






















































































































































































太陽系外からの流星 

海老塚	昇 (理化学研究所)、	
重野	好彦 (流星物理セミナー)

第148回流星物理セミナー   　    2018年 2月 4日	



太陽系における星間物質の検出�

探査機等のParticle counterによって10-19~10-11kg 

(直径: 0.005~2 μm@1g/cm3) の粒子を検出。
木星近傍では半数以上が星間ダストと思われる。	

Ulysses Galileo © NASA



流星レーダ観測	

 10-14~10-9kg (直径: 0.2~10 μm@1g/cm3) : 4.8% (143/3000) が
e>1.0 (Arecibo,プエルトリコ, 口径300m, 430MHz)。
 5x10-9 ~10-6kg (直径: 10~100 μm@1g/cm3) : 3.2% 
(7,911/250,000 )がe>1.0 (MARS: ウクライナ, 31.1MHz)。
 >10-10kg (直径: >5 μm@1g/cm3) : 0.46% (1,600/350,000) が地
心速度 > 100 km/s (e>2.5, AMOR, ニュージーランド)。	

AMOR: University of Canterbury

Arecibo Observatory 



光学観測	
10-4~10-1 kg (-3~ -10等): 1.3% (59/4,581 )と10-9~10-4 

(9.5~ -3等) kg:1~2% (2/160 )がe>1.45 (日心速度 > 46.6 
km/s、IAU/MDC銀塩写真、カナダのビデオ観測)。	

四連写真儀
http://www.ne.jp/asahi/meteor/star/index.html

SAOのSuper Schmidt 
camera（1950年代）	



写真観測の精度	

ペルセウス座流星群	(VH = 41.7 km/
s)	の日心速度分布。244/835 (27%)
がVH > 42.1 km/s、5/835 (0.6%) が	
VH > 46.6 km/s。標準偏差: 1.3km/s 

高速流星群の日心速度と
e > 1の割合。	

M. Hajduková Jr., et.al. (2006)
IAU/MDCの銀塩写真カタログ	



1 AUにおける星間粒子の流量	

細い実線と破線は
星間粒子の流量	

肉眼等級	
[M. Hajduková Jr., et.al. (2006)]



SonotaCo Net流流星星のの地地心心速速度度		

M. Hajduková Jr. (2011)

14763� 238�



SonotaCo Netののe>1流流星星のの分分布布		

M. Hajduková Jr. (2011)

238�484�

Per Leo

Ori Lyr



SonotaCo Net群群流流星星のの地地心心速速度度、、
離離心心率率分分布布		

M. Hajduková Jr. (2011)



SonotaCo Netのの系系外外流流星星候候補補		

M. Hajduková Jr. (2011)



重重野野ささんん等等のの流流星星スステテレレオオ観観測測
おおよよびび軌軌道道デデーータタ	

  1983年年2月月~1992年年5月月ままでではは銀銀塩塩写写真真。。
  1992年年12月月~2009年年10月月はは主主ににII-TVカカメメララ。。
（（2001年年しししし座座流流星星群群はは銀銀塩塩写写真真もも稼稼働働。。））
  3886個個のの流流星星軌軌道道デデーータタ。。



