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Abstract We apply so-called break-point method to select the dense cores of 10 major
meteor showers from the photographic, video, and radio-meteor databases. The major
showers can well be selected from photographic and video data, in a lesser degree from radio
data. The obtained mean characteristics of Quadrantids, Lyrids, n-Aquarids, a-Capricor-
nids, 8-Aquarids N, 8-Aquarids S, Perseids, Orionids, Leonids, and Geminids are presented.
A test to indicate the existence of a suspected shower in radio database is suggested.

Keywords Meteors - Meteor showers - Quadrantids - Lyrids - n-Aquarids -
a-Capricornids - 8-Aquarids N - §-Aquarids S - Perseids - Orionids - Leonids - Geminids

1 Introduction

Studies of real meteor streams are strongly dependent on the observational data. The data
use to be concentrated in databases, where meteors belonging to various streams and
sporadic background are mixed. This circumstance causes that a separation of meteors of a
given meteor shower or, at least, a selection of its dense core is not trivial.

Several methods for separation/selection have been suggested. The first comprehensive
study of the problem of separation was done by Sekanina in a series of papers (Sekanina
1970a, b, 1973, 1976). He used database of radio meteors consisting of 19,303 or, later,
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42 L. Neslusan et al.

19,698 orbits. The Southworth-Hawkins (1963) D-discriminant was used to evaluate
similarity of shower orbits and, consequently, to separate the orbits from the database.
Specifically, Sekanina considered a fixed critical value of D, denoted as D,,, and separated
all meteors having D-value between a given meteor orbit and mean orbit of a shower
D < D,. In the separation procedure, he assigned a larger weight, w = 1 — D/D,, to the
orbits being closer to the mean orbit in terms of orbital-element phase space. (The weight
of orbits with D > D, was zero.)

Following the line of deduction made by Sekanina for radio meteors, we suggested the
methods of selection/separation of shower meteors from the photographic IAU MDC
database in our earlier work (Neslusan et al. 1995; Porubcan et al. 1995). The first method
was aimed to select a dense core of a given meteor shower and, subsequently, determine
reliable mean characteristics (Neslusan et al. 1995). This method is named as the “break-
point method” (see Sect. 2 for a description). In contrast to Sekanina’s method, the critical
value of D-discriminant is not fixed, but determined, from the cumulative dependence of
the number of selected meteors, N, on the threshold D, for each shower individually.

Our second method (Porubcan et al. 1995) is not based on the cumulative, but differ-
ential dependence N = N(D). The critical D-discriminant determined using this method,
D,,, is a border between the orbital phase space from which a larger number of shower than
sporadic meteors is separated (for a threshold D < D,,) and orbital phase space from which
a less number of shower than sporadic meteors is separated (for D > D,,).

A new approach to meteoroid stream identification was further introduced by Valsecchi
et al. (1999; Jopek et al. 1999, 2003). Their identification is based on a distance function
involving four geocentric quantities that are directly linked to observations. The function is
thus defined in a space that has as many dimensions as the number of independently
measured physical quantities, at variance from the conventional orbital similarity criterion
of Southworth and Hawkins.

In course to classify all meteors in a given database, to those belonging to a specific
shower or to sporadic, we further suggested another method, so-called “method of indices”
(Svoren et al. 2000, 2001). The method assumes division of the entire phase space of five
orbital elements (g,e,w,€Q, and i) as well as equatorial coordinates of the geocentric
radiant and geocentric velocity into appropriate sub-intervals. The strategy of the method is
based on the fact that the parameters of a given shower or association fit the same com-
bination of the sub-intervals.

A choice of the method of selection/separation of shower meteors from a database often
depends on the purpose of the separation. In recent period, there have occurred some studies of
theoretical streams associated with some potential parent bodies in orbits, which are situated far
from the orbit of the Earth, but which can nevertheless have some filaments crossing the orbit of
our planet and, thus, cause the meteor-shower phenomenon. Within these studies, the char-
acteristics not only of night-time, but also day-time, and not only well recognized, but also
weak, diffuse showers are predicted. To confront such prediction with reality, it is necessary to
attempt to separate the shower with predicted characteristics from the databases available.

Since a prediction of existence of a shower should be reliably verified in the obser-
vational data available, the break-point method of the selection of dense core seems to be
the most appropriate in this context. The method can also be highly automatized and, thus,
fast to provide the intended confrontation.

