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[ 概 要 ] 「あかり」の⾚外線観測は太陽系天体からの光をとらえるのに⾮常に適している。特に惑星間空間に広がる惑星間
ダストからの⻩道光・⻩道放射は、全天に広がる拡散光で地上からは観測が難しく、⼈⼯衛星による⾚外線観測が適している。
「あかり」は遠⾚外線全天画像が既に公開済であり、中間⾚外線全天画像も公開準備中である。我々は、現在この「あかり」
全天画像を⽤いて、⻩道放射中に⾒られる空間構造と対応するダスト供給源に関する詳細な解析を進めている。特に⼩惑星ダ
ストバンドの構造からは、この1000万年以内の太陽系内での⼩天体の衝突やダストの軌道進化の歴史を知ることができる。
本講演では、中間⾚外線全天画像に基づく主要⼩惑星ダストバンド構造の詳細解析、遠⾚外線全天画像に基づく形成途上の微
細⼩惑星ダストバンドの抽出、中間⾚外線分光観測に基づく惑星間ダストの鉱物組成と供給天体の推定について紹介する。
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FIG. 4.ÈIsodensity contours of the IPD model components, shown for a cross-sectional slice perpendicular to the ecliptic plane : (a) all components
combined ; (b) smooth cloud ; (c) dust bands ; (d) circumsolar ring. The density contour levels used in (a) and (b) are listed in brackets at the bottom of (a), in
units of 10~7 AU~1. Contour levels used for (c) and (d) are a factor of 8 smaller.

is present in traditional fan models. Isodensity contours of
the smooth cloud model are shown in Figure 4b.

4.2.2. Dust Bands
The dust bands were discovered in the IRAS data et(Low

al. and are believed to be asteroidal collisional debris1984)
et al. et al. The dust bands have(Dermott 1984 ; Sykes 1989).

been studied using the DIRBE data et al.(Spiesman 1995),
conÐrming the observational results from IRAS data and
extending them to the near-IR. In particular, the parallactic
and spectroscopic distances to the bands are less than the
distance to the asteroid belt, so that the material producing
them is likely to be debris spiraling into the Sun under
Poynting-Robertson drag. Three band pairs that appear at
ecliptic latitudes around ^10¡, and ^15¡ in the sky^1¡.4,
maps are included. These have been attributed et al.(Sykes

et al. to a blend of the Themis and1989 ; Reach 1997)
Koronis families the Eos asteroid family (^10¡),(^1¡.4),
and the Maria/Io family (^15¡). All band pairs were cen-
tered on the Sun, but were allowed to be inclined with
respect to the ecliptic plane. Each band pair i had its own
inclination and ascending node A transformationi
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similar to that in was used to deÐne the verticalequation (5)
distance from the midplane of band pair i, z

Bi
.

For this work, a dust band density based on the
migrating model was used, but with a simpler(Reach 1992)
analytic formulation that is easier to evaluate and optimize.
A modiÐcation was added in the form of a multiplicative
factor that allowed for only ““ partial ÏÏ migration, i.e., a

cuto† at a minimum radius :
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Biparameter determines the distance to which band id
RBimigrates in toward the Sun.

4.2.3. Circumsolar Ring
The Earth temporarily traps migrating dust particles into

resonant orbits near 1 AU if they are in low-eccentricity
orbits, as is expected for asteroidal debris & Zook(Jackson

Marzari & Vanzani Dermott et al.1989 ; 1994a, 1994b ;
We have conÐrmed the existence of the dust1994, 1996).

ring near 1 AU by subtracting a smooth cloud model from
two weekly sky maps, revealing the signature of the ring in
remarkable agreement with the predictions et al.(Reach

For the DIRBE IPD model, an empirical ring density1995).
function was developed to emulate the numerical simula-
tions of et al. It consists of a circular toroidDermott (1994).
with an enhancement in a three-dimensional blob trailing
the Earth. This representation ignores the fact that the trail-
ing blob follows the Earth in an equally eccentric orbit.
Neglect of this e†ect is expected to introduce only a small
error, although it will a†ect a large range in ecliptic latitude.
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Fic;. 1. (a) The appearance of the zodiacal dust bands can be modeled by considering lhe superposition of 
particle orbits having essentially identical orbital elements with the exception of the longitude of the ascending 
node. In the top frame, the orbits of an ensemble of particles have similar orbital elements describe a sine wave in 
ecliptic coordinates. Each particle spends more lime at higher ecliptic latitudes than near the ecliptic. As the 
longitudes of nodes begin to disperse (middle) this tendency results in the beginning of band formation at 
maximum and minimum latitudes, initially as two dashes on either side of the ecliptic, whose centers are 180" 
apart in ecliptic longitude. Finally, when the longitudes of nodes are lotally randomized (bollom), two parallel 
bands extend completely around lhe ecliplic. Excepl for the case of parlicle orbils having zero inclination, 
zodiacal dust bands would always be fi)und in pairs. (b) The variation in surface brighlness as a function of 
ecliptic latitude is found to have two sharp peaks al ecliptic lalitudes corresponding to Ihe mean orbital inclina- 
lion of the constituent particles. The sharpness of the peaks depends upon the dispersion of orbital elements 
among band pair particles. The greater the dispersion, lhe thicker the bands. (c) Debris from a single collisional 
event in the asteroid bell undergoes orbital evolution to form band pairs. Initially, debris escapes into similar 
heliocentric orbits. Variations in orbital velocities resull in their complete distribution in mean orbital phase in 
100 to 1000 years (lop). Gravitational perturbations by Jupiter (whose orbil is shown as the thick ring) act on the 
collisional debris to precess their orbits. Variations in semimajor axes of debris orbits result in different preces- 
sion rates and an increasing dispersion in the longitudes of nodes over the ensemble of debris orbits (middle). 
After 10 ~ to 10 ~ years, the nodes have been distributed completely around the ecliptic, forming a complete 
zodiacal band pair. 