日心速度と速度誤差�



しし座流星群の離心率分布	

2001. 11. 18の輻射点、
R.A: 2°× Dec.: 1°の範囲。	

　　合計 写真 　II-TV
流星数　：  110 　75 　　35
平　　均：0.901 0.900 　0.904
標準偏差：0.046 0.023 　0.074



オリオン座流星群の離心率分布	

Ori群の輻射点。R.A: 
10.3°× Dec.: 6.2°の範囲。	

流星数　：  74
平　　均：0.923
標準偏差：0.100



ペルセウス座流星群の離心率分布	

2004. 8. 12の輻射点。R.A: 
4.4°× Dec.: 3.7°の範囲。	

流星数　：  66
平　　均：0.889
標準偏差：0.094



ふたご座流星群の離心率分布	

1999. 12. 12-16の輻射点。
R.A: 7.7°× Dec.: 2.9°の範囲。	

流星数　：  87
平　　均：0.882
標準偏差：0.012



地心速度と離心率�

Gem
Per

Leo

Ori



日心速度と速度誤差、群流星�



系外流星候補	

No. VH VH err e q ω Ω  i L abs
1 54.7 3.05 1.054 0.040 330.5 346.0 22.6 3.9
2 50.1 0.75 1.860 1.012 181.7 146.4 177.8 3.4
3 49.8 0.80 1.783 0.954 24.8 314.0 132.6 0.3
4 49.5 1.42 1.217 0.292 286.6 346.0 44.4 4.6
5 47.8 1.02 1.588 0.986 162.9 140.1 116.4 3.5 Per
6 47.2 0.46 1.442 0.846 222.9 30.8 148.9 3.4
7 47.0 2.71 1.471 0.982 11.7 31.5 123.1 3.7
8 46.9 1.20 1.382 0.822 225.5 211.5 118.7 3.4
9 46.6 2.45 1.233 0.561 77.1 97.0 140.6 4.2



系外流星候補2の軌道	

土星に約5 au接近	

 q: 1.012  e: 1.909�
Ω: 146.4 ω: 181.6�
 i : 177.9
到来方向：しし座�

彗星軌道ビュアー	©アアスストトロロアアーーツツ				



系外流星候補8の軌道		
 q: 0.822  e: 1.382�
Ω: 211.5 ω: 225.5�
 i : 118.7
到来方向：りょうけん座	

彗星軌道ビュアー	©アアスストトロロアアーーツツ				



まとめ	
 重野さんらの3886の流星軌道データを解析。 
 日心速度誤差は経路長と観測等級に相関。 
 ふたご群の離心率の標準偏差: σ = 0.012。 
 168/3886 (4.3%) がe > 1.0。 
  e > 1.0にPer, Ori, Leo群の流星が多数混入。 
 9/3886が系外流星候補VH > 46.6 [km/s]。 
 系外候補9流星のうち、	
 1流星はPer群。 
 系外は8流星 (0.21%) ?  ただし、3流星は精
度が低い、1流星は黄道面逆行。 



日心速度誤差と経路長�



日心速度誤差と等級�



経路長と等級�



 
 

流星の軌道計算における速度誤差の求め方(第１報) 
重野好彦 

 

１．切断点の測定誤差 

  軌道計算における観測速度の求め方。 

 

 

 

 

 

 

 

 

 

 

図１．第１観測地(上図)、第２観測地(下図)における流星切断点と観測速度の様子 

 

 

          平均観測速度(Vm)            ＝   ΣV1i(i=1,n1) + ΣV2i(i=1,n2)                 (1) 

                                                       n1+n2 

 

          平均観測速度のばらつき(σVm)＝   Σ(V1i-Vm)
2
(i=1,n1) + Σ(V2i-Vm)

2
(i=1,n2)    (2) 

                                                            n1+n2-1 

 

          平均観測速度の誤差(σVm err)＝    σVm                                        (3) 
                                             n1+n2 

 

 

２．比較星の測定誤差及び輻射点の誤差に伴う速度誤差 

  輻射点に誤差があると、観測地から見た流星経路の位置や 

 距離が変わり、速度が変化する。 

  どの程度速度が変化するのか軌道計算でシミュレーション 

 してみたい。 

 

 

 

 

 

 

 

３．大気減速 

  図３～１０は切断点ごとの速度分布。発光点・消滅点が写野内にある流星を使用した。ビデオ流星は 

 切断点ごとの速度変化が非常に大きく、写真観測で行われて来た大気減速補正を行うことができない。 

 何か新しい補正方法を検討しなければならない。 

ＭＳＳ－１５０ 

軌道計算精度 

V11        V12       V13        V14      V1n1 

V21        V22         V23       V2n2 

第１観測地

第２観測地

図２．実線で示した流星が、

輻射点の誤差により、破線で

示した位置にずれた様子 



 

 

 

 

 

 

 

 

            図３                     図４ 

 

 

 

 

 

 

 

 

            図５                     図６ 

 

 

 

 

 

 

 

 

            図７                     図８ 

 

 

 

 

 

 

 

 

            図９                     図１０ 

 

