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Spectrograph stabilization using a single-delay interferometer on the
Hale Telescope
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Abstract. Astrophysics demands extremely stable wavelength measurements, e.g. few cm/s scale Doppler radial ve-
locimetry for Earth-like planet detection or multi-year cosmic redshift drift measurements. We observed large (~0.6
cm~! at 4800 cm™!) bipolar and irregular nonlinearities in the spectra measured by the TripleSpec near infrared dis-
persive spectrograph mounted on the Hale Telescope. In this region ThAr calibration lines are sparse (separated from
science features greater than irregularity width). We added an optical interferometer in series with the TripleSpec to
form an externally dispersed interferometer (EDI), which embeds the spectra with a periodic sinusoidal comb, also
called fringes. By combining fringing with nonfringing signals with strategically chosen weights (called “crossfad-
ing”), we can dramatically reduce irregularities in the output spectrum during analysis. Simulations showed a factor of
~20x reduction of an imposed disperser wavenumber offset error in a single pass, for an isolated feature. For iterative
application, simulations showed 6 orders of magnitude reduction of an imposed offset of 0.5 cm~! [31 km/s Doppler
at 4850 cm 1] reduced in 6 iterations to 4x10~7 cm~1[2.5 cm/s at 4850 cm—!]. This work is preliminary but shows
promise for some spectroscopic applications where spectral calibration lines are sparse and a laser frequency comb
not practical. Use of the fringing signal can also double the effective spectral resolution without changing disperser
slit width or grating.
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