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combination of a high mean molecular weighand or low T (alongside a weaker NN, CIA feature near 2.2m). Both
for such atmospheres is safent to atten the spectrum below models allow for the possibility of power-law hazes, but N
the sensitivity of our NIRISS spectrum. The data are Rayleigh scattering alone provides the necessary slope without
incompatible with clear Cirich and H-rich atmospheres  any additional scattering opacity. We stress that the residual
with 2 upper limits of logCH< 52.25 and logH< S0.94  gjope attributed here toNelies on the assumption that the
(<1199, respectively. stellar contamination is well described by our interpolated
) PHOENIX models for faculae. The best TLS model leaves a
Appendix D _ signi cant residual near 2.3n, which is coincident with the
Supplementary Material: Atmospheric Inference Analysis CO band head, a well-known temperature- and gravity-
D.1. Evidence for a Ndominated Atmosphere on LHS 1140 b sensitive spectral feature in M dwarf spectra. Given inherent
uncertainties associated with stellar atmosphere méelgls

atmosphere. The observed transmission spectrum is given bg'm e_zt.a'll.2023 Jahandar et ap024), one cannpt rule (?Ut the
A b= € s amm Wheree ouris the*stellar contamination ossibility that the measured slope is an artifact of imperfect

factof (e.g., Equation(d) in Fournier-Tondreau et a2024 stellar. contamination correction_. The evidence f@ﬁﬂ\lonly
and A um is the “regulal transmission spectrum of the tentative at this stag@.3 ) and will need to be conmed with
planetary atmosphere. Given that unocculted faculae are théuture observations.

dominant wavelength-dependent effect sculpting LHS 11810 b

transmission spectrum, west corrected our NIRISSOSS

data by dividing out the bestting unocculted stellar D.2. Atmospheric and Stellar Retrieval Results

contamination mode{binned to the resolution of the d}a_ta' The priors, posterior parameter constraints, and key statistics
This allows one to compare model atmosphere-transmlssmnfrom our retrieval analysis of LHS1140b are presented in
only Spectraj am o an equivalent form of the data. TableD1. The full posterior distributions are shown for the TLS-

Figure D1 compares our stellar-contamination-corrected g o
transgmission spec[:rum of LHS1140b with our bestg only model in Figuréd2, TLS + N, (Clea) in FigureD3, TLS

100% N, and 100% CQ@ atmosphere models. The g@odel + Multi_gas_(Haze) in Fi_gureD4, and TLS.+ Mult@ga;(Haze+
is essentially at, consistent with a nondetection of Cgands. Cloud in Fl.gure D5. Flnally, the posterior distributions for thg
The N, model, however, exhibits a clear Rayleigh slope in both TLS + Multigas(Haz§ retrieval of LHS 1140 c are presented in

the rst and second orders of the NIRIS®SS data FigureD6.

Here we elucidate why our retrievals favor gdéminated
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Figure D1. Tentative evidence of a MNlominated atmosphere on LHS 1140 b. The stellar-contamination-corrected LHS 1140 b/ B{R$SStransmission
spectrum(black points folR 20, gray points foR  100) is compared with the bestting model transmission spectra for a 100%atnospherégreen and a
100% CQ atmospher¢blue), plotted atR = 20. The N model has a besttting T = 399 K, while the C@ model hasl = 116 K. The N model provides a bettet
(2.3 ), due to the presence of a Rayleigh scattering slope and a weblk RIA feature.
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Table D1

Retrieval Analysis Summary for LHS 114GhCombined NIRISSSOSS Transmission Spectrum

Cadieux et al.

Parameter Prior Flat Line TLS Only TS N, TLS + Multigas TLS+ Multigas
(Clea) (Hazg (Haze+ Cloud
Stellar Contamination
Tepot (K) U300, T + 3 Toyp) L 300365, 2995485 3017+ 3010733
Tonot (K) N, Bpp) L 30734 3074+ 3076142 3073*4
Trac (K) UTer — 3 Ty, 1.2 Ter) L 3155728 31537 3146784 314278
fspot U0, 0.5) L 0.041542 0.0473% 0.075949 0.061092
fiac U(0, 0.5) L 020433 0.22+913 0254913 0.237914
Atmospheric Properties
Rorer (R ) U(1.5, 2.0) 1.7513+ 0.0006 1.762 0.002 1.765 0.002 1.764¢ 0.002 1.758 0.005
M (M ) N(5.60, 0.192) L L 559+ 0.17 5.48+ 0.17 5.60+ 0.16
T (K) U(100, 400) L L 33178 29075, 2244103
10g Apae U(—4, 8) L L L 2.0843% 206733
haze U(-20, 2) L L L —8.357532 —8.347632
log(Rys/ bap U-1,2) L L L L —3.6415312
log X, (derived L L L <$0.95 < 50.56
log Xx, CLR(—12, 0) L L 0 ( xed $0.00°9%° $0.69"28
log Xco, CLR(—12, 0) L L L §7.625302 §3.47341
log Xm0 CLR(—-12, 0) L L L < §2.94 $6.14734]
log Xcu, CLR(-12, 0) L L L <5278 $6.1773,f
Model Statistics
Nparams 1 6 8 14 15
2 (dof) 277 (14) 235(136) 228(134 228(129 228(127)
B, 1.96 1.73 1.70 1.78 1.80
InZ 1127.24 1142.15 1144.65 1141.79 1141.60

Notes.TLS = “transit light source effet{contamination from unocculted stellar active regions; Rackham 28E8). “Multigas’ retrievals include N H,, CO,,
H,0, and CH. CLR refers to the centered-log ratio prietg., Benneke & Seag@012. H, also follows aCLR prior, even though it is not a free paramdteis
derived from the summation to unity conditjpsince this is the dening feature of the centered-log ratio. The a priori known stellar properti@sqaxe3096 and
T = 48 K (Cadieux et al2024.
#CO, has a biomodal distribution, with eithé) a nondetection for a pure,Nitmosphere ofii) 100% CQ to render the spectrumat (the latter solution is
statistically disfavoréd Upper bounds correspond to 95% cdance(2 ) limits. Figure2 shows results for thETLS-only’ (orange histogramsand the“TLS +
Multigas (Hazg” (blue histogramsmodels summarized in this table.
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Figure D2. Posterior distribution for the stellar-contamination-ofilyLS-only’) POSEIDON retrieval of LHS 11401 combined NIRISSSOSS transmission
spectrum.
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