  表１．上段がIAUリスト、下段が我々の観測結果。低速流星になるほどIAUリストに比べて地心速度がより遅く 

   なっている。低速流星は空気密度の高い低空まで発光を続け、大気減速を大きく受けることが原因ではないか。 
 

     IAU   DATE(UT)   S.Long    corrRad     VG  err       IAU   DATE(UT)   S.Long    corrRad     VG  err 
 

     LEO 20001117             154.2  21.6  70.7           PER 20000812              48.3  58.0  59.4 

     013 20011118.78  236.48  154.3  21.5  70.6 1.1       007 19970812.66  140.00   47.3  58.1  58.8 1.0 
 

     SDA 20000728             342.1 -15.4  40.5           GEM 20001213             113.2  32.5  34.6 

     005 19980801.65  129.22  343.3 -15.8  38.6 1.1       004 19991212.70  260.22  111.7  32.8  33.4 1.1 



Stereoscopic and Spectroscopic 
Observations for Extra-Solar Meteors
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• �#%)
Particle counter	
��10-19~10-11kg ('�: 
0.005~2 μm@1g/cm3) 
*��$��

• "!.���� ���!/���������
• 1au	���*�
3~30%�!/����,(�����

M. Baguhl et.al. 1996

Ulysses Galileo © NASA



����	��

•10-14~10-9kg (��: 0.2~10 μm@1g/cm3) : 4.8% (143/3000) �
e>1.0 (Arecibo,���
��, ��300m, 430MHz)�

•5x10-9 ~10-6kg (��: 10~100 μm@1g/cm3) : 3.2%
(7,911/250,000 )�e>1.0 (MARS: �����, 31.1MHz)�

•>10-10kg (��: >5 μm@1g/cm3) : 0.46% (1,600/350,000) ��
� � > 100 km/s (e>2.5, AMOR, 
�������)�

AMOR: University of Canterbury

Arecibo Observatory 



Optical Observations
• Japanese video network (SonotaCo Net, 2 mag.~)
VH > 42.1 km/s*: 0.13% (19/14,763), VH > 46.6 km/s**: 0.

M. Hajduková Jr. (2011)

•Canadian image-intensified video (9.5 mag.~) 
VH > 42.1 km/s*: 1.0% (> 1σ:17/1739), VH > 46.6 km/s**: 0.

R. Musci (2014)

•Most of recent reports about existence of extra-solar meteors by 
optical observations had expressed in a negative sense.

M. Hajduková Jr. (2016)

ExoMeteors are not exist?

*   42.1 km/s: parabolic limit
** 46.6 km/s: interstellar limit (initial velocity with 20 km/s = means relative 

velocity to nearby stars)



ⒸWikipedia Orbit

‘Oumuamua
1I/2017 U1

a: -1.28 au
e: 1.20
q: 0.26 au
ω: 241.7�
Ω: 24.6�
i: 122.7�



Image-Intensified Video Data

• Photograph in 1983, 1987, 1989, 1991, 1992 and 
2001 Leonids.

• I.I. video camera from 1992 to 2009.
• 3,886 trajectory data of meteors (9.0 mag.~).

Y. Shigeno et al. (1997)



List of video and photographic meteor data
Instrument* FOV** 

[Deg.]
LM*** 

Star
LM*** 
Meteor All All

e >1.0† Shower Shower
e >1.0† Sporadic Sporadic

e >1.0† Remarks

II85/1.2 12 x 9 10.5 9.0 2,651 74 429 10 2,222 64 

II50/1.2 20 x 15 9.3 7.8 902 71 161 22 741 49 

II28/1.4 36 x 27 7.7 6.2 42 6 7 4 35 2 

II24/1.4 42 x 31 7.4 5.9 184 16 84 11 100 5 

P50/1.4�6 79 x 81 3.5 2.0 103 0 99 0 6 0

P50/1.4�4 79 x 54 3.5 2.0 2 1 2 1 0 0 1987/05/04
h Aquarids

P24/1.4, 
P50/1.4�4 79 x 54 − − 2 0 2 0 0 0 1983/01/03 

Quadrantids

Total − − − 3,886 168 782 48 3,104 120 

* II: Image intensifier, P: Photograph, Focal length/Focal ratio.   ** FOV: field of view.   
*** LM: Limiting magnitude.  † e: eccentricity.



