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Planet formation and icy dust

1. Increase of opacity (e.g., Lin & Papaloizou 1980)
« Disk structure of density and temperature

2. Increase of solid material (e.g., Hayashi et al.
1985)

 Core formation of gas giants
3. |SOtOpiC anomaly (Yurimoto & Kuramoto 2004)
e Transport of 17180 by icy dust

4. Origin of ocean (e.g., Morbidelli et al. 2000)
» Transport of H,O by icy bodies

30 Sep. 2010
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Snowline

« Condensation front of H,O ice
— <150 K of surface temperature of dust

— dependency of dust size and material
(opacity)

super heated layer

3()1 cold interior

with accretion heating

~1-10 AU ICe eXI
e.g., Sasselov & Lecar (2000),

30 Sep. 2010 Garaud & Lin (2007), Oka et al. (2010) 3
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Obs. of H,O ice ""H'é;%ééé%;

1K=

e Detection of 40-60 um
feature (vaitait et al. 1999)

—HD142527

e Detection of 3 wx \N\\(\e _
feature ,\5\-\0 ol C
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NIR scattered light from disks

o Spatially resolved imaging of the scattered
light with 8 m telescope+AO

H-band scattered light images (Fukagawa et al. 2004, 2006)
AB Aurigae HD142527

1"=140 AU £

Subaru.”CIAO
30 Sep. 2010 Hhar 5
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How to find snowline?

* In NIR, we can resolve disk with scattered
ight

 If ice feature Is imprinted in the scattered
ight, we can resolve ice distribution!

e But, Is ice feature really imprinted in the
scattered light?

YES !

30 Sep. 2010
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Numerical radiation transfer

plane-parallel

radiation equilibrium _

hydrostatic equilibriLim * 1D plane para”e' RT
e of an annulus

----- — grazing angle recipe

— variable Eddington
Factor method

— accelerated
convergence of
iteration

— radiation equilibrium

Z

grazing angle

mirror symmetry

1 1 IIIIII| 1 1 IIIIIII
optically thick disk
dust size 1.0um

I.. [Jy arese c:_g]

107 A—Lype slar o . . .y .
o4l face-on — silicate+ice — hydrostatic equilibrium
R=100AU silicate . . .
1070 vl vl el i — ISotropic scattering
0.1 1.0 10 10° 10°

wavelength [pm] more about numerical scheme?

30 Sep. 2010 see Inoue et al. 2009, MNRAS, 393, 1377 1
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Analytic interpretation

observer

scattered light T\ _(r—t
intensity | :.[0 Se 5 )dt

(no incidence)

Source function S — Cz).J* exp(—z.
Only single scattering"’ of scattered light p( )
Optical depth .= (r-t)/
from star
For small B Stellar intensity J. = B(T*)Q* |4r
optically thick case (1>>1) | oc ,@(T*)
albedo

30 Sep. 2010 8
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Analytic interpretation

* Multiple scatterings

=» Chandrasekhar (1960)
— “The H-function”

For small B and isotropic scattering case

optically thick case (1>>1)

| :,6@3(T*)H (1, 0)Q. 47

albedo

30 Sep. 2010
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Numerical vs. Analytical

10]‘§ [ [ ||||||| [ [ ||||||| [ T T TTH [ [ IIIII"E'

WoF optically thick disk .

— 107E qust size 1.0um E

o 107k =

i/l — -

c . /_\ ]

s 10 "g { \

" 10 =/ A—Llype star i S

o, ' face—on \ = nlumerical 3

10 _ ?: R=100AU \ C}'Jandr‘asekhar‘_%

10 ° L I |||||||| I |||||||| [ | ||||||| [ IIIIII_
0.1 1.0 10 10% 10°

wavelength [um]
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Scattering coeffic

30 S

albedo

10°

Inoue et al. 2008, PASJ, 60, 557

lent of H,O Ice

Elrl'_l_| FEM=TFH £ T == S e = . .
% with ice

....... ]jLIT] * D t ]
BN ol S I S ust size
% QL .
E"K E black: 0.1micron
C(a) Blligdty :

T A red: 1micron
- green:10micron
- (c) | lig ate e
1 2 3 4 o 1 2 3 4 o
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Resolving the snowline location

| With H20 ice feature
No H20 ice feature (fainter H20 band)

super heated layer

3()1 cold interior

-1 -10AU ICE EXISIS

30 Sep. 2010 12
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Target: HD142527

° Herbig Ae star (Malfait et al. 1999)

o Teff=6250K

e 15 Lsun

e ~2 Msun

e 140 pcC

e [Ce emission
features

] =i 100 1280 AL
Woeglengin (mazngn]

30 Sep. 2010 13
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Fukagawa et al. 2006

bananas?