In this paper, we extend our work about the method of break-point, already used for the
older version of photographic IAU MDC database (Lindblad 1987, 1991; Lindblad and
Steel 1994) and map the applicability of this method when selecting the meteors of major
showers from the video and radio-meteor databases. Since the new, 2003-version of
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photographic IAU MDC database was meanwhile issued (Lindblad et al. 2003), we repeat
the selection also from this new dataset to obtain the “reference” results.

Concerning the organization of the paper, the break-point method is briefly reminded in
Sect. 2. In Sect. 3, we give a basic information about the databases used. The results are
described in Sect. 4. The questionable separation and giving an indication of eventual
existence of shower in the radio database is discussed in Sect. 5. Concluding remarks are
written in Sect. 6.

2 The Break-Point Method

All methods of separation of meteors from a database, in which shower and sporadic-
background meteors are intermixed, do explicitly or implicitly assume similarity of orbits
of analyzed-shower members. The similarity of a shower meteor orbit to the shower mean
orbit is not a constant phenomenon, but usually decreases’ with time. Consequently, there
is not any sharp border between the orbits of given stream and those of sporadic back-
ground. The methods of separation differ each other by the specific choice of discrimi-
nation between the meteors of the separated or selected shower and the other meteors.
Usually, a critical measure of similarity, beyond which the orbits are not longer assumed to
belong to the shower, is derived.

It appeared that the major showers have a well-defined “core”, in which the diversity
between the orbits of individual members and the mean orbit is relatively small (Neslusan
et al. 1995; Paper I). The method of “break point” was designed to select just the meteors
in this core. In the method, diversity between the orbit of meteor and the shower mean orbit
is evaluated with the help of the Southworth-Hawkins (1963) D-discriminant. (However, a
modification assuming other measure of the diversity is not excluded.)

In Fig. 1, the cumulative dependence of meteors separated from a database on the
chosen threshold value of D is plotted. The dotted, monotonously increasing curve illus-
trates the behaviour of the number of sporadic meteors selected from the database with the
increasing D. The number of selected meteors of the well-concentrated core of the shower,
N, up to the appropriate limit of D (indicated with the arrow in graph) is illustrated by a
dashed curve. At relatively small values of the threshold D, the number of shower meteors
increases steeply, enough. Near the critical value, the slope of this increase changes to
moderate and, finally, to almost flat. It is appropriate to choose the critical value of D just
in the point, in which the apparent increase of the number of separated meteors is ter-
minated. This point was named the “break point”.

When constructing the N = N(D) dependence from a real database, we obtain
superposition of both shower and sporadic background numbers, only. In Fig. 1, the
superposition is shown by the solid curve. In practice, the critical D corresponds to the
lower-D border of a quasi plato in the dependence (see also Figs. 3,4, 5,6, 7, 8,9, 10, 11,
12 for more examples). The accounting of the critical value of D is subjective. So, the exact
critical value can differ, a little, when accounted by various authors. However, the dif-
ference has only a negligible impact on the number of selected shower members, therefore
this non-exact step of the procedure appears not significantly influencing the determined
mean characteristics of the chosen set of shower meteors.

' If the particles of given meteor stream move in orbits in which they are in a resonance with a planet, the
measure of similarity may not decrease in time, but oscillate.
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Fig. 1 The dependence of the
number of meteors selected from
a database on the threshold value
of D-discriminant. Specifically,
the solid curve shows the
dependence for the selected
number from a real database.
This dependence is superposition
of selected shower members
(dashed curve) and sporadic
background meteors

(dotted curve)

sporadic - - - - - - -
shower — — —
total _ \L

selected number of meteors [arbitrary unit]