Geocentric Speed and Eccentricity



VH and absolute magnitude of meteor showers
Minimum absolute magnitude is arranged the same value within shower

Shower Date
y/m/d

Instrum
ent

Number
VH [km/s] Absolute Magnitude RemarksMean d Min. Mean Max.

Leo 2011/11/18 P50/1.4 75 41.3 41.3 0.26 1.8 0.5 -4.4
II85/1.2 35 41.3 0.82 4.9 0.9 -6.4

Gem 1999/12/12 II85/1.2 47 31.3 33.2 0.75 7.0 4.6 0.5

Per
1996/08/12 II85/1.2 34

40.7
40.7 1.19 5.0 2.7 -1.3

1997/08/12 24 40.6 1.16 5.3 2.2 -1.4
2004/08/12 II24/1.4 66 40.6 1.10 4.1 2.2 -2.3

Ori
1993/10/24 II50/1.4 20

39.3
40.5 2.06 4.3 2.8 0.8

1996/10/20 18 41.1 1.78 3.7 2.2 0.7
2009/10/20 II85/1.2 25 39.9 1.61 5.5 3.5 1.9

Leo 2011/11/18 P50/1.4 27 41.3 41.3 0.17 0.5 -0.8 -4.4
II85/1.2 19 41.5 0.69 0.5 -1.4 -6.4

Per
1996/08/12 II85/1.2 15

40.7
41.0 0.63 3.0 1.2 -1.3

1997/08/12 13 41.0 0.84 2.9 0.7 -1.4
2004/08/12 II24/1.4 44 40.7 0.90 3.0 1.5 -2.3

Ori
1993/10/24 II50/1.4 15

39.3
41.1 1.76 3.5 2.4 0.8

1996/10/20 18 41.0 1.98 3.4 2.1 0.7
2009/10/20 II85/1.2 12 40.8 0.82 3.5 2.8 1.9



Heliocentric speed (VH) and V Standard Deviation



Selection Results of ExoMeteor Candidates

Instrum
ent

Spora
dic

Spora
dic

e >1.0

42.1+3d < VH < 46.6 
[km/s] 46.6 < VH [km/s] Ratio [km/s]

1s < VH -
42.1 <3s

3s< VH 
- 42.1

1s < VH -
42.1 < 3s

3s < VH 
- 42.1

VH - 42.1
> s

VH - 42.1
> 3s

VH > 
46.6

II85/1.2 2,222 64 6* 2 0 2 0.45% 0.18% 0.09%

II50/1.2 741 49 2* 0 1* 0 0.40% 0 % 0.13%

II28/1.4 35 2 1 0 0 0 2.9 % 0 % 0 %

II24/1.4 100 5 0 0 0 1 1.0 % 1.0 % 1.0 %



Candidates of ExoMeteor
No. Date UT VH

[km/s]
s 

[km]
n= (VH-
42.1) /s

Abs. 
mag.

Cross 
angle 
[Deg.]

Path 
length 1 
[Deg.]

Path 
length 2 
[Deg.]

Focal length 
[mm] Remarks

1994/03/06 17:41:19 54.7 7.5 1.7 3.9 4 3.2 2.7 50 Removed
1 2006/08/20 16:16:40 50.1 1.8 4.5 3.4 22 3.4 6.3 85
2 2002/08/06 16:54:23 49.8 2.1 3.7 0.3 11 2.9 4.4 85

1994/03/06 17:11:24 49.5 4.4 1.7 4.6 2 2.8 4.5 50 Removed
3 2004/04/20 15:08:36 47.2 1.2 4.4 3.4 20 5.0 4.8 24
4 1993/10/24 18:33:28 46.9 3.4 1.4 3.4 77 1.9 1.6 50
5 1992/12/30 18:06:56 45.8 2.2 1.7 3.7 24 2.2 3.3 50
6 2006/12/22 19:08:54 45.7 0.9 4.0 3.6 23 2.4 3.4 85
7 2004/01/24 18:24:08 45.4 1.0 3.3 3.7 15 6.3 6.4 85
8 1994/11/16 18:17:57 45.2 2.4 1.3 0.9 52 2.8 2.9 28

