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DRI TREEXEOLEND Z LRV ET, A ANMEEAED-35 FOF L4 5 L ER46mm (10°kg )
DRIF DRI,

1.4%10%%(4.6%10%) *=2.1%10% {H/4F N )
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[BE]
- BEEE (20074) ZESBHERA AR, MBS, 9818118274 (UT) IZZHR=216 (IMO 2008 No.1)
Tdhol,

- F#1%. Jenniskens & Vaubaillon (2008) 72 FIZ L » TiTbh Tz, YF LBREEIT-> TZIERERD
BEIELNT,

- 20085E1%, MEEL D L WSEEEENEEN S, BRITE MR D D,

- FEMFIZ, C/1911 N1 (Kiess) 23 & L TEHET TV, 200740 HBL TRERM & o 7t,

# FrLABDFARDP » FLAADIRE (20075, 20084)

HIRE P S hARK Ar ey M Faft Vg
HHi4E A £ 557 (53] LS (AU) R Tt EATE GEEE)
(U (U (JST) (2000.0) (m/s) aldeg) 6&(deg) (km/s)

2007 -18  2007/09/01.47 11:22 09/01 20:22 158.553 -0.00011 +1.80 1.0 91.20 +39.16 66.14

2008 -18  2008/08/31.64 15:27 09/0100:27 158.469 +0.00092 +1.81 1.1 9112 +39.11 66.15 5
WiEESEs 16:28 09/0101:28 158,510 0.00056 91.16 +39.11 66.16
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(IMO 2008 No.2), EN & L 21 H 18:00(UT)iZZHR=89.9 (Uchiyama 2008)72 &,

- Fl V7 320H~24 H L4H BEICE - Tk, ZHRAS30%ZHE X 71—,

« FIB000FRTICHRETHANL—BENOHHENTEBRENRLEFT A b« LA B, 20064E 1T H5R
LicZ ENEFLOMETHHL TS (Sato & Watanabe 2007),
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£ AVACBHEOFA L - P LAADRI (20064E, 20074, 20084F)

HEE  PA WEEEhBEK Ar i da} M T4 Vg
Hr e A f+ kg ]| LS (A bl 33 T B GEpD)
(U umn (JST) (2000.0) (m/s) a(deg.) 8(deg.) (km/s)
2006 -1265 2006/10/21.10 02:28 10/21 11:28 207.464 +0.0006 -+10.77 0.14 95.14 +15.45 66.88
-1197 2006/10/21.58 13:59 10/2122:59 207.942 +0.0076 +11.98 0.019 95.41 +15.47 66.67
-910 2006/10/23.05 01:14 10/23 1014 209.404 -0.0089 -10.26 0.023 96.56 +15.47 66.94
-910  2006/10/23.13 03:03 10/23 12:03 209.480 -0.0086 -10.76 0.036 96.66 +15.47 6694
-910 2006/10/23.19 04:31 10/23 13:31 209.540 -0.0075 -10.76 0.015 96.71 +15.47 6691
-910 2006/10/23.31 07:20 10/23 16:20 209.657 -0.0039 -9.87 0.33 96.76 +15.48 66.81
-910 2006/10/23.36 08:32 10/2317:32 209.707 -0.0034 -9.73 0.039 96.79 +15.49 66.79
-910 2006/10/23.47 11:21 10/23 20:21 209.824 -0.0007 -9.62 0.14 96.88 +15.49 66.72
-910 2006/10/23.66 15:51 10/2400:51 210.011 -0.0005 ~-11.12 0.089 97.03 +15.50 66.71
2007 -1265 2007/10/19.95 22:52 10/2007:52 206.067 -0.0038 +19.24 00016 9428 +1533 67.12
-1197 2007/10/21.71 17:05 10/2202:05 207.815 +0.0052 +13.34 0.0018 95.35 +15.48 66.73
-1197 2007/10/21.71 17:02 10/2202:02 207.813 +0.0051 +13.34 0.0019 9535 +15.48 66.73
-1197 2007/10/21.84 20:06 10/22 05:06 207.940 +0.,0058 +13.84 0.0017 95.47 +15.48 66.71
2008 -1265 2008/10/19.09 02:13 10/1911:13 205946 -0.0094 +20.11 0.0062 94.14 +15.33 67.25
-1265 2008/10/19.27 06:32 10/19 15:32 206.125 -0.0081 +19.82 0.0069 94.26 +15.356 67.20
-12656 2008/10/19.34 08:08 10/1917:08 206.191 -0.0074 +19.70 0.0026 94.32 +15.356 67.18
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F OIFIBIBEOFL AP « b LA AORN (19564E, 20084, 20144E)

HBE R WrrEhaimk Ar iy g ™M TH Vg
e Hf e LS LS (AU) B st RALE (62959
(um (UT) (JST) (2000.0) (m/s) a(deg) &(deg) (km/s)

1956 1814 1956/12/06.67 16:08 12/06 01:08 254.127 -0.00022 +1.46 0.063 3.46 -41.73 1047
1808 1956/12/05.68 16:26 12/0601:26 254.139 +0.00045 +0.73 0.031 3.50 -41.79 10.45
1803 1956/12/05.69 16:30 12/0601:30 254.142 +0.00065 +0.50 0.021 351 -41.80 10.45
1797 1956/12/05.69 16:33 12/06 01:33 254.144 +0.00067 +0.49 0.021 3.62 -41.82 10.45
1792 1956/12/05.69 16:35 12/0601:356 2b64.145 +0.00068 +0.49 0.020 3.52 -41.84 10.45
1819 1956/12/05.69 16:35 12/0601:35 254.146 -0.00136 +2.21 0.0956 3.23 -41.63 10.48
1787 1956/12/05.69 16:37 12/06 01:37 264.146 +0.00068 +0.49 0.021 3.53 -41.86 10.4b6
1760 1956/12/05.69 16:37 12/06 01:37 2564.147 +0.00054 +0.68 0.025 3.66 -41.95 1047
1782 1956/12/05.69 16:38 12/06 01:38 254.148 +0.00067 +0.50 0.021 3.583 -41.87 10.46
1776 1956/12/05.69 16:39 12/06 01:39 254.148 +0.00067 +0.52 0.020 3.64 -41.89 10.46
1766 1956/12/05.69 16:39 12/06 01:39 254.148 +0.00061 +0.62 0.023 3.55 -41.93 10.46
1771  1956/12/05.69 16:40 12/0601:40 254.149 +0.00065 +0.54 (.021 3.564 -4191 10.46

2008 1866 2008/11/07.99 23:49 11/08 08:49 225.826 +0.00072 -12.11 0.0034 7.04 -5.561 11.46

MEHESEA 04:10  11/08 13110 226.008  0.00012 699 -555 11.45
1861 2008/11/09.98 23:34 11/1008:34 227.824 -0.00364 -14.61 0.0025 6.77 -6.32 11.26
MEHSRA 00043 11/0909:43  226.867  0.00076 7.07 -6.13 11.33

2014 1914 2014/12/01.96 23:02 12/0208:02 249470 -0.00074 -1.28 0.016 7.88 -2732 9.83
1919 2014/12/01.97 23:14 12/02 08:14 249.479 -0.00050 -2.03 0.025 790 -27.34 9.83
1925 2014/12/02.00 2358 12/02 08:58 249.510 +0.0000026 -2.40 0.028 7.95 -27.42 9.82
1909 2014/12/02.02 00:26 12/0209:26 249.530 +0.00015 -1.96 0.021 799 -2755 9.82
1930  2014/12/02.056 01:07 12/02 10:07 249.559 +0.00086 -3.03  0.034 8.02 -2757 9.80
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£ LLEOFAPF- FUALORR
oA HIfRS AR Ar o ™ Fi Vg %
TR B - FFH A 1S (AU)  EE e AR GRpE) B
(UT) (UD (JsT) (2000.0) (m/s) aldeg) 6(deg) (km/s)

1300 2008/11/11.79 1852 11/12 03:52 290 637 -0.0026 +19.29 0.0041 150.16 +24.08 70.41
1300 2008/11/11.86 20:356 11/12 05:3b 2929 709 -0.0097 +18.06 1.1 150.20 +24.03 T0.58 e
1300 2008/11/11.89 21:24 11/12 06:24 299,743 -0.013 +17.69 0.32 150.21 +23.99 70.66
1466 2008/11/17.01 00:10 11/1709:10 234.893 -0.0044 +7.78 0.082 153.43 +22.18 70.69
1466 2008/11/17.03 00:39 11/17 09:39 294.913 -0.0051 +7.82 0.032 153.43 +22.14 70.71
1466 2008/11/17.05 01:06 11/17 10:06 234.932 -0.0010 +8.54 0.42 153.48 +22.21 70.60 (@]
1466 2008/11/17.12 0246 11/1711:46 235.002 +0.0031 +9.15 0019 15356 +22.26 70.50
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(UD (UD (JST) (2000.0) (m/s) a(deg.) 6(deg.) (km/s)
1466 2009/11/17.88 21:12 11/1806:12 235.524 -0.00085 +10.10 0.085 153.97 +22.11 70.61
1466 2009/11/17.91 21:52 11/18 06:52 235.552 -0.00066 +10.25 0.031 153.97 +22.08 70.61
1533 2009/11/17.90 21:30 11/18 06:30 235.536 +0.0003] +12.68 0.083 154.30 +22.89 70.44
1533  2009/11/17.89 21:17 11/1806:17 235.527 -0.00053 +13.01 0.012 154.26 +22.82 70.47
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Comparison of TV Magnitudes and Visual Magnitudes of Meteors

Yoshihiko Shigeno and Masayuki Toda

The generally accepted belief is that a meteor, with a large amount of infrared rays, can be captured brighter
than it actually is by infrared-sensitive image intensifiers (I.I.) or CCD. We conducted observations of meteors using
three methodologies: 1) LI. attached with a filter that has visual magnitude equivalent to human eye spectrum
sensitivity at night vision, 2) LI. without the filter and 3) visually to determine meteor magnitudes. A total of 31
members of the astronomical club at Meiji University observed 50 meteors in Perseids, 19 meteors in Geminids as
well as 44 sporadic meteors and the results were tabulated. The results helped us understand that on average 1.1.

can capture meteors brighter than visual observation by the magnitude equivalent of 0.5 for Perseids, 1.0 for

Geminids and 0.5 for sporadic meteors.

