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radial velocities

STAR @ EXOPLANET X CENTRE OF MASS

/\ REDSHIFT
/\ Light from an object Light from an object

moving towards us is moving away from us is
bluer. redder.

THE STAR’S VELOCITY
TOWARDS THE EARTH (M/S)

= BLUESHIFT REDSHIFT
|

Periodic movement. The star’s velocity
varies as it moves to and from the Earth
when the planet orbits it.

TIME

©Johan Jarnestad/The Royal Swedish Academy of Sciences



smaller RV amplitudes

lower planet masses

activity
limited
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extreme precision radial velocities

What does 10 cm/s velocity shift look like?

1/1000% of a pixel

credit: Suvrath Mahadevan (EPRV5)



installed at the VLT
stabilised
high-resolution
cross-dispersed
designed for ultra-high
RV precision and
extreme spectral fidelity
R =140000 (HR mode)
wavelength coverage
378 - 788 nm

in operation since 2018

can use any of the 4 UTs
or the 4 simultaneously

ESPRESSO

the Echelle SPectrograph for
Rocky Exoplanets and Stable
Spectroscopic Observations

:espress
Bl IE="ER

Pepe et al. (2021)



Cs@ searching for planets with ESPRESSO

r WG1 N\ WG2 N WG3 ~
detection and characterization of characterization of RV follow-up of
Earth-mass planets in the habitable zone planetary atmospheres transiting planets
around GKM dwarfs

\

WG4
r fundamental cosmology

Pepe et al. (2021)




Cspress searching for planets with ESPRESSO
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detecting Proxima b

and dealing with stellar activity
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detecting Proxima b

and dealing with stellar activity
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detecting Proxima b

and dealing with stellar activity
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A RV (m/s)

detecting Proxima b
and dealing with stellar activity

the CCF FWHM is an excellent activity indicator

(but) RVs correlate better with the FWHM derivative

¢ ESPRESSO preU

@ ESPRESSO postU §
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Suarez-Mascareno et al. (2020)



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

CCF masks

-- regions to keep

telluric template

transmitance

wavelength

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

2. Compute stellar template
combining all available observations

time

—— stellar template 05
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the candidate Proxima d
(and dealing with stellar activity, again)

3. Compute RVs by aligning individual
spectra with stellar template

m

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

m

-- laplace [ MCMC

2.0

Posterior distribution

RV [m/s]

wavelength

Silva et al. (2022)



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

first step was to derive RVs

with the template-matching technique . . . .
P g 4 el | i— 1 CCF |
for Proxima, we obtain % 15 _ﬂ_' M 1
- very similar rms T S
- significantly lower uncertainties . h
when compared with CCF RVs T L
0 JI 1 I L l_ll_l
-2 0 2 4
RV [m/s]
30
25 4

Number
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RV error [m/s] Faria et al. (2022)



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

then we simultaneously model

the RVs and the CCF FWHM 2 M/W\/A

the FWHM is an excellent proxy for 2
stellar activity variations

RV
o

two quasi-periodic GP £
with shared hyperparameters

FWHM

.9 5
. 2 2 sin” (%)
7<‘QP(T) = UI exXp _2 5 D) ' ~10 ] . . .
n?. 774 58500 58600 58700 58800 58900 59000
Time

Faria et al. (2022)
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the candidate Proxima d
(and dealing with stellar activity, again)
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the candidate Proxima d
(and dealing with stellar activity, again)
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es02202 — Science Release

New planet detected around star closest to the

Sun

10 February 2022

A team of astronomers using the European

f v -

found evidence of another planet orbiting |

1) WIKIPEDIA

Y/ TheFree Encyclopedia Q i Cénaun

Proxima Centauri d

Artide Talk

From Wikipedia,the free encyclopedia

Proxima Centauri d (also called Proxima d) is a candidate exoplanet orbiting the red dwarf star Proxima
i trple star system. Together with two other
exoplanet to the Solar System, located

Centauri, the closest star to the Sun and part of
planets in the Proxima Centauri system, itis the ¢
‘approximately 4.2 light-years (1.3 parsecs; 40 trilion kilometres; 25 trillon miles) away in the constellation of

est

Centaurus. The first signs of the exoplanet emerged as a weak 5.15-day signal n radial velocity data taken
¥ Large Teles
o be a candidate exoplanet by Faria et al. in a follow-up paper published in February 2022171

from  during a 2020 study on Proxima b's mass. This signal was formaly proposed

Proxima d is a sub-Earth at least one-quarter of the mass of Earth (or twice the mass of Mars), orbiting at
roughly 0.029 AU (4.3 million km; 2.7 miion mi) every 5.1 days.? It s the least massive and innermost
known planet of the Proxima Centauri system. It is the least massive exoplanet detected with the raial
velocity method as of 2022. Proxima d orbits 100 close 1o ts star to be habitable, and receives about 190% of

