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Abstract. Double-statiorvideo observations of the 1998zonid showerfrom China
resulted in 55 trajectorieandorbits of meteoroids inthe visualmagnitude range from
+0 to +6 magn. The 199Beonid outburstconsisted of a relativelyong duration
shower that was rich itarge meteoroidand peaked irthe night ofNovemberl6/17,
and an outburst of shorter duration that was rich in smaller meteoroigeaket in the
next night. The average orbit obtained during the first nagieeswell with thatfrom
photographic observations. During teecondnight, thecombinedset of video and
photographic observations shows temporal variation inraldent distribution. This
adds tothe earlier discovery of amnusual asymmetric flux profile. laddition, the
radiant distribution is shown to be madspendentThe datasuggest theresence of at
least twomergeddust components or a single dust comporgarturbed by planetary
encounters.
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1. Introduction

With the increasingunderstanding ofthe dynamic evolution ofresh
cometary ejecta a directcomparison between model studies and
observations of meteor outbursts h@somepossible (Jenniskens, 1998).
Dynamical simulations of the Leonid meteoroid stream (Kondrag¢\a,
1997; Asheret al, 1999;Asher,1999; Arlt and Brown, 1999) have aimed
at reproducing observed meteor rate profiles. In this paper it is atated
the observed structure of the radiant area provides additreight in the
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dust distribution ofthe Leonid meteoroid stream and can umed to
validate model calculations.

In an earlier paper we reported on radiant structure orbdses of
precise double-station photographic observations of 1888 Leonid
outbursts(Betlemet al, 1999). Inthe present paper we extetiis study
using double-statiorvideo observations made of these samebursts.
With these observations we nearly double the sample of orbike @98
outbursts. Inaddition we extend the magnitude range of the observed
meteors tot+6, allowing us tosearch more sensitivefpr massdependent
structure in the radiant area of the Leonid streamtlans toprovide more
stringent boundary conditions for model calculations to agree with.

2. Observations

Video observations were made at four locations inPeples Republic of
China duringthreenights fromNovember 16-181998.The observations
werepart of a largeground-based effoBetlemet al, 1999; Langbroek
and De Lignie, 1999) that supported NASA’s 1998Leonid Multi-
instrument Aircraft CampaigfJenniskens an@utow, 1999). Locations
were chosen inthe areas of Xind.ong (Hebeiprovince) and Delingha
(Qinghaiprovince)suchthat stereoscopic observations could nade in
two consecutive timeones.The Xing Long networkcovered thenights
November 16 and7, while theDelingha networkcovered thenights
November 17 and8. Exact geographic locations anthmera details are
listed in Table I. Thevideo cameras typicallyconsist of a second
generation image intensifier andH&8 or S-VHScamcorder. The field of
view is about 25-40 degrees allowing for an astrometric resolutiOrOaf
degree. The limiting magnitude for meteors is about +6 magn.

Deriving atmospheric trajectories and heliocentric orbits from the double-
stationvideo observations wasglone in a standardiay described in (De
Lignie, 1996). Magnitudesare estimated by visually comparing the
surrounding stars othe videoframe with the brightest meteoimage.
Corrections fordistancewere not made,but are typically smaller than 0.5
magnitude due to the high pointing elevation of the cameras.

Video observations of fast meteors oniflow to measureaverage
velocitiesalong the trajectory. Therefore, pre-atmospheric evefgcities
were estimated bgdding 0.14 km/s tthe measuredverage velocity, the
value of 0.14 km/s being the typical difference between measured entry and
average velocitiefor photographedneteors of thaspeed. Thicorrection
mainly influences the semi-majaxis and hadttle effect onother orbital
elements.
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TABLE |

Location Northern | Eastern Camera type Field
Latitude Longitude (9

Xing Long 40 23’ 48| 117 34’ 28” | 2 generation MCP + SVH$ 25
Lin Ting Kou| 3% 37° 477 117 30’ 17" | 2 generation MCP + Hi-8 40
Delingha 37 22' 42" 97 43’ 44" | 3 stae ' generation + Hi-8 28
Ulan 37 08’ 52"| 98 23’ 48" | 2 generation MCP + Hi-8 28

