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Planetary Systems: Objective #2
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 We will reveal the format|on mechanism of gas giant planets and initial
condition of terrestrial planet formation, by observing the dissipation of gas
and their structural evolution in planet- formmg regions.
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* With unprecendented sensitivity at 20-40 um, we will survey for emission
lines which could be (or are) associated with warm %( s (100-1000 K) in
protoplanetary disks. Using lines associated with disks, we will measure the
amount of gas and how it varies with stellar mass and ages.
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« We WI|| elucidate the geometric, physical and chemical structure of proto-
planetary disks by measuring the motion of gas with high-dispersion infrared
spectroscopy.
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Evolution of Gas Disks in Planet-Forming
Regions

Theories suggest important roles of gas for
planet formation. These include (1)
gravitational instability which could form
planets without dust accumulation, and (2)
gas drag on solid material, determining the
population and orbits of terrestrial planets.

* IR Spectroscopy at 4-40 um is a powerful
tool for observing planet-forming regions

 Space telescopes allow such observations
at any wavelength with high sensitivites.
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Spectrum of a disk observed using Spitzer (upper) and a model (lower)
(Press Release in 2008)
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Evolution of Gas Disks in Planet-Forming
Regions
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 High-res. spectroscopy would allow
us to observe the evolution of disk

structture due to planet formaion. _’ —
(Bryden et al. 1999) 20 km's’!

(From a slide for Mission Required Document)




Target Lines & Research Goals

aH, 0-0 S(0) @28 um, 0-0 S(1) @17 um, etc.

2 Amount of warm gas, column density distribution
— Evolution of the disk structure

g ’ ; : ‘Ne ll] 12.8 pm
#1 Atomic/lonic Forbidden Lines Ne 1] 15.5 pm
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NASA / JPL-Caltech / J. Carr (Naval Research Laboratory) ssc2008-06a

(Spitzer Press Release in 2008) (Lahuis et al. 2007)
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Comparisons with Other Missions
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Comparisons with Other Missions
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Comparisons with Other Missions

T Y —— ‘ﬁ‘ﬁrrti

Herschel SPIRE

COMICS i/
e

O |
Herschel PACS

- TMT
ot R=104 , ~— SPICA FIRSOAP
: spitzer IRS ]

3
>

SPICA /SAFARI

I
<

Q

‘ SPICA R GOAL

¢ . . P 74 -
Detection Limit 5—o 1 Hour (W m 2:

1
8]
Q
—

(-

N
)
-
=
~—
(-
D
O
I
o
|
O
ppand
£
|
-
O
S
O
O
)
)
(@

JWST-MIRI .\

| B T A R | -111111‘

| III | | 1 ol 11 11 u 1 ! 1 Ll
100 1000 TR
Wavelength (um) Wavelength (um)

(older plot + Subaru & TMT, from a slide
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Comparisons with Other Missions

Table 8: Improved Sensitivity Comapred with Spitzer-IRS

Instrument R Factor of Improvement
continuum unresolved lines

JWST 3000 ~12 ~60) (Front < 10 mJy)

‘ (Front > 100-350 mJy)
SPICA 1000 ~'T (Feont < 10 mJy)

50 (Frome > 100 350 mJy)
30000 ~1/4 (Front < 100-350 mJy)

(Frone > 400-1400 mJy)

Table 9: Improved Sensitivity Comapred with JWST-MIRI

Instrument R Factor of Improvement
continuum unresolved lines

SPICA 1000 NJ./Z ‘ (tiont. < 10 Ill.]}')
' (Front > 10 mJy)
30000  ~1/50 ' (Front < 10 mJy)

(Frony > 4001400 mJy)

(From my report for sensitivity)

Applied to the
most of
the samples of
a large survey

with Spitzer-IRS
(Pontoppidan et al. 2010)




Priorities of modes in MCS

® HRS-L: High

® Would offer a combination of a high sensivitiy and spectral
resolutions at |2-18 pm

® MRS-L: High
® Would offer an unprecedentedly high sensivity at 20-40 pm
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Roles of SPICA, TMT & JWST

-We want all of them!-

BSPICA—High Spectral Resolution & Sensitivity

a1 Kinematics (thereby structures) in dozens of planet-forming regions
a4 Physical/chemical conditions as a function or radius
A Timescale for dissipation of gas disks @ 7T=100-1000 K

ATMT— High Spectral & Angular Resolutions

| Kinematics & structures In bright planet-forming regions
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Please go back to a slide and take




Appendix |

® Contaminating emission from jets & winds
e < |00 km s, thus H, and atomic/ionic forbidden lines in MRS can
be contaminated.

® could be discriminated using spectro-astrometry (see Appendix Il)
and/or models of line flux ratios
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Appendix Il

® Spectro-astrometry
® requires good pixel sampling of PSF (FWHM> 3 pix.)

® probably ok with MRS-L (FWHM=4.3 pix. @ 28 um) for discriminating
emission between disks and jets/winds

® not with HRS-L (FWHM=2.3 pix. @ 15 pm), but | personally agree with
the present design priotizing the sensitivity & coverage
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Appendix Il

® Deblending molecular bands

® works significantly better with MRCS-HRS than JWST-MIRI
® highly depend on temperature and composition of gas

MRC-HRS (R=3x10%)
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Appendix Il

® Deblending molecular bands

® works significantly better with MRCS-HRS than JWST-MIRI
® highly depend on temperature and composition of gas
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