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BAEDZT

= Traditional model
Closed disk model with the “Minimum Mass Sub-Nebula”

Several severe problems
Temperature, accretion time, type | migration ...

» Canup and Ward model (2002, 2006)

Open disk model based on the knowledge of gas accretion
flow onto gas giant planets

Solid material is steadily supplied to circum-planetary disks

\Y | M 5net 1S CONsistent with the real systems

satellites plane

o PS

4 Planetary Science
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BAEDZT

= Traditional model
Closed disk model with the “Minimum Mass Sub-Nebula”

Several severe problems
Temperature, accretion time, type I migration ...

» Canup and Ward model (2002, 2006)
Open disk model based on the knowledge of gas accretion flow
onto gas giant planets
Solid material is steadily supplied to circum-planetary disk
Miateliites | Mplanet IS cOnsistent with the real systems.
Assumptions

Solid material is supplied uniformly on the disks.
= ->Unknown

" |nany case, disk models were given by assumptions.

o PS

6 Planstary Science
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Analytical estimation
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Setting

Satellitesimals

VIV

Sun

Proto-planetary disk

L

| ~planetary disk

Captured by gas drag with the disk gas

= Assumptions

Gas disks are axisymmetric and power-law surface
density distribution

Incident angle of satellitesimals is uniform
Ignore the effect of the central star




Capturing process
Before After

Gravitational focusing Eccentricity and inclination decrease

with keeping the pericenter
Uniform l

I "L (centered near the planet)

Critical radius to be captured
RC X m—1/3(p—|—1) Yigas = Egaso c

Dissipation energy due to gas drag

|
Energy necessary to be captured =
10 by the gravitational potential (OL=



Supplying rate of solid
material

For a single size swarm For a power-law size distribution

Larger size

—1=3(pt+1)(2—5)

—

Smallersize

S

Surface density / time

Surface density / time for m

Rc Distance Distance

(R, = Critical radius to be captured) A typical case (p=1,5=11/6)

. —2
v Osolid X T > P<
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http://maru.bonyari.jp/texclip/texclip.php?s=/begin{align*}

/textcolor[rgb]{1,0.9,0.9}

{A(i) 

= /frac{2(3-2/sqrt{2}/cos i)^{1/2}}{3/sin i}

  (/sqrt{2}-/cos i)

  }

/end{align*}
http://maru.bonyari.jp/texclip/texclip.php?s=/begin{align*}
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/dot{/sigma}(r\
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Migration due to gas drag?

= After circularization with short timescale,
objects slowly spiral toward the planets by
gas drag

Migration velocity due to the gas drag with disk gas:

vrg = —2nlvg
Tstop VK

—— How about the steady state distribution?




Steady state distribution

considering radial migration due to gas drag

For a single size swarm

Supplying rate Steady state distribution

Og X r1

Surface density [ time for m
Surface density for m

R, T R r

: R
Mg(r,m) = / onr!as(r’, m)dr’
r
14

For a power-law size
distribution

me(r)
$(r) = / oo(r, m)dm

my
6

s X T
0=p—q/2
_ max ((p+1)(7—3s),0)

Surface density

Thos x4
g
Cipas CC

S

n(m) oc m~

p=1, q=1/2, s =11/6:
—9/4
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http://maru.bonyari.jp/texclip/texclip.php?s=/begin{align*}

/textcolor[rgb]{1,1,1}{/Sigma_{/rm s} /propto r^{/textcolor{yellow}{-9/4}}

}

/end{align*}
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Test orbital calculations
for captured satellitesimals

16 Ggﬂﬁ
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Basic equations

Equation of motion

dv
di
- : ~ 3 3. 1o 9
Hill's potential Opinn = —;—§m2+§z +5

Gas drag term

3

Arag = _§CD ( ) "_1AuAfu, (Only inside the Hill's sphere)

Hydrostatic equilibrium in z-direction and axisymmetric

o PS

Hau\e\msoem



Example

Hill's coordinate

(A local coordinate that
rotates with the planet)

orbits

(0[0)
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Example orbits (e=i=e, b=2.35, 2.41)

0.3 T T T 0.03 T T T
; "o 241 xile-ddat'ui2 —— "o 241 xile-ddat"uil ——
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Faolid OC T—1—3(P+1)(22—3) cf. Ogas o< 7P
Typical case Usolid ¢ T

for m —km size (s=11/6)
—1
Usolld xXTr

for larger than 1km size (s=8/3)
HAERICLL2HESABFTEZER LEZEFTAEE
Oooliq O 7P=9/2=3(p+1)(7/3~s5)

Typical case ~ Isolid X r—9/4  form—km size(s=11/6)

Tsolid X ?“3/4 for larger than 1km size (s=8/3)
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