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Discovery of the February Eta Draconids (FED, IAU#427): the dust trail of a potentially
hazardous long-period comet
Peter Jenniskens and Peter S. Gural (WGN 39:4 (2011) 93-97)

Abstract A previously unknown shower was detected on 2011 February 4, during routine low-light-level video
triangulations with NASA’s Cameras for Allsky Meteor Surveillance (CAMS) project in California between 02h20m and
14h20m UT. During that time interval, six meteors radiated from a compact geocentric radiant at R.A. = 239.92°+0.50°,
Decl. = 62.49°+0.22°, with speed V; = 35.58£0.34 km/s. The times of arrival for the meteors were 06h25m, 07h59m,
10h49m, 11h18m, 12h14m, and 13h33m UT, suggesting that the outburst peaked around 11h UT Q\, = 315.°1) and had
a duration of at least 7 hours. The shower was not detected on the days prior to or after February 4. The meteors were in
a narrow magnitude range, with peak visual magnitude of +2.1, +1.9, +2.6, +2.1, +2.3 and +2.4, respectively, moving
from 103.6 1.4 to 95.7=1.5km altitude. The mean meteoroid orbital elements derived from the radiant and speed are: g
=(0.971+0.001) AU, 1/a=(—0.004+0.025) AU, 1=55.°20+0.°34, » =194.°09+0.°35, 2 =315.°07%0.°10 (one
standard deviation). The orbital periond of this shower is P > 53y (three standard deviations), so that meteoroids are
likely the dust trail of a potentially hazardous long-period comet, which remains to be discovered.

AR F
Cameras for Allsky Meteor Surveillance (CAMS) network.
— TAU ® Working List ®300LL EDOJiERE CRAENL) ZRET 5 L2 HE L CGRE - EH,
BIfE, MBI, 244 A REACIE2 8L,
77 v 27 OWat-902H2 Ultimate + 12mm F1.2L > X (FE20°X30°) % &8 IZ2058 3% E,

2ARYW SENEDHER (Fig. 1, Table 1)
- 20114F2H4H, @E O BT AN X0, 80 OHLED HIZ5EOHEH 25 /A (25 W IHETEHEI6ME)
- XA Y 35.6km/s L TIXIE—E, — IETHLE T, 2ITHpHFELE (BES)
EHRRIE D, — Vo U 9 alf, X LORETHRIBEOBIG 2B,
HEZE BTN D, BRITR, — BV EEDE T, iR eRe & <Pk,
20 @ )y JEERE (February n Draconids) &4, IAUE 5 #427, =— KX FED,
2H 4R LT & URIZITRE OB L (2H1~10R1EEXR)
2007~20094E D SonotaCoT —Z X— AT H 7R L,
118, BEOEEMH D, 10~13hUTICHE, v — 27 X11hUTHE, &¥O2HI% wing iE81Tlx, (Fig. 3)
BIEBR(Finland) TH10~12hic B —27 H 1 GHREUEREEEO)SCA—r 7070, ~PHk) (Fig. 3)

Table 1l Meteoroid physical parameters, trajectory, and orbital elements. mv is the visual magnitude, F'the light curve
parameter (position of peak relative to distance from begin to end point), A, and H . are beginning and end altitude, R4,
and Dec; are the geocentric Right Ascension and declination, V4 is the geocentric speed. Orbital elements are in J2000.

Time mv F Hy He. RA; Decs Ve
06:24:31 +2.3 0.68 105.1 94.6 239.43+1.32 62.38+0.60 35.67+0.28
07:59:25 +2.1 0.59 105.1 96.3 240.47+0.53 62.23+0.48 35.16+0.07
10:4853 +2.6 0.62 102.7 97.0 239.40+1.22 62.46+0.85 35.90+0.34
11:17:46  +1.9 0.67 103.9 97.1 239.98+2.14 62.79+t1.58 35.301.06
12:13:49 +2.1 0.40 103.1 95.7 240.33+1.28 62.61+1.39 35.87+0.61
13:32:19 +2.4  0.67 101.4 934 239.80+2.88 62.38+3.01 35.62+0.94
Time  Sol. long q (AU) 1/a (1/AU) i(® w Q)
06:24:31 314.°929 0.970+£0.002 —0.002+0.030 55.39+0.44 194.42+1.05 314.923
07:59:25 314.°995 0.972%0.001 +0.032+£0.020 54.94%+0.29 193.73+0.43 314.990
10:48:53  315.°115 0.970+=0.002 —0.022%0.043 55.54+0.64 194.41+0.88 315.111
11:17:46  315.°135 0.971+0.003 +0.002%=0.095 54.74+1.51 194.17%+1.39 315.132
12:13:149  315.°175 0.972+0.002 —0.032*£0.072 55.37+1.07 193.73=0.84 315.175
13:32:19  315.°229 0.971%£0.004 +0.037%0.136 55.902.11 194.09+2.24 315.228
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Figure 1 — Geocentric radiant positions of meteors observed in the CAMS network on 2011 February 4. Results for five
meteors (marked by arrow) are shown enlarged in the right diagram.
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Figure 3 — Number of detected shower meteors as a function
of time on 2011 February 4. The gray area is the timeframe
for which video observations are available. Also shown is the
count of radio reflections in observations by Ilkka Yrjéla of
Kuusankoski, Finland (GlobalMSNet).
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Sato 2003, WGN (Journal of IMO), Vol.31, No.2,
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Meteor shower catalog based on 3 770 triangulation analyses of
double-station Image-Intensified video observations over Japan

Yoshihiko Shigeno' and Masa-yuki Yamamoto?

