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Determination of the correlation coefficient of selected
short-periodic comets of the Jupiter family and solar activity
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The paper presents the study of the dependence between photometric parameters of selected short-period comets
of the Jupiter family and the activity of the Sun. As a quantity of solar activity, we used the sunspot area, the Wolf
number, the annual mean solar radio flux, the solar flare index (full disk), and the annual mean AA-index solar
activity. To study the correlation between cometary and solar activity the Dobrovolsky method was used. It has
been found no direct correlation between the absolute stellar magnitude and the photometric parameter of comets
with individual parameters of solar activity. Moreover, the correlation coefficients show that some comets are not

associated with solar activity.
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INTRODUCTION

The investigation of short-period comets is car-
ried out by studying the evolution of their brightness
in each appearance. The study of the same comet
in a certain appearance allows us to reveal differ-
ent mechanisms of nucleus activity as it was done
in |1, 4-7, 9-13, 21, 23|. To study the dependence
between the brightness of comets and solar activity,
as well as for many photometric studies, the total
brightness of the studied comet should be known
with the greatest possible degree of accuracy. The
dependence of the annual number of comets on the
level of solar activity has been studied in [1, 7, 8, 28|.

For instance, in [21, 22] the absolute magnitude
of comet 2P was examined in 12 appearances making
the conclusion that the appearance of comet 2P in
1901, 1905, 1924 and 1934 have a direct relation with
the Wolf numbers. The similar result was found for
the comet 21P which absolute brightness also shows
the dependence on the level of solar activity (i.e. the
Wolf number).

The method of qualitative comparison of features
is convenient for the study of the cometary phenom-
ena, which was firstly used in [7]. The essence of
the method is to divide the entire observation pe-
riod T' of the comet into n equal time intervals 7 so
that each of them has no more than one maximum
of the Sun’s activity or the brightness of the comet
m. For our case, we chose one orbital period of the
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comet around the Sun P and the values of the abso-
lute stellar magnitude and photometric parameter of
comets. Most comets of the Jupiter family have an
orbital period around the Sun from 3.3 and 20 years.
Therefore, one solar cycle (i.e. 11l-year solar cycle)
was taken as a unit of the activity of the Sun.

The study of parameters of solar and cometary
activity plays a key role in the establishing of the
connection between these phenomena. In this work
we determine the correlation coefficient of 16 most
active comets of the Jupiter family from the activity
of the Sun. Numerous studies have already stud-
ies the relation between the photometric parameters
of these comets with the activity of the Sun [1, 4
6, 8-13, 21-23|, but we expand this analysis using
observations of recent years (from 1990 to 2022).

METHOD AND RESULT

The existence of active processes in the nuclei of
short-period comets during the 11-year cycle with so-
lar activity was expressed in numerous studies |7, §].
These studies showed the presence of a two-peak
shape distribution of the total number of comets and
the number of the brightest comets during the 11-
year solar cycle.

In this work, we have chosen the ab-
solute magnitude in one orbital period of
short-period  comets 2P/Encke, 6P /d’Arrest,

7P /Pons-Winnecke, 9P /Tempel 1, 10P/Tempel 2,
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17P /Holmes, 19P/Borrelly, 21P/Giakobini-Zinner,
26P /Grigg-Skjellerup,  41P/Tuttle-Giakobini-Kre-
sak, 45P /Honda-Mrkos-Pajdusakova, 46P /Wirtane-
na, 51P /Harrington, 67P /Churuymov-Gerasimenko,
73P /Schwassmann-Wachmann 3 and 81P/Wild 2.

For this, graphs of the absolute stellar magnitude
and photometric parameter of the comets. In addi-
tion, for each appearance of comets, we analysed the
dependence between the absolute stellar magnitude
and the activity of the Sun. As an indicator of solar
activity in the sunspot area we use the well-known
Wolf number, the annual mean solar radio flux, the
solar flare index (full disk) and the annual mean AA-
index solar activity from [3].

