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Mechanism of dust band production

related to known asteroid familie
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IRAS Image of Cometary Dust Trail

Courtecy of Mark Sykes



First Detection of Cometary Dust Trail by Kiso Schmidt

22P/Kopff
% R,=3.01(AU), A=2.19(AU)
Feb. 15, 2002




Wild Comet: Stardust Mission Target 81P/Wild 2

i'

Ishiguro et al. 2003



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

Sarugaku et al. 2007



Rosetta Mission Target: 67P/Churyumov-Gerasimenko

. Dust tall
3 arcmin.

Ishiguro (2008)



Model Description
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OBSERVATIONS

J o F

2P/Encke

22P/Kopff

65P/Gunn

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



HEDE=HEGR

comets q[AU]  nucleus radius  awax [mm] q Vi-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 2.240.7 4
118P/Shemaker-Levy 4 2.0 1.7-2.4 2 ~3.2 1.7+£0.9 8.342.5 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

[References]

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

2. Sarugaku, Ishiguro, Pyo, Miura, Nakada, Usui, Ueno, PASJ 59, L25 (2007)
3. Ishiguro, Icarus 193, 96 (2008)
4, This work



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 (Kresak & Kresakoba 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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NEP (brighter)

SEP (fainter) o =SNG
20 ") Method Position |References
B7+4 3.0=0.3 Optical 0.3-1.0AU 1
~B0 ~2 Optical ~1AU 2
JE-61 1.5=0.1 Infrared, Latitude of peak flux =1AU a
7oLt 2 1.8-2.4 Infrared, Pole brightness 1AU 3

Tr.7E0.6(2.03+£0.017 Infrared brightness fitting ~1AU 4
99.9+7.8| 1.16£0.09 Infrared, latitude of dust bands’ midpoint 2-3 o

Table 1. Plane of symmetry of the zodiacal cloud. References: 1) Leinert et al
{1980}, 2) Kwon et al. (2004}, 3) Kwon and Hong (1998), 4) Kelsall et al. {1998), 5)
Grogan et al. 2001

NEP (fainter)

SEP (brighter)

Venus i=3.4°
Mars i=1.9°
Jupiter i=1.3°
Saturn i=2.5°

Q=77°
Q=50°
Q=101°
Q=114°



Ecliptic Latitude

How to form the band-structure

180° ’ 360°
Ecliptic Longitude
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Sykes 1990, Icarus 85, 267-289.

FiG. 8. (a) An IRAS skyflux map (Plate 95, 25 um)
has been boxcar high-pass filtered, using a filter width
of 1° along the scan direction, allowing the « and 8
bands to be much more easily distinguished than when
using unfiltered images. The edges of model (b)
Koronis and (c¢) Themis dust bands are then projected
onto the skyflux map for comparison with the ob-
served bands. No differences in the comparisons be-
tween these and unfiltered images are seen.



Spectrum of dust band
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Interplanetary dust bands: .
Thelir re%tlon to%steromfipamllles
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FiG. 1. (a) A scan of the ecliptic at 25 wm averaged over 1/8" in the scan direction (along a line of
constant longitude, near the ecliptic) and 1/2® in the cross-scan direction. The solar elongation (e) is the
Sun-Earth observation angle. Aggs is the geocentric ecliptic longitude of observation. (b) The latitudi-
nal profile has been zero-sum high-pass filtered using a filter width of 325 to suppress the broad zodiacal
background and enhance the dust bands. Three prominent bands are apparent, and the central band is
seen Lo split,



GROUPS OF ASTEROIDS PROBABLY OF COMMON ORIGIN,
Br KIYOTSUGU HIRAYAMA.

On examining the distributions of the asteroids with
respect to their orbital elements, particularly to the
mean motion (n), the inclination (i) and the eccentricity
(e), we notice condensations here and there. In gen-
eral, they seem to be due to chance. But there are
some which are too conspicuous to be accountad for
by the laws of probability alone.

As an example of such peculiar groups, I shall take
the condensation near n = 730”. Out of 790 orbits

Sixteen orbits between 0° and 4° of 7 are surely out of
proportion. Assuming the existence of a group physi-
cally connected and computing the proportional num-
ber according to the remaining 37—16=21, we see
that the probable number of the asteroids belonging
to the group is eleven.

Classifying then the sixteen asteroids by the angle
of eceentricity (¢), we get

given in the Berliner Jahrbuch for 1917, taking 37 e A%ual Total Prop. Difi.
between 720" and 740" of the mean motion, and o No.
classifying them according to the inclination, we count 0°— 4° 10 123 9 18
as follows: — 4— 8§ 4 263 5 -1
i ,l*ﬁ“i Total TP Dii. “  Referring tf]-iillﬂe thEﬂlrj" wﬁ:;h 1illfi]l5 be IE;ntiﬂned
.,I below, there can be little doubt about the physical
T: ; lg ;g 13} ti relation connecting these asteroids. So I venture to
] — 12 6 104 9 —3 name the group the Koronis Family, associating the
12 — 16 6 131 6 0 name of the asteroid (158) which was discovered first.
o 3 2 33 I find two more families which will be named the
Sum | 37 790 37 o { Eos (221) Family and the Themis (24) Family. The
first contains 19 asteroids within th2 limits

Hirayama, Astronomical Journal, 31, 743, 185-188 (1918).
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Small Particles (a~0.5um):unbound orbit

> Syndyne curve

Finson-Probstein Model




Medium-Size Particles (a=10~100um): bound orbit




Large Particles (a~1mm): bound orbit and embedded in coma




What 1s ‘neckline’

*Neck-line structure iIs temporary brightness enhancement
by the particles ejected at the point 180° 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.




FiG. 1. Time evolution of an isotropic dust shell ejected from the inner coma of Comet Bennett
197011 at the anomaly of —90° with a radial velocity of 2 km sec™". In the upper part the line of sight is
perpendicular to the comet orbit plane; in the lower part this plane is seen edgewise. The dust is
characterized by 1 — g = 0.1. The solid line is the orbit of the comet nucleus, the dashed and dashed-
and-dotted lines are the orbits of the dust grains ejected perpendicularly to the comet orbit plane.

Fulle & Sedmak (1988)



QuickTime™ and a
decompressor
are needed to see this picture.



Surface Brightness of 4P/Faye dust trall
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Comet 67P/Churyumov-Gerasimenko

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

. Ishigurd, 2008

2003/02/01
(168 days after the perihelion)



aax = 5 cm aax = 5 mm avax = 500 pm
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auax=>omm Vo=3m/s k=3



Iscovery of Interplanetary Dust Bands

&, 1883 Juna 24 b. 1283 June 23
a=91° § = gg"

ELON = 1" ELON = 179°

d. 1983 May 5
f = Bg"

ELON = 335" ELON = 130°

170 180 340 350 380 10
INCLINATION INCLINATION
FiG. 2.—Hall-degree beam scans crossing the echptic at four different longitudes (ELON), showing “mesa” and *shoulder”™ structures in the four
wavelength bands. The scans have been suppressed by arbitrary amounts. Dashed ¢urves representing the smooth component of the zodiacal emission at 60
pum are included for illustration only: detailed modeling has not been performed. The parameter § is the constant angle from the Sun vector; inclination
measures the rotation about that vector. The ecliptic is at inclinations 0° and 180 °. The ends of the depicted portions of the scans are marked with their
galactic coordinates. The vertical bar in (@) corresponds to 12, 30, 10, and & MIy sr™" in the four bands, assuming spectra are flat in F,. The leners labeling
7 < ofer soiome dicouseed in the fe

20 30

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



