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Abstract:

Astronomical studies at infrared wavelengths have dramatically improved our understanding of the universe, and observa-
tions with Spitzer, the upcoming Herschel mission, and SOFIA will continue to provide exciting new discoveries. The rela-
tively low angular resolution of these missions, however, is insufficient to resolve the physical scale on which mid- to far-
infrared emission arises, resulting in source and structure ambiguities that limit our ability to answer key science questions.
Interferometry enables high angular resolution at these wavelengths - a powerful tool for scientific discovery. We will build
the Balloon Experimental Twin Telescope for Infrared Interferometry (BETTII), an eight-meter baseline Michelson stellar in-
terferometer to fly on a high-altitude balloon. BETTII's spectral-spatial capability, provided by an instrument using double-
Fourier techniques, will address key questions about the nature of disks in young star clusters and active galactic nuclei
and the envelopes of evolved stars. BETTII will also lay the technological groundwork for future space interferometers.

Design and fabrication of BETTII will be greatly simpli-
fied through our collaboration with the Far-Infrared
Telescope Experiment (FITE) team in Japan, led by H.
Shibai. FITE will provide the first demonstration of the
technical feasibility of a balloon-borne interferometer,
and BETTII will build on that experience to provide
: e spatial-spectral data for studying star formation,
Far.Jnfrare-d Te|e‘scope Experiment (F|TE) evolved stars, and active galactic nuclei (AGN)
Courtesy,.H..Shibai-and the FITE team

™~

\ [

Stellar Imager
Stellar dynamos

Scientific Objectives and Technical Requirements

The high angular resolution data provided by BETTII will be valuable for
exploring important scientific questions; our primary target for BETTTII's
first flight will be a star formation region (Serpens); secondary observa-
tions willl allow us to examine evolved stars (u Cep) and AGN (NGC

1068). The scientific objectives lead directly to the technical requirements
for BETTII.

Our scientific goals lead to technical requirements for BETTIl. We list the most significant of these here.
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Balloon Interferometers

- Parameter Value Science Requirement Instrument Requirement
Ground-based HIE, Bel T Black Hole Imaaer 0.01 Field-of-View 2 arcmin Coverage of young star clusters 8x8 detector arrays
Interferom / - ;{.?g as‘:{.% h“gﬁ;s ' Sensitivity <10 Jy, 50, 10min.| Detection of cores in star clusters |Siderostat size, cryo-detectors
Small Space i - : Spectral Resolution |R~20 Detection of broad spectral features | Delay line stroke length (>1.8mm)
Interferometers | 1 10 Wavelength (micron) 1000 Spatial Resolution |1 arcsec Resolution of cores 8-meter baseline, Metrology'
SPIRIT, FKSI, MAXIM-PFy Wavelength Range  [30-90 um Map warm dust BUG detector arrays
Sl Pathfinder, Pegage BETTII fills a critical need for high angular resolution in the FIR, with an- Pointing Stability 1.5” Control of beam drift Star Camera, Ring Laser Gyro
: ; _ : Pointing Jitter 0.1”7,>10 Hz NIR fringe tracking capabilty Stiff structure, vibration damping
2005 2010 2015 2020 2025 and beyona gular resolution 20x better than Spitzer at 30-50um, a band outside the Pathlength Knowledge |0.2 um, >10 Hz | Knowledge of interferometric phase | Laser metrology

Angular Resolution (arcsec)

range of both JWST and Herschel. At 60-90um, BETTII will provide an-

BETTIl occupies a central place in the progression towards space-based
gular resolution 6x better than Herschel.

interferometry. It will provide a clear demonstration of the technologies and
methods needed for future space interfoerometers.

Footnote 1 - Spatial resolution is primarily dependent upon knowledge and control of the optical path lengths, not siderostat pointing.
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While BETTII faces several important technical challenges, we have attempted
to develop mitigation strategies for each. Further, by addressing these issues \
with BETTII, we reduce risk for future space-borne interferometers.

Development of BETTII will be undertaken through a collaboration
between NASA's Goddard Space Flight Center and the University
of Maryland, College Park, as well as with the FITE team in Japan.
For further details, please contact S. Rinehart.




