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RV-only detection
RV + transit detection



Credit: Sam Halverson



Recommendations from the NASA/NSF EPRV 
Working Group’s Final Report (Crass et al. 2021):



Community would benefit from an 
standardized FITS format for data 
products starting at the extracted, 

order-by-order spectrum level





Future 
Instruments



Suggested Data Level Definitions 
L0: Raw Data 

L1: Assembled detector image with some corrections (e.g. overscan & flatfield) applied

L2: Order-by-Order spectra, aimed primarily at subset of the EPRV community interested in 
improving instrument performance or data reduction pipelines 

L3: Stitched spectrum, aimed primarily at non-EPRV experts interested in exoplanet follow 
up, stellar characterization, etc

L4: Derived data products, aimed primarily at subset of the EPRV community interested in 
exoplanet detection and stellar variability characterization



All EPRV Standard files share the same PRIMARY header



L2: Order-by-order spectrum, variance, 
wavelength solution, and blaze function

Designed for users who intend to 
produce their own RVs and/or work on 

pipeline improvements



Level 2 FITS Extensions



L3: Single, blaze-corrected spectrum created 
by stitching together individual orders

Designed for non-EPRV science 
accomplished with high resolution spectra. 

Examples include exoplanet atmospheres or 
stellar astrophysics.



Level 3 FITS Extensions



L4: derived data products such as RV 
measurements, CCFs and associated metrics 

and stellar activity indicators. 

Designed for users who want to focus on 
fitting exoplanet and/or stellar activity 

models



Level 4 FITS Extensions



Implementation
● No request for instrument teams / observatories to 

change native instrument pipeline – but can provide 
useful starting point for new pipelines

● Development of “translators” – python scripts that take in 
native data from an instrument and reformat it to match 
EPRV Data Standard

● Each team shown above is making their own translator 
which will be posted to the project’s Github repo
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EPRV Implementation Status

● No request for instrument teams / observatories to 
change native instrument pipeline – but can provide 
useful starting point for new pipelines

● Development of “translators” – python scripts that take in 
native data from an instrument and reformat it to match 
EPRV Data Standard

● Each team shown above is making their own translator 
which will be posted to the project’s Github repo



EPRV Implementation Status
● Some archives (e.g., NExScI) are planning to add in-line 

translation capabilities that users can choose when 
downloading data [estimate is ~2 seconds / file]

● Development of tutorials on how to work with each data 
standard product are underway

● Instituting Change Control Board once v.1.0.0 of the 
standard is rolled out, to oversee future modifications



Next Step: The VO!

Visualization of the many 
factors that influence the 
formation, evolution, and 
modern-day characteristics of 
a planet (credit: Meadows & 
Barnes).

Characterization of exoplanets requires investigation of the exoplanet itself, its companions and the host star

Data discovery    VO!



Use Cases for the VO

• Enable efficient and effective identification of existing data, ensuring that 
planet characterization efforts leverage as much information about the 
system as possible. Discover and access:
• EPRV data sets for a specified star or set of targets through a common 

interface.
• Additional data related to the host star, e.g. additional spectra or 

photometric time series, that can be used to quantify the star’s mass, 
radius, rotation period, chemical composition, and other physical 
characteristics that impact our interpretation of both stellar variability 
and planetary signals.

• EPRV data of the sun generated by the growing population of small, 
solar telescopes that feed EPRV spectrographs during the daytime 
hours.



Bedtime Reading

● Read the docs: https://eprv-data-
standard.readthedocs.io/en/develop

● Github: 
https://github.com/EPRV-RCN/RVData

● IVOA note in prep: “Extreme Precision Radio Velocity (EPRV) 
Astronomy and the IVOA.”

● Jenn’s SPIE talk (2024). https://doi.org/10.1117/12.3018595

https://eprv-data-standard.readthedocs.io/en/develop
https://eprv-data-standard.readthedocs.io/en/develop
https://github.com/EPRV-RCN/RVData
https://doi.org/10.1117/12.3018595

