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The study of exoplanets, more than any
other field of astrophysics, has grown in
direct consonance with new instrumentation.

It is now fime to define the direction we need to take for the next
generation of ground-based instruments for precision speciroscopy.



Two Paths to Finding Earth-like Planets

Going or Getting Better
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Distribution of stellar spedrul types within 25 pc. Over

50% of nearhy stars are M dwarfs. [RECONS]
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Two Paths to Finding Earth-like Planets
Going or Getting Better
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10m Hobby Eberly Telescope 3,5rﬁ WIYN Telescope



Two Paths to Finding Earth-like Planets
Going or Getting Better

Keck Planet Finder

10m Hobby Eberly Telescope 10m Keck Telescopes
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Ultimate goal of NN-explore program, NEID is to detect Earth-twins

o 4,500

Temperatur

1 (50 cm/s)

What Do You Gain With Sub-m/s Precision?
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Earth-mass planets in
the HZ have 10-30 cm/s
RV amplitudes. Need
10-100s of nights at
<50cm/s precision




NEID

Heralding Extreme Precision Spectroscopy

NEID will attempt to achieve unprecedented levels of precision approaching 10cm/s

“Pretision Goal = Desert Tortoise. -

Measure 1 part per billion changes
Translates to 10 of pixel



NEID

Beyond the Era of Single Dominant Sources of Error

r —» Total EPDS instrumental error budget: 26.6 cm/s [« =
I A 4 I
I ! I 1
L 25% : I'l Calibration source (uncalibratable):
Instrument (uncalibratable): | I 11.5 cm/s (18.7%)
14.7 cm/s (30.6%) |
1 | Calibration accuracy: 5.7 cm/s
Fiber & illumination: 14.7 cm/s Instrument (calibratable): I - o
— — 11.2 cmi/s (1.1%) I Y :
Calibration source modal noise .5 cm/s I Photon noise 4.0 cmls
1. Continuum modal noise  [IPRRCRI Thermo-mechanical: 7.8 cm/s 1
: Near-field scrambling 3.5 cmis Thermal stability (grating) 3.5cm/s N —— |
-l m .
: Far-field scrambling 5.0 cm/s Thermal stability (cross-disp.) 3.0cm/s External errors (uncalibratable):
e Thermal stability (bench) 3.0cm/s 18.7 cm/s (49-6%)

Stray light 5.0 cm/s

Vibrational stability 2.0 cm/s

Detector effects: 7.1 cm/s

Readout thermal change 5.0 cm/s

Charge transfer inefficiency 5.0 cm/s

Pressure stability <0.1 cm/s

LN2 fill transient 1.0 cm/s

Zerodur phase change 5.0 cm/s

Calibration process: 10 cm/s

Software algorithms

Telescope: 12.2 cm/s

Guiding scrambling
Barycentric correction: 1.7 cm/s Detector effects: 8.1 cm/s ADC 6.9 cm/s
Algorithms 1.0 cm/s Pixel inhomogeneities 1.0 cm/s Focus 5.0 cm/s
Exposure midpoint time 1.0cm/s Electronics noise Ve Windshake 8.0 cm/s

Coordinates and proper motion | H0Fe A

Stitching error 3.0cm/s

CCD thermal expansion 2.0cm/s

Reduction pipeline: 10 cm/s

Software algorithms

Readout thermal change 5.0 cm/s

5.0 cm/s

Charge transfer inefficiency

Atmospheric effects: 14.1 cm/s

Micro-telluric contamination 10 cm/s

10 cm/s

Sky fiber subtraction

Bottom-up systems engineering approach is key to performance estimation



NEID

Implementing Stability at Every Level

Fiber Feed Scrambling

Make sure spectrometer illumination insensitive to guiding/seeing

Elegant Optical Design

24m

Pupil Mirror

1.0m

R4 Eelle
High-performance, exquisite image quality boosts optical stability

Ultra-Stable Thermo-mechanical Control

Demonstrated sub-millikelvin stability
“The Most Stable Tonne of Matter Ever Created By Humans”



NEID

Implementing Stability at Every Level

Extreme Precision Pipeline
TGS, ICS, Target Header Keywords

Wavelength Solution

Master A Reference
+

Nightly Fiber-Fiber A Calibration
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Science Fiber 1D Spectrum (pixels)
Optimal Extraction

Calibration

Tiber Extraction Simultaneous A Cal

Normalized Flat Field
Aggregate Nightly A ;
Fibe?—%ibgl Drift S(ﬂuliin - 1D Wavelength Calibrate Spectrum
Spectral Extraction

Post Processing 1D Wavelength Calibrated Spectrum I Badia Ve o) Level 1Data_
ﬁ Level 1 Spectrum

X Dependent Photo-Center - -
Time Correction Forward Model Telluric Correction
ﬂ Mask Based Cross-Correlation
Barycentric Velocity Correction Level 1 Spectrum
N Level2Data B
Activity Indicators

Chromatic Barycentric Correction

— Exposure Meter
L7 Parabolic Mirror

| |
' Magnified Focus
posure Meter Fibers

Dispersed exposure meter to ensure <lcm/s correction

Full Suite of Canonical Stellar Activity Indicators

Not Part of the Instrument Error Budger
Acute awareness that this will be the limiting factor



23 New RV Instruments Presented at EPRV 2017

The Fleet Is Gomlng in Me’ HeartlesI i g




