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We can detect gas flows by

1. trace species' kinematics

2. effects on trace species’
abundances

3. effects on solid particles



1. trace species' kinematics



1. trace species' kinematics — from millimeter lines

4 T T T T T T T T T T T T T T T T T T TY 150
CO (2-1)
3 <
120 &
2 0.
<
~ 1 F O
~ 0F o)
3 ! 2.
S -1k 60 S
-2 k E)
30 @
“fo =
-4 ;---l.--l---l--.l---l--.l-- 0
4 3 2 1 0 -1 -2 -3 -4

Odset  (7)
R. Teague+ 2016



Nonmal et Flux

1. trace species' kinematics — from millimeter lines
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1. trace species' kinematics — from millimeter lines
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1. trace species' kinematics — from millimeter lines
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Normalized flux

1. trace species' kinematics — from infrared lines
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1. trace species' kinematics — from infrared lines
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1. trace species' kinematics —and magnetic fields!
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2. effects on trace species’
abundances



2. effects on trace species' abundances — water

e Fig. 1. Spectra of para-H,0
A pa ro_Hzo . T™W Hyo J 111'000 (A) and Orth.O'Hzo 110'
1,:=0gp : 1o; (B) obtained with HIFI on
- the Herschel Space Observato
20 - HIFI-WBS : - P Al
; toward the protoplanetary disk
, around TW Hya after subtraction
of the continuum emission. The
ok vertical dotted lines show the
system’s velocity of +2.8 km s™*
% | relative to the Sun’s local en-
£ oo vy e k] T vironment (local standard of
2 L rest).
= B ortho—H,0 ; TW Hya
00 L 110~ o ' |
HIFI-HRS :
o U .
N | N N N N | N N N N | N
-10 0 10

-1
Vigr (km s77)

M. Hogerheijde+ 2011



z/AU

z/AU

2. effects on trace species' abundances — water

Tuv =My =—
0. t/yr=35 oy =1 — t/yr=1203 . _, _
0.
Ty =1 =—
0.
0.
0.
0.
0.
0. o . D
t/yr=2406 t/yr =5155 t/yr =10276
0 . - : Tuy =Hy =—
Tuv =Ho —
0.
0.
0.
0.
0.

4 -3 -2 -10 1 2 -4-3-2-10 1 2 -4-3-2-10 1 2
10g10(5/cm) loglo(s/cm) loglo(s/cm)

S. Krijt+ 2016



3. effects on solid particles



3. effects on solid particles — NIR scattered starlight

D. Padgett (IPAC/Caltech), W. Brandner (IPAC), K. Stapelfeldt (JPL) and NASA



3. effects on solid particles — millimeter continuum
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3. effects on solid particles — millimeter continuum
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3. effects on solid particles — millimeter continuum

HL Tauri disk with ALMA Solar System to scale
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3. effects on solid particles — millimeter continuum
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3. effects on solid particles — millimeter continuum
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We can detect gas flows by

1. trace species' kinematics

2. effects on trace species’
abundances

3. effects on solid particles



How to recognize each
transport process?
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We can detect gas flows by

1. trace species' kinematics

2. effects on trace species’
abundances

3. effects on solid particles






