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The FIR/SMM region is unique in the electromagnetic spectrum in its po-
tential for vast increases in sensitivity and angular resolution, and, as a result,
information vital to our understanding of the evolution of structure in the uni-
verse. About half of the luminosity in the universe is emitted in the far infrared.
Evidence for this can be found both in the spectra of individual galaxies (Tren-
tham et al. 1999) and in the cosmic FIR/SMM background found by COBE
(Hauser et al. 1998; Fixsen et al. 1998; Dwek et al. 1998). JCMT/SCUBA
observations suggest that "a large population of luminous, strongly obscured
sources at redshifts ~ 5 is missing from optical surveys" and could account for
the background radiation (Blain et al. 1999). Future FIR/SMM measurements
of these sources have the potential to reveal the luminosity history of the uni-
verse and will provide insight into the processes of galaxy and star formation
and galaxy evolution.

Well understood mechanisms give rise to rest-frame FIR emission. A plethora
of important interstellar cooling and diagnostic lines are superimposed on a ther-
mal continuum produced by dust emission. The [C II] 158 uu: line, the brightest
line in the spectrum of our galaxy, comes from UV-illuminated molecular clouds
and provides a robust measure of star formation activity. FIR H20 and CO
lines serve as coolants and bear valuable information about the conditions in
collapsing clouds (Harwit et al. 1998; Neufeld 1998). Mid-IR neon line emission
can be used to distinguish thermal from nonthermal emissions (Voit 1992). FIR
spectral line observations are also needed to measure redshifts of optically ob-
scured sources. Line emission maps made with sufficiently high resolution would
allow us to study the dynamics of gas within distant galaxies and in merging
and interacting systems.

Comparing the Hubble Deep Field with the corresponding JCMTjSCUBA
observation one is struck by the need for better FIR/SMM resolution and the
high probability that such an improvement will payoff enormously. Despite its
respectable dish diameter (JCMT is 15 m), difficulties with source identification
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have hampered interpretation of the SCUBA image. Better sensitivity can be
achieved with much smaller cold mirrors in space, and the desired resolution
obtained with long interferometric baselines.

We have proposed two FIRjSMM interferometry missions: the Space In-
frared Interferometric Telescope (SPIRIT) and the Submillimeter Probe of the
Evolution of Cosmic Structure (Mather et al. 2000, Leisawitz et al. 2000).
SPIRIT and SPECS are Michelson interferometers that densely sample the u-
v plane to provide high quality images and simultaneously yield spectroscopic
data. They will be enabled by next-generation technology (Shao et al. 2000).
The main characteristics of these instruments are summarized in the table be-
low. Built on a deployable boom and launched in about a decade, SPIRIT would
provide baselines extending up to rv30-50 m. This would enable us to resolve the
cosmic IR background into discrete sources and make the spectroscopic measure-
ments needed to characterize them. Later SPECS will use separated spacecraft
to attain baseline lengths ranging up to 1 km. A natural complement to NGST
and ALMA, SPECS would provide a definitive observational basis for under-
standing the history of and the processes that drive the development of complex
structure from the homogeneous early universe.

Parameter SPIRIT SPECS
Wavelength range 40 - 500 J-lm 40 - 500 ust:
Spectral resolution up to 104 up to 104

Maximum baseline, bm a x f'J30-50 m 1 km
Number of collecting mirrors 2 3
Mirror diameter 3m 4m
Angular resolution, A/bm a x 2.1" for 300 iuu, 30 m 0.06" for 300 tun, 1 km
Field of view 3.4' 3.4'
Resolution elements 100 x 100 at 300 J-lffi 3,400 x 3,400 at 300 J-lm
Typical exposure time 3 x 104 S 3 X 105 s
Typical sensitivity, vS; (la)

At A/~A == 1,000 2 - 5 X 10-18 W/m2 0.5 - 2 x 10-18 W/m 2

At A/~A == 3 (SED mode) 0.3 - 2 x 10-19 W/m 2 0.3 - 1 x 10-19 W/m 2
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