The D-criterion and D’-criterion were used to cross-check against the IAU meteor shower list, 3 770 simultaneous
meteors that we observed between December 1992 and October 2009 by double-station observation with an
image intensifier (II) and for which orbits were determined. As a result, we detected 22 known and 12 unknown
meteor showers. There are 295 showers recorded on the TAU list (as of June 2009), but we were aware that only
a few appear regularly each year. Since an II targets faint meteors with magnitudes as faint as 8, many of the
unknown meteor showers we found were fast, faint meteor showers close to the apex. The number of meteor
showers on the TAU list is so large that it is hard to grasp the full picture. Therefore, in this paper, we made
it easier for the reader to understand by plotting the meteor showers on a star chart. It was important for this
study to accurately show the radiant error. Hence, we introduced and investigated the concept of using error
ellipses for radiants. We recorded the double-station video images and orbital data from the independent II

observations used in the study in catalog form so the data can be used by other researchers.

Received 2011 July 30

1 Introduction

In December 1992, we began double-station video ob-
servation using an image intensifier (II). By October
2009, we had recorded 3770 meteors and produced a
number of observational reports (e.g., Shigeno et al.,
1997; Shigeno & Shigeno, 2004).

In traditional reports, a number of references are
used to cross-check against known meteor showers.
Cook’s list (1971) refers to observational results, such
as those of McCrosky and Posen (1961), listing details
such as the radiants and orbital elements of 58 meteor
showers. This can be considered the classic type of list,
which is from photographic observation. The volume by
Kronk (1988) drew together an extremely large number
of references to describe 119 showers, becoming a true
compilation of meteor showers. Meanwhile, the IMO
Handbook (Rendtel et al., 1995) presents 38 main show-
ers, in addition to explaining observation methods.

Most recently, the IAU Meteor Data Center pub-
lished a list of meteor showers (Jenniskens et al., 2009).
Because there are as many as 295 showers, it is no easy
task to check them against observational results. There-
fore, we began by plotting the radiants obtained from
the 3 770 double-station observations we made, together
with the radiants from the IAU list, on a star chart.
Then, we determined which meteor showers were known
and which were unknown, following a number of lines
of inquiry, which we shall introduce below.

2 Observational equipment

Figure 1 shows a photograph and block diagram of the
equipment used in the observations. The IIs used were
the Hamamatsu Photonics K.K. V3287P and the Delft
High Tech Corporation XX1470. These are referred to

IMeteor Science Seminar 5-6 Kizuki-Sumiyoshi, Kawasaki
City, 211-0021, Japan. Email: cyg@nikon.co. jp

2Kochi University of Technology 185 Miyanokuchi, Tosaya-
mada, Kami, Kochi, 782-8502, Japan.
Email: yamamoto.masa-yuki@kochi-tech.ac.jp

IMO bibcode WGN-401-shigeno-catalog
NASA-ADS bibcode 2012JIMO...40...24S

Object (R
Lens

Macro CCD
Lens

Figure 1 — Video equipment using II and block diagram.

as second-generation IIs and have amplification factors
of approximately 50000. The best observation acqusi-
tion method possible at the time in 1992 involved im-
ages taken with a 410000 pixel CCD, recorded to Hi8
video tape. In 2005, we began recording to PC using
the DV format.

The objective lens was a replaceable type. Our pri-
marily lens was a Canon 85 mm f/1.2, with a 12° x
9° field of view, limiting stellar magnitude of approx-
imately 9.5 and limiting meteor magnitude of approx-
imately 8. The mean measurement error of position
was approximately 70 arc seconds (standard deviation),
and the mean error in calculation of radiants by trian-
gulation was approximately 0.6° (standard deviation).
Around 50 units of our observational equipment were
produced and distributed to observers around Japan.

The main observation sites for the authors group
were at Mount Akagi in Gunma Prefecture, Japan
(139°11’33" E, 36°28'42” N) and Chichibu District in
Saitama Prefecture, Japan (139°06'10” E, 36°05’'56" N),
arranged roughly North-South, with a baseline of
42.9 km. The field of view was narrow, so a star chart
was drawn up, and the field of view set with a precision
of approximately 0.5° in order that the maximum rate
of concurrency could be achieved.
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3 Method of detecting meteor showers

The TAU meteor shower list, which boasts as many as
295 showers, can be considered a compilation of all me-
teor observations to date. Therefore, using this as a ba-
sis, we examined our observation results and identified
the known meteor showers. We then searched out the
as-yet-unknown meteor showers from among any activ-
ities that we suspected might be meteor shower activity
but that did not correspond to any known meteor show-
ers.

3.1 Detection of showers by the D/D’
Criteria

Our basic procedure was to follow the process outlined
in 1-1) to 1-4) below to pick out the meteor showers
from the overall data.

1-1) To detect meteors associated with the objective
meteor showers (orbit elements), we first classi-
fied them using the D-criterion (Southworth &
Hawkins, 1963) and the D’-criterion (Drummond,
1979). Because each of detection based on or-
bital elements can differ, we considered a shower
identified if the detection was made with either
the D-criterion or the D’-criterion. We then used
a screening method to further narrow down the
detected meteors. We will now explain the D-
criterion and D’-criterion in simple terms.

e The D-criterion is a means of investigating
the degree of similarity between two orbital
elements that can be summarized in the form
of equation (1). When it is applied to a large
quantity of raw data, the result is taken to in-
dicate an identified shower when the D value
is 0.2 or lower, based on experience.

