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Exoplanet atmospheric molecules (water, CO2, 
methane etc) vibrational spectra normally require high 
resolution to detect.  But because the physics of 
vibrating molecules create a quasi-periodic set of 30-40 
absorption lines as a fingerprint, they are fortuitously 
easier to detect.  We show how a small (6mm) EDI 
interferometer, which has the same periodic 
transmission spacing as these lines, added to a low 
(R~70) res spectrograph can create moire patterns for 
this fingerprint.  These are detected having a photon 
limited sensitivity similar to a R~4000 spectrograph.
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CO2 line spacing nearly periodic, hence strong moire patterns 
produced passing through interferometer comb 

Moire intensity fluctuations can be measured 
by dithering delay by ½ wave 
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Compact prism 
interferometers can be 

inserted into beam like a filter 

Delay is dithered with a voltage 

Fourier transform shows concentration of CO2 feature at high 
frequencies.  Horiz axis is in units of interferometer delay (cm).  We 
pick the 6 mm region for the delay. 

Classical R=3850 photon limited sensitivity curve (blue 
dashes) is similar to our red EDI peak at 5.8 mm.   

Using several different delays, software 
reverses moire patterns to deduce high res 
feature shape. We have demo’d this 
technique in the NIR at Mt. Palomar 5-
meter, boosting native R~2,700 by 10x to 
effective R~27,000, using 7 delays up to 45 
mm.  Works over entire band of native 
spectrograph. 
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blow excessively magnify noise. We zero out eqðρÞ in regions
where the sensitivity is expected to be zero.

The EQ is applied to the FFT of the data, srrawðρÞ via

EQ-TARGET;temp:intralink-;e034;63;719sroutðρÞ ¼ srrawðρÞeqðρÞ: (34)

The choice of goal resolution for the Gaussian in Eq. (33) is
a tradeoff between resolution and ringing. In the presence of
gaps in the delay coverage, increasing resolution increases the
ringing.

7.7.1 Selecting etalon values in a future instrument

As the average ν increases, the width of each etalon peak in the
MTF narrows, so a designer needs to select etalon values to pro-
duce contiguous coverage at the blue end of the native spectro-
graph bandpass. It is also beneficial to have enough overlap of
etalons to produce two independent sets of SR results, one for
the odd numbered etalons and the other for even numbered
(using different equalizations). These can be used to confirm
fidelity of the SR process, since it is unlikely an artifact
would have the same appearance for different delays.

8 Example Reconstructed Spectra
Observations of many stars were performed with the TEDI
interferometer producing reconstructed resolution as high as
∼27;000 (10× boost), using 3 cm maximum delay with
TripleSpec having a native resolution of ∼2700. Figure 22 is
an example of 10× resolution boosting. Figure 23 shows the
extremely wide bandwidth we can achieve, covering all four
orders of the native spectrograph from 4100 to 10;500 cm−1.
Figures 24 and 25 show closeups for the reddest order.

Figure 22 shows 10-fold boost in resolution (2700 becoming
27,000) observing mostly telluric features in the spectrum of
star κ CrB along with ThAr calibration lamp emission lines,
observed June 2011. Seven contiguous delays were used [as
seen in MTF Fig. 21(a)], including a new etalon 2.4 cm E6.5
that filled a gap between 1.7 and 3 cm delays allowing a higher
goal resolution without excessive ringing. The E1 (0.1 cm)
position on the eight-position rotary holder was used for E6.5.
[The E1 is not critical since low frequencies can be supplied by
E2 (0.3 cm) or ordinary spectrum.] If additional delays were

available to contiguously fill the gap between E7 and E8
(3 to 4.6 cm), then the equalized output resolution could be
as high as 36,000 [dotted curve of Fig. 21(a)] or more without
significant ringing.

Figure 23 shows the wide bandwidth capabilities: star
HD219134 measured simultaneously over the four orders,
4100 to 10;500 cm−1. The EDI resolution scales with wavenum-
ber (or as τmax∕λ), so the resolution is not constant across this
wide bandwidth.

Figure 24(a) shows the whole A-order at 4× resolution boost
and Fig. 25 shows closeups. The black curve is the theoretical
telluric + ThAr model. The data (red and green curves) are
attenuated significantly on the red end of the spectrum, probably
due to transmission loss of the native spectrograph.

Note how the broad features of the red and green curves fol-
low each other accurately, even though the red curve is obtained
entirely from the fringing signal component and the green curve
from the nonfringing portion. These are independent measure-
ments extracted from the same data set. The nonfringing data
were not included in the sum which forms the red curve.

8.1 Comparing Two Fibers on Same Star

Figures 26 and 27 show EDI measurements comparing the two
fibers A (blue curve) and B (red curve) measuring the same
source, their difference curve (gold), and compared to the tel-
luric model (gray). The two fibers used different detector pixels
in the Y direction and were exposed at times ∼10 min different
because the role of the fibers was being alternated between Star
and Star + lamp. Hence the fibers experienced different PSF
distortions to the native spectrograph (see Sec. 9.4). Yet the
resulting absorption lines yield reasonably accurate lines
because it sums over several wavelets.

8.2 Measurement Comparing Star to Literature
Spectrum

Figure 28 compares our EDI measurement of HD219134 with a
spectrum obtained by another group with a conventional
spectrograph, the NIRSPEC at Keck Observatory.21 All the stel-
lar NIRSPEC features are seen in the EDI output, but many are
unresolved in the TripleSpec native spectrum (green curve).

Fig. 22 Demonstration of a 10-fold resolution boost observing telluric features mixed into spectrum of
star κ CrB along with ThAr calibration lamp emission lines. The green dashed (top) curve is the “ordinary”
spectrum measured without the interference, having native resolution 2700. It cannot resolve any of the
telluric features. The red (middle) curve is the EDI (TEDI) reconstructed spectrum measured with seven
contiguous delays, up to 3 cm, and equalized to a Gaussian resolution of 27,000. The gray (bottom) curve
is a model of telluric19 and ThAr20 features blurred to resolution of 27,000, showing excellent agreement
with EDI reconstructed data. Resolution boosting occurs simultaneously across the full bandwidth (0.9 to
2.45 μm) of the native spectrograph (final resolution varies linearly with wavenumber times largest delay).
Y -axis is intensity, vertically offset for clarity. Data from June 19, 2011.
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This effective resolution boost, 70 to 4000, is especially important 
for Integral Field Spectrographs which are often pixel limited.  We 
use the Gemini Planet Imager IFS resolution as an example, (even 
though it may lack the aperture to collect the needed photons from 
small exoplanets).  The method can be generally applied to any 
spectrograph.
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