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Introduction

The Berkeley Infrared Spatial Interferometer (ISl) Is a three telescoggterodyne detection and interferometry
system located at the Mount Wilson Observatory. The 1.65m diameter

telescopes are mounted in senailers which allows them to be placeqhe |S| operates in the midfrared, near 1Im wavelength using [
In different configurations. A two telescope instrument first obtainecy unique heterodyne detection system. The ISI§62%0, laser
Interference fringes in 1988 and a third telescope was added in 2008¢al oscillators in each telescope to dewamvert starlight to
The ISl Is used to study giant evolved stars and the gas and dust S,’@“@.frequency (RF) baseband. Geometric delays are applied
that surround them. Of particular interest are the sizes and Shapesmitching lengths of coaxial cable, and signals from the three

these stars and their dust shells, and the changes in these quantiti%|escgpe pairs are combined to produce interference fringes. =
with time.

The amplitudes and phases of the interference fringes provide Y5
high angular resolution information about sources. For telescog

with a baseline separati@) the angular resolution is "
proportional tal/2B. The normalized fringe amplitude, or
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Charles Townes cleans a siderostat visibility, is defined as v P
mirror with a stream of C&snow. PP,

: : 5 The 3 telescope ISI in an\l linear configuration. The baselines are 4,8
whereFP is the fringe power, ank, Is the total power detected and 12 m. Light from the sky reflects off the tilted flat mirrors to vertical

by telescopa. With three telescopes, ISI also measures the parabolas. It is then focused through holes in the flat mirrors to detectors

closure phase The master laser oscillator is in the building with the 3 periscopes that se
laser light to the telescope trailers. The control room is at the left.

Observations of Betelgeuse
Visibility and closure phase data of Betelgeuse and fits to simple models 2608010

The red supergiant Betelgeuse@ri) iIs among the besttudied stars. 2006 2007 2008 2009 2010
IS| diameter measurements over the last 18 years are shown below.
These measurements provide a new {tBrgy observable for Baseline 12
comparison to stellar theory and numerical models. Baseline 31
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Diameter of Betelgeuse measured at 11udbvs. time. Black pts. Townes
et al., 2009. Green pt. 11.18n from Perrin et al., 2007, using the VLT
Interferometer. Red pts. ISI 2010 recent analysis.

Observations in various optical and IR bands (e.g. Young et al. 2000;
Haubois et al. 2009) show a patchy surface. Hot spots are predicted to
arise from large convection cells on the surface (Schwarzschild 1975).
2006 ISI observations (Tatebe et al. 2007) revealed a possible hotspot on
the southern edge of the star. The ISI was tuned to operate girhl.15
wavelength, between atmospheric spectral lines, to probe continuum
emission. Here we present new analyses of |SI data from 2006
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| | | Top row: Betelgeuse visibility measurements 200810. Abscissae are in Spatial Frequency Units (1 SFUxy@rad?).
Left upper: effective temperatures afOri at 11mfor each observing epoch. The  Middle row: Closure phase measurements as a function of baseBngogition angle. Visibility, closure phase and absolute flux
temperature is based on the stellar fraction of the total flux and uniform disk (UD) Sizg, o o o\ rements were calibrated on a nightly basis using observatieriEaot Bottom row:A spherically symmetric extended
Left lower: corresponding V magnitude afOri with our observations bounded by red . SR .
lines. Each point represents a-88y average of AAVSO data. a_tmospherlc layer was modeled, after analytic visibility models for point sources were subtracted f_rom the data. Arl@sgm
Right: ISI UV sampling for 2008, Ori observationsRed, green and blue points denote diameter of 43.71 mas and surface temperature of 3641 K were used (Perrin et al. 2004). The point sources are ovegaid

data from telescope baseline,12-3 and 31 respectively. disks, with radii proportional to intensity.

Interferometry with high spectral resolution
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At present the ISI has a spectral resolution of 5000 (double sideband - ..#
We are building a new digital spectrometerrelator system with a .
spectral resolution of 600,000 (the sidebands will be superimposed). %
Previous spectroscopinterferometry was performed using an analog
filter bank to study the distribution of NFind SiH around IRC+10216
and VY Cma (Monnier et al. 2000). The spectrometarelator uses
high speed FPGA processors and the work is being done in collaboration
with the Center for Astronomical Signal Processing and Electronics RE signals from the telescopes after the delay lines (inputs AL, A2, A3) are

Research (CASPER). Visibility and closure phase measurements W'I(!Ii fized at 6 GigaSamples/sec, windowed and Fourier transformed. Subsets of
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obtained simultaneously eand-off individual spectral lines. The goal IS the 64 spectral channels are swapped between the boards for complex Spectra of Venus. The abscissa is the frequency offset from the
to measure the distribution of OH anddimolecules in evolved stellar multiplication every 21 ns over the 10 Gbps XAUI links. Data is integrated over 13CO, R(6) LO line at 918.744 c#(10.884,m). The same
atmosphereskExploratory measurements in spectral regions with and 1 ms intervals and then sent to a server. Interference fringes are recordedinall | i ne i n Venus6 at mosphere apfg
without a water line using the full ISI bandwidth show significant spectral channels simultaneously. Doppler shift and_the line at 1950 MHz is_ tRe€O, P(46) line.
differences in the visibilities. Lo T T The bro_ad curve is the tellurtiéCO, P(46) line centered at 768
S osb | | | | AR LAt R o MHZ; itis pressure broadened to a halidth of ~3 GHz. T_he
S s e o Ceti Bondposs Comparison 2 F ‘ | OH | 2500K 3510"3 3 600 MHz region is contaminated by RFI. The data set involved
. Continuum 1527 1185 g oy 5 06F R Y Jroe g chopping between the sky and a cold load at 140 Hz, and
JL w /”\/W’\N [l “PENNM oriomumome g 04f | ] position switching ornd-off the source; the net time -@ource
’ ‘ ‘ o L oz ot & e e e £ P | T 31072 was about 7 minutes. Observations were made at two
e wo wa we e 8 f ™ ook 1,02 g telescopes simultaneously.
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