D? = (Ae)?4+(Aq)*+(2sin(Ad))*+(2 sin(szij

where Ae is the difference in eccentricity, Agq
the difference in perihelion distance, Ai the
angle between the orbital planes and Aw the
difference between longitudes of perihelia.

e The D’-criterion is an improvement upon the
D-criterion method and is expressed as equa-
tion (2).

D" = (Ae)? 4 (Aq)? + sin(Ai)? +sin(p)?  (2)
where ¢ is the actual angle between the per-
ihelion points.

The points of improvements in the D’-criterion are
as follows.

e Instead of the difference between longitudes
of perihelia, it uses the actual angle between
the perihelion points.

e The formulae used to calculate each of the
four items in the equation has been devised
to ensure that it takes a value between 0 and
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1, thus making them have an equal effect on
the determined value. In the D-criterion, on
the other hand, the difference in eccentric-
ity and the difference in perihelion distance
took values between 0 and 1, while 2 sin(Aq)
and 2sin(Aw) took values between 0 and 2.
The effects on the determined value therefore
differed depending on the item.

e It is common for the D’-criterion to be around
1/2 of the D-criterion; based on experience, a
D’ value of 0.1 or lower has been adopted as
a criteria for an identified shower.

1-2) In determining the mean of a meteor shower, we
used only our video observation data.

1-3) In cases in which the observation stretched over
multiple days and the number of meteors was
large, the mean was determined using the observa-
tion data of the day that had the largest number

of meteors.

1-4) In searching our entire observation data for me-
teors that appeared to have a connection, we re-
ferred to the observational data of McCrosky &
Posen (1961) (hereinafter referred to as M&P
data), from which we determined the number of
meteors thought to be an identified shower. We
learned the following from comparisons between

the two sets.

e M&P data were from photographic observa-
tion made between 1952 and 1954. There-
fore, finding the same shower in our video
observation meant that the shower in ques-
tion had been active for at least 50 years.

e The photographs in M&P data targeted
bright meteors of magnitude 4 and brighter,
while our video observation targeted faint
meteors as faint as roughly magnitude 8. It
is clear that both bright meteors and faint
meteors are observable.

3.2 Method of identifying known me-
teor showers using the TAU list

The problem that we encountered when comparing data
obtained via the process outlined in the previous section
with the IAU list was that the TAU list did not deal
with the orbital elements of meteor showers. Hence, we
adopted the technique outlined in 2-1) to 2-4) below.

2-1) We determined the orbital elements from the solar
longitude of the maximum shower date, radiant
and velocity.

The orbital elements so determined were taken
as parent data, and we searched the observation
dataset using the D-criterion and D’-criterion for
meteors that appeared to be related.

2-2)

2-3) From the meteors found, we determined the day
of observation, and the mean and standard devia-

tion (o) of the radiant. Taking 20 as our criteria,
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we discarded any which were 20 or more from the
mean. We then determined the mean radiant, ve-
locity and orbital elements.

2-4) By following this process, we identified 22 known

meteor showers. As shown in Table 1, these ap-
pear to correspond to meteor showers on the ITAU
list in the range 001 to 342.

3.3 Method of identifying unknown me-
teor showers

We will now discuss the technique we used to identify
the unknown meteor showers that were detected from
our data but that did not correspond to any of the 295
showers on the TAU list according to the comparison of
data described in Section 3.2.

3-1) On the star chart, we plotted the radiants of the
IAU list, our observations and the M&P data,
month by month. The M&P data we received was
a version which Hiroyuki Shioi had organized (Sh-
ioi, 1994, private communication) from the M&P
paper (McCrosky & Posen, 1961).

3-2) We visually searched for clusters of unknown radi-
ants that were not included in the radiants from
the TAU list and determined their approximate
right ascension and declination.

3-3) We picked out the individual meteors which had
radiants close to the determined right ascension
and declination and which had closely matching
velocities. Then, we determined the mean radi-
ant, velocity and orbital elements. 15 showers
were detected using this method.

3-4) The orbital elements so determined were taken as
parent data, and with the method outlined in 2-
2) to 2-3) above for known meteor showers, the
mean radiant, velocity and orbital elements were

determined.

3-5) Even when the radiants were almost the same,
small differences in velocity would lead to orbits
that could differ dramatically. Consequently, 3
showers were excluded, leaving 12. For example,
when the velocity differed by 3% in the case of a
meteor with a radiant close to the apex, the ec-
centricity changed by 0.1, which was outside the
range of the D’-criterion. In the case of video ob-
servation, there is a large error in velocity. There-
fore, making judgments about meteor showers
with high velocities requires caution. The results

are shown in Table 2, using numbers assigned by
TAU from 432 to 443.

4 Evaluation of radiants by error
ellipses

When a meteor shower is identified, it is of the utmost

importance to evaluate the error in the radiants. Hence,

in this report, we used the error ellipses shown in Fig-

ure 2 (Shigeno et al., 2003) to determine the radiant

erTors.

