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SIGNIFICANCE OF GAS MASS

*outcome of cloud collapse | D
*fundamental disk property § SR , -
F g M e o
e determines planet formation ¥ 05 ",' o osesi
outcomes: number; size, system % ?W = ot . 'f
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Problems with measurement of gas mass.



GAS MASS TRACERS (1)
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DISK GAS MASS TRACERS (2)
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May underestimate gas mass due to:

» photodissociation and freeze-out
- Isotope selective photodissociation
« chemical depletion

(Williams & Best 2014; Miotello et al. 2014, 201 6;
Favre et al. 201 3)
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DISK GAS MASS TRACERS (3)
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HD )J=1-0
integrated fluxes
(x10-'8 W/m?)

DM Tau 1.610.4
GM Aur 2.510.5
VZ Cha <2.1
AA Tau <2.2
FZ Tau <3.6

LkCa 15 <l.7

McClure et al. (2016)



dust/gas, a, opacity
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dust/gas, a, opacity
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dust/gas, a, opacity

i MODEL FLOWCHART
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EFFECT OF TEMPERATURE
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EFFECT OF SURFAC
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COMPARISON WITH OTHER DISKS
VIA DUST-GAS CONVERSION
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COMPARISON WITH CO-DERIVED
GAS MASSES

Value DM Tau GM Aur Model with no CO
M photodissocation
(fro nfa:-m) 0.01-0.04 0.025-0.20 or freeze-out:
T 4 7-33x, 70-600x less
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.
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McClure et al. (2016)

e Al Al (1996)
**Williams & Best (2014)

Model with photo-
dissocation &
freeze-out:

| -5x less mass



EVIDENCE FOR CHEMICAL
DEPLETION OF CARBON/!

DM Tau:
HD Mgas up to 5x CO Mgas measurement. Likely CO

chemical depletion.

GM Aur:
W@ Rcpiction =600, corrected to [UONRscalcaRiels

photodissociation/freeze-out.

How realistic are these depletion factors?



CO-DEPLETION IN TW HYA
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Accepted follow-up proposal (Pl Schwarz, McClure co-l, grade A) to
confirm CO depletion and masses of DM Tau and GM Aur.



PLETED CO?

VWHERE IS THE D

Schwarz et al. (2016),

. Time evolution of abundances (40AU, midplane)
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IMPLICATIONS FOR CQO DEPLETION
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Ansdell et al. (2016), using Williams & Best (2014) CO models for gas mass

Gas/dust ratios < 10? from ALMA survey; CO chemical depletion?
Global gas/dust = 20-165 for DM Tau, GM Aur

Need more HD measurements in disks to confirm!



CHALLENGE OF LARGER SAMPLE

Line flux increases with decreasing continuum flux.
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Difficult to observe fainter targets with
current instruments (e.g. FIFI-LS).



FUTURE POSSIBILITIES

Upcoming far-IR instruments with improved sensitivity:

« HIRMES - SOFIA 3rd generation
spectrograph (see Neufeld talk); 2019,
R~100,000(?) additionally resolve line

» SAFARI - SPICA's far-IR spectrograph (2029)

* Origins Far-IR Surveyor (2030+)



CONCLUSIONS

Mgas~0.02-0.2 Mo (GM Aur) and ~0.01-0.05 Me (DM Tau)

CO gas phase chemical depletion ~5-100x

Combine HD with other line observations (e.g. range of CO
ines) for more precise masses/depletion factors

| 00x dust-to-gas conversion factor good approximation

Future with SOFIA-HIRMES, SPICA-SAFARI, NASA
Origins Far-IR Surveyor