0 0.2 0.4 0.6 0.8 1
limiting D-discriminant

To calculate D-value between orbits of a meteor and shower we need to know the mean
orbit of the shower. In the break-point method, this orbit is determined in an iteration
procedure. For an initial, low, threshold value of D, a mean orbit from an external source is
used. It can be the orbit of the parent body, if known, or the orbit determined in previous
studies (also by other method and/or using other database), or a theoretically determined
orbit (from, e.g., a dynamical study of theoretical stream associated with a parent body
considered). After a set of meteors is selected, the mean orbit can be calculated and is
considered in further iteration step, in which entire selection for the given threshold D is
repeated. Similarity of two successive mean orbits in the iteration can also be evaluated by
the D-discriminant. The iteration procedure for given value of threshold D can be stopped,
when the value of D, between two successive mean orbits becomes negligible
(D, < 107). The iteration procedure may not converge when a few specific meteors are
included and then, in successive iteration step, excluded from the shower, repeatedly. In
such a case, we suggest to stop the iteration after 100 steps. (There appears only a minute
difference between the alternating mean orbits.) After finishing the iteration for a given
threshold D, the process is repeated for another, higher, threshold D-value. The cumulative
behaviour N = N(D) should be determined for D from a value close to zero (e.g.
D = 0.01) up to a relatively high value (D = 1.00 or D = 1.50 at maximum).

If a stream crosses the orbit of the Earth in both descending and ascending arcs (e.g. the
stream of 1P/Halley), the break-point method selects the members of such stream as a
single whole. To separate the meteors of corresponding two showers in this case, it is
necessary as an extra step of the procedure, to divide the source data into two groups
assuming, e.g., an appropriate date separating the expected periods of activity.

In contrast to the Sekanina’s (1970a, b; 1973; 1976) approach, we do not assign any
weight to the selected meteors. Steep increase of the selected number of meteors in the
cumulative N = N(D) dependence in the interval of relatively low threshold D-value
(Fig. 1) should be sufficient waranty that just the mean orbits of reliable shower members
is determined. A weighting would result in an unreasonable “inertia” of input mean orbit
(which is taken from an external source and, thus, can be chosen diverse, enough, from the
actual mean orbit). In addition, the showers usually consist of filaments (Perseids are a
good example; see, e.g., Wu and Williams 1995; Kanuchova et al. 2005; Svoren et al.
2006) and contrary to expectations the weighting procedure can prefer a mean orbit in the
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orbital space between the filaments, where the number density of shower meteors can be
relatively low.

3 Analysed Databases

As indicated in the Introduction, we investigate the applicability of the break-point method
in three databases, each containing meteor orbits determined by different observational
technique. The following datasets are considered.

(1) The photographic database of the IAU MDC, version 2003 (Lindblad et al. 2003). It
contains 4581 meteor orbits from 35 partial catalogues linked together. The partial
catalogues were created by 17 authors/observational stations in the period 1936-1996.
The break-point method was for the first time developed using an earlier version of
this database (Lindblad 1987, 1991; Lindblad and Steel 1994) with 3411 orbits. Thus,
its upgraded version is considered again mainly as a reference.

(2) The video database published by the SonotaCo group (SonotaCo 2007). We use the
part of the SonotaCo database from multi-station observations in 2007-2009. It
contains 64,650 meteor orbits.

(3) The radio database (Hawkins 1963; Lindblad 2003; Sekanina and Southworth 1975).
This dataset consists of 62,907 orbits. It is known that the orbits determined from the
radio observations are less precise than photographic or video orbits, but the radio
orbits provide still the only information about day-time showers.

Unfortunately, all three databases are collections especially from seasonal observational
campaigns. The coverage during year is far from some uniform. The year variation in the
number of detected meteors in the databases can be seen in Fig. 2.

4 Selected Cores of Major Showers

The method of break point was applied to select the well-defined members of 10 major
night-time showers, the same as in Paper I, from all three databases. In order of their
appearance in year these are: Quadrantids, Lyrids, n-Aquarids, o-Capricornids, 8-Aquarids
N, 8-Aquarids S, Perseids, Orionids, Leonids, and Geminids.

The cumulative dependences N = N(D) for showers selected from the databases are
shown in Figs. 3,4,5,6,7, 8,9, 10, 11, 12. In the plots, the arrow points to the position of
the critical value of D-discriminant, Dp, at which the shower from given dataset is
selected. It appears that in specific database some major showers have no dense core, the
members of which can be undoubtedly selected. Therefore, no apparent break point in the
N = N(D) behaviour can be observed. From the radio database, only the Southern
d-Aquarids, Orionids, and Geminids using the break-point method can be selected
(Figs. 8c, 10c, 12¢). A densier core of the Northern 3-Aquarids is missing also in the video
data (Fig. 7b).

