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Source of Meteoroids
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® Sporadic Meteoroids “BX1E”
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Stream Meteoroids
Source; planet-approaching comets
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Heliocentric Distance (AU) Beech, MNRAS, 1998,

. . . . . . ) . Christou & Beurle, P&SS, 1999
3¢ the contribution from JFCs is an increasing function of heliocentric Treiman & Treiman 2000,

distance roughly similar numbers of HTCs at the three planets (L:;?Oﬂ, A{ : 200132 004
W two “hat trick” comets: 1P/Halley and 45P/Honda-Mrkos-Pajdusakova Sel;;“;‘;;ﬂffg‘;, 2004
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Apex(MERAI L) 15-28%

Halley-type comets
Long-period comets

Source: FgAL15° Apex sources
V~45-72km/s, Vmean=62km/s

Antihelion(RXEF 7 [F)
Helion(X[&Z731A)  30-40%

o Jupiter-family comets
Antihelion Appolo-type asteroids

Source: £70° from the Apex
V~11-45km/s, Vmean=20km/s

daily motion~1°/day

Apex -«———E/———> Antapex
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- ™ bHERDIHE: HR~15/hr in fall,

Ecliptic showers( OB EAF, Zodiac)

HR~5/hr in spring
N-S-Troidal 3.¢9,
N-S Source: £67° latituc

d
a~1.0AU, e~0.3, llg ﬁ%u_

Vmean~24-42km/s?, JFC DL R A?
b mbined Harvard (upper plot) and

| )
AH the antihelion point.

Helion




Prod

Parameter
Perihelion distance

Aphelion distance
Inclination
Tisserand parameter

[FQ<7AU

luction rate of cometary meteoroids
Comet group % of total
Jupiter family 91
Halley family 5
Long period 4
ZERRY A MM
DIFEETH D,

Standard deviation
0.90



Activity of short period cometary meteoroids

HRMP CMOR (2003)
Helion long. 341 — 345 deg 338 deg
Antihelion long. | 193 — 201 deg 202 deg

<Vg> 31.7 kim/s 34.4 km/s

HRMP: Harvard Radio Meteor Project (Sekanina, 1967, Lindblad, 1987)
CMOR: Canadian Meteor Orbit Radar (Campbell-Brown&Jones, 2003)

Ionization weighting
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Activity of long perlod cometary meteoroids
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Toroidal source
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Distribution of asteroid taxonomy

C; carbonaceous chondrites, outer region
S ; ordinary chondrites, inner region

V; HED meteorites, around 2.3AU
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Circumsolar ring & P] gE 1%

20% of 12um asteroidal dust particles
(B=0.37) trapped in resonance(3:4-17:18).

S.F. Dermott et al., Nature, 1994

5 A < ”Drag forces”

+Light Pressure
+Poynting-Robertson
+Solar Wind




1997 Leonids observed by MSX under full Moon.

Meteor Observation frOm LEO 40min composed image (Jenniskens, et al., 2000)
Distance of Horizon at each altitude |
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X~3300km
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MSX image of 1997 Leonids

P. Jenniskens et al., 2000
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BRI D 7748
CLASSIFICATION

THERMAL CHEMICAL IONIZATION

Thermosphere

Heterosphere

X rays 1-20 nm
UV 80-103 nmi

UV line 121.6 nm

Homosphere Cosmic Rays 5-20 MeV

Stratosphere

Troposphere

100 200 300 400 500 G600 700 800 900

Tem p-EI‘ﬂ'l‘LII‘-E Electron I‘.i-EI'ISII.'}"
[K] Im-94




1/1000 s high speed camera image of a meteor

Hans Stenbaek-Nielsen, 2001
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The term ablation hgs the meaning of mass loss of A
form ﬁd phase: solid as fragments,

meteoroid’in an
fluid as dropﬁé/ts #hd loss of hot gas, whj€h forms,

A :
alway¢ the final'stage andds résponsible for the
observed meteor phenomenon. #
Trains with duration up to 3 s are produced by the forbidden
auroral line of neutral oxygen at 557.7 nm.

R o(m)

temperature in meteor plasma
Fel,Mgl,Cal, Nal.... Main component (~4,500 K)
Call,Mgll Fell........ 2" component (~ 10,000 K)

, 2000
15 20 Jifi BoroviCka (1993)

0 5 10

Z (m)

1999 Leonid Meteor Storm, Leonid MAC, 4,000 hr-! at 02:02 UT on November 18, 1999.
Yano, Abe, NHK, NASA



1999 Leonid Meteor Spectrum (V=71 km/s) PRI
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Mg 0

B Meteor light consists mostly of radiation of
discrete emission spectral lines belonging for
the most part to metals and mainly to iron.
More than 90% of the meteor light originates
gl — o . :
from radiation of single low-excited atoms of
meteoroid material (several eV,
temperatures 3000 to 5000 K).

