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Abstract

 

We characterise the atmosphere of a super-Jupiter in the GQ Lup system with the 
upgraded CRIRES+ instrument as part of the ESO SupJup survey [1]. We measure the 
composition, temperature profile and carbon isotope ratio of GQ Lup B through 
atmospheric retrievals. Additionally, we constrain the isotope ratio of the host star with a 
grid of PHOENIX spectra and a a veiling model.
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ESO SupJup survey

Conclusions

The ESO SupJup survey is a large programme (~100 hours)
with VLT/CRIRES+ aimed at assessing the role of 
isotope ratios as tracers of formation pathways 
of super-Jupiters and free-floating brown dwarfs.

Super-Jupiters are widely-separated, self-luminous,
gas giants straddling the boundary between planets 
and brown dwarfs, with masses ~ 5 - 30 Mjup.

Formation within a protoplanetary disk may lead to 
distinct chemical and isotopic compositions due to
the accretion of gas and solids [2].

Gravitational collapse or disk fragmentation 
results in objects that inherit the composition from
the molecular cloud.
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Observations with CRIRES+

GQ Lup A spectrum and model

Atmospheric Retrieval

Formation pathways

The carbon isotope ratio of the GQ Lup system
Unraveling formation pathways of super-Jupiters

Best-Fit Model GQ Lup B

We observed the GQ Lup system with the narrow slit mode of CRIRES+ and adaptive optics 
on. We target the region covering 12CO and 13CO features (1.90, 2.48) μm in the K-band.

Starlight at the position of the planet dominates over GQ Lup B's signal by a factor of ~ 3 

We report the detection of 13CO in the atmosphere of GQ Lup B and its host star.

We present a detailed characterization of the atmosphere of GQ Lup B with K-band
high-resolution spectroscopy.

We forward-model the starlight at the position of the companion and the telluric features
to robustly derive atmospheric parameters.

The homogeneous carbon isotope of the system suggests that GQ Lup B formed via
graviational collapse or disk fragmentation.

Veiling of photospheric lines affects the spectrum of hosts T Tauri stars and must be 
included to fit stellar models.

GQ Lup A is a young (2-5 Myr), active T Tauri star with
a circumstellar disk. Its photospheric lines exhibit
veiling due to an additional emission source [3].
We fit the excess continuum as a component of the 
linear model, with a fitted amplitude for each order. 
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petitRADTRANS [4] 

linear model companion starlight
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Shifted and scaled versions
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Least Squares Nested Sampling 

Temperature Profile 
   Temperature gradients
   Fit pressure of PT knots
   Radiative-convective eq.        

Telluric model
   Fit airmass of Molecit model       

γ = adiabatic index 

* 1/ 7 spectral orders

Temperature Profile 
   Best-fit PT profile similar to ATMO models [5]:
                   Teff ~ 2300 K, log g ~ 4.0.
   The reduced temperature gradient in the deep
   atmosphere may originate from nonadiabatic
   convection (γ < 1.33) [6].
  
       

Composition
We retrieve the abundances of the main
opacity sources with free chemistry and 
derive elemental and isotope ratios.  
       

The low surface gravity and slow spin are consistent with previous measurements of GQ 
Lup B and other young super-Jupiters and brown dwarfs [7, 8].
       

Surface gravity
 log g = 3.83 ± 0.18
       
Spin
 v sin i = 5.56 ± 0.02 km s-1 
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