. They discussed the effect of weak polar fields on coronal holes and so-
lar winds. On the basis of surface flux transport model, they found that relatively
small increase in the meriodional flow-speed can account for the weakening of
the polar fields during cycle 23, in agreement with the conclusions of Schrijver
and Liu [22].

Bisoi et al. [23] used both wavelet and Fourier analysis to study the changes in
the variations of solar photospheric fields using ground-based synoptic magne-
tograms. A hemispheric asymmetry in the variations of the photospheric fields
was seen only at latitudes above 45◦ when the data were divided into two parts
based on a wavelet analysis: one prior to 1996 and the other after 1996. Further-
more, the hemispheric asymmetry was observed to be confined to the latitude
range of 45◦ to 60◦. According to Bisoi et al., this could be attributed to the
variations in polar surges that primarily depend on both the emergence of sur-
face magnetic flux and varying solar-surface flows. The observed asymmetry
along with the fact that both solar fields above 45◦ and micro-turbulence levels
in the inner-heliosphere have been decreasing since the early- to mid-nineties
suggested that around this time active changes occurred in the solar dynamo that
governs the underlying basic processes in the Sun [12]. These changes in turn
probably initiated the build-up to the very deep solar minimum at the end of
solar cycle 23.
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Magnetic-field measurements using data from the National Solar Observatory,
Kitt Peak (NSO/KP) synoptic magnetogram database, have shown that a decline
in solar photospheric fields in the latitude range of 45◦ to 78◦ began around the
minimum of solar cycle 22, in ≈1995–1996 [24]. Signatures of this decline in
solar fields above latitude 45◦ have also been observed in the inner heliosphere
as a corresponding decline in micro-turbulence levels. Because, both solar mag-
netic fields and micro-turbulence levels in the inner-heliosphere have been de-
scending since mid-1990, Janardhan et al. [20] have argued that the build-up
to the deep and extended solar minimum at the end of cycle 23 was initiated as
early as the mid-1990.

The falling or decaying phase of individual flares differs from each other due
to the fact that solar magnetic field plays a catalytic role in the decay process.
Fokker [8] observed that the magnetic field structure connected with an emerging
flux loop is more stationary during the descending phase of the solar cycle than
during the maximum. As a result, though the peak phases of two events are
having good relation, the total duration do not show an impressive correlation
between them. The modulation of total duration of X-ray flares and radio bursts
by solar magnetic field is random. Kawate et al. [6] observed delay in peak of the
microwave emission with respect to peak in the corresponding HXR emission. In
addition, the microwave emission shows gradual hardening in all events, while
the corresponding HXR spectral indices are roughly constant in most events,
though rather rapid hardening is observed for both indices during the period
from the onset time to the peak time in some of them. These results show that the
microwave emission emanates from the trapped electrons. Taking into account
of a role of the trapping electrons for the microwave emission, Kawate et al.
fitted the observed microwave spectra with simple model spectra by using GS
code and conclude that the same populations of electrons can emit high energy
HXR and microwave emissions, whereas it is not the case for HXR in lower
energy. This discussion shows that if the durations of all kind of X-ray flares
together are compared to with that of radio bursts; only a small correlation is
expected. This is in agreement with the result obtained in the present paper.

During flare, an additional variation of solar magnetic field may give rise to non-
symmetric contribution of energy to the radio and X-ray band. [1]. Correlation
between intensities of flares may also be affected due to this additional emission
of hard components of X-rays from the region of emission of soft X-rays. So,
in this analysis, it is found very poor correlation between the energy of two
events when number of data analyzed is small. As the number of data analyzed
increases, the effect of extra magnetic field decreases and correlation coefficient
between two events increases.

Hard X-ray and type III radio observations are known to have good temporal cor-
relation in time during solar flares [25-27]. The increased X-ray flare emissions
in the tens of keV range and above are evidenced to come from non-thermal
electrons in the low atmosphere during solar flares [28]. When the electrons en-

247



J. Bhattacharya, B.K. De, A. Guha

ter the high density plasma of the solar chromosphere, they lose all their energy
and are thermalized via electron-ion Coulomb collisions. Spacecraft usually can
detect the X-ray source both directly and through X-rays reflected from the solar
surface [29]. The X-ray signature is used to deduce the temporal, spatial, and
energetic profile of the energized electrons [30]. Type III radio emission at fre-
quencies ≤ 4 GHz is believed to be caused by high energy electrons streaming
through the corona [31]. Vilmer et al. [32] showed a close correlation between
the change of the HXR pattern in the 25-40 keV range and the radio source.
This observation strongly supported the idea of a common acceleration region
for HXR and radio emitting electrons. This is in good agreement with the result
derived previously by Aschwanden et al. [26] with respect to the locations of the
radio and HXR emitting sites. It is well known that such a simple link between
HXR and radio sources is not always as simple as what could be derived from
simple scenario [33,34]. Hamish et al. [35] looked at a series of type III bursts
and hard X-ray flares for a period of 6 years. When the two kinds of emissions
occur at the same time, the X-ray flux above 25 keV is high enough for detection,
and the event duration is 20 seconds or longer, they found a correlation between
the starting height of the groups of type III radio bursts and the spectral index of
the energetic electrons in approximately 50% of events. Moreover, some events,
that did not show a significant correlation for the entire flare duration, showed
trends in the starting frequency of the groups of type IIIs that was mirrored in
the X-ray spectral indices over shorter times. However, statistical studies which
include all types of coherent radio emission raise little doubt as to the connection
between coherent radio and hard X-ray emission [36-39].

5 Conclusion

The comparative study of solar X-ray flares and the solar radio bursts may be
summed up with the following conclusions:

• Most of the radio bursts are concentrated within the duration between 0
and 10 min whereas most of the X-ray flares are distributed over a wider
range of durations between 0 and 30 min.

• The most probable values of durations of both events are same for a par-
ticular solar cycle. This value is 5.8 min during descending phase of solar
cycle 22 and 5.4 min during descending phase of solar cycle 23. This
slight variation from one cycle to the other cycle can be attributed to vari-
ation of polar field from cycle to cycle.

• Correlation coefficient between duration of solar X-ray flares and solar
radio bursts increases slightly on going from descending phase of solar
cycle 22 to descending phase of solar cycle 23.
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• A low correlation between energy flux in solar X-ray flares and energy
flux in solar radio bursts has been found. This low correlation may be
result of the non symmetric contribution of energy to the solar radio and
X-ray band controlled by solar magnetic field.

In future work, research should be done with inclusion of imaging at many more
radio frequencies that are currently available. With imaging in a wide frequency
range, it would be possible to detect streams of upward and downward propa-
gating electron responsible for radio bursts, mainly type III. It is also claimed
that detection of lower intensity X-rays would also provide more idea about the
spatial characteristics of flares acceleration regions.
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