1994/10/14 16:58:11 45.1 2.1 1.5 2.5 8 4.2 5.4 50 Removed
2006/12/22 17:24:33 45.1 1.1 2.7 2.9 7 4.9 4.5 85 Removed
1993/11/16 16:03:11 44.8 2.7 1.0 3.5 7 2.7 3.0 50 Removed

9 1996/10/20 18:32:52 44.8 2.4 1.1 3.8 27 3.9 3.4 50
10 2006/12/22 18:40:56 44.7 1.4 1.8 3.0 12 3.0 3.2 85

2006/12/22 16:20:42 44.6 1.9 1.3 3.4 4 6.9 7.2 85 Removed
11 1996/08/12 17:29:12 44.6 1.7 1.5 4.1 14 3.2 5.2 85
12 2008/04/04 17:01:44 44.5 2.3 1.1 3.6 18 3.2 3.7 85
13 2001/12/14 15:26:15 44.2 1.8 1.2 6.1 73 1.0 1.3 85
14 1997/08/12 17:04:30 44.0 1.2 1.6 4.6 64 2.8 3.7 85
15 2001/12/12 19:22:11 44.0 0.9 2.1 -0.4 60 2.0 1.6 85



Candidate 1 of ExoMeteor
q: 1.012 e: 1.860
W: 146.4 w: 181.7
i : 177.8
Asymptote direction: Leo
Approached 2 au from Saturn

OrbitViewer ©AstroArts, NASA/JPL



OrbitViewer ©AstroArts, NASA/JPL

q: 0.822 e: 1.382
W: 211.5 w: 225.5
i : 118.7
Asymptote direction: CVn

Candidate 3 of ExoMeteor



Candidate 5 of ExoMeteor
q: 0.882 e: 1.244
W: 54.7 w: 36.4
i : 134.5
Asymptote direction: Ant

OrbitViewer ©AstroArts, NASA/JPL



Candidate 8 of ExoMeteor
q: 0.979 e: 1.208
W: 140.1 w: 200.2
i : 143.0
Asymptote direction: Aur

OrbitViewer ©AstroArts, NASA/JPL



Arrival direction of exometeoroid
candidates on equatorial coordinates



Orbital elements and arrival 
direction of exometeoroid candidates

No.
Orbital elements Arrival direction

Remarks
e q*

[au]
i*

[deg.]
w*

[deg.]
W*

[deg.] T0* Abbr. R.A.
[deg.]

Dec.
[deg.]

b*
[deg.]

l*
[deg.]

b*
[deg.]

l*
[deg.]

1 1.86 1.01 178 182 146 2006/08/23 Tau 87 25 87 2 183 -2 
2 1.78 0.95 133 25 314 2002/08/22 Eri 66 -26 58 -47 224 -43 
3 1.44 0.85 149 223 31 2004/05/05 Aql 297 11 302 31 49 -8 
4 1.38 0.82 119 226 212 1993/11/19 Dra 176 75 123 61 129 42 
5 1.28 0.84 165 222 279 1993/01/24 Vir 203 7 199 15 331 67 
6 1.15 0.46 137 90 91 2007/01/27 Pyx 126 -21 144 -37 247 15 
7 1.28 0.96 151 18 123 2004/02/05 Sgr 274 -36 274 -13 357 -9 
8 1.24 0.88 135 36 54 1994/12/09 Ant 10 -34 168 -43 267 16 
9 1.17 0.70 86 116 209 1996/09/18 Pic 84 -60 64 -83 269 -33 

10 1.16 0.73 144 121 271 2006/11/22 Nor 244 -45 250 -24 336 4 
11 1.11 0.40 169 99 320 1996/09/18 Cet 18 -2 16 -9 134 -65 
12 1.12 0.53 148 264 16 2008/04/04 Oph 263 9 261 33 32 22 
13 1.03 0.15 42 312 263 2001/11/15 Per 46 41 56 23 149 -15 
14 1.21 0.98 143 200 140 1997/08/27 Aur 93 53 190 23 161 16 
15 1.13 0.84 156 223 260 2002/01/09 Com 199 17 92 29 331 78 



Ratio of cumulative number of exometeoroid
candidats divided by area of celestial sphere
from ecliptic or galactic plane.