For I.I. with a filter that has equivalent spectrum magnitude with the human eye at night vision, it turned out

that we could obtain almost the same magnitude with observation by the human eye.

We learned that a bright meteor with negative magnitude can be observed by L.I. brighter than the human eye.

From several examples, we found I.I. could capture a meteor with about -1 visual magnitude brighter by about three

magnitudes. We could probably do so because a bright meteor with negative magnitude may contain more infrared

rays and the brightness could be amplified.

1 Introduction

Magnitudes are important yardsticks to express the
mass of meteoric materials and conventionally visual
magnitude or photographic magnitude have been used
as the index (Opic, 1958; Verniani, 1967). Since a
meteor contains more infrared rays (Borovicka et al.,
1999), the generally accepted belief is that meteors can
look brighter when photographed by new observation
instruments such as I.I. or CCD with more sensitivity to
infrared rays. By obtaining precisely the difference
between conventional and new magnitudes of the same
meteors, we are able to compare the conventional and
new observation in a correct manner. However, it
appears that this comparison has not yet been
implemented in a full scale. We would like to report the

results of the comparison of I.I. and visual observations.

2 Comparison between TV Magnitudes and
Visual Magnitudes

Shigeno and Toda conducted a series of observations
to determine meteor magnitudes by both I.I. and visual
observations: one time in April and two times in August
2004. During the observations, we found a total of 21
meteors; for each meteor, its TV magnitudes were
brighter than visual magnitude by 0.2 to 2.6 magnitude
or 1.2 magnitude on average. It will be attributed to I.I.
that is also sensitive to infrared rays and capture
brighter image of meteors as they contain more infrared
rays.

We studied between TV magnitudes and visual
magnitudes (Mtv-Mv) could be changed or not by other
factors. Figure 1 shows the relation between visual
magnitude (Mv), angular velocity (Va) and velocity of
observation (VO) where the trend is not clear yet
(Shigeno and Toda, 2005).
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Figure I1- Comparison between deviation(TV magnitude - Visual magnitude)(Mtv-Mv)

and Visual magnitude(Mv), Angular velocity(Va), Observed velocity(VO).



3 Observation by I.I. with Filter for
Spectrum Magnitude Equivalent of Visual
Magnitude

The above observation method cannot determine the
correct visual magnitude. We, therefore, observed to
determine meteor magnitudes by three other methods:
1) LI. with a filter that has the same amount of
spectrum magnitude with visual magnitude at night
vision (MtvF), 2) LI. without the filter (Mtv) and 3)
visually. Magnitudes of TV meteors were obtained from
the relations between brightness, size and magnitudes
of fixed stars and corrected by angular velocity. A total
of 31 members of Meiji University's astronomical club
observed 50 meteors in Perseids, from August 11 to
August 13, 2007, 19 meteors in Geminids on December
14 of the same year and 44 sporadic meteors. The
results are shown in Table 1 as tabulations by observers
for comparison of magnitudes by LI. and visual

observation.

3.1 Comparison of Mtv with MtvF

As shown by the upper column titled "Mtv-MtvEF" of
Table 1, we obtained the following data: -0.5 magnitude
for Perseids, -1.0 magnitude for Geminids and -0.5
magnitude for sporadic meteors. These results suggest
that without filter observation shows brighter than the
observation with filter by 0.5 to 1.0 magnitude. In the
table, SD indicates the dispersion of data as standard
deviation and the results ranged from +/-0.6 to 0.7
magnitude, meaning they were the variation of data but

not errors in the average values.

3.2 Comparison of Mv with MtvF

The middle column of Table 1 shows the tabulated
results by observers. Negative values mean that the
observers had estimated brighter than actual while
positive values mean they had estimated darker. We
learned that some observers had estimated brighter by
almost one magnitude while others had estimated
darker. However, from the total results of all the
observers, i.e., "All Visual Observation Data" in the
bottom column of Table 1, it turned out that the
difference between the average of Mv and the average of
MtvF was somewhere between 0.0 to 0.2 magnitude and
the difference was minimal. That means MtvF in this
report was almost meant to be Mv. However, we also
learned data variation by the observers was rather

large at +/-0.8 to 0.9 magnitude.

3.3 A bright meteor with negative magnitude

A bright meteor with negative magnitude can be
caught by L.I. brighter than visual observation. Figure 2
is a list of typical examples of meteors with negative
magnitudes. They are classified as approximately -1
magnitude by visual observation whereas 1) MtvF are
brighter by approximately 1 magnitude and 2) Mtv are
further brighter by approximately 2 magnitudes.

We assume the reason for the above item 1 is due to
the fact that the magnitude by TV observation is to
determine the brightest spot instantaneously while
visual observation determines averaged magnitude.

Therefore, as a brighter meteor may likely generate

more light instantaneously, TV observation may
estimate the magnitude brighter than visual
observation.

For the reason noted in item 2, we assume that
brighter meteors with negative magnitude may be
caught brighter as they may contain a large amount of

infrared rays.

Figure 2- Bright meteors with negative magnitude.
Upper photo. : No.P40 Aug.12,2007 17:07:50(UT) Per.
Upper left : Mtv = -4.0mag.

Upper right : MtvF =-1.7mag.

Myv =-0.5mag.

Lower photo. : No.G05 Dec.14,2007 13:42:39(UT) Gem.
Lower left : Mtv = -4.8mag.

Lower right : MtvF = -2.2mag.

Mv =-1.4mag.

Filter : SCHOTT BG18 2mm (Filter that has equivalent
spectrum magnitude with the human eye at night
vision (400nm-600nm).)

Spectrum sensitivity of I.I. : 350nm-900nm.



Table 1- Tabulations by observers for comparison of magnitudes by I.I. and visual observation.
Mtv-MtvF : Comparison of magnitudes by without a filter(Mtv) and with a filter(MtvF).
Mv-MtvF : Comparison of magnitudes by Visual magnitude(Mv) and with a filter(MtvF).

Perseids Geminids Sporadic
Observer" No. ‘ Mean | SD | Observer ‘ No. ‘ Mean ‘ SD Obsewer‘ No. ‘ Mean ‘ SD
Mtv-MtvF| 50 | =05 | 0.7 [Mtv-MtvF| 19| -10] 06 [Mtv-MtvF| 44| -05]| 06
Mv—-MtvF Mv—MtvF Mv—MtvF

Hosogi 2|1 -14 0.4 Sato 3| -09 1.2 |Sakaguchi 1| -1.4 0.0
Yamashita 21 -09 0.3 | Hirota 2| -0.7 0.6 | Saito.Y 3] -1.1 0.4
Katabami 2| -0.7 0.1 | Oshima 3| -05 1.6 | Saito.S 1] -1.1 0.0
Kitagawa 1| -0.5 0.0 Arai 1|-04 0.0 | Katabami 2(1-10 0.5
Okuyama 31 -03 0.9 | Kanaya 41 -03 0.7 | Yamada 2| -06 0.8
Sakaguchi 21 -03 0.7 |Yamashita 2| -02 0.3 lino 2| -06 1.3

Shinsha 2| -03 0.4 | Ogawa.H 2| -02 0.3 Sato 81| -05 0.9
Kinoshita 13| -0.3 0.7 Yuriya 2| -02 1.0 | Okuyama 2| -04 0.1

Yuriya 18 | -0.3 0.6 |Matsuzaki 1 0.0 0.0 | Kitamura 5| -04 05

Sato 91| -0.2 0.6 | Kinoshita 6 00| 09| Kanaya 12| -03| 07
Wakasa 10| -0.2 0.6 | Wakasa 4 0.2 1.1 | Kinoshita 91 -02 1.0
Ogawa.Y 21| -0.2 0.8 | Ogawa.Y 9 0.3 0.8 | Kato.T 71 -01 0.7
Matsuzaki 3| -02 1.4 | Shigeno 3 0.5 0.6 | Ogawa.Y 15| —0.1 0.9
Doi 3| -0.2 0.3 | Matsuda 5 0.5 0.7 | Matsuda 41 -0.1 0.7
Kanaya 71 -01 0.7 | Kitamura 5 0.7 0.9 | Oshima 71 -01 0.7
Saito.Y 3| -01 0.5 | Yamada 2 0.8 0.8 | Yuriya 21 | 0.1 0.5
Noto 4| -01 1.7 ] Saite.Y 3 1.7 0.7 |Matsuzaki 41 00 0.5
Arai 200 00| 08 Arai 11 0.1 0.6
lino 8 0.0 1.0 Wakasa 9 0.1 0.6

