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Jason Wang (Caltech)/Christian Marois (NRC Herzberg)

- Originally detected by Marois et al. (2008)

- Only directly imaged system with more than 
two planets

- Upper limits on planet masses from 
dynamical and stability arguments (Wang et 
al 2018, Brandt et al 2021)
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- Directly imaged planets are 
young, hot and massive

- Their mass and temperature 
range is more similar to 
brown dwarfs than most 
exoplanets.

- Most planets are not 
transiting, and can only be 
accessed with future direct 
imaging missions.
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Öberg et al. (2011) APJ 743 1 L16

- It is unclear how giant, widely 
separated planets form - 
gravitational instability or 
core accretion?

- The composition of these 
planets, particularly the 
carbon-to-oxygen number 
ratio (C/O) traces the 
location of formation, which 
can help us infer the 
mechanism



So how do we measure that?
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- Measuring the emission 
spectra of an exoplanet 
is extremely challenging 
compared to brown 
dwarf or solar system 
observations.

- So let’s use a simple 
model and try to 
understand some of the 
broad strokes physics

- We can fit this to the 
spectral and photometric 
data



HR8799 Retrievals with GRAVITYNasedkin

Modelling the HR8799 planets

7

Mollière et al. 2020 HR8799e Atmospheric Parameters



HR8799 Retrievals with GRAVITYNasedkin

Modelling the HR8799 planets

7

- Our model is based on Mollière et al. (2020), using petitRADTRANS.

Mollière et al. 2020 HR8799e Atmospheric Parameters



HR8799 Retrievals with GRAVITYNasedkin

Modelling the HR8799 planets

7

- Our model is based on Mollière et al. (2020), using petitRADTRANS.
- We include :

Mollière et al. 2020 HR8799e Atmospheric Parameters



HR8799 Retrievals with GRAVITYNasedkin

Modelling the HR8799 planets

7

- Our model is based on Mollière et al. (2020), using petitRADTRANS.
- We include :

- MgSiO3 and Fe clouds, based on Ackerman & Marley (2001), with scattering

Mollière et al. 2020 HR8799e Atmospheric Parameters



HR8799 Retrievals with GRAVITYNasedkin

Modelling the HR8799 planets

7

- Our model is based on Mollière et al. (2020), using petitRADTRANS.
- We include :

- MgSiO3 and Fe clouds, based on Ackerman & Marley (2001), with scattering
- Equilibrium chemistry with disequilibrium carbon quenching, or free chemistry

Mollière et al. 2020 HR8799e Atmospheric Parameters



HR8799 Retrievals with GRAVITYNasedkin

Modelling the HR8799 planets

7

- Our model is based on Mollière et al. (2020), using petitRADTRANS.
- We include :

- MgSiO3 and Fe clouds, based on Ackerman & Marley (2001), with scattering
- Equilibrium chemistry with disequilibrium carbon quenching, or free chemistry
- Flexible, 6 parameter T-P profile

Mollière et al. 2020 HR8799e Atmospheric Parameters



HR8799 Retrievals with GRAVITYNasedkin

Modelling the HR8799 planets
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- Our model is based on Mollière et al. (2020), using petitRADTRANS.
- We include :

- MgSiO3 and Fe clouds, based on Ackerman & Marley (2001), with scattering
- Equilibrium chemistry with disequilibrium carbon quenching, or free chemistry
- Flexible, 6 parameter T-P profile

- Recent updates to pRT include improved adaptive pressure grids, Hansen clouds 
coupled to AM01, and improved CIA handling.

HR8799e Atmospheric Parameters
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- GRAVITY is an AO assisted, 
spectroscopic, NIR 
interferometer at the VLTI, 
with a 130m baseline.

- With GRAVITY we can 
observe the HR8799 planets 
in minutes, with excellent SNR

- The current observations have 
a spectral resolution of 500, 
but 4000 is possible.
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- To date, GRAVITY has been 
used to explore several directly 
imaged systems through the 
ExoGRAVITY program:

- Beta Pic b,c: Nowak et al. 2019
- HR8799e: Mollière et al. 2020
- PDS 70 b,c: Wang et al. 2021
- HD 206893: Kammerer: et al. 2021
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- The first GRAVITY data for HR8799e 
was taken in 2018 (Gravity 
Collaboration et al. 2019)

- Similar observations were made for 
the remaining three planets

- All observations are taken at R~500, 
with an SNR of ~5 per channel.
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- Retrievals are only as good as the data! 
- We need to account for covariances in 

the spectrum (Greco & Brandt 2016) 
- Algorithm choice also affects the flux 

calibration and shape of the spectrum

PynPoint residuals are  
post negative-PSF injection
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PynPoint residuals are  
post negative-PSF injection

- Further efforts are necessary to quantify how 
these algorithms impact characterisation, 
similar to Cantalloube et al (2021) for detection 

- We chose to use the KLIP reductions in the 
retrievals due to the performance across 
datasets and planet separations.
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Fitting the Data!

15

- We’ve run retrievals for all 
of the planets (though still 
have more to go)

- Consistent with literature, 
all of the planets are 
cloudy and around 
1000K-1200K

Updated from Mollière et al. 2020 HR8799e Atmospheric Parameters
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- Our fiducial model for each 
planet uses disequilibrium 
chemistry, interpolating a 
grid in C/O [Fe/H] space.or 
HR 8799 b, we can compare 
this to a free chemistry 
retrieval. 

- We find strong evidence (Log 
Bayes factor >100) for the 
presence of HCN and CH4.* 

*as found by setting the free abundances to 0, not 
from removing the species and rerunning the 
retrieval
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- We also find a ~5x higher 
CO abundance using free 
chemistry as compared to 
the disequilibrium model.

- This may be partially 
explained due to the 
differences in the retrieved 
radius and effective 
temperature between the 
two models.
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- The results depend on both the 
choice of model and dataset 
inclusion. 

- C/O in particular strongly depends 
on the chemical model used 
(disequilibrium or free chemistry).
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- The free chemistry retrieval predicts a 
higher CO abundance than 
disequilibrium chemistry.
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Preliminary results: C/O

18

- We see a tentative 
decreasing trend in C/O 
with orbital separation.

- The C/O ratios outside 
20AU tend to be 
substellar, but c and d 
are likely within 1 sigma 
of the stellar value (0.55)

- In general, we find 
metallicities ~10x the 
stellar value of -0.52.

The retrieval for c is still running!
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processing and modelling are all very complicated

- A single retrieval does not tell you everything about a planet! Many models need 
to be compared to find robust results.

- Preliminary results look mostly consistent with literature: 
- Temperatures of 1000K-1200K
- abundant H2O and CO, possible detections of CH4 and HCN
- Cloudy atmospheres
- Stellar to slightly substellar C/O, maybe decreasing with separation

- There’s still lots to do!
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