Spectroscopic Observations for ExoMeteor

Telescope Array (Univ. 
Tokyo, Utah states, USA)

• Automated 3 stations observations of video 
imaging and spectroscopy like as Telescope Array. 

• All meteors (>8 mag.) : 120 meteors/h�6h�200 
nights = 144,000/year

• ExoMeteor candidats (II85/1.2): 
VH > 42.1+3d, VH - 42.1>s : 10/2,222 (0.45%), 
VH > 46.6, VH - 42.1>3s: 2/2,222 (0.09%) 
144,000�0.0009~0.0045 = 130~650/year

• Spectra (>6 mag.): 130~650�2.0(6-8) *

= 33~163/year
→Metal abundance of ExoMeteor.

*Luminosity function of sporadic meteor: 1.8~2.2

~40km



Spectroscopic Observation System

Objective spectrometer with reflection grating 
+ UV image intensified HDTV system.



UV spectrum and chemical composition of Leonid 
meteor. (Nobeyama)

S. Abe, N. Ebizuka  et al., 2005



Summary
• 3886 of meteor trajectory taken by Mr. Shigeno and 

Meteor Science Seminar Working Groupe (MSS-WG)
are analyzed.

• Number of trajectory data of Perceids, Orionids and 
Leonids meteors have e >1.0.

• SD of VH of Perseids: 0.63km/s (II85/1.2)
0.90 km/s (II24/1.4).

Candidates of ExoMeteors (II85/1.2):
VH > 42.1+3d, VH - 42.1>s : 10/2,222 (0.45%), 
VH > 46.6, VH - 42.1>3s: 2/2,222 (0.09%) 

• Spectroscopy →Metal abundance of ExoMeteor.



Arrival Directions of Meteoroids 
with Hyperbolic Orbits

Noboru Ebizuka, Yoshihiko Shigeno
Riken, Meteor Science Seminar

PERC Int'l Symposium on Dust & Parent Bodies 20022 Feb. 21-22, 2022



Detection of Interstellar Media in Solar System

• Particle with 10-19~10-11kg (Radius: 0.005~2 μm@1g/cm3) are
detected by particle counters of spacecrafts.

• More than a half of particles nearby the Jupiter are assumed to
be interstellar dusts.

• 3~30% of particles at 1au are assumed to be interstellar dusts.
[M. Baguhl et.al. 1996]

Ulysses Galileo © NASA



Meteor Rader Observations

•AMOR (26.2MHz, New Zealand), 10-10kg ~ (5 μm~ @1g/cm3)
e>2.5 (VG > 100 km/s): 0.46% (1,600/350,000) [Baggaley, 2000]

•MARS (31.1MHz, Ukraine), 5x10-9~10-6kg (10~100 μm)
e>1.0 (VH > 42.1): 3.2%   (7,911/250,000)    [Kashcheyev, 2001]

•Arecibo (430MHz, D=300m, Puerto Pico), 10-14~10-9kg (0.2~10 μm)
e>1.0 (VH > 42.1): 5 % (143/~3000) [Meisel, 2002]

AMOR: University of Canterbury

Arecibo Observatory 



Optical Meteor Observations

• IAU/MDC silver halide photography   (-3 mag.~) [M. Hajduková Jr., 2006]
VH > 42.1 km/s :  < 0.025% (1/4,581?), VH > 46.6 km/s*: 0.

• Japanese video network: SonotaCo Net (2 mag.~) [M. Hajduková Jr., 2011]
VH > 42.1 : 0.13% (19/14,763), VH > 46.6* : 0.

• Canadian image-intensified video (9.5 mag.~) [R. Musci, 2014] 
VH > 42.1, VH - 42.1>1: 0.98% (17/1,739), VH > 46.6* : 0.

* 46.6 km/s: interstellar limit (initial velocity with 20 km/s = mean relative velocity to nearby stars)

Silver halide photography
http://www.ne.jp/asahi/meteor/star/index.html

I.I. video camera system
[Fujiwara, 2004]

Most of recent reports about existence of extrasolar meteors by optical 
observations had expressed in a negative sense.  (e.g. Hajduková Jr., 2016)



ⒸWikipedia

’Oumuamua 1I/2017 U1

a: -1.28 au
e: 1.20
q: 0.26 au
ω: 241.7°
Ω: 24.6°
i: 122.7°



Stereoscopic Meteor Observations

• Photograph in 1983, 1987, 1989, 1991, 1992 and 2001 Leonids.
• I.I. video camera from 1992 to 2009.
• 3,886 trajectory data of meteors (9.0 mag.~).

