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Really want a “spectral ruler” 

… RELATIVE TO WHAT?
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Calibration is key for any RV measurements

• 1 m s-1 velocity change is 3 part per billion spectral shift
• High-precision instruments require stable, repeatable calibration.

– Dense set of features, stable over long time intervals.
– High line density in regions with lots of stellar features.

Observed stellar spectral shift Measured calibration shift

RVobs RVcal

−

Stellar RV signal

RVobs = RVobs - RVcal

=

DlOBS DlCAL DlRV=DlOBS - DlCAL

….TO BETTER THAN 3 PARTS IN 
TEN BILLION FOR A 9 CM/S SPECTRAL SHIFT
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*

TEM image of silicon wafer lattice (typical CCD)

1/1000th of a pixel

Velocity “plate scale” of 
typical R~100,000 

spectrometer:

~6 cm s-1 nm-1

9 cm/s

* From S. Halverson, 2018 Sagan Summer 
Workshop: 
https://www.youtube.com/watch?v=Xq4h
XRORBx0&t=215s
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Results from comb simulations with R=150,000, (S/N)max = 500 and bd,max = 0.01. The spectrograph's
resolution (FWHM) is sampled with 3 pixels and each echelle order is assumed to be 2048 pixels long.
The main panel shows the expected velocity precision available from each echelle order (sv(k), for
three different line spacings while the inset shows the total velocity precision sv, integrated over the full
wavelength range of the simulated spectrum, 380 nm – 820 nm (Murphy, 2007) .
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Timekeeping:++The+long+view

Gravitational& red&shift&
of&10&cm

?

Sr optical&clock

Oscillator&Freq.
f&=&1&Hz

f&=&&10&kHz

f&=&&10&GHz

f&=&&500&THz

f&=&&102100&PHz&??

S.&Diddams,&et&al,&Science&(2004)

1 cm/s RV Precision 
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Th-Ar spectrum on PARAS instrument 

Th-Ar emission lamp

Simultaneous Calibration:

RV precision has been limited 
to ~1 m/s
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*Fischer et al (2016)

RV precision has been limited to ~1 m/s
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By Derivative work: User:Stigmatella aurantiacaOriginal: Kevin j morse - This file was derived from:  
Etalon-1.svg, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=88880227
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* FRO M F. PEP E , ESPRESSO FA BRY -PE ́ROT CALIBRATOR
TE S T REPO R T , VLT-TRE-ESP-13520-9202, (2016). 

RV Precision ~3 cm/s over days

HARPS FP C A L IB R A TO R
SPECTRUM

MAROON-X ETALON STABILITY
CURVE
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• Mode locked laser combs
• NIR Compact fiber laser combs

• Electro-optic modulation frequency combs

• Microcombs

RV precision <1 cm/s
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Keck Institute for Space Studies (2018)

Diddams, 2016
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• BU IL T F R O M
COMMERCIAL TELECOM PARTS
: 
• AFFORDABLE, ROBUST, 

RELIABLE
• PUMPED AT 1.5 AND 1 

MICRON
• SP E C TR A LLY B R O A D E N E D

WITH HNLF OR NON-LINEAR
PHOTONICS WAVEGUIDES

• HA V E B E E N M A D E
OCTAVE-SPANNING FOR F-2F
SELF REFERENCING

• ALS O L IN E LO C K E D
• TO L IN E R E F E R E N C E D

PUMP LASER
• TO F IB E R LA S E R

COMB
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Probst et al, 2015
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WGM RESONATOR ETALON ILLUMINATED WITH 633 NM LIGHT

TU R N -K E Y S O L ITO N M IC R O C O M B

Shen, B., Chang, L., Liu, J. et al. Integrated turnkey soliton microcombs. 
Nature 582, 365–369 (2020). https://doi.org/10.1038/s41586-020-2358-x
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• EPRV CALIBRATION SOURCES ARE A CRITICAL, 
ENABLING COMPONENT OF RV INSTRUMENTS.

• ACHIEVING 9 CM/S RV PRECISION OVER
YEARS REQUIRES CALIBRATION SOURCES AT THE
CUTTING EDGE OF TECHNOLOGY.

• OPTICAL FREQUENCY COMBS REPRESENT THE
“GOLD STANDARD” OF CALIBRATION SOURCES, 
BUT ARE STILL NOT RELIABLY AVAILABLE AT
WAVELENGTHS BLUE OF 500 NM.

• OPTICAL ETALON TECHNOLOGY HAS NOT YET
BEEN PUSHED TO ITS LIMITS AND STILL HOLDS
PROMISE FOR EPRV APPLICATIONS
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