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radial velocities



smaller RV amplitudes
lower planet masses



extreme precision radial velocities

credit: Suvrath Mahadevan (EPRV5)



ESPRESSO

the Echelle SPectrograph for 
Rocky Exoplanets and Stable 
Spectroscopic Observations

Pepe et al. (2021)

installed at the VLT

stabilised
high-resolution 
cross-dispersed

designed for ultra-high 
RV precision and 
extreme spectral fidelity

R = 140 000 (HR mode)

wavelength coverage
378 - 788 nm

in operation since 2018

can use any of the 4 UTs
or the 4 simultaneously



searching for planets with ESPRESSO

WG1 WG2 WG3

RV follow-up of
transiting planets

characterization of 
planetary atmospheres

detection and characterization of 
Earth-mass planets in the habitable zone 
around GKM dwarfs

WG4
fundamental cosmology

Pepe et al. (2021)
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Pepe et al. (2021)



detecting Proxima b
and dealing with stellar activity

Suárez-Mascareño et al. (2020)
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detecting Proxima b
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planet b at 11.2 days

stellar rotation 



detecting Proxima b
and dealing with stellar activity

Suárez-Mascareño et al. (2020)

the CCF FWHM is an excellent activity indicator

(but) RVs correlate better with the FWHM derivative



chasing a short-period signal“We find evidence for a second short period signal with a 
period of 5.15 days and a semi-amplitude of 0.4 m/s”

see https://twitter.com/espresso_astro/status/1359510829679394817

https://docs.google.com/file/d/1cOntJbnvozLOWFCR8LWjHft4ZJ0MYS54/preview
https://twitter.com/espresso_astro/status/1359510829679394817


the candidate Proxima d
(and dealing with stellar activity, again)

first step was to derive RVs 
with the template-matching technique



the candidate Proxima d
(and dealing with stellar activity, again)

Silva et al. (2022)

first step was to derive RVs 
with the template-matching technique

1. Compute telluric template (TAPAS / TelFit)
   and mask out affected regions
 

2. Compute stellar template
    combining all available observations

3. Compute RVs by aligning individual
    spectra with stellar template

4. Assume one RV shift common 
    to all spectral orders
    (continuum fit is marginalised out)

5. Estimate the posterior distribution
    for the RV shift, either through
    MCMC or Laplace approximation



the candidate Proxima d
(and dealing with stellar activity, again)

Faria et al. (2022)

first step was to derive RVs 
with the template-matching technique

for Proxima, we obtain 
- very similar rms
- significantly lower uncertainties
when compared with CCF RVs



the candidate Proxima d
(and dealing with stellar activity, again)

Faria et al. (2022)

then we simultaneously model
the RVs and the CCF FWHM 

the FWHM is an excellent proxy for 
stellar activity variations

two quasi-periodic GP
with shared hyperparameters



the candidate Proxima d
(and dealing with stellar activity, again)

Faria et al. (2022)

114 observations
spanning 2.2 years

RV rms: 1.6 m/s
mean σRV: 30 cm/s
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Faria et al. (2022)

residual RV rms, after subtracting 
stellar activity and two-planet model,
compatible with photon-noise



Faria et al. (2022)

Proxima b Proxima d



the press coverage



“confirmation” with HARPS data

Artigau et al (2022)

HARPS RVs rederived with
a line-by-line approach



the closest Earth-mass planets
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● ESPRESSO confirms Proxima b

● and reveals a new candidate planet
   at a short orbital period of 5.12 days
   with 25% the mass of the Earth
   (K=38 cm/s)

b??
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● ESPRESSO confirms Proxima b

● and reveals a new candidate planet
   at a short orbital period of 5.12 days
   with 25% the mass of the Earth
   (K=38 cm/s)

Thank you

b??


