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ABSTRACT

SOFIA, the Stratospheric Observatory for Infrared
Astronomy, is a Boeing 747 SP airplane with a 2.5 m
effective diameter telescope, a joint project of NASA
in the U.S. and the DLR in Germany. It is designed to
operate at altitudes from 12 to 14 km and wavelengths
from 0.3 um to 1.6 mm over a 20-year lifetime. The
telescope will be diffraction limited at wavelengths
beyond roughly 15 um, for example producing a point-
spread function ~8.5 arc seconds FWHM at 100 pm.
SOFIA's mobility will allow coverage of the entire sky
and enable unique observations of ephemeral events.
Nine first-generation focal plane instruments are being
built, with more to be added later. These attributes
assure SOFIA a vital role in future studies of the
interstellar medium and the solar system, as well as
other disciplines. Topics discussed here are: scientific
rationale, the observatory and its relation to other
facilities, the science instruments, some science
examples, the program status, and observing plans.

1. SCIENCE RATIONALE

The interstellar medium (ISM) plays a central role in
the evolution of our own and other galaxies. The ISM
is the repository of stellar ashes, injected by both gentle
winds and cataclysmic explosions. The effluent gas
and condensing dust eventually become raw materials
from which new stars and planetary systems form.
Enrichment with synthesized elements accompanies the
stellar life cycle, driving galactic evolution. Solid
particles and molecular, neutral atomic, and ionized gas
in the ISM are characterized by numerous spectral

features at infrared and submillimeter wavelengths
which enable astrophysics not possible in other bands.
Similarly, luminosities of embedded sources are often
revealed only as infrared re-radiation by interstellar
dust grains; the corresponding spectral energy
distributions (SEDs) yield important information about
the sources and the obscuring material. Magnetic
fields may align interstellar grains resulting in
polarized far infrared (FIR) emission, which can be
sensed by polarimetric measurements.

With SOFIA [1,2], observers will explore the gamut of
ISM topics: star formation; the Galactic Center; debris
disks; recycling of materials through the stellar life
cycle; the origin and evolution of biogenic materials;
shock, photodissociation, and photoexcitation physics;
and gas and grain chemistry. Imaging, spectroscopy,
and eventually polarimetry covering much of the
infrared spectrum will all be part of SOFIA's arsenal in
the attack on these and other important problems.

Equally fundamental topics in solar-system science
will also be studied from SOFIA. These include
composition and structure of planetary and satellite
atmospheres and rings, chemistry in comets, and sizes
and orbits of Kuiper-belt objects. Extra-solar planet
transits should also be observable.

SOFIA’s main attributes are shown in Table 1.
Basically, SOFIA will be a mobile “ground-based”
observatory operating in the lower stratosphere.
SOFIA’s long life and accessibility will foster new
instrument technology applications and permit
vigorous education and public outreach activities, as
well as enabling a unique science program.

Table 1. Basic SOFIA Attributes

Feature

Characteristic

Wavelength Range

Primary Mirror

Operating Altitude
Design Lifetime 20 years
Observing Program

Science Instruments

0.3 = 1600 pm, “UV to Radio”

Mobility All-sky coverage, ephemeral events “anywhere, any time”
2.7 m diameter (aperture 2.5 m)

12 — 14 km (37,000 — 45,000 feet)

flexible, annual proposal opportunities, international community
9 first-generation; in-flight access; new instrument technologies

Education/Public Outreach  teachers, media, public participation
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2. COMPARISON WITH OTHER FACILITIES provide wavelength coverage and temporal continuity

unmatched by other facilities operating at far-infrared
As with the KAO and shown in Fig. 1, SOFIAillw wavelengths.

Fig. 1. Far-Infrared Falities 1975 — 2025: wavelength coverage versus epoch.

The SOFIA and Herschel telescopes are factors of 3to angular resolutions (D, where D is the effective
4 larger in diameter than those previously operating in  telescope diameter ands the wavelength) will be the
the FIR, as shown in Table 2. Their diffraction limited highest available in the FIR this decade.

Table 2. Mid- and Far-Infrared TelepeoDiameters 1975 - 2025

Telescope KAO | IRAS | ISO | ASTRO-F | Spitzer | SOFIA | Herschel | WISE |JWST| SAFIR
Diameter (m) | 0.91 0.6 0.6 0.7 0.85 2.7 3.5 0.4 6.5 | 8-10

Fig. 2 plots the wavelength coverage of “high” angular ~ scale is the atmospheric transmission at low spectral
resolution infrared faciliies as a function of resolution, for aircraft and high ground-bound sites.
wavelength. Juxtaposed with the same wavelength The latter receive practically no 300 pm light

Fig. 2. Wavelength coverage and atmospheric transmission versus wavelength