3. Results

The full sample of 55 multi-statioorbits is listed in Tables Il andl.
Seven of the 5% eonids arefrom the night November 16/17, when an
outburst of bright meteoraas ramping up to a peaker Europe (Arlt,
1998; Jenniskens, 199%yhile 46 arefrom the night of Novembef7/18
during passage dhe node ofcomet Temple-Tuttle. In addition, two are
from the following night of November 18/19.

Table 1l gives the orbital elements(J2000.0) ofthe 55 Leonid
meteoroids. These are: the perihelion distance of orbit = g, semi-major axis
= a, eccentricity = eNode is short fothe angle of ascendingpde andw
indicates the argument of perihelion of the orbitile pi is Node + w.
Averages are listed separatély November 16 and7. Meteorsobserved
near XingLong have videccode numbers ithe seriesthat startwith the
numbers 982 an@83, whilethose observed near Delinghave codes
starting with 984.

Table Ill gives thecorrespondingtrajectory data(J2000.0). Velocity
index G = geocentric, H = heliocentriclNF = topocentric before
deceleration. Tolerances are given. Individcalumns refer to beginning
height(HB) and end heightHE) of the meteorgpparent radiant position
and Geocentric radiant position. Z is the zenith distance of the radiant and
Qmax isthe angle between thwo planes through stations amdeteor
trails. Again, averages are listed separately for November 16 and 17.

The basic parameters obtairfedm double-station observatiorsse the
geocentric radiant and entwyelocity (direction and magnitude of the
meteoroid’svelocity vector relative tathe Earth). Thevelocity mainly
affects the semi- majaxis a. For the total samplea average®9.5 + 1.3
AU, in agreement with theurrent semi-major axis af0.3 AU for the
parent comet 55P/Tempel-Tuttle.
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TABLE Il