n a r y  d e t e r m i n a t i o n s  o f  t h e  s o l a r  d i s t a n c e s  
o f  t h e  b a n d  p a i r s  s h o w  no  e v i d e n t  c o r r e l a -  
t i o n  w i t h  t h e  m e a n  d i s t a n c e s  o f  t h e  a s t e r o i d  
f a m i l i e s .  B r i g h t n e s s  t e m p e r a t u r e s  o f  t h e  

o u t e r  b a n d  p a i r ,  d e t e r m i n e d  at  a s ing le  
e c l i p t i c  l o n g i t u d e ,  y i e ld  s o l a r  d i s t a n c e s  o f  
3.2 A U  f o r  t h e  n o r t h e r n  b a n d  a n d  2.2 A U  
f o r  t h e  s o u t h e r n  b a n d ,  w h i l e  t h e  i n n e r  b a n d  

⼩惑星ダストバンド
メインベルト中で起こった⼩惑星ファミ
リーの衝突がダストを放出。⽊星の摂動
を受ける事で ~1 Myr程度で軌道傾斜⾓に
応じたダストバンドのペアを作る。

惑星間ダストの３次元構造
・空間構造的には⼤きく分けて以下

の３成分
- スムース雲成分
- ⼩惑星ダストバンド
- Circumsolar ring (trailing blob)

・DIRBE データを基にした Kelsall 
モデル (1998) が現在は広く⽤いら
れているが、実際は DIRBEモデル
でも、微細な構造成分は再現出来て
いない

バンド名 ⻩緯（度）
α, β ±1.4, ±2.1
γ ±9.3
E/F ~ ±6
G/H ~ ±8
J/K ~ ±13
M/N ~ ±17

・「あかり」遠⾚外線全天画像で複数の⼩惑星
ダストバンドを検出(Ootsubo+2016)

・±1.4, ±2.1, ±9.35°の主要な3ダストバンド
に加え IRAS 25μm で指摘された淡いダスト
バンド（±6/±8, ±17°）が「あかり」の
90μm 画像でも⾒られる

・⻩経⽅向に⼀周していない部分的なバンドは、
衝突後に放出されたダストの、この 1 Myr 程度
の軌道進化過程の途中の状態をとらえている

DIRBE３次元惑星間ダスト空間分布モデル
(Kelsall+ 1998) 

smooth cloud

ringdust bands

全成分

-1        0        1 (au) 
⼩惑星ダストバンド形成モデル

（⾮平衡モデル）
(Sykes+Greenberg 1986)

[references]   Ootsubo et al., PASJ (2016); Kondo et al., AJ (2016), Kelsall et al., ApJ (1998); Sykes+Greenberg, Icarus (1986); Sykes, ApJ (1988)  

「あかり」遠⾚外線(90μm+140μm)全天画像
(Ecliptic, Mollweide)

中間赤外線全天画像による
小惑星ダストバンド構造の検証
(Kondo+ 2016, Takaba+ 2018)
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・「あかり」中間⾚外線全天サーベイデータに
基づき、smooth cloud, ring 成分のモデルを
最適化 (Kondo et al. 2016, Kondo model)

・緯度⽅向に密度が⾮対称となるモデルを採⽤
し詳細にパラメータを決めることで、Kondo
モデルより更に残差が15%程度減少した

・⾼空間分解能である「あかり」中間⾚外線
データにより、これまで⾒落とされていた
バンド構造が分解できた可能性が考えられる
(Takaba+2018)

「あかり」中間⾚外線18μm画像

新モデルを⽤いて⻩道放射を差引いた画像
(Takaba+2018)

中間赤外線分光観測による
惑星間塵の粒径・組成の推定
(Takahashi+ 2018, in prep)
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(IRAS25μm観測で提唱された
ダストバンド; Sykes 1990)

・「あかり」は、中間⾚外線(5.5-12.4μm)で
74回の⻩道光分光観測をおこなった。

・10μm周辺にはケイ酸塩鉱物、特に結晶質の
輝⽯、カンラン⽯による特徴的なフィーチャが
確認された。また、⾼⻩緯と低⻩緯（⼩惑星ダ
ストバンド付近）で、フィーチャの相対強度に
異なる傾向が⾒られる
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 τ = 7.88e-08  +/- 1.06e-08 
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Best-fitted blackbody

(λ, β) = (353.270, 10.0000)  
 τ = 2.10e-07  +/- 1.92e-08 
 T = 243.82  +/- 3.05 K
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⻩道放射の空間構造

(MJy/sr)

「あかり」による⻩道放射の観測

遠赤外線全天画像による
微細小惑星ダストバンドの検出

(Ootsubo+ 2016, 2017, in prep.)
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