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The US optical/infrared system would greatly benefit from improving community access to and familiarity with OIR interferometry.   This white paper addresses several of the Academies’ questions, including (3) the U.S. community’s need for access to these OIR facilities, (4) what could be done to realize the goals of the decadal survey, (5) the role of a national observatory, and (8) ensuring that future astronomers have the relevant skills.

Very high spatial resolution at optical and infrared wavelengths beyond that provided by next-generation giant telescopes is key to fully understanding a range of astrophysical phenomena, and long-baseline OIR interferometry is the only means for obtaining such data. Just as radio interferometry was the key to high resolution studies of low temperature/low density structures, OIR interferometry is essential for high resolution studies of warm, dense targets.

The decadal report panel reviews identified numerous areas in which OIR interferometry will be needed to fulfill the decadal goals.  These areas include characterizing exozodiacal disks and protoplanetary disks, particularly the inner parts that are strongly affected by the stellar magnetosphere; the effects of rotation and magnetic fields on stars; and the enlarged radii of active M dwarfs.

However, OIR interferometry is still not widely used, in part because instrumentation and data analysis are not at the level of maturity that, e.g., radio interferometry has reached, and in part because the U.S. interferometry groups are too small to provide a high level of user support on their own.  The OIR panel report to the decadal survey recommended that NSF develop a program at a level of ~$3M/yr to support interferometry operations in return for public support and to support community resources for developing new users.  We urge NSF to follow through on this recommendation.  We note that none of the proposals funded in the latest round of MSIP awards is focused on community access.  

Support for community access would benefit the U.S. OIR system in three ways.  It would broaden the range of research and increase the scientific output of the current instruments.  It would prepare young researchers for using this technique.  Finally, it would encourage further technical developments.  Whatever form this support takes, it is critical to the growth of interferometry in the U.S. OIR system, which does not operate on the European model of a single large facility, VLTI.  The web site of the U.S. Interferometry Consortium (usic.wikispaces.com) is a rich source of information about OIR interferometry, including links to individual interferometers and to white papers submitted to the Decadal Survey.
OIR interferometry is producing an increasing number of important results across a broad range of stellar astrophysics.  We cite only a few examples:  Imaging the brightness distributions, shapes, and sizes of rapidly-rotating stars, with implications for atmospheric and internal structure.  Spatially resolving Cepheid pulsations and measuring the projection factor p needed to convert pulsational radial velocities to physical expansion velocities.  Characterizing exoplanet host stars, including Teff determined directly from angular diameter and magnitude.  Directly determining the most fundamental stellar quantities – mass, radius, and luminosity – from resolved binary orbits at milliarcsecond levels, as well as angular diameters of hundreds of stars across the H-R diagram.  Resolving dust and gas disks around young stars, supergiants, Cepheids, and Be stars, particularly including the images of the primary of  Aur being eclipsed by the dust disk surrounding the secondary.
The growth of OIR interferometry is part of a decades-long evolution in astrophysics and instrumentation toward higher spatial resolution.  In one wavelength regime after another, we have surpassed the resolution limits of practical single telescopes by turning to interferometer arrays: decimeter wavelengths in the 1960s and 1970s (e.g., Westerbork, the VLA), centimeter and millimeter wavelengths in the 1980s and 1990s (BIMA/OVRO), and now submillimeter wavelengths (SMA, and now ALMA).  NASA recognizes that this trend will continue:  the NASA 30-year roadmap in astrophysics describes six OIR formative and visionary missions – and three of them are interferometric!

At the present, OIR interferometry is at a stage of development very similar to that of radio interferometry in the 1970s.  An illustration of this comparison is shown in the figure.  
[image: image1.jpg]1000

100

Integrated Totals
5

Refereed Science Papers from
Ground-based Interferometric Arrays

-~ Optical
-#-Radio (+32 yr)

0 o2 O G o o B O
LSPGO RN S
FPLLFE ST

Year of Publication



 

Aside from individual ramp-up profiles, the trends are remarkably similar, even though on this scale radio interferometry commissioned the 27-telescope VLA in 2006, whereas optical interferometry is still operating with facilities of 2 to 6 telescopes.  The trend in increasing output of OIR interferometry will continue, particularly in view of advances in integrated optics, low-noise detectors, the application of adaptive optics to interferometry, and the larger apertures now operating at the LBT’s interferometer and planned at NPOI and MROI.  
In summary, we urge full and robust funding to the community access plank of the MSIP program.  It is an essential tool for developing observing techniques of the future and for enabling, through the U.S. OIR System, unique science possible only from certain specialty techniques.
Comparison of the running totals of refereed science publications in optical and radio interferometry, i.e., excluding instrumental and conference proceedings.  Radio astronomy began in the 1940’s, and modern optical interferometry in the 1970’s.  The radio data has been offset forward in time to account for the different effective starting dates.
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