WGN, THE JOURNAL OF THE IMO 40:1 (2012)

4.1 Method of determining error ellipses

If the points of observation of the meteor path are taken
as P, P, ..., P,, as shown in Figure 2, then their
errors are as indicated by the ellipses. Here, o1, 09,

.., o, are the errors (standard deviation) which are
orthogonal to the meteor path at each respective point
of observation. In this case, the error which translates
the meteor path parallel o, and the error which inclines
the meteor path o; can be represented by

3)

where z; is the distance (radians) measured along the
meteor path from the mean position of all the measure-
ment points on that meteor path to the i-th measure-
ment point.

On the pole of the great circle along the meteor path,
the error ellipse has size ¢, in the direction facing the
mean measurement point and size oy in the orthogonal
direction. When the same meteor is observed at two
or more points, the pole of the great circle along each
meteor path and its error ellipse can be determined.
When the radiant is determined from multiple poles of
great circles along the meteor path, then it is possible
to determine the error ellipse of the radiant using the
same method as above.

4.2 Extent and error of observed radi-
ants

An example of the error ellipses of radiants obtained
by observation is shown in Figure 3. The small error
ellipses are gathered near the center, while the large
error ellipses are spread out around the outside. It is
clearly evident that the long axes of the error ellipses
are oriented radially outward from the center, and that
the radiants are shifted from the center due to the error.

5 Comparison of radiant distributions

5.1 Distribution and comparison of Ra-
diant

In Figure 4, the month by month radiant distributions
are shown. The Xx’s of left figure indicate radiants we
observed, the +’s indicate radiants from the M&P data,
and the Double circles indicate the apexes. The solid-
lined ellipses (radius 6°) represent the radiants of the
IAU list. 65 of which are defined as the established
meteor shower in the TAU list, are represented using
bold lines.

The right figure represent meteor showers identified
using our observations. The solid-lined ellipses (radius
6°) represent the radiants of known meteor showers.
The dotted-lined ellipses (radius 7°) represent the radi-
ants of unknown meteor showers detected in this study.
The meteors used to determine averages are indicated
by x’s. (Due to the circumferential stretch produced
by projecting a star chart onto a plane, which is propor-
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Figure 2 — (a) Meteor path and measurement points with
errors shown by ellipse. (b) Meteor path and its pole of
great circle. The error translating the meteor path parallel
to itself is labeled o, and the error inclining the meteor path
is labeled 0. (c) The radiant and error ellipse determined
from the pole of the great circles along each of the meteor
paths measured at two points.
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Figure 3 — Distribution of error ellipses of radiants ob-
tained via double-station photographic observation on 2001
November 18. Size of ellipses reduced by 1/s for ease of
viewing.

tional to the distance from the center, these appear as
non-circular ellipses but represent circles with correct
radii).

Circles of radius 6° were used to represent the IAU
list meteor showers because for many such showers al-
most all the results of radiant calculations were dis-
tributed within a circle of 6°. For these known meteor
showers, we have added the meteor shower code. Cir-
cles of radius 7° were used to indicate the radiants of
unknown meteor showers because these had a slightly
wider radiant distribution than the known meteor show-
ers. For the previously unknown meteor showers, the
TAU has assigned numbers from 432 to 443.

The sizes of the x’s on the graph are proportional
to the geocentric velocity (Vg): the faster the Vg, the
larger the x. The sizes of the +’s are similarly propor-
tion to the Vg’s. The influence of the orbital motion of
the earth is reflected by the high velocities of the mete-
ors near the apex and by V¢ decreasing with distance.

5.2 Error in the results of identification
of known meteor showers in Table 1

For each meteor shower, the top row shows the mean
value and the bottom shows the spread of data in terms
of standard deviation. For example, in the case of ra-
diants, the bottom number refers to the spread of radi-
ants in terms of standard deviation. Each column RAg,
Decg and Vg showing mean measurements for the in-
dividual meteors is followed by an Ea column showing
the analytical error incorporated into the measurement.

For example, in the case of Geminids (TAU #004:
GEM), (right ascension, declination) of the radiant are
(11127, 32°8), and the errors are (0°2, 0°1). The
spread of data, shown in the next row, are (1°0, 0°5).
In this case, the spread of radiant data is five times the
measurement and analytical error in our observations
and this clearly represents the spread of the radiants
themselves. Such a trend can similarly be seen in ma-
jor showers (e.g., Perseids, Quadrantids and Geminids).

With the major showers, the accuracy of observation
is very high. This is because the imaging direction was
decided after determining the radiant positions of the
major showers, taking into account the arrangement of
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the two observation points, to allow a range of imag-
ing aligned orthogonal to the radiants. The radiant
directions of the other showers were random, and thus
the accuracy of determining the individual radiants was
lower. The overall accuracy of determining the 3 770 ra-
diants (average error) was approximately 0 °6 (standard
deviation).

Even among the major showers, the Leonids (IAU
#013: LEO) shows a different trend. The mean accu-
racy of the determination of radiants in terms of (right
ascension, declination) is (03, 0°1), and the spread of
the data is (093, 0°1). The fact that the error and the
spread were the same suggests that the spread of the
data was actually smaller than this but could not be
detected due to the error. The Leonids was seen as a
meteor storm in 2001, and its degree of concentration
was high (Shigeno et al., 2003).

5.3 Detection results of the unknown
meteor showers in Table 2

For the data in Table 2, the accuracy of observation is
the same as described above of non-major showers. In
this case, there are no problems in accuracy because the
unknown meteor showers have fewer numbers of mete-
ors and therefore we include longer observational peri-
ods and use wider radiants.

