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彗星の結晶質シリケイトの問題

彗星
  : 円盤外縁部(低温領域)で形成
結晶質シリケイト
    :  円盤内縁部(高温領域)で形成



本研究

中心星輻射圧 & ふわふわなダスト
⇒ 外向き移動が起こりうることを示唆した。
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QEXT = QABS + QSCA (2.43)
QPR = QABS + (1 − g)QSCA (2.44)

QPR: 輻射圧の効率
QABS: 吸収の効率
QSCA: 散乱の効率
g : 散乱の非等方性

Rayleigh Scattering (X $ 1, X: size parameter)

QABS ∝ 1
λ

, QSCA ∝ 1
λ4

(2.45)

Ωg = ΩK(1 − η) (2.46)
Ωd = ΩK(1 − β) (2.47)
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輻射圧によるダストの外向き移動

if ダストの回転の方が遅い(β>η)
ダストガスの追い風を感じる

⇒角運動量を貰う
    ⇒ 外側に向かって移動
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輻射圧によるダストの外向き移動

if ダストの回転の方が遅い(β>η)
ダストガスの追い風を感じる

⇒角運動量を貰う
    ⇒ 外側に向かって移動

★ ダストの動径方向の速度

2 MODEL EQUATIONS

軸対称な円盤を仮定する。

2.1 Radial Component

Reference
Hughes & Armitage 2010, Takeuchi & Lin 2002,Takeuchi & Lin 2003,Takeuchi & Lin 2005

2.1.1 Gas Radial Dynamics

力の釣り合い。
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mass flux保存と角運動量保存より
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ガスは粘性に依る拡散によって進化する。

2.1.2 Dust Radial Dynamics
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“β=輻射圧/重力”は何で決まっているか？
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 ★ 輻射圧と中心星重力の比：β

QABS: 吸収の効率
QSCA: 散乱の効率
g = <cosθ>: 非対称因子
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3.2 Optical Properties of Porous Dust Grains

We calculate the value of β for porous dust grains with various sizes. By definition, β can be
written in the following form,

β ≡ FRP

Fgrav
= K

(
σ

m

) ∫ ∞

0
QPR(λ)Bλ(T )dλ, (9)

where K is a constant number, Bλ(T ) is the Planck function, λ is the wavelength of incident
radiation and QPR(λ) is the efficiency for the radiation pressure of dust grains and we suppose the
radiation from the central star is the black body radiation with the temperature, T = 5778K. We
calculate QPR for the silicate and the graphite dust using the MG-Mie theory. In the calculation,
we assume the monomer radius is 0.01µm and the characteristic radius of porous aggregates is
given by

a2 =
3
5
a2

g, ag =
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(ri − rj)2



1/2

, (10)

where ri, rj are the position vector of the i-th and j-th monomer particles and N is a monomer
number. Fig.3 shows the result for the value of β as a function of particle radius for the silicate
and the graphite dust. Our calculations show that the radiation pressure works more efficiently
for the graphite dust than the silicate dust. For BCCA, β has almost constant value for each
material since BCCA is so fluffy that the optical property is almost the same as that of monomer.
For the silicate dust, β is around 0.038 and 0.02 for BCCA and BPCA, respectively.
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Figure 3: (left): The value of β is plotted as a function of particle radius for the porous dust
(dotted line) and the compact dust (solid line). (right): Same as the left panel, but for a graphite
dust.

4 Discussion

As we mentioned above, the lower limits of β to carry the porous aggregates outward is 0.04
(BCCA) or 0.02 (BPCA) and the calculation of optical property of the silicate dust with 20
micron size shows β ∼ 0.038 and β ∼ 0.02 for BCCA and BPCA, respectively. As a result, such
a large particle made of the silicate is difficult to move outward. However, the silicate dust that
has a radius around 0.1 ∼ 1µm and a large fractal dimension such as BPCA may be carried

5

ダストの
Area to Mass Ratio
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Figure 3: (left): The value of β is plotted as a function of particle radius for the porous dust
(dotted line) and the compact dust (solid line). (right): Same as the left panel, but for a graphite
dust.

4 Discussion

As we mentioned above, the lower limits of β to carry the porous aggregates outward is 0.04
(BCCA) or 0.02 (BPCA) and the calculation of optical property of the silicate dust with 20
micron size shows β ∼ 0.038 and β ∼ 0.02 for BCCA and BPCA, respectively. As a result, such
a large particle made of the silicate is difficult to move outward. However, the silicate dust that
has a radius around 0.1 ∼ 1µm and a large fractal dimension such as BPCA may be carried
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数値計算

STEP 1.
光学特性計算行い、
   compact grain & porous aggregates
に対する輻射圧を求める

STEP 2.
求まった輻射圧の値も元に、
compact, porousなダストの
動径方向の運動を計算



✓Compact Grain Model  
       　球対称ダスト (サイズ：4μm)
　　　　→  Mieの散乱理論 

✓Porous Aggregates Model 
モノマー半径 ： 0.1μm 
モノマー数1024個のふわふわなダスト
 (サイズ：a ~ 4μm)
   → T-Matrix Method (e.g., Okada et al. 2008)

STEP 1 : 光学特性の計算



結果１：ダストの光学特性計算(1)
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結果１：ダストの光学特性計算(2)
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結果２：ダストの外向き移動領域
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色：ダストの動径方向の速度(黄色：外向き）

✓ 内向き移動と外向き移動の境界：β～η
✓Compact Grainの場合、約6[AU]まで動きうる。
✓Porous Aggregatesの場合は数十AUまで動きうる。
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2.2 鉛直成分
Reference

Dullemond & Dominik 2004

2.2.1 Settling vs. Stiring

ガスの鉛直方向は静水圧平衡を仮定。さらに、鉛直方向の等温も仮定。この場合、鉛直成分は沈殿 vs.巻き
上げのせめぎ合い。
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ダストの鉛直方向の運動：
⇒ 沈殿(Settling)＋乱流巻き上げ(Stirring)
Depletion Latitude:

Z/R Z/R

で与えられる。一般に q = 1/2を仮定して議論する。

η はガスとダストの回転方向の速度差。β は輻射圧と重力の比。
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SUMMARY & FUTURE WORKS

✓２つの形状のダストについて光学特性計算を行なった。
β(=輻射圧/重力)の値
compact grains : β ~ 0.018
porous aggregates : β ~ 0.26 

✓ダストが輻射圧によって外に動きうる領域を計算した。
compact grains: ~6AU
porous aggregates: ~数十AU

✓ふわふわなダストであれば、輻射圧で
　彗星形成領域まで届くかもしれない。


