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PPD: Protoplanetary Disks (©M. Honda)
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H,O evap. ¢ H,O freeze

Increase mass of solid material & Promote to dust
grain growth @outer region in PPDs

= Glant cores are formed & Much gas are obtained.

H,O snowline (midplane) : Dividing regions of rocky planet &
gas giant planet formation (e.g., Hayashi et al. 1981,1985)




Spectral index
F, ocve ik, ocvb | B=a-2

- Optically thick: a~2 (Rayleigh-Jeans limit)

-Optically thin
Small size grains: o large (>3)
Large size grains: a small

l
0.05 0.1 0.15 (

! ) a (arcsec)
0 20 40 680 80 100 ‘
Disk rads [AU] . Snowline~42AU
Figure 4. Our mode with ayy = 107 ovemplomed o the radial paofile of the .
spectral index between (.57 and 1.3 mm as measued in HL Tan using ALMA V 883 Ori

(gray shaded ama; ALMA Pameship et al. 2015; Zhang et al 2015; dma
courtesy of K. Zhang). The mode] is shown with the eempenoare profile used m
ghas work (Egasion (3), solid Ine) and the higher tempenoure (dashad 1me)
used m Zhang et al. (2015).

snowline~10AU

HL Tau Class | protostar
Banzatti et al. 2015

FU Ori type star
£ i 2% Cieza et al. 2016, Nature
e i e e e ALMA band 7




Space Obs. of H,0 lines from PPDs

| 6 ortho-n ersch IF
20 OH, HCN, (Riviere-Marichalar | ) H 1 ?I_l\{VHHy
002 CzH etal.2012) £ " e

|
0 - ra‘#‘r*rfw Wm*f l,f[ i

[O1]

0'3_1 ‘ (Qarr_ & Najita 2008) | 62.9 63.0 63.1 63..2 63..3 63;.4 6£

10 15 20 25 30 A(pm)
Wavelength (um)

warm FlE
HTeS

hot MIR

UV, X-rays ine

Spitzer hot H,O : T-Tauri stars, Herbig Ae/Be star (Upper limit) @10-35um
Herschel warm H,O : T-Tauri, Herbig Ae/Be stars: @55-180um

Herschel cold H,O : TW Hya, HD100546, DG Tau@269um, 538um

H3+, H2D+




Purposes and outlines of our work

The line ratios methods: their results are dependent to the

assumed temperature distributions (T, vs r) in PPDs.
PPD: Protoplanetary Disks

If we can conduct high dispersion spectroscopic
observations of H,O lines from PPDs, we can locate
the positions of the H,O snowline more directly!
(e.g., ALMA, SPICA/SMI-HRS).

Outline of this work
We derive the position of the H,O snowline through the calculation of chemical
reactions of PPDs under the self-consistent disk physical models.

NG

We calculate the profiles of H,O emission lines, and find candidates of
H,O lines to locate the H,O snowline through high-dispersions
spectroscopic observations in the near future.

(Notsu et al. 2016, ApdJ, 827, 113; 2017a, ApdJ, 836, 118, 2017b in prep.).
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Distributions of H,O vapor
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Herbig Ae disk H,O gas
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Spectroastrometry of molecular lines

PPDs : (almost) Kepler rotation

/ M
Ay = GM, sini
r

o i: Inclination angle

Analyzing profiles of emission lines, we
obtain the information about the
distances of emitting regions, especially
the positions of the snowlines.

=10 O 10
Ex.) 4.7um CO line profiles Velocity [km/s]
- Inner disk structures Kepler rotation

(Pontoppidan et al. 2008) R~AAM

Typical width of lines from PPDs : Av~10-20km/s

- need high-R spectroscopy (R~15,000) for detections.
need very high-R (R~100,000) for analyzing profiles.




The calculation methods of emission lines

: obs.
Eup nup *
Aul l \ %:
r
Elow Do S / o
A, : Einstein A coefficient [s™]
E,,: energy in upper state
S hv
. ul
Ful (r9 V) — j I‘luleul (p(V)GXp(— Tul )ds
1 opean
Velocity profile ®(v) : Keplerian rotation + c, GM
We adopt the distributions under LTE. Ay = \/ S sini
r

Notsu et al. (2016, 2017a)
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Calculations of 0-H,O emission lines

0-H,O 682.66pum Herbig Ae 0-H,0 63.32pum
A, ~2816%x10° (s1)disk A, ~ 1.7 (s7)

0.06 ‘ —
oosf . ; | o T ~.| large { LT
p— =2 030 AU v e e ) !
2 >
3 .l 682.66 um Small 2ol Ay W Inner
= - 3 | i/ Region
5% Inner A 5 i\ r<14AU.
o i ) ul = A
< 002 Fegion 7 ‘ _
™ . r<14AU T R — 30
001 Out_er
region
°% 20 10 0 10 20 30 E,~1000K
V=vo [am/e] i=30° Distance:140pc

Notsu et al. (2017a)
We can locate the positions of H,O snowline through

Investigating the profiles of emissions that have
small A, (10°~10-3 s-1) and relatively large E .-




Herbig Ae disk Emissivity distributions (i=0°, line of sight)

0-H,O0 682.66 um [W m-2 Hz! sr] (a) 0-H,0 63.32 pm [W m-2 Hz'! sr1]
0.8 —— 1074 0.8 10714
06 10-16 10-16
. 18 0.6 018
N 04} 1020 J 04t 1020
0 10722 1022
. e 0.2 o2
r [AU] Aul A

0-H,0 682.66 um small large o-H,0 63.(152pm
A,=2.816xX10° (s7') | Notsuetal (2017a) Ay=1.7(s™)

If A, is small, the contribution Optically thin (t,<<1):
from optically thin surface layer Fvocnup(Eup) A,

of the outer disk becomes small Optically thick (t,>>1) :
compared with that of optically ¢ . (T)

thick region of the inner disk. - -




Possibility of future Notsu et al. (2016, 2017a)

. P Vertical line
obset_‘vatlons of SPICA/SMI-HRS B~ - 5. 1hour obs.
H20 |IneS 10716 < >—< > .

| SPICA/SAFARI
o7l (middle R~A/AM)
Flux distributions of the e
candidate ortho-H,O lines = o8}
(106<A,<102s1,700K<E,<2010K)  x | A T
- [ / —
L, 19 '4 -
— 10 3 /
i=30° distance: 140pc g '
Herbig Ae disk = ol
High Dispersion o2l candidate .

100
A [um]
- H,0 lines that can locate the H,O snowline exist from

mid-infrared (Q band) to sub-millimeter wavelengths.
- sub-millimeter : ALMA/Cycle 3 proposal accepted. (partially observed)

- mid-infrared (Q band) : (Future) SPICA/SMI-HRS
(Herbig Ae disk: >10°'8 [W m2] T Tauri disk: >10-2° [W m-?])

. . 10
Spectroscopic observations lines
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