Kato. T 2 0.1 1.0 Yamashita 3 0.2 0.3

Oshima 8| 0.1 0.7 Doi 3| 03| 06

Kato.S 2 0.2 0.9 Kurosaki 4 0.4 04
Kurosaki 3 0.5 0.4 Toda 9 0.5 0.9

Hirota 3 0.6 1.0 Kato.S 1 0.6 0.0

Toda 13| 0.7 1.1 Hirota 2| 06| 02

Shigeno 17 1.0 0.7 Hosogi 2 0.9 0.8

Kitamura 2 1.2 0.3 Shigeno 17 0.9 0.6
Kitagawa 1 1.6 0.0
All Visual| 183 | 0.0 | 09 |All Visual| 57| 02| 09 |All Visual| 167 00| 08




4 Conclusion

Previous infrared spectrum observation of Perseids
had discovered several molecular bands such as
630-670nm and 730-780nm nitrogen molecular bands
as well as many kinds of atomic luminescent lines such
as 777nm oxygen atomic luminescent lines (Ebizuka,
N., personal communication). We learned that these
infrared rays make meteors look brighter by 0.5 to 1.0
magnitude; especially meteors of negative magnitudes
can make the difference of brightness larger.
Meanwhile, we also learned that I.I. with the filter that
has the same amount of spectrum magnitude with
visual magnitude at night vision can observe meteors
with almost identical magnitude of visual observation.

We would like to express our gratitude for valuable
advice from Mr. Mitsuru Terada for the relations
between magnitude and mass of meteors and from Mr.

Noboru Ebizuka for the infrared spectrum.

5 Supplementary Notes

We studied the relation between magnitudes and
image sizes of fixed stars in order to precisely obtain
magnitudes of meteors. Figure 3 shows the results of
observations from two types of often-used objective
lenses: 85mm/F1.2 and 24mm/F1.4, respectively. The
relation between magnitudes of fixed stars darker than
0 magnitude and the size of image can be approximated
into an almost straight-line. However, we learned that
fixed stars brighter than 0 magnitude may make the
image size bigger rapidly. This would be because of the
characteristics of I.I. Then, we chose straight-line
approximation at an area darker than 0 magnitude
while we used quadratic functional approximation at

another area brighter than 0 magnitude in Figure 3 by
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Figure 3 - Comparison between magnitude of star and

size of image.

straight-line and curved line. Figure 3 shows the case of
observation without the filter and the approximation is
different in the case of observation with the filter.
Figure 4 shows a fire ball discovered at TV
in 2001

data was

observation of a Leonids meteor swarm
2003).
recomputed by the methodologies in this report and the

(Shigeno et al., The original
magnitude turned out to be Mtv: -7.6. Unfortunately,
however, we did not observe this meteor visually. That
particular day happened to be a meteor storm occasion
and a large number of people were observing but there
was no report of such a bright meteor. The actual
magnitude of visual observation of the meteor is
assumed to be about -4 as there is a difference of
approximately 3.5 magnitudes between Mv and Mtv as

shown in Figure 2.

Figure 4 - The figure on the left shows the TV
observation equipment. The device with the Image
Intensifier (Delft High Tech XX1470 etc.). The figure on
the right shows an example of a double station TV
meteor. ID: MSSJBZ on Nov 18 2001 at 18:19:34 (UT).
TV magnitude (Mtv) = -7.6.
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Nomenclature rules for meteor showers.*!

W DOMAERRNTRER OB NDTH 50, %Lf%mﬁ@%%5ﬁ8®ﬁﬁﬁkéﬁﬁ\%ﬁﬁ
WD B IEREICDODD > TNAEE NI DI TIERWVWE W RENZAHEICBW A INET, Ao
BRI, MEETSITERN SIS NTIZBTOSZIELWAT (6 2WVRBEE W I ARERELT:
THA9) LVIFMEEMICZIT AN B2, a-o< U H8E) 2S5 E Lt A,

—MREI7IRAIE LT, WREN (E7IXRER) LT T VRBOFTAKEME ST, BHSEOHDFDY
FEDREED LB 72 A THAT T%Z}’b%’)’\%fﬁ)é ED\O ZETY, BEOTT VEOATAKOLTRNT
7T ODEBRED 1 HTERDLY 4,

ae (e.g., Lyrae), * 1 : http://www.ta3.sk/IAUC22DB/MDC2007/Dokumenty/shower_nomenclature.php
is (e.g., Leonis),

i (e.g., Ophiuchi),

us (e.g.,Doradus),

ei (e.g., Equulei),

ium (e.g., Piscium), or

orum (e.g., Geminorum).

‘E%ﬁ@%%@%@% “m”&éwﬁ@ﬁ%m‘ﬁw’fﬁgﬁziﬁo&fﬁw@(mmw)m%
OWSEFIE “Aquarids” TiE72 < “Aquariids” T, ME—DHIINL, A F~UEE (Hydrus) 75O
DT _pxj‘%ﬂt%wf “Hydrusids” &FRINLDTL X 9, £UE. 5 H~TUFE (Hydra) 7260
RN EIREL L 720\ 2T,

BIELFRN 2FEBND> TWDH L&, 72 2FBOERZATZTN A Lo TEZSHBZONDITT
<9, %ZFL@Z D X9 A (Canum Venaticorum) 75 OFEEFMIIE [Canum Venaticids] & 725 TL
I9, 2O0REEFLEDDL LI vy vakBnET, T L THFOREELIC “id” & ET,
Thwz, &LHE—1F8E (Puppids - Velids) &720 £9, A KT A4 & LT, BEDNEFIZES SO
HxOBEN LRI UNEFCTHHNETT,

HLEDEWEENRLERSL, Iy« XA TA603FE)NCL->TY T/ A M T7TEKIZHD TEHEAX
NEXY U UFRED Y TOHNTD, TORICEASNT-a—~FERE B TonikbiIE DR
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aj“n:&ﬁ”kﬁ%énéfbiéo

BEAEDIBHNCHE, R CEENSHRERNEZXT2H0L4HBEMz 506 LVEEAL, ZOBE. A
WXLV EL “A4HZ LR EXBIT 57912, IRAS-Araki-Alcock #EE O OEN%Z “5 H Z L/
EFERZ EHTEAHATL L D,

BREEICOWTIE “BR0” 222 003MER T, Thz, ZOLAFNL 10 HOBOD LRI
HLT6AD “BREOBOSUR &0 Ed, A KTA4 L LT, MAEMOENSUITRMERER &
MEEN D T2 DIEREN G 32° INTHAHRNETT, 2O LIk, TOHBEOHHEEHOME D IZB N T
AR E 20° DLE BICHRE SR a2 E 2 RFEL £ 97,
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MCUTHABE L FAZ M 1807 Brd) ., 2 o040 KIXIZIERE CHMICHhz - TEET 5,

b UREREMLOAZ ST (HiEkE) il 5 & X XEFRIC “WFRER" LS, TV 4 UL

n AT RORIINFRERNTTN, TNThER RIS F A E2£LTRBY, £ LTH
FEITFE oL Bpo-luElcdh v £, BEBHROMEE LT, NFREREMAERORILDR TR -7
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£:K), Shinsuke Abe (Japan), Robert Hawkes (Canada), Tadeusz J. Jopek (Poland : & 7% 1)
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Table 1 Latin possessive names of meteor showers

