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Stereoscopic and Spectfb'sgopic
Observations for Extra-Solar Meteors
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Ulysses e, L Galileo \\ -© NASA

?:#E’fﬁ%’d)Partlcle counter(Z & 2 T10°~10kg (B %:
0.005~2 nm@1g/cm?) DFIFZEFHH,

t IEL‘-a\b*Lé o

e laulZHITHRFD3I30%IIEMAR MERBEL NS,
M. Baguhl et.al. 1996
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e10-14~10%k g (E1E: 0.2~10 um@ 1g/cm?) : (143/3000) 75\
(Arecibo,Z I )L k') 3, Of&300m, 430MHz),

5x109 ~10%g (E1#%: 10~100 pm@1g/cm?) :

(7.911/250,000 ) (MARS: 27 54 +,31.1MHz),

>10"1%g¢g (E#E: >5 um@1g/cmd) : (1,600/350,000) HiHh

IDMRE > 100 km/s ( AMOR, =2 —o—5 2 F),




Optical Observations

* Japanese video network (SonotaCo Net, 2 mag.~)
Vi>42.1 km/s™: 0.13% (19/14,763), V4> 46.6 km/s™": (.
M. Hajdukova Jr. (2011)

* Canadian image-intensified video (9.5 mag.~)
Vy>42.1km/s™: 1.0% (> 16:17/1739), V> 46.6 km/s™": (.
R. Musci (2014)

* Most of recent reports about existence of extra-solar meteors by

optical observations had expressed in a negative sense.
M. Hajdukova Jr. (2016)

*42.1 km/s: parabolic limit

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



a: -1.2s au
e: 1.20

q: 0.26 au
w: 241.7°

Q: 24 .6°

i: 122.7°

©Wikipedia
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Image-Intensified Video Data

e Macro CCD
Lens Lens

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

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

Y. Shigeno et al. (1997)



List of video and photographic meteor data

FOV**

| DY kol

| DY kol

All

Shower

Sporadic

Instrument* [Deg.] Star | Meteor All e>1.07 Shower e>1.07 Sporadic e>1.07 Remarks
1185/1.2 12x9 10.5 90 |2,651 74 429 10 2,222 64
1150/12 |20x 15| 9.3 7.8 902 71 161 22 741 49
1m28/14 |36x27| 7.7 6.2 42 6 7 4 35 2
124/14 |42 x 31 7.4 5.9 184 16 84 11 100 5
P50/1.4X6 | 79 x 81 3.5 2.0 103 0 99 0 6 0
P50/14X4 | 79x 54| 3.5 2.0 2 1 2 1 0 0 11191221/83/1(()11
e 1 79x54| - - 2| 0 2 0 0 0 éiigig;i?ss
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. T e: eccentricity.
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VH and absolute magnitude of meteor showers

Minimum absolute magnitude is arranged the same value within shower

Shower Date Instrum Number VH [km/s] Absolute Magnitude Remarks
y/m/d ent Mean | & Min. | Mean | Max.
P50/14 | 75 413 026 18 | 05 | -44
Leo | 200IVIS mree T35 1 413 (213 (082 | 49 | 09 | 64
Gem | 1999/12/12 |1I85/12| 47 | 313|332 [075] 70 | 46 | 05
1996/08/12 | o | 34 407 [ 119 | 50 | 27 | -13
Per | 1997/08/12 24 | 407 [ 406 | 116 ] 53 | 22 | -14
2004/08/12 | 1124/14 | 66 406 | 110 41 | 22 | 23
1993/10/24 [ o | 20 405 | 206 | 43 | 28 | 08
Ori | 1996/10/20 18 393|411 178 37 | 22 | 07
2009/10/20 | 1185/12 | 25 399 161 55 | 35 | 19
P50/14 | 27 413 1017 05 | 08 | -44
Leo | 20LIVIS e T 19 | *1° 415 (069 | 05 | <14 | 64
1996/08/12 [ | o | 15 410 0063 30 | 12 | -13
Per | 1997/08/12 13 407 | 410 |084| 29 | 07 | -14
2004/08/12 | 1124/14 | 44 407 090 30 | 15 | 23
1993/10/24 [ | o | 15 411 | 176 | 35 | 24 | 08
Ori | 1996/10/20 18 393 410 [ 198 34 | 21 | 07
2009/10/20 | 1185/12 | 12 408 |082| 35 | 28 | 19
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Selection Results of ExoMeteor Candidates

