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Abstract: A fixed-delay interferometer placed in series with Cornell’s planned TripleSpec near-infrared
spectrograph at Mt. Palomar’s 200 inch telescope will greatly improve its Doppler velocity precision and
effective spectral resolution. Phased-stepped data are taken with a uniform phase across the beam, allow-
ing 1-pixel high beams such as in echelle grating spectroscopy, 1-dimensional imaging spectroscopy, or
with densely packed multiple targets placed along the slit.
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Externally Dispersed Interferometry (EDI) is a relatively new technique[1-17] for boosting the resolution and stability
of spectrographs measuring Doppler radial velocities or broadband high resolution spectra. A fixed-delay interferom-
eter placed in series with a spectrograph. Multiplication by the sinusoidal interferometer transmission heterodynes
narrow spectral features down to lower spatial frequencies along the dispersion direction, forming beats or moire pat-
tens in the spectrum (Fig. 1). These carry spectral information otherwise unresolvable by the spectrograph used alone
(Fig. 2). The moire patterns shift in phase in proportion to the stellar Doppler velocity.
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Fig. 1. [Left] Method of externally dispersed interferometry (EDI). The moire patterns containing Doppler and high resolution
information are detectable even under spectrograph blurring. “Multiphase” data taking mode is shown. [right] Schematic of
an EDI for Mt. Palomar 200 inch[12, 14].
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Fig. 2. [Top] Instrument response in Fourier domain for conventional (dashed peak) and EDI heterodyning (bold peak). [Be-
low] Fourier transform of derivative of a stellar spectrum (nonrotating, theoretical[15]), indicating ability to elicit a Doppler
signal. The conventional instrument response is limited to the region near the origin, and thus does not overlap much Doppler
content. In contrast, for the EDI the peak is at higher feature frequencies (selected by the delay) where the stellar Doppler
content is greater. Thus the EDI has a much larger Doppler sensitivity. Stellar rotation will attenuate the highest feature
frequencies, reducing the optimum delay.

EDI dramatically reduces the resolution and stability requirements of the associated spectrograph. Recently, a new
planet has been found by a University of Florida group[13, 16, 17] using the EDI technique on a low resolution
spectrograph otherwise insufficient to reliably detect planets. Concomitant EDI advantages are reduced spectrograph
engineering constraints, higher throughput, compactness and low mass, easier environmental control, and dramatically
less expense. With EDI it is now feasible to place a sensitive Doppler spectrograph system on a small airborne or
spaceborne platform, passively detecting the radial motion of sunlit targets. Previously, such instruments would weigh
several tons and be of few meters scale.
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Fig. 3. Two modes of acquiring phased fringing spectra: in multiphase (left), the interferometer phase varies along the
spectrograph slit to acquire all phases at once. In uniphase (right) the phase is spatially uniform within each of two com-
plementary (0° and 180°) interferometer outputs, and both phases are incremented once versus time via piston motion of an
interferometer mirror to acquire 90° and 270° phase data. (A minimum of three phase samples around the circle are needed
to separate the moire and ordinary spectral components.)

A National Science Foundation funded project is underway to place an EDI on the TripleSpec near-infrared

spectrograph[18] being constructed by Cornell University at the Mt. Palomar 200 inch telescope, to search for planets
around cool stars[12, 15, 14]. Since the TripleSpec is an echelle spectrograph that uses the transverse dimension on the
CCD chip to detect multiple grating orders, the EDI data will be taken in the “uniphase” mode instead of “multiphase”
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mode typical of previous linear grating spectrograph EDI’s (Fig. 3). The uniphase mode is technologically interesting
because it allows essentially 1-pixel high beams not possible with the multiphase mode, (where the phase varies
spatially across many pixels). This in turn allows 1-dimensional imaging spectroscopy, or the dense placement of
multiple sources along the instrument entrance slit with minimal spacing between sources.

This work was performed under the auspices of the U.S. Department of Energy by the University of California,
Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48.

References

1. D. Erskine, “Single and Double Superimposing Interferometer Systems,” US Patent 6,115,121, Issued Sept. 5, 2000.

2. D. Erskine, “Combined Dispersive/Interference Spectroscopy for Producing a Vector Spectrum,” US Patent 6,351,307, Issued Feb. 26, 2002.

3. D. Erskine and J. Ge, “Novel Interferometer Spectrometer for Sensitive Stellar Radial Velocimetry,” in Imaging the Universe in Three Dimen-
sions: Astrphys. Advncd. Multi-Wavel. Imaging Devices, W. van Breugel and J. Bland-Hawthorn, eds., ASP 195, p. 501, 2000.

