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Very little is known about giant planets and brown dwarfs at an orbital separation greater than 
5 AU. And yet, both are important puzzle pieces needed for constraining the uncertainties that 
exist in giant planet formation and evolution models. 


With over 20 years' worth of radial velocity data from the CORALIE echelle spectrograph, we 
are now in a position to use the technique of radial velocity detection and direct imaging to 
complement one another. Using these techniques helps us understand how these wide-orbit 
giant companions form and evolve by investigating a mass and separation parameter space 
that is distinct from the one already occupied with exoplanets discovered through other 
methods. 


Here, we present the detection and characterization of interesting wide-orbit giant planets and 
brown dwarfs from the CORALIE search for southern extra-solar planets which probes this 
new orbital parameter space and could signal whether different formation mechanisms are at 
play, adding to the overall picture of planet formation and evolution.


Radial velocity and direct imaging techniques not only probe a wide range of orbital periods, 
but they also probe a wide range of ages, where typically directly imaged planets are 
extremely young systems where detection is favoured due to the luminosity in the infrared of 
these objects at such a young age. The CORALIE survey allows us to probe older stars than 
typically imaged systems, which can allow us to say something about the evolution of these 
detected sub-stellar companions.

Top: Detected exoplanets taken from the NASA Exoplanet Archive. 
Imaging long period radial velocity planets helps us to close the 
gap between planets detected via radial velocities and planets 
detected via direct imaging. Bottom: Distribution of ages for 
directly imaged planets versus other techniques.

Observations and Analysis

Left: Long term radial velocity trend detected by CORALIE data (Cheetham et al. 2017), which led to 
the discovery of an ultra cool brown dwarf using SPHERE. Right: Follow-up SPHERE data, with a 
detection in K1 band using ADI+SDI. This is an example of an older imaged system with a 
dynamical mass to help close the gap between RV detected planets and imaged planets at an older 
age to help us understand the evolution of these objects.

Two long term radial velocity curves taken with CORALIE/EULER corresponding to brown dwarf mass companions, both to be imaged 
with IRDIS+IFS on SPHERE/VLT (Rickman et al. in prep.) to detect and spectrally characterise companions.

The CORALIE long term radial velocity surveys provide us with a unique opportunity to probe a new parameter space of orbital 
periods, in a regime where we have the ability to image some of these wide-orbit companions. The information that can be extracted 
from a combination of radial velocity detection as well as directly imaging and spectral characterisation of the companion provides us 
with an opportunity to investigate giant planets and brown dwarfs at different ages to those typically detected through imaging up until 
now. This in turn will allow us to investigate the formation and evolution of these objects by making a comparison between the 
physical properties of both younger and older giant planets and brown dwarfs.

We have continued to follow interesting candidates with the 
CORALIE spectrograph at La Silla, Chile. This has led to the 
detection of some long period companion candidates. By 
calculating the contrast limit for SPHERE and plotting the 
expected contrast values for these potential companion 
candidates, we can assess the detectability of these companions. 


This has already proven a success with the ultra cool brown dwarf 
HD4113C with a clear detection and spectral characterisation. We 
are now processing the follow-up data for HD4113C to further 
constrain its physical parameters and we have just had a proposal 
accepted to image two more companion candidates from the 
CORALIE survey with SPHERE/VLT (PI: Rickman).

A measured SPHERE 5σ-contrast curve showing the calculated 
positions for the companions in terms of contrast and separation. The 
contrast range corresponds to the mass range in which the companion 
is a brown dwarf, where the minimum contrast corresponds to the 
m.sin(i) calculated from radial velocity measurements. 


