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combination of a high mean molecular weight� and/ or low T
for such atmospheres is suf� cient to� atten the spectrum below
the sensitivity of our NIRISS spectrum. The data are
incompatible with clear CH4-rich and H2-rich atmospheres
with 2� upper limits of logCH4 < Š2.25 and logH2 < Š0.94
(< 11%), respectively.

Appendix D
Supplementary Material: Atmospheric Inference Analysis

D.1. Evidence for a N2-dominated Atmosphere on LHS 1140 b

Here we elucidate why our retrievals favor a N2-dominated
atmosphere. The observed transmission spectrum is given by
Δ� ,obs= ò� ,starΔ� ,atm, whereò� ,staris the“stellar contamination
factor” (e.g., Equation(3) in Fournier-Tondreau et al.2024)
and Δ� ,atm is the “regular” transmission spectrum of the
planetary atmosphere. Given that unocculted faculae are the
dominant wavelength-dependent effect sculpting LHS 1140 b’s
transmission spectrum, we� rst corrected our NIRISS/ SOSS
data by dividing out the best-� tting unocculted stellar
contamination model(binned to the resolution of the data).
This allows one to compare model atmosphere-transmission-
only spectra,Δ� ,atm, to an equivalent form of the data.

Figure D1 compares our stellar-contamination-corrected
transmission spectrum of LHS 1140 b with our best-� tting
100% N2 and 100% CO2 atmosphere models. The CO2 model
is essentially� at, consistent with a nondetection of CO2 bands.
The N2 model, however, exhibits a clear Rayleigh slope in both
the � rst and second orders of the NIRISS/ SOSS data

(alongside a weaker N2–N2 CIA feature near 2.2� m). Both
models allow for the possibility of power-law hazes, but N2

Rayleigh scattering alone provides the necessary slope without
any additional scattering opacity. We stress that the residual
slope attributed here to N2 relies on the assumption that the
stellar contamination is well described by our interpolated
PHOENIX models for faculae. The best TLS model leaves a
signi� cant residual near 2.3� m, which is coincident with the
CO band head, a well-known temperature- and gravity-
sensitive spectral feature in M dwarf spectra. Given inherent
uncertainties associated with stellar atmosphere models(e.g.,
Lim et al.2023; Jahandar et al.2024), one cannot rule out the
possibility that the measured slope is an artifact of imperfect
stellar contamination correction. The evidence for N2 is only
tentative at this stage(2.3� ) and will need to be con� rmed with
future observations.

D.2. Atmospheric and Stellar Retrieval Results

The priors, posterior parameter constraints, and key statistics
from our retrieval analysis of LHS 1140 b are presented in
TableD1. The full posterior distributions are shown for the TLS-
only model in FigureD2, TLS + N2 (Clear) in FigureD3, TLS
+ Multigas(Haze) in FigureD4, and TLS+ Multigas(Haze+
Cloud) in FigureD5. Finally, the posterior distributions for the
TLS + Multigas(Haze) retrieval of LHS 1140 c are presented in
FigureD6.

Figure D1. Tentative evidence of a N2-dominated atmosphere on LHS 1140 b. The stellar-contamination-corrected LHS 1140 b NIRISS/ SOSS transmission
spectrum(black points forR � 20, gray points forR � 100) is compared with the best-� tting model transmission spectra for a 100% N2 atmosphere(green) and a
100% CO2 atmosphere(blue), plotted atR= 20. The N2 model has a best-� tting T = 399 K, while the CO2 model hasT = 116 K. The N2 model provides a better� t
(2.3� ), due to the presence of a Rayleigh scattering slope and a weak N2–N2 CIA feature.
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Table D1
Retrieval Analysis Summary for LHS 1140 b’s Combined NIRISS/ SOSS Transmission Spectrum

Parameter Prior Flat Line TLS Only TLS+ N2 TLS + Multigas TLS+ Multigas
(Clear) (Haze) (Haze+ Cloud)

Stellar Contamination
Tspot (K) �T+( )T2300, 3 Teff eff L -

+3003 149
66

-
+2995 146

69
-
+3017 87

60
-
+3010 88

59

Tphot (K) �T( )T , Teff
2
eff L -

+3073 34
45

-
+3074 33

42
-
+3076 35

43
-
+3073 34

41

Tfac (K) �T-( )T T3 , 1.2Teff effeff L -
+3155 59

91
-
+3153 49

65
-
+3146 49

64
-
+3142 46

66

fspot ( )0, 0.5 L -
+0.04 0.03

0.12
-
+0.04 0.03

0.09
-
+0.07 0.05

0.10
-
+0.06 0.05

0.09

ffac ( )0, 0.5 L -
+0.20 0.12

0.17
-
+0.22 0.11

0.15
-
+0.25 0.13

0.15
-
+0.23 0.11

0.14

Atmospheric Properties
Rp,ref (R� ) ( )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� ) ( )5.60, 0.192 L L 5.59± 0.17 5.48± 0.17 5.60± 0.16
T (K) ( )100, 400 L L -

+331 91
45

-
+290 124

76
-
+224 80

103

alog haze -( )4, 8 L L L -
+2.08 3.80

3.65
-
+2.06 3.56

3.55

� haze -( )20, 2 L L L - -
+8.35 7.17

6.52 - -
+8.34 6.77

6.32

(Plog surf bar) -( )7, 2 L L L L - -
+3.64 2.05

4.12

log XH2 (derived) L L L < Š 0.95 < Š0.56
log XN2 -( )12, 0 L L 0 (� xed) Š0.00-

+
0.01
0.00 Š0.69-

+
6.92
0.69

log XCO2 -( )12, 0 L L L Š7.62-
+

2.67
3.79a Š3.47-

+
5.25
3.47

log XH O2 -( )12, 0 L L L < Š2.94 Š6.14-
+

3.74
5.47

log XCH4 -( )12, 0 L L L < Š2.78 Š6.17-
+

3.41
4.16

Model Statistics
Nparams 1 6 8 14 15
� 2 (dof) 277 (141) 235 (136) 228 (134) 228 (128) 228 (127)

�D�O
2 1.96 1.73 1.70 1.78 1.80

ln 1127.24 1142.15 1144.65 1141.79 1141.60

Notes.TLS = “transit light source effect” (contamination from unocculted stellar active regions; Rackham et al.2018). “Multigas” retrievals include N2, H2, CO2,
H2O, and CH4.  refers to the centered-log ratio prior(e.g., Benneke & Seager2012). H2 also follows a prior, even though it is not a free parameter(it is
derived from the summation to unity condition), since this is the de� ning feature of the centered-log ratio. The a priori known stellar properties areTeff = 3096 and
�T = 48Teff K (Cadieux et al.2024).
a CO2 has a biomodal distribution, with either(i) a nondetection for a pure N2 atmosphere or(ii ) 100% CO2 to render the spectrum� at (the latter solution is
statistically disfavored). Upper bounds correspond to 95% con� dence(2� ) limits. Figure2 shows results for the“TLS-only” (orange histograms) and the“TLS +
Multigas (Haze)” (blue histograms) models summarized in this table.

13

The Astrophysical Journal Letters, 970:L2 (20pp), 2024 July 20 Cadieux et al.



Figure D2. Posterior distribution for the stellar-contamination-only(“TLS-only”) POSEIDON retrieval of LHS 1140 b’s combined NIRISS/ SOSS transmission
spectrum.
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