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Roles of Radial Velocities

Pure RV Discovery

• Long term surveys of bright, nearby stars, 
pushing to lower masses and wider orbits 
(almost) regardless of inclination and period
  

• Improved understanding / modeling of stellar 
variability as it manifests in spectral lines
  

• Vetting provisional HWO targets / building base 
lines to determine masses of future detections
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Synergies with Other Fields

• HRCC atmospheric abundances, orbital 
obliquities, 
  

• Solar/Stellar astrophysics : characterization of 
active regions & magnetic cycles, 
asteroseismology,  
  

• Fundamental constants : Determining ⍺, Ho 
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RV-only detections

Transit follow up RV detections

30 - 50 cm s-1 : (E)PRV, Current bleeding edge of the field

10 cm s-1 :  Extreme Precision RV  (EPRV), what we need for Earth twins

1 m s-1 : Precision RV (PRV), what we can do now

What can we currently detect?  [20% RV precision or better]
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State of the Field – Pure RV Detections

Nari et al. 2026

HD 161098 (G8V, V = 7.68 mag, d = 29.75 pc)
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State of the Field – Stellar RV Sensitivity

Basant et al. 2025

Nari et al. 2025

adapted from John et al. 2024



RV Uncertainty Contributions

Burt, Dumusque & Halverson  2026



RV Uncertainty Contributions -- facility

Burt, Dumusque & Halverson  2026



RV Uncertainty Contributions -- stellar variability

Burt, Dumusque & Halverson  2026



State of the Field – Recent / Ongoing Surveys

• EXPRES 100 Earths Survey
• NEID Earth Twins Survey 
• HARPS-N Rocky Planet Search
• ESPRESSO GTO
• HUnting for M Dwarf Rocky planets 

Using MAROON-X (HUMDRUM) 
• *Terra Hunting Experiment (HARPS3)
• *2nd Earth Spectrograph (2ES)
• … many additional, PI-level efforts 

Gupta et al. 2025

NEID Earth Twins Survey 



State of the Field – Recent / Ongoing Surveys
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• Lack of telluric contamination

• Additional blue/NUV wavelength 
coverage

• Lack of weather losses 
and day/night cycle
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EPRV in Space?

Benefits of Space-based Observations

• Lack of telluric contamination

• Additional blue/NUV wavelength 
coverage

• Lack of weather losses 
and day/night cycle

Adapted from Gupta et al. 2025
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Courtesy Arvind Gupta & RCN Standard Stars Group



EPRV in Space?   

76 EPRV-amenable HWO targets
 (Vsini ≤  5.0 km/s & Teff ≤ 6000K)



EPRV in Space?  

Photon Noise Limitations
• Assuming NEID* + Roman primary 

mirror, observing each target once 
to 10 cm s-1 photon noise & binning 
over stellar pulsations requires 
~17.5 hours

76 EPRV-amenable HWO targets
 (Vsini ≤  5.0 km/s & Teff ≤ 6000K)

*NEID ETC with 20% throughput bump and 

0.3” seeing to account for lack of atmosphere

**No slew/acquisition time included



EPRV in Space?  

Photon Noise Limitations
• Assuming NEID* + Roman primary 

mirror, observing each target once 
to 10 cm s-1 photon noise & binning 
over stellar pulsations requires 
~17.5 hours

76 EPRV-amenable HWO targets
 (Vsini ≤  5.0 km/s & Teff ≤ 6000K) • No currently available 

wavelength calibration 
subsystem is reliable enough

• Cosmic ray contamination / 
detector degradation given how 
much of the detector we use

• Thermal cycling concerns 
based on mission orbit

*NEID ETC with 20% throughput bump and 

0.3” seeing to account for lack of atmosphere

**No slew/acquisition time included

Other high-level concerns



Instead of Space : Coordinated Ground-Based Efforts



Instead of Space : Coordinated Ground-Based Efforts

Arch. IIb Detection SNR
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Includes correlated 
noise from active 
regions, granulation 
& pulsations

Simulations from Luhn et al. 2023 showing results of a 
10-year, 100% allocation EPRV survey carried out on six 
10 cm s-1 spectrographs paired with 3.5m telescopes  
(Architecture IIb). Even in the face of correlated noise 
(red histogram) 80% of HWO stars considered detect an 
Earth analog at 20% RV precision or better. 



Instead of Space : Coordinated Ground-Based Efforts

Zhao et al. 2023 – Solar data

Observing the same targets across multiple instruments on 
similar timescales / precisions allows the disentanglement 
of stellar signals from instrument systematics

Courtesy Arvind Gupta & RCN Standard Stars Group



Instead of Space : Coordinated Ground-Based Efforts

UK Research Initiative
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Burt, Dumusque & Halverson  2026

What to do instead?  - Blue Wavelength Calibration



Major Challenges

Useful overview on what’s 
needed to move the field 
forward to Earth-detecting
capabilities presented in 
the EPRV Working Group’s 
Final Report 

(Crass et al. 2021)
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Days since 51 Peg b was discovered
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What can we currently detect?
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State of the Field – Pure RV Detections

Nari et al. 2025
Basant et al. 2025



RV Uncertainty Contributions

Burt, Dumusque & Halverson  2026

Current and upcoming 
RV instruments capable 
of delivering single 
measurement precision 
≤1 m s−1 in the visible 
or ≤3 m s−1 in the NIR



RV Uncertainty Contributions – photon noise

Sam Halverson



RV Uncertainty Contributions – stellar information content

Burt, Dumusque & Halverson  2026



State of the Field

Fulton et al. 2021
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