Observations of late-type stars with the
Infrared Spatial Interferometer (ISI)

Stellar Interferometry and the ISI

Mid-IR studies of red giant stars and surrounding dust
changes over short and long time periods

High spectral resolution studies
new digital spectrometer-correlator
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World’s highest frequency radio
telescope interferometer,
operates at 27 THz (11 um).
Heterodyne detection using
13C16Q, lasers as local oscillators.
Geometric delays removed using
RF delay lines.

Currently located at Mt. Wilson
Observatory, a site noted for very
stable seeing.

Two telescopes in operation 1988
First fringes 1989

Third telescope 2003

Closure phase measured 2004

Telescopes designed for transport
as a standard semi-trailer

Pfund optical design,
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1 Meter A. Tip-tilt mirror location (mirror not shown)
B. Large Schwarzschild mirror mount

C. Optics table

65” f/3.14 parabolic primary, 80” flat mirror



Mid-IR (10 um) interferometry using heterodyne
detection. 5.5 m baseline separation between
auxiliary siderostats

Mike Johnson, Al Betz, Charles Townes
Phys. Rev. Lett, 33, 1617, 1974
Atmosphere shown to be stable enough for
interference fringes from Mercury.

Heterodyne spectroscopy of COZ2 on Venus and Mars.
Non-thermal emission at line center in Martian spectrum
Betz et al. Icarus 1977
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Interferometer scheme, examples of fringes
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Current system, spectrometer taps A1,A2,A3
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heterodyne signal to noise

At detector, E = E gcos(w t)+ Egcos(wt)+ Eycos(wyt + d)

EOQ is zero-point energy fluctuations,
one photon per root bandwidth per time

Power law detector forms product terms; including beat frequency
difference (and sum)
where w, = w, is the pertinent noise term

Johnson & Townes 2000
Optics Comm, 179, 183

S/N heterodyne o sqrt(Av) just like direct detection
however heterodyne detectors have limited b.w.

System noise temp at 11 um ~ hv/k = 1300 K

for wavelengths > 1 cm, amplifier noise will dominate
for 1 um, hv/k = 14000 K o
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ISI site. Teles. 1,2,3 are shown.
Cement pads for longest baselines EW
are A,B 85m. Longest NS baseline 3,C
~60m
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mid-IR deconvolution image
complex dust shells
(Kervella et al. 2011)

Aspects of Red Giant & Mira stars

Apparent size varies with wavelength, Keck aper. mask
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Stellar variations over time

Mira diameter changes over a

Betelgeuse visibility variations stellar luminosity period
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Zhao-Geisler et al., 2011, 11 um, measure FDD
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1 D profile Jansky/mas
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Uniform ellipse fits to visibility
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Opacity due to H- free-free
Radio continuum in green
Contours are SiO maser
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Emission, 22 GHz

Radio continuum in green
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Reid & Menten, 2007, ApJ, 671, 2068
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Long term studies: variations of o Her

Alp_Her photometry from AAVSO, Hipparcos, Wasatonic, DIRBE, and ISI visibility
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Betelgeuse 11 um UD size over 17 years
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O Cetl unlform dISk flts to visibilities on-off spectral line
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FPGA digital spectrometer-correlator
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Heterodyne spectrometer testing

Digital spectrometer R~600000
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Lab tests of correlator performance
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ab fringe 86 Hz bc fringe 107 Hz ca fringe 193 Hz

3 uncorrelated RF noise sources ~-8 dBm—3 “lasers” applied to 3 independent detectors
Lasers noise sources are combined with small RF correlated noise source ~-26 dBm
Correlated noise source modulated at: 1IMHz+193Hz, 1IMHz+107Hz, 1MHz.

10 sec of data

Correlated RF source is recovered at the appropriate audio frequencies: 86, 107, 93 Hz



DARPA program to image geo-synchronous satellites

Interferometry of geo satellites
10 cm resolution @ 36000 km
~3 nrad ~ 0.6 mas, Mv=11
Many samples in UV plane
Telescopes w/ /AO

linked with optical fibers

Move baselines in 5 min
Conduct meas. at Starfire in NM
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ISI| Vibration tests/Optical wavefront tests
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