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Context

Jupiter
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Observed abundances (updated from Mousis+2018)

Hot spot

• Single Voyager 2 
flyby late 80s

• Uranus Orbiter and 
Probe (UOP) 
mission 2040s ?

Indirect 
constrain
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Scope of the project :
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Water condensation level → convection inhibited → radiative layer
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Thermochemical model 1/2
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In the deep atmosphere
Thermochemical equilibrium holds

Quenching level
Abundances leave equlibrium when :

𝜏𝑡𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡 < 𝜏𝑐ℎ𝑒𝑚𝑖𝑠𝑡𝑟𝑦
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→ Target of the model
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Free parameter 𝐾𝑧𝑧

T. Briand et al.Journées SF2A 2026

Cavalié+2017



4/10

Thermochemical model 2/2
• Predicts the vertical profile of species from :

★ Deep elemental abundances
- A temperature profile
- A chemical network
- A vertical mixing efficiency profile (𝐾𝑧𝑧)

• Simplified physics, more complete chemistry

• Takes advantage of disequilibrium species

• Solves the continuity equation (1D) : 

Production Flux (vertical transport)

LossConcentration
T. Briand et al.Journées SF2A 2026

Accounting for 
uncertainties → error bar 
on deep oxygen
abundance (O/H ratio)
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→ Chemical scheme : network of reversible reactions w/ parametrized kinetics
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➢ C/H/O/N schemes : 
➢ Venot+2020 : 108 species – 1906 reactions (full) 

44 species – 542 reactions (reduced)
➢ Veillet+2025 : 175 species – 2550 reactions 

➢ Uncertainty propagation (MC) : 
➢ Modify all (forward) reaction rates simultaneously

𝑘𝑓
′ 𝑇 = exp[ 𝑘𝑓 𝑇 + ln(𝐹 𝑇 × 𝜖 ]

➢ Compute 𝑘𝑟′(𝑇) from 𝑘𝑓′(T)
➢ Run 1000 times, store results
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Chemistry uncertainty

➢ C/H/O/N schemes : 
➢ Venot+2020 : 108 species – 1906 reactions (full) 

44 species – 542 reactions (reduced)
➢ Veillet+2025 : 175 species – 2550 reactions 

➢ Uncertainty propagation (MC) : 
➢ Modify all (forward) reaction rates simultaneously

𝑘𝑓
′ 𝑇 = exp[ 𝑘𝑓 𝑇 + ln(𝐹 𝑇 × 𝜖 ]

➢ Compute 𝑘𝑟′(𝑇) from 𝑘𝑓′(T)
➢ Run 1000 times, store results
➢ Compute 1 - σ uncertainty range
➢ Feedback on O/H uncertainty

Modified
rate

Nominal
rate

Uncertainty
factor

Random draw from
std normal 
distribution

→ Proceed with V20r 
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→ Chemical scheme : network of reversible reactions w/ parametrized kinetics



Pseudo 2D model

➢ Meridional temperature structure : 
➢ 𝑦𝐶𝐻4

𝑡𝑜𝑝: obs. equator(~4%) → pole(~2%) depletion
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➢ Meridional transport (𝐾𝑧𝑧) : 
➢ Typically estimated by MLT

Joycee+2023
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Pseudo 2D model

➢ Meridional temperature structure : 
➢ 𝑦𝐶𝐻4

𝑡𝑜𝑝: obs. equator(~4%) → pole(~2%) depletion
➢ 𝑇𝑡𝑜𝑝: radiative-convective model
➢ 𝑔𝑡𝑜𝑝: planet’s geometry 
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➢ Meridional transport (𝐾𝑧𝑧) : 
➢ Typically estimated by MLT
➢ Wang+2015 formulation : rotation 

inhibits convection (mid-to-high 
latitudes)

Briand+subm.

Sromovsky+ 2014

Irwin+ 2021



Results - Uranus
→ Idea : At each latitude, find the O/H ratio that fits the observed 𝑦𝐶𝑂

𝑡𝑜𝑝 in the planet (disk-averaged value)

𝑦𝐶𝑂
𝑡𝑜𝑝

= 5.6 ± 0.2 𝑝𝑝𝑏

Cavalié+2026

Tapez une équation ici.Tapez une équation ici.
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Model uncertainty
(chemical network uncertainty

propagation)

Measurement uncertainty

Tapez une équation ici.Tapez une équation ici.
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Results - Neptune

Journées SF2A 2026

Model uncertainty
(chemical network uncertainty

propagation)

Measurement uncertainty

𝑦𝐶𝑂
𝑡𝑜𝑝

= 0.2 ± 0.05 𝑝𝑝𝑚

Moreno+2017

Briand+subm.



Formation constrains
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→ Compare O/H & C/H latitudinal range ⟹ compute C/O ratio

➢ PPD evolution model 
(Schneeberger+2023) tracks transport of 
solids through the disk. Protosolar value
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Formation constrains

T. Briand et al.Journées SF2A 2026

→ Compare O/H & C/H latitudinal range ⟹ compute C/O ratio

➢ PPD evolution model 
(Schneeberger+2023) tracks transport of 
solids through the disk.

➢ Uranus : C/O consistent with protosolar
value

➢ Neptune : C/O subsolar

➢ Both planet equatorial C/O are most
likely different given similar transport 
properties, possibly supporting different
formation pathway

Protosolar value

Briand+subm.
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Main takeaways

T. Briand et al.Journées SF2A 2026

✓ Disequilibrium species measured in the upper troposphere (few bars) can constrain the 
chemical composition of the deep atmosphere (~104 bars).

✓ Meridional variations need to be considered. The widely use yet poorly constrained 𝐾𝑧𝑧 is
the key parameter in the model and rotation can be crucial to compute it.

✓ C/O ratios in Uranus and Neptune are supporting of different formation pathways or 
different 𝐾𝑧𝑧

X Lacking 𝐾𝑧𝑧 constrains : (i) inhibited-convection layers ; (ii) rotating diffusion-
less turbulence regime hard to probe experimentally ; (iii) effect of magnetic field

→ See Briand et al. (submitted)

→ Incomming : Couple recent spatially-resolved CO obs+ rotating convection lab
experiments to constrain meridional 𝐾𝑧𝑧 variation 
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