Atmospheric Characterization of the
Temperate Planet LHS 1140 b with JWST/NIRISS

Is LHS 1140 b a Mini-Neptune or a Water World?
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Context: The LHS 1140 System

Two-planet transiting system around an old (> 5 Gyr)

and relatively inactive (P_, = 131 d) M4.5 dwarf: ' Tor1231 b

Kepler-139 c ,

LHS 1140 b, a temperate 1.73 R planet with

ambiguous composition (H,O-rich?, H,-rich?)
LP 791-18 ¢
..LTI'3780c

b

TOI-1468

LHS 1140b ® To1270d @

TOI-1452 b
® °

LHS 1140 c, an inner 1.27 R_ rocky super-Earth

K2-3 ¢
L]
Kepler-138 d *

TRAPPIST-1 ¢ TRAPPIST-1 b

)
o«
(%]
a2
©
©
o

=
wu

TRAPPIST-1
° TRAPPISTJ f
L ]

1.0 TRAPPIST-1 h TRAPPOIST-:L © TRAPPIST-1 d * *
LHS 1140 y . °
LHS 1140 c LHS 1140 b -
O () O 1.0 1.5 2.0
\_/

Insolation (Se)

P (not to scale)
Well-characterized (ARp, AI\/Ip < 30%) transiting planets



Revised Mass and Radius

LHS 1140 b LHS 1140 c
[ =—— This work  —— This work

r O M9 O wm19

[ O LB20 O LB20

LHS 1140 c

Cadieux et al. 2024 o,/ Mp ~ 3%




Interior Scenarios for LHS 1140 b

1. Mini-Neptune 2. Water world 3. Fe-depleted/Coreless Planet
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Interior Scenarios for LHS 1140 b

1. Mini-Neptune 2. Water world 3. Fe-depleted/Coreless Planet
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3D Global Climate Models
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e For the water world case, the planet could
be in a snowball configuration with:
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LHS 1140 b: A Mini-Neptune or a Water World?

Simulated transmission spectrum (Cadieux+2024)
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LHS 1140 b: A Mini-Neptune or a Water World?

Simulated transmission spectrum (Cadieux+2024)
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Transit spectroscopy can discriminate the two scenarios*



LHS 1140 b: A Mini-Neptune or a Water World?

Simulated transmission spectrum (Cadieux+2024)

~100 ppm Mini-Neptune
é
— (H,, CH,, NH,)
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—— Earth-like, GCM ---- H/He-rich, GCM ¢ G395H (10 transits)
—— 5 bar CO,, GCM ¢ G235H (10 transits)
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Transit spectroscopy can discriminate the two scenarios*

*provided that stellar contamination can be properly treated



The Transit Light Source (TLS) Effect
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Transit Spectroscopy with HST/WFC3

Tentative detection of H,O near 1.4 ym (~100 ppm)
in a hydrogen-dominated atmosphere (u ~ 2.3)
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A combination of unocculted Solar Spots
spots (32%) and faculae (67%) .-
could also explain the data Jliad
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Enters JWST

LHS 1140 has limited visibility (only 4 observable

transits per year)

e Cycle 1 NIRSpec (1.7-5.2 ym) program G0O2334 (P!I:
Damiano & Hu) with 2 transits in July 2023

e We obtained 2 transits in Dec. 2023 as part of
program DD6543 (Pl: Cadieux & Doyon)

e NIRISS/SOSS (0.6-2.8 um) to:
o Repeat the HST observations
o Characterize levels of stellar activity

o Confirm/reject the mini-Neptune scenario for LHS 1140 b

Crédit:NASAGSFC/CIL/Adriana Manrique‘ Gutierrez - S



Transit Spectroscopy with JWST/NIRISS

(DD6543, PI: Cadieux & Doyon)

1.002
Broadband
1.000 ,
. 3
Quiet star i 0.998
E 0.996
@©
. o B 0.994
No variability g
0.992
No flares 102} 0.71-0.72m

Relative Flux + Offset

o
©
&

2.32—2.35 um Gl _

2:62—2.65 um °, R

=2 -1 0
Time From Mid-Transit (hours)

Cadieux et al. in prep.



Transit Spectroscopy with JWST/NIRISS

(DD6543, PI: Cadieux & Doyon)
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Transit Spectroscopy with JWST/NIRISS

(DD6543, PI: Cadieux & Doyon)
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Transit Spectroscopy with JWST/NIRISS

(DD6543, PI: Cadieux & Doyon)
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Transit Spectroscopy with JWST/NIRISS

(DD6543, PI: Cadieux & Doyon)
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Transit Spectroscopy with JWST/NIRISS

(DD6543, PI: Cadieux & Doyon)
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Free Chemistry Atmospheric Retrieval

Stellar contamination model
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Atmospheric abundances

log CH, = —8.22738  log H,0 = —9.537182  log CO, = —8.36'318 log N, = —0.00"{(¢

e Evidence (~20) of unocculted faculae
Large u e No molecular absorption (upper limits inferred)
favored
e Afeatureless spectrum is preferred over the
. -1 mini-Neptune prediction (>100)

~1% for K2-18 b (Madhusudhan+2023) | Work by R. MacDonald, O. Lim; Cadieux et al. in prep.




What's next? ... More datal!
Transit spectroscopy (NIRISS+NIRSpec) Eclipse photometry (MIRI)

288 K blackbody (Ab = 0, f = 2/3)
226 K blackbody (Ab = 0, f = 1/4)
229 K blackbody (Ab = 0.6, f = 2/3)
179 K blackbody (Ab = 0.6, f = 1/4)
Earth-like, GCM

5 bar CO, GCM

MIRI/F1500W (4 visits)
MIRI/F2100W (11 visits)
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e 15 microns: 1 year to rule out the airless case

e 21 microns: 3 years to detect a CO_-dominated
atmosphere
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~12 visits (3 years) needed to constrain CO,
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- Summary & Conclusion

> The JWST/NIRISS transmission spectrum of LHS 1140 b reveal:

o LHS 1140 b is not a lower-mass version of K2-18 b; the spectrum is

incompatible (>100) with the mini-Neptune scenario
o Evidence (20) of TLS from unocculted faculae, even for this quiet star

LHS 1140 b is a strong water world candidate, probably the best target

for inferring surface liquid water through atmospheric detection of CO,

Transmission+eclipse data urgently needed to constrain an atmosphere

Merci!