In all of the showers detected, the mean was de-
termined from multiple-year, multiple-day observations.
In actually determining the mean, we used a maximum
range of £6 days for the observation day, and a maxi-
mum of +6° for the radiant. Given the larger number of
observational results used (in order to obtain the same
quality of meteor data), we consider these ranges to be
appropriate.

6 Discussion

1. Asshown in the distribution of radiants (Figure 4),
the radiants of the IAU list are distributed across
the whole sky throughout the year. The radiants
we observed, on the other hand, were confined to
just one area. Asshown above in the identification
of known meteor showers, only 22 such showers
were matched. This result agrees with the report
of SonotaCo, which used the results from 2007 to
2008 to cross-check with the IAU list (SonotaCo,
2009). In SonotaCo’s report, there are 25 known
meteor showers and 13 unknown meteor showers,
which is close to the results of this report. It
seems, therefore, that there may be many sud-

den showers and showers that are uneven in their
yearly arrival time on the TAU list.

. The unknown meteor shower reported by Sono-

taCo as TAU #342: BPI (August Beta-Piscids) is
already registered on the TAU list; we identified it
as a known meteor shower. Of the 13 unknown
meteor showers reported by SonotaCo, this was
the only one corresponding to our observational
results.

. There are many fast meteors close to the apex in

the northern hemisphere in winter (November to
January). This is thought to be due to the fol-
lowing: a) Because the nights are long and the
apex is in the northern hemisphere, the horizon-
tal altitude nearby gets higher early in the morn-
ing, making them easier to observe. b) There were
many fast but faint meteors among those near the
apex, and the II targeted meteors as faint as mag-
nitude 8.

. There is a possibility that the activity of faint

meteors was detected for other unknown meteor
showers. Indeed, we have used the II to perceive
faint Piscids in the past. In visual observation
carried out concurrently, it was not possible to
see these at all (Shigeno & Shioi, 2002).

. Comparing to the M&P data, it is clear that our

method of observation of showers with faint mean
luminosity detects a greater number of meteors
(Tables 1 and 2). There are cases in the M&P data
in which showers were identified from only one
meteor observation, which suggests the showers
with even fainter distributions will be detected in
the future. However, there was no good match
to with any of the TAU data of radiants detected
via radio meteor observation (which is thought to
have perceived faint meteor showers).

. This study was based on the current IAU meteor

shower list of June 2009. However, the number of
meteor showers that have been detected and reg-
istered continues to grow. For example, 12 new
showers have been added by Molau & Rendtel
(2009). Meanwhile, Koseki (2009) has presented
the following problems regarding the break-down
of meteor showers and the increase in number of
small meteor showers. a) The activity of meteor
showers changes yearly, and, with the exception
of the large meteor showers, they are not neces-
sarily observed every year. b) Photographic and

Figure 4 — (following pages) — The month by month radiant distributions are shown. The left figure indicate radiants we
observed, the radiants from the M&P data, and the radiants from the IAU list. The right figure represent meteor showers
identified using our observations. The known and unknown meteor showers are included.

x: Radiants found in this study.
+: Radiants of M&P data.
©®: Apex (position on the 15th of each month).

— The solid-lined ellipses (radius 6°) represent the radiants of known meteor showers. The 295 showers on the current
TAU list of June 2009, Established 65 meteor showers are bold-lined.

— The dotted-lined ellipses (radius 7°) represent the radiants of unknown meteor showers detected in this study. (Due to
the circumferential stretch produced by projecting a star chart onto a plane, which is proportional to the distance from
the center, these appear as non-circular ellipses but represent circles with correct radii).
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radio observations do not always agree regarding
faint meteors. c¢) In the classification of small
meteor showers, there are a number of different
schools of thought, which raises the possibility
that observers may be overinterpreting their re-
sults. Caution is therefore required.

Consequently, Koseki (2009) has stated that fixed names
for meteor showers should be reserved for only the larger
meteors showers. The TAU list fulfills an important role
in this kind of discussion, and we think that the results
of comparison with our data do support this idea.

7 Conclusion

From 1992 through 2009, we carried out sustained
double-station video observation using an I, taking care
to ensure that observations were distributed evenly
throughout the year. From a total of 3770 observed
simultaneous meteors, high-accuracy radiant analysis
was performed, from which we succeeded in creating
a detailed radiant map for each of the regions in Japan
(north latitude 35°) at which observation was possible.
This dataset is useful for evaluating past radiant data,
in particular the IAU list for radiants north of declina-
tion —45°. Through comparison with the 295 showers
on the current TAU list of June 2009, we identified the
22 known meteor showers shown in Table 1 and newly
reported a further 12 unknown ones in Table 2. Com-
pared to the M&P data of about 50 years previous, the
benefit of our IT observation of meteors as faint as mag-
nitude 8 was verified for showers with high (faint) mean
magnitudes.

Appendix. Distribution of
double-station video meteor footage

We converted all 160 Hi8 tapes used for double-station
observation from 1995 to 2005 to DV files. This came
to approximately 6 TB, which is not a very manageable
size. Accordingly, we made files of only the meteors of
magnitude 6 and brighter, discarding the others. In the
files, observations are generally around 3 seconds per
meteor, but meteors with persistent trains take up to
120 seconds. We ended up with a total of 579 meteors,
including those recorded direct to DV format at the ob-
servation points after 2005, coming to 15.6 GB of data.
This dataset can be recorded to DVD-R and distributed
to individuals who desire it. For further details please
refer to the following link: http://meten.net/meteor.
The DV format can be played on almost any application
for viewing video files, such as Media Player or Quick
Time. The file size is large, but image quality is better
than MPEG. Image size is 640 x 480 pixels, and the
frame rate is 29.97 fps.

