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Wavelength [zm] | Hotspot [K] Ring [K] Outer [K] | Hotspot Offset [°]
0.86 — 0.96 31108 2814+16 242373 1.5
0.96 — 1.06 3152 +£24 2602721 21661153 2.511
1.06 —1.33 307249  26094+21 2083772 1.5%9
1.33 — 1.59 3037+3  2601+5 2059+ 10 —~1.5
1.59 — 1.72 2944 4+6 2492410 1948 +19 —0.5%9
1.72 — 2.18 3057+4  2517+6 1896 +9 —1.5%9
2.18 — 2.41 3067+9 24644+ 15 180873 1.5}
2.41 — 2.83 3252 £ 11 2544 +17 1797738 —0.5"2

Supplementary Table 1| Same as Table 1, but for the 8 optimally-chosen wavelength bins.
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Supplementary Figure 1| Mean group (left), histograms of grouping across several MCMC
samples (middle), and resulting eigenspectra (right) for Eigenspect ra mapping fits using 2
(top), 3 (middle), and 4 (bottom) groups. For each set of plots, histograms are labelled by letters
which are overplotted on the map in the latitude/longitude position from which they are drawn
(positions were chosen both near and far from group edges). Groups 2 and 1 here correspond to
the hotspot and ring groups discussed in the text. For 3 groups, the map shows a clear division
between groups and all of the points show > 75% of points assigned to a single group. For 2
groups, there is a similarly clear division, and notably the hotspot and outer groups have quite
similar spectra to the corresponding groups in the 3-group case. For 4 groups, the mean group
map does not show a clear division of groups, and the histograms show that the same point is
sorted into different groups depending on the posterior draw. Additionally, the resulting spectra
are not distinct (the group 0 spectrum is identical to the group 4 spectrum, which is why it is not
visible on the plot). Therefore, we used 3 groups for this fit. Error bars on group spectra are the
standard deviation (see Methods).



---- Simple Sinusoid Latitudinal Offset
—— Eigenspectra

250 o.sgulm 7'13_ 097um 6I96 _1.05/.1Im 6I49_ _1.13/.1Im 7'00_ _1.21/.1Im 6I15_
OF-1---- I“"HLH 7 1 *:--17.-.-*'57 1'1‘-‘""'{7.‘.‘1‘7 3 1'-4-.'”'*---*
.—.—2501}4 1 PR iH ),'}Tum/i AT }‘}N 1
O 500Ff. 29ulm 544 F1.37um 416 [1.45um 287 [1.53um  190] '1*.6ur'n 163]
& 0 N 'H' $.. ﬂ_i‘___‘*_ j’l“‘*"ﬂ---i }J* 1'--“1- 4 }}; 1 1.1* __L
——500¢ '
L 5001 [1.68um  101] [1.76um 44 | [1.84um 84 | [1.92um 23 [2.0um 15 |
QL ) B iy |
2 of ‘*‘\uy q‘f-%\.i et pegeth S
E—soo h e '}'T_
Q
QC 1000 [2.08um 6 4 [2.16um [2.241m 1" -2.31f1'm 1841 [2.39um 5" ]
T ﬁ 1| it biod {*
) } “ . ll
oyl i g iR 1"'*‘;5{* 1} i
—1000¢t L
2000F2.47um 5" -2.55*;1'm 6 1 [2.63um 3 2.71dm *1' -2_79ijn|1 *1'
PRI it || et ;,.f' 4 jilui'- {
i e B A st
—2000¢t

04550460 04550460 04550460 0.4550.460 0.4550.460

Orbital Phase

Supplementary Figure 2 | Zoom-in on ingress for each of the 25 wavelength bins in the
Eigenspectra fit. Panels show relative flux (weighted averages with propagated uncertainties
from ref. *) compared to the sinusoid fit described in the Methods (black lines), the real
Eigenspectra fit (red), and the range of latitudinal offsets allowed for a fit with Ay? < 10
(blue lines). Black points with error bars show the difference between the binned data and the
sinusoid fit. Numbers in the upper right corners show the ABIC for the fit to both ingress and
egress between the sinusoid and Eigenspectra (red) and between the minimum and
maximum latitudinal offset and Eigenspectra (blue). Positive numbers indicate a lower BIC
was achieved by the Eigenspectra fit. For the majority of wavelengths, the Eigenspectra
fit achieves a ABIC > 10, indicating a strong preference for Eigenspectra. The
Eigenspectra fitis not as strongly preferred at longer wavelengths where larger error bars
allow for a wider range of suitable fits. 3
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Supplementary Figure 3 | Same as Supplementary Figure 2, but showing the egress at each
wavelength.



