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PROTOPLANETARY DISKS are the birthplace of planets

the study of their physical and chemical structure is fundamental to comprehend
the formation of our own solar system & extra-solar planetary systems

different lines probes the physical/chemical conditions of the gas
located in different regions of the disk
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What is the origin of WATER ON EARTH ?

1 M@ =5.9722e27 g
IRearth ocean =#l5e 2L a5t M

Total HzO mass on earth:

Max: 50x oceans (Abe+ 2000)
Avg: 10x oceans (Ohtani+ 2005)

based on the water storage potential of minerals
in the silicate Earth
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H20 location &
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In the outer disk upper layers

R > Rsnow H20 photo-desorbed &
H20O frozen on dust grains ohoto-dissociated
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R < Rsnow
H20O is evaporated
H20 gas >> H20 ice
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SNOW LINE
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in TTSs = young solar-mass stars
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1st FISICA Workshop: Science Goals of a Sub-arcsecond Far-infrared Space Observatory — Rome — Feb 2014
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HERSCHEL:
A NEW WINDOW to DETECT WATER in PROT DISKS
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Guaranteed and Open Time Key Programs covering disks:

WISH — Water in star forming regions (PI: van Dishoeck)
DIGIT — Dust, ice, and gas in time (PI: Evans)

GASPS — GAS in Protoplanetary Systems (PI: Dent)
DUNES — debris disk program (PI: Eiroa)

DEBRIS — debris disk program (PI: Matthews)
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FAR INFRARED SPACE INTERFEROMETER ??



or ... Herschel/HIFI observations
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“LOW DUST OPACITY” DISK MODEL: STAR AND DISK PARAMETERS

Effective temperature ’1' iKs 4000
Stellar mass M. (Mg) 0.7
Stellar luminosity L... (L ?

UV excess 0.2
UV power law index

X-rays luminosity Lx (ergs‘l)

Disk inner radius Rin (AU)

Disk outer radius Rout (AU

Disk inclination
Surface density X ~ r—¢
Scale height at R;,

Disk flaring index H(r) = Ho ( R, ) 2
Fraction of PAHs w.r.t. ISM fran H
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Estimating the WATER RESERVOIR in the DISK

dust grain size distribution / disk dust mass
to reproduce cont emission at 1.3, 2.8 mm (Isella+ 2010):

“low dust opacity ” model “ high dust opacity ” model
M, = 0.1 Mo M, = 0.015 Mo
HZOgas ~1e-6 M® ~ 0.37 Mo HZOgas ~1.7e-7 Me ~ 0.06 Mo
H,O_ ~3e-4 Mo ~ 100 Mg H,O__~2e-5Me ~7 Mg

Since H20 lines are optically thick
disk and water masses are constrained with one order of magnitude uncertainty

Mdisk = 0.01 — 0.1 M®
> Minimum Mass of the Solar Nebula (MMSN) before planets formation

M(H20) ~ 7 - 100 Mg ~ 1e4 - 1e5 earth oceans

supports the scenario of

I impact delivery of water on terrestrial planets
by means of icy bodies forming in the outer disk



T™ Hye M0 1o~ 1, Mersohel W0

Hegerheijde+ 2011 M(H20)ice ~ 6300
Science M(H20)gas ~ 0.04

Thi et al. 2004
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ALMA test data

From M. Hogerheijde presentation
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Limits of Herschel observations and FUTURE perspectives

SENSITIVITY LIMIT !
----> Only three detections of low-exc H20 from outer disk

NO SPATIAL INFORMATION !!!!
(PACS ~9.4” - HIFI ~ 117-40")

----> difficult to disentangle envelope/jet/disk emission
----> only indirect constraints on H2O location in the disk (from the line profile)

>
To study H20 in disks WE NEED —

—

- FAR INFRARED SPACE INTERFEROMETER !!
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