All meteors have been opened to the public and are
accessible at http://www.imo.net/files/data/msswg/.
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Table 1 — Results of identification of known meteor showers.
All measurements are with respect to Equinox J2000. Those with year indicated under DATE are cases in which the mean has been determined using observational data from the day
with the greatest number of meteors. Those with no year indicated are cases in which an average date has been determined from the observation of multiple years and days. Ag: solar
longitude; RAg and Decg: corrected radiants; Va: geocentric velocity; a, e, ¢, w and €2, i: orbital elements; Hy and He: beginning and end height; Amag: absolute magnitude; clc:
number of meteors used to determine mean; MSS: number of meteors thought to be of the same shower in our observation data; M&P: number of meteors thought to be of the same
shower in M&P data.
Regarding errors: For each meteor shower, the top row indicates the mean values and the bottom row represents the spread of data in terms of standard deviation (Note: these are
not the measurement and analytical errors for the individual meteors). Each column RAg, Decg and Vg showing mean measurements for the individual meteors is followed by an Ea
column showing the analytical error incorporated into the measurement. IAU number, code and shower name for the known meteor showers identified are as follows:

TAU code Shower Name TAU code Shower Name TIAU code  Shower Name TAU code Shower Name

001 CAP  alpha Capricornids 003 STA South. iota Aquariids 004 GEM  Geminids 005 SDA  South. delta Aquariids

007 PER  Perseids 008 ORI Orionids 010 QUA  Quadrantids 013 LEO  Leonids

015 URS  Ursids 016 HYD sigma Hydrids 019 MON  Dec. Monocerotids 028 SOA  South. Oct. delta Arietids

031 ETA  eta Aquariids 032 DLM  Dec. Leonis Minorids 049 LVI lambda Virginids 245 NHD Nov. Hydrids

256 ORN  North. chi Orionids 257 ORS  South. chi Orionids 258 DAR  Dec. alpha Aurigids 286 FTA  omega Taurids

288 DSA  South. Dec. delta Arietids 342 BPI Aug. Beta Piscids

TAU DATE (UT) Ao RAc Ea Decg Ea Ve Ea a e q w Q ) Hy, H. Amag clc MSS M&P
001 19980731.62  128.23 305.0 0.3 —8.7 0.8 20.8 1.1 232 0.728 0.632 264.0 128.2 7.1 98.4 87.1 5.0 7 26 20
CAP +0.02 +0.02 +£1.6 — +1.3 — £08 — —  +£0.022 +£0.026 +3.2 +0.0 0.9 +3.4 +£26 +0.6

003 19980801.65  129.21 340.7 0.2 —-15.6 0.5 38.2 1.2 207 0.952 0.100 148.1 309.2 20.7 101.0 83.5 3.9 6 24 6
STA +0.04 +0.04 +1.0 — +0.8 — #£1.1 — — +£0.009 +£0.005 £0.9 +0.0 2.7 +0.9 +£2.6 +2.3

004 19991212.70  260.22 111.7 0.2 +32.8 0.1 334 1.1 1.27 0.883 0.149 324.1 260.2 22.8 101.6 85.8 4.7 50 242 147
GEM +0.06 +0.06 +1.0 — +0.5 — #£1.1 — — +£0.012 +£0.007 £0.9 +0.1 +1.3 +1.7 +£3.2 +1.6

005 19980801.65 129.22 343.3 0.5 —-158 0.7 386 1.1 1.82 0.953 0.085 151.3  309.2 26.7 99.8  85.9 35 16 34 13
SDA +0.03 +0.03 +14 — +06 — £16 — — +0.012 +£0.007 416 +0.0 +£24 +2.3 £4.2 +1.5

007 19970812.66  140.00 473 0.6 +58.1 0.3 58.8 1.0 10.9 0.913 0.950 150.5 140.0 112.6 119.3 99.0 1.7 20 142 330
PER  +£0.06 +0.06 +1.2 — +06 — £1.0 — — +£0.071 +£0.009 £2.5 +0.0 *1.3 +7.3 +£2.6 +1.9

008 19961021.76  208.68 959 0.8 +158 1.1 66.2 2.0 8.47 0.932 0.574 83.1 28.7 164.1 115.8 99.0 22 16 37 46
ORI +0.06 +0.06 +1.0 — +05 — £14 — — £0.071 +£0.028 +4.7 £0.1 +1.0 +1.5 +£5.0 +0.9

010 19970103.67 283.38 230.1 0.9 +49.7 04 411 09 295 0.668 0.979 172.0 283.4 71.5  105.8 96.3 24 16 33 22
QUA  +0.04 +0.04 £2.1 — +1.2 — £09 — — +£0.037 +£0.004 +3.8 +0.1 +1.4 +2.9 — +1.7

013 20011118.78 236.48 154.3 0.3 +21.5 0.1 706 1.1 9.57 0.897 0.986 174.4 236.5 1625 125.8 92.3 09 35 141 23
LEO +0.03 +0.03 +03 — +0.1 — £08 — — +£0.061 +0.001 +1.2 +0.0 +£0.2 170 +4.3 +3.0