The sporadic background meteors and of other showers can, sometimes, largely blur the
phase space of the selected shower. This blurring and prevailence of meteors in a neigh-
bouring phase space can be so high that the convergence of iteration procedure to the
shower is interrupted and the procedure starts to converge to a highly different orbit, so far.
An example of such a change in the convergence can be seen in N = N(D) dependence for
video-Geminids in Fig. 12b (at D = 0.57, the convergence to the mean orbit of Geminids
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Fig. 2 The number of meteors detected during one-degree interval of solar longitude in three meteor
databases considered. Specifically, the numbers are given for photographical (plot a), video (b), and radio-
meteor (c) datasets
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is inverted to that to the orbit with <Ay > = 148.9°, radiant coordinates
o, = 289.3°, 8, = 22.9°, and geocentric velocity of V, = 18.8 km s~ which is, likely,
the “mean” orbit of a mixture of several showers and sporadic meteors). However, the
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Fig. 4 The same as Fig. 3 but L (a) LYRIDS; photographic database
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critical Dy uses to be much lower than the D-value corresponding to the change of con-
vergence, therefore the change is no problem for the selection.

Sometimes, a diffuse shower in the neighbourhood of the selected one causes only a
small deviation of the mean orbit from the previous convergence. Due to the deviation
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Fig. 5 The same as Fig. 3 but 25 |
for the m-Aquarids (a) ETA-AQUARIDS; photographic database
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some members of the selected shower are omitted for a short interval of limiting D values
and, thus, the number of selected shower meteors can episodically decrease. Such
examples can be seen in N = N(D) dependence of photographic a-Capricornids and
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Fig. 6 The same as Fig. 3 700
but for the a-Capricornids
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8-Acquarids N in Figs. 6a and 7a. In the much more numerous video and radar data, the
diffuse showers are obviously less abundant relatively to the neighbouring phase space,
therefore no “jumps” in the dependence are seen.
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Fig. 7 The same as Fig. 3 but 250 T T T T T T
for the 3-Aquarids N (a) DELTA-AQUARIDS N; photqggraphic database
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The mean geophysical characteristics of the investigated showers are summarized in
Table 1 and the mean orbits in Table 2. The latter lists also the critical values Dy at which
the shower meteors were selected and numbers Np of selected shower meteors. In both
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Fig. 8 The same as Fig. 3 but 400 T T T T T T T
for the 3-Aquarids S (a) DELTA-AQUARIDS S; photographi¢/database
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tables, the determined parameters are listed with their standard deviation (o), which,
however, reflects more the dispersion of the parameter during the period of shower activity
than a determination uncertainty. For three selected radio showers, the values of G are
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Fig. 9 The same as Fig. 3 but 1000
for the Perseids 900
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Fig. 10 The same as Fig. 3 but

for the Orionids 160 (a) ORIONIDS; photographic database 1
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typically larger than the corresponding values of photographic and video showers. This is,
likely, a consequence of combination of two dispersions: the larger real dispersion of orbits
of smaller radio-meteor particles in comparison to those detected by the photographic or
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Fig. 11 The same as Fig. 3 but
for the Leonids
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Fig. 12 The same as Fig. 3 but 700 T T T
for the Geminids (a) GEMINIDS; photographic database
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Table 1 Geophysical characteristics of investigated major meteor showers

Shower DB  <ig > o, Sy V, Vi
Quadrantids F 283.332 £ 0.767 2304 22 4924+ 10 41.0£1.0 388+06
A% 283.148 £ 1437  229.8 + 3.1 496+ 17 401 +£13 381+08
Lyrids F 32.588 £ 0947 2724 +£12 334£06 469+07 41607
v 32.355 £ 0.584 2721 £1.3 333£07 466+07 414+04
n-Aquarids F 44.550 £ 0.662  337.0 £ 0.6 -144+03 653+£06 40706
v 46.491 £ 5406  338.6 = 3.8 -06+20 657+1.1 4l11%1.1
a-Capricornids ~ F 128.053 £ 6.102  306.3 & 3.5 —89+£27 222+15 374x£07
v 126.681 & 4.325  305.6 & 2.7 —-94+£15 221+£09 371+£04
3-Aquarids N F 136.222 + 4770 3429 £ 3.5 —-04+28 396+£25 37.0+20
3-Aquarids S F 132,157 £5.193 3436 +41 —-150%+10 401%15 378=%11
v 129.576 £ 5.435 3424 +47 —-160x1.6 395+21 368+ 17
Perseids F 138.963 £ 3.291 463 £ 5.2 576 £1.6 592+£13 41311
v 139.049 + 3.801 47.1 £ 6.1 57719 588+ 13 409+1.0
Orionids F 208.203 + 4.529 950 £ 34 156 £08 66.6+12 41.6+12
v 208.773 £ 4.141 96.0 £ 3.4 156 1.0 66.1£12 41.0+£12
Leonids F 235.980 £ 5.851 153.8 £3.7 215+£22 70710 414%+10
v 236.133 £4.036 1544 £ 2.7 216 £17 702+£06 41.0%+0.6
Geminids F 261.875 £ 1.147 1135 £ 1.5 323+£07 344+£12 338%£09