4. J. Ge, D. Erskine, and M. Rushford, “An Externally Dispersed Interferometer for Sensitive Doppler Extra-solar Planet Searches,” PASP 114,
pp. 1016-1028, 2002.

5. D. Erskine, “An Externally Dispersed Interferometer Prototype for Sensitive Radial Velocimetry: Theory and Demonstration on Sunlight,”
PASP 115, pp. 255-269, 2003.

6. J. Ge, “Fixed Delay Interferometry for Doppler Extrasolar Planet Detection,” ApJ 571, pp. L165-168, 2002.

7. J. Ge, “Erratum: Fixed Delay Interferometry for Doppler Extrasolar Planet Detection,” ApJ 593, p. L147, 2003.

8. D. Erskine, J. Edelstein, M. Feuerstein, and B. Welsh, “High Resolution Broadband Spectroscopy using an Externally Dispersed Interferom-
eter,” ApJ 592, pp. L103-L106, 2003.

9. D.J. Erskine and J. Edelstein, “Interferometric Resolution Boosting for Spectrographs,” in Ground-based Instrumentation for Astronomy. Ed.
by A. Moorwood and I. Masanori., SPIE 5492, pp. 190-199, Sept. 2004.

10. D. Erskine and J. Edelstein, “High-resolution Broadband Spectral Interferometry,” in Future EUV/UV and Visible Space Astrophysics Missions
and Instrumentation, ed. J. C. Blades, O. H. Siegmund, SPIE 4854, pp. 158-169, Feb. 2003.

11. J. Edelstein and D. Erskine, “High Resolution Absorption Spectroscopy using Externally Dispersed Interferometry,” in UV, X-ray & Gamma
Ray Astr. Space Instrm., SPIE 5898, August 2005.

12. D. Erskine, J. Edelstein, D. Harbeck, and J. Lloyd, “Externally Dispersed Interferometry for Planetary Studies,” in Technig. & Instrm. for
Detect. Exo-planets, SPIE 5905, August 2005.

13. J. C. van Eyken, J. Ge, S. Mahadevan, and C. DeWitt, “First Planet Confirmation with a Dispersed Fixed-Delay Interferometer,” ApJ 600,
pp- L79-L82, Jan. 2004.

14. J. Edelstein, D. J. Erskine, J. Lloyd, T. Herter, M. Marckwordt, and M. Feuerstein, “The TEDI instrument for near-IR radial velocity surveys,”
in Ground-based and Airborne Instrumentation for Astronomy. Ed. by I. McLean and I. Masanori., SPIE 6269, July 2006.

15. D. J. Erskine, J. Edelstein, J. Lloyd, and P. Muirhead, “Noise studies of externally dispersed interferometry for Doppler velocimetry,” in
Ground-based and Airborne Instrumentation for Astronomy. Ed. by I. McLean and I. Masanori., SPIE 6269, July 2006.

16. J. Ge, J. van Eyken, S. Mahadevan, C. DeWitt, S. R. Kane, R. Cohen, A. Vanden Heuvel, S. W. Fleming, P. Guo, G. W. Henry, D. P.
Schneider, L. W. Ramsey, R. A. Wittenmyer, M. Endl, W. D. Cochran, E. B. Ford, E. L. Martin, G. Israelian, J. Valenti, and D. Montes, “The
First Extrasolar Planet Discovered with a New-Generation High-Throughput Doppler Instrument,” Astrophys. J. 648, pp. 683-695, Sept.
2006.

17. B.Zhao and J. Ge, “An optical spectrograph design for a new-generation multiple object Doppler instrument,” in Ground-based and Airborne
Instrumentation for Astronomy. Ed. by 1. McLean and I. Masanori., SPIE 6269, July 2006.

18. J. C. Wilson, C. P. Henderson, T. L. Herter, K. Matthews, M. E. Skrutskie, J. D. Adams, D.-S. Moon, R. Smith, N. Gautier, M. Ressler,

B. T. Soifer, S. Lin, J. Howard, J. LaMarr, T. M. Stolberg, and J. Zink, “Mass producing an efficient NIR spectrograph,” in Ground-based
Instrumentation for Astronomy. Ed. by A. Moorwood and I. Masanori., A. F. M. Moorwood and M. lye, eds., SPIE 5492, pp. 1295-1305,
Sept. 2004.