Fe Mg

Ca*
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Waveleﬂgth Inm |
Abe et al. Earth Moon & Planets, 82/83, 2000



Interplanetary Dust Models

@ Ik[o] D D Btk U 7= Interplanetary Dust Model”, #1877 [7)|§#R
7% U ; Griin, Zook, Fechtig and Giese (1985)

® 8 7011 Z Z 8 U 7o “Interplanetary dust complex”, E1E 6, impact

data W ERME%Z 1 >/81 )L; Divine (1993)
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Equivalent diameter (m)
0.1 1 10 100 1,000
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® Satellite data
A LINEAR™

» Sgacewatch 17
l
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NEAT'
Infrasound/acoustic bolide flux®
amms Smal| fireball flux™®

& LINEAR?®S
¢ Albedo distribution modelling®®
105 1038 107 101 103 10° 107 109
Bolide energy (kton TNT equivalent) P Brown et al. (2002)
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Flux on Earth
Vertical with FOV=20 deg
Vertical with FOV=60 deg
Earth limb with FOV=60 deg
Meteor shower
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log m (kg) Revised from Ceplecha et al., (1998)
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The interplanetary dust component of the influx is 4 x1026 kg per year per Earth,
about 17% of the influx originates in the interplanetary dust.
about 83% in bodies mostly inside a mass range of 1025 to 10”8 kg (10 to 100 m sizes).
Atmospheric penetration of meter and ten meter size bodies can be regularly and globally observed by satellites.
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Extreme Universe Space Observatory

-2005; EUSO was originally planed to be deployed by ESA
2005 Oct@ESTECQC; Original plan was canceled because of
changing situation of ESA’s budget.

2006; Phase-A (JEM-EUSO WG) collaborating with Italy,
France, Switzerland, Germany, Portugal, Spain, Japan, USA,
Brazil, ['m involved as a meteor analyst

2007-2008; Phase-A, B +

2009-2012; Phase-C,D

2013; Launch using Japanese transport plane (HTV)



JEM-EUSO(Japanese Extreme Universe Space Observatory)

The purpose is to distinguish the source of extreme high energy particles more than |1.0E20 eV originated probably from
AGNs, which relates with cosmology.

The technics is to observe the extensive air-shower induced by energetic particle entered the atmosphere.

By using EUSO main telescope, 2.5 m in diameter, Evaporated N2 and N2+ by electron shower can be observed as
fluorescence, moreover Cerenkov light along the path of shower can also be detected.

* FOV; +£30 deg from height of 430km
25\ % Time resolution; 2.5sec
d ‘ " % Spacial resolution; 9.75 x 0.75 km(0.1 deg.)
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Advantages from Space

8Determination of mass distribution especially for bright-end.
v Between meteoroids and asteroids.
8Steady monitoring for sporadic meteors.
v EUSO has 2 view angles, 90 deg for perpendicular- and 45 deg for tilt-mode.
8Ultraviolet region without absorption.
v Below 300nm region is absorbed by ozone layer.

8High-altitude meteors.
v Higher than 200 km would be detected.

& CD noises caused bygcosmic.ray.

~ NO
R .J SO elap




EaniclRYE (B, K OHIKEIEDT
OtRAZH~HLET, FEHAMALDEKES FRAE
DR FERD BN TH B,

Relative Intensities of Fe Emission and Wavelengths

of Lines of Astrophysical Interest
(CRCHbk. Chem. & Phys. )

Iron Wingows

1150-1250 A 100 A
1300-1350A 50A

1375-1630A 175A
1800-1800A 100 A
1975-2075A 100A

A A

8 8 8
1 i 1
Ci1193,HI 1215A
SI0 1310 A
C11330A
C11561 A
C11657 A
S11807A,1820A

P11680A

Relative Intensity
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Dlscover¥ of new UV Bands 1n Leonid Flreball( 5 mag. ) from the ground.
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n.3
onds after 2:34:40 UT)

NASA-MSFS

- TheVideo plays 7x slow motion.
7th magnitude corresponds diameter of 25 cm and velocity
of 38 km/s rocky meteoroid.




Sodium Tail enhanced by _

meteoroids impacts. o fleld
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Lunar impact prospects

tL—xXAFRERK M E & ORFESRAIRTEEME

Year | Year | Year PER | STA | LEO | GEM |

2005 | 2024 | 2043 | 22 24 7 |4 16 13
2025 | 2044 | 4 | 8 | & 27

2007 2026 2045 " ? .
2008 2027 2046
2009 2028 2047
2010 2029 2048
2011 2030 2049
2012 2031 2050
2013 2032 2051
2014 2033 2052
2015 2034 | . 2053
2016 2035 2054
2017 2036 2055
2018 2037 2056
2019 2038 2057
2020 | 2039 2058
2021 2040 2059
2022 2041 2060
2023 2042 2061

.

Table 10c from Jenniskens (2006) |

Japanese spacecraft heading for the Moon this year:
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