[Shigeno et al., 1997]Image-Intensified Video Camera



List of Orbital Data of Video 
and Photographic Meteor

Instrument* FOV** 
[Deg.]

LM*** 
Star

LM*** 
Meteor All All

e >1.0† Shower Shower
e >1.0† Sporadic Sporadic

e >1.0† Remarks

II85/1.2 12 x 9 10.5 9.0 2,651 74 429 10 2,222 64 

II50/1.2 20 x 15 9.3 7.8 902 71 161 22 741 49 

II28/1.4 36 x 27 7.7 6.2 42 6 7 4 35 2 

II24/1.4 42 x 31 7.4 5.9 184 16 84 11 100 5 
P50/1.4×6 79 x 81 3.5 2.0 103 0 99 0 6 0

P50/1.4×4 79 x 54 3.5 2.0 2 1 2 1 0 0 1987/05/04
Aquarids

P24/1.4, 
P50/1.4×4 79 x 54 − − 2 0 2 0 0 0 1983/01/03 

Quadrantids

Total − − − 3,886 168 782 48 3,104 120 
* II: Image intensifier, P: Photograph, Focal length/Focal ratio.

** FOV: field of view.
*** LM: Limiting magnitude.

† e: eccentricity.

Removed 8 meteors 
data with low accuracy.



e: 1.38 : 212
q: 0.82 : 226
i: 119

Arrival direction: CVn

Hyperbolic Meteoroid 1

OrbitViewer ©AstroArts, NASA/JPL



OrbitViewer ©AstroArts, NASA/JPL

Hyperbolic Meteoroid 2
e: 1.24 : 54
q: 0.88 : 36
i: 135

Arrival direction: Ant



Arrival Directions of Meteoroids 
with Hyperbolic Orbit
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Ratio of Arrival Directions of 
Meteoroids with Hyperbolic Orbit
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1.025>e>1.0 (n=37)Observational errors?



Ratio of Arrival Directions of 
Meteoroids with Hyperbolic Orbit
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1.070>e>1.025 (n=37)Collisions of Asteroids?



Ratio of Arrival Direction of 
Meteoroids with Hyperbolic Orbit
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Ratio of Arrival Directions of 
Meteoroids with Hyperbolic Orbit

0.0

0.5

1.0

1.5

2.0

2.5

0.0 0.2 0.4 0.6 0.8 1.0

C
um
ul
at
iv
e�
nu
m
be
r�
/�A
re
a�
/�T
ot
al
�n
um
be
r

Area�of�celestial�sphere�from�galactic�or�ecliptic�plane�(sin�bb,�sin�b)

Galactic coordinate

Ecliptic coordinate

e>1.0 (n=112)Collisions of Asteroids?



Hyperbolic Meteoroid 3
e: 1.86 : 182
q: 1.01 : 146
i: 178

Arrival direction: Tau
Approached 2 au from Saturn

OrbitViewer ©AstroArts, NASA/JPL



Inclination and Ecliptic Latitude of 
Meteoroids with Hyperbolic Orbit
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Summary
•In order to know indications of extrasolar meteors, the
direction of arrival of meteors with hyperbolic orbit was
obtained, and the number of meteors per unit area from the
ecliptic and the galactic planes was investigated.

•Significant number of meteoroids with 1.0<e<1.07 are arriving
from the ecliptic plane. It suggests the possibility of collisions
between asteroids!?

•Meteoroids with e>1.07 do not indicate high ratio of arrival
from the ecliptic plane.

•It was found that the ratio of meteors from the area in 23.6˚
from the galactic plane increased when the meteors from the
area in 5.74˚ from the ecliptic plane were excluded. However,
the ratio of meteors arriving from the galactic plane was not
significantly high.

•To increase the statistical number, we should investigate open
data of meteor orbits.
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