This way allows you to identify a specific event
using the relationship between the absolute stellar
magnitude and the photometric parameter from the
activity of the Sun. To determine the correlation
coefficient between the photometric parameter and
the absolute magnitude with the activity of the Sun
accurately, we followed the approach from |[7:

Npw N — Nyw Ny,

where Nw is the number of intervals with max-
ima W and m, Ny is the number of intervals with
maxima W, but no maximum m, N is the number of
intervals without maxima m, N, is the number of in-
tervals without a maximum W, but with a maximum
m, Ny is the total number intervals with maxima
W, Ny, is the number of intervals without maxima
W, Ng is the number of intervals without maxima
m. Where the standard deviation of this correlation
coefficient is determined based on the total number
of intervals n as:

1—r2
ﬁ )

The obtained correlation coefficients are pre-
sented in Table1 for all studied comets. Analysing
the correlation between the absolute magnitude of
the 2P comet and the activity of the Sun coefficients
vary from 1.05 to 0.33. For instance, the correlation
with the sunspots area shows a positive trend with
coefficient 1.05, with the Wolf number (r = 0.88),
with the AA index (r = 0.86). At the same time, we
obtained weak correlation with the flux of radio emis-
sion at a wavelength of 10.7 cm the value (r = 0.33)
and the flare index of solar activity from the full disk
of the Sun (r = 0.43). The correlation coefficients
for the photometric parameter and the solar activity
also lie in the range of 1.24 to 0.33. We obtained
the positive correlations with coefficients r = 1.24
for S, r = 1.15 for W, r = 0.76 for AA, but weak
correlations for Fip7 and FI (r = 0.59 and 0.33,
respectively). Although dependencies with the Wolf
number and the sunspot area have been found, there
is no direct relation for other types of solar activity.
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In the case of comet 6P, the correlation coeffi-
cients show quite different trend, because for the
sunspot area and the solar F'I index the values of
the correlation coefficient with the absolute magni-
tude are r = 1.12 and r = 1.00, and for the Wolf
number the value is also close to unity » = 0.90.
On contrary, there is no correlation with the AA in-
dex (r = 0.14) and Fio7 (r = 0.00). The values
of the correlation coefficient for the dependence be-
tween photometric parameter and the Wolf number
or the sunspot area are close to unity (r = 0.94 and
0.95). For other parameters, the correlation values
show weak correlations (from 0.58 to 0.25) and there-
fore, we can’t conclude the presence of direct relation
between photometric parameters and solar activity.

For comet 7P, the photometric parameter shows
positive correlation only with S and W (r = 1.05
and 1.06, respectively). For other solar activity pa-
rameters, the values of correlation coefficient show
weak correlations, e.g. r = 0.27 with Fig7, r = 0.12
with AA index, and no correlation with FI index.
At the same time, the correlation between the abso-
lute magnitude and all activity parameters is weak,
and correlation coefficients lie in the range from 0.89
to 0.41.

The values of the correlation coefficient for the
absolute magnitude of the comet 9D revealed the
correlation only with S (r = 1.10) and FI index
(r = 1.17). Other coefficients show weak correla-
tions, e.g. r = 0.89 for W, 0.27 and 0.25 for AA and
Fo.7 indices, respectively. On the contrary, the pho-
tometric parameter does not show strong correlation
with any activity of the Sun.

According to the values of the correlation coef-
ficient for comet 10P, the absolute magnitude cor-
relates only with S and Fig7 (r = 1.07 and 1.06).
Other types of solar activity gave the values r = 0.74
and 0.91 for W and AA index, and no correlation
with the FI index. The values of the correlation co-
efficient from the photometric parameter for all types
of solar activity are intermediate and lie within 0.86—
0.17.

The absolute magnitude of comet 17P shows
strong correlation with the FI index (r = 1.02) and
Fip7 (r = 1.00). Similar trend was found for the
photometric parameter and Fio7 (r = 1.06). The
values of the correlation coefficient for other types
of activity, both for the absolute magnitude and for
the photometric parameter, are showing weak corre-
lations. At the same time, the photometric parame-
ter shows no correlation with F'I and AA indices for
this comet.