Constellation iLatin possessive iShower Constellation iLatin possessive iShower
Andromeda iA;ﬁlﬁ(fiﬁlfoIpﬁg(flger 777777777777777 Andromedld 7777777777777777777777 Leo iLeonis iLeonid
Antlia iAnthaeiAnthld 7777777777777777777777777777777 Leo Minor ;Leonis Minoris ;Leonis Minorid
Apus ApodlsApodld _______________________________ Lepus Leporis Leporid
[ Aquarius Aquarquuarud ____________________________ Libra éLibrae éLibrid
Aquila Aquilae  Aquilid Lupus ‘Lupi Lupid
Ara AraeArld ___________________________________ Lynx Lyncis Lyncid
Aries ArletlsArletld ______________________________ Lyra Lyrae Lyrid
IAuriga AurlgaeAurlgld ______________________________ Mensa ‘Mensae ‘Mensid
Bootes BootlsBootld ________________________________ Microscopium ‘Microscopii ‘Microscopiid
Caelum Caeh 7777777777777777777777777777 Caehd 77777777777777777777777777777777 Monoceros iMonocerotis iMonocerotid
Camelopardalis :Camelopardalis Camelopardalid Musca Muscae Muscid
Cancer Cancrl __________________________ Cancrld _____________________________ Norma iNormae iNormid
Canes Venatici iQ_E?._I}Eg}_Y?_I_‘{%Ri_(_}_(?_lig_l_r_l"jg%?}_l_l_r_l_ Venaticid Octans iOctantis iOctantid
Canis Major CamsMa]orlsCamsMaJorld ___________________ Ophiuchus iOphiuchi iOphiuchid
Canis Minor CamlenorlsCanlstomd 777777777777777777 Orion iOrionis iOrionid
Capricornus CaprlcormCaprlcormd 7777777777777777777777 Pavo iPavonis iPavonid
Carina CarlnaeCarlnld ______________________________ Pegasus iPegasi iPegasid
Cassiopeia Cass1ope1aeCass1ope11d ______________________ Perseus éPersei éPerseid
Centaurus éC__e__I_l_t_ﬁg_lﬁ ______________________ Centaurld _________________________ Phoenix éPhoenicis éPhoenicid
Cepheus Cephelcepheld 77777777777777777777777777777 Pictor éPictoris éPictorid
Cetus Cethetld __________________________________ Pisces éPiscium éPiscid
Chamaeleon éQ,}}E@%?l???ﬁ?,,,,,,,,,,,,jgh?@,f}‘?l??ﬂ?i@ 77777777777777777 Piscis Austrinus éPiscis Austrini éPiscis Austrinid
Circinus é(?_i_lg_C_i_l_r}_i __________________________ E_Q_i_l_f_gi__n_i_gi_l _____________________________ Puppis ‘Puppis ‘Puppid
Columba Columbae  iColumbid Pyxis Pyxidis Pyxidid
Coma Berenices 50,9?,‘1%‘?,,39?9@99&,,,,,,599@%?1,39??9%‘?@ 77777777777777 Reticulum Reticulii Rectuliid
Corona Australis EQQ{?@??AE?E?{EE Sagitta ‘Sagittae 'Sagittid
Corona Borealis EQQES’_Q?Q_E{{?Q?E§ ____________________________________________________ Sagittarius \Sagittarii \Sagittariid
Corvus Corv1 ________________________________________________________________________ Scorpius 'Scorpii 'Scorpiid
Crater i(_?_]@_t_e_z_@_s_ _________________________________________________________________ Sculptor iSculptoris iSculptorid
Crux iCrums 77777777777777777777777777 JiCrumd 7777777777777777777777777777777 Scutum iScuti iScutid
Cygnus Cygnl ___________________________ JCygnld _______________________________ Serpens iSerpentis iSerpentid
Delphinus Delphlnl ______________________ Delphlmd __________________________ Sextans iSextantis iSextantid
[Dorado DoradusDoradld _____________________________ Taurus iTauri iTaurld
Draco DracomsDracomd 777777777777777777777777777 Telescopium iTelescopii iTelescopiid
Equuleus iEquuleliEquuleld 77777777777777777777777777 Triangulum iTrianguli iTriangulid
Fornax iij)EI_l_?f_i“S_ Fornac1d ___________________________ Triangulum Australe iTrianguli Australis iTrianguli Australid
Gemini GemlnorumGemlmd 7777777777777777777777777777 Tucana iTucanae iTucanid
Grus GrulsGruld 777777777777777777777777777777777 Ursa Major iUrsae Majoris EUrsaeMajorid
Hercules Hercuhs 77777777777777777777777 Hercuhd 7777777777777777777777777777 Ursa Minor EUrsae Minoris EUrsae Minorid
Horologium éHQ}gglgg@i iHorlognd 77777777777777777777777777 Vela éVelorum éVelorid
Hydra Hydrae  Hydrid Virgo 'Virginis 'Virginid
Hydrus HydrlHydru51d ___________________________ Volans éVolantis éVolantid
Tndus Indi ndid  |Vulpecula Vulpeculae Vulpeculid
Lacerta Lacertae Lacertid
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Nomenclature Rules for Meteor Showers

The following nomenclature rules are adopted for meteor showers, keeping in mind that it is not always known
precisely during discovery when is the peak of a meteor shower and what is the position of the radiant at that time.
For known showers, the Taks Group may choose a traditionally accepted name (e.g., alpha-Monocerotids) over
the more correct name after a radiant has been established (which would have suggested the name of delta-Canis
Minorids).

The general rule is that a meteor shower (and a meteoroid stream) should be named after the then current
constellation that contains the radiant, specifically using the possessive Latin form. The possessive Latin name for
the constellations end in one of seven declensions:

ae (e.g., Lyrae),

is (e.g., Leonis),

i (e.g., Ophiuchi),

us (e.g.,Doradus),

ei (e.g., Equulei),

ium (e.g., Piscium), or
orum (e.g., Geminorum).

Custom is to replace the final suffix for -id’, or plural -ids'. Meteors from Aquarius (Aquarii) are Aquariids, not
Aguarids. An exception is made for meteors from the constellation of Hydrus,which will be called 'Hydrusids', in
order not to confuse with meteors from the constellation of Hydra.

When the constellation name has two parts, only the second declension is to be replaced by 'id". Hence, meteors
from Canes Venatici (Canum Venaticorum) would be 'Canum Venaticids'. When two constellations are grouped
together, a bracket is used and both constellation names will have 'id". Hence, Puppids-Velids. As a guideline, the
order of the constellations should be in the same sequence as the radiant daily motion.

If a higher precision is needed, then the shower is named after the nearest (if in doubt: brightest) star with a Greek
letter assigned, as first introduced in the Uranometria atlas by Johann Bayer (1603), or one with a later introduced
Roman letter. If in doubt, the radiant position at the time of the peak of the shower (in the year of discovery)
should be taken. Hence, the meteors of comet IRAS-Araki-Alcock would be named 'eta-Lyrids'".

Following existing custom, one may add the name of the month to distinguish among showers from the same
constellation. In this case, one could call the shower from comet IRAS-Araki-Alcock the 'May Lyrids', in order to
differentiate from the more familiar 'April Lyrids'

For daytime showers, it is custom to add 'Daytime’, hence the name for the 'Daytime Arietids' in June as opposed
to the Arietids in October. As a guideline, the stream radiant should be less than 32 degs from the Sun to be called
a daytime shower. This ensures that no where is the radiant more than 20 degs above the horizon at the start of
local Nautical twilight.

South and North refer to ‘branches' of a shower south and north of the ecliptic plane (stricktly the orbital plane of
Jupiter), resulting from meteoroids of the same (original) parent body. Because they have nearly the same
longitude of perihelion at a given solar longitude (the argument of perihelion and longitude of ascending node
differing by 180 degrees between South and North), the two branches are active over about the same time period.

If the meteoroid stream is encountered at the other node, it is customary to speak of 'twin showers'. The Orionids
and eta-Aquariids are twin showers, even though each represent dust deposited at different times and are now in
quite different orbits. As a matter of custom, twin showers and the north and south branches of a stream carry
different names. Meteor showers are not to be named after their parent bodies (e.g., Giacobinids,
IRAS-Araki-Alcockids). The names of comets tend not to be Latin, making the naming not unique. Also, comet
names can change when they get lost and are recovered.

The Task Group for Meteor Shower Nomenclature will choose among possible alternative proposed
names for newly identified meteor showers, in order to establish a unique name for each meteor
shower (e.g., eta-Lyrids, not May Lyrids).

Task Group on Meteor Shower Nomenclature

Members of the Group:

Peter Jenniskens (USA: Chair), Vladimir Porubcan (Slovakia: AU Meteor Orbit Data Center), Pavel Spurny
(Czech Republic: IAU C22 president), William J. Baggaley (New Zealand), Juergen Rendtel (Germany),
Shinsuke Abe (Japan), Robert Hawkes (Canada), Tadeusz J. Jopek (Poland),

-3.
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MDC ([Z# 59 2R0Z., IR T 40— S8R O LW RERZ#LT-7 ~F 27 KLFIZIMO &
G A HL>C, B a‘éazaﬁza}ﬁ-ef 42~ X4 (%SG - Juergen Rendtel) , UL AR RIE L%
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WOMFZED AL, IRRENT-HENO L AL, b LoTIC > ToD L7 2 B SR SN T 725
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The discoverer of a probable new shower is asked to propose a unige name to the Meteor Data Center (contact T.J.
Jopek), following the shower nomenclature rules as closely as possible. The name should be unique and not create
confusion with other showers in the list of all showers. If the discovery meets the standards of other such showers
in the Working List, the shower will be added and assigned an IAU number and a three-letter code. The thee-letter
code is an alternative and popular way to discriminate among showers because the code is easier to remember and
recognize than numbers.

We accept all new showers about to be published in scientific journals. Please send a copy of the paper to the
MDC before submitting the final version to the journal. The new name and number are to be used in that
publication of the discovery and in subsequent discussions.

The International Meteor Organization (IMO) is assisting the MDC in this initial evaluation of ‘probable’ new
streams. Streams accepted by the IMO should be reported in a paper in WGN, the Journal of the IMO, and the
editor of WGN can contact the MDC to collect name and number.

In collaboration with the IAU Minor Planet Center, a CBET telegram will be issued periodically to indicate when
new showers are added to the working list.

Before reporting to the MDC, amateur astronomers that recognize new meteor showers from visual and
single-station video observations should contact the International Meteor Organization and present their claim for
referal (point of contact: Juergen Rendtel). Observations should strongly suggest a shower. For example, an
outbursts of a significant number of meteors from a compact radiant in a brief period of time (e.g., beta
Hydrusids), or a persistent radiant detected in single-station observations over several nights, moving at the
expected rate.

The goal of subsequent research is to establish the validity of the proposed shower and, if analysis confirms such
validity, subsequently move the stream from the Working List to the List of Established Showers. Evidence that
helps establish a shower in the Working List (or eliminate from the list) should be published in the literature, a
copy of the paper should be provided to the MDC. Upon review of the evidence in the Task Group, the MDC will
move that stream from the Working List to the List of Established Showers.