Instrum
ent

Spora
dic

Spora
dic
e>1.0

42.1+30 < VH < 46.6
[km/s]

46.6 < VH [km/s]

Ratio [km/s]

lo<VH - |30< VH
421 <30 |-42.1

lo <VH- |36 < VH
42.1<3c |-42.1

VH-421|VH-421] VH>

>0

> 30

46.6

I185/1.2

I150/1.2 741 49 2% 0 1* 0 0.40% 0%| 0.13%
1128/1 .4 35 2 1 0 0 0 29 % 0 % 0 %
1124/1 .4 100 5 0 0 0 1 1.0 % 1.0 % 1.0 %




Candidates of ExoMeteor

Cross

Path

Path

No. Date uT VH > n=(VH- Abs. angle |length 1 |length 2 Focal length Remarks
[km/s] | [km] | 42.1)/s mag. [ng.] [Dé;g.] [Dig.] [mm]
1994/03/06 | 17:41:19| 547 | 7.5 1.7 39 4 3.2 2.7 50 Removed
1 | 2006/08/20 [16:16:40 | 50.1 1.8 4.5 34 22 34 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 | 495 | 44 1.7 4.6 2 2.8 4.5 50 Removed
3 | 2004/04/20 [15:08:36| 47.2 1.2 4.4 34 20 5.0 4.8 (24
4 11993/10/24 | 18:33:28 | 46.9 34 1.4 34 77 1.9 1.6 50
5 | 1992/12/30 [18:06:56| 45.8 2.2 1.7 3.7 24 2.2 33 50
6 | 2006/12/22 [19:08:54| 45.7 | 09 4.0 3.6 23 2.4 34 85
7 | 2004/01/24 |18:24:08| 454 1.0 3.3 3.7 15 6.3 6.4 85
8 | 1994/11/16 [18:17:57| 452 | 2.4 1.3 0.9 52 2.8 29 |28
1994/10/14 | 16:58:11 | 45.1 2.1 1.5 2.5 8 4.2 54 50 Removed
2006/12/22 | 17:24:33 | 45.1 1.1 2.7 29 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 3.8 277 39 34 50
10 | 2006/12/22 |18:40:56 | 44.7 14 1.8 3.0 12 3.0 32 85
2006/12/22 116:20:42 | 44.6 1.9 1.3 34 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 |1 2001/12/14 |15:26:15| 44.2 1.8 1.2 6.1 73 1.0 1.3 85
14 |1 1997/08/12 | 17:04:30| 44.0 1.2 1.6 4.6 64 2.8 3.7 85
15 |1 2001/12/12 | 19:22:11| 44.0 | 09 2.1 -04 60 2.0 1.6 85




Candidate 1 of ExoMeteor

q: 1.012 e: 1.860
(2: 146 4 ®: 181.7
1:177.8

Asymptote direction: Leo

Eanbamanse: 1473 &Y Aug. 19, 2006

Eann Distance: TISF A Aug. 19, 2006 EoN brarance - 1:072 AU Aug. 19, 2006

OrbitViewer ©AstroArts, NASA/JPL




Candidate 3 of ExoMeteor

q: 0.822 e: 1.382
€2: 211.5 ®: 225.5
1:118.7

Asymptote direction: CVn

—
//

d—"/-if'

. Ristance: 7.920 A4

=/

5

Qct. 24, 1993

on bretance : 86.687 AU

QOct. 24, 1993

o bratance - 86.687 AU

Oct. 24, 1993

OrbitViewer ©AstroArts, NASA/JPL




Candidate 5 of ExoMeteor

q: 0.882 e. 1.244
Q: 54.7 ®: 36.4 |
1:134.5 |
Asymptote direction: Ant

SmibREange: 848"y _ToNev. 11, 1994
e 3
1 ’/,A.-"’ff
Tk A -
— e ——— =i
anrbaange: 0-383 AY Nov. 16, 1994 anrbraaanse: 8-4e8au Nov. 11, 1094

OrbitViewer ©AstroArts, NASA/JPL




Candidate 8 of ExoMeteor . | \
q: 0.979 e: 1.208 / |
Q: 140.1 ®:2002 |

i:143.0 |
Asymptote direction: Aur a /

anRistance: 9344 AY

Eanbamange: 8374 AY Aug. 12, 1097 BN bmange: 8374 AY Aug. 12, 1997

OrbitViewer ©AstroArts, NASA/JPL
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Arrival direction of exometeoroid
candidates on equatorial coordinates

