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Planets form in protostellar accretion disks
Laplace 1796
~Shu et al 1993, pP III, 3

Evidence of disks around T Tauri stars
| Mendoza 1968, ApJ, 151, 977
Shu, Adams & Lizano 1987, ARAA, 25, 23
Beckwith & Sargent 1996, Nature, 383, 139
Disks seen in silhouette with HST .
McCaughrean & 0’'Dell 1996, AJ, 111, 1977

Evidence for planets from stellar motions
Marcy, Cochran & Mayor 1999, PP IV

Connection: can we find evidence of forming planets in disks?

Planet with M > Earth will clear annulus in disk
' Lin & Papaloizou 1993, PP III
Most direct way of observing: IR or sub-mm imaging of dust
Chandler & Richer 1999, Astrophysical Disks, 91
Lay, Carlstrom & Hills 1997, ApJd, 489, 917
Jayawardha et al. 1998, ApJ, 503, L79
Koerner et al. 1998, ApJ, 503, L83
to resolve a 1 AU wide annulus at 150 pc need 6 mas res

218 . Lin, Bryden and Ida

Figure 4. . Swrface density digteib
plaset. A Jupiter mass protoplanet
with ///o = 004 sad oo = 107 (an reest 7 0he tamd ot :
ameterisation o & § Sanyaev (1973)):. arfnce dessily
T e i e 7 & i e b e e b7 o
orders of magaitade. Waves it cleasly seeis propagating both imward
and outward awiy from the prckcplanet. . L
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Less direct: effect of gap on SED
Mathieu, Adams & latham 1991, AJ, 101, 2184
Beckwith 1999, PP 1V
subtle because Planck function is so broad
grain emissivity, inclination, rad xfer can have > effect
Boss & Yorke 1996, ApJ, 469, 366

Better: effect of gap on Doppler profiles of molecular lines
still subtle - v = v{r) but z = z(v_los)
if matter is azimuthally symmetric, should be deconvolvable

MIR (vibrational) lines from planet-forming region (0.1-10 AU)
Carr & Najita 1997, Science with the NGST, 163
mm-wave (rot’nl) lines are dominated by material > 100 AU
Sargent & Beckwith 1991, ApJ, 382, L31
Dutrey et al 1994, A&A, 309, 493
NIR lines are dominated by gas close to star
Najita et al 1999, PP 1V

More difficult to observe than IR continuum
require R ~ 100,000 (3 km/s) ~ 1/3 v{10 AU)

Line strengths and shapes difficult to predict
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Figure3.  Simulated molecular line emission (R=100,000) from a disk
gap created by the formation of a 1 M planet at an orbital radius of
1 AU from a T Tauri star at the distance of Orion. Top panel: CO
(¢ =1-0} emission, as observed by Gemini in 10hr. Lower 3 poeneis:
Lines of CO. H;0. and CH,. as observed by a thermal IR spectrograph
on NGST. The gain in speed over ground-based spectrographs is ev-
ident. The Hy0 and CHy lines fall in highly absorbed regions of the
atmosphere are not observable from the ground.
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Relative Intensity

H, Profiles in continuous disk vs disk with ga
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rho_g{(r,h), rho_d(r,h)

flat or flared
Kenyon & Hartmann 1987, ApJ, 323, 714 Rell posten
Chiang & Goldreich 1997, ApJ, 490, 368

changes caused by planets '
Papaloizou, Terquem & Nelson 1999, Ap Disks, 186
Lin, Bryden & Ida 1999, Astrophysical Disks, 207
Takeuchi, Miyama & Lin 1996, ApJ, 460, 832

T_g(xr,h), T_d(r,h) . .
heating - accretion vs. starlight achive vs. passive
Shakura & Sunyaev 1973, A&A, 24, 337
Lynden-Bell & Pringle 1974, MNRAS, 168, 603
Adams, Lada & Shu 1987, ApJ, 312, 788
Adams, Ruden & Shu 1989, ApJ, 347, 959
coupling of gas and dust
cooling

Molecular abundances
Prinn 1993, PP III, 1005
Willacy et al. 1989, A&A, 338, 995
Aikawa et al. 1997, ApJ, 486, L51

Molecular excitation + radiative transfer

Details for specific objects ; f
inclination
Chiang & Goldreich 1999, preprint
reddening ' . L
wind + envelope contribution
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Fig. 3. The radial distritstion of the fractions) sbundaaces (with respect
40 the iotal density) of sulphur bearing molecules in the CRH model.
The destruction of 30, at small radii is due 10 collisional dissociation
and Jeads 10 the formation of H;CS, HS and SiS.
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CHEMISTRY OF GASEOQUS CIRCUMSTELLAR DISKS it

TEMPERATUNE (%)
10% TEMPERATURE (K )

fog, TOTAL PRESSURE {Bers)

" Figwe L. Thermochemical. equilibrium logw (ICOVCH, 1Y valwes in 0 solar cmepo-
sition mediem with [CI10] = 0.6. Also shown are ilusirative iewpoi sure-pieesswe
profiles for the circumsolae and circumlovian disks and the quiench lemperatuee T,
for homogencous (gas-phase) conversion of CO to CH, assuming an upper limit
for fau = 10" 5. Heserogeieous (iron-catalyzed) conversion is possible hetween

- the lines designating the iron condenation lemperature labeled “Fe(xlig)" snd the
tewnperature whese oxidation of Fe 1o FeO is complete, labeled “FeQ) complese.”
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Excshns 0(3 eov ahens

CO overtone bandhead
‘ Carr et al 1993, ApJ, 411, L37
Chandler et al 1993, ApJ, 412, L71

CO fundamental lines
Carr & Najita 1997, Science with the NGST, 163

;\)“‘3:4-..&‘--3 (nxs PP W7

B van Dishoeck et al 1998, Ap&SS, 255, 77
Thi et al 1999, preprint
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