Each shower in the List of Established Showers will receive its official name, and official recognition as being
established, on recommendation to Commission 22 at the 2009 IAU General Assembly in Rio de Janeiro, Brasil.
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[AU Meteor Shower List
[AU MDC Catalogue - shower_list_all - version 01/2008
The catalogue contains several parameters of the meteoroid showers
Column Column Description
No Name
1 NolAU shower |AU number,
2 Code shower |AU three letter code,
3 ShowerName l[atin name of the shower,
4 Sst shower status: e - established, w — working,
5 Sty shower type: 0 - single shower
> 0 - group of showers (Sty = NolAU of the main shower),
6 Geo group component: O — root of the group of showers (shower complex),
usually mean values of parameters are given;
1,2 ... the sub-group of the shower complex,
e.g. S-Taurids, N-Taurids
7 SLon Solar longitude at peak of shower (degrees, epoch J2000),
8 RA Right Ascension of the shower radiant at peak (degrees, epoch J2000)
9 DE Declination of the shower radiant at peak (degrees, epoch J2000),
10 VG Geocentric Speed (km/s), before acceleration by Earth's gravity
11 ZHR peak rate in terms of zenith hourly rate (per hour)
12 ParentBody shower parent body,
13 Remarks notes, remarks about the shower,
14 Author discoverer, references to the shower parameters
No. | NolAU | Code ShowerName Sst | Sty | Geco | SLon RA DE VG | ZHR ParentBody Ramarks Author
_____ 1.\ 1] CAP| ___alpha Capricornids| e| O} 01127 1306.6| -82| 22.2| O] 169P/NEAT (= 2002 EX12) | ]
2 2| STAL South. Taurids| e|247] 11224 | 49.4) 13 | 28 | O|2P/kncke | member of Taurids Complex (247) | |
3 S| SIAL . south. iota Aquariids| e| O] 0]131.71339 |-15.6] 34.8| O ]
A A GEM| Geminids | e| 0] 0]262.1|113.2| 32.5| 346 | 0]3200 Phaethon (=19831) (| .+ ]
BT S| SDAY South. delta Aquariids | e| O] 0]1256)342.1]-15.4] 40.5] O0]|Marsden growp ...\ ]
6. 6 LYR} April Lyrids | e] Of O] 32.4]272 | 33.3| 46.6| 0)C/1861 G1 (Thatcher) . | ]
I Ty PRV Perseids | e| O] 0/140.2| 48.3| 58 | 59.4| 0] 109P/Swift-Tuttle ..
8 8] ORLY Orionids | e| O] 0]208.6| 95.4| 159 66.2| O|1P/Halley |
R 9| DRA} October Draconids | e| 0] 0]195.1]264.1] 57.6] 20.4] 0]21P/Giacobinni~Zinner |
10 100 QUA| Quadrantids | e| 0/ 0]283.3|230 | 49.5| 41.4) 0j2003EH1 ]
LA VBV eta Virginids| e| 0| 01354 1821 2.6] 29.2]| 0|D/1766 GI (Helfenzrieder)? | ]
12 12) KeG | ] kappa Gygnids | e| 0| 0]145.21284 | 62.7)| 24 |\ O\ ]
18] 18] LEOy . leonids| e] 0| 0/235.1]154.2| 21.6] 70.7| O|55P/Temple-Tuttle | ]
1A 141 XOR| chi Orionids Complex | e| 141 01259 | * | * | 2 | 0y e
BN . 15 1 URS | ] Ursids | e| O] 0]2/1 [219.4] 76.3] 33 | O0|8P/Tuttle ]
16| 6,0} sigma Hydrids | e| 0| 012655)131.9] 0.2} %8 O} ]
BT . 1 NAL North. Taurids | e|247) 21224 | °8.6 | 21.6] 28.3/ 0j20047G10 | member of Taurids Complex (247) | |
18] 18| ANDf ~ Andromedids | e] O0j 0]232 | 24.2| 32.5| 17.2 0}|3D/Biela
19 19 MON¢ Dec. Monocerotids | e| 0] 0[260.9/101.8| 81| 42 | 0|C/1917 F1 Mellish) | ..\ ]
020 ) 20| cOMy Dec. Comae Berenicids | e| O] 012/4 |1/5.2} 22.2) 637, o0y |
A P 21 AB| alpha Virginids | e| O] 0| 28 |179.9| -7.7] 17.6| Oj1998 8W2? ...\ ]
22 ) . 22 | LML Leonis Minorids| e| O] 01209 [159.5] 36.7| 61.9| 0)C1739 K1 (Zanotti) | ]
2 23| EGE| . _...___.epsilonGeminids| el O] 01206 |101.6] 26.7) 68.8| 0| ]
24| 24| PEG| .. MuPegasids| w/| 0] 01230413355 21.8) 11.2) O e
25 ] . 25| NOA | _ North. October delta Arietids| w/| O} 0]201.7] 34.7] 20.2) 3.3} O ] part of NTA ]
26 | . 26| NDA| | North. delta Aquariids| w| O| 0)123.4]344. 7] 04| 40.5| O ]
27 ) 27 | KSE | ... . kappa Serpentids | e| O} O] 15.7]1230.6] 17.8 ] 45 | O e
28 | 28 | SOA|  South. October delta Arietids| w/| 0| 0/198.5] 33.1| 10.6] 26.6| O|2P/Encke? || part of STA
029 ] 29| DLEV delta Leonids Complex | w| 29| 01334.7| * | = |20 | OV .|
030 ) 0| PSCL Piscids Complex | w) 30| 04179 | * | * | 28 | OV ‘| ]
<1 P V| ETAL eta Aquariids| e| O] O| 46.9/336.9| -1.5| 65.9| O|1P/Halley | ]
0 32. ] 32] Dm{ | Dec. Leonis Minorids | e] O] 0[262.4|156.1| 32.7| 62.3| 0]C/1798 X1 (Bourvard)? ... | ]
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33 B NAL North. iota Aquariids | e| O] 0|147.7|328 | AT 26 O
34 34| DSE| . delta Serpentids| w| 0] 07323 237 | 96| 65 | 011947 F2 Becvar)?
35 | 38| GR| xi Ursae Majorids | w| 0| 0358 |175.4) 30.1| 18.9| O
36| 39 NALY| o] North. alpha Leonids| w| 0] 0/349 |158.7| 31 | 1.1 012008 YGI18?
31 40 | Z0Y | . zeta Cygnids | w| O] 0| 20 1303.8)| 44.8| 39 | O
38| A3 | ZSE| zeta Serpentids | w| 0] 01365 |266.3| -6.3| 67.4| O
39, | 45| POF | ] phi Draconids | w| 0] 01368 |26/.1 | 69.4| 22.9 | O e
40| 46 | BOR| . betaGraterids| w| O] 0| 13.5|176.8|-26.9 | 22.6 | O e
. g B L mu Virginids | w | O] 0| 39 1226.8 | —8. 7| 28 3 | O e e
42 A9, vy oo lambda Virginids | w] 0| 0] 20 ]210.7/-10.2| 26.8| O{ e
43 ] o0 | VIR| ~~ March Virginids Complex | w| 90| 01354 | * | * | 23 | O
44 °2 | ouMy omega Ursae Majorids | w| O) O] 62 1747 66.7| 27.1|\ O} ]
45 | R I alpha Scorpiids | e| 0| 0| 5521247 |-28.8] 31 | 0]2004 BZ74? ]
46 | | 61| TAH| tau Herculids | e| O| 0] 72 |228.5| 39.8| 15 | O |73P/Schwassmann-Wachmarn.g | .| ]
AL 63| COR{ Corvids | e| O] 0| 949/192.6|-19.4] 9.1| 012004 HW e
48 | 65| GDE| ~ gamma Delphinids| w/| O] 0/ 80.4/3423| 12.2| 55.7| O}
49| 66 | NG| | North. omega Scorpiids | w| O| O} 70 1248.1]-15.3| 19.6 | 011996 JG? ]
90 | 67| NSA| | North. mu Sagittariids | w| O 01 78 12/1.9|-17.3| 22.9| 0]C/1770 L1 Lexell? ]
L 69 88| South. mu Sagittariids | w| O] 0| 78 1276.4|-27.5| 19.6 | O
92, | 13| ZOR) .. zetaDraconids| w| O 0141 1260.5]| 30 | 14 | 0| 6P/d"Arrest
93 | 6 KO kappa Aquariids | w | Of 0]179 334 |-13.8| 12.8 | 0]2006 AR3?
DL 8ty sy, Sept. Lyncids | w| O| 0|18 |110.9| 47.9| 65 | Of ]