3500 1.0050
43 1.0025 - H
—45 3000 1.0000 W
1.0050 ' ' ' '
45 2500 > 10025 4 |
> 0 < L . ,
B —45 @ 41.0000 A
py 2000 2
T O £1.0050
= 45 o Q
ZD 0 1500 g L. 1.0025 4
—45 = 1.0000 A
1000 1.0050
43 1.0025 -
_45 500 1.0000 - —
—90 0 90 -90 0 90 2.8 3.0 2.8 3.0
Longitude (deg) BJD - 2,459,800

Supplementary Figure 4 | 2D brightness temperature maps from ThERESA, at each of the
8-wavelength bins, and the corresponding light-curve fits. The 2D mapping method is the same as
used in Eigenspectra, and the resulting maps are consistent with those in Figure 1.



—— ThERESA —— HyDRA  —— Pyrat Bay Dayside-integrated Planet
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Supplementary Figure 5 | The range of vertical temperature profiles and median (by pressure
layer) profile from the best-fitting ThERESA 3D temperature map (blue), grouped into the
Eigenspectra regions and compared against the profiles retrieved from Eigenspectra
(purple, green) and the full-planet spectrum (orange). The transparency of the range of vertical
temperature profiles and the median profile have been scaled by the contribution function at each
location, showing which vertical locations are probed by the data. The jagged temperature
profiles are caused by the linear interpolation (see text). At the hotspot, in the pressures primarily
probed by our observation (~ 0.03 — 3 bar), ThERESA finds a mix of inverted thermal profiles
near the substellar point (upper bound of the blue region) and more isothermal profiles further
from the center of the hotspot. In the ring, the temperature profiles are largely non-inverted at the

pressures we probe. In both cases, we see general agreement with the 1D retrievals on the
Eigenspectra.
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Supplementary Figure 6 | Pairs plot showing posterior distributions for parameters in the Pyrat
Bay retrieval of the hotspot group (top right) and ring group (bottom left). The first six parameters
(log p1, log pa, log ps, a1, as, Ty) determine the P-T profile model®. [C/H] and [O/H] are the
carbon and oxygen elemental abundances (respectively) relative to solar abundances. [M/H] is a
catch-all parameter to scale the abundance of all other metals relative to solar. Off-diagonal plots
show 2D posterior probabilities for pairs of parameters, with probability densities shaded in
green. On-diagonal plots show marginalized posterior probability distributions for each
parameter. Quoted values denote the median and central 68% fraction of the marginal posterior
distributions. The black dashed lines trace the constant C/O curve equal to the solar value.
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Supplementary Figure 7 | Similar to Supplementary Figure 6, but for the HyDRA retrievals of the
hotspot group (upper right) and the ring group standard model (lower left). log(.X;) are the log
mixing ratios of species 7, T1pomp 1S the temperature at 100 mbar and o, s, Py, Py are P-T profile
parameters as described in ref*3. Black points and errors are the median value and 68% credible
regions, respectively.
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—— SPARC GCM Dayside-Integrated Planet
--- Pyrat Bay HyDRA + Dilution
--- HyDRA
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Supplementary Figure 8 | Retrieved T-P profiles (left) and HoO abundance (right) for the
Eigenspectra ring group. In all plots, purple and green lines show the standard retrievals
following the same set-up as for the hotspot group using HyDRA and Pyrat Bay, respectively,
and yellow lines show the retrieval on the full dayside spectrum?, with shading showing 1o
confidence intervals. Black solid lines show average profiles in the ring group region from a
SPARC/MIT GCM, and black shaded regions show the full range of per-point GCM profiles in
that region. We also show one additional retrieval run with HyDRA - the standard model with the
addition of a dilution parameter (blue lines and 1o shaded region). The mean posterior value of
the dilution parameter is 0.64, with a 20 credible region of 0.59 — 0.69. Black dotted lines
indicate the approximate extent of pressures probed across all models. Changing the model set-up
drastically changes both the T-P profile and the retrieved abundances. We discuss several
potential explanations for these changes and future directions for research to better understand
these discrepancies in the Methods.
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Supplementary Figure 9 | Comparison of resulting spectra from different fits to the
Eigenspectra ring spectrum (black points with error bars) with HyDRA. Purple and orange
lines show the standard model and the standard model with the addition of a dilution parameter,
respectively. Shaded areas indicate 95.45% credible regions. The standard model with dilution
provides the best fit to the data and matches the slight water emission features seen by eye near
1.4 and 1.9 pm, but as discussed in the Methods, the Eigenspect ra method is designed to
eliminate the need for a dilution parameter. Therefore, the preference for the standard+dilution
model is likely obscuring some unaccounted-for physical or geometric effects. Error bars are
standard deviations from the Eigenspectra analysis (see Methods).
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