Error Budgets in Precision Radial Velocity Measurements
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Deconstructing measurement precision (toy model)
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Deconstructing measurement precision (toy model)
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Deconstructing measurement precision (toy model)
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Information content

Deconstructing measurement precision (toy model)
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e.g. Bouchy+ 2001, Beaty+ 2015, Halverson+ 2016



Deconstructing measurement precision (toy model)

Instrumental stability
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e.g. Avila+ 2008, Sturmer+ 2014, Halverson & Roy+ 2015



Deconstructing measurement precision (toy model)
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Deconstructing measurement precision (toy model)
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Deconstructing measurement precision (toy model)
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Stellar effective temperature [K]

How many photons do you need?
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Stellar effective temperature [K]

How many photons do you need?
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Some (potentially) useful benchmarks

L et’'s assume:
3.5 m telescope

5% flat average efficiency
15 min exposure
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Some (potentially) useful benchmarks

Gonaton = SNR'! o flux2
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Some (potentially) useful benchmarks
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The quality of the photons matters, t0o
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Weighted stellar information content as function of wavelength and spectral type
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The quality factor ‘Q" is a measure of weighted slopes of spectrum: 0, oc Q

e.g. Bouchy+ 2001, Beaty+ 2015, Halverson+ 2016
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The guality of thephqtons matters, (00

Photon-limited velocity uncertalnty as function of vsini
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The guality ot the photons matters, too

BT-Settl model, T, = 5700 K Relative precision as function of [Fe/H]
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Applications that require lots of photons
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Applications that require lots of photons

RM measurements are often photon-starved
Asteroseismology requires exquisite time sampling
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Applications that require lots of photons

10.6 14.7

* Follow-up known Kepler and TESS stretches the limits
of 3-4m telescopes.
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Deconstructing measurement precision (toy model)
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How stable does my instrument illumination have to be?
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How stable does my instrument illumination have to be?

Entrance aperture Spectrometer pupil
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R~100,000 line spread function is ~3 km s ‘wide’
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How stable does my mstrument temperature have to be?
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How stable does my instrument temperature have to be?
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How stable does my instrument temperature have to be?
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How stable does my mstrument temperature have to be?
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Deconstructing measurement precision (toy model)
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A variety of errors can be traced with a simultaneous calibration source
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...While others are not, and rely on intrinsic stability
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Other exampl|
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One final note on combining errors

Each error has behavior — not all are ‘random’ distributions that can be RSS'd

o
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Gaussian (white) noise

RV scatter

Number of bins
Only true if all errors are random!




Takeaways

Estimating errors is hard!

Always be aware of the symphony of instrumentation and
software pieces that work together to deliver a final RV
measurement, and think about how each piece behaves.

Remain cognizant of how many photons you need to achieve
your science, and the ‘quality’ of the photons you're collecting.

Empirically assessing measurement performance is a
complicated task, and requires some level of prediction
(assembling an error budget), and testing (in-1ab and on-sky
EENENEINE

|dentifying the tall tent poles’ is a top priority for the next
decade!

TEM image of silicon wafer lattice (typical CCD)
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