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Introduction 
 

The Berkeley Infrared Spatial Interferometer (ISI) is a three telescope 

system located at the Mount Wilson Observatory.  The 1.65m diameter 

telescopes are mounted in semi-trailers which allows them to be placed 

in different configurations. A two telescope instrument first obtained 

interference fringes in 1988 and a third telescope was added in 2003. 

The ISI is used to study giant evolved stars and the gas and dust shells 

that surround them. Of particular interest are the sizes and shapes of 

these stars and their dust shells, and the changes in these quantities 

with time.  

Heterodyne detection and  interferometry  

 

The ISI operates in the mid-infrared, near 11 m wavelength using 

a unique  heterodyne detection system. The ISI uses 13C16O2 laser 

local oscillators in each telescope to down-convert starlight to 

radio-frequency (RF) baseband. Geometric delays are applied by 

switching lengths of coaxial cable, and signals from the three 

telescope pairs are combined to produce interference fringes.  

 

The amplitudes and phases of the interference fringes provide 

high angular resolution information about sources.  For telescopes 

with a  baseline separation B, the angular resolution is 

proportional to /2B. The normalized fringe amplitude, or 

visibility, is defined as 

 

 

where FP is the fringe power, and Pn is the total power detected 

by telescope n.  With three telescopes, ISI also measures the  

closure phase. 

Observations of  Betelgeuse 
 

The red supergiant Betelgeuse (  Ori) is among the best-studied stars. 

ISI diameter measurements over the last 18 years are shown below.  

These measurements provide a new long-term observable for 

comparison to stellar theory and numerical models. 

Top row:  Betelgeuse visibility measurements 2006--2010.  Abscissae are in Spatial Frequency Units (1 SFU = 105 cyc/rad-1). 

Middle row:  Closure phase measurements as a function of baseline 2-3 position angle. Visibility, closure phase and absolute flux 

measurements were calibrated on a nightly basis using observations of  Tau. Bottom row: A spherically symmetric extended 

atmospheric layer was modeled, after analytic visibility models for point sources were subtracted from the data.  An assumed UD 

diameter of 43.71 mas and surface temperature of 3641 K were used (Perrin et al. 2004).  The point sources are overlaid as white 

disks, with radii proportional to intensity. 

Left upper: effective temperatures of  Ori at 11 m for each observing epoch. The 

temperature is based on the stellar fraction of the total flux and uniform disk (UD) size. 

Left lower: corresponding V magnitude of  Ori with our observations bounded by red 

lines.  Each point represents a 30-day average of AAVSO data.  

Right: ISI UV sampling for 2009  Ori observations. Red, green and blue points denote 

data from telescope baselines 1-2, 2-3 and 3-1 respectively. 

Interferometry with high spectral resolution 
 

At present the ISI has a spectral resolution of 5000 (double sideband) . 

We are building a new digital spectrometer-correlator system with a 

spectral resolution of 600,000 (the sidebands will be superimposed).  

Previous spectroscopic-interferometry was performed using an analog 

filter bank to study the distribution of NH3 and SiH4 around IRC+10216 

and VY Cma (Monnier et al. 2000).  The spectrometer-correlator uses 

high speed FPGA processors and the work is being done in collaboration 

with the Center for Astronomical Signal Processing and Electronics 

Research (CASPER).  Visibility and closure phase measurements will be 

obtained simultaneously on-and-off individual spectral lines. The goal is 

to measure the distribution of OH and H2O molecules in evolved stellar 

atmospheres.  Exploratory measurements in spectral regions with and 

without a water line using the full ISI bandwidth show significant 

differences in the visibilities.  

References 

Danchi et al. 1994, AJ, 107, 1469 

Haubois et al. 2009, A&A, 508, 923 

Monnier et al. 2000, ApJ, 543, 868 

Perrin et al., 2007, A&A, 474, 599 

Perrin et al., 2004, A&A, 418, 675 

Schwarzschild 1975, ApJ, 195, 137 

Tatebe et al. 2007, ApJL, 670, L21 

Townes et al. 2009, ApJ, 697, L127 

 The 3 telescope ISI in an E-W linear configuration.  The baselines are 4,8 

and 12 m. Light from the sky reflects off the tilted flat mirrors to vertical 

parabolas. It is then focused through holes in the flat mirrors to detectors. 

The master laser oscillator is in the building with the 3 periscopes that send 

laser light to the telescope trailers.  The control room is at the left.   

Left upper: continuum spectral region of o Ceti, dashed lines show ISI detection 

bands.  Left lower: H2O line region.  Right panel: visibility squared of o Ceti, 

on-and-off H2O line (11.149 m =896.94 cm-1 11.086 m =902.04 cm-1).  From 

Weiner et al. (2003). 

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 at 11.15 m 

wavelength, between atmospheric spectral lines, to probe continuum 

emission. Here we present new analyses of ISI data from 2006-10.  

Diameter of Betelgeuse measured at 11.15 m vs. time.  Black pts. Townes 

et al., 2009.  Green pt. 11.15 m from Perrin et al., 2007, using the VLT 

interferometer.  Red pts. ISI 2010 recent analysis. 

Continuum 

H2O line 

Visibility and closure phase data of Betelgeuse and fits to simple models 2006—2010 

Atmospheric transmission vs. frequency (upper blue curve).  

Predicted intensities of OH (black) and H2O (green) lines are 

shown as "stick spectra." Available laser line frequencies are 

indicated by red and blue + symbols. 
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Spectra of Venus.  The abscissa is the frequency offset from the 
13CO2 R(6) LO line at 918.744 cm-1 (10.884 m).  The same  

line in Venus’ atmosphere appears at 1181 MHz due to the 

Doppler shift and the line at 1950 MHz is the 12CO2 P(46) line.  

The broad curve is the telluric 12CO2 P(46) line centered at 768 

MHz; it is pressure broadened to a half-width of ~3 GHz. The 

600 MHz region is contaminated by RFI.  The data set involved 

chopping between the sky and a cold load at 140 Hz, and 

position switching on-and-off the source; the net time on-source 

was about 7 minutes.   Observations were made at two 

telescopes simultaneously. 

RF signals from the telescopes after the delay lines (inputs A1, A2, A3) are 

digitized at 6 Giga-Samples/sec, windowed and Fourier transformed. Subsets of 

the 64 spectral channels are swapped between the boards for complex 

multiplication every 21 ns over the 10 Gbps XAUI links.  Data is integrated over 

1 ms intervals and then sent to a server. Interference fringes are recorded in all 

spectral channels simultaneously. 

 

Overlaid numbers:  Lower-left: UD radius (mas), UD fraction of total flux, and point source fraction of total flux.  Upper-right:  parameters of 

extended atmosphere: radius (mas), temperature (K), and optical depth. 
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