95 | 83| ocG| October Cygnids | w| 0] 01206 |317.8| 52.6| 17.2| O ]
96 | 86| o6C| October gamma C etids | w| O] 0)206.4| 50.4| -6.9| 3.3| O
I 88| ODR| omicron Draconids | w| O] 0]115.5]285 | 61.3| 286, O ]
98 | 89| PVI L January pi Virginids | w| 0] 0]29% |1/9 | 9 | 64.6 | O
99, | 0] Jco| January Comae Berenicids | e| 0] 0]301 |188.9| 16.8]| 63.9| O0|GC/Lowe 1913 1 | ]
60 | 9 | JZA| January zeta Aurigids | w| 0| 01292 | 7031 60.1 1 12.1) Oy
61 92| UER| . upsilon Eridanids | w| 0| 0/295.6| 69.3]|-29 | 10.1] 012004 TB18?
62| 93| VEL| __ Puppids-Velids |l Complex | w| 93| 07296 |123 |-48.3| 33.1 | O
63 | 94| RGE | o rhoGeminids | w| O 01297 |115.8 | 24.9 | 23 | O | e
L 95| DGA| delta Gancrids Complex | w| 95| 0]296.3| x | *x | 20 T O e
65 | 96 | NCC| North. delta Cancrids | w| 0] 0]296.3|130 | 20 | 26 | O 99T A e
66 | 971.8C| South. delta Cancrids | w| O] 0]296.3|134.1| 10.1] 25.2| 02001 YBS? ]
67| 98| ECO| epsilon Golumbids | w| 0| 0/307.1| 824)-347) 16.6| O} e
68 | ! 9 J¢| Dayt. Scutids | w| O 0]280.4|278.2| —-7.8| 24.1| O ]
69.| 100 XSA| Dayt. xi Sagittariids | w| O] 0]3049|284.8 -18.6]| 26.3| O ]
70| 10ty PH| pi Hydrids | w| O] 0]317.1]210.3|-23 | 0.7, .0
I 102 ACE|  alphaCentaurids | e| O] 0]319.4)1210.9/-58.2| 59.3| O ]
o J2.| 103} TCE| Centaurids |1 Complex | ~w|103| 01321 |203.8|-39.6| 60.2 | O e ]
/3. | 14,680 gamma Bootids | w| 0| 0]321 |224.4| 39.1| 50.3 | O e ]
74| 105) OCN| Centaurids | Complex | w|105| 0]323.4|165.6|-60.3| 41.5| O
/5. | 106 APL| alpha Pictorids | w| O] 01325 |110.1/-65.1| 30 | O ]
16| 107 DCH| delta Chamaeleontids | w| O] 01325 |254.4|-86.1| 42.6| O
R I L - 1V beta Tucanids | w| 0] 01340.4)| 49.6|-77.8] 36.3| 0]|G/1976 D1 _(Bradfield) |
/8. | 109 | ACN| alpha Carinids | w| O] 0/311.2]1100.7|-54.8| 21.7| O| e
79| 110 AAN| alpha Antiliids| w| 0| 0]313.1]140 |-10 | 42.6 | O
8. ) 111 FCM|  February Canis Majorids | w| O] 0/330.6104.3|-25.6| 70 | O}
81| 12 NbL| o] North. delta Leonids | w| 0] 0/334.7]|168 | 16 | 20.1| 0] 1999 RD32?
72 I A K ) S South. delta Leonids | w| O] 0334 7|137.7| 17.8| 17.4| 0\
83| 14 px¢| Dayt. chi Capriconids | w| O] 0]311.3/321.4] 6 | 8.5 0 e
' 84. | 115 DSG| Dayt. Sagittariids—Capricornids | w| O] 013125316 |-23.3] 26.8| 02001 ME1? e ]
86| 116 DEQ|  Dayt epsilon Aquariids| w| O] 0]315.8)310.2 ) -6.8| 23 1| O e ]
86| 17y peq@y oo Dayt. ¢ Aquariids| w| 0| 0325 1346.7)|-23.7| 14.1] 012004 NL8?
8/ | 18y 6GnOy gamma Normids | w| 0| 0]353 |251.6|-91.3| 64 | O e
88 | 19| LCE|  lambda Centaurids | w| 0] 0359 |173.7|-59.56]| 38.4| O
89| 120 DPA| . delta Pavonids | w| O] O] 11.1)309.1)-62.8] 58 | 0|GC/1907 G1 (Grigg-Mellish) |\
9. | 121 NWYQ oo nu Hydrids | w| 0| 01343 1]159.1|-12.2| 19.7| 01999 RMAS?
91122 AKX alpha Pyxidids | w| 0] 0/345.9]135.5|-35.2| 25.9| O| e
092 ] . 123 NIL Northrn March Viginids | w| O 035 |185.7] 23| 23 | 01998 8707 | ]
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93 | 124 SVl o South. March Virginids | w| 0| 0354 1179.7| -8.5| 229 O
94| 126 SAL| South. alpha Leonids | w| 0] 07359 11418 - A L P O O S AR
9. | 126 SGE| | March delta-Geminids | w| 0] 01361 |114.5| 12 2| 8 | 0|
96| 127 MCA|  March Cassiopeiids | w| O] 01350 3528 52.83]| 14.5| O e ]
97| 128 MKA| Dayt. kappa Aquariids | w| O] 0]354 1338 7| -7.7] 33.2| 0]2002 EV11? e ]
98| 129 QPE| Dayt qPegasids| w| O] 0135 13523 12.9]| 21.7 | 0]2005 EMI69? e ]
0 99.| 130 DME| delta Mensids | w| O] 0]356.7| 58 |-80 | K L e R MU
100 | 131 DALY delta Aquilids| w| 0| 0] 23 1310.6]| —0.2] 66.2| 0|GC/1984 S1 Meier)? e
101 ) 133 | PUM| . April psi Ursae Majorids | w| O] 0] 23 |188.6 | 98.7 | 10 | O e ]
102, | 134 NGV|  Nothern gamma Virginids | w| O] 0| 243)180.6| 17.7] 11.7| 02002 FC? ]
103 | 135 sev| South. gamma Virginids | w| O| 0] 22.7]183.2|-15.5| 13.9| 02003 BD44? |\ ]
104, | 136 SLE| sigma Leonids | w| O] 0| 27.7|192.6| 3.1] 23 | 02002 GM5?
105 ) 187 pPPUY} pi Puppids | e| O] 0| 33.6|110.4|-451] 15 | O|26P/Grigg-Skjellerup | ]
106. | 138 ABO| alpha Bootids | w| O| 0] 36.7/218.8| 145| 20.9 | O ]
107 139 6Lty oo gamma Librids | w| O| 0] 39 |226.8| 87| 283 O ]
108. | 140 XLI| April chi Librids | w| 0| 0] 39 1236.3|-18.9 | 34 2| O e
109. | 141 bcpy oo Dayt. chi Piscids| e| O 0} 19.2] 19.6] 21 | 18 O ]
110. | 142 MDR| mu Draconids | w| O] 0| 29.2|281 | 9.9 | 28 2 1 O
AL O 0 T 5 Dayt. lambda Pegasids | w| O O 29.7|343.5| 19.9 | 38. 4| O
112 144 APS| Dayt. April Piscids | e| O| 0] 30.3| 76| 3.3| 28.9| 02005 NZ6? ]
113 | 145 ELY| eta Lyrids | e| O] 0| 49.112925| 39.7] 45.3| 0)|G/1983 HI (IRAS-Araki-Alcock) | ]
114 ) 146 | CAU| beta Coronae Australids | w| O] O 54.71285.1|-39.9| 56.4| O
115 | 147 PAQ| phi Aquariids | w| O] 0] 60 350.9| -3.5| 64 | O ]
116, | 148 | MV, May gamma Virginids | w| O) 0] 45 |217.7|-31.2| 25.6| O
117,149 NOP| North. May Ophiuchids | w| O] 0| 49.7|249 |-14 | 21.8 | O
118. | 150 SOP| South. May Ophiuchids | w| O] 0| 56.7|258 |-24 | 21.8 | O
119, | 151 EAU| ~  epsilon Aquilids | w| O] 0| 59 12849 15.6] 30.8| O ]
120, | 152] NOC |  North. Dayt. omega Cetids| e| 0| 0] 46.7| 23| 17.8] 33 | 0]G/2003 Q1 (SOHO)? L
121, | 193] OCE |  South. Dayt. omega Cetids| e| O] 0| 46.7| 22.5| -3.6] 36.6 | O e ]
122, | 194 DEA| | Dayt. epsilon Arietids| w| O) 0} 5 | 44.7| 21,21 20.6 | 0]2002 SYo0? ]
123. | 195 NWA| Nothern Dayt. May Arietids| w| O] 0] 5 | 37.2 1 18.1 | 25 2| 012008 QC1077 ]
124, | 196 | SMA|  South. Dayt. May Arietids| w| O] 0] 55 | 33. 7 | 9.2 1 28.9 ) O e
125 | 197 ICA| ~__iota Cassiopeiids| w| O| 0] 62 | A3 1 | 69 2 | 19 0 | O e
126 | 158 CET| ~ piCetids| w| O] 0] 95 | 24.1|-11.7] 66.8)| 0C/1874 G1_Winnecke)? |
127 | 189 TAQ tau Aquariids | w| O| 0] 97.3/340.3|-11.5| 64.3| O ]
0 128. ] 160 | OSC| ~ omega Scorpiids Complex | w|160| O 71.9] * | * | 196 0
129. | 161} ssG| South. omega Scorpiids | w| O] 0] 70 243.7/-22.1| 23 | O ]
