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黄道光と対日照



Mann et al. A&A Rv, 13, 3, 159-228

黄道雲ダストの寿命



惑星間塵雲の起源に関する論争

惑星間塵は、毎秒約10トン
の割合で失われている。

惑星間塵雲の起源として、

o彗星活動

o小惑星同士の衝突

o星間ダストの流入

などが考えられる。
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Mechanism of dust band production
Equilibrium model vs Non-equilibrium model

• Equilibrium Model

Dermott et al. (1984) pointed out (a) that the latitudes of the bands appear to
coincide with the known latitudes of the three most prominent Hirayama
asteroidal families (Themis, Koronis and Eros), (b) that the expected equilibrium
number density of particles associated with families could be large enough
account for the IRAS observations. In other words, the dust bands could be
explained as equilibrium features associated with the continual erosion of the
asteroid belt.

• Non-equilibrium (Catastrophic) Model

Sykes & Greenberg (1986) proposed that random disruptions in the asteroid belt

of single 15km-sized asteroids produced the debris seen as the IRAS dust
bands. If this model is correct, then individual dust band features cannot be
related to known asteroid families.



2000年以前の起源に関する考察

小惑星ダストバンドの観測から、
小惑星起源塵は黄道光の明るさの
大半（＞75%）に寄与している
（e.g. Grogan et al. 199７）

彗星コマの明るさから、彗星起源
塵の寄与は、無視できるくらい小
さいと報告されている（Kresak &
Kresakova 1987）



Courtecy of Mark Sykes

IRAS Image of Cometary Dust Trail



Feb. 15, 2002

22P/Kopff

Rh=3.01(AU), Δ=2.19(AU)

Ishiguro et al. 2002

First Detection of Cometary Dust Trail by Kiso Schmidt



Ishiguro et al. 2003

Wild Comet: Stardust Mission Target 81P/Wild 2



Sarugaku et al. 2007

Long-extended (>10deg) Dust Trail Associated with 4P/Faye



3 arcmin.

Dust trail

Dust tail

Ishiguro (2008)

Rosetta Mission Target: 67P/Churyumov-Gerasimenko



QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.
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Dust Emission •Ejection velocity (rh, a)

•Production rate (rh, a)

•Width of cone-shape jet
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•Solar gravity & radiation pressure

•Planetary perturbations
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•Yarkovsky effect

Model Description
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2P/Encke

22P/Kopff

65P/Gunn

Ishiguro, Sarugaku, Ueno,Miura, Usui, Chun, Kwon Icarus 189, 169 (2007) 

OBSERVATIONS MODEL



彗星の質量供給率
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comets q [AU] nucleus radius aMAX [mm] q Vd=1mm @q [m/s] dM/dt [kg/s] Ref.

2P/Encke 0.3 2.4-4.4 100 3.25±0.25 5.5±2.8 48±20 1

67P/Churyumov-Gerasimenko 1.3 1.3-2.5 5 ~3.5 3.5±1.8 20± 6 3

22P/Kopff 1.6 1.7-2.5 10 3.35±0.15 1.3±0.7 17± 3 1

4P/Faye 1.7 1.3-2.3 4.75 3.5±0.1 1.2±0.6 20± 6 2

40P/Vaisala 1.8 1.5-1.8 2.5 ~3.4 1.0±0.5 2.2±0.7 4

118P/Shemaker-Levy 4 2.0 1.7-2.4 2 ~3.2 1.7±0.9 8.3±2.5 4

123P/West-Hartley 2.1 2.2 1 ~3.2 1.5±0.8 7.3±2.2 4

53P/Van Biesbroeck 2.4 3.3-3.9 3 ~3.2 1.2±0.6 58±18 4

65P/Gunn 2.5 ~4.8 1 3.35±0.15 0.7±0.4 27± 9 1



• It is found that the average mass-loss rate of 9 comets are 23
kg/s. Our results is one order of magnitude higher than that of
the previous studies for comae (Kresák & Kresákobá 1987).

• At present there are about 200 short-period comets. Assuming
that all of these comets inject the dust particles at the rate of 23
kg/s, short-period comets can compensate half of mass lost by
Poynting-Robertson drag and mutual collision.

• Recent study of small asteroids suggest that the IRAS dust
bands were generated by the catastrophic disruption events
associated with young families (the Karin, the Veritas and
Beagle families). According to an estimate by Nesvorny et al.
(2007), the contribution of the dust particles responsible for
IRAS dust bands is 10% or less of whole zodiacal cloud.

≈50 % from comets

<10 % from asteroids
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Venus  i=3.4° =77°
Mars    i=1.9° =50°
Jupiter i=1.3° =101°
Saturn i=2.5° =114°



How to form the band-structure



Sykes 1990, Icarus 85, 267-289.



Spectrum of dust band



Interplanetary dust bands:
Their relation to asteroid families

Themis/Koronis

Eos



Hirayama, Astronomical Journal, 31, 743, 185-188 (1918).



Ishiguro et al. 2007, Icarus***
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Finson-Probstein Model

Small Particles (a~0.5m):unbound orbit
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Medium-Size Particles (a=10~100m): bound orbit 
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Large Particles (a~1mm): bound orbit and embedded in coma 
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What is ‘neckline’

•Neck-line structure is temporary brightness enhancement

by the particles ejected at the point 180º away in true anomaly

from the observed point (Kimura & Liu, 1977). Before the

perihelion, dust particles are initially ejected isotorophically

from the nucleus, but after perihelion they collapse onto the

orbital plane of the parent comet around the second node, and

become ellipsoidal. As a result, the shell looks like a narrow,

extended ("Neck Line") structure when the Earth is close to the

comet's orbital plane.



Fulle & Sedmak (1988) 

node



QuickTime™ and a
 decompressor

are needed to see this picture.



Sarugaku et al. 2007

Surface Brightness of 4P/Faye dust trail



Ishiguro, 2008

2002/09/09

(23 days after the perihelion) 

Comet 67P/Churyumov-Gerasimenko



Ishiguro,2008

2002/12/02

(107 days after the perihelion) 

Comet 67P/Churyumov-Gerasimenko



Ishiguro,2008

2003/02/01

(168 days after the perihelion) 

Comet 67P/Churyumov-Gerasimenko



q=-3.5 k=3 Vo=3m/s



aMAX=5mm q=-3.5 k=3



aMAX=5mm Vo=3m/s k=3



Low et al. ApJ 278, L19-L22, 1984

Discovery of Interplanetary Dust Bands


