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Targets & Relationship to Study 
Exoplanets and Planet Formation

(From a slide in 2009)
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(From a slide for Mission Required Document)
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Spectrum of a disk observed using Spitzer (upper) and a model (lower)
(Press Release in 2008)

(From a slide for Mission Required Document)
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(Gorti & Hollenbach 2004, M~1 Msolar, t~10 Myr)

Approximate detection limits of SPICA spectrographs,
assuming the distance of the target of 140 pc

(From a slide for Mission Required Document)



(From a slide for high-res. spectroscopy at TMT, Feb 2010)

Target Lines & Research Goals

H2 0-0 S(0) @28 µm, 0-0 S(1) @17 µm, etc.
Amount of warm gas, column density distribution

Evolution of the disk structure

Atomic/Ionic Forbidden Lines
Dissipation Timescale of the gas disk

              Formation scenario of gas giants
              Evolution of terrestrial planets

Other Molecular Lines
More details about physical/chemical conditions

               Conditions of ongoing planet formation

[Ne II] 12.8 μm
[Ne III] 15.5 μm
[Fe I]    24 μm
[S I]      25.2 μm
[Fe II]   26 μm
[Si II]   34.8 μm    etc.
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(Gorti & Hollenbach 2004) (Optically Thin,                    1000 K)
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(Spitzer Press Release in 2008)



(From a slide in 2007)



Comparisons with Other Missions

(From a slide in 2009)



(From a slide in 2009)

Comparisons with Other Missions



(Swinyard, private communication)

Comparisons with Other Missions
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(older plot + Subaru & TMT, from a slide
for high-res. spectroscopy at TMT)



(From my report for sensitivity)

Applied to the 
most of

the samples of
a large survey

with Spitzer-IRS
(Pontoppidan et al. 2010)

Comparisons with Other Missions



Priorities of modes in MCS

• MRS-L: High

• Would offer an unprecedentedly high sensivity at 20-40 μm

• HRS-L: High

• Would offer a combination of a high sensivitiy and spectral 
resolutions at 12-18 μm

• HRS-S: Medium

• Detailed studies with CO with a superb sensitivity would be 
exciting, but we would also see some progress with TMT.

• MRS-S: Medium

• Cannot beat JWST. Useful only for overcoming the time-variability 
problem of the targets, but may not be mandatory.



(Adapted from a slide for high-res. spectroscopy at TMT, Feb 2010)

SPICA     High Spectral Resolution & Sensitivity
Kinematics (thereby structures) in dozens of planet-forming regions
Physical/chemical conditions as a function or radius
Timescale for dissipation of gas disks @ T=100-1000 K

TMT     High Spectral & Angular Resolutions
Kinematics & structures in bright planet-forming regions
(minimizing emission contaminated from diffuse gas)
Effects of binary companions

JWST     Superb sensitivity (< 20 µm)
Timescale for dissipation of inner gas disks
Detailed physical/chemical conditions integrated over the entire 
region

Roles of SPICA, TMT & JWST
-We want all of them!-



Please go back to a slide and take 
questions



Appendix I

• Contaminating emission from jets & winds

• < 100 km s-1, thus H2 and atomic/ionic forbidden lines in MRS can 
be contaminated.

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

HL Tau (Takami et al. 2007)

[Fe II]
1.6 µm

H2
2.1 µm

1”

Airy disk of SPICA
@28 μm

Spectral resolution of MRS-L



Appendix II

• Spectro-astrometry

• requires good pixel sampling of PSF (FWHM> 3 pix.)

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

• not with HRS-L (FWHM=2.3 pix. @ 15 μm), but I personally agree with 
the present design priotizing the sensitivity & coverage

Spectro-astrometry of disk & jet emission
(Pontoppidan et al. 2008, Whelan et al. 2005)

200         100            0          100
V (km s-1)

200         100            0          100
V (km s-1)

In
te

ns
ity

P
os

iti
on

al
 O

ffs
et



Appendix III

• Deblending molecular bands

• works significantly better with MRCS-HRS than JWST-MIRI

• highly depend on temperature and composition of gas
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Appendix III

• Deblending molecular bands

• works significantly better with MRCS-HRS than JWST-MIRI

• highly depend on temperature and composition of gas
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