<

261.236 £ 2.566  112.6 +£2.9 324+£13 335+15 333+12

Denotation used: DB—meteor-orbit database (F—photographic, V—video), <A, > - mean ecliptical longi-
tude of the Sun of shower activity, o, and J, - equatorial coordinates of geocentric radiant, and V, and
V, - geocentric and heliocentric velocity. The angular quantities are given in degrees and velocities in km s~

video observations and the dispersion due to smaller precision of radio orbits in com-
parison to photographic and video orbits.

In Table 2, we can see that the values of Dg significantly differ from shower to shower
even within a single database. The difference reflects several factors. The error Gaussian of
the determination of an element is influenced by geometry of shower observation, which is
different for various showers from various observational stations. Worse observational
conditions imply a more dispersed Gaussian. The Gaussian is also influenced by numer-
osity of shower. If the quality of observation of more and less numerous showers is the
same, i.e. the ratio of maximum and half-width of Gaussians is identical, the absolute value
of the half-width and, therefore, dispersion of more numerous shower is larger.

Of course, the orbital dispersion of a shower depends not only on the observational
precision, but largely also on the length of the period of shower activity and internal
structure of shower. The value of Dy can obviously be expected larger for a less compact
shower. The advance of the break-point method is the ability to quantify, at least in a
certain degree, all the factors influencing the shower dispersion and provide the value of
Dg closely to an optimal one. The unique value of Dy for all showers, often considered in
the past, leads to a large infiltration of a shower by the meteors of sporadic background in
the case of low numerous and compact showers and eventual omission of significant
number of reliable shower members in the case of large showers.

As evident from Table 2, there is no clear correlation between the numerousity of the
database and mutually corresponding values of Dg. Of course, the number of selected
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Selection of Meteors of Major Showers 59

shower meteors is typically much larger in the case of much more numerous video or radio
data than in the case of less numerous photographic data.

5 An Indication of the Shower Presence in Radio Data

Larger real dispersion of orbits of small radio-meteor particles in combination with their
dispersion due to relatively smaller precision of radio orbits can smoothen the cumulative
N = N(D) dependence constructed on the basis of radio data. Therefore no break point can
be recognized. Nevertheless, replenishment of shower orbits in the appropriate phase space
can still be sufficient to enable recovering of the presence of the shower. In the following,
we suggest a test based on the iteration procedure used within the break-point method,
which brings a serious argument for the presence of the shower in the used database.

Since the radio database is the only source of information about the day-time showers
and the break-point method gives selections of only some major showers just from these
data, we present our suggestion for the radio database, in this section.

Starting the break-point-method iteration procedure from an initial orbit, the iteration
converges to the actual mean orbit of the shower if the used data contain the shower
meteors. Usually, there is no large diversity between the chosen initial and determined final
mean orbits. However, if the shower is present, then the convergence can also be expected
when one starts from an initial orbit more different from the final mean orbit. We suggest
making the following steps to find whether the convergence clearly appears and shower is
present.

At first, we determine via iteration the mean orbit of shower under study for the
threshold value of D equal to D = 0.20, which was chosen by Sekanina (1970a, 1970b) as
a good, more strict and unique critical D-value. In this step, we use the obvious initial orbit
in given study (nominal initial orbit). If there are at least 5 meteors selected, we calculate
the standard deviations (o) for each of five standard orbital elements (g, e, w, Q, and i) and
establish two modified initial orbits for the iteration, the first with elements g — 20,
e —20,,0—20,,Q—20q, and i — 20;, and the second with elements g+ 20,,e +
20,,w+204,,Q+ 20q, and i + 20;. If the number of selected meteors, for D = 0.20, is
smaller than 5, then the shower is probably not present in the database.

