: NASA illustration of Kepler 42
Muirhead, Johnson, Apps et al. (2012)
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Precision Radial Velocity Requirements

* Photon Noise
— Telescope Area * N nights per year
— Spectrometer Resolving Power (R>50k)
— Spectrometer simultaneous bandwidth (~¥100s nm)

* Systematic Noise
— Stability and calibration (~1 um physical)
— Stellar jitter. Rotating spots and p-modes

e Stationary noise process, overcome with high cadence



Precision Radial Velocity Requirements




Bottom, Muirhead, Johnson,
Blake submitted to PASP

Michael Bottom

* Quantitatively assess survey yield as a
function of Doppler spectrometer
specifications:

— Resolution
— Wavelength coverage



Photon Noise
(fundamental limit)
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RECONS 7 pc Sample

Bottom et al. submitted

=15 1.3-14 1.4-1.5 1.5-06 1.6-1.7 1.7-1.8 1.8-1.8, 1.8-20 20-21 21-22 22-2.5 2.3-2.4 24-15

Wawalength ronge, i m

* Mike calculated number of stars you can
survey for 5 M, planets in the HZ for fixed
observing time and tele size



RECONS 7 pc Sample

Bottom et al. submitted

=15 1.3-14 1.4-1.5 1.5-06 1.6-1.7 1.7-1.8 1.8-1.8, 1.8-20 20-21 21-22 22-2.5 2.3-2.4 24-15

Wawalength ronge, i m

* Mike calculated number of stars you can
survey for 5 M, planets in the HZ for fixed
observing time and tele size



lodine-Calibrated Regime

* 500 to 620 nm best place to search for
habitable-zone planets around nearby G,K &
early-M dwarfs via the Doppler method.

* But so far we have only considered photon
noise



Systematic Noise

(defined as a noise source we cannot isolate)
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Instrumental Profile Stability:
Dominant Effect
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Instrumental Profile Stability:
Stabilize with Fiber Scrambling
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That Leaves Jitter and Short-period Planets

* Both can be overcome with high-cadence
observations.

* An RV measurement every night.

Project Minerva
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Johnson, Wright, McCrady, Swift, Muirhead, Bottom, Hogstrom



PLANETQUEST

e |P Stability

* Jlodine + Fiber

High Cadence

e Dedicated instrument 1‘
and telescope - T

- Discovering Nearby
g Terrestrial Planets

Radial
\ Velocities
= statistics of 10 cm/s

il Planetary Systems

Keck Interferometer .

“Conduct Advanced Telescope Searches for Earth-like Planets and Habitable Environments
Around Other Stars”

- A Renewed Spirit of Discovery — President George W. Bush January 2004

2006 2010



Future of Radial Velocities

* High TRL barge is headed towards big
dedicated spectrographs, big telescopes, laser
combs...




New Low TRL Project: LAEDI

ThorLabs GE2550-0363
1x2" Echelle, 63 deg blaze
31.6 rules/mm
$203.70

ThorLabs AC508-300-A-ML
2" diameter, 300 mm FL Lens
Achromoatic Doublet

$127.90

ThorLabs DCC1545M
1/2" CMOS Detector
vFv.' He;rNe Filter fintert

r aligni nt int romi r

Saa qment ofimerterometer  ryor abs pSgs2
1" Equilateral Prism,
gamma = 47.9 deg
~50 Aggstromsimrad
5

I

RN —

ThorLabs 1" mirror
PF10-03-P01
$51.00

Edmund Optics NT49-004

ThorLabs RC12FC-PO1 2" Non-polarizing BS
Pre—ali%ned Fiber to 1" OAP $495.00

EFL=2"

True FL=1"

$850.00 .
[T ] terpen mmanoonnsa Robert H. Dicke

1.715 to 1.733 cm delay (500 to 633 nm)
ThorLabs 460HP Single-Mode Fiber $284.00

3.5 um field-diameter at 515nm

NA=0.13 at 515 nm

ThorLabs 1" mirror (PF10-03-P01 , $51.00)

on
ThorLabs PZ630 3 point piezo mount
$2,178.60

* Lock-in Amplified Externally Dispersed Interferometer
2012 JPL DRDF award winner!

 P. Muirhead, G. Vasisht (Co-Pis), K. Wallace, R. Jensen-Clem, M. Bottom,
J. Johnson



New Project: LAEDI

Uses a zero-
readnoise detector

Single-mode fiber
feed for high
coherence

Frequency locked- B
laser for mm/s OPD e
calibration.
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