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Sub-Neptunes are very interesting because…
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Sub-Neptunes are very interesting because…

JWST/NIRSpec  ;  GJ 3090 b [Ahrer+25]

But they also like to keep their secrets away…
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He I triplet line measurements:
O Upper limit; O Detection

With (happily) some exceptions,  
e.g. the He I triplet line at 1.08 μm
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Formation of the He I triplet line at 1.08 μm

He

Oklopcic & Hirata, 2018

He+ + e-
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Formation of the He I triplet line at 1.08 μm

Classical view: 
low-density atomic H gas

He
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He+ + e-
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Formation of the He I triplet line at 1.08 μm

Classical view: 
low-density atomic H gas

He

Oklopcic & Hirata, 2018

He+

Some questions to myself. Effect of:
#1) Photoelectrons [GM25]. 
#2) Molecularity of the gas [GM+25].
#3) Metal chemistry [GM, in prep.]. 
#4) Radiative transfer in the lines.

+ e-
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“Molecularity”

HAT-P-11 b 
Allart+2018

The line traces the upper atmosphere, up to a few Rp.
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“Molecularity”

HAT-P-11 b 
Allart+2018

The line traces the upper atmosphere, up to a few Rp.

Bulk gas may or may not have transitioned from H2 into H.  

Is that important at all?



Built a molecular network [GM, A&A, 2025]



Built a molecular network [GM, A&A, 2025]
Explored warm Neptunes HAT-P-11 b, GJ 3470 b, GJ 436 b 

[GM+2025, A&AL]



Built a molecular network [GM, A&A, 2025]

Ben Jaffel et al., 2022

Allart et al., 2018

HAT-P-11 b

Ehrenreich et al., 2015

Masson et al., 2024

??????

Ly-α

He  
triplet

GJ 436 b

Explored warm Neptunes HAT-P-11 b, GJ 3470 b, GJ 436 b 
[GM+2025, A&AL]
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Finding 1: 

H2 transitions into H differently at each planet

r/Rp r/Rp r/Rp
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Finding 1: 

H2 transitions into H differently at each planet

Transition specifics are connected to XUV & FUV stellar fluxes

r/Rp r/Rp r/Rp



Finding 2: 
He+ + H2 (v) ➜ He + H + H+

is very sensitive to quantum number v 
➜ ➜ ➜ strong T-dependence.
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Finding 2: 
He+ + H2 (v) ➜ He + H + H+

is very sensitive to quantum number v 
➜ ➜ ➜ strong T-dependence.

Lots of qualitative/quantitative information on 
this subject from decades ago.

theory
experimental, min
experimental, max

Umist: 
Astrochemistry comm’
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A chemical reaction is a collision.  
Outcome depends on interaction potential.

time

Po
te

nt
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l
For exothermic reaction, A + B ➜ C + D + E:

A + B

C + D + E

Energy (A+B) > Energy (C+D+E)   
➜ Usually fast
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A chemical reaction is a collision.  
Outcome depends on interaction potential.

time

Po
te

nt
ia

l
For exothermic reaction, A + B ➜ C + D + E:

A + B

C + D + E

Energy (A+B) > Energy (C+D+E)   
➜ Usually fast

For He+ + H2(v) ➜ He + H + H+

➜ Internal barrier that
vibrational energy helps overcome
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GM+2025, He(23S) densities predicted for  
the 4 proposed prescriptions of rate coefficient

HAT-P-11b GJ 3470 b GJ 436 b

He+ + H2(v) ➜ He + H + H+
When H2 survives, reaction

significantly attenuates the He I triplet line at 1.08 μm

He(23S)
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GM+2025, He(23S) densities predicted for  
the 4 proposed prescriptions of rate coefficient

HAT-P-11b GJ 3470 b GJ 436 b

He+ + H2(v) ➜ He + H + H+
When H2 survives, reaction

significantly attenuates the He I triplet line at 1.08 μm

Rate 
coefficient

He(23S)
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TOI-1430 b (aka HD 235088 b)

Smallest planet for which an spectroscopic detection of an 
atmospheric feature has been reported

Rp/R⊕ ~ 1.98 ; Mp/M⊕ ~ 4.15 ; a=0.071 AU ; Teq~800 K 
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TOI-1430 b (aka HD 235088 b)

Smallest planet for which an spectroscopic detection of an 
atmospheric feature has been reported

Rp/R⊕ ~ 1.98 ; Mp/M⊕ ~ 4.15 ; a=0.071 AU ; Teq~800 K 

Excess Absorption~0.9%

Zhang+2023 Orell-Miquel+2023

Excess Absorption~0.6%
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TOI-1430 b (aka HD 235088 b)
lo

g 1
0([

H
e(

23
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TOI-1430 b (aka HD 235088 b)
lo

g 1
0([

H
e(

23
S)

])

Model: Excess Absorption~0.37-0.6% 
≤ 0.6-0.9% from meaurements
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Recap

Chemically, sub-neptunes are a different type of beast…
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Molecularity is important in their upper atmospheres… 
(also re: heavier molecules, GM, in prep.)
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Recap

This has implications on overall interpretation, in 
particular on retrieved He/H  

(connected with formation, interior structure, etc…)

Chemically, sub-neptunes are a different type of beast…

Molecularity is important in their upper atmospheres… 
(also re: heavier molecules, GM, in prep.)
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TOI-1430 b (aka HD 235088 b)
lo

g 1
0([

H
e+

])

Model: Excess Absorption~0.37-0.6% 
≤ Meaurements
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TOI-1430 b (aka HD 235088 b)
lo

g 1
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