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§ 1 Introduction



From protoplanetary disk to planets
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Dispersal of Dust Grains in PPDs
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Obs. of NIR dust
cont. emission :
Dispersal time of

dust near the
central star
~106yr

How about

- timescale of gas

dispersal ?



Observation of Gas Mass in PPDs

Dust emission @ A—mm
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Dust evolution in disks
— Large uncertainty
In dust opacity

UV, X-rays

CO line emission

CO d/i‘ssociation

Cold midplane

CO frozen\,, Dust

Photodissociation,

Frozen-out

— Large uncertainty

In CO abundance

B Importance of H, line emission obs.



H, Excitation, H, Line Transition
—(Shull & Beckwith 1982) UV
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Obs. of H, Line Emission (NIR)

Reflectlon nebula Jet IRAS 18151
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Strong UV irradiation High Temperature



Obs. of H, Line Emission (M&NIR)

Reflection nebula S140

MIR (LTE) NIR (NLTE)
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MIR line obs.
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§ 2
H, Line Emission from
Protoplanetary Disks

- Observations -



H, Line Obs. towards TTSs (NIR)

Detection of Quiescent’ lines “f—v=1=0,S(1)y
F~10-%%erg/s/cm?, Av—~10-30km/s | |
— H, lines originating from disks

(cf. UV lines : Herczeg et al. 2002) :
GG Tau, TW Hya, LkCa 15, DoAr 21 =™
IRTF/CSHELL (R=21,500)

NOAO/Phoenix (R—60,000) LT
(Weintraub et al. 2000, Bary et al. 2002, 2003)

LkHa 264

Subaru/IRCS (R=20,900) (Itoh et al. 2003)

VLT/CRIRES (R=45,000) (Carmona et al. 2007)

ECHA J0843

Gemini/Phoenix (R=62,400) (Ramsay Howat & Greaves 2007)
5T Tauri stars & HD97048 in Cha |

Gemini/Phoenix (R~60,000) (Bary et al. 2008)




H, Line Obs. towards TTSs (NIR)
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H, Line Obs. towards TTSs (MIR)

I1SO observations S(Q) @28um  S(1) @17wm

Gl e

GG Tau :

GG Tau, GO Tau, LkCa 15, etc
F~(2-7)x101%erg/s/cm? 5
ISO/SWS (R~2,000-2,400) 2

(Thi et al. 1999,2001) 0ol
Ground-based telescopes !

] ] 28.15 28.20 =28.25 28.30 1n‘.&-.‘:':|'-Ei-1'i".l.'!|-EI 17.06 17.10
Only upper limits: F < ~10-14erg/s/Cprf*neth wm Navelengih (um)
GG Tau, DG Tau, etc., S(1)@17um, S(2)@12um

IRTF/TEXES (R—~40,000-83,000) (Richter et al. 2002)
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Spitzer observations 6 YSOs

S(0)@28um, S(1)@17um, S(2)@12um, S(3)@9.7 uby V\A\s’\‘

Spitzer/IRS (R=600) F~(0.3-7)x10%erg/s/cm? I 55 770 193
(Lahuis et al. 2007) Wavelength [um]

LkCa 15, etc., S(1)@17pum = S(1) @17um
Subaru/COMICS (R~5,000) (Sako et al. 2005), & [,,
etc x




H Line Obs. towards HAe (I\/IIR)

o ]
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. H Oct. 2007 Gemini } |:~]_0-l4erg/5/cm2, AV~10-20km/s

1 AB Aur

e 1 Gemini/TEXES (R>80,000),

oet. 2007 Gemint 3 (KeCk/NIRSPEC (R=25,000))
i (Bitner et al. 2007, 2008)

5 1 HD 97048

I .. .. VLT/VISIR (R~14,000)

Hetio | KM 871] (Martin-Zaidi et al. 2007,2009)




§3
H, Line Emission from
Protoplanetary Disks

- Modelling -



Thermal Processes in PPDs

Gas Temp. : Local thermal equili. Disk
(FX+ 1_‘pe_l_l-gr'Aline:O) Aline:

Iy : X-ray heating

(H, H, Ionization Lgr: Energy
— . exchange via
Star* =~EUV heating ;.5 qust collisions
(grain photo IC)

Dust Temp. : Local radiative equili.
Heating: lrradiation from central star
Cooling: Dust thermal radiation



H Llne Emlttmg Reglons
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H, Lines from HAe & T Tauri Disks

(ODbs.: Bitner et al. 2008, Model: Nomura et al. 2007)
S(O)@28um, S(LH)H@17um, S(2)@12um, S(4)@8um
Obs. (AB Aur) HAe disk T Tauri disk
S(0) 0.3x10*%* 0.01 x107%
S(1) (6—-11) x107%° 7 x 101> 0.2 x 101>
S(2) (B-9 x101 8 x 10-1° 0.1 x10%
S(4) 15x 10+ 13 x 1071 0.3 x 10>
) [erg/s/cm?]
SPICA— Survey of H, lines from T Tauri disks
— Understand gas dispersal time of PPDs

S(0O)@28um (vs. S(L))@17um, S(2)@12um) ?
Best gas mass tracer
@& small line flux (“.*small Einstein coefficient)



§ 4 Summary

Mid-IR H, lines from protoplanetary disks
- Good tracer of gas mass in disks

« High AL/A obs. by Gemini/TEXES, VLT/VISIR
Detection of quiescent lines of
mid-IR H, emission from H Ae disks

» SPICA + High Dispersion Spectrograph
— H, line detection from T Tauri disks
— Understand gas dispersal time

of protoplanetary disks

* Obs. of line emission of molecules
originating from qgrain surface reactions
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