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Outline

* Detecting and characterizing planets: 
   how and why M dwarfs are a treasure trove

* Overview of ground-based photometric and spectroscopic surveys

* Limits to detection and characterization of low-mass planets 
  due to stellar activity: causes and methods for (partially) suppressing it

* Discussion on some real targets
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First good reasons to target M dwarfs
(mostly to search for potentially hab planets) 

They are/have:

• small (0.08 Rsole < R < 0.6 Rsole)

• low-mass (0.08 Msole < M < 0.6 Msole)

• the ~75% of all the star sample in our Galaxy

• a ‘lifetime’ in the ZAMS which measures in trilion of years

Statistical results show that potentially hab planets around M dwarfs could be

widespread



  



  

Mass-radius diagram

After Li Zeng
https://www.cfa.harvard.edu/~lzeng/planetmodels.html



  

Some Kepler-based statistical results

∝P0.7±0.1

Morton & Swift 2014



“Earths” in the Habitable Zone of M dwarfs

(2015)

ηE (eta Earth) = frequency of Earth-like planets per star

D&C (2015) estimate a cumulative occurrence rate of 2.5±0.2 planets per M dwarf with radii 1-4 R
Earth

 and P<200 days



The APACHE project

 APACHE stands for 
    A PAthway toward the Characterization of Habitable Earths

 It is a 5 years long targeted, small field photometric survey aimed at 
discovering  transiting, small-size exoplanets (super-Earths) around a well-
defined sample of hundreds of nearby dM0-dM5 stars, using an array of five 40-
cm telescopes

APACHE is the only survey of this kind based in Europe 

 The APACHE photometric database will greatly contribute to the 
astrophysics  of the M dwarfs, in particular by characterizing their variability 
(rotation, activity,...) → very helpful for radial velocity surveys!



  

Photometry



  

 ~1800 days of operations (4.9 yrs)

 ~40% of good weather

 > 800,000 useful images

 ~400 targets observed

     a dozen of which are test targets, with known transiting 
planets we have well recovered

 0.005 mag of mean photometric precision 



  

GAPS and GAPS 2.0
https://www.oact.inaf.it/exoit/EXO-IT/Projects/Entries/2011/12/27_GAPS.html



HADES: THE Harps-n red Dwarf Exoplanet Survey
A collaboration between GAPS – EXOTEAM:
• Italian Global Architecture of Planetary Systems Consortium (GAPS)
• Institut de Ciencies de l’Espai de Catalunya (IEEC-CSIC)
• Instituto de Astrofisica de Canarias (IAC) 

Original sample: 106 stars (M0-M4) - Timespan: 4.7 yrs
[Lepine & Gaidos 2013; PMSU, Reid et al. 1995; APACHE catalog, Sozzetti et al. 2013;  Gaia scans]
27 rejected (wrong spectral types, binaries, rotators, strong activity)
7 stars still unobserved

Jitter ≈ 1.0 – 3.0 m/s
Mean internal error = 2.2 m/s
Mean RMS = 68.8 m/s (several long term trends)
Median RMS = 4.4 m/s

HADES Discoveries:
Affer et al. 2016 GJ 3998 b: P = 2.6 d mpsin i = 2.5 ME

  GJ 3998 c: P = 13.7 d mpsin i = 6.3 ME

Suárez Mascareño et al. 2017 GJ 625 b: P = 14.6 d mpsin i = 2.8 ME

Perger et al. submitted GJ 3942 b: P = 6.9 d mpsin i = 7.9 ME

Pinamonti et al. submitted GJ 15A b: P = 7648 d mpsin i = 45 ME

23 ≥ 80 obs
15 ≥ 100 obs
Tot: 3830



  

TESS 
Transiting Exoplanet Survey Satellite

To be launched on March 2018.

It is expected to discover ~980
transiting planets around M dwarfs,
Including ~50 bright M dwarfs.

Spectroscopic observations will be 
necessary to determine the mass
of the planet and search for possible
non-transiting systems. 





Radial velocity measurements



If we eliminate all other error sources except stellar noise, we won’t see significant precision gains.

A key challenge for detecting and reliably characterizing low-mass planets is to separate planetary 
signals from stellar activity induced signals. 
In other words, it must be found a way to mitigate the stellar noise 



Credit X. Dumusque
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Flux blocked by starspots on the rotating stellar disc 
induces asymmetries in the spectral lines, leading to 
variations in RV

Courtesy of R. Haywood



Convective blueshift

The photometric effect of faculae is negligible as they are not significantly brighter
than the quiet photosphere and they are evenly spread on the stellar disc; they do,
however, induce a strong signature in spectroscopic observations.

Suppression of convective blueshift is thought to play a dominant role in activity-
induced RV variations on Sun-like stars, particularly in the case of faculae/plage, 
which are thought to cover a much larger fraction of the stellar surface than spots



Gaussian Processes

Instead of assuming that the noise is white, the likelihood function is generalized to include covariances 
between data points.

Once a covariance function is chosen, a MCMC fitting is used to derive hyper-parameters 
(i.e. parameters of the covariance function)

Including covariance

See R. Haywood PhD thesis for a nice description of GPs



Application to the Kepler Fitting Challenge

Dumusque et al. 2017
 https://rv-challenge.wikispaces.com

15 simulated RV datasets using one of the best noise model on the market

OBSERVABLES: RV, BIS, FWHM, log(R'hk)



Some useful covariance functions



Credits: R. Haywood



  

Discussion on real targets

Proxima Centauri b

(Anglada-Escudé et al. 2016; Damasso & Del Sordo, 2017)



  

Pale Red Dot campaign

Anglada-Escudé et al., Nature, 2016

~ 80 days



  
A&A, in press



  

Method used in the discovery paper

Method used by D&D (Gauss. Proc.)



  

Proxima photometry

Wargelin et al. 2017



  

Gaussian process + Keplerian
global model



  

D&D results for planet b

Proxima b orbit is likely circular



  

Structure of the correlated (stellar) signal



  

Nothing else?

The model with 2 planets is statistically unlikely.



Courtesy of R. Claudi
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• Mainly Exoplanets: hot atmospheres; hot planets 
around cool stars; Giant planets in OC and around 
young nearby stars

• Other science: Young Stellar Object; X Ray Binaries 
and Magnetostars; CVs and Novae; Intermediate 
Luminosity Optical Transients; SN I;
GRB and SN

Courtesy of R. Claudi
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