It was found that the photometric parameter and
the absolute magnitude of the comet 19P correlate
with the sunspot area and the Wolf number, and
there is no correlation between the absolute magni-
tude and the flare index. For the remaining indica-
tors of solar activity the photometric parameter and
absolute magnitude of this comet show weak corre-
lations (see Table1).
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For comet 21P, the values of correlation coeffi-
cient for the absolute stellar magnitude and all types
of solar activity are intermediate and lie in the range
from 0.76 to 0.20. While the photometric parameter
correlates only with the solar area and shows no cor-
relation with FI index. For the remaining types of
activity the studied correlations are weak.

Similarly to the case of comet 19P, the photomet-
ric parameter of comet 26P show strong correlation
with the Wolf number and the sunspot area. In ad-
dition, the absolute magnitude of this comet shows
correlation with the sunspot area. It was revealed
that the Fg7 and AA indices do not correlate with
the absolute stellar magnitude. Also, no correlation
was found between the photometric parameter and
AA index. For other types of solar activity, correla-
tion coefficient values are intermediate.

The absolute stellar magnitudes of comets 41P,
45P, 67P correlate with the area of sunspots, and
in the case only of comet 67P it correlates with the
Wolf number and F'I index.

The absolute magnitude of comet 51P shows cor-
relation only with Fig 7 index, while photometric pa-
rameter seems to correlate also with W. For comets
46P, 73P and 81P, the absolute magnitude values
have no correlation with the FI, Fig7 and AA in-
dices. At the same time, the photometric parameter
for comet 81P does not correlate with F'I and AA
indices.

DISCUSSIONS AND CONCLUSIONS

The value of the correlation coefficient r is a nu-
merical measure, where » = 1 indicates to the pres-
ence of a strong correlation (i.e. events appear to-
gether or one event causes another). In this case,
the light curves of comets and solar activity should
be smoothed out. The case of r = 0 is absence of
the correlation between parameters (i.e. no connec-
tion between events). If the value of the correlation
coefficient is negative (r = —1), the appearance of
one event excludes the appearance of another (i.e.
presence of a certain feedback).

Analyzing results shown in Table 1, we can con-
clude that there is clear correlation between selected
solar activity parameters and absolute stellar mag-
nitude, as well as with the photometric parameter of
studied comets.

Previous studies of comet 2P /Encke [24, 25| found
that its absolute magnitude maxima coincide with
the Wolf number maxima in 1835, 1848, 1870, 1934,
1941, 1967, 1990, and 2000, similarly as the mini-
mum of its absolute magnitude minimum coincide
with the Wolf number minimum in 1832, 1842, 1871,
1881 and 1937. For comet 7P/Pons-Winnecke, the
absolute magnitude maxima coincide with the Wolf
number maximum only in 1915, 1970, 1989, and
2002, and the minima of the absolute magnitude with
the minimum of the Wolf number coincide in 1921,
1945, 1975 and 1995. Moreover, for both comets, it
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has been observed the shifts of the absolute magni-
tude maxima and minima with respect to the max-
ima and minima of the Wolf numbers. For comet
9P, the absolute magnitude maximum coincides with
the Wolf number maximum in 1967, 1978, 1989, and
2011, and the minimum coincides in 1972 and 1983.
The maximum of the photometric parameter coin-
cides with the in 1867 and 1967, while the minimum
coincides in 1879, 1978, 1989, and 2000. For comet
10P, the values of the maximum absolute magnitude
coincide with the maximum Wolf number in 1873,
1894, 1904, 1920, 1946, and 1986, and the minimum
coincides in 1899, and 1999. Although shifts are ob-
served in most maxima (a decrease in absolute mag-
nitude and an increase in the value of the Wolf num-
ber, or vice versa). The photometric parameter is
also showing the same trend.