015 20061222.75 270.66 219.2 2.3 4751 0.2 324 1.0 4.19 0.776 0.939 206.3 270.7 52.3 105.7 97.1 46 10 10 3
URS +0.04 +0.04 3.7 — +0.7 — £12 — — +0.054 +0.006 +1.7 +0.0 +£14 +2.1 +£1.1 +0.6

016 1215.25 262.85 130.4 0.3 +1.5 04 57.7 1.0 9.76 0.978 0.217 125.3 82.9 126.8 116.4 94.7 3.2 4 6 5
HYD +£0.83 +0.74 +04 — +08 — £05 — — +£0.007 +£0.007 £0.9 0.7 *£1.5 — +£14 +1.3
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Table 1 — Results of identification of known meteor showers — continued from previous page.

TAU DATE (UT) Ao RA¢ Ea Decg Ea Ve Ea a e q w Q ) Hy, H. Amag cle MSS M&P
019 1212.95 260.51 102.1 0.2 +7.8 0.4 40.1 1.1 7.29 0.973 0.199 128.3 80.3 33.8  103.2 88.8 5.1 4 11 8
MON #£0.59 +0.66 +0.9 — +0.5 —  +£1.6 — —  +0.020 +£0.004 +0.9 +0.5 +1.7 +3.6 +4.9 +1.1
028 19931011.67  198.44 329 14 +9.0 4.9 270 1.1 1.66 0.805 0.323 121.2 18.4 5.0 103.6 90.7 3.6 6 6 33
SOA +0.03 +0.03 +1.4 — +1.6 — +1.7 — —  +0.041 +£0.032 +3.7 +0.0 +1.7 +4.0 +3.4 +1.3
031 19950506.72 45.79 338.1 0.6 —-0.8 0.3 66.0 19 21.7 0.972 0.599 100.1 45.8 162.9 114.4 99- 1.9 5 19 2
ETA +0.02 +0.02 +1.4 — +0.5 —  x0.6 — — £0.026 +0.024 +2.8 +0.0 +1.2 — — +1.7
032 1214.08 261.90 1580 0.4 +33.0 0.3 61.9 1.8 4.80 0.878 0.587 262.3 261.8 133.3 113.9 100.0 4.2 4 7 5
DLM  +£0.51 +0.59 +2.7 — +0.5 —  *1.3 — — £0.081 +£0.027 +3.0 +0.5 +1.0 +1.3 +2.4 +0.3
049 20070414.68 24.24 215.7 0.3 —-6.8 1.3 26.5 0.9 1.50 0.723 0.414 293.7 24.3 7.0 102.8 93.4 5.2 3 3 6
LVI +0.10 +0.10 +3.7 — +3.2 — +4.7 — —  +0.060 +£0.026 +4.1 +0.1 +4.2 +3.5 +3.6 +0.3
245 1118.68 23591 130.0 0.5 —-7.1 1.0 64.5 2.5 7.26 0.877 0.895 36.8 55.8 134.5 113.1 95.7 3.8 5 6 0
NHD +0.35 +0.26 +1.9 — +3.5 —  +£1.9 — —  +0.113  £0.027 +6.2 +0.3 +5.8 +6.2 +5.3 +1.3
256 1212.25 259.96 86.5 0.2 4293 0.1 229 1.1 1.76 0.723 0.487 282.0 259.9 4.9 100.2 90.5 6.1 5 19 23
ORN +0.51 +0.25 +5.5 — +2.1 —  *14 — — #£0.036 +0.064 +9.0 +0.2 +1.8 +2.1 +1.3 +0.8
257 20011211.65  259.65 80.8 0.3 +14.1 0.3 204 1.0 1.97 0.706 0.579 89.5 79.6 6.2 97.2 87.6 6.2 4 29 14
ORS +0.05 +0.05 +4.6 — +5.0 —  %3.0 — — £0.063 +£0.090 #£10.1 +0.0 +3.4 +5.4 +2.6 +0.2
258 1212.87 260.65 83.8 0.4 +35.1 0.2 199 0.8 1.60 0.652 0.559 275.4  260.7 8.1 95.3 82.4 6.5 5 24 6
DAR +1.39 +1.31 +2.0 — +4.0 —  +£2.8 — —  +0.071 +£0.067 +6.2 +1.3 +2.6 +5.9 +9.3 +0.4
286 1123.06 240.72 58.7 0.3 +11.7 0.3 19.4 0.8 1.86 0.661 0.630 84.6 60.5 5.2 98.5 86.6 4.8 5 10 6
FTA +4.09 +4.22 +2.9 — +1.3 — +14 — — +0.035 +£0.056 +7.0 +4.3 +0.3 +6.0 +2.3 +1.9
288 1212.16 260.19 729 05 +16.0 0.3 16.0 0.9 1.80 0.601 0.719 73.6 80.0 3.0 92.0 84.1 6.0 5 16 12
DSA +0.91 +1.07 +4.4 — +3.1 — %19 — — £0.055 +0.046 +6.6 +1.0 +2.4 +5.2 +4.0 +1.0
342 0811.90 139.51 345.0 0.6 +4.5 1.6 36.1 1.2 1.38 0.907 0.129 326.7 1394 24.8 100.2 84.2 3.4 9 16 11
BPI +0.39 +0.35 +0.7 — +3.0 —  %3.0 — — #£0.031 +0.016 +0.9 +0.2 +4.2 +3.4 +2.8 +1.4
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Table 2 — Results of detecting unknown meteor showers.
Data items and details are the same as Table 1. The shower numbers assigned by IAU, CODE and ShowerName for the previously unknown meteor showers detected are defined here
as follows:

IAU code Shower Name TIAU code Shower Name TIAU code Shower Name TIAU code Shower Name

432 NBO nu Bootids 433 ETP  eta Pegasids 434 BAR  beta Arietids 435 MPR  mu Perseids

436 GCP  gamma Cepheids 437 NLY  Nov. Lyncids 438 MLE  mu Leonids 439 ASX  alpha Sextantids

440 NLM  Nov. Leonis Minorids 441 NLD  Nov. lambda Draconids 442 RLE  rho Leonids 443 DCL  Dec. Leonids

TAU DATE (UT) Ao RAc¢ Ea Decg Ea Ve Ea a e q w Q ) Hy, H. Amag cle MSS M&P
432 0119.74 299.18 2060 0.8 4126 0.3 62.8 2.5 275 0.691 0.850 221.7  299.8 140.5 111.3 97.6 3.9 8 13 1
NBO  +4.39 +4.29 +4.1 — +2.7 —  x25 — —  +0.166 £0.086 +24.6 +4.4 +4.9 +1.8 +5.2 +1.1

433 0808.16 135.40 334.6 04 4327 0.4 345 0.9 1.46 0.685 0.460 293.1 134.8 55.1 101.7 88.1 5.0 6 7 3
ETP +2.82 +2.93 +5.2 — +2.0 — %79 — —  +0.147 £0.067 £17.2 +3.2 £10.9 +2.6 +8.3 +1.4

434 0808.16 135.38 288 0.4 +21.9 0.9 65.5 2.8 3.25 0.728 0.882 226.2 135.0 161.1 111.4 101.5 4.2 6 12 1
BAR +2.20 +2.34 +2.6 — +2.7 — 122 — — +0.135 +£0.072 £14.8 +2.1 +5.8 +4.1 +4.7 +0.8

435 0812.10 139.64 70.4 09 +50.0 0.3 542 2.6 191 0.691 0.592 88.4 139.5 121.3 108.1 99.0 4.1 5 5 2
MPR  +£0.56 +0.54 +4.6 — +2.6 —  13.8 — —  +0.042 +£0.099 £15.8 +0.4 +7.2 +3.2 +6.2 +0.5

436 1117.32 234.99 476 10. 4795 0.8 33.8 1.5 6.12 0.864 0.830 228.9 235.6 51.6 105.1 98.0 4.5 4 4 1
GCP +1.36 +1.31 +£154 — +5.0 — %14 — —  +£0.058 £0.048 +7.9 +1.2 +3.3 +0.6 +2.2 +0.8

437 1120.35 237.92 141.8 0.8 +40.0 0.4 60.6 2.0 2.57 0.709 0.748 246.1 237.9 132.5 110.8 98.0 4.2 8 15 1
NLY +3.68 +3.81 +5.6 — +3.4 — 137 — — +0.144 £0.101 +18.7 +3.8 +9.1 +4.2 +4.9 +0.9

438 1118.09 235.70 1424 0.5 +293 0.2 66.0 29 3.31 0.740 0.860 225.2 235.8 153.6  109.7 97.9 3.5 7 31 0
MLE +0.60 +0.74 +2.5 — +2.6 — 122 — — +0.119 +£0.067 £13.6 +0.7 +4.2 +3.5 +4.5 +1.0

439 1119.71 237.37 154.6 0.5 -34 05 68.8 24 169 0.947 0.898 325.3 56.6 155.6 116.6 99.7 3.2 6 17 2
ASX +3.60 +3.60 +3.1 — +2.0 —  +2.3 — — £0.191 +£0.055 £11.8 +3.4 +4.1 £10.3 +1.6 +2.0

440 1120.28 237.99 162.2 1.6 +33.0 0.2 65.2 1.8 3.83 0.750 0.959 171.0 2374 138.9 111.8 1004 3.4 9 29 1
NLM +£3.25 +3.29 +6.4 — +1.4 — =%1.6 — —  +0.119 #£0.033 +20.6 +2.7 +4.5 +6.3 +4.2 +1.8

441 1118.52 236.07 1773 7.2 +704 06 41.7 1.4 257 0.630 0.953  200.8 236.0 74.8  104.3 87.5 3.9 9 17 2
NLD +0.64 +0.75 +£12.1 — +3.6 — £26 — —  +0.156 £0.034 +13.5 +0.7 +3.8 +9.7 +4.9 +1.9

442 1214.31 262.18 155.6 0.5 +5.2 0.8 65.6 3.0 3.00 0.771 0.686 72.8 82.2 170.8 112.3 96.0 4.4 12 23 0
RLE +1.04 +1.02 +2.1 — +2.7 — %23 — — +0.117 +£0.078 £13.2 +1.0 +4.8 +4.8 +4.8 +0.7

443 1214.42 262.19 155.3 04 4208 0.3 64.1 2.0 3.27 0.835 0.539 270.1  262.3 159.0 109.0 94.9 4.0 19 24 2
DCL +3.20 +3.21 +3.0 — +3.4 — 122 — — +0.102 +£0.082 £11.3 +3.3 +8.1 +6.6 +5.5 +1.5
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