Cntr. Adv. Signal Imag. Sci. Workshop, May 15, 2019
LLNL-POST-772102

A 1000x Stabler Spectrograph using an
Interferometer with Crossfaded Delays

David J. Erskine, Eric V. Linder

erskine1@lInl.gov

A4 : Native spectrum (hor) v fime (vert) 1. A PROBLEM: PSF DRIFT | ’ Modulation Transfer Function 5. Fourier space explanation of REACTION to PSF drift
EI """ | 3. s 21 0% l_ A chief limitation to Doppler radial velocity respanse iequeney space « || Horizontal axis has frequency units (features per cm-1) same as
| " Wavenumber om-t) precision is irregular drift of the spectrograph Conventional ‘O“\ow‘ interferometer delay (cm). A wavelength drift Ax of the PSF
1 e Drifs of random polarity focal spot point spread function (PSF). Here is B AA_~Cor” creates a phase shift that increases linearly with frequency (the
of £ drift of Mt. Palomar RHale telescope echelle NIR 5 0.4 5 reactive error to minimize). (a) For a conventional disperser this
=|E Triplespec vs time (vertical). Note nasty - is the red line starting at the origin, and so is high where the
random polarity and magnitude of drift vs | / Sobnoahare science frequencies lie, say 2 cm (AA). (b) For EDI the sensitivity
position along dispersion axis. 0 e aaanaRaaS T 1| peak is shifted up to high frequency (2 cm) by a heterodyning
1b. Another PROBLEM: PSF Drift on IFS 1 reature Frequenay. tho (em) effect, and the phase reaction line (red line) thus passes through
The Gemini Planet Imager uses a very low resolution (50-100) integral field Modulation Transfer Function zero (BB) there. This greatly reduces the reaction for a single
spectrograph (IFS), spread over very sparse pixels, to characterize p . frequency, but is slightly nonzero in the wings of the peak.
exoplanets. There are significant (~1 pixel) drifts due to changing gravity o
vector. g Fringing 1 .
$ || ~THeterodyning & e \ Crossfading EDI response
1 b 02| NEHIVE %0&\0“\0 08 6 Ultra robust to PSF errors
2. A SOLUTION: Externally Dispersed Interferometry (EDI)[1] (npniringing) 5
Use a passive spectral comb produced by passing starlight through a small Michelson T BRRRREFS - AR Feature Frequoncy c o6
interferometer. The instrument was assembled from off the shelf components. No Features per 1/cm _ Circa zero rho (em) o
environmental controls were used for this test version, and yet it was able to reach 0.76 m/s <
precision over 20 min and 2 m/s over 11 days comparing bromine to iodine spectra. An 6. CROSSFADING zeroes it! ? 04- Zero reaction to Ax e“o
exoplanet around HD102195 was found[2] in 2005 by other researchers using this technique. We overlap the positive phase reaction of 0\0 Bt
one peak with the negative reaction of . RO
* A (interferometer) “filter” is inserted prior to existing Example EDI data another, use appropriate Welg htlngS to sum,
spectrograph * Phase stepping nulls and thereby cancel the net phase reaction in
mﬁ:;f;fje s;:::'c:“d Instrumental errors Sun DA a region. This creates perfect PSF stability 0+ R
' . (CC) under insult of Ax, although for a limited 0 Feature Frequenc;},
— . frequency range. Having more delays Features per 1/cm  rho (cm)
Sunlight increases this range of perfect stability

-- DEMONSTRATION --

” EDI with special weighting, Disperser Drift 7 DEMONSTRATION Of 1000X STABILITY
Insult = 0.5 em-] improvement under a simulated shift of data at detector

\ RS . - R T extremely stable
s 5 3 » e 6 )
lodine 8 & 1 e . L N | (green dashes & bottom panels). Multiple delay EDI
g P ¥ R o msute| | | data from Mt. Palomar NIR echelle TripleSpec.

2 Spectrograph

Light source
Wide angle

Ktorforomoter

3

e on Ordinary spectrum (green dashes) responds directly to
e the Ax insult, while the net EDI result (red peak) only
3. Example DATA o - .|| shifts 1/1000th of Ax. Middle panels show how net EDI
Solar and iodine spectra data show T adso asase  asiso  asaes  assoo 4se0e | Peakis a sum multiple wavelets, each from a different
MOIRE patterns created by sinusoidal These Moire patterns have opposite slopes Revenumher em ) interferometer delay (etalon#). Precision wavelength is
grid overlaymg spectrallfeatures. | for high and low delay interferometers 2 61 Disperser Drft optalned from. the mt_erferometer phase, not from the
Doppler velocity is relative phase shift of 8+ disperser (which mainly affects the wavelet envelope).
solar moire to iodine moire (changes in Spectral feature Another spectral line calibrates the interferometer
temperature/preg,sqre of interferometer Higher delay comb BRRDARRARRRS JEAARRRRRN JEARRRARRE JRRRRRRN JARRRRRRRN absolutely. Thl_s EDI pea_k IS also stable to deliberate
effect solar and iodine phases equally, T m”””””mmmm”mumm”\ changes in native PSF width and asummatn
so cancel). EDI has also been used on ¢ nedt o 0.5 g ==
Lick Obs. and Mt. Palomar Obs. echelle 0 e
spectrographs|[1] using only 1 pixel high O ,
beams and phase stepping vs time. Q- e B4 Wavenumber (cme1) 851 1852
\\\\\\\“| Moire 8. Same as 7, but no
- NEW IDEA -- Al LN insult Ax applied. s
Lower gefay comb -- PROPOSED --
4. NEW IDEA: CROSSFADING 1\1\) HHHHHHHHHHHHHWHH\ Side view
Use *PAIRS” of delays, that are only . Stepped mirror | T
slightly different (called “Crossfading”). 0 . .//Steppe:efslon ggggtr;ggraph _ CCD ;
A spectral feature can produce opposite = Vodens g - E= Ef 9. Proposed scheme for implementing
S'OP'”Qt riote paterns. T|Te§e N —|] ()>] E == simultaneous MULTIPLE DELAYS, to
oppositely 1o an uncontrolled waveleng i : - == == iti ' '
drift and cancel in analysis, producing AN DLLLLLLELL L LR LR LR LR EL LR RN YR VO N N g == == mltlgate_ high speed (eg atmospherlc)-
oot stabilitv. brovided the same Wavelenath \\ Delays - fluctuations. Sequentially changing a single
per ef S o 3; P i hoth 4 S 9 \;%z%?é om physical delay (easier) mitigates slower
wavelength drift applies to both. e am'etc. changing drifts.

[1] "High-resolution broadband spectroscopy using externally dispersed interferometry at the Hale http://spectralfringe.org/EDI/MyPubs4/TediTenxPart1gen. pdf

telescope: Part 1, data analysis and results”, D.]. Erskine, J. Edelstein, E. Wishnow, M. Sirk, P.S. Muirhead, M.W.
Muterspaugh, J.P. Lloyd, Y. Ishikawa, E. McDonald, W. V. Shourt, and A. M. Vanderburg, J. Astr. Tele. Instrm. Sys.
2(2), 025004 (2016), doi: 10.1117/1.JATIS.2.2.025004.

E - E ttp://spectralfringe.org/EDI/MyPubs5/Poster2019CASIS. pdf

JATIS Journal Article This poster as pdf

[2] "The first extrasolar planet discovered with a new-generation high-throughput Doppler instrument,” ].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. End|l, W. D. Cochran, E. B. Ford, E. L. Mart'in, G. Israelian, J. Valenti,
and D. Montes, Ap] 648, 683-695 (2006).

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