code day Mv q tol a 1/a tol e tol i tol W tol node pi tol
98224 16.7856 3 0.981 0.0012 50.0 0.020 0.07 0.980 0.068 162.8 0.4 169.9 0.9 | 234.23 441 09
98238 16.8062 3 0.985 0.0009 16.4 0.061 0.07 0.940 0.067 162.0 0.4 1724 0.8 | 234.25 466 0.8
98245 16.8218 1 0.984 0.0009 64.2 0.016 0.07 0.985 0.068 161.8 0.4 171.9 0.8 | 234.27 46.2 0.8
98254 16.8437 0 0.984 0.0013 4.2 0.238 0.19 0.766 0.182 161.2 0.6 170.9 1.6 | 234.29 452 1.6
98259 16.8495 0 0.984 0.0009 19.8 0.050 0.07 0.950 0.067 162.3 0.4 171.7 0.8 | 234.29 46.0 0.8
98270 16.8711 3 0.983 0.0010 9.4 0.106 0.07 0.896 0.066 | 161.9 0.4 1709 0.9 | 234.32 452 0.9
98278 16.8823 -1 0.986 0.0005 -13.0 -0.077 0.07 1.076 0.071 161.2 0.4 1743 0.6 | 234.33 48.6 0.6
98297 17.6632 0 0.982 0.0009 11.7 0.085 0.07 0.916 0.067 163.5 0.4 170.3 0.8 | 235.11 454 0.8
98298 17.6643 2 0.984 0.0010 9.3 0.107 0.07 0.894 0.066 162.4 0.4 1716 0.9 | 235.12 46.7 0.9
98308 17.7004 1 0.985 0.0007 36.8 0.027 0.07 0.973 0.068 161.5 0.4 1732 0.8 | 235.15 484 0.8
98309 17.7030 5 0.984 0.0009 13.0 0.077 0.07 0.925 0.067 161.1 0.4 171.7 0.8 | 235.15 469 0.8
98315 17.7140 2 0.985 0.0008 5.9 0.170 0.07 0.833 0.064 161.8 0.4 1724 0.8 | 235.17 475 0.8
98317 17.7170 2 0.983 0.0010 5.6 0.177 0.07 0.826 0.064 162.3 0.4 1711 0.9 | 235.17 46.2 0.9
98319 17.7257 0 0.984 0.0009 39.7 0.025 0.07 0.975 0.068 163.3 0.4 171.9 0.8 | 235.18 471 0.8
98401 17.7275 3 0.980 0.0027 -5.6 -0.177 0.21 1.174 0.203 162.4 0.5 169.8 1.8 | 235.18 450 1.8
98321 17.7312 2 0.984 0.0010 9.1 0.109 0.07 0.892 0.066 161.9 0.4 171.8 0.9 | 235.18 47.0 09
98403 17.7355 4 0.980 0.0018 12.9 0.078 0.07 0.924 0.073 158.6 0.3 168.9 1.2 | 235.19 441 1.2
98333 17.7916 1 0.984 0.0010 5.3 0.190 0.06 0.814 0.064 162.0 0.4 1716 0.9 | 235.24 46.8 0.9
98334 17.7927 2 0.983 0.0010 11.6 0.086 0.07 0.915 0.067 | 162.9 0.4 171.0 0.9 | 235.24 46.3 0.9
98415 17.8021 5 0.971 0.0060 8.6 0.116 0.19 0.887 0.181 160.7 0.7 1642 3.2 | 235.25 394 3.2
98340 17.8026 2 0.984 0.0009 9.6 0.104 0.07 0.898 0.066 | 162.3 0.4 1721 0.9 | 235.25 473 0.9
98341 17.8048 3 0.984 0.0009 |-224.3 -0.004 0.07 1.004 0.069 | 163.0 0.4 171.8 0.8 | 235.26 471 0.8
98344 17.8072 2 0.984 0.0007 5.0 0.198 0.08 0.805 0.081 162.0 0.5 1719 0.8 | 235.26 471 0.8
98417 17.8089 5 0.989 0.0002 107.6 0.009 0.07 0.991 0.069 163.8 0.3 1791 1.2 | 235.26 544 1.2
98418 17.8115 3 0.985 0.0011 15.9 0.063 0.07 0.938 0.071 162.3 0.3 1724 1.0 | 235.26 477 1.0
98419 178145 5 0.984 0.0042 2.2 0.460 0.21 0.548 0.202 162.7 0.8 170.2 4.6 | 235.27 455 4.6
98424 17.8285 1 0.986 0.0009 33.3 0.030 0.07 0.970 0.068 162.3 0.3 173.7 1.0 | 235.28 489 1.0
98426 17.8316 5 0.967 0.0053 4.2 0.238 0.10 0.770 0.099 161.7 0.5 161.9 2.6 | 235.28 372 26
98428 17.8342 4 0.984 0.0014 4.0 0.247 0.13 0.757 0.127 162.0 0.4 1715 1.5 | 235.29 46.7 1.5