For comet 17P, the maximum magnitude coin-
cides with the maximum Wolf number only in 1972
and 1993, while the minimum coincides in 1979 and
2007. The comet 19P /Borrelly, the maximum mag-
nitude, and maximum Wolf number coincide in 1967
and 1981, and the minimum coincides in 1953, 1974,
and 2008. In some maximum and minimum, we are
able to detect small shifts of points. In addition, we
observed several antiphase trends (e.g. maximum of
solar activity with a minimum of cometary activity,
or vice versa) in 1932, 1994, and 2014 for magnitude
and in 1911, 1953, 1987, and 2014 for the photo-
metric parameters. At the same time, the minima
coincide in 1932, 1974, 1994 and 2008. The abso-
lute magnitude of comet 21P shows slightly different
behavior with respect to other comets, in 1940 the
value of the magnitude constantly increases during
the next three occurrences and does not show any de-
pendence on the maxima of solar activity. A similar
trend was detected for the photometric parameter,
the maximum time covered five occurrences and five
solar cycles at once. Two maxima and one minimum
with a shift were observed, there is also two antiphase
with point shifts.

The evolution of the photometric parameter and
the absolute stellar magnitude of the comet 41P fluc-
tuates with the activity of the Sun only after 1960.
The absolute magnitude is directly related to the ac-
tivity of the Sun at the appearances in 1995 and
2000. For the photometric parameter, the depen-
dence begins in 1962, then in 1978, and in other
cases, simultaneous increases in brightness with de-
creases in solar activity are observed, or vice versa.
The maximum absolute magnitude of comet 81 does
not coincide with solar activity, the minima coincide
only in two cases, 1984 and 2016. In four cases, an
inverse correlation is observed, i.e. at the maximum
absolute magnitude, solar activity minima are ob-
served (in 1978, 1997, and 2010) and vice versa in
2003.

According to the current paradigm the nuclear ac-
tivity of the comets is associated with solar activity,
but the obtained results presented in Table 1 shows
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that activity of comets 21P, 46P, 73P, 67P and 81P
does not correlate with solar activity. In most cases,
the dependence was revealed only between the abso-
lute magnitude of the comet (e.g. 2P, 6P, 9P, 10P,
17P, 26P) and sunspot area, Wolf number, F10.7,
and AA indices, while the photometric parameter
of comets usually correlates only with the area of
sunspots and the Wolf number.

In [1, 8, 21-23, 28] was suggested that the de-
crease of the absolute magnitude for these comets
can be caused by the present of a refractory crust.
In [20] space observations confirmed that some
cometary nuclei show signs of partial coverage by
a refractory crust. In addition, some of these comets
are considered active ones [14-17, 26|, because the
flare activity of comets located in the plane of the
ecliptic can be caused by a collision with meteoroid
swarms. This phenomenon may be the reason in the
cases where our analysis does not reveal the strong
dependence between some comets’ activity and solar
activity. This scenario agrees with the study of the
probability of the cometary collision with a specific
meteoroid shower in the case of comets 2P (in the
appearances of 1924, 1937, 1941, 1947, 1951), 6P (in
the appearances of 1950 and 1976), 7P (in the ap-
pearance of 1933), 10P (in the appearance of 1930),
19P (in the occurrences of 1918, 1994, 2011), 26P (in
the occurrence of 1927) and 81P (in the occurrence
of 1997) [27].

In [2| the variation of the brightness and out-
burst of comets is explained by the influence of high-
velocity flaxes with a speed of 500-750km /s. At the
same time, in [18] it has been found the correlation
between the brightness of comet C/1995 O1 and ge-
omagnetic activity C9 and Cp indices.

However, it should be noted that a detailed study
of the comet light curve in one appearance usually
allows for identifying some connection with specific
indicators of solar activity. For instance, such corre-
lations have been found for several short-period and
long-period comets in [2, 4-7, 9-13, 18, 22, 23, 28|.

According to |7], the value of r can be consid-
ered statistically significant if the absolute value of
r is three times the standard o. So intermediate
values can be associated with active processes tak-
ing place in the nuclei of studied comets. In the
case of all comets discussed above, during their re-
peated return to the Sun the active processes in the
form of destruction of the nucleus, the formation of
anomalous tail and gas and dust jets, especially the
ejection from local parts of the surface of the nucleus,
which were repeatedly observed using spacecraft [15—
17, 20, 26, 27]. However, the direct correlation be-
tween the activity of comets and solar activity may
be revealed only based on the detailed study of each
individual comet in a single appearance, especially
analysing the change of comet brightness before and
after the perihelion of the orbit.
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