130. | 162 ACL| alpha Circinids | w| O] 0] 73.91218.6-70.2| 27.1| O
1 131. ] 163 | SAG | Scorpiids-Sagittariids Complex | w|163| 0| 97 | * | * | 22.9 | O e
132 | 164 | NG| ] North. June Aquilids| e| O] 0 8 |298.3| -7.1| 36.3| O
133. | 165) S South. June Aquilids | e| 0] 0] 80 |297.8|-33.9| 33.2 | 0| ]
134 166 JY| June Lyrids | w| O] 0] 852/280.3| 5 | 38 4 | O
135 | 167 NSS| Nothern sigma Sagittariids | w| O] 0] 87 2786 |-25.3| 29.3 | 0]2001 MEWT? e
136, | 168 | SSS| ~ South. sigma Sagittariids| w| 0| 0] 92.3]293.1|-14 | 23, 2 | O e
137 169, s Scutids | w| O] 0] 949281 7| 0.9] 189 | 02004 CL?? e ]
138 ) 10} JBO| June Bootids | e| O] O 96.31222.9)| 47.9| 14.1| 0] 7P/Pons-Winnecke |
139 | 1| ALY Dayt. Arietids| e| O| O 76.7| 40.2)| 23.8| 35.7| O |Marsden group of sunskirters | |
140. ) 172 ZPE| Dayt. zeta Perseids | e| O| 0| 78.6| 64.5| 27.5| 26.1| O |2P/Encke | ]
141 173 BTA| ] Dayt. beta Taurids| e| O] 0] 96.7)| 84.9| 23.5| 29 | 0]2004 71610 ]
142 | 174 TAS| Dayt. theta Aurigids| w| 0| 0| 96 | 93.3| 31.3 | 158 O\ e
143 | 115 JPE| July Pegasids | w| 0] 0]107.5|340 | 15 | 61.3| 0]G/1979 Y1 (Bradfield?? |
144 | 176 PHE| July Phoenicids | w| 0] 07110.3| 31.6 |47 7| 47 | O\
145 | 177 BCGA| . beta Cassiopeiids| w| 0| 0/126.6]352.9) 588 50.4| O}
146, | 178 | JCE| July Gentaurids| w| 0] 0]103.3]225 |-35 | 1531 011997 QK122
147 | 1719 | SCA| . sigma Gapriconids | w | O 0110 1310 1 | =14 5 | 26.9 | O | e
148. | 180 MSE| 1 mu Serpentids | w| Of 0)114 1240 | L T A0 A O I R (TR
149 | 181 KPA| ~____kappa Pavonids | w| O] 011482823 |-66.9| 18.9 | O ]
190. | 182} oCY| omicron Cygnids | w| O] 01117.21304.5| 49.7] 39.4| O
191 | 18| PAU| Piscis Austrinids | e| O| 0/123.7|347.9|-23.7| 44.1| O} e
| 152, | 184 GOR| gamma Draconids | w| O] 0]1244]278.8| 48.8| 25.1| O
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193. | 185 DBA| | Dayt. beta Andromedids | w| O] 0]100.5| 15 | 37.5]1 26 | 0|96P/Machholz? e
194, | 186 | EUM| . epsilon Ursae Majorids | w/| O] 07106 |192.5| 61.7 | 15.2| O
195 | 187 PCA| ~ psi Cassiopeiids| e| O] 01106 |389.4 | 71.5]| 40.3 | O
196, | 188 | XRI| Dayt. xi Orionids | e| O| O|117.7| 944] 15 | A O ]
197 | 189 bmé| Dayt. mu Cancrids | w| 0| 0126 |122.7)| 22.4| 24 3| O
198 | 190 BPE| ] beta Perseids | w| O] 011354 528 40.2| 66.2 | O
199 | 191 ERL Y| eta Eridanids | w| O] 0[137.5| 45 |-12.9| 64 | 0]GC/1852 K1 (Chacornac)? | ]
160 | 192 ) TRE| August Triangulids | w| O] 01139.8 | 37.5 | 30.7 | 57.3 | O e e ]
161 | 193 ZAR| zeta Arietids | w| O] 01146 | 49.7) 14.2] 70.1] 0|G/1862 N1 _(Schmidt-Tempel)? | e ]
162 | 194 Wwe|  upsilon Cetids | w| O] 0]146 | 8.6| 28| 61 | O\ e
163. | 195 BIN| | beta Indids | w| O| 0]157.3/342.8|-51.7| 14.1| 0[C/1991 L3 (Levy) | ]
164 ] 196 NPH| nu Phoenicids | w| O 0]129.7| 20 |-43 | 44 | 0|GC/1951 C1 (Padjusakova)? |
165 | 197 AUD|  August Draconids | w| O] 0|142 1272.5| 65.1| 17.3| O ]
166. | 198 | BHY| ~ beta Hydrusids| e| 0| 0)1438] 36.3|-745| 22.8| O
167. ) 199 ADC| . August delta Capriconids | w| O| 0]146 |328.7|-16 | 21.6 | 0| 45P/Honda-Mrkos-Pajdusakova | ]
168 | 200 | ESE| .. etaSerpentids| w| O] 0151 |287.7| -3.7| 86| 02000 Q877
169, | 21| 6o} gamma Doradids | w| O 0/155.7| 61.2|-50.2 | 40.1 | O
170, | 202| ZCA| Dayt. zeta Cancrids | w| O O0]147 |119.7] 19 | A3. 8 | O |
RAR I 203 GLE| Dayt. gamma Leonids | w| O| 0]148.7/139.9| 12.4)| 19.6 | 01999 RD32? ]
172 | 204 | DXL | oo Dayt. chi Leonids | w| 0| 0154 11421 12.8| 27.4| 02001 YBS?
173, | 206| XA xi Aurigids | w/| O) 0]158 | 93.5| 62.6 | 56.9 | 0|
174 | 206 AR} Aurigids | e| O| 0/158.7| 89.8] 38.7| 65.7| 0|C/1911 N1 Kiess) | ]
175 | 207 | SCS|  Sept. beta Cassiopeiids | w| 0| 0]173 | 3 | 6.9 69.1, o ]
176, | 208 SPE| Sept. epsilon Perseids | w| 0| 0]17/0 | 90.21 39.4| 64.5| O
A7) 209 | EER} epsilon Eridanids | w] O0) 0]1/0 | 56.6 |-13.8| 59 | 0]C/1854 L1 (Klinkerfues)? [ b
178 | 200 BAU| beta Aurigids | w| 0] 0[179.3| 86 | 43 | 66.5| 0]G/1790 A1 (Hershel)? |
179 | 211 | AOR| Sept. alpha Orionids | w| O] 0183 | 86.7| 9 | 62 | O
180 | 212 | KLE| Dayt. kappa Leonids | w| 0| 0181 162 7| 15.7| 43.6| 0 |G/1917 F1 (Mellish) e
181 | 21| BRG| ] beta Gruids | w/| O] 0]160.3/337 |-47 | 21 O ]
182, | 214 | BCP| beta Gapricornids | w| 0| 0/167.7]305.7)-12.8) 37 | O}
183 | 21| NPL) ] North. delta Piscids | w| 0] 0184 | 9.2 7.7 31.2| O ) part of NTA ]
184 | 216 | SPL| South. delta Piscids | w| 0| 0]174 | 23.6| 5.1] 26.5| 0]2003 Qc1o?? | part of STA ]
185 | 217 OPC| omega Piscids | w| O 0174 | 05| 88| 21.41 02001 HA4? ]
0 186. | 218| GSA| Sept. gamma Sagittariids | w| O| 0]170.1/270.8|-31 | 6.2| 0|107P/Wilson-Harrington? | ]
187 | 219 | SAR| Sept. mu Arietids| w| O] 0/179 | 28.5| 1861 36.3| O e
188 | 220 NDR| nu Draconids | w| O] 0/170.31265.4)| 59.8| 20.3| O
189 | 21| bSx| Dayt. Sexantids | e| O] 0]188.4)154.5| -1.56] 31.2| 0)2005Ub ]
190 | 222\ . ool Dayt. delta Leonids | w| O| 0183 |172.7| 21.2| 31.1| O ]
191 | 223 6vl | Dayt. gamma Virginids | w| O] 0|184 |168.4| 3.6 23.3| O} ]
192, | 224 | DAU| October delta Aurigids| w| O/ 0191 | 83.5 | 90.4 | 64.9 | O
193 | 226| SOR| ~ sigma Orionids | w| O] 0]191.7| 8 | -3 | 60 | O
194 | 226 | ZTA zeta Taurids | w| O] 0196 | 86. 1 | 147 | 67.2 | O
195 | 227\ oMo oo October Monocerotids | w| 0] 0206 |101.9] -1.4] 63.5| 0|G/1723 T1 (Keggler-Crossat-Saundersom)? | ]
196 | 28| oy, October Lyncids | w| O] 01206 |111.3 | 48.8 | 64.8 | O
197 | 229 | NAU| ] nu Aurigids | w| 0| 0]207.3| 87.9| 39.6| 93.1 | O ]
198, | 230 | 16S|  October iota Cassiopeiids | w| 0| 0]209 | 36.7] 66 | 66.3| O
199, | 231 | ACM| Dayt. alpha Canis Majorids | w| 0| 0]204 | 92.11-14 | °8.8 | O ]
1200 | 22| BCN| Dayt. beta Cancrids | w| O| 0213 |121.7| 49| 66.1| O ]
0201, | 233 06C| October Capricornids | e| 0| 0]189.7)303 |-10 | 10 | 0]D/1978 R1 (Haneda-Campos) |
1202, | 234 | EPG| ~ October epsilon Piscids | w| 0| 01195 | 34| 81| 207 O\ e