We also experimented with the initial orbits with the elements incremented (reduced)
about 1o (-1o) and 3c (-3c). While for the former initial orbits the clarity of the
convergence was still hard to be evaluated, a smaller success occurred for the latter initial
orbits. The 3—c modification seems to be too large.

We repeat the selection, for threshold D = 0.20 again with these two additional initial
orbits. If the iterations for all three initial orbits converge to the same final mean orbit then
the identification of the shower in the database can be regarded as positive. However, the
resultant mean orbit is only indicative since a contamination with meteors not belonging to
the given shower is unknown and can be high.

The suggested test is applied to the radio database for the 10 major showers. The mean
orbits of these showers found in our previous work (Paper I) are considered as the nominal
initial orbits entering the iteration. The result is summarized in Table 3. Besides already
selected 8-Aquarids S and Orionids, the test clearly reveals existence of radio-Quadrantids.
Starting from three different initial orbits for this shower, almost the same number of
shower members is selected (113 or 112) and all three final mean orbits are practically
identical (® of the first mean orbit differs only about 0.2° from that of the second and third
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Fig. 13 The same as plots (c) in 5000 T T T T T T T
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orbit). One can notice that the convergence appears despite the fact that initial values of
elements are outside the corresponding dispersion intervals. A strong convergence trend
can occur only due to the presence of the shower.

In the case of Perseids, three final mean orbits are consistent within the given dispersion of
orbital elements. However, the values of elements of the final mean orbit are roughly in the
middle between the corresponding initial values and values obtained starting from the nominal
initial orbit. The convergence is not so clear than in the case of Quadrantids. It is worthy to
notice that the number of separated members of radio-Perseid shower is low (7-15). We suggest
to regard the existence of the Perseids in the radio data used as questionable.

While the test well confirms existence of radio-Orionids, the existence of n-Aquarids,
belonging to the same spatial stream, is questionable because the iteration converges to the
same final mean orbit only for two of three initial orbits (Table 3). Interestingly, such
partial convergence also occurs for 3-Aquarids S, clearly selected with the help of break
point (see Sect. 4). Likely, a presence of other shower near the phase space of the modified
initial orbit caused a deflection of the convergence in iteration away from the analysed-
shower orbit, in both cases.

Besides of the questionable identification of m-Aquarids, our recognition of four
showers in the radio database is consistent with their detection by the Canadian Meteor
Orbit Radar, CMOR (Brown et al. 2008, Fig. 2). There were five large peaks in the number
of detected meteors during year corresponding to the activity of Quadrantids, n-Aquarids,
day-time Arietids, d-Aquarids S, and Geminids. The peak in the CMOR’s detections
corresponding to Orionids, though not comparably high, was also relatively wide.

The test cannot be applied to the Lyrids, which are obviously not present in the radio
data because only 4 meteors are selected for D = 0.20 starting from the nominal initial
orbit. The application of the test is possible, but no convergence is found for o-Capri-
cornids, 6-Aquarids N, and Leonids. At a-Capricornids, no meteor was separated starting
with the initial orbits having the elements increased about 2c for D = 0.20.

To demonstrate the N = N(D) trend in the interval of orbital-element phase space, where no
apparent shower is expected, we model 5 random initial orbits and construct the corresponding
cumulative N = N(D) dependences using the radio database (Fig. 13). The test does not result
in any convergence (see the second part of Table 3) as expected. The number of selected
meteors starts torise typically at the threshold value D = 0.3 in contrast to actual showers where
this increase occurs at significantly lower threshold D values.
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6 Concluding Remarks

The break-point method is found to be applicable to photographic and video databases.
The mean characteristics of 10 major meteor showers obtained using both databases are
similar.

Applicating the method to the radio database, only three of ten investigated showers
were selected successfully. It seems that only a shower in the orbital phase space with a
relatively lower number of sporadic-background meteors and/or meteors of other showers
can be well separated. Consequently, the relatively larger dispersion, real or due to the
observational uncertainty, of shower orbits in the radio data does not enable so good
working of the break-point method than in the case of photographic or video data.

Since the radio database is a unique source of information about the day-time showers,
it is desirable to gain any evidence of a shower. In course to at least confirm the existence
of a suspected shower in the radio data, we suggested the test giving an argumentation for
such confirmation, if the shower is present. This test revelaed another one of 10 major
showers in the radio data. The test should, however, be regarded as applicable in a positive
sense: presence of a shower in the data can be confirmed, but cannot be excluded.
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