98429 17.8416 2 0.986 0.0009 33.3 0.030 0.07 0.970 0.068 163.0 0.3 173.7 1.0 | 235.29 489 1.0
98357 17.8422 6 0.985 0.0010 5.8 0.174 0.10 0.829 0.099 162.6 0.4 1726 1.1 235.29 479 141
98430 17.8447 1 0.986 0.0009 15.7 0.064 0.07 0.937 0.067 | 162.3 0.3 173.4 1.0 | 235.30 48.7 1.0
98359 17.8448 1 0.984 0.0010 10.7 0.093 0.12 0.908 0.117 | 162.3 0.4 172.0 1.0 | 235.30 473 1.0
98431 17.8449 4 0.985 0.0011 9.9 0.101 0.07 0.901 0.066 | 163.1 0.3 1726 1.1 235.30 479 141
98360 17.8450 -1 0.985 0.0008 20.7 0.048 0.07 0.952 0.068 | 162.8 0.4 172.7 0.8 | 235.30 479 0.8
98362 17.8467 3 0.985 0.0008 -53.2 -0.019 0.07 1.019 0.070 | 162.7 0.4 173.4 0.8 | 235.30 48.7 0.8
98369 17.8537 4 0.982 0.0017 12.3 0.081 0.10 0.920 0.099 | 163.1 0.6 170.6 1.4 | 235.31 459 1.4
98435 17.8537 3 0.983 0.0012 15.4 0.065 0.07 0.936 0.067 | 161.6 0.3 170.9 1.0 | 235.31 46.2 1.0
98436 17.8547 -1 0.984 0.0017 2.7 0.370 0.19 0.636 0.191 162.0 0.5 1712 2.2 | 235.31 465 2.2
98370 17.8556 5 0.980 0.0014 5.6 0.177 0.08 0.826 0.074 163.5 0.4 168.6 1.0 | 235.31 439 1.0
98437 17.8565 2 0.985 0.0011 -70.1 -0.014 0.18 1.014 0.175 162.4 0.4 1728 1.2 | 235.31 481 1.2
98373 17.8585 6 0.983 0.0014 3.1 0.321 0.10 0.685 0.097 162.7 0.4 170.0 1.4 | 235.31 453 1.4
98374 17.8586 2 0.985 0.0008 -17.4 -0.058 0.07 1.057 0.070 162.4 0.4 173.3 0.8 | 235.31 486 0.8
98380 17.8643 3 0.986 0.0007 -36.6 -0.027 0.07 1.027 0.070 162.5 0.4 173.6 0.8 | 235.32 489 0.8
98442 17.8730 3 0.985 0.0012 7.1 0.140 0.12 0.862 0.120 | 163.1 0.4 172.8 1.3 | 235.33 481 1.3
98443 17.8735 3 0.984 0.0015 4.2 0.237 0.18 0.767 0.178 | 162.5 0.5 1712 1.7 | 235.33 465 1.7
98444 17.8735 3 0.985 0.0015 4.7 0213 0.24 0.790 0.239 | 161.9 0.6 1721 1.9 | 235.33 474 1.9
98390 17.8792 2 0.985 0.0008 11.8 0.085 0.08 0.917 0.077 | 162.2 0.5 1725 0.8 | 235.33 479 0.8
98445 17.8817 0 0.984 0.0010 5.5 0.183 0.08 0.820 0.075 | 162.5 0.4 1721 1.0 | 235.33 474 1.0
98394 17.8878 2 0.984 0.0009 7.0 0.142 0.07 0.860 0.065 | 162.5 0.4 1719 0.9 | 235.34 472 0.9
98395 17.8878 5 0.985 0.0007 26.4 0.038 0.07 0.963 0.068 | 162.5 0.4 1729 0.7 | 235.34 482 0.7
98397 17.8892 -1 0.986 0.0006 -7.1 -0.142 0.07 1.140 0.073 | 162.5 0.4 1740 0.7 | 235.34 493 0.7
98398 17.9014 0 0.986 0.0008 46.0 0.022 0.07 0.979 0.068 | 162.8 0.4 1735 0.8 | 235.35 489 0.8
98457 17.9512 1 0.983 0.0009 3.2 0.317 0.10 0.688 0.099 | 162.1 0.5 1707 141 235.40 461 1.1
98458 17.9522 4 0.981 0.0014 3.1 0.319 0.10 0.687 0.097 | 162.6 0.5 168.9 1.3 | 235.41 443 13
98467 18.8207 3 0.968 0.0116 1.7 0.574 0.29 0.445 0.273 160.2 0.9 158.8 10.5 | 236.28 35.1 10.5
98472 18.8573 3 0.988 0.0004 -12.5 -0.080 0.15 1.079 0.146 161.7 0.4 1775 1.0 | 236.32 538 1.0
average 16.84 1.3 0.984 16.9 0.059 0.942 161.9 171.7 234.28 46.0