1203 | 286 | LGy lambda Cygnids | w| O] 01199 1338.6| 31.3]| 18 | 012005 CA? ]
0204 | 236 | GPS| gamma Piscids | w| O] 0]200 |377.7| 9.3| 13.4] 06344 P-L 2 ]
0205 | 237 | SSA| ... sigma Arietids | w| O] 0]202 | 44 7 | 14 21 40.5 | O e ]
1206 | 238 | DOR| . alpha Doradids | w| O} 0]208 | 69.3195.91 20 | O\
0207, | 239 | GPUY) gamma Puppids | w| O] 0]202.7)|110.1|-44 | 39, 2 | 0 e
1208 | 240 | DRV Dayt. psi Virginids | w| 0| 01202 1193 7| 9.6 | 211 | O e ]
0209 | 41| oul ) October Ursae Minorids | w| 0| 01208 1246.6 | 74.3 | 30.9 | O e
0210, | 242 | XDR| xi Draconids | w| O] 0/210.8170.3| 73.3| 38| 0
211 | 243 | ZCN} zeta Cancrids | w| O] 01225 |120.5| 14.3] 63.4| O
1212, | 244| PAR| psi Aurigids| w] O] 0227 | 94 | .. 50 | S6.71 O ]
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213, | 25|\ NWD Y Nov. Hydrids | w| 0| 0]235 1130.3| -6.3| 65.5| 0]GC/1943 Wi _(Van Gent-Peltier-Daimaca)? | |\ ]
214, | 246 | AMO| alpha Monocerotids | e| 0] 0]239.3|117.1| 08| 63 | O
215 | 247 | TAUL Taurids Complex | e |247| 01224 | * | * | 28 O
0216 | 248 | IAR| ] Nov. iota Aurigids | w| O] 012336 76.3| 33.3 | 34 | O e ]
217 | 249 | NAR| . Nov. nuArietids| w| 0] 0]241 | 39 | 23. 2 | 12381 O e ]
218 | 250 | NOOY| o] Nov. Orionids | e| O] 0]245 | 90.6 | 5.7 | A3. 7| O\
219, | 201 | vl ] Dayt. iota Virginids | w| 0| 0]223 |210. 4| 3.8 | 29 | O e e ]
1220 | 292 | ALY | alpha Lyncids | w| O] 0]268.9|138.8| 43.8 | 50.4 | O e ]
221, | 293 | CML | Dec. Ganis Minorids | w| O 0]252 4 112.9 | 7.7 | 40 | 0| e ]
222, | 24 | PHO| Phoenicids | e| 0| 01253 | 15.6 (-44.7| 11.7| 0|D/1819 Wi (Blanpain) /2003 W25 | o]
1223 | 255 | POV Puppids-Velids | Complex | ~w|255| 0|254 |128 |-45 | 36.8| O
0224, | 26| ORN| North. chi Orionids | e| O| 0]257.3| 83.9| 25.5| 24.9| 02002 XM35? | ]
0225 | 257 | ORS| South. chi Orionids | e| 0| 0]260 | 87| 1571 215 0 e
1226 | 258 | DAR| Dec. alpha Aurigids | w| O| 0]262.2| 84.9| 355| 195 O ]
227 | 259 | CAR| ~ Carinids Complex | w|259| 0|264 |129 |-58 | 3.9 O
0228, | 260 | 6Tl gamma Triangulids | w| 0| 0272 | 43. 3 | A6 | 11.3 | O
0229, | 261 | boG| Dayt. delta Scorpiids| w| 0| 0/264 1246.6)|-26.3 | 26.3 | 02004 YDS?
1230 | 262 | KLI| Dayt. kappa Librids | w| O 01259 |231.3|-20.8) 31.9 | O
231 | 263 | NAN| . .nuAndromedids | w| 0| 0]286.3]| 20 | 40 | 1.7] _0]2002 xo14? | asteroidal ]
0232, | 264 | XcE|  xiGCetidsf w/| O] 0|2863|3 | 8 | 47, Oy | asteroidal ]
1233, | 265| JGD | January gamma Delphinids | w| 0] 0]289.4]311 | 18 | 14 1 O\ asteroidal ]
0234 | 266 | ACC| alpha Cancrids | w| 0| 0/303.5|13%.4) 63 193] oy | asteroidal ]
0235, | 267 JNO| January nu Orionids | w| O/ 0]307.9| 88 | 12| 12| 0]2003 AC23? asteroidal 0 ]
0236, | 68| BGD| | beta Cancrids | w]| O 0]316.2|119.4] 11 | 146 0)2002 m13? asteroidal 0 ]
0237, | 269 | 0GS| ~ omega Cassiopeiids| w| O] 0)317.5| 74| 664, 94, O | asteroidal 0 ]
1238 | 20| FAO| | Febuary alpha Orionids | w| O] 0318 | 88.8|1 9.4, 94, Oy asteroidal ]
1239 | 2y myy March Lyncids | w| 0| 0]339.4|123.5| %0.3| 94, o} | asteroidal ]
0240 | 2]12.| ACO| April alpha Gomae Berenicids | w| O| 0| 17.8|193.1} 229 167 O} | asteroidal ]
241 | 213 | PBO| ] phi Bootids | w/ O} 0} 421/217.6| 8.7y %1, o0y | asteroidal ]
242 | 274 | NOMY nu Ursae Majorids | w| Of O} 54.411/3.5]| 45.2| 9.2| 0]2003 qo104? | asteroidal ]
243 | 215 | oLl chi Librids| w/| O] 0] 79.71223.2|-20.4) 12 2| O/ asteroidal ]
244, | 2]6 | ADR| . alpha Draconids | w| 0| 0] 80.5]220 | 66.4 | 11.6 | O i asteroidal ]
0245, | 217 GCA | gamma_Camelopardalids | w| O) 0]109 | 88.71 19 | _ 22 T O ] asteroidal ]
246, | 218 MSR| July mu Serpendids | w| O] 0j112.2|240.8, 47, 98| oy | asteroidal 0 ]
247, | 219 D} July zeta Draconids | w| O| 0)115.7/251.6| 66.5| 206, o0} | asteroidal 0 ]
248 | 280 | ADL( delta Librids | w| O] O0|141.7/2345| -2.5| 7.1 0j2003 M0? | asteroidal ]
0249, | 281 | 0CT|  October Camelopardalids | e| 0| 0]193 |166 | 91,46, 0 ]
1250, | 282 | Doy ( delta Cygnids | w| O] 0]200.8|294.6 | 46.5| 14 | 02004 BE6S? | asteroidal ]
251 | 283 oPL| pi Leonids | w| O] 0|2181)|146 | 8 | 58/ O | asteroidal ]
0292, | 284 | OWMA| Omicron Ursae Majorids | w| O] 012289115 | 0 94 0 ] asteroidal ]
1293, | 286 | GTA} gamma Taurids | w| 0] 012328 60 | 1.6 14 1) O ] asteroidal ]
0254, | 286 | FTA| omega Taurids | w| 0| 0]240.2| 58 | 16.8| 21.7) 02002 UK11? | asteroidal ]
1295, | 287 | NER| | Nov. epsilon Eridanids | w| 0| 0]240.8] 52 | -1 1. 11.1) 02000 KA? ] asteroidal ]
0256, | 288 | DSA| South. Dec. delta Arietids| w| O| 0]256.5)| 66.6  15.6| 152 o} | asteroidal ]
291, | 280 | DNA| North. Dec. delta Arietids | w| O] 0]256.5| 53 | 29 | 146 011990 HA? ] asteroidal ]
0298, | 290 ALL| alpha Leonids Complex | w|290| 0| 349| * | * | 12 O
0299, | 291 | GVR| ~ gamma Virginids Complex | ~w|291| O] 23| x| x| 12 O
1260, | 292 OPH| | May Ophiuchids Complex | w|292| 0] . 92| x| x| 21.8 1 O
261, | 293 | DCE| Dayt. omega Cetids Complex | w|293| O] 46.7| * | * | 34 | O
1262, | 294 | DMA| Dayt. May Arietids Complex | w|294| 0| 90| x| x| 22 | O e
1263, | 295 JAQ| June Aquilids Complex | w]29%| 0| 83| x | x| 36 | O ]
0264 | 296 | SIS| sigma Sagittariids Complex | w|296| 0| 90| * |..*x | 28 | O ]
265 | 297 | DAQ|  delta Aquariids Complex | ~w|297| O0]125.6| * | * | A O ]
266, | 298 | IAQ) iota Aquariids Complex | w|298| O|147.7] * | * | 3 O ]
267, | 299 | OAR| | October Arietids Complex | e |299)| O] 214| * | * | 2. 8 O e
268 | oo | 20 o zeta Puppids | w| 0| 0)254.7)123 |-43 | 3 O e
0269, | 01| PUPY gamma Puppids | w| 0| O] 255|123 |-45 | K I U T N IR
0210 | 02| PE} b Puppids| w| O] 0]256.3|128 |-45 | 39 | O
271 | o3| vy oo lambda Velids | w| 0] 0/269.7|133 |-46 | 3 | O
1212, | 04| CE| cVelids| wj| Of O] 273|135 |-46 | 6 L. Ol ]
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