360



Orbital elements and arrival
direction of exometeoroid candidates

Orbital elements Arrival direction

No. o | ¢ * | o*r | Q* ot Abpy | RA- | Dee. | g | s bx | o Remarks

[au] | [deg.] | [deg.]|[deg.] “|[deg.]| [deg.] | [deg.] | [deg.] | [deg.] | [deg.]
1 |1.86]1.01 178 182| 146|2006/08/23 | Tau | 87 25| 87 2| 183 -2
2 |1.7810.95 133| 25| 314|2002/08/22 | Eri 66| -26| 58| -47| 224| -43
3 11.44]0.85 149 223| 31|2004/05/05| Aql | 297 11| 302 31| 49} -8
4 11.38(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 71 199 15| 331| 67
6 |1.15]0.46 137 90| 91[2007/01/27 | Pyx | 126| -21| 144| -37| 247{ 15
7 11.28]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 21 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| 161f 16
15 |1.13]0.84 156| 223| 260|2002/01/09 [Com| 199 17| 92 29| 331| 78
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Area of celestial sphere from galactic plane (sin A, sin /)
Ratio of cumulative number of exometeoroid
candidats divided by area of celestial sphere
from ecliptic or galactic plane.



Spectroscopic Observations for ExoMeteor

e Automated 3 stations observations of video

imaging and spectroscopy like as Telescope Array. —

i
|

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

e ExoMeteor candidats (1I85/1.2):
Vu>42.1+30, Vu - 42.1>c : 10/2,222 (0.45%),
Vu > 46.6, Vu - 42.1>30: 2/2,222 (0.09%) ! ¥
144 000 X 0.0009~0.0045 = e S

| |
eeeeeeeeeeeeeeeeeeeeeee

e Spectra (>6 mag.): 130~650 X 2.0¢9)* R

—Metal abundance of ExoMeteor. I

*Luminosity function of sporadic meteor: 1.8~2.2 iR bt Aol i A BT

Telescope Array (Uniyv. | Sl 7

Tokyo, Utah states, USA ) It




Spectroscopic Observation System

Flat mirror

UV objective lens;
£30, F/1.2
- Relay lens 1;
N § £50, F/1.4
Y .
Black-and-white
HDTYV camera
(Sony, XHC-1125)
Diffraction — ] \
grating Image imtensifier ~Relay lens 2;

(Delft Instruments, {50, F/1.4
XX 1450HC)

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



HDTV Spectrum of 2001 Leonid Meteor

Mg - [O]
Fe Ca Mg Na

O

~-nd order

ot 14

I|||||||||I|H||||| IIII\\|||||||I\||||\|||!||||||III|\|||I\I|I|||H|

300 350 400 450 500 550 600 650 700 750800850200
wavelength (nm)

Ng

-l

UV spectrum and chemical composition of Leonid

meteor. (Nobeyama
(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 € >1.0.

* SD of VH of Perseids: 0.63km/s (I1185/1.2)
0.90 km/s (1124/1.4).

Candidates of ExoMeteors (1185/1.2):
Vi >42.1+430, Va - 42.1>c : 10/2,222 (0.45%),
Vu > 46.6, Vu - 42.1>30: 2/2,222 (0.09%)

e Spectroscopy — Metal abundance of ExoMeteor.
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EHTE

MEE. KIBRI/NEE (11/2017 Ul Oumuamua) DNEEREIZH Y E LTz, T5H B EARBRNFREIL
EABLDHEOIMY =L LEYET, HYFLEWLWIZ ETTH, OumuamualZFESREMN L LH=5.
WDEZICHBADNRARTHEL=, BHEHAFERwWwT7 V¥ X MA Y % (Hasegawa 1., 1999) T3,

ARXRABFENENASATE(LLEDOR) [CHY FIH, Ik /NREHBEDIEREAH0. 318AU
BnTEY., HREEDHFEFEA, BRXRRIFES SADL LEIZAZY FI A, IEEEMN0. 555AUE S 512
BNTLEVFET, REQOHREHEHDHELT. NEERZRLI . EELHEERALNILE
DRAFICELSKPUTLE I ENMYFELT,