st. dev 0.03 1.7 0.002 0.097 0.095 0.6 1.4 0.04 1.4

average  17.82 2.4 0.983 8.9 0.112 0.890 162.3 171.6 235.27 46.9

st. dev 0.07 1.8 0.003 0.124 0.122 0.8 2.5 0.07 2.5
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TABLE Il

code VG VH VINF <V> tol HB Hmax HE RA tol DE tol RAG DEG cos Z Qmax

98224 714 421 726 724 07 128.1 108.1 995 15329 024 21.81 021 15341 21.72 0.622 48
98238 71.0 417 721 719 07 127.8 1133 974 152.77 0.22 2246 0.22 15282 22.38 0.706 54
98245 714 422 725 724 07 138.3 104.8 943 153.10 0.21 2254 0.23 153.10 22.46 0.754 60
98254 69.0 39.8 701 69.9 21 1255 101.8 919 153.12 0.19 2262 0.24 153.05 22.55 0.820 90
98259 711 418 721 720 07 1323 1045 919 153.09 0.23 2221 0.21 153.00 22.14 0.831 83
98270 705 412 715 713 07 123.0 109.7 99.8 153.38 0.22 2232 0.22 15323 22.24 0879 79
98278 723 432 733 732 07 153.6 122.3 109.4 152.90 0.19 23.14 025 15272 23.08 0.905 57
98297 708 415 720 719 07 124.0 1176 116.7 153.31 0.15 21.36 0.27 153.87 21.06 0.1083 35
98298 705 412 717 716 07 1189 116.4 113.0 153.14 0.26 2206 0.19 153.71 21.77 0.116 36
98308 713 421 725 723 07 1221 113.3 109.4 15321 021 22,61 023 153.63 22.42 0.282 39
98309 707 416 719 718 07 1259 118.0 1142 153.66 0.19 22.69 0.24 154.09 22.49 0.289 38
98315 69.8 405 710 709 0.7 1129 109.1 982 153.17 0.19 2229 0.24 15356 22.11 0.343 48
98317 69.7 405 71.0 708 0.7 1121 109.1 100.1 153.39 022 21.89 022 153.77 21.71 0.349 48
98319 715 421 726 725 07 133.4 - 108.1 153.30 020 2150 0.23 153.64 21.34 0.382 41
98401 734 442 746 745 21 1271 123.0 120.6 154.32 0.57 2185 0.14 154.85 21.62 0.126 18
98321 704 412 716 715 07 123.8 111.4 100.0 153.51 0.24 22,15 0.21 153.83 21.99 0410 46
98403 704 415 716 715 08 119.0 116.4 1117 154.97 0.36 23.70 0.09 15552 23.47 0.176 23
98333 69.6 403 707 706 0.7 1181 1106 976 153.66 0.22 2199 0.22 153.77 21.89 0.654 61
98334 708 415 719 718 07 1215 1145 1025 153.82 022 2148 022 153.92 21.39 0.649 49
98415 702 411 714 712 20 1140 111.1 106.0 155.95 0.78 21.90 0.16 156.24 21.78 0.456 26
98340 705 413 717 715 07 1229 1146 99.1 153.67 0.23 2187 0.21 153.73 21.78 0.690 54
98341 717 424 728 727 07 1254 107.8 101.5 153.81 023 2156 0.22 153.86 21.48 0.693 50
98344 69.5 40.2 706 705 09 120.7 108.6 96.3 153.63 0.13 21.99 0.28 153.68 21.90 0.709 65
98417 717 423 729 727 07 120.4 115.0 106.5 151.30 0.41 21.86 0.09 151.50 21.77 0.537 26
98418 71.0 417 722 720 08 1225 1105 933 153.51 0.31 2194 0.09 153.73 21.85 0.523 26
98419 66.6 37.2 67.8 67.7 24 1182 1152 109.1 153.00 0.85 21.41 0.17 15325 21.30 0.537 25
98424 713 420 725 724 07 1246 110.0 954 153.28 0.31 22,07 0.10 153.44 21.99 0.598 39
