Vibrationally excited H> mutes the He | triplet
line at 1.08 um on warm exo-Neptunes
(& on sub-Neptunes !)
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Sub-Neptunes are very interesting because...
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Sub-Neptunes are very interesting because...

But they also like to keep their secrets away...
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With (happily) some exceptions,
e.g. the He I triplet line at 1.08 pym
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Formation of the He I triplet line at 1.08 pm
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Formation of the He I triplet line at 1.08 pm
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Formation of the He I triplet line at 1.08 pm
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Formation of the He I triplet line at 1.08 pm
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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.
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“Molecularity”

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

The line traces the upper atmosphere, up to a few Rp.
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Bulk gas may or may not have transitioned from Hz into H.

|s that important at all?
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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]



Excess absorption (%)

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]
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Finding 1:

Ho> transitions into H differently at each planet
HAT-P-11 b GJ 3470 b GJ 436 b
2 S .1 : 2 S 1 2

T [kK], log,,(density [cm'3])
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Finding 1:

Ho> transitions into H differently at each planet
HAT-P-11 b GJ 3470 b GJ 436 b
2 : 2 _ 3 1 2

y  —

N

o

o O
> o
— .

N Ve

r/Rb

A

r/Rp.

T [kK], log,,(density [cm'3])
o
00

r/P\b

Transition specifics are connected to XUV & FUV stellar tfluxes

Stellar flux [erg cm™?s™!] over the specified bands
Distance  0-100 A 0-228 A 0-504 A 0-912A 912-1200 1214-1220 A 912-2600 A

HAT-P-11 b 299 647 3229 11907 4644 2512 20590
GJ 3470 b 762 1044 2029 2642 461 4239 5988
GJ 436 b 53 70 127 278 70 895 1316
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Finding 2:
et + Ho(v)=»He + H + H+
IS very sensitive to quantum number v

=> = = strong [-dependence.

40000+
30000+
20000+

100004 |

0




Finding 2: ol E—"
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Finding 2: o EE—
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A chemical reaction is a collision.
Outcome depends on interaction potential.

For exothermic reaction, A+ B=>C + D + E:

tA 4+ B Energy (A+B) > Energy (C+D+E)
=» Usually fast

Potential

C+D+E

>

time
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A chemical reaction is a collision.
Outcome depends on interaction potential.

For exothermic reaction, A+ B=>C + D + E:

Energy (A+B) > Energy (C+D+E)
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Potential

A chemical reaction is a collision.
Outcome depends on interaction potential.

For exothermic reaction, A+ B=>C + D + E:

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

tA + B

For Het+ + H2(v) = He + H + H+
= Internal barrier that
vibrational energy helps overcome

C+D+E

>

time
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GM+2025, He(23S) densities predicted for
the 4 proposed prescriptions of rate coefficient
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— |
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When Ho survives, reaction

He+ + Ho(v) = He + H + H+
significantly attenuates the He | triplet line at 1.08 um
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GM+2025, He(23S) densities predicted for
the 4 proposed prescriptions of rate coefficient
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significantly attenuates the He | triplet line at 1.08 um
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TOI-1430 b (aka HD 235088 b)
Ro/R® ~ 1.98 ; Mp/M® ~ 4.15; a=0.071 AU ; Teq~800 K

Smallest planet for which an spectroscopic detection of an
atmospheric feature has been reported
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TOI-1430 b (aka HD 235088 b)

Ro/R® ~ 1.98 : Mp/M® ~ 4.15; a=0.071 AU ; Teg~800 K

Smallest planet for which an spectroscopic detection of an
atmospheric feature has been reported
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TOI-1430 b (aka HD 235088 b)

—
o
I

N

Kra.L1e [crn3s'1]

—
o
I

(&)

: 10 =
I | | [ F I [

—_ 10-1 . < |
A~ |

1 400 600 1000 2000 6000
(m/) T [K]
C\I llllllllllllllllll

llllllllllllllllll T
& O . 1‘||||||IIIIIIIIIlIIllIIIlIIIIII-II:I-lII-IlI-II-III:III-II:I-II: III.II-||.||; “I'll.':’.H Iy
pumn=®
— . "-._'\““\\“ ‘ pe
—— R T L “‘
O -1 ’ -

O) "‘ .--l"‘
O _5 I | | | L

r/Rp

A. Garcia Munoz — ExoSystemes V : Magma oceans & sub-Neptunes, April 2026




TOI-1430 b (aka HD 235088 b)

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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Recap

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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Recap

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

Molecularity is important in their upper atmospheres...
(also re: heavier molecules, GM, in prep.)

This has implications on overall interpretation, in
particular on retrieved He/
(connected with formation, interior structure, etc...)
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TOI-1430 b (aka HD 235088 b)
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TOI-1430 b (aka HD 235088 b)

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