% 1. OumuamuaDENEER & FTHEES =

ID DATE UT Co.Rad2000 Cns dist. VG a e q w Q i
Oumuamua®¥hE 2018 1.199 0.255 241.7 24.6 122.7

AXATORE 20181017 19 151.0 -7.3 Sex 0.318 58.3 -1.3 1.199 0.255 240.8 24.1 122.7
BERXATHORE 20180527 03 296.4 -8.1 Agl 0.555 59.9 -1.3 1.199 0.255 299.8 65.5 140.5

Mercury

10/28
10/21
10114

10M

9/30

9/9/2017

Ferlhellon
916

Venus

1. Oumuamua®#hEX, Robert J. Weryk (University of Hawaii), Wikipedia.
2&2EDTY, CORFENVELNZNV=HRAIZLTHY ET,
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1 PAUL.A.WIEGERT, PETEOR G.. BROWN, ROBERT J.WERYK,AND DANIEL.K.WONG
THE RETURN OF THE ANDROMEDIDS METEOR SHOWER
THE ASTORONOMICAL JOURNAL 145-70(11pp) 2013 March
KRONK. METEOR SHOWERS (p257-266) 2014
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Leonid prediction for the period 2001-2100
Mikhail Maslov WGN 35:1 2007 nH
LEEI~DES 201923 MSS &£ & MSS~15 |

2019 : BHEMEAAS Novl7, 23hUT ZHR15-20, Novl6, 02hUT 1400 £ kLA /LT X
HEANC ZHR15-20, RO B W itE, Novl9,05hUT, 1800 £ kLA ML 2B Z VIRED
HEMBFREIND,

2020 : LV OIEVVEE E— 2 2 Novl17,03hUT, ZHR10-15 BBE., ¥R ML A AL D
EHBE L,

2021 : LULDEVEE B — 2, Novl7., 07hUT ZHRI10 BBE, FA M P AL EDE
B,
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M20180731 223326 Perseids

20180731_223326 J5_Per (29.7, 54.3) vo 52.6 evr 23.3 amag -2.7 (139.180, 34.938)H 93.3 --> (139.071, 2

20180731_223326 (UNIFIED_3) 15_Per rt(30.9, 54.3) vg 55.9 vs 38.5 a 3.3 q 0.950 e 0.715 peri 147.8 node 128.1|



M20180801_033809 South. Delta Aquariids

20180801_033809 J5_sdA (342.9, -15.0) vo 39.4 evr 34.8 amag -1.3 (139.597, 34.784)H 93.8 --> (139.65¢

20180801_033808 (UNIFIED_4) 15_sdA rt(341.9, -16.0) vg 38.4 vs 35.6 a 1.8 q 0.087 e 0.953 peri 150.9 node 304
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Fig.8. Classification of meteor spectra. The ternary graph of the
Mg I (2), Na I (1), and Fe I (15) multiplet relative intensities. Every
group of meteoroids is represented with a different symbol.
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HOME SAMPLES STAR ANALYSER ADAPTER INTRO VIDEO HOW STORE LINKS DOWNLQ

The Star Analyser 100 grating screws
onto your camera nose or filter wheel

Our Star Analyser 100 (SA-100) grating is designed specifically for amateur astronomical spectroscopy.
It can be mounted on your telescope just like any other 1.25” filter. It's is easy to use, and works with
most cameras. Capturing the spectrum of a star is easy! Use our grating, a DSLR or small telescope, and
our award-winning software.

SA-200(%200AK/mm®MD T L —XREIHFHEF T

1.254 2 F I ILA—RTE>TWWTHREAICCOA AT IZR LIAATERY FHonET
+1IRDNEMNBRINTT

219K JL https://store.fieldtestedsystems.com/collections/astronomical-spectroscopy
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Figure 1 — Relative spectral sensitivity of CCD chip Sony ICX
673AKA.

Calibration of the emission line intensity (y-axis) was
performed using a diagram of relative sensitivity CCD
Sony ICX 673AKA at a wavelength between 3500 and
9000 A. For identification of the emission wavelengths of
the individual elements revised tables were used (Moore.
1972).