98426 68.9 39.8 70.1 700 1.1 116.1 1085 105.7 155.97 0.61 21.15 0.14 156.16 21.05 0.573 30
98428 69.0 39.7 701 700 1.4 122.8 106.5 98.4 153,56 0.32 21.93 0.07 153.71 21.85 0617 35
98429 714 420 725 724 07 1242 1109 99.9 153.19 0.31 21.68 0.09 15329 21.61 0.646 34
98357 69.8 405 709 708 1.1 117.3 1141 105.6 153.50 0.26 21.73 0.17 153.43 21.65 0.814 71
98430 71.0 417 721 720 07 1322 108.8 96.5 153.40 0.31 22.04 0.10 15350 21.98 0.659 37
98359 707 414 717 716 13 127.3 1108 97.2 153.90 022 21.86 0.22 153.83 21.79 0.817 63
98431 707 413 718 717 07 115.7 1121 102.6 153.36 0.32 2148 0.10 15346 21.40 0.657 37
98360 712 419 722 721 07 1385 111.9 935 153.69 023 21.71 021 15362 21.64 0.817 58
98362 719 426 729 728 07 127.7 1153 101.5 153.62 0.24 2186 0.20 153.54 21.79 0.823 59
98369 709 415 719 718 1.1 1036 101.2 98.0 154.14 0.37 2127 0.32 154.05 21.19 0.835 77
98435 709 417 720 719 07 1145 981 926 15429 029 2213 0.13 154.37 22.07 0.686 52
98436 676 383 688 686 22 1313 996 916 15343 0.30 21.81 0.10 15350 21.74 0.695 46
98370 69.8 405 709 707 08 120.3 112.6 103.3 154.37 0.22 20.87 0.22 15427 20.78 0.833 53
98437 718 425 729 728 19 129.8 106.8 98.8 153.73 0.30 2195 0.11 153.79 21.89 0.699 41
98373 682 389 69.3 69.1 1.1 125.6 106.0 103.4 153.83 025 21.35 0.19 153.72 21.26 0.848 70
98374 722 430 733 731 07 126.0 113.0 977 153.81 0.25 2204 0.19 153.70 21.97 0.852 67
98380 719 426 730 728 07 1252 107.4 971 153.68 0.24 22.02 0.20 153.54 21.94 0.866 71
98442 702 409 713 712 13 126.6 110.3 105.7 153.37 0.35 2149 0.16 153.37 21.43 0.758 43
98443 69.1 39.8 702 701 20 1184 1072 986 153.73 029 21.60 0.13 153.73 21.54 0.757 58
98444 69.3 40.1 705 703 27 1232 109.7 104.5 153.68 0.30 21.99 0.13 153.69 21.93 0.757 41
98390 707 415 717 716 08 119.9 110.1 1023 153.92 020 21.98 0.26 153.75 21.90 0.893 63
98445 69.7 404 708 707 08 1299 106.5 93.4 153.65 0.24 21.70 0.20 153.62 21.64 0.783 86
98394 702 408 711 710 0.7 1240 1117 947 153.97 0.23 21.74 0.21 153.77 21.65 0.906 81
98395 713 420 722 721 07 119.2 1042 919 153.85 020 21.85 0.23 153.65 21.77 0.908 75
98397 731 438 741 739 07 1454 999 983 153.78 0.22 2208 0.22 153.59 22.01 0.910 59
98398 715 421 724 723 07 1332 109.1 959 153.69 025 21.81 020 15347 21.72 0.925 69
98457 682 389 69.2 69.0 1.1 1304 1027 90.1 154.05 0.13 21.70 0.28 153.81 21.63 0.936 62
98458 682 389 69.2 69.0 1.1 1253 110.0 101.4 15435 0.18 21.27 025 15412 21.20 0.933 54
98467 649 359 662 66.0 3.6 1147 1103 101.3 156.11 0.33 2152 0.10 156.37 21.40 0.541 32
98472 724 432 735 734 15 107.7 966 944 153.56 0.34 2253 0.11 153.60 22.48 0717 52

