LLNL-PRES-726718

Spectral Resolution boosting GPI’s IFS
using a small EDI interferometer addition
David Erskine
Lawrence Livermore Nat Lab

GPI 2.0 Meeting,
Stanford Univ.
March 9, 2017
Prof. Bruce Macintosh hosting

Erskine-SpecResBoos/ngGPI.key 3/9/17
erskine1@llnl.gov

Prepared by LLNL under Contract DE-AC52-07NA27344.

Science mo)va)on: detec)on of bio-related
molecules in exoplanets
Atmospheric molecules (water, CO2, methane etc) vibra/onal
spectra have a ﬁngerprint which makes them easy to detect
using a small interferometer addi/on

Features consist of set of quasi-periodic 30-40 ﬁne lines
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GPI’s Integral Field Spectrograph cannot resolve these
features with its low R~40

An interferometer of ~6mm delay has a periodic
response almost matched to the feature shape
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Placing the interferometer in series with the IFS
creates moire fringes, which can detect the
biomarker. Res~40 has been eﬀec/vely boosted
100x to Res~4000.
Technique is called Externally Dispersed
Interferometry (EDI).

Interferometers can be made compact
It could be inserted into the existing
beam like a filter
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injected into the input focus. To achieve good coronagraphic images, these light sources must produce very uniform
umination of the pupil, which will require sending the light through a very small pinhole and massively overfilling the
PI optics. As a result, we require an extremely bright light such as a supercontinuum source with a power of several
w in a single-mode fiber.

Interferometer “ﬁlter” would be inserted prior to IFS
It could replace a
90° mirror here

Figure 3: GPI Schematic design.

Or inserted here

Interferometer creates a sinusoidal transmission comb

Intrf. peaks and valleys can be used to resolve narrow features
well beyond resolu/on of na/ve spectrograph
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Interferometer creates a sinusoidal transmission comb

Intrf. peaks and valleys can be used to resolve narrow features
well beyond resolu/on of na/ve spectrograph
Only a few mm (6 mm) intrf. delay is needed to resolve
biomarkers, to yield eﬀec/ve R~4000
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Three atmospheric absorp/on features at R=3850, at 2 micron
Feature consists of group of about 40 almost evenly spaced lines
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Current GPI resolu/on R~70 insuﬃcient to detect ﬁne features
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Interferometer (EDI) at 6mm delay has similar sensi/vity to ﬁne
features as R~3850
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Similar for the 1.6 um band

R > 25,000
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R = 70
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Moire fringes are produced which encode
spectral information

without excessive ringing. The E1 (0.1 cm)
ight-position rotary holder was used for E6.5.
itical since low frequencies can be supplied by
ordinary spectrum.] If additional delays were

spectrum obtained by another group with
spectrograph, the NIRSPEC at Keck Observato
lar NIRSPEC features are seen in the EDI out
unresolved in the TripleSpec native spectrum

We have software which reverses this process
to deduce the high res spectrum from the moire
10x res boost demo’d on Mt. Palomar

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
“High-resolution broadband spectroscopy using externally dispersed interferometry at the Hale telescope: Part 1, data
contiguous
delays, up to 3 cm, and equalized to a Gaussian resolution of 27,000. The gray (bottom) curve
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2700 --> 27,000 using 7 delays, up to 3 cm
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Fourier Transform of feature
shows concentra/on of signal
at high frequencies

We have picked delay to probe this frequency
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