A AT —DHRIREE

Flux#d IE (R¢E##1E)

A o | EEcRE

> 0Bl : |
= / \
= .
<
joo]
£ osf 1
(2]
=
=
@ r \ 4
g o4
i
02| ]
//’ “‘\\
D d L 1 L 1 L \\\“-
4000 5000 6000 7000 8000 9000 10000
Al

Fig. 1. Sensitivity of the spectral equipment (the S-VHS-C camera and
the Mullard XX1332 image intensifier and lens) that we used for our
observations. This calibration curve was obtained by measuring stellar
spectra. The relative spectral intensity has been normalized to unity at
5500 A. The dip at 7600 A is due to O, atmospheric absorption.
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Figure 1: The spectral sensitivity of the AMOS-Spec system. The spectral response curve
was determined by measuring the spectrum of Jupiter, and is normalized to unity at 480

nimnm.
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. fEHIE B £ ZE100km
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e f=6mm F0.95, 720i
- JL—F2% 300K/mm
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Past, present and future of Beacon signal transmission
for meteor radio observation in Japan

Kimio Maegawa, JA9BOH  ja9boh@jarl.com
Honorary professor National Institute of Technology, Fukui College

Sumio Nakane JH3BJN snakane @nisiq.net
Member of AMSAT, TAPR, NMS and IMO

Histrory of Ham Radio Beacon Transmission for Meteor Radio Observation in Japan
Beacon wave for meteor radio observation has been transmitted from National Institute of
Technology, Fukui College Amateur Radio Club, JA9YDB since 1996. It is still being transmit-

ted and has been on for over 20 years.

Amateur meteor radio observation using broadcast radio waves and meteor scatter
communication by amateur radio were done in the 1970s, but it was not done much after that.
At Kyoto University's open lecture in September 1995, an amateur meteor observer, amateur
satellite experimenters, and a Researcher of the middle and upper layer atmosphere had the
opportunity to have a lunch together. After that, the opportunity for about 20 interested people
of radio metro observation gathered in Shigaraki Siga Prefecture in Japan (MU Radar site) in
December 1995 with Dr. Nakamura's way of thinking.

The test transmission held by Kimio Maegawa, JAOBOH in April 1996, and continuous beacon
transit at 53.750MHz from JA9Y DB since August 1996, continuing to the present. It has been
continuing for over 20 years.

Vo,

JA9YDB Beacon Antenna http://meteor.chicappa.jp/HRO2009meetingreport.html

In the early stage of observation, we use FFTDSP written by Mr. Mick Cook (AF9Y). After that
we use HROFFT written by Mr. Kazuhiko Okawa.

In the latter half of the 1990's, our group regularly held a meeting to read "Meteor Science and
Engineering" written by D.W.R McKinley, chapter 8 "radio echo theory" and chapter 9 “For-
ward-scatter form meteor trails”. And also the meeting or radio meteor observation was held
annually almost in February every year from mid-1990’s to 2009, after that it has not been held.

CO o racki 9

Our group printed 500 copies of the brochure as a R S
group, and we distributed it. s i

One year later, in 2002, our group was able to
publish the "Meteor Radio Observation Guide-
book" from CQ publisher, a prominent publisher

Meteor Radio Observation Guidebook




Outlook for amateur meteor radio observation in the feature

Observation by video cameras is now popular. Although radio observation has become an
extremely small scale in Japan, JA9YDB continue to transmit as well as meteor observation in
the same condition as before.

Furthermore, transmission from the Fukui Prefectural Amateur Meteor Radio Observation
Research Society, JHOY YA, has also started to transmit at 53.755MHz from December 2016.
The transmitter was down in mid June and stopped, but it resumed on October 9th. These
mutual distances between JA9Y DB and JHOY YA are about 20 km and we would like to use it
for the experiment of the new observation method.

Callsign sending equipment

JHI9Y YA Beacon antenna
Right : Dr. Tadas Nakamura
Left : Kimio Maegawa

What and How is the road ahead for amateur meteor radio observation ?

It has been over 20 years since HRO = ham radio observation == began in Japan. In the past two
decades, radio frequency technology, signal processing technology and processor capacity have
made dramatically progress, however using method of observation has not been advanced in
Japanese amateur.

In the field of amateur radio, meteor burst communication is particularly popular in Europe, and
the topic about meteor are described in DUBUS magazine (http://www.dubus.org).

Along with modulation such as FSK441 PSK2K MSKI144 used for meteor scatter
communication, coherent signal (multiple frequencies in rationality ratio), use the difference
due to polarization, multipoint installation at multiple receivers, and so on. We would like to
enjoy wisdom in meteor radio observation using new technologies becoming available to

amateurs.
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Sumio NAKANE

BF X—JL : snakane@nisig.net
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