average | 71.0 417 720 71.9 1327 109.2 977 153.09 22.44 163.05 22.37
st. dev 1.0 1.0 1.0 1.0 10.5 6.9 6.1 0.21 0.41 024 0.41
average | 70.4 412 716 714 1234 1102 101.2 153.73 21.84 1563.83 21.73

st. dev 13 13 13 13 71 5.0 6.8 0.69 0.44 071 042
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Since the radiant coordinates can be determwi#d much greater
precision than the entry velocity, these parameters are most suitable to look
for structure inthe distribution of meteoroidrbits. Figure 1 shows the
observed radiant points, togethenth the photographically observed
radiant points from Betlerat al. (1999). In this diagrarthe radianfoints
are correctedor the daily motion of the radiant due to the changing
velocity vector of theearth. This correction amounts #®.99 and —0.36
degree per degree of solar longitude for the right ascensiodeatiation,
respectively. The correction was applied towards the arbitralye of
235.0 degrees of solar longitude.
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(1999).
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In Figure 1, the radiargoints of Nov. 16are drawn separatelwhile in
addition the sample of Nov. 17 is subdivided in a sample containing the
radiant points observedbetweensolar longitudes 235.27 and 235.36
degrees and a samptevering the remaininganges of solar longitude.
The subdivision of the Nov. 17 sample vedsen ifline with the earlier
discovery of an unusual asymmetric rate profile (Langbroek anddbe,

1999; Jenniskens, 1999). The rate profikes shown to bditted well with

a sum oftwo symmetric exponential distributionsith maxima atsolar
longitudes 235.260 and 235.316 and steepness B = 5 and B = 30,
respectively. We now find that the radiant coordinates observed during this
proposed B = 30-pedhave asystematically smaller right ascensitiran

the radiant coordinates of the B = 5-pedlote that this difference is
problably evenlarger than visiblédrom the diagrampecause during the
activity of the B = 30-peak, the B = 5-peak still contributed ab0d of
activity.
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Figure 2.Radiant coordinates as a function of absolute viswnitude ofboth
the video and photographic observations of November 17 (tlata sets only
overlap for Mv=0). Open dots: B=5 structure. Filled dots: B=30 narrow peak.

In the B = 30 radiant diagranfor November 17, the video and
photographic observations do not perfectiyncide, as the videadiants
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TABLE IV

Component Source N RA.. DE.,

Nov 16 Video 7 153.76+ 0.10 22.11+ 0.16
Nov 16 Photo 51 153.8& 0.06 22.05 0.03
Nov 17, B=5 Video 17 | 153.57+ 0.07 21.82+ 0.09
Nov 17, B=5 Photo 10 153.4& 0.08 21.93 0.09
Nov 17, B=30 Video 27 | 153.35+ 0.05 21.80+ 0.06
Nov 17, B=30 Photo 12 153.3% 0.04 21.99+ 0.08

have aslightly smaller declination oaverage. As indicated in Table 4 the
difference is abou0.19 degrees, which igust onthe edge of statistical
significance. Figure gives a more detailedew of the massdependence
of the radiant coordinateturing the nodaloutburstactivity of November
17. This way of presentinipe data visualizes a smallit significantmass
dependent correlatiopetween the visual magnitudad the declination of
the radianfpoints ofthe B = 30 peak. The rigl#scension othe B=30
peak and the radiant coordinates of B¥b peak might alsdvave asmall
mass dependence, but if present it is hidden in the disperstbe cddiant
distribution.

Finally, one can see that theerageposition ofthe radiants obtained from
video observations during Nowl6, coincideswith the photographic one
(Betlemet al, 1999). Aspointed outbefore, the radiant is differeffitom
that of the Nov.17/18 outburstTable IV gives averageadiants and
standard errors, with all radianmt®ved tosolar longitude235.00 degrees.
The outliers with video code numbers 98370, 98401, 98403, 98841%/
and 98426 were not included in these values.