Ear's iadiation—assuming an Earth-ke refleciviy, s equilbrium temperature may reach 360 K (87 °C:
188°F),
See also e
+Listof nearest exoplanets
References e
1.A90€ 6% v, 3. P; Susrez Mascarero, A, et l. (January 4, 2022). " car 3 sub-Earth oo

antaur B (POF) 1
1893

. Astronomy

planet is the third detected in the system
Earth’s mass, the planet is also one of the:

FA 13 languages v

Read Edi

Proxima Centauri d

Avtistic dopiction o Proima Contauri d, with

Proxima Centauriand Alpha Centauri A& B
visile n the background

Discovery!"

Discovery site T-ESPRESSO

Discovery date 2020

Detection method  Radial velocity
Orbital characteristics! |

Semi-major axis wo0m1s

002885 '3 000 12 AU
Eccentricity 00a 208
Orbital period 0002

5122 %24

Semi-amplitude  0.39 £0.07 mis

Star xima Centaur
Physical characteristics!"

Mean radius 08120087

Mass 2026 £0.05 Mg

Temperature 360K (87 °C; 186 °F)

Detectan planeta que orbita la estrella
mas cercana al Sol

Se estima que el planeta candidato Proxima d tiene apenas un 25% de la masa de la Tierra, tarda
cinco dias en completar su érbita alrededor de Préxima Centauriy lo hace, ademas, en la 'zona

habitable’ de la estrella.
{

the press coverage

About the Release

Release No.:  es02202

Name: Proxim:
Proxima d

Type: Milky Way : Star
Circumstellar
Material

Planetary System
Facility: y

gestream

A candidate short-period sub-Earth
orbiting Proxima Centauri

Alejandro Suirez Mascareio

Proxima Centauri, non c'é due senza tre

Un gruppo internazionale di ricerca a cui partecipano anche scienziati dell’Inaf ha individuato la
presenza di un nuovo, piccolo pianeta che orbita intorno a Proxima Centauri, la stella piu vicina al

Sistema solare. Questo candidato pianeta é il terzo a oggi noto in orbita attorno a Proxima e dj essi il
pit leggero, con una massa minima

questo il suo nome — é uno tra gli es]

Francesco Pepe (ESPRESSO's PI)

& Ufficio stampa Inaf

AcTUALTES

Une 3e planéte confirmée autour de
Proxima du Centaure, 1'étoile la plus
proche du Soleil !

sorirs [ rommooe [ et v [ oo

«Il pianeta che abbiamo appena scof
chiamato Proxima d, orbita intorno ¢
Proxima Centauri a una distanza di ¢

quattro milioni di chilometri, meno ¢

MUNDO atualizado 10 Fevereiro 2022, 15:26

Descoberto novo planeta a orbitar a
estrela mais préxima do Sol

or Nuno Patricio - RTP

6OoO0O=r
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“confirmation” with HARPS data

o

Proxima b 4 Proxima d
- - 3 = -
- - 2 . -
- - G‘ 1 = -
I 12,1 | HARPS RVs rederived with
I | ] a line-by-line approach
- - _3 - - .
. . . ‘ : » ' . L . Artigau et al (2022)
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Phase Phase
Comparison Between The LBL Detection of Proxima b and d (Model M. 4 w) with Published Literature Values

Parameter Prior “LBL ®SM2020 “Fa2022

P, (days) U(10.0, 20.0) 11.1881339051 11.1842 + 0.0007 11.186810.9%27

Ky (ms™") Uuao, 5) 1.22 +0.17 1.37 £ 0.10 1.24 +0.07

P4 (days) UGs.0,5.3) 5.167+3%1 5.16810051 5.122199%

Ky (m S_l)

Uuao, s)

+0.19
0.3 8—().2(]

g85 0.39 + 0.07




the closest Earth-mass planets

@
e ESPRESSO confirms Proxima b 9%
e and reveals a new candidate planet
at a short orbital period of 5.12 days
. Proxima
with 25% the mass of the Earth
(K=38 cm/s) ® ® o
C b d

Nice
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