H(1.65micron)
30 Sep. 2010

tail?
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Subaru/CIAO results

mJdy/arcsec?2
— 40
150
30
1 100
j 20
. 50
1 10
0 0
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Fr [Jy]

surface brightness [mly/arcsec”]

Honda, Inoue, et al. 2009, ApeJ
e

HD142527 Lolal

I @ L
L . . K =
I H ]
- J -
| scattered light *-
: H,Oice ¥ -
" A & & absorption , -
- B ** e 2 _.*-
1 2 3

Wavelength |um |

0

10

(i)

100 —

50

20

10

690, L110
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HD142527

* H,0 ice exists on the disk surface.

e This observation probes radius>140 AU
the surface of the “outer disk”.

e The temperature there is low enough
(<80K) for H,O Iice, given the central
stellar luminosity.

* But, what about photo-sputtering?

30 Sep. 2010 19
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Photo-sputtering

desorption of H20 molecule by UV radiation
UV,

@<

Sputtering yield- - «| large uncertainty
MD calculation (Anderson et al. 2008)
Y=3.7 X104 (T=10K, A=1300-1500 A)

Experiments (Westley et al. 1995)
Y=103~10%(T=35~100K, Lya)

30 Sep. 2010 20
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PS effect on surface snowline

2D structure of snowline (snow front)

super-heated

| layer
~ 1.=1

. A
scattered light ™. :
r f A

__ cold interior

snowline is pushed away by PS?

2010/10/14 21
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Model calculation

Surface density

~ radigtion transfer
stellar rzﬂatlon

o -
> =1700(r/AU) g cm?

Dust iIce and silicate (1 micron)

constant abundance of H20

(Miyake & Nakagawa 1993)

Ice abundance- - =evaporation/condensation/PS

Stellar radiation

Planck function + FUV excess

Loy =107°L. hv=1.6x10"erg (ya)

2010/10/14

Scheme 1+1D RT (Dullemond et al. 2002)
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Resultl: Snowline on (R, z)
L=10L,,, T.~10000K  With Photo-sputtering
20 ' -
- T*:l
— scale-height

— snowline (H20
condensation front)

20 40 60 80 100 RI[AU]

1. Photo-sputtering pushes snowline out
2. If Teff higher than a critical value
2010/10/14 =>» no surface snowline due to strong UV 23
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Result2: Teff dependency
— —101.5

Ll L_]-O_Lsun - 1000 -L_lo- L_S.Un
)
|£| 100 100
b
=
E 10 ¢ 10 }
=

1 I
3000 6000 7000 8000 9000 10000 5000 6000 7000 8000 9000 10000

Teff [K] Teff [K]

1. T4<T, => balance between evaporation and condensation
2. T4>T, => balance between PS and condensation

2010/10/14 24
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Result3: L dependence of Tc

10°Le,  10"°Lgs 10'Lg

1000

110°° L

5000 6000 7000 8000 9000 10000
Effective Temperature [K]
1. Lower Tc (PS dominant)

2. Larger snowline radius
2010/10/14 25
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Oka, Inoue, et al. 2010, in prep.

Result4: PS effective area

3 . . A—
45 PS effective
M e awe Honda et al. (2009)
92 TS s — HD142527
:5‘ | .“ il . Bj?%@@ H
= | f Herbig Ae/Be stars
o
a0 0 IW\JJ I (van Boekle et al. 2005)
o
— L If’l/f@ - —_
-1 0_51,,& 1+ Evolutionary tracks
43 42 41 4 39 38 37 36 35 (Solarabundance)

 Disks around relatively massive stars are affected by PS
=» There would be no H20O ice above the disk surface

2010/10/14
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Summary

e Location of snowline is important but unknown yet.

e Using NIR scattered light, we can image the
snowline on the disk surface
— but, snowline In the disk interior cannot be seen.

« HD142527 was observed with Subaru/CIAO
through 3 micron H20 band.

— H20 ice absorption feature was detected at the disk
radius > 140 AU.

« UV photo-sputtering can push the surface
snowline outward of the disk.

— HD142527 is a case where photo-sputtering is not
very effective.

30 Sep. 2010 27
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Future prospects

« Gemini/NICI observations with a new 3-micron filter
— Subaru/HICIAO does not have sensitivity at 3-micron

e To relate the surface snowline to the mid-plane
snowline
— More theoretical works are required.

* H20 ice distribution in debris disks are also very
Interesting.
— Scattering intensity is much fainter...

o Spatially resolved FIR observations for H20 emission
features

— Need space interferometers!
— But, the mid-plane would not be seen yet...

30 Sep. 2010 28
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