4. Discussion

The newly obtained datallow for a review of possible associations
between theoreticallyproposed structures ithe Leonid stream and the
three dust component®bserved in1998. Existing modelsliscriminate
betweenyoung singleejecta from the parentcomet, old single ejecta
trapped in an orbital resonance, the so-called Leonid filanwarsisting of
multiple ejecta (Jenniskens and Betlem, 2000) and the annual stream.

According to dynamical simulations of the Leonid meteoroid stream
(Kondrat'evaet al, 1997; Asheet al, 1999; Asher, 199%rlt and Brown,
1999)the nearest singlejectadusttrail to theEarth’s orbit in 1998 was
that of dustejected in1899. However, itwas thoughtthat the Earth had
created a gap in the dust distribution during its previous encourt&6mhm
and no outburst wasxpected McNaught andAsher,1999). The younger
trail ejected in 1932 was significantly further away from Earth.
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It is shown in Asheet al. (1999)that parts of singlegjecta carsurvive
perturbations byhe major planetsluring manyrevolutions, when trapped
in orbital resonances with the major planetspanticular, it washown by
model calculations that @esonance part of thejecta 0f1333 would be
visible in 1998.

In Jenniskens anBetlem (2000) the so-called Leonid Filament was
proposed,which is visible in theyears around perihelion passage of
55P/Tempel-Tutle. The filament is populated by #jecta of multiple
perihelion passages of the comet, but has nevertheless a finite extent due to
small ejection velocities in combinatiomith protection against planetary
perturbations due to theomet’'sorbit close to theéb:14 resonancevith
Jupiter and the 8:9 resonance with Saturn.

The association of the three obserdedt components in 199&ith
these theoreticabtructures is not straightforward. In Jenniskens and
Betlem (2000), the Nov. 16 firebalbutburst was associatedvith the
Leonid filament. Inthis interpretation the B = 5 and B = 8@itbursts of
Nov. 17 are associatetth the recenl899 or 193Zjecta.Arguments in
favor of this association scheme are toeresponding durations and mass
distributions of the 1994-1997 outbursts anthe Nov. 16 outburst.
However, the deviating node of the Nov.diftburst andhe occurrence of
a ratherwide B = 5outburst from a singlejecta arenot easily accounted
for. This would require explanations in terms of planetary perturbations
such as the 1965 encounter of the 1899 ejecta with the Earth.

In an alternativescheme of associations, the Nov. bd&tburst is
associated with the 1333 resonant structure (Ashal, 1999), the B = 5
Nov. 17 outburst is associatedith the Leonid filamentand the B = 30
outburst is associatedith a recent ejectaArguments in favor ofthis
scheme are the similarode and radianpositions ofthe 1995-1997
outbursts andhe B = 5 component of Novl7. However, the 1994
outburst showedhat significant deviationdetween the filamerand the
node ofthe comet ar@ossible. Additionally, theoutbursts of 1994-1997
were much wider (B = 1)and richer in large particles than the B = 5
outburst of 1998. Otthe otherhand, widthand mass distribution of the
filament might depend on the position relative to the comet.

In either association scheme the observed mass dependence in the radiant
distribution of the B = 30 peak could be the result of the origimass
dependent ejectionvelocity distribution from the parent comet in
combination with the differences in evolution due to radigpi@ssure and
the required intersection with the Earth’s orbit.

5. Summary

The double-station video observations of the 1998 Leouitjurstsextend
the picture obtainedrom earlier reported photographic observations.
Temporal variations in the radiant distribution were shown to correspond to
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features in theactivity rate curves, whichcorresonds tothe nodal
distribution of orbits. Associations between observed dust components and
theoretically modelledstructures inthe Leonid stream cannot beade
unambiguously. It is made plausilileat in the combinedet ofvideo and
photographic observations, a small mass-dependence is present in the
November 17 B = 30 radiant distribution. It ssggestedhat this mass